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1 Introduction

A key question in normative public finance is the extent to which it is socially efficient
to insure agents against shocks to their circumstances. The basic trade-off is one between
providing incentives for productive agents to work hard — thereby making the pie big — versus
promising to transfer resources from more productive agents to less to insure them against
the possibility of being poor. This is the problem first analyzed in Mirrlees (1971) where
he characterized the solution to a problem of this form in a static setting. More recently, a
series of authors (e.g., Green (1987), Thomas and Worrall (1990) and Atkeson and Lucas Jr.
(1992)) have extended this analysis to cover dynamic settings — agents are more productive
some times and less others. A common result from this literature is that the socially efficient
level of insurance (ex ante and under commitment) involves an asymmetry between how
good and bad shocks are treated. In particular, when an agent is hit with a bad shock, the
decrease in what he can expect in the future is more than the corresponding increase after a
good shock — there is a negative drift in expected future utility. This feature of the optimal
contract in dynamic settings has become known as 'immiseration.’

Two recent papers, Phelan (2006) and Farhi and Werning (2007) have given a novel in-
terpretation to the immiseration result. This is to interpret different periods in the model
as different generations. In this interpretation, current period agents care about the fu-
ture because of dynastic altruism a la Barro (1974). Thus, parents care about the level
of consumption of their children, their grandchildren, etc. Under this interpretation, social
insurance is comprised of two conceptually different components. These are: 1) Insurance
against the uncertainty coming from current generation productivity shocks, 2) Insurance
against the uncertainty coming from the shock of what family you are born into — what
future utility was promised to your parents (e.g., through the intergenerational transmission
of wealth).

In this case, optimally provided social insurance against the bad luck of lower than average
productivity will not necessarily lead to an outcome in which more and more of the wealth
of society is concentrated among an ever shrinking population — i.e., immiseration will not
necessarily occur. Indeed, whether or not this occurs is completely determined by whether
the planner discounts the utility of subsequent generations in the same way that parents do,
or if, to the contrary, the planner puts additional extra weight on future generations over
and above that given by altruistic parents.

When this is the case, Phelan (2006) and Farhi and Werning (2007) show that a feature
of the optimal insurance scheme is that there is a stationary distribution of consumption,
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efficient allocation. It depends on the extent to which society weighs the utilities of future
generations beyond the minimum that occurs due to dynastic altruism.

In an intergenerational setting with dynastic altruism such as what is studied by these
authors, a natural question arises: To what extent are these results altered when the size of
generations — i.e., fertility — is itself endogenous as in the model of Barro and Becker (1989)
and Becker and Barro (1988)?

The study of this question is the focus of this paper.

We show that the explicit inclusion of the fertility dimension into the model alters the
qualitative character of the optimal allocations in two important ways. First, we show
that even when the planner does mot put extra weight on future generations, there is a
stationary distribution in per capita variables. That is, per child consumption, labor supply
and expected future utility all follow a stationary probability law even when social and
private discount factors agree — there is no immiseration in per capita terms. In addition
to this, since fertility is explicitly included, the model has implications about the properties
of fertility in an ex ante socially efficient arrangement (for example, fertility also follows
a stationary law of motion). Because of this, the model has implications about the best
way to design policies relating to fertility choice (e.g., child care deductions, tax credits for
children, education subsidies, etc.) Incidentally, this socially efficient allocation also has
features observed in the data, such as a negative income-fertility relationship, intra-family
insurance provision and inter-vivos transfers. It therefore seems like the inclusion of fertility
is a very natural way of getting away from immiseration.

To develop these intuitions, we analyze a model in which labor productivity is private
information and varying over time — here interpreted as different generations. Thus, an
individual can be born with high or low productivity and only he knows this. He cares
about his own consumption, the size of his family (a la Barro and Becker (1989)) and the
utility level that each of his children will enjoy. Each of his children is also subject to a labor
productivity shock assumed to be i.i.d. Thus, this is a model of dynamic private information
with i.i.d. shocks in which different periods are interpreted as different generations. The
difference between this and the previous literature is that family size is endogenous and
directly affects the utility of the parent.

From a mechanical point of view, the inclusion of fertility gives the planner an extra
instrument to use to induce current agents to truthfully reveal their productivities. That is,
the planner can use both family size and continuation utility of future generations.

In the normal case (i.e., without fertility choice), in order to induce truth telling today,
the planner (optimally) chooses to ’spread’ out continuation utilities so as to be able to offer

insurance in current consumption. The incentives for the planner to do this are present after



every possible history. That is, the continuation utility increases after a high shock and
decreases after a low shock. Hence, continuation utilities are pushed ever outward. Under
the usual Inada conditions, this outward pressure is asymmetric and has a negative bias — it
is cheaper to provide incentives in the future when continuation utilities are lower. Because
of this continuation utilities are pushed to their lower bound — inequality becomes greater
and greater over time.

In contrast, when fertility is endogenous, this optimal degree of spreading in continuation
utility for the parent can be thought of as being provided through two distinct sources —
spreading of per child continuation utility and spreading in family sizes through differential
fertility. In general both of these instruments are used to provide incentives, but, the way
that they are used is different. We find that there is a natural limit to the amount of
spreading that is done through per child continuation utilities. There are two manifestations
of this. First, there is an upper bound on continuation utilities that is never exceeded. So,
even if a family has a very long series of good shocks, the utility of the children does not
continue to grow but stays at a fixed, high level, wy. Second, this same level of continuation
utility is used as a reward for the children of currently highly productive workers no matter
what their past history was (i.e., the previous continuation utility). That is, continuation
utility gets 'reset’ to wy subsequent to every realization of a high shock. Thus, there is a
limited amount of inequality in per capita consumption, labor supply, etc., in the long run.

This reasoning concerning the limits of long run inequality in per capita variables differs
from what is found in Farhi and Werning (2007) in two ways. The first of these is the basic
reason for the breakdown in the immiseration result. In Farhi and Werning (2007), it is
because of a difference between social and private discounting — society puts more weight
on future generations than parents do. Here, immiseration breaks down even when social
and private discounting are the same. The second difference concerns the movements of per
capita consumption over time. The version of the Inverse Euler Equation that holds in the
Farhi and Werning (2007) world when society is more patient than individuals implies that
consumption has a mean reversion property. In our model, as discussed above, the resetting
property implies that consumption (and continuation utility, etc.) revert to the *top’ of the
distribution each time a high shock is realized.

The intuition behind the resetting property is the product of two complementary effects.
The first of these concerns the assignment of continuation utility when there is no private
information problem. Because of the form of the Barro and Becker (1989) dynastic utility
function, continuation utility, from the perspective of the parent is a homothetic function
of family size and per child continuation utility. Because of this, the relative breakdown

between these two is scale independent. Thus, the increase in total family continuation



utility in response to an increase in wealth (i.e., parent continuation utility) is equal to the
increase in total family size — per child continuation utility is independent of wealth. It follows
that, under full information, the continuation utility of a child depends on the productivity
of his parent, but not on the continuation utility of the parent — i.e., continuation utility
of children is reset in a way that is independent of the family history of shocks. When
productivity levels are private information this argument continues to hold, but only for
those types whose first order conditions are undistorted due to the fact that no one wants
to pretend to be them. Since this always holds for the highest type, it follows that we have
resetting at any time the highest possible shock occurs.

In contrast to this, we find that there is no upper bound on the amount of spreading
that occurs through the choice of family size. What we find is that along any subset of the
family tree, the population dies out if the discount factor is the inverse of the interest rate.
However, this does not necessarily imply that population shrinks, since this property holds
even when mean population is growing. Rather, some strands of the dynasty tree die out
and others expand. Those that are growing are exactly those sub-populations that have the
best 'luck.’

It’s also true that the driving force responsible for getting rid of the immiseration result
here is substantially different from previous work. From a mechanical point of view, the
allocations that are considered by these authors can equivalently be thought of as putting
lower bounds on the continuation utility levels of future generations in a problem where the
social and private discount factors are the same. As such, they are closely linked to the
approach followed in Atkeson and Lucas Jr. (1995) and Sleet and Yeltekin (2006). Here, the
reason is different. It is because of the inclusion and optimal exploitation by the planner of a
new choice variable, family size. Key properties of this new variable are that it is observable
by the planner and that the way it enters utility is to affect total continuation utility of the
parent.

There are several other interesting differences between the two approaches. For example,
one of the key ways that Phelan (2006) and Farhi and Werning (2007), differ from earlier
work is that in socially efficient scheme, the Inverse Euler Equation need not hold. Indeed,
in those papers, the inter-temporal wedge is always negative in contrast to earlier papers.
This can be interpreted (in some implementations) as requiring a negative estate tax. This
has been interpreted as meaning that, in order to overcome immiseration, a negative inter-
temporal wedge was necessary. This does not hold for us however, since a version of the
Inverse Euler Equation holds. This implies that there will always be a positive 'wedge’ in
the FOC determining savings and hence, estate taxes are always implicitly positive.

An interesting new feature that emerges is the dependence of taxes on family size. What



we find is that for everyone other than the highest type, there is a positive tax wedge on
the fertility-consumption margin — fertility is discouraged to better provide incentives for
truthful revelation.

Another difference between the two approaches concerns the degree of intervention re-
quired to realize the optimal allocation. When social and private discounting agree (as is
true here), the socially efficient allocation can be implemented through a one time redistribu-
tion and a strong legal system to enforce private bequest contracts. These bequest contracts
strongly resemble intergenerational transfers observed in the data: poorer children tend to
receive transfers from luckier family members. In contrast, in Phelan (2006) and Farhi and
Werning (2007), there is a persistent difference between the preferences of the planner and

the agent, and because of this, persistent intervention is required.

1.1 Related Literature

Our paper is related to the large literature on dynamic contracting including Green (1987),
Thomas and Worrall (1990), Atkeson and Lucas Jr. (1992) (and many others). These papers
established the basic way of characterizing the optimal allocation in endowment economies
where there is private information. They also show that, in the long run, inequality increases
without bound, i.e. the immiseration result. Phelan (1998) shows that this result is robust
to many variations in the assumptions of the model. Moreover, Khan and Ravikumar (2001)
establish numerically that in a production economy, the same result holds and although
the economy grows, the detrended distribution of consumption has a negative trend. We
contribute to this literature by extending the model to allow for endogenous choice of fertility.
We employ the methods developed in the aforementioned papers to analyze this problem.

As mentioned before, a number of earlier papers have developed models with private
information where there is no immiseration, including Atkeson and Lucas Jr. (1995), Phelan
(2006), Sleet and Yeltekin (2006), and Farhi and Werning (2007). One feature that is shared
by these models is that they are mathematically equivalent to a problem with a lower bound
on continuation utility. Our paper differs from these in that the basic mechanism that drives
the result is different. Because of this, there are also different implications about evolution of
consumption, etc. In addition, our paper differs from the earlier work on on dynamic optimal
taxation as in Golosov, Kocherlakota, and Tsyvinski (2003), Albanesi and Sleet (2006), and
Golosov and Tsyvinski (2006) by characterizing to the design of optimal taxes when fertility
is endogenous choice variable.

Finally, our paper has some novel implications about fertility per se. First, the socially ef-

ficient allocation is characterized by a negative income-fertility relationship—independently



on specific assumptions on curvature in utility (see Jones et al. (2008) for a recent summary).
Given the realism of our results on implementation of this socially efficient allocation, this
suggests that intergenerational income risk and intra-generational risk sharing may be impor-
tant factors to explain the observed negative income-fertility relationship. What our model
has in common with other theories that deliver this relationship with ability heterogeneity is
that child costs are in terms of leisure (time). Second, very few papers have analyzed ability
heterogeneity and intergenerational transmission of wealth in dynastic models with fertility
choice. Our paper is most related to Alvarez (1999) who analyzes intergenerational income
risk but assumes that it is uninsurable (i.e. all children receive the same realization and there
is no insurance markets across dynasties) and does therefore not address the question of risk
sharing. For the most part of his paper, he rules out time costs and therefore finds that
fertility is increasing in both, ability and wealth, while bequests are independent on both.
Hence, this version of the model generates no intergenerational persistence of wealth, beyond
that coming from intergenerational correlations in ability shocks.! Our model generates such
persistence even with i.i.d. shocks.

In section 3 the benchmark model is laid out as well as its properties. Section 4 contains
the general model with private information. In section 5 we study the main implications of
the private information model about long-run inequality. Section 5 is devoted to discussing
implementations of efficient allocations in our environment. Finally, in section 6, we analyze

numerical examples.

2 A Two-Period Example

In this section we present the key ideas in the paper in the context of a two period example.
We start by characterizing the ex ante efficient allocation under full information and then

go on to add private information.

Consider a two-period economy populated with a continuum of parents with mass 1 who
live for one period. Each parent receives a random productivity € in the set © = {0,605} in
which 0y > 0. 2 At date 1, each parent’s productivity, 0, is realized, they consume, work
and decide about the number of children. The cost of having a child is in terms of leisure.

Every child requires b units of leisure to raise. The coefficient b can be thought of as market

'When analyzing how crucial his assumptions are he finds that when per child costs are allowed to depend
on wages (i.e. a time cost), fertility is decreasing in ability and increasing in wealth, as long as utility is
more curved than log (i.e. number and utility of children are substitutes).

2We are normalizing population in date-1 to 1, which we will relax later.



value of maternity leave for women. The child lives for one period and consumes out of the

savings done by their parents. The parent’s utility function is the following:
u(er) + h(1 —1—0bn) + Bnu(cs)

where [ is hours worked, n is the number of children and ¢; is consumption per person in
period t. From this, it can be seen that the parent has an altruistic utility function where
the degree of altruism is determined by (5. A worker of productivity § € © who works for [
hours has effective labor supply of 6l. For now, we assume that everything is observable to
the planner.

In what follows we denote the aggregate consumption of all children by Cy = nscy. We

will use the following, technical conditions:

Assumption 1 1. The functions v and h are strictly increasing, strictly concave and

continuously differentiable;
2. The function n"u(C'/n) is strictly quasi-concave in (C,n).

Suppose each parent is promised an ex ante utility W, at date zero. We study the problem
of a planner that has access to a saving technology at rate R and wants to allocate resources

efficiently such that the ex ante utility to each parent is at least Wj.

