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Abstract:

I develop a general equilibrium model of saving behavior in which the quality of financial
decisions is endogenously determined by the incentives to exert effort in learning about financial
opportunities. The model generates realistic predictions for asset market participation, portfolio
returns and financial planning effort. In this model, social security privatization affects household
search effort, asset market participation and the competitiveness of the asset market. Privatiza-

tion reduces average welfare and this reduction is 20% larger due to asset market frictions.
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1 Introduction

Households can allocate their savings in many ways. Not only are there several broad asset classes, but
within any one class there is often a huge variety of choices. With so many alternatives to choose from,
it is not surprising that some households have difficulty choosing a portfolio. Evidence of these difficulties
takes several forms. Researchers have looked at micro-level data on household portfolios and found that
some households allocate savings in ways that are hard to rationalize with standard economic models. For
example, households may not allocate any savings to equities or they may hold under-diversified portfolios
(for examples see Haliassos and Bertaut [1995] and Calvet, Campbell and Sodini [2007]). Surveys of financial
literacy have also found that many households do not understand some fundamental financial concepts such
as the difference between bonds and stocks (van Rooij, Lusardi and Alessie [2007]). Other studies have
found that those households that spend more effort planning for retirement reach retirement age with more
wealth (Ameriks, Caplin and Leahy [2003] and Lusardi and Mitchell [2007]). In addition, researchers have
found that experimental subjects have difficulty making sound financial decisions even when there is a clear
normative ranking of the available choices (Choi, Laibson and Madrian [2010]). Many of these studies find
that households with higher levels of income, wealth and education have more success in making sound
financial decisions.

One way of understanding this empirical evidence is to view managing a portfolio as an activity that
requires effort, with the incentive to devote effort varying across households. For example, households with
high levels of wealth have more to gain in absolute terms from improving the return on their portfolios.
Alternatively, highly educated households may be better able to assess the various risks and trade-offs that
arise in choosing a portfolio. In this paper, I develop a general equilibrium model of household saving behavior
in which households must exert effort to learn about the available investment opportunities by searching for
high returns. In the model, a household can raise the expected return on its portfolio by devoting more
effort to search. The benefit of search exists because there is dispersion in the rates of return offered by
financial intermediaries. When households are imperfectly informed, intermediaries can still attract savings
even if they are not offering the highest return, but intermediaries that offer higher returns will attract more

savings. Therefore, intermediaries face a trade-off between the number of savers they will attract and their



profit margin. In the model, these competing forces balance in such a way that intermediaries choose to
offer a range of returns, which gives rise to an endogenous distribution of offered returns that depends on
the search and saving behavior of households.

To build the model, I draw on two literatures. The model is based on a heterogeneous-agent life-cycle
savings model in the style of Bewley (undated), Huggett (1993) and Aiyagari (1994). It is natural to model
household financial decisions within this framework because financial choices are non-linear functions of
household assets, which means the distribution of financial outcomes will depend on the distribution of
wealth. Given the relationship between financial outcomes and wealth, it is important to use a modeling
framework that captures the heterogeneity in household assets. I modify the Bewley-Huggett-Aiyagari
framework to include a search friction in the asset market. In the model, intermediaries post rates of return
on risk-free assets and households choose how much time to spend searching among the offers for a high
rate of return. To generate dispersion in returns, I use insights developed in the literature on search and
equilibrium price dispersion, in particular from the work of Butters (1977) and Burdett and Judd (1983).!
The other side of the asset market, in which intermediaries interact with production firms, is frictionless and
does not play a major role in the analysis.

The model generates predictions for three aspects of household saving behavior that are absent from
the standard model with a frictionless asset market. First, the model generates predictions for the amount
of time that households spend managing their finances. I use data from the American Time Use Survey
(ATUS) to calibrate the model and check these predictions. Second, the model generates predictions for
asset market participation. In the model, non-participants are households that choose not to search or fail to
find an offer when they do search. I compare the model’s predictions to data from the Survey of Consumer
Finances (SCF). Third, the model generates predictions for the distribution of returns. These predictions
do not have a clear empirical counterpart, but I use the distribution of fees on S&P 500 index mutual funds
to calibrate and check the model. The model performs well on many of these dimensions.