: 1
e )i a0) 062@ m(0) <c1(0> + En(e)C2<(9)) - %Zew(e)ez(e) (1)
5.8 > [ (0) (u(er(8)) + 1 (1= 1(68) — bn(0)) + Bn(6)"u(c2(0)))] = Wo

Taking first order conditions, we can write the optimality conditions as follows:

Cl(Wo, 9) = Cl(Wo, 6,) V@, 9/ €0 (2)
O (cr(Wo, 0)) = B (1 — I(Wy, 0) — bn(Wy, 0)) (3)
BRTL(W(), 0)”71U/(CQ(W0, 0)) = U/(Cl(WQ, 9)) (4)

ﬁT]n(W(), 9)n_1U(C2(W0, 0)) = bh, (]_ - l(W(), 9) - bn(Wo, 8))
+ﬁn<W0,Q)n_IU,(CQ(Wo,9))CQ(W070) (5)

The interpretation of equation (2) is standard — it is the full risk sharing condition that

is common in Mirrlees problems without informational frictions and separable preferences.



Equation (3) is also standard. It represents the static trade off between leisure and consump-
tion for different types. Using this along with equation (2), it follows directly that higher
productivity types get less leisure. Equation (4) is the Euler equation, augmented by the fact
that population is growing. Thus, the rate of return on capital, R, should be corrected by
the rate of population growth, n7~!. Equation (5) is new here. It equates the marginal value
of having an extra child to the marginal cost of having an extra child. The two terms on the
right hand side reflect the two components of costs that come from an increase in fertility.
First is the value of the extra leisure that is used to raise the additional child. Second, is
the reduction in per capita consumption that will occur in the second period if fertility is
increased but nothing else is changed. The left hand side is the utility value of the increase
in fertility.
Replacing (3) and (4) in (5), gives the following equation:

Bm(Wo,0)" 'u(ca(Wo,0)) = Bn(Wo,0)" '/ (ca(Wo, 0))ca(Wo, ) (6)
+0OBRn(Wo, 0)" ' (c2(Wo, 0)) (7)

which simplifies to
nu(ca(Wo, 0)) = u'(ca(Wo, 0))ca(Wo, 0) + b Ru' (co(Wo, 0)) (8)

As it can be seen from (8), the consumption of each child, ¢z, only depends on 6§ and does not
depend on promised utility to the parent, W,. This is in sharp contrast to the special case in
which fertility is not a choice. In those environments risk sharing implies that consumption of

each child is independent of parent’s shock 6 and depends directly on parents promised utility.

To gain insight about this result we rewrite problem (1) slightly differently. Let m =
1 — 1 —bn be parents leisure. Consider the problem of social planner who minimizes the cost

of allocating parents time between leisure and parenting as well as consumption to parents
ad children:

min Z 7(0) (c1(0) + Om(0)) + Z <b0n + %02(0)) (9)

c1(0),n(6),m(0),C2(0)

St S w1(0) (ul(e(8)) + h (m(0)) + 3 w(0)5n(0)" <%<Ef)>) > W

This is the same as problem (9) except that we substituted out hours, [(0) = 1—m(0) —bn(0)

and per child consumption, ¢y = %, and rearranged terms in the objective function. The



first term in the objective function is planner’s expenditure on parents’ consumption and
leisure (denominated in parents’ consumption). The second term is the total expenditure on
children: their total consumption and time spent parenting (again, denominated in parents’
consumption).

We can separate this problem in two stages. In stage one planner decides how much con-
sumption and leisure to give to parents and also how much utility each parent should get
from having children. In the second stage planner decides how many children each parent
should have and total consumption of all children for each parent. We solve this problem
backward. Suppose the planner has decided in the first stage that a type 6 parent will enjoy
utility W from having children. Then in the second stage the planner solves the following

problem for the parent who has shock 6:

N . 1
V(W,0) = min bon + EC’Q (10)
s.t. n'u <%) =W
n

~

Denote the solution to this problem as Cy(W, 8) and n(W, ). V (W, 0) is the cost of delivering
utility W from having children to a parent who has type . In the first stage the planner

solves the following problem

~

61(9)751(191;17‘4,(9) g(; m(0) <01(9> +0m(6) + V(W (), 0)) (11)

s.t. > w1 (0) (u(er(0)) + h (m(0)) + BW(6)) > Wo
0cO

Denote the solution to this problem as ¢y (W, 8), m(Wy,0) and W (W, 8). Given cost
function V(VV, 0) the first stage problem is standard, except for the fact that utility to the
parents from having children, W (W, #), explicitly depends on #. The reason is that cost
of having children is parents’ time and therefore this cost is different for parents who have
different productivity shocks. This makes the planner’s cost function, V(VV, 0), explicitly
depend on 6.2
Our result that consumption of each child, ¢, does not depend on parents’ promised utility
can be understood by looking at the second stage problem. First note that the way ¢y varies

with promised utility depends on how Cy (consumption of all children) and n (number of

3This is not the case when fertility is not a choice variable or cost of having children is only in terms of
consumption good. In those environments parent’s future promised utility (utility form having children) is
equalized across different parents. Because cost of delivering those promised utilities are the same across
parents who experience different shocks.

10



children) vary with promised utility. For example, in the case in which fertility is not a
choice and number of children are constant, both Cy and ¢, are Monotone increasing in
W. We argue that in our formulation of altruism (which we borrow from Barro and Becker
(1989) and Becker and Barro (1988)) the ratio of <2 is independent of W. To see this
note that objective of the planner in the second stage problem is homogeneous of degree
one and constraint set is homogeneous of degree 7. It can be easily seen that the solution
to this problem is homogeneous of degree % in W. In other words, the solution has the
form Cy(W,8) = Co(0)W and n(W,0) = 7(0)W'/1. Therefore, the ratio %(%’/g;) does not
depend on W and only depends on technology and preference parameters. Since this feature

of the solution will be a recurrent theme throughout the paper it is useful to give it a name.
We will call this the 'resetting’ property — i.e., per capita utility is reset to a level that is
independent of state variables.

There are four qualitative properties of the solution to this problem that will have close
analogies in the results that will come later. We summarize them here as a Proposition for

future reference.

Proposition 1 Under Assumption 1:
1. ¢;(Woy, 0) is independent of 0, and strictly increasing in Wy,
2. (W, 0) is strictly increasing in 0, and strictly decreasing in Wy,
3. n(Wy, 0) is strictly decreasing in 0, and strictly increasing in Wy,
4. co(Wo,0) is strictly increasing in 0, but independent of Wy.

Proof. See Appendix A.1. =

This Proposition shows one of the features of the model; when the cost of children is in
terms of parental leisure, a utilitarian planner would allow for consumption inequality. As
we know in the standard models with constant population, planners set marginal utilities
equal. Here the same property holds. However, the 'correct’ marginal utility is the per capita
marginal — in period 2 it is An(0)"'u'(c2(6)). Therefore, since more productive households
have fewer children, full risk sharing implies a degree of inequality in consumption among
children. In this simple two period example, the inequality that results depends only the
parent’s income rather than that of the child. A high productivity parent will have a lower
number of children and as a result of risk-sharing, her children will have a higher per capita
consumption.

Before we proceed further, it is helpful to present an asymptotic property of the model when

11



Wy become very small and contrast it to a model with no fertility choice. For the purpose of
this exercise assume that both u(+) and h(-) are unbounded below. Then it is straight forward
to show that ¢, (W 8), m(Wy.8) — 0 and W (W, 0) — —oo as Wy — —oo. Now consider the
second stage problem (problem (10)). If fertility is not a choice (i.e., it is constant), then we

have limy ., Co(W,0) = 0 and limpy o u (%&g?) = —o0. This follows directly from

constraint (11).
However, when fertility is a choice variable, following the discussion above we know that
Cy(W,0) and n(W, ) are homogeneous of degree % Therefore,

Wlim Co(W,0) = lim n(W,0)=0

W——c0

But we also know that CHQ((I}[//‘;@)) is independent of W and therefore limy,_,_ ., u (ii%g;)) +

—00.

Immiseration corresponds to the situation where % — 0 as W — —o0. The homoth-
etic formulation of utility usually used in Barro/Becker models of fertility choice gives an
extreme version where this does not occur — % is independent of W. Thus, although the no
immiseration result is particularly stark in the Barro/Becker case, we suspect that it holds

in much more generality.

2.1 Private information

In this section we use our simple example to show that when productivity of the parent is
private information a version of the resetting property still holds. More precisely, we will
show that the consumption of each child of a parent which has the high productivity shock
is independent of promised utility to parents (Wj).

Consider again the original planner’s problem (9) and assume that productivity shock 6 is
private information. Then, the appropriate planner’s problem must also include incentive
compatibility constraints. In what follows we make the assumption that only downwards

incentive constraints are binding — a parent with shock 65 have incentive to pretend to be

12



of a type 0 with.* The new planner’s problem is:

. 1
1 (0)(0):(0),¢2(0) Hee%m} m(0) (01(9) + E”(Q)Q(Q)) - 662@ m(60)01(0) (12)
‘. S [r(0) (uler(®)) + b (1= 18) — bn(6)) + Fr(6)u(ea®)] = W
0c0=1{011.0,}

u(er(0n)) +h (1= 10n) = bn(On)) + On(0n)"u(c2(0n)) >

u(c1(0)) +h (1 — g—;l(&L) — bn(@L)) + Bn(0r) u(ea(01))

Note that in this problem no one pretends to be the highest type ;. Therefore, the
allocations of this type are undistorted. To see this suppose A and p are the Lagrange multi-
pliers on the promise keeping constraint and incentive compatibility constraint respectively.

Then, the first order conditions are:

T(0n) = A (0m) + p)u'(ci(Wo, Omr))

7T((9H)9H = ()\7’1’((9]{) + /L)h/(l — Z(Wo, (9]-[) — bn(Wo, QH))
%w(e,{)nm, 6u) = (M(8m) + 1) Bn(Wo, 61)"d (ca(Wo, 0))
%W(QH)CQ(WO, Ou) = (Mr(011) + 1) [—=bH (1 — 1(Wo, 6) — bra(We, 611))

+8nm(Wo, 05)" u(ca(Wo, 0x))]

Combining these equations we get:

Ot (cr(Wo, 0p)) =" (1 — 1(Wo, 0) — bn(Wy, 0))
BRn(Woy, 0)" u (ca(Wy, 05)) = v (¢ (W, Ox))
Brm(Wa, 0)"  u(ca(Wo, 0)) = b’ (1 — I(Wo, 0) — bn(Wo, 0))
+8n(Wo, 0)" 10/ (ca(Wo, 01) ) ca(Wo, )

Note that these equations are identical to equations (2)-(5). By combining them we get the

following equation

nU(CQ(Wo, QH)) = U,/(CQ(W(), QH))CQ(W(), QH) + beHRU/(CQ(Wo, QH))

4We can show that at the full information efficient allocations the downward constraints are binding and
upward constraints are slack. We also verify the slackness of upward constraints in out numerical example
(in infinite horizon environment). In general we cannot prove that only downward constraints are binding
because the preferences do not exhibit single-crossing property.
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which is equation (8) evaluated at § = 0. Therefore, as above, co(Wy, 0y) is independent
of Wy. Moreover, the value of co(Wp,0y) is the same under full information and private

information (nothing in above equation depends on the incentive constraint).

There are two key features in the model that derive this result. First, is the homotheticity
property emphasized above. The second is the fact that upward incentive constraints are

not binding. Because of this, the allocation of the highest productivity type is undistorted.

Note that it is immediate that the asymptotic properties that we discussed for the full

information allocation in section 2 holds for the private information allocation of the highest

type.

3 The Benchmark Model — Full Information

In this section, we lay out the benchmark model with no private information and discuss
its properties. Time is discrete from 0 to co. At date 0, the economy is populated by N_;
agents. Each agent lives for one period. Agents, when alive, draw labor productivity shocks,
can consume and have children. The cost of raising a child is in terms of time where we
assume that it takes b units of time to raise each child.

Here, the only source of uncertainty is the idiosyncratic risk of the productivity shock,
0; that an agent in period t receives. We assume that 6, is an i.i.d. stochastic process and
takes on values in the set © and has distribution 7(#). There is also a production function
F(K,L) = RK + L as in the example above where K is aggregate capital and L is the
aggregate effective labor hours. The initial level of capital is given by Kj.

Define N;(0*~1) as the current population of a cohort whose ancestors received history of

shocks of 6'~!. We can define a feasible allocation {c;(6"),1;(6"),n:(0"), K;};=, as:

D w(OINO () + K <Y w(0)N(66:1(0") + RE,

0t 0t

where
Nt<9t_1) - Nt—l(et_z)nt—l(et_l) ) N0(0_1> = N—l

Since the production function is linear, we can suppress capital and write feasibility as the
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following constraint:

i% > w0 [H ns(0°) ] —0,,(8")) < K, (13)

t=0 ftcet+1

The utility of an agent in period t is the following:
Ut = U(Ct) + h(l — lt — bnt) + ﬁn?Ut_;'_l (14)

Therefore a planner that maximizes the expected utility of the generation in period-0 faces

the following problem:

max Zﬁtz (6" [Hns es] w(cy(6")) + h(1 — 1,(6) — bny(61))) (P1)

s.t. (13),

where the objective in (P1) is derived by iterating on (14)°.

As it is mentioned in Alvarez (1999), the above problem by itself is not concave in n, ¢;.
This is due to the fact that we have the product of n; and ¢; in the budget constraint and
as a result budget set is not convex. Alvarez (1999) proposes a novel way of resolving this
issue by defining new variables as product of per capita allocations with population of the
associated cohort. We will use his approach to make the problem concave. Hence, we define

the following variables:

Cy(6Y)
L(6")

(0 N(01)
L(O"YN(6"1)

The problem in terms of the new variables is the following:®
Ci(0) Ly(0")  Nen(9")
¢ 0\ AT (gt—1 t L Ve )
mhax Zﬁ Z (6°)N;'(6 )( (Nt(etl)) +h (1 N, (6+1) bNt(9t71> (P1)

s.t. Z > w0 (Cu(6") - 0Ly(0")) < Ky

t=0 " gteortl

No(0~) = N_; : given.

5We need to define []_! n7(6) = 1.

s=0""s

6Notice that the product term in the objective function as well as in 13 is by definition N,(6¢~1).
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We make the following assumptions to ensure that the above problem is concave.

Assumption 2 1. The function N"u (%) 15 strictly concave and strictly increasing in
(C,N).

2. The function N"h (%) is strictly concave and strictly increasing in (M, N).

3. n<l.

From the strict concavity of (P1’) it follows that there is a unique solution.

It will be useful for what follows to make one further transformation of this problem.
Since the budget set in (P1’) is convex and the objective is concave by assumption 2, we can
follow the literature and transform this problem into a recursive cost minimization problem
in which the extra state is continuation utility, W. See the Appendix for details. Thus, the

solution to above problem is the same as the solution to the following recursive problem:

V(N,W) = min QGZ@ (0) <0(e) —OL(0) + %V(N’(@), W’(Q))) (P3)
s.t. %Zew(e) (N” <u (%) +h (1 . L](\f) - bN]/ég)» + 6W’(9)) > W

Although, technically, we have N as one of the state variables for our problem, it can be
shown that (because of homotheticity properties) we can rewrite the problem in terms of per
capita variables and eliminate N as a state variable. To do so, we define w = W/N" and

V(N,w) =V (N, N"w)/N. Using these definitions (P3) becomes:”

NV(N, N"w) = min Z m(0)N <c(9) —01(0) + }%NJ/\S&) V(N'(6), N’(@)Ww’(g)))
st > w(0) (N7 (u(c(0) + h (1= 1(0) — bn(6))) + BN'(6)"w'(6)) > N"U

where we have used W’(6) = N'(0)"w'(6). Define n(6) = %. Using this definition, we can
eliminate N from the objective function as well as the constraint. It is then obvious that

V is independent of N and V (N, w) = v(w). Hence, v(w) satisfies the following functional

7Small letters represent per cohort member variables.
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equation:

. 1 ,
v(w) = C(@)J(@I)I’}ll(%)’w/(a) 9628 7(6) (0(0) —01(0) + En(Q)v(w (0))) (P4)
s.t. ZW(G) (u(c(0)) + h(1 —1(0) — bn(0)) + Bn(8)"w'(0)) > w

3.1 Properties of the Optimal Allocation

In this section, we discuss the properties of the optimal allocation from problem (P3).

First we have a standard result from dynamic programming:

Theorem 1 Under assumption 2, V(N, W) is strictly convex. Moreover if u(-) and h(-) are
C*l, then V (-,) is differentiable.

Proof. See theorem 4.8 and 4.11in 7. m

To do any further characterization of the solution to (P3), we will want to use the FOC’s
from this problem. This requires that the solution be interior however. The usual approach
to guarantee interiority is to use Inada conditions. We use a version of these here to guarantee
that ¢, 1 — [ — bn, and n are interior. The version that we use is stronger than usual and
necessary. We do this because we will need this stronger version below when we consider an

environment with private information.

Assumption 3 Assume that both u and h are bounded above by 0, and unbounded below.
Note that this implies that n < 0 s required for the overall concavity of utility and hence an

Inada condition on n is automatically satisfied.

Under this assumption, it follows that consumption, leisure and fertility are all strictly
positive. This is not enough to guarantee that the solution is interior however, since hours
worked might be zero. Indeed, there is no way to guarantee that [ > 0 in this model. This is
because of the way hours spent raising children enter the problem. Because of this feature of
the model, it might be true that the marginal value of leisure exceeds the marginal product
of an hour of work even when [ = 0. The usual way of handling this problem by assuming
that A/(1) = 0 will not work in this case since we know that n > 0. Hence, the marginal
value of leisure at zero work will always be positive, even if 2'(1) = 0. Because of this, when
continuation utility is sufficiently high, it is always optimal for work to be zero.

In addition to this, in some cases, there are types that never work. This will be true when

it is more efficient for a type to produce goods through the indirect method of having children
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and having their children work than through the direct method of working themselves. This
will hold for a worker with productivity 6, if § < £ That is, {(w,8) = 0 for all w if § < %.

For this reason, we will rule this situation out by makmg the following assumption:

Assumption 4 Assume that, for all i, 0; > %g).

This assumption does not guarantee that [(w, ) > 0 for all w, but it can be shown that
for low enough continuation utility [ > 0. In what follows, we will simply assume that [ > 0
for most of the paper. We will return to this issue below when we show that a stationary
distribution exists.

Using the above derivation of (P4), we also have the following corollary. (See Appendix
A.2 for the proof.):

Corollary 2 Assume that V(-,-) is twice differentiable. Then v(w) is conver and strictly

increasing and nwv' (w) — v(w) is increasing.

The optimality conditions of the problem are similar to those in section (2).

1

V'(w) = @) Vo € © (15)
Ou'(c(0)) = h'(1 = 1(0) —bn()) if L >0 (16)
BRn(0)"" = u'(c(0))v' (w'(0)) (17)
B (0)" w'(0) = lU( "(0))u'(c(0)) + bR'(1 — 1(0) — bn(6)) (18)

The interpretation of the above equations are as before. First, equation (15) comes from
the Envelope condition and implies full intra-family risk-sharing. Second, equation (16)
represents the trade-off between leisure and consumption. Equation (17) is the standard
Euler equation and it represents the trade-off between consumption today and consumption
tomorrow. Finally, equation (18) equates the marginal benefit of having an extra child -
LHS - to the marginal cost of having an extra child - RHS - which consists of immediate
utility cost in terms of leisure as well as the cost of having fewer per child resources available
tomorrow in terms of utility today.

Replacing equations (16) and (17) in (18) gives us the following important equation:
! (! (6))/(6) — v(w'(6)) = bRO (19)

Equation (19) together with corollary 2 implies that w'(#) is increasing in 6. Moreover, it

implies that w’(#) is independent of w. That is, there is no history dependence in continuation
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utility, when all the choices - labor supply, fertility, consumption - are undistorted. This will
play an important role in the rest of the paper. The intuition for this result is similar to
that given in the two period case — it follows from the homotheticity of the cost function,
V(N,W).

The properties of the optimal allocation for this problem are summarized in the following

proposition - the claims hold only if /(w, ) is interior:
Proposition 2 Under assumption 2, the policy functions from (P4) satisfy:
1. ¢(w, @) is independent of 0, and strictly increasing in w,
2. l(w,0) is st. increasing in 0 and strictly decreasing in w,
3. n(w, @) is st. decreasing in 6 and strictly increasing in w,
4. w'(w,0) is strictly increasing in 0, but independent of w.

Proof. See Appendix A.3. =

Proposition 1 describes the properties of long-run inequality in this model. In fact, we
know that starting from any ex-ante distribution of continuation utilities, if we apply the
above policy functions, the next period distribution of continuation utilities is independent
of the initial distribution. Moreover, the long-run distribution of w takes on values in the
solutions of equation (19) and hence, is a simple transformation of the probability density
of . From equation (15), the long run distribution for ¢ can be directly obtained from that
of w. As can be seen it is not a degenerate distribution as would usually be the case with
separable utility between consumption and leisure. Even though this is true, it follows from
equation (15) that ¢ does not depend on the current shock (6;), but depends on the history
of previous shocks (6'~!) as summarized in w;. Moreover, because of the resetting property
(the fact that w'(w,#) is independent of w), it follows that w, depends only 6, ;. Hence, it
follows that ¢; depends only on 6, ;. Thus, although our model shares a common feature
with more standard models with non-separable preferences between consumption and leisure,
this arises for different reasons. Here, it arises from the non-separability between family size

and per child continuation utility.

4 Adding Private Information

In this section, we will extend the model in section 3. The model is exactly the same as before

except that each agent’s productivity is private information. The planner, can observe the
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output for each agent but not hours worked nor productivity. Using the revelation principle,
we will only focus on direct mechanisms in which each agent is asked to reveal his true
type. As is typical in problems like these, it can be shown that the full information optimal
allocation does not satisfy incentive compatibility. Although the argument is more complex
than in the usual case, we show (in Appendix A.5) that under the full information allocation,
a higher productivity type would want to pretend to be a lower productivity type.

In addition to this, in Mirrleesian environments with private information where a single
crossing property holds, one can show only downward incentive constraints bind. Here,
however, the single crossing property does not hold due the lack of separability between
fertility and leisure. Because of this, we do not currently have a proof that the only incentive
constraints that ever bind are the downward ones. In keeping with what others have done
(e.g., Phelan (1998) and Golosov and Tsyvinski (2007)), we assume that agents can only
report a level of productivity that is less than or equal to their true type.® In the appendix,
we give a sufficient condition for this to be true. Under this assumption, we can restrict
reporting strategies, o, to satisfy o,(0") < 6;. (Here, for every history 6, o,(0") is agent’s
report of its productivity in period ¢ and o*(6") is the history of the reports.) Moreover, by
the later restriction on reports, we have o,(6") < 6,. Call the set of restricted reports 3.
Then, an allocation is said to be incentive compatible if

t t t—1 Ct Ht Lt 9t Nt Gt
oo [ (S40) (- A0 )]

t.0t
i Culo'(0) _ AILE) |, Nea(o'(6)
2 Ny (o) (1~ iy~ ety

Voelx

Hence, the planning problem becomes the following:

max 3 B'r(0)N,(6'1)" {u <C<9>)+ h<1_ Lu(0Y) bNm(ef))]

— Nt<6t_1) Nt(at—l) Nt(gt—l)
s.t Z %W(Qt) [Cu(0") — 6, Ly (6")] < Ko
100
to(gt =1y |, Ci(6") O Ly(#") N (0Y)
t’%ﬂ (9 )Nt(9 )77[ <Nt(9t_1)>+h<1 Nt(gt—l) bzw(gt—l))] =
gt t—1\\n Ci(ae(6"))  Yi(au(8) , Nega(ow(6Y))
2 BN -2 (671) o) M B @) Ry
VoeXx

8In numerically calculated examples, this assumption is redundant.
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Using the same techniques as in section 3, we can show that the above problem is equivalent

to the following functional equation:

V(N,W) = o min % (0) [C(e) —0L(0) + %V(N’(@), W’(G))] (P5)
s.t eez;f(e) [N” (u (%) +h (1 - L;\f) - bN]/\(f))) + ﬁW’(G)} > W

As we can see, the problem is homogeneous in N and therefore as before, if we define
v(N,w) = w, v(+,-) will not depend on N and satisfies the following functional equa-

tion:

v(w) = min Z 7(0) (0(0) —01(0) + %n(é)v(w’(e))) (P5)

0cO
st > w(0) (u(e(0)) + k(1 —1(0) — bn(6)) + Bn(0)"w'(6)) > w
0cO
u(c(0)) + h(1 —1(0) — bn(0)) + Bn(0)"w'(0) >
. 01(0)

u(e(f)) +h(1— == - bn(0)) + Bn(0)"w'(6), ¥ 0 > 0

To ensure that the minimization in problem (P5) has a unique solution, we need the function
V(N,W) to be convex. A sufficient condition for convexity of the value function is that the
constraint set correspondence should be convex with respect to the state variables. In this
problem, due to perfect substitutability of fertility and labor supply, our constraint set
correspondence is not convex. Therefore, we cannot show that the value function is convex
using the standard methods. One way to resolve this issue is by allowing for randomization.
Allowing for randomization, makes all the constraints linear in the probability distributions
and therefore the constraint correspondence would be convex. This is the method used in
Phelan and Townsend (1991) and Doepke and Townsend (2006). However, optimal plan may
not necessarily involve lotteries since convexity of constraint correspondence is only sufficient

for convexity of the value function.”

9In our numerical example the value function is convex even without the use of lotteries. In the appendix
B, we characterize the case where utility from leisure is linear and there we can show that the constraint
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Therefore, we will make the following assumption:

Assumption 5 V(N,W) is convex with respect to (N, W).

4.1 Inverse Euler Equation

An important feature of dynamic Mirrleesian models with private information is the Inverse
Euler Equation. Golosov et al. (2003) extend the original result of Rogerson (1985) and show
that in a dynamic Mirrleesian model with private information, when utility is separable in
consumption and leisure, the Inverse Euler equation holds when processes for productivity
come from a general class. Here we will show that a version of the Inverse Euler equation
holds. To do so, consider problem (P5). Suppose the multiplier on promise keeping is A
and multiplier on (24) is (6, 0). Then the first order condition with respect to W’(6) is the

following;:

R (0) 5 Vir (N'(6), W/(6)) + Me(0)3 + 53 u(0,0) — 55 u(0,0) = 0.

6>0 6<6

Define p(6, é) =0, if 6 > #. Summing the above equations over all §’s, we have
—Z 0)Viv (N'(6 +5A+ﬁzzu69 — B> u(d,0)=0.
0 g

Moreover, from Envelope Condition:
Vi (N, W) = =\

Therefore, we have
Dm0V (N'(0), W' (0)) = BRViw (N, W).

Now consider the first order condition with respect to C(0):

7(0) + ()N ! (%9)) + N7 (%) 2@: (1(0,0) — N1/ (%) 29: 1(6,0) = 0.
Thus,

BR
N (G2

N

Viv (N'(0), W'(8)) =

correspondence is convex.
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Therefore, we know that

AR

N, (0+=1)n=1y! (Nfgg(tei)l)>

Viv (Nig1 (61), W(6")) =

Hence, we can derive the Inverse Euler Equation:

E 1 t+1 ‘et = AR P (22)
e ) ()

Nit1(6%) Ne(971)

An intuition for this equation is worth mentioning. Consider decreasing per capita consump-
tion of an agent with history ' and saving that unit. There will be R units available the
next day that can be distributed among the descendants. We increase consumption of agents
of type 0" by €(6;11) such that:

n(0") > m(0)e(0) = R

0
' (i1 (0%,0))e(0) = v (e (0,0))e(0) = A.

The first is the resource constraint implied by redistributing the available resources. The
second one makes sure that the incentives are aligned. In fact it implies that the change in
the utility of all types are the same and there is no incentive to lie. The above equations

imply that
A

() 2 ) e

Ory1

Since the change in utility from this perturbation must be zero, we must have SA = u/(c,(6")).