The search friction also has implications for the distribution of wealth. Bewley-Huggett-Aiyagari models

IDrozd and Nosal (2008) also embed a Burdett and Judd setting within a model of household saving behavior to study the
market for unsecured borrowing. In their model, banks target offers to specific types of households and the number of offers
that a household receives depends on how intensely banks are targeting those households and not on the household’s search
effort. Carlin and Manso (2011) develop a search theoretic model of the market for mutual funds in which expert consumer are
perfectly informed and non-expert consumers choose at random. Their focus is on the incentives of the mutual fund industry
to obfuscate the choice set and not on household saving behavior.



traditionally have had difficulty explaining the extreme skewness of the distribution of wealth. Cagetti and
De Nardi (2006), Campanale (2007) and Benhabib et al. (2010) have shown that heterogeneity in household
savings technologies can generate a more realistic distribution of wealth. While preceding work has relied
on exogenous variation in the rates of return that households earn on their savings, the model presented
here offers an endogenous mechanism that produces heterogeneity in returns. The mechanism at work
was first pointed out by Arrow (1987): when households can pay to acquire information that will raise
returns, wealthy households will acquire more information and earn higher returns, which leads to a more
concentrated distribution of wealth. Indeed, the model predicts that wealthy and high-income households
will be more likely to participate in the asset market and earn higher returns conditional on participation.
This prediction is the result of a scale effect: as a household accumulates wealth, its incentive to search
increases and it will earn higher returns on average. I am able to quantitatively explore the role of Arrow’s
mechanism in shaping the distribution of wealth. I find that the search friction does produce additional
skewness in the distribution of wealth, raising the share of wealth held by the top quintile by 4.5 percentage
points.

In an application of the model, I analyze the consequences of social security privatization in an envi-
ronment in which households have difficulty allocating savings to the best investment opportunities. Many
proposals for social security reform give individual households a larger role in managing their social security
savings, but the empirical household finance literature raises questions about how well-prepared households
are to take on this increased responsibility.

There are two views on how poor household financial decisions might affect the consequences of introduc-
ing private social security accounts. One perspective is that some households will make poor choices for their
private social security accounts and will have few savings with which to retire.?2 Another perspective is that
fixed costs in portfolio management exacerbate the distortions caused by the social security system because
they create an economy of scale in saving. If the system were privatized, the benefit of private saving would
rise for two reasons. First, there is the usual reason that it is more important to save to provide for one’s

own retirement. Second, the accumulation of private savings would lead some households to overcome the

2This view has been expressed by Diamond and Orszag (2004).



fixed costs of managing their portfolios and realize a higher return on their savings.

The model is able to generate both of these effects. On the one hand, some households will have poor
financial outcomes either due to a lack of effort or due to bad luck. On the other hand, privatization
increases the size of the household’s portfolio and strengthens the incentive to search, which raises their
expected returns above what they would have earned if they did not adjust their search effort.

In the context of this model, social security reform can affect welfare through an additional channel: the
competitiveness of the asset market. Privatization leads most households to increase their search effort as
they hold more wealth. This increase in search effort has two partially offsetting effects on the distribution of
offered returns. For those households who were already participating in the asset market, they are now more
likely to have multiple offers and the higher degree of competition motivates firms to make more attractive
offers. However, there are some households that were previously non-participants that enter the market after
the reform. As these new participants are on the margin of non-participation, they choose relatively low
levels of search effort, which motivates firms to make less attractive offers. The implications of privatization
for the competitiveness of the asset market are therefore ambiguous.