Replacing in the above equation leads to equation (22). We summarize this as a Proposition:

Proposition 3 If the optimal allocation is interior, the solution satisfies a version of the

Inverse Fuler Equation:

1 o BR

_ Cip (081 - 1\ Cuet) \
Nt+1(0t)77 lu/( 1t\7+t~1+(1(9t))> Nt(gt 1)” L/ (Nt(g(t—)l_)>

E
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4.2 The Resetting Property and Long Run Properties of Income
and Fertility

We have shown in section 3 that per capita promised value is history independent. Here
we will show that a similar property holds when we add private information to the model,
but only for types for which the presence of private information does not introduce any
distortions — i.e., for any type such that no other type is tempted to pretend to be. In this
case, the resetting property is satisfied. This can be derived from the first order conditions
of the the recursive formulation. Suppose that © = {6; < --- < 6,}. Taking first order

condition with respect to N'(6,,) and L(6), respectively, gives us the following equations:

1 / ! —1z/ L(9n> N/(en)
76, V(N (0,0, W/ (6,)) = b { Ae(6) + 3 a0, 6) | A7 h<1_ G,) N
6<6n,
- L(0n)  N'(0,)
1g7/ o
T(On)0n + | AT (0n) + Y 10, 0) | N7 h(l— N ) =0
6<6n
Therefore,

Vn(N'(0,,), W' (6,)) = —bR6,

Using the fact that V(N, W) = No(N"W), we will have
v(w'(0)) — nw'(0)v (w'(9)) = —bRH,.

We can see that w'(w, 6,,) is independent of promised continuation utility. That is, w'(w, 6,,) =
w'(w,0,) for all w, w. Denote by wy this level of promised continuation utility — wy =
w' (w, 6,,).

The resetting property means that once a parent receives a high productivity shock, the
per capita allocation for her descendants is independent of the parents level of wealth — an
extreme version of social mobility holds.

Because of this, it follows that there is no immiseration in this model, under very mild
assumptions, in the sense that per capita utility does not converge to its lower bound. To
see this, first consider the situation if n(w,#) is independent of (w,#). In this case, from
any initial position, the fraction of the population that will be assigned to wg next period is
at least m(6,). This by itself implies that there is not a.s. convergence to the lower bound
of continuation utilities. When n(w, ) is not constant, the argument involves more steps.
Assume that n is bounded above and below — 0 < a < n(w,#) < a’. Then, the fraction of

descendants being assigned to wy next period is at least % Again then, we see that
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there will not be a.s. immiseration.

We summarize this discussion in a Proposition.

Proposition 4 Continuation utility has a ’resetting’ property, w'(w,0,) = wo for all w.
Assume that n(w, ) is bounded above and below — 0 < a < n(w,0) < a’ - then, if 7(6,) > 0,
it follows that continuation utilities do not converge a.s. to the lower bound — no immiseration

OCCUurs.

Intuitively, the resetting property here mirrors the argument given above in the full
information case (Proposition 1, part 4). That is, since no 'type’ wants to pretend to have
0 = 0, the first order conditions for the allocation when 6 = 6,, are the same with or without
private information. Since we saw in the full information case that w’ is independent of w,
we have the same property holding here.

Next, we turn to a discussion of the limiting properties of fertility and population.

We have two tools at our disposal for this, our version of the Inverse Euler Equation and
the proposition above.

One version of the Inverse Euler Equation can be written as:

> m(OVin(N'(9), W'(6)) = BRViw (N, W).
[4

Using the homotheticity properties of V', we can rewrite this as:

> w(0) (N'(0) " (w'(0)) = BRN' " (w).
0

If BR = 1, we see that X, = N}~/ (wy) is a non-negative martingale. Thus, the mar-
tingale convergence theorem implies that there exists a non-negative random variable with
finite mean, X, such that X; — X a.s.

As is standard in this literature, to provide incentives for truthful revelation of types,
we must have ’spreading’ in (N'(0))" " v/(w'(#)) (details in the Appendix). Thus, it follows
that X, = 0 a.s. But, as we have seen above, it is not possible for v'(w;) to converge to
zero since it is equal to v'(wy) at least % percent of the time. Thus, it follows that
(N'(0")' ™" = 0 a.s.

Intuitively, the planner is relying heavily on overall dynasty size to provide incentives and
less on continuation utilities. This is something that sets this model apart from the more
standard approach with exogenous fertility.

Finally, the fact that (N’(6%))" ™" — 0 a.s. does not mean that fertility converges to zero

almost surely, rather, it means that it is less than replacement (i.e., n < 1). This is most
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easily seen in the context of a discussion of the stationary distribution which we take up in
the next section.

Summarizing:

Proposition 5 Assume that 3R = 1, then, (N'(6")) — 0 a.s.

5 Stationary Distributions

In this section we discuss the existence of stationary distributions for the endogenous vari-
ables of the model. There are two issues here. First, is there a stationary distribution for
continuation utilities and is it non-trivial (i.e., can we rule out immiseration)? Second, be-
cause the size of population is endogenous here and could be growing (or shrinking), we must
also show that the growth rate of population is also stationary. We deal with this problem
in general here, and then study a special case with only two shocks in detail below.

The policy functions for fertility and future continuation utilities in problem (P5’) above
are n(0,w),w'(#,w). Consider a measure of continuation utilities over R, W. Then, applying

the policy functions to the measure ¥, gives rise to a new measure over continuation utilities,

TV:

T(V)(A) = / D w1 (O) a0y (w, 0)n (0, w)dW (w) (23)
wog
VA : Borel Set in R

For a given measure of promised value today, ¥, T(V)(A) is the measure of agents with
continuation utility in the set A tomorrow. The overall population growth generated by ¥

is given by
_ Je2em(O)n(0, w)d¥(w)  T()(R)
v U(R) ~U(R)

Now, suppose V¥ is a probability measure over continuation utilities. W is said to be a
stationary distribution if:
T(V) =gV

This is equivalent to having a constant distribution of per capita continuation utility along
a Balanced Growth Path in which population grows at rate ~y.

To show that a stationary distribution exists, the first step will be to show that continu-
ation utility can be confined to a compact set. The key step in this argument, and one that
differentiates the endogenous fertility model from the usual case, is to show that continua-

tion utilities are bounded below. That is, even as promised utility, w, gets lower and lower,
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continuation utility, w’(w, #), is bounded away from —oo.

To this end, we show that as w — —oo, the optimal allocation converges to c =0, [ =1,
n = 0. The interesting thing about this allocation is that no incentive constraints are binding
and hence, the optimal allocation has properties similar to those in the full information case

— there is resetting of continuation utility for all types when w is low enough. Formally:

Proposition 6 Suppose that v is continuously differentiable'®. Then there exists a w; € R,
such that

lim ' (w,6;) = w,

1
wW——00

See Appendix A.7 for the proof.

The fact that, with utility unbounded below, the incentive problem is less severe for low
values of promised utility also holds in models with exogenous fertility. Loosely speaking, as
w gets smaller, the allocations look more and more similar to full information allocations,
whether fertility is endogenous or exogenous. What makes an endogenous fertility model
different from an exogenous one is the properties of full information allocations. We know
that with endogenous fertility, in a frictionless model continuation utility is bounded below
(by the shock-specific resetting values), while when fertility is exogenous, continuation utility
gets arbitrarily small. This immediately implies that there is no per-capita immiseration with
endogenous fertility.

From this, it follows immediately that continuation utility can be confined to a compact

set.

Corollary 3 Suppose that v is continuously differentiable. Then for all w < 0, w'(w,0) is

bounded below on (—oo, ).

Since utility is unbounded below and 7 is negative, n(w,6;) must be positive. But, we
need more than this for the existence of a stationary distribution. We need to show that the
mapping ¥ — % is continuous. For this, we need that n(w, #) is continuous in w and that
vy is bounded away from 0. Finally, we need continuation utilities to lie in a compact set
(i.e., we need to bound w’ away from 0 as well) so that the relevant function maps a compact
set into itself. This can be shown to be true in certain special cases (see the Appendix), but
we have not yet shown it in complete generality.

Thus, to proceed, we first make the following assumption:

10The assumption about differentiability of the value function is an ad-hoc one. It is perhaps worth
mentioning that since v is weakly increasing, by a theorem from Lebesgue, the points of non-differentiability is
of measure zero. So we know that v is almost everywhere differentiable. The classical proof of differentiability
of the value function is due to Benveniste and Schienkman. Their proof requires convexity of the value
function, which we could not show.
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Assumption 6 There exists some w < sup,u(c) such that for any w € (—oo,w|, w'(w,0)
belongs to (—oo,w| for all § € ©.

Now, we are ready to prove our main result about existence of stationary distribution.

Let M(w,w]) be the set of regular probability measures on [w, w].

Theorem 4 If the solution to the functional equation implies a unique policy function
n(w,0), for all (w,0), then there exists a measure V* € M(lw,w]) such that T(V*) =

Proof. Since [w,w] is compact in R, by Riesz Representation Theorem (Dunford and
Schwartz (1958), IV.6.3), the space of regular measures is isomorphic to the space C*([w, w]),
the dual of the space of bounded continuous functions over [w,w]. Moreover, by Banach-
Alaoglu Theorem (Rudin (1991), Theorem 3.15), the set {¥ € C*([w,w]);||¥|| < k} is a
compact set in the weak-* topology for any k& > 0. Equivalently the set of regular measures,
U, with ||¥|| < 1, is compact. Since non-negativity and full measure on [w,w] are closed
restrictions, we must have that the set

{U : ¥ a regular measure on [w, w|, ¥([w,w]) =1,V > 0}

is compact in weak-* topology.

By definition,

T(W)(A) = / S md {w!(w, 0) € A} n(w, 0)dW(w).
[w,w] ;—
The assumption that the policy function is unique implies that it is continuous by the
Theorem of the Maximum. It also follows from this that n is bounded away from 0 on [w, W]
(since otherwise utility would be —oc). From this, it follows that 7 is continuous in W.
Moreover,
Fa(n) = / S mn(w, 0:)dW(w) > n > 0.
[w,w] =1
is a continuous function of ¥ and is bounded away from zero.

Therefore, the function

. ) B B
(V) =  M([w, w]) — M([w, w])
is continuous. Therefore, by Schauder-Tychonoff Theorem (Dunford and Schwartz (1958),
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V.10.5), T has a fixed point U* € M([w, w]). =

This theorem immediately implies that there is a stationary distribution for per capita
consumption, labor supply and fertility. Moreover, since promised utility is fluctuating in
a bounded set, per capita consumption has the same property. This is in contrast to the
models with exogenous fertility where a shrinking fraction of the population will have an
ever growing fraction of aggregate consumption.

The resetting property at the top, has also important implications about intergenerational
social mobility. In fact, it makes sure that any smart parent will have children with a high
level of wealth - as proxied by continuation utility. Finally, there is a lower bound on how

much of this mobility occurs:

Remark 5 Suppose that w = wy. Choose A > 0 so that % > A for allw and 6. Suppose
that l(w, 0,) > 0, for all w € [w, wy], then for any ¥ € M([w,w]), we have:

. T, A
(V) ({wo}) > [——r

See Appendix A.10 for proof.

5.1 Special Cases

In this section, we examine what happens when there are only two possible productivity
shocks, 6, < 6. We study two special cases given this assumption. In the first, we allow
for a general utility function for leisure and give sufficient conditions for the stationary
distribution to be unique. In the second, we assume that utility of leisure is linear and give

a global stability result.

5.1.1 A Uniqueness Result

We begin by allowing for general utility functions for leisure and assume that resetting
property at the top holds for every w < wy. For this case, using a direct constructive proof,
we show that the model implies a long-run distribution for per capita consumption and
characterize its properties. What is convenient about this example is that we can show that
if resetting holds at all w and assumption (6) with @ = wy, the stationary distribution is
unique.

We know that wy = w'(w, 0y ) is independent of w for all w < wy. Hence, we can define
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the following set of promised values:

W = {wp|w,i1 = w'(w,,0r),Yn > 0}
By Corollary 3, there is a lower bound w such that w < w < wy, for all w € W.
Assumption 7 Assume that w; # w; if j # i.

Consider a distribution over W, ¥ = (¢g,¢1,---) with > ° 1¢; = 1. For ¥ to be a

stationary distribution, there must exist a v such that the following conditions hold:

Yo = TH Zn(wi, QH)wi (24)
i=0
Y = (w1, 0p)vi—1, j>1 (25)

[terating on equation (25) implies the following:

Uy = (%) n(wm—h 9L)n(wm—2, 9L) e -n(wo, QL)%

Replacing in (24) implies the following equation:

v =Tg (n(wo, Om) + Z (%) n(Wi—1, 00)n(W—2,01) - - - n(wo, O )n(wy,, GH)> (26)

m=1

Given that in the original problem, we must have n(w, ) < 1/b. This means that the right
hand side of the above equation is lower than )" *_ (7. /(by))™. Therefore, if we let v — oo,
the right hand side converges to a finite number, wgn(wo, 05). Notice that the left hand side
is strictly increasing and the right hand side is strictly decreasing in . Moreover, at v = 0
RHS is higher than LHS and at 7 = co, RHS is lower than LHS. Because of this, if we knew
that RHS was continuous, this would be sufficient to say that there is a 7 satisfying equation
(26) and that it is unique. To handle this last technical detail, we proceed as follows — Define
vk as follows:

>

m=1

YK = TH (n(wo, GH) + (;T—[L() n(wmfla QL)n(wmf% 9L) ce n<w07 QL)n(wm, 9H)> .
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By definition, v < yx+1. We know that n(w, ) < %, therefore

1 K T m 1 m+1
7K<”H(5+;<TK) () )

Suppose that b’;—; < 1or %t < k. Then, the above inequality implies that

b7K<7rH1_1_ T:b.

This shows that vk is a bounded increasing sequence. Hence, there exists v* such that
vk — 7 with v* > ~k. It needs to be shown that at v*, RHS of (26) exists. Suppose not
and that the sum is infinity. Define Fi(7y) to be the RHS of (26) up to K-th term. Fg(y)
is a continuous and decreasing function. Therefore, vx = Fi(vx) > Fx(y*). Moreover,
Fr(v*) — F(v*) and hence F(v*) < 4*. This means that RHS of (26) cannot be infinity
and (26) is satisfied at ~*.

Now by Corollary 6 in the Appendix, we know that

JA>0 ; n(w,0g) > An(w,0) Yw € [w,w]. (27)

Therefore, using (26), we will have

v =T7g (n(wo, On) + Z (E> n(wm—1,00)n(wWn_2,0r) - - - n(wg, O)n(wy, HH)> >

m=1 v
m=0
= i (E)mﬂn(wm,&)n(wm—h&)"'”(wo,QL) <
2.\ Amy

Now define, ¥y as
1

oo m—+1
1+> >, (%) (W, O1)0(Win—1,01) - - - n(wo, 0r)

Yo =

By the above inequality, we know that v, exists and it is greater than zero. Moreover, we
can automatically define 1;’s using (25). Hence, the definition of -, being the solution to
(26) together with the definition of ¢y, makes sure that W satisfies (24)-(25) and hence, it is a
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stationary distribution. As it appears in the proof, in some sense, bounded relative fertility!'!
together with the resetting property at the top are the key elements of having a long-run
stationary distribution. First, every time any one receives a high shock, her promised value
is reset. Secondly, relatively, there are enough children being born by high types so that we
get stationarity. Moreover, the above proof shows that when the set of w’s is restricted to

W, the stationary distribution is unique.

5.1.2 Linear Utility of Leisure

In this section we restrict attention to the special case where utility is linear in leisure —
h(m) = m. Here, things simplify considerably. In the appendix, we show that both n(w,0)
and w'(w, #) are independent of w. Thus, in the two shock case, there are only two relevant
values for continuation utility, wy = w'(w,fy) and w; = w'(w,0r). Correspondingly, let
n; = n(w, ;).

Given this property for the policy function w’, for any ¥, T'(¥) has mass concentrated
on the set W = {wp, w;}. Because of this, for the purpose of characterizing the stationary

distribution, we can summarize 7' by the two by two matrix:

THNH TLNL
TNy TNy, .
As can be seen from this, the population growth rate is given by v* = mgnyg + mpny.

Hence, T' as defined above is given by:

1 TgNg TNy,
Y mEng TLng

Thus, for any initial distribution U, T(¥°) = ¥* where ¥*(wg) = ML and U (wy) =

”LV# and population grows at rate v*.

5.1.3 Stability

The example with linear utility of leisure is useful because it shows that in some cases,
global stability can be guaranteed. It also shows a difficulty with showing this property in
general. The first step to prove global stability in a Markov chain is to prove that there
is a unique invariant distribution for a irreducible and acyclical Markov chain. Since our
transition function 7' is not Markov, we cannot use the standard method of proving global

stability. In fact, the stationary distribution might not be unique. Intuitively, there may be

1A high type’s number of kids relative to the low type’s
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more than one population growth rate (7*) that is consistent with stationarity even though
T is both acyclic and irreducible. If this is true, there may be two (or more) pairs, (¥, ~7)
and (W3, ~3) that are stationary — Tl* = % and T; = % — where both T T and T 5 are acyclic
and irriducible.!? We suspect that some progress can be made on this problem in some cases.
For example, in the two shock example given above, we showed (in section 5.1.1) that there
is a unique stationary distribution, but we have not yet shown that it is globally stable. A
key assumption in that argument is that there are no cycles in the sequence {w,}. Indeed,
if this assumption does not hold, the stationary distribution together with the population

growth rate is not necessarily unique.

6 Implementation

In this section, we focus on implementing the efficient allocations described above through
decentralized decision making with taxes. We break this discussion into two components.
In the first, we specialize to a two period example so as to explicitly characterize how tax
implementations are used to alter private fertility choices. In the second, we discuss the
'wedges’ that appear in agents first order conditions — i.e., how do these differ from the full

information efficient allocation.

6.1 A Two Period Example

To highlight that feature of the model that is new here — fertility choice — we restrict attention
to a two period example. We assume that there is a one time shock, realized in the first
period. For simplicity, we will assume that consumption of children is fixed at cs.

The constrained efficient allocation ¢f(0),1*(0),n*(#) solves the following problem

12Mathematically, stationary distributions correspond to pairs of eigen vectors and eigen values for the
linear operator T', (¥, ). When T is the Markov transition matrix for an irreducible and acyclic chain, there
is one positive eigen value (which has value 1), and the associated eigen vector is the the unique invariant
distribution. For us, even when T is irreducible and acyclic, there may be two positive eigen values, each
corresponding to stationary distributions. These eigen values then correspond to the associated population
growth rates.
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max 7 [u(e;) + h(1 =1 — bn) + Bnfu(cy)]
i=H,L

S.t. Z v |:CZ‘ + lni@} S Z 77-1911@ + RKO

i=H,L R i=H,L
u(ey) +h(1 =1y —bng) + pnlu(cy) >
01l
u(cr) + h(1 — % —bny) + Bnlu(cs).
H

Now suppose that we want to implement the above allocation with a tax in first period

of the form T'(y,n). Then the consumer’s problem is the following:

max  u(cy) + h(1 —1—bn) + Gn"u(cy)
S.t. c1 + k’1 S Rk’o + 0l — T(é’l, n)
ney < Rk

It can be shown that if T"is differentiable and if y is interior for both types T,, (03, n};) =
0,7,(8ul}, ny) = 0 — there are no (marginal) distortions on the decisions of the agent with
the high shock. Thus, what we need to do is to characterize the types of distortions that are
used to get the low type to choose the correct allocation.

It is well known that, even in the simple case in which there is no fertiliy choice, the
constrained efficient allocation cannot be implemented by a continously differentiable tax
function. (This is also true in our ennvironment.) However, there exists continous and
piecewise differentiable tax functions which implement the constrained efficient allocation.
Next, we construct the analog of this for our environment.

Let uy, (resp. uy) be the level of utility received at the socially efficient allocation by the

low (resp. high) type, and define two versions of the tax function:

1
i = uly = Tely,m) = gnes) + h(1 = g5 = bn) 4 fn'u(es),

ug = u(ly—Ty(y,n)— %ncz) + h(l = = —bn) + Bn"u(cs).

Ty, is designed to make sure that the low type always gets utility @y, if they satisfy their

budget constraint with equality while T, is defined similarly.'?

13The assumption for fixed ¢, is added in order to simplify the above definitions. We can modify the above
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We will build the overall tax code, T(y,n), by using T}, as the effective tax code for the
low type and Ty as the one for the high type. Given this, it follows that the distortions, at
the margin, faced by the two types are described by the derivatives of Ty, (1) with respect

to y and n.
Proposition 7 If the allocation is interior,

1. The tax function
T(y7 n) = maX{TL (yv n)v TH(y7 n)}

implements the efficient allocation.

dTH (

2. There are no distortions in the decisions of the high type — ‘g—:;(yg, ny) = Yi M) =

0 and 8T<yHanH) aTH (yHynH) 0.

3. At the choice of the low type, (y,n}), T is differentiable from below with 3 aT 2 (yr,nt) =

aTL (yLanL) >0 and aT 5=y, ny) = aTL (yLan) > 0.

Proof. See Appendix. =

The new finding here is that the planner chooses to tax the low type at the margin for

aTL L(yz,n}) > 0. In the Mirrlees model without fertility choice, for

having more children —
incentive reasons, the planner wants to make sure that the low type consumes more leisure
(relative to consumption) than he would in a full information world — this makes it easier
to get the high type to truthfully admit his type. This is accomplished by having a positive
marginal labor tax rate for the low type. Here, there is an additional incentive effect that
must be taken care of. This is for the planner to make sure that the low type doesn’t use too
much of his time free from work raising children. This would also make it more appealing
to the high type to lie. To offset this here, the planner also charges a positive tax rate on
children for the low type. These two effects taken together ensure that the low type has low

consumption and fertility and high leisure thereby separating from the high type.

6.2 Distortionary Wedges

In this section we discuss some of the properties of the socially efficient allocation charac-

terized in the previous sections and how it differs from the full information allocation. We

definition to allow for variable ¢y. In that formulation, given (y,n), Ty is defined as how much present value
should be taken away from each type so that he is indifferent between deviating to (y,n) accompanied by
optimal saving and no deviation.
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focus on the distortions that are present in the leisure-consumption margin, the intertemporal

margin and the fertility-leisure margin.

1. The Consumption-Leisure margin: For a type (w, #), we have:

(1= 1l(w,0) —bn(w,0))

u(c(w,0)) = (1 —7(w,0))0

where 7(w,d) — the 'wedge’ in the consumption-leisure margin — is related to the
multipliers on the incentive constraints. Because of our assumption that only downward
incentive constraints can bind, it can be shown that 7;(w,f) > 0. In this sense, the
distortion to the consumption-leisure margin that we find here is the same as that in
a standard model without fertility choice. Intuitively, the planner taxes labor income
of the lower types to make it easier to separate them from higher types — i.e., to relax

incentive constraints.

2. The Intertemporal margin: From the Inverse Euler Equation, we have:

1 0 BR

— Cyy1(0t+1 - C1Ne C, (0t :
T Cry Ny(6rtyrt (24,

E

Using Jensen’s Inequality, we have:

1 - BR
E [Ntﬂ(@t)”*lu’ (M) ‘gt} N (611 )n—1ay! ( Cu(6") > ;

Net1(0%) Ne(60=1)

or,

N (011! (%) < BRE {Ntﬂ(et)”—lu’ (%) |9t} :

This can be rewritten as:

s () - e (G200

where (1 — 7;,(0")) is the wedge in the intertemporal Euler Equation. '* When there is

14This *wedge’ has multiple implementations using taxes. In some of these the tax on capital income is state
contingent from saver’s perspective, i.e., 7 (6%, 0;, 1), while in others it is not, i.e., 7,(6%). See Kocherlakota
(2005) for a discussion.
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no private information, it follows, as usual, that 7,,(6") = 0. With private information,
it follows, from above, that 74(#") > 0. Intuitively, the planner dissuades agents from
saving at their normal level to reduce wealth, and hence, incentive problems, in the

future.

This is the same as what is found in Golosov et al. (2003). It has a slightly different
interpretation here since a period corresponds to a generation. Because of this, it
should be interpreted as a distortion in the decision to leave bequests (as in Farhi and
Werning (2007)). Thus, we find that the 'tax’ on aggregate bequests (B) is positive
here. To be added — 21 >< (7

. The Fertility-Consumption margin: When there is no private information, the trade-off

between fertility and leisure is captured in equation 13:

nB (n(w, )" w = %v(w’(w, 0)u' (c(w,0)) + bh' (1 — I(w, ) — bn(w,H)) .

When information is private, it can be shown that:

nB (n(w,0))" " w' > %v(w’(w, 0)u' (c(w,0)) + bh' (1 — I(w, ) — bn(w,H)) .

Thus, this can be rewritten as:

nB (n(w, )" w' = (147, (w, «9))%0(11/(10, 0)u' (c(w, 0))+bh' (1 — l(w,8) — bn(w,H))

where 1 4 7,,(w, 0) is tax rate on the total increase in future expenditures that comes

with increasing dynasty size by one (i.e., on children, their children, their children’s children,

Hence, generalizing what we saw in the two period example, in general, the planner uses

a positive tax on fertility.

7 Numerical Examples

In this section we solve an example numerically to illustrate some of the results presented in

previous sections. We also explore some properties of optimal social contract that we have

not established formally.

Individuals have CRRA preferences over consumption and leisure
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clfo mlfa
u(c) = o and h(m) = (bl —

in which m = 1—1[1— bn is leisure, [ is hours worked and n is number of kids for each parent.

For this example we asssume the following values for parameters: § = 0.3, R = 4,

o =15 ¢ =05 b= 041 and n = —2. We assume two levels of productivity shocks

{01,0n} = {2,6}. Shocks are i.i.d across generations and dynasties and the probability of
the high shock is 7y = 0.1.

7.1

Endogenous fertility: private information vs. full information

Figure 1 shows the allocation in the economy in which fertility choice is endogenous. We have

presented the allocation rule for both the full information and private information economies.

The graphs highlight a few points.

1.

If curren promised utility to the parent is high enough, it is efficient to have the low
ability type work zero hours. This holds both under full information and private
information. Furthermore, if current promised utility to the parent is even higher, it
is efficient to have both types work zero hours. At this level of promised utility (and

higher levels) the utility is delivered in a first best fashion.

For all levels of current promised utility such that hours are positive, the fertility
allocation is monotone increasing in current promised utility (full information and
private information). For levels of current promised utility such that hours are zero,

fertility decreases with current promised utility.

. For all levels of current promised utility such that hours are positive, promised utility

to children under full information is independent of current promised utility of the

parent (this is formally established in previous sections).

For all levels of current promised utility such that hours are positive, promised utility
to the high skilled parents’ children under private information is independent of current

promised utility of the parent (this is formally established in previous sections).

For all levels of current promised utility such that hours are positive, promised utility
to the low skilled parents’ children under private information information is monotone

decreasing in current promised utility of the parent.

For all levels of current promised utility that hours is zero, promised utility to the kids

is monotone increasing in current promised utility of the parent.
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It is important to note here that incentives are provided both by the level of promised
utility to the children and the number of children. In other words the future utility that is
promised to a parent is n(w, 8)"w’(w, #). This promised utility is always monotone increasing
in the current utility promised to the parent. Figure 2 illustrates this. Also note that, under
full information, the future utility promised to the high skilled parents is always lower than
the one promised to low skilled parents (for full info the blue line lies below the red line).
Also, it appears that under full information, future promised utility to the parents have

higher variance.

Consumption Function, c¢(w ) Future utility promised to each kid, w (w,0)
35 T T T 0 T T
s High shock — Privte Info.| s High shock — Privte Info.,
s [ ow shock — Privte Info. —1{ === Low shock — Privte Info.
3 High shock — Full Info. . High shock — Full Info.
Low shock — Full Info. -2 Low shock - Full Info.
2.5f 1 -3r
—4+
2r 1 -
—~ 2 -5t
£ F;
S s | = -6 //
-7
1 1 -8
9L
0.5+ 1
=101
!
0 I -11t I I I 11
=50 -40 =30 =20 -10 0 =50 -40 =30 =20 -10
Current promised utility, w Current promised utility, w
(a) (b)
Hours, 1(w,9) Kids per parent, n(wJ)
1 T 1 -6 T T T

mm=m= High shock — Privte Info.|
q s Low shock — Privte Info.
14 High shock — Full Info.
Low shock — Full Info.