To explore these effects, I simulate a partial privatization of the social security system in which benefits
and payroll taxes are reduced by roughly 50% and I compute a 150-year transition path from the initial
steady state to the privatized steady state. I find that social security privatization leads households to
devote more effort to search on average and leads firms to make more competitive offers, but the magnitude
of the latter effect is small. The partial privatization produces an average welfare loss equivalent to 1.06% of
consumption. To assess the impact of the search friction on this result, I also perform the same experiment in
a benchmark economy that is identical except that households earn the marginal product of capital on their
savings without having to exert any effort. The average welfare loss from privatization in the benchmark
economy stands at 0.88% of consumption.* In the long run, after the transition costs have been paid,
privatization leads to welfare gains. Here the average welfare gain is smaller when the search friction is

included, standing at 6.08% of consumption rather than 6.69% in the benchmark model.

3A similar point has been made by Feldstein and Liebman (2002).

4That the privatization experiment produces a welfare loss in the benchmark economy confirms the findings of Nishiyama
and Smetters (2007). Similarly, Conesa and Krueger (1999) show that a majority of voters would reject social security reform
that would phase out the system.



The next section introduces the model. Section 3 discusses the calibration and computation of the model.
Section 4 describes the model’s steady state and compares the model’s prediction to the data. Section 5

presents the privatization experiment and section 6 concludes.

2 Model

This section presents the model environment, the household and firm decision problems and defines the

equilibrium concepts.

2.1 The environment
2.1.1 Population, preferences and endowments

There is a continuum of households that follow a life cycle. A household of age i survives to age i + 1 with
probability v; with v = 0 for some terminal age 7. Households younger than age T® < T are considered
working-age and have positive labor productivity. Households of age 7% and older are considered retired, do
not have productive labor endowments and draw retirement benefits from the social security system. When
a household dies, it is replaced by N children that inherit its assets. The number of heirs increases with the
household’s age at death according to N = (1+ ’y)i, where i is the parent’s age at death. Let Ti be the
mass of households of age i at time ¢. The population age structure evolves according to
vi 1Y fori>1

T =

i =)+ YL, fori=1

In this formulation, population growth depends on the distribution of household ages. Once the age distri-
bution has settled down to its ergodic distribution, the population will grow at rate (1 4 ) per period and
this is the case considered throughout the paper.

Parents are altruistic and view their heirs as an extension of themselves. I use the following dynastic



preference structure
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where ¢;, n; and s, are consumption, labor supply and search effort in period ¢.°

Households receive stochastic endowments of labor productivity. A household’s labor productivity de-
pends on its age and on an idiosyncratic shock, which is denoted €. € follows a Markov chain with m states.
The household’s age and productivity shock make up the household’s exogenous state, which is denoted by
€ = (i,€). The labor productivity of a household of type € is then given by y(e). The exogenous transitions
can be written as a single Markov chain with T'm states and transition matrix I'. Finally, the notation
N (€441, €) is used to denote the change in the household’s size from one period to the next. N (€;41,¢€;) is

equal to one throughout a household’s lifetime and equal to (1 + 'y)i if the household dies at age i.

2.1.2 Technology

At each date there is a continuum of firms operating a Cobb-Douglas production technology that combines
capital and labor to produce a composite good according to k*¢1~% + (1 — §)k. Let u; be the mass of firms
at date ¢ normalized by the mass of households at date t. Importantly, households do not have direct access
to the production technology and must invest through firms. In addition to the production technology there
is a storage technology that yields a net return of zero and is not subject to depreciation. This storage

technology will provide a reservation return in the asset market. There is no aggregate risk in the economy.

2.1.3 Market structure

There are markets for labor and capital services in which firms rent capital and labor from households.
Households are unable to borrow. The market for labor is Walrasian and is cleared by the wage w, at each
date t. Importantly, firms choose their labor inputs after capital is in place so labor mobility equalizes the

capital-labor ratio across firms and therefore the marginal product of capital is common across firms. The

5De Nardi (2004) has shown that intergenerational linkages and a voluntary bequest motive are important for generating
realistic lifetime savings profiles and matching the upper tail of the wealth distribution. I have also considered a formulation
of preferences in which discounted expected utility is weighted by the size of the dynasty at each date. That model produces
similar results, but produces lifetime saving profiles with unrealistic saving rates for retired households.



marginal product of capital will be denoted by A;.