1(w,9)

(.2 H === High shock — Privte Info.| o
s Low shock — Privte Info.
0.1H High shock — Full Info. 4
Low shock — Full Info.

0 L L L L | 0 L L L
=50 -40 =30 =20 -10 0 =50 -40 =30 =20 -10
Current promised utility, w Current promised utility, w

(c) (d)

Figure 1: Optimal consumption, hours, fertility and promised utility allocations. Allocations
in private information economy are plotted in thicker line. The blue indicates high shock
and red indicates low shock. The dashed line in panel (b) is the 45 degree line.
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We can use the procedure outlined in section 5 to compute the growth rate of population,
~ and the stationary distribution of promised utility, ¥. For full the information economy the
stationary distribution has support W1 = {—9.1607, —4.6591, —3.1255} and the frequency
distribution is given by ! = {0.8998,0.058,0.0421}. The growth rate of population is
AT =1.0624.

For the private information economy the stationary distribution has support
WHL = 1-11.5428, —9.5892, —9.5837, —9.5836, —9.5833, —9.4970, —4.6938, —3.0826} and the
frequency distribution is 7 = {0.1495, 0.0927, 0.0660, 0.3581, 0.0782, 0.1089, 0.0858, 0.0607}.
The growth rate of population is v*/ = 1.0355. Figure 3 shows the stationary distributions.

7.2 Endogenous fertility vs. exogenous fertility

In this section we compare the efficient allocation under private information in the benchmark
model (with fertility choice) to the allocation that comes out of a standard Mirrleesian
environment. The functional forms and parameters are the same as previous section. We
compare the case where n = 0 (exogenous fertility) to the case where n = —2.
Figure 4 shows the consumption, hours and promised utility (to the kids) allocations.
Figure 5 plots the future promised utility to the parents for both environments, i.e.
n(w, )"’ (w,#). Note that in the standard dynamic Mirrleesian environment, n = 0 and

future promised utility to the parent is the same as utility promised to the each kid.

Future utility promised to each parent, n(w,@)nw'(w,(i)

mmm= High shock — Privte Info.
=20 === Low shock — Privte Info.
High shock - Full Info.
—40 Low shock — Full Info.

n(w9)"'w (w0)
I
g

-120
-140

-160

-180

_200 L L L L
-50 -40 -30 =20 -10 0
Current promised utility, w

Figure 2: Future promised utility to the parents. Allocations in private information economy
are plotted in thicker line. The blue indicates high shock and red indicates low shock.
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Figure 3: Stationary distribution. Panel (a) shows the frequency and panel (b) shows the
CDF. Stationary distribution in private information economy is plotted in blue. The red
graph is the stationary distribution under full information.
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I(w,0)

4.5

Consumption Function, ¢(w,0)
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Current promised utility, w
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Figure 4: Optimal consumption, hours, fertility and promised utility (to the kids) allocations.
Allocations in benchmark economy are plotted in thicker line. The blue indicates high shock
and red indicates low shock. The dashed line in panel (b) is the 45 degree line.
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Future utility promised to each parent, n(wﬁ)”w’(w,e)

0
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—40+
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=
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-1401 === High shock — Endogenous Fertility

wms [ow shock — Endogenous Fertility
-160 — — — High shock — Exogenous Fertility

— — — Low shock — Exogenous Fertility
I

_180 I I I
-50 -40 -30 =20 -10 0
Current promised utility, w

Figure 5: Future promised utility to the parents. Allocations in benchmark economy are
plotted in thicker line. The blue indicates high shock and red indicates low shock. . The
dashed line is the 45 degree line (it is relevant only for the n = 0 case, since otherwise the
future utility and current utility promised to the parent are not in the same space).

Appendix

A Proofs

A.1 Proof of Proposition 1

We first prove part 4.
Define G(C, N) = N"u (£). We then have

N
C C
— n—1 o n—2 !
Gn(C,N) =nN u(—N) N"2Cy (—N)

, [ C
Gcc(c, N) = N"%y (N)

Geo(C,N) = N" 1/ (Q)

C C
— _ n—2,/ [ _ n—3 n{ >
Gen(C,N) = (n—1)N"">uy (N) N">Cu (N)

C C C
— . n—2 —\ _ o n—3 /A n—4~2, n [ >~
Gyn(C,N) =n(n—2)N u(N> 2(n —1)N"°Cu (N) + N"*C*u (N>
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For strict concavity of G, we must have Goo < 0, GoeGyy — Gi¢ > 0. This implies that

Gm«lN%:N“%/<%><O

GaﬂmN—c%N:opﬁ)Gm(%>w«éo—wn—nw(%)j:>0

The first inequality implies that u(c) is a concave function. As for the second inequality,

notice that when 7 is greater than 1, then since u” < 0, the term in the brackets is negative
C.

which contradicts the inequality. Therefore, we have - replacing c for %

n<1 . nuc)u"(c) = (n—1u(c)* <0
Now, we can rewrite (8) as follows:
wea) gy~ 1oR

taking derivative of the left hand side with respect to ¢y gives the following:

w(e) —w(eu(c) | (n=1u'(e)* — nu(c)u"(c)

T (e .

where the inequality is from above. Therefore ¢5(f) is increasing in 6 and independent of
Wo.

Equations (3) and (4), imply that ¢;(0), n(f), and m(#)-leisure, are positively correlated.
Hence the binding feasibility implies that they are strictly increasing in Wy and [(0) =
1 —m(0) — bn(0) is st. decreasing in W.

Moreover, since by (2), ¢;(#) is independent of 6, equation (4) implies that n(6) is negatively
correlated with co(6) and hence n(#) is st. decreasing in 6. Also by equation (3), leisure is

decreasing in 6 and therefore, labor supply is increasing in . N
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A.2 Proof of Corollary 2

Proof. We know from above that V/(N,W) = Nu(N~"W). Strict concavity of V (N, W)
implies that VWW > 0, Vn > O, VWWVNN > VI/%/N We have

Vipw = N2/ (NT"W) = N'#1 (w)
Vien = (1 = )N/ (N7"W) — npN~"2"Wo"(N"W) = N~ ((1 — n)v'(w) — nuv” (w))
Van =n(n— DN 'WO' (NTTW) + N2 W2 (N W)

=nN"'w ((n = 1)v'(w) + nuv’ (w))

After some algebra, we have
Virw Vivw = Vi = N7 ((n = D)o/ (w) + v’ (w)) (1 = n)v'(w)
Therefore, the strict convexity of V (-, -) implies that:

v (w) >0

(= 10/ 0) + mn () = (! () — v(w)) > 0
v'(w) >0

A.3 Proof of Proposition 2

Proof.

1. We have shown the results for w’(-,-) above. (18) immediately implies that c(w, @)
is independent of . Now, by increasing 6, w'(w, ) goes up as well as v'(w'(w, d))
since v is concave. Because, c(w, 6) is independent of 6, (16) implies that n(w,0)" ! is
increasing in 6, and since 7 < 1, we have that n(w, ) is st decreasing in 6. (15) implies
that leisure is st. decreasing in # and since fertility is decreasing, hours worked will be

increasing in 6.

2. Convexity of v(w) and (18) implies that c¢(w, ) is increasing in w. An increase in w,
causes a decrease in marginal utility of consumption and (16) implies that fertility is
increasing in w. Moreover, (15) means that leisure is increasing in w and therefore

hours worked is decreasing in w.
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A.4 Closed Form Solutions for Fertility
A.4.1 Two Period Example

Now if we assume that utility from consumption is CRRA, u(c) = then (8) becomes

10’

1 1—
D02 (0) = bRO = c(0) = —— " bRY

l—-0 oc+n-—1

Equation (3) then implies that

The above equation implies that fertility is a constant elasticity function of productivity, an

observation that is in accordance with the data'®.

A.4.2 Fully Dynamic Version

To gain more intuition about how the model works, it is worth looking at the sequence
problem directly and characterize its solution. Here, we will focus on problem (P1°)'®. The

problem is the following:
320 RO l>( () + (= wfo o)) o0

s.t. Z Z Ct Qt - QtLt<9t)) S KO

t=0 gte@t+1

No(07') = N_; : given

Notice that N does not appear in the constraint set since we are looking at total allocations

for each cohort with the same history. Assuming that the multiplier for feasibility constraint

15See Jones and Tertilt (2008)
16Solving (P1) instead of (P1’) is more complicated since each fertility level appears in infinitely many
terms.

46



is A\, we will have the following equations:

yRm?%/CE):A (28)
Ny

L N,
PRINTTI (1 — 28— pE L) — g 2
RN (1 3 -0t ) = (29)

C L N. L N,
1, N1l t+1 B(1 - 2t e N (1 = Bt
N {“ <Nt+1 * Nt Niow N N, N,

L N,
ﬁtHNZ:LlQ {Ct+lu/ <Ct+1) — (L1 + ONia) (1 - ) t+2) } (30)
Nipa Nipa

The above equations have the same interpretation as (15)-(18). Now assume that u(c) =

l—o

<7 h(m) = ™17, Combining (28) and (29) leads the following:
1
e_ﬁthNtn—lh/(mt) — ﬁH—lRH_lNH_l U,<Ct+1)
¢
Then (30) becomes the following:

BHINIL E n(ulersn) + h(miga)) = et (coen) + (1= myp) B (megn) } = 08 RN 000 (1)

and hence

l—0o l—0o

Civ1 My
771 e Ct+1 + By {77@[11 _

+ (1 - mt—i—l)mt_fl} bRetCH-l

From the trade-off between leisure and consumption we have that ¢¥m;’, = 6,11¢,.7} and

+o0—-1 +o0—1 o 1/
anCt+1 Etnl—CtJrl‘gtlJrll/ W7 + Efy1 = bRO,
Therefore,
oo (0Y) = l1—0o bR  1-0 P
T\ o — 11+ B0V )Tt o — 11+ e EAe
A B

and for fertility we have

1 \71 [ A, — B \v1
A - t
() = (ﬂR) (Aeu - B)

we will use m for leisure onward.

17
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A.5 Efficient Allocation is not Incentive Compatible

In this section, we show that the efficient allocation with full information does not satisfy
the incentive compatibility constraints for the maximization problem in section 4.

Intuitively, from intra-family risk sharing, equation (15), we know that per capita con-
sumption among siblings is equal. Moreover, efficiency requires that leisure is decreasing in
productivity, equation (16). It is therefore sufficient to show that future utility for a low
productivity agent is higher than a high productivity agent.

This is shown below.

One intuition for this comes from the curvature properties of the cost function, v(w). In
the unconstrained efficient allocation, the planner equates per capita marginal cost n(0)' ="' (w'(6))
across various types. We know from Corollary 2 that v'(-) has a curvature higher than 1_777
Therefore, for a given relative fertility A > 1, equating per capita marginal cost implies that
relative promised utility is at most A" which implies that n(6)"w’(6) has the same direction
as n(f) does. Hence, overall promised value, n(0)"w'(0), is higher for lower productivity
agents.

Formally, consider the efficient allocation, which is the solution to the dynamic program-
ming problem (P4). From (16) and (18), we have that

n(0)' (w'(0)) = n(0) " (W' (¢)), V0, ¢’ (31)

Moreover, from Corollary (2), we know that

wv”(w)>1—n v"(w)>1—n1
v'(w) U viw) o w

If we assume that 0 > ', then w'(f) > w'(¢’) and we can integrate the above equation to

obtain that o (v’(w’(e)) ) _ /w’(G) U//(w)dw N 1—n log (w/(9)>
V(W' (6") w(e) V(W) U w'(0")

s (m0) "

Combining the above with (31), we get the following inequality

and therefore

1-n

(ZL((Z))) - S/I((;U//((g/;; = (2:8;) T n(6")"w'(6") > n(6)"w'(0) (32)

Moreover, from proposition 1, we know that ¢(f) does not depend on # and leisure is de-
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creasing in 6. Therefore 1 —[(0) —bn(0) <1 —1(0") —bn(0') <1 —6¢'1(0")/0 — bn(0'), when
0 > 0'. These properties together with (32) gives us the following inequality

u(c(9)) + h(1 = 1(0) — bn(6)) + Bn(0)"w' () <
<u(ce(8))+ h(1 - bi) —bn(8')) + pn(0")"w'(0"),V0 > ¢’

which means that under the efficient allocation, agents with higher productivity would like
to pretend to be low productivity. So the unconstrained efficient allocation is not incentive

compatible. [

A.6 Sufficient Condition for Slackness of Upward Incentive Con-

straints

In this section, we give sufficient conditions for slackness of upward incentive constraints.
That is we show that if the efficient allocation satisfies certain constraint, then downward
incentive constraints are sufficient. We summarize the sufficient conditions in the following

lemma:

Lemma 1 Suppose an allocation (¢(0),1(0),n(0),w'(8)) satisfies the following:
1. 1(0)0 is increasing in 6,
2. 1—1(0) —bn(0) <199 _pn(@'), for all § > ¢
3. Local downward incentive constraints are binding:

(0 + A1 = (0) = m(0)) + 6n(0)/0) =
u(e(1)) + (1= PO o) 4 B0yl (0,0)

Then, incentive compatibility holds for any 6,6'.