In reality, households rarely interact with the ultimate users of their savings, but instead these relation-
ships are intermediated by one or more financial institutions. Suppose the market in which the financial
intermediary lends to production firms is frictionless, then the return on funds in this market will be equal to
the marginal product of capital for production firms. The intermediaries will then interact with households
as if they were directly investing in capital and earning the marginal product of capital as is the case in the
model. Therefore, the model abstracts from this second market and proceeds as if households interacted
directly with production firms.

The market for capital services is where the model differs from a typical Bewley-Huggett-Aiyagari model.
There is a search friction such that households cannot observe all available capital rental rates. Firms commit
to and post returns and households search among those returns. There is no uncertainty in production and
all offered returns are risk-free. Therefore, a household that encounters multiple firms during search will
select the highest offered return and invest all of its savings with that firm.

A household chooses an amount of search effort, s, which generates a stochastic number of offers, 7, with
probability ¢(j;s). A household with assets a and exogenous state € will search an amount s(a, €) and so the
compact notation ¢(j;a,€) = q(j; s (a,€)) will be used. It is assumed that the sequence of ¢’s satisfies the

following assumption, which guarantees that the firm’s problem is well-defined.
Assumption 1. For any s, 37~ jq(j;s) is finite.

When a household meets a firm it receives one random draw from the distribution of offered returns,
which has cumulative density function F (r). Firms must pay a fixed cost ¢ to post a return. Finally,

matches last for a single 5-year period after which the relationship is dissolved.

2.1.4 Government and social insurance

There is a government that levies taxes, consumes resources and distributes social security benefits. Following
Castafieda et al. (2003), a household’s social security benefit depends on its final working-age labor produc-
tivity. Therefore, the benefit can be written as B;(e) where it is assumed that B;(e) = 0 for working-age

households and that the idiosyncratic component of € does not change during retirement. The dependence of



the benefit on final working-age productivity is able to capture some of the progressive nature of the social
security system without introducing an additional state variable.

Social security benefits are funded through a dedicated payroll tax as is the case in the US. The tax rate
is denoted 7. In addition, an income tax, 7, is used to fund an exogenous sequence of general government
expenditures {Q:},— o- These expenditures have no role other than absorbing tax revenues. The government
has separate budgets for general expenditures and transfer payments and each budget is balanced period-
by-period. I also allow for a consumption tax, 7, which will be used in the privatization experiment, but is

set to zero in the steady state.

2.1.5 Discussion

There are several aspects of the model environment that deserve comment. First of all, the assumption
that all assets are risk-free is an important simplification. These risk-free assets are perhaps best viewed
as the certainty-equivalent values of more complicated portfolios that an intermediary may offer. As such,
the model is able to capture the heterogeneity in expected returns across households, but it cannot capture
differences in diversification.

Second, one might ask why households do not delegate their search to a well informed agent? Even if
households hire financial advisors to handle their portfolios, some degree of information acquisition effort is
inescapable as the household must choose an advisor. There is always a first link between the household and
the financial system and this is the link that is modeled here.

Third, the search friction is a source of increasing returns to wealth and, as a result, the household’s
value function may not be concave. I have experimented with introducing actuarially-fair lotteries that
allow households to smooth out these non-concavities. In the computed equilibrium of that model, only 3%
of households trade lotteries and the results are nearly identical to those when the lotteries are omitted.
Therefore, I continue without lotteries for the sake of simplicity.

Finally, I assume that matches only last for a single model period, which I calibrate to be five years.
While the assumption that matches last for a single period is a simplification, modeling financial decision

making as a once-in-a-lifetime event would also be unsatisfactory as households devote effort to financial



decisions throughout their lives.® The truth surely lies somewhere in between with households engaging in
some amount of learning in early years after which they must continually respond to changing circumstances

and opportunities.

2.2 Decision problems
2.2.1 The household’s problem

The household must choose consumption, savings, search effort and labor supply to maximize expected
utility subject to a budget constraint, a borrowing constraint and the distributions of returns and exogenous
states. Households are uncertain about the return they will earn because they do not know how many firms
they will meet nor what returns those firms will offer. A choice of search effort s, therefore, generates a

distribution over returns that has cumulative distribution function

Gi(r;s) = ZCI(j; s) [F(r)) . (1)

Jj=0

Using this notation the household’s problem can be written recursively as

Vi(a,e) = max {u(c,1 —n—s)+ BE;[Vir1(d,€)]}

c,at,s,n
such that
(1+7)ec=a+ (1 —7 — 17 )ny(e)w; + Bi(e) —a™

a=[1+7(1—-71)]xa"/N( e

v~ Gy 8)

6For example, Figure 3 suggests that households actually devote more and more time to financial decisions as they age.



The household sets aside savings of a*, which grow to a’ = [1 + 7/ (1 — 7¢11)] x a™ by next period if the
household does not die. If the household dies, the bequest is divided among the N (€', €) heirs. The return r’
is drawn from the distribution with CDF G that depends on the household’s search effort, its type, and the

*

distribution of offered returns. Let the household’s decision rules be denoted by hs(a,€) = a**, ¢;(a,€) = c*,

st(a,€) = s* and ni(a,€) = n*.

2.2.2 The firm’s problem

The firm’s problem is to choose a return to post that maximizes profits. Expected profits are given by’

w0 =(1- 55 X [ neo i Y da G O #lda) @

This expression is the product of the profit margin, (1 — %), and the expected assets that will be attracted

when return r is posted. The latter involves multiplying the amount a household of type (a, €) saves against
the probability that the household will choose to do business with a firm posting return r, which depends on
its level of search effort through the ¢’s. The term h(a,€) is the amount of savings rented from a household
of that type. The term in braces is the probability that the firm will meet and rent capital from a household
of type (a,€) when it posts return r, which takes the same form as in Burdett and Judd (1983). Finally, the

integral is over the distribution ® of households over the state space.

2.3 Equilibrium

For a given joint distribution of household savings and search effort choices, the firms play a return posting
game. I begin by defining an equilibrium of the return posting game before turning to the broader equilibrium
of the model.

2.3.1 Firm equilibrium

Following Burdett and Judd (1983), I define an equilibrium of the return posting game as

"Time subscripts have been suppressed for clarity as the firm’s problem is static although the reader should keep in mind
that A refers to the marginal product of capital that will prevail in the following period.
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Definition For a given marginal product of capital, A, distribution of households over the state space,
®(a,€), and decision rules, s(a,€) and h(a,€), a firm equilibrium is an offer distribution F(:) and a scalar 7*

such that 7 (r) = 7* for all r in the support of F(-) and w(r) < 7* for all r outside the support of F(-).

Two important properties of any firm equilibrium are that a) the offer distribution F(r) is continuous
and b) r = 0 is in the support of F(-) with F(0) = 0. Burdett and Judd (1983) prove these properties for
the case of homogeneous consumers. These basic properties of the firm equilibrium are unchanged by the

introduction of heterogeneous households as long as the following assumptions are satisfied.

Assumption 2. i . Some resources are invested after observing exactly one return:

Z/h(a, €)q (1;a,€) ®(da,e) > 0.

it . Some resources are invested after observing two or more returns:

Z/h(a,e)Zq(j;a,e)@(da,e) > 0.

j=2

i . Total resources invested are finite:

Z/h(a, €)®(da, €) < oo.

€

When I turn to numerical solutions of the model I will specify a sequence {q(j; s, e)};io for which the first
two elements of Assumption 2 hold as long as a positive mass of households chooses positive search effort.
The implication is that the economy is not in an equilibrium in which firms post the reservation return and

households do not search.