Proof. By part 3 of the assumption, we have

u(ce(0i-1)) + Bn(0i1)"w' (0;-1) — u(c(6:)) — Bn(0;)"w'(0;) =

= (1= 18) — bn(0)) — 11 — U )

By part 2 and 3 of the assumption we have

L(Gll(él) — Hi_ll(ﬁi_l)) l

. (9 U0;) — 0;-11(0;-1)) > b(n(0;—1) — n(6:))

A
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Hence, for any = € [1/6;,1/60;_4]

=1- .1791',1[(92‘,1) — bn(@z,l) >1- m@zl(ﬁl,l) — bn(@z)

Therefore, using part 1 and concavity of h(-),
—h/(l — x@i_ll(ei_l) — bn(@i_l))ﬁi_ll(ﬁi_l) Z —h/(l — x@zl(el_l) — bn(92)>¢91[(91)
Integrating both sides from 1/6; to 1/60;_1, we get

Oal®ict) o s p1— B8

h(1—1(0;i—1)—bn(0;—1)) —h(1— 0. 0i—1

—bn(6;)) —h(1—1(6;) —bn(6;))

Therefore,

u(c(fi-1)) + 5"(91'—1)"10/(@—1) —u(c(0:)) — ﬁn(@i)"w’(éi) >
> h(1 - bl6:) _ on(6;)) — h(1 = 1(0;-1) — bn(;-1))

i—1

Hence, the local upward incentive constraints are satisfied.
Now, we will show that other upward incentive constraints are satisfied . To illustrate
we show the argument for ¢ and ¢ + 2 and a similar inductive argument works for higher

differences. By condition 2, we know that:

i(&#ﬂ(ezﬂd) —0;10(0;11)) > b(n(bi41) — n(0i2))

and therefore,

1

(0is2l(0iy2) — 0i111(0i11)) > 7
i1

1
o (Oi2l(Oir2) — 01l (0i1)) = b(n(0i1) — n(0ir2))
Hence, for any x € [1/60;41,1/6;],

1— I0i+1l(6i+1) — bn(61+1> Z 1— x9i+2l(9i+2> - bn(eHg)
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and we have,

h/(l — $6i+1l(9i+1> — bn(@lﬂ)) S hl(l — $9i+2l(6i+2) — bn(91+2))
= —0'(1 = 20;111(0i1) — 0n(0i41))0i111(0511) > —R'(1 — 20;20(0ir2) — bn(0iy2))0;12l(0ir2)

So,
0;i111(0;
(= BtO) ) b 1B) (014
> w1 = P20 o)) - - P2 e )y

Rewriting local IC’s for 7,74+ 1 and 7 + 1,7 + 2:

u(e(6)) + Bn(6)(6) — u(c(Or)) — Fn(Ba)0' (01 >
> (1 - elen) ) n - 18) - m(6)) (34)

w(c(0i—1)) + Bn(Bi1)"w' (0i+1) — u(c(bi2)) — Br(fiz2)"w' (0ir2) >
> n(1 = 22Oz g ) b= 10~ ) 69)

it1
Summing over inequalities (33)-(34), we get:

wle(B1)) + (6,0 (0:) — u(c(Ors2)) — Fr(Brsn)! (Brs2)
> (= 20 g 0)) (1 18) - bn(8)

v

s

which is the upward incentive constraint for i,7 + 2. The rest of the upward and downward

incentive constraints can be proved in a similar way. =

A.7 Proof of Proposition 6

We first prove the following lemma:

Lemma 2 Suppose Assumptions 3 and j hold, then the value function and the policy func-

tions satisfy the following properties:
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lim c(w,6;) = 0
lim n(w,d;)) = 0
lim (w,6;)) = 1

Proof. Consider the following set of function:

S = {"&;@ € C(R_), 0: weakly increasing lim o(w) = — ngl}

w——00

Moreover define the following mapping on S as

1
To(w) = min Z'/Tj {cj —0l; + Enjﬁ(w;)}
s.t. ZWJ u(c;) + h(l —1l; — bny) + fnlw)] > w

(cj) +h(1 —1; — bny) + Bniw; >

0;l;
u(c;) + h( ) )+ Bnlw, Vi >
J
Cj,lj,?”lj Z 0
1 Z l]' + bnj

We first show that the solution to the above program has the claimed property for the
policy function and that 70 satisfies the claimed property. Then, since S is closed and T
preserves S, by Contraction Mapping Theorem we have that the fixed point of T' belongs to
S.

Now, suppose the claim about policy function for fertility, does not hold. Then there
exists a sequence w, — —oo such that for some i, n(w,,0;) — n; > 0. For each j # ¢, define

= liminf,_ . n(w,, §;), then we must have

1
lim inf 70 (w,,) > Z 7;[—0;(1 — bn;) + R [ Z Wkek]

J

Note that by Assumption 4, we have
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1 .

v > ; 760k, Vj
and therefore, if n; > 0, we must have

_ I_

—(9]' + bnﬁj - En]’ gmﬁk Z —Hj
with equality only if ; = 0. This implies that
lim inf Tﬁ(wn) > — Z 7Tj9j

since n; > 0.

Now,we construct a sequence of allocation and show that the above cannot be an optimal

one. Consider a sequence of numbers ¢, that converges to zero. Define

cm(0)) = u (=€)
M (0) = (n—i)7em
w,,(6;) = w<0

If A is bounded above and below, define

By construction,

Moreover,
w(em(6)) + Brm(0;)"wy, (0;) — w(em(6:)) — Brim(0;)"w, (0;) = Baey, (i — j), Vj > i

This expression converges to oo and therefore, since h is bounded above and below for m

large enough, the allocations are incentive compatible.
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When, h is unbounded below, since the utility of deviation is bounded away from —oo,

it is possible to construct a sequence for [,,, that converges to 1. Find [,,(6;) such that

Hence, we have:

u(em(6;)) + h(1 = 1n(0;) = brm (6;)) + Brm (6;)"w, (05) — w(cm(6:)) — Brm (6:) "wiy, (6:)

1
— e (G — i =
Bel(i— i+ )
converges to oo. Moreover, by definition [,,(6;) converges to 1 and n,,(6;) converges to zero
and therefore the deviation value for leisure, h(1— Gil’;+j(9i) —bn,,(6;)) , converges to h(1 — g—;’_).

This implies that for m large enough

u(em(05)) + h(L = lm(0;) = brn(0)) + Brm (6;)"wy, (6;) — wlem (0:)) — Brin (05)"w},, (6:)

Oilm (0:)
5, b (6;))

> (1 —

and for m large enough the allocation is incentive compatible.

Therefore, The utility from the constructed allocation is the following:
= [-148Y At + ij Lin(0;) = b1 (6;))

It is clear that w,,’s converge to —oo and the allocation’s cost converges to — Zj m;0;.
Now since w,,and w,converge to —oo, there exists subsequences w,,, and w,, such that
Wy, > Wy, and therefore by optimality:

Zﬂ-j [ka (6)]) - ‘gjlmk (03) + Enmk (%)6(@)} > Tﬁ<wnk)
J
and therefore,
— Z TkOp > liminf T0(w,,) Z L0k

n—oo

and we have a contradiction. This completes the proof. m

Since h is unbounded below, given the above lemma for w € R_ low enough, allocations

should be interior and since v is differentiable, positive lagrange multipliers A, p(i, j)|is;

o4



must exists such that

7<t 7>

o (e(w, 0:)) {WM(M) 3 uligiw) - 3 i w>] —

i<t 7>

pn(w, 6;)" { w) + Y (i, jiw) Zu(j,i;w)] = m%v’(w’(w,@i))

B (1 —1(w,6;) — bn(w,6;)) {mm) + ) uli, g w)}

J<t
=S iy e - By 0) < o
J

0.
J>i J

{=bh' (1 —1(w,0;) — brn(w, 6;)) + Bym(w, 0;)" ' (w, 0;) |: )+ Zu (i,j;w }

j<t

= (i w) {—bhl(l - ail(;u,’ % bn(w, 6;)) + Bnn(w, 6;)" ' (w, 9i)} = Wi%”(wl(wv 0:))

J>i J

By Lemma 2, we must have:

lim c¢(w,0;) = 0

lim n(w,6;) = 0
lim l(w,0;) = 1

Then for every e > 0, there exists W such that for all w < W, we have v'(c(w,6,)) >
LR (1—U(w,6;) — bn(w,6;)) > £. This implies that

M) = ) TN

. ﬂ-n 6
w)+j<znu(n,37w) = w6 <N
= u(n.jiw) <
m\n, j;w N
In addition,
‘ TTn—1 €
Tp_1A(w) + Z p(n =1, j;w) — p(n,n — Liw) = m<ﬁ

j<n—1

= p(n—1,j;0) <
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By an inductive argument, we have

(. . ><Clz‘€
1, 7,W —
ILL 7.]7 N

where a, 1 = 1,0, 92 =2,ap,_; = ap_1+ -+ ap_;11 + 1. If we pick N so that a; < N, we
have that
(i, jw) <€, Yw < W

Moreover, by substituting first order conditions, we get

mibl; > Wi%m/(w'(w, 0;)w'(w, 0;) — Wi%v(w’(w, 0;))
bt by (1 - Zj) (i = 0D o

- 0;
7>
> m;b0; — be ]-§>i (1 - e_j) K(1 5 bn(w, 6;))

Since hours converges to 1, the term multiplied by € in the above expression is bounded away
from oco. This implies that

lim ' (w,6;) = w,

1
w——00
where w, satisfies '

nv' (w;)w; — v(w;) = bRY;

18Notice that by assumption 4, w; € R, since bR; + v(—oc) > 0. In addition, it can be shown that
v (w)w — 0 as w — —o0.
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A.8 Proof of Corollary 3

By Proposition 6, we know that

lim w'(w,6;) = w,

T
w——00

This implies that there exists a w, such that
Vw < we, |w'(w,0;) —w;| <€
By assumption 6, w; < w. Now define,

W =min We,w; — €, Wy — €, ,w, —€, inf w'(w,b;)
wE[we,w| i

Notice that since w’ is a continuous function that is always in R and the infimum is taken over
a compact set, w is well-defined. Pick ¢ > 0 small enough so that inf,,cp,, ), W' (w, 6;) < w;—€

for all 5. Then by definition of w,. we must have
w'(w, 6;) € [w,w], Yw € [w, 0]

[ |
Since utility is unbounded below and 7 is negative, n(w, #;) must be positive. Hence we

can have the following corollary:

Corollary 6 For all w € |[w,w|, we must have n(w, ;) > n and Z((Z’%’?)) > A, for all i €

{1,--- ,n} and for some n, A > 0.

A.9 Assumption 6

Here we show that, under some additional assumptions, Assumption 6 can be shown to hold
from primitives.

Suppose there are [ types © = {6y,...,0;} and 6,1 > 0, for all 1 <i < I. We break the
proof into few lemmas.

Throughout this section, we make two additional assumptions:

1. V(N,W) is convex;
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2. If [(8) = 0 for some 6, then [(§') = 0 for all ' < 0;

3. If all local downward incentive constraints are satisfied, all downward incentive con-

straints are satisfied.

Consider the following problem:

: 1 )
v(w) = L GEZGW(G) <c(0) —0l(0) + ﬁn(Q)v(w (9)))
s.t. Zﬂ(@) (u(c(0)) + h(1 = 1(8) — bn(8)) + Sn(0)"w'(0)) > w

— bn(@z_l)) + 5n(9i_1)’7w’(9i_1)

Lemma 3 For any w such that l(w,07) > 0 we have w'(w, ;) < w'(w,0r) for all i < I.

Proof. Let A and u; be multipliers on promise keeping and incentive constraints. For now
suppose l(w, ;) > 0 for all 7. First order conditions are (we suppress the dependence of the

allocation on w, it plays no role in the following arguments):

(/\+ o )h’(1—z(91)—bn<91)) = 0, (36)

(0r)
Fi Ny — 100 — bn(gy — Hire O g (0 8l) o\,
(A+W(0i)> KL= U6) ~ bn(6) ~ L5 o <1 il (ez)) 6, (37)
o — M n(6; n—1
) = (3 o) s 39
1o (. _ 12 _ i1 n \n—1
o (! (6:)) <A+W<9i) W(ei))ﬂR () (39)
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()\+ al >nﬂRn(91)"lw’(91) = wv(w'(6r)) (40)

R (/\+ f )h/(l—l(el)—bn(el))

7T(9[)
Hi it n(0)" ' (0,) = wu(w'(6;
(/\+ 7(6;) 7T(9¢)>nﬁR (6. 0 o) (41)
#00 (A Y (1= 1(6) — bn(6)
_ Hit (1 _ 0il(6:) — bn(6:
W(Qi)Rbh (1 01 ’ (92))

forl<i<|I.

Combining these equations we can get the following two equations

nw' (0;)v" (w'(07)) —v(w'(6;)) = RbO; (42)
nw'(0:)0"(w'(0;)) — v(w'(6;)) = Rb ()\ + W'E;b) R (1 —1(6;) — bn(6)) (43)
LB (00
o o (1 e (92)>

Since nwv'(w) — v(w) is increasing in w, to establish the claim of the lemma it is enough
to show that the right hand side of the equation (43) is smaller that Rb#;. But notice that

0;1(60;)
0i+1 — bn(ﬁl)) <

12 11 ‘_n._ﬂi—&-li/ _eil(ei)_n, — b,
<A+W(0i)>h(1 1(6;) — bn(6;)) W(inmh (1 o b(@)) i

(1<l 00—t~ 2 -

)

And this finishes the proof for the case in which [(w, §;) > 0 for all i.

Now consider the case in which the non-negativity constraint on hours is binding for
some types. Let 1 < j < I and suppose for all types 6; ,1 < i < j we have [(w,6;) = 0,
and for all types 0;, i > j we have [(w, ;) => 0.Then all types 6;, 1 < i < j receive the
same allocations and therefore p; = 0 for 1 <4 < j. The equations (43) and (37) for type 6,

change to

)0 (0'(6)) = o(u65) = B (A= L2 ) (1 = ()
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and 0
Hj+1 J /
( m(0;) 9j+1> ( (6:))

Suppose w'(0;) > w'(6;), then

Hit1 / / . /
Rb (/\ - ﬂ(ﬁj)) h'(1 —bn(6;)) = nuw'(6;)v'(w'(0;)) — v(w'(0;)) > RbO;

and therefore

, 0
h'(L—bn(0;)) > )\_ﬁ
m(0;)
> L—hu—b 6;) —1(6)))
A+ 7rl(gl) N i !