Proposition 1. If ®, h(a,€¢) and s(a,€) are such that Assumption 2 holds, then if F(-) is part of a firm
equilibrium,

1. F(-) is continuous
2. the support of F(-) starts at zero (reservation return),
3. the support of F(-) ends at some 7 < A —1,

4. F(-) is strictly increasing on [0, 7].

Proof. See appendix A. |
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2.3.2 Heterogeneous firms

The firm equilibrium relies heavily on the homogeneity of firms and their exact indifference across the
support of the offer distribution. As it is unlikely that real-world firms or financial intermediaries are
completely identical, it is important to check that a small amount of heterogeneity among firms does not
produce a substantially different offer distribution. Fortunately, the equilibrium is robust to small amounts
of heterogeneity. The online appendix shows that if firm marginal productivities are distributed between A
and A, then as A and A converge to A the offer distribution converges point-wise to the offer distribution

that arises when firms are homogeneous with productivity A.%

2.3.3 Recursive equilibrium

I define an equilibrium of this economy recursively. Beyond the firm equilibrium, the rest of the recursive

equilibrium definition is an extension of the same concept for a Bewley-Huggett-Aiyagari economy.

Definition For a given initial capital stock and a given initial distribution of households over the state space,
a recursive equilibrium is a sequence of objects {V;, hy, ¢t, 8¢, ng, ®oa1, Fy, 755 oo, Wi, Ay, K1, Ly, 7, 77 Tf}toio

such that for each date ¢
1. given Aiy1, he, st, and Oy, {Fi(), 7f} is a firm equilibrium
2. firms have no incentive to enter or exit: n} =
3. given G4(-) and wy, V; solves the consumer’s problem with policy rules hy, ¢; ny and s;
4. Gy(-) is generated from Fy(-) according to equation (1).

5. the distribution of households over (a, €)-space evolves according to?

ii(A ) =3 T / / Gi(dr's s(a, €))®, (da, ¢) 3)
P (147" (1=7¢41)) X hi(a,e)€A

6. Kt+1 = Zg f ht(aﬂ 6) [1 —q (0; a, 6)] (I)t(da7 6) - /(/)ut 21 T%

8Bontemps et al. (1997) show a similar result in the context of a model of on the job search.
9The distribution with CDF G places a mass of probability on 7 = 0. The notation [ f(r)G(dr) for some function f(r),
should be understood as G(0)f(0) + [y f(r)g(r)dr, where g(r) is the density of G(r) on (0, 7).

12



7. L=, [y(e)ni(a,e)Pi(da,e)
8 wy=(1—a) (%)a
9. At:a(%)a_lJrlfé

10. the government budget for general expenditure is in balance:
T zﬁ:/wty (€)n(a,e)®P;(da,e€) + 7 ze://r’ht_l(a, €)Gi—_1(dr'; s(a,€))®y—1(da, e) = Q;
11. and the social security budget is in balance
Z:/Ttywy (e)n(a,€) + 7ic(a, €) — B(e)®i(da, €) = 0.

The aggregation of household savings into the capital stock, on line 6 of the definition, differs from the usual
expression in two ways. First, there is an adjustment for households that do not meet a firm and use the
storage technology. The fraction of households of type (a,e¢) that use the storage technology is given by
q(0;a,€). Second, the fixed costs of return posting are paid out of household savings. There is a mass ) _; !
of households at date t, u; firms per household, and each firm has a fixed cost of ¢ so the capital stock
is smaller than the aggregate of household savings by an additional amount equal to the product of these
terms.

The definition of a steady state is also a modified version of the definition for a Bewley-Huggett-Aiyagari
economy. In particular, in a steady state the distribution over the state space, ®, and the household decision

rules are such that the same distribution ® is generated in every period.

3 Calibration and computation

I must specify a functional form for the search technology before discussing parameter values. I assume that

offers arrive according to a non-homogeneous Poisson process during the time a household spends searching

13



so that

(6(s)) e~
4!

Q(j; S) = ’ (4)

where 6(s) is the integral of the arrival rate from zero to s, which takes the form

0(s) =01 x log(1 + 02 X s).