Hence
1— bn(Qj) <1—=1(0r) —bn(b)

On the other hand w'(6;) > w'(f;) implies

(1 2 ) g - KO IO _ (1

and therefore
n(fr) > n(0;)

Then [(0;) has to be negative which is contradiction. Therefore, we must have w'(w, §;) <
w'(w, 0r) for all w such that I(w,f;) > 0. Since {(w, ;) = 0 for all i < j, we also know that
w'(w, 6;) = w'(w,0;) < w(w,0) foralli <j. m

Next we will find the promised utility at which the non-negativity for the the type 6;
just binds. At this point, type 6, also works zeros hours and therefore both types receive

the same allocations.

Let ¢ and n be the solution to the following equations

00 () = K(1—bn)
BRA!

u'(€)

v'(wr) =
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in which wg is the solution to the following equation
nw'(wr) — v(wy) = Rbb;

Define
W = u(¢) + h(1 —bn) + pnw;

Note that w'(w, 0;) = w'(w, ;) = wy for all i.

Next we show that for w > w, both types work zero hours and w'(w, ) > wy for all 6.

Then we prove the claim of the proposition for two cases on w; > w and w; < w.

Lemma 4 Ifw > w, then [(w,0;) = 0.

Proof. Suppose otherwise and consider the following equations
w = u(c) + h(m) + pn'w;
and

Opu'(c) = h'(m)

BRn"!
/ —
O
in which m =1 — [ — bn. Note that
dc om on
/ = h/ i n—1-""" _ 1
u(e)g = Wm)o— + fwgmm™™ =
Oc om
6 " - h// -
() ow (m) ow
0 0
v'(wH)u”(c)a—; = BRn — 1n’7’28—z
The last two equations imply that g—; , g—g and g—g must have the same sign. The only way

that this can be consistent with the first equation is that all have positive sign. If Z—Zj >0
and g—g > 0, then we must have % < 0. Evaluating this at w = @ implies that {(w,0) < 0

for w > w. This implies that for w > w the non-negativity binds. m

Next, we show that if w; > w the claim in the proposition is satisfied.
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Lemma 5 If w; > w, then there exist w < w* < 0 such that w'(w*,0) = w*.

Proof. Recall that that since I(w,8) > 0 is binding, both types work zero and receive the

same allocations. Therefore, the incentive constraint is slack. The first order conditions for

type 0; are
)\h/(l — le(e])) > 6[
and
v(w'(0;)) + RbAR (1 — bn(6;)) = AnBRn(0;)"w'(6;)
therefore

nw'(07)v (w'(0r)) — v(w'(07)) = ROAR' (1 — bn(60;)) > Rbb;
This implies, w'(w,0y) > wy > w. Define the function w(-,0) : [w, —€] — [w, —€] as
w'(-,0) ifwl(-,0) < —e
—€ if wi(-,0) > —e

This function must have a fixed point w! € [w, —¢]. We know that w'(-,8) = lim_o w’(-,6).
Then, either a w < w* < 0 exists such that w'(w*,6) = w* or lim,,_ow'(w,0) = 0. (Note

that because no one works all types receive the same allocations). ®

So far we have established that if w; > w, then we can choose w = w = w* and the

proposition is proved.
Now suppose w; < w. Then, by Lemma 3, w(w,f) < w; < w for all w. Let w = .

Then, using this along with Corollary 3, it follows that w'(w, ) € [w, w] for any w € [w, w],

that is w’ maps the compact set [w, @] into itself — i.e., Assumption 6 is satisfied.
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A.10 Proof of Remark 5

Since [(w,0,) > 0 for all w € [w,wy|, resetting property at the top holds. Therefore, by

definition
Eg(n) -V ({we}) = Wn/sn(w,@n)d\lf(w)
Eg(n) = /SZﬂm(w,@i)d\I/(w)

IN

™ /S n(w, 0,)d ()

(1 =) At /S n(w, 0,)d (w)

= (mn+ (1 —m)A™Y) /Sn(w, 0,)dV (w)

Therefore,

TR A
v P L —
({wo}) = 1—m, +mA
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A.11 Implementation
A.11.1 Distortions

The constrained efficient allocation ¢§(0),1*(0),n*(#) solves the following problem

max Z m; [u(c;) + h(1 —1; — bn;) + fn)u(cs)]

i=H,L
1
8.1 Z i [Ci + }—%nm} < Z mibil; + RK
i=H,L 1=H,L
u(cy) + W1 =g — bng) + fnju(cy) >
0Ll
u(er) +h(l — % —bny) + Bnlu(cs).
H

Assuming it is interior, it satisfies the following first order conditions:

U(cy)(mm+p) = Amy
u'(cp)(mp — ) ATL
KL= —bnly) (g +p) = Mpry
W(1 =15 —bnt)my, — ug—zh/(l - egjf —bnt) A,
(bR (1 — g — biy) + By u(es)] (i + o) A%WHCQ
(=o' (1 — 13 — bn}) + Boyny" u(es)] 7
— | =bh'(1 - QLE —bn}) + B u(ey) | p )\}%WLCQ

Now suppose that we want to implement the above allocation with a tax in first period

of the form T'(y,n). Then consumer’s problem is the following:

max  u(cy) +h(1 —1—0bn)+ pn"u(cs)
s.t. c1 + ]ﬂl S Rko + ol — T(@l, n)

ney < Rk

As a first step, we assume that T is differentiable and that y is interior for both types.

Then the FOCs are the following:
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u(c1) = N\
R'(1—1—0bn) = MO —T,0l,n))
RN = A
—bh'(1 — 1 —bn) + Byn"u(cy) = Aacy + M T,(01,n)

Comparing the FOC’s for the planner with these, we see immediately that T,,(0gl};, n};) =
0,7,(0ul;, ny) = 0 — there are no (marginal) distortions on the decisions of the agent with

the high shock. Moreover, from the FOC’s of the planner’s problem we get:

* 1
—bh' (1 — 17 —bn})mp + bh' (1 — Ouli, _ bny )p
On L —
*7)— 1 *
+0nn;" Yuley) = }—zu’(cl)c}
We know that
05 0%
1— =L _ppt > 1—1; —bn}
On
= N1 - Q;ZL — i) < WA =15 —bni)u
H
0%
bh'(1 — g L b)) — bW (1 =15 —bnj)rp, < bh(1—1; —bn} ) —bh' (1 —1; —bn})mp
H
/ * * / ele * 1 / * *
On L — W

Hence,

1
Eu/(c’{)cz — B u(ey) < —bR'(1 =1 — bn}).

By FOC of the consumer problem,we have

1
0<T,(0l;,n;)=—bh'(1—1} —bn}) — Eu’(c}‘)cg + 63" u(cy).

Finally, we turn to 7, (0.0} ,n} ). From above, we have:
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0 5
W(1 =15 —bni)m, uih’(l - HLHL —bnk) = Mim,
W1 =15 —bnk) [WL - ug—L] < N7
H

h'(1—=1; —bn}) |:7TL — —L] < O (cr)(mr — )

W(L—15 —bnt) < m’@)@
7o)
R(1=1;—bn;) < 0pu'(c)

Thus, from the FOC’s of the agent’s problem, we see that T, (6.1},n}) > 0.

A.11.2 Defining of Tax Function

Begin by defining the levels of utilities for the two types that are obtained at the socially
efficient allocation:

ar = u(ciy) + h(l — 2= —bnj) + Bn;"u(co);

ug = u(ciy) + h(l — ’Z—H — bnyy) + Bniu(c);
H
We define two versions of the tax function. The first, T}, is designed to make sure that

the low type always gets utility uy, if they satisfy their budget constraint with equality. The
second, Ty, is defined similarly:

1
ur, =u(y —Tp(y,n) — En@) + h(1 - % —bn) 4 Bn'u(cy);

1
uy =uly — Ty(y,n) — EnCQ) + (1 — % — bn) + Bn"u(cy);

It can be shown that the locus of the points Ty (y,n) = T1(y,n) is downward sloping in
(y,m) space.
Next we show that 77 (y},n;) = Tu(y;,n}). We know that at the constrained efficient

allocation, type 0y is indifferent between the allocations (¢}, yiy, n3, ¢) and (¢i,, y5,n}, c5).
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Hence we have the following equality:

i = u(eiy) + h(1 = 25— bny) + Briules) = uleiy) + (1 = 22 = bni) + Bniu(cy)
H

1
i = ulyy = Ty ) — pres) +h(1— 5= —bnj) + Bnju(c,)

* * * 1 * *
= u(yr — To(yr.ny) — R”LC2) + h(1 — 9H —bny) + ﬁnL"u(CQ)

Moreover, from the definition of Ty we know that

1 *
tyg = uly, ~ Talyjn}) = nies) + h(1 = g —bnj) + fnu(es)

Hence, the last two equalities imply that T7.(y;,n}) = T (y;,n}).
We can also show that Ty (v}, n5;) > To(yj, n}y). This follows from the fact that type
0y, strictly prefers the allocation (¢, y5,n},c5) to (¢, yi,n, ), 1.e.:
o, v
up = u(ciy)+h(l- 0, —bn}) + Bny'u(cs)

> ulei) + (1~ U bny) + Gnigues)
L

replace for cj; and cj; from budget constraints, we also get

i = ulyh— Tolyh i) — mies) + A~ 2 —bng) 4 Bn}u(cn)
> ulyiy — Ty miy) = oigen) + b= Y2 — b + Gnfu(c)
By definition of T we have
ir = ulyiy — Tolyizs i) — i) + (1 = S~ bny) + Gnifulea)

Hence, we have that Ty (y5, n5) > To(ys, n)-
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A.11.3 Proof of Proposition 7

Given the tax funtion, the consumer’s problem is the following:

v_

maXe, yn u(c1)+h(1— bn) + Bnu(cs)

)

1
s.t. ¢ + EnCQ <y—T(y,n)

We know that T'(y3,n5;) = Tu(yj,n}). Hence, type 0y can afford (¢, y5,nj) and
u( gy Vi, Wi 0) = ug. Let (¢, y,m) be any allocation that satisfy ¢; + }%02 =y—T(y,n).
Then,

1
o+ EnCQ =y — max{TL(y, n), TH(y, n)} <y-— TH(ya n)

But by definition of Ty, u(cq,y,n) can be at most .

Using similar argument we can show that type 0y can afford (c¢f;, y;,n} ) and u(ci,,y5,n5;05) =
ur,. Moreover, any allocation that satisfy the budget constraint has utility at most up.

The differnitbaility of 1" and properties of marginal taxes follows form the discussion

above.
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B Linear Utility of Leisure

The problem becomes the following - h(m) = ¢¥m:"

V(N,W)=  min Xn:ﬂ(@-) [Ci —6,L; + lV(Ni, I/VZ’)} (P5)

Ci,Li,N; W P R

 E e (§) 1) oo
(5ol

(0
C; 0;L, N;
n ~J 2 -7 !
N (U(N>+¢(1 i bN) oW
Vi,

g

Notice that the set of reports is not restricted to lower reports since we can prove that general
incentive compatibility is equivalent to local downward constraints being binding and output
being increasing, a similar approach to Thomas and Worrall (1990). Notice that adding the

IC constraint where j pretends to be ¢ and the reverse implies that:

6.Li L, _ L L
+ +2
N TGN NN

Therefore, if 6; > 0;, then 0,L; > 0;L; which mean output is increasing.

Moreover, if we assume that local downward IC constraints are binding and output is in-
creasing, it can be easily shown that the local upward constraints are satisfied and summing
over local incentive constraints gives the general ones. We also assume that output being
increasing is not binding so we can neglect it. Therefore the functional equation becomes

the following:

V(N,W)= min > w6 {C’ 0:L; + — V(N’ W)}

Cy,Li, NI, W!
& C; L;
s.t 7(0;) {N" (u (—1) + (1 - = b—)) }
ZZ:; N N

e L, N

C; 0i1Li—1 Ni_4 /
() e (- —bN>)+ﬂW~

19 Assume that © = {#; < 03 < ... < 6,,}. We will index allocations by i instead of 6.
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Let —AN'~" be the lagrange multiplier on promise-keeping constraint and —u; N1=" be the
multiplier for i-th IC constraint. Then the first order condition for hours worked is the

following:

ﬂ-n‘gn - ()\Wn + Mn)l/}

mib; = (A + pg — 91'“"“)@@, i=2-.n (44)
Ois1
0
Tl = (/\7T1 - 19“2)¢ (45)
2

We can define p1 = 11 = 0 and (44) holds for i = 1,...,n. If we divide the i-th equation

by 6; and sum over all i’s, the p;’s will cancel and we have

1 1
A= — = (46)
Vg vE;
Therefore, _ _ .
1 0 Z 0; iji 9_; 0 Zj 9_; ZjZi T — ZjZi 9_';.
Hi = —U; T — 7 Vi T
v DY 0, V25

Since 6;’s increasing, all the p;’s are positive.

The first order conditions with respect to consumption are:
Ci
T, = ()\7'('1 + i — /JJZ'+1)U/ (N)

Obviously, we need consumption to be increasing as well as marginal utility to be positive.
This gives us a condition on distribution of #;. Moreover, we can see that consumption is
independent of state variable (N, W).

The first order conditions with respect to N/, W/ are the following:

1

mEVN(N{, W) = =b(Ami + pti — prig1)y) (47)
1

WiEVW(NiIa W) = N\ + i — pigr) B (48)

Now for every 7, define after-taz-productivity as follows:

ATG + i — Pt
T

-

Notice that we have u/(C;/N)f; = ¢ and 6; does not depend on the state variables. From
before, we know that there exists a function v(-) such that V/(N, W) = Nu(N~"W). There-
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fore,

VN (N, W) = v(w) — nuwv'(w), Vi (N, W) = N'"1/ (w)

where w = N~"W. Hence, from (48) we have that:

nwv' (w)) —v(w)) = b RO,
N,L-llin?}%’wi) = /BRNlinéi

The above, implies that n; = N//N,w, are also independent of the state. Moreover, from

the Envelope condition we have that:

N1=n

Vie(N,W) = AN' 1 = —
DD

= N/ (w)
Therefore, v(-) is a linear function and we must:

WN1
L S V(N,W) = AN +

— A4 o
o) = At pe D

Notice that to satisfy assumption 2, we need N ”h(%) to be concave and therefore, to have
N"71M be weakly concave, we must have 7 = 1. In this case V (N, W) is linear in (N, W)

and therefore weakly convex.
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