This functional form is particularly convenient as the firm’s profit function from equation (2) reduces to

m(r) = (1 1 Z r) Z/h(a,e),u_lé'(s) exp {0(s) [F(r) — 1]} ®(da,¢€)

and the distribution of returns that a household earns defined by equation (1) reduces to
G(r;s) = exp{0(s) [1 = F(r)]}. ()

By setting F'(r) equal to zero in this equation, it is evident that a fraction exp {#(s)} of households that
choose a particular level of search effort, s, will fail to receive even one offer and will therefore not participate
in the asset market.

Notice that 6”(s) is negative so there are decreasing returns to search effort in the sense that it becomes
increasingly difficult to obtain new offers as one searches more. The two parameters 6; and 6> can be used
to control both the average and marginal values of search. I can choose how much time the agents devote to
search and how many offers they will have (on average) given that amount of search, which will determine
the level of competition among firms and therefore the distribution of offered returns. In the next section, I

use these predictions to calibrate these two parameters.

14



3.1 Calibration

The model period is calibrated to be five years. Households are born at age 21 and survival probabilities are
taken from the Social Security Administration (2007).!° Households die with certainty at age 110 and are
considered to be retired after age 65. Population growth is set to 1.27% per year, which matches the growth

rate of the United States population from 1940 to 2000.

3.1.1 Calibration of endowments

For working-age households, log labor productivity is given by the sum of a life-cycle effect and an idiosyn-
cratic, persistent shock. For a household of age ¢, I write log(y; ) = log (i) + ;- The life-cycle component
is calibrated using labor income per hour from the Panel Study of Income Dynamics (PSID) for the nine
age groups 21 - 25 through 61 - 65.11 The persistent shock, ¢, follows a discrete approximation to an AR(1)
process with autoregressive parameter 0.91 and normal innovations with mean zero and standard deviation
0.29. These parameters are taken from estimates by Heathcote, Storesletten and Violante (2010).12 The
process is discretized to seven points using the method of Tauchen (1986).

The labor productivity levels of parents and children are correlated and this correlation has implications
for the degree of wealth inequality in the economy. When a model household is born, it inherits its parent’s
final labor productivity with probability 0.87 and otherwise receives a new draw from the ergodic distribution.
The value 0.87 is chosen as this generates a correlation of 0.6 between the average lifetime productivity levels
of parents and children, which is guided by estimates of a correlation of around 0.6 between the lifetime

earnings of fathers and sons (Mazumder, 2005; Gouskova et al. , 2010).

3.1.2 Calibration of preference and production parameters

The discount rate is set to 0.859 in order to match the capital-output ratio. The coefficient of relative risk

aversion is set to 2. A value of 0.373 is chosen for x to match an average labor supply of 0.35, which is the

10The Social Security Administration reports annual survival probabilities. To convert to a five year model period, I take the
product of the five annual values.

HSee appendix D for details.

12The estimates are transformed in two ways. First, Heathcote et al. allow the variance of the innovations to change over
time and I use the average variance over their 1969 - 2000 sample period, which produces a value of 0.0139. Their estimate of
the autoregressive coefficient is 0.9733. To convert these values to a five-year model period, I simulate annual data, take five
year averages and estimate the parameters reported above using ordinary least squares.
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fraction of time devoted to work in the ATUS data. A value of 0.36 is chosen for « to match the capital

share. Finally, the depreciation rate is set to 0.294 in order to match an annual investment rate of 8%.

3.1.3 Calibration of the search parameters

The search efficiency parameters, 6; and 65, are calibrated to two moments. First, the average fraction of
time that households devote to search matches the average fraction of time devoted to managing household
finances in the ATUS.'? This figure is three minutes per day or 0.3% of time not devoted to personal care.
Second, I define an asset management fee as the difference between the marginal product of capital and
the offered return. I calibrate the model so that the median fee matches the median fee in a sample of 109
S&P 500 index mutual funds, which is 64 basis points per year.'* S&P 500 index funds are by no means
the universe of investment opportunities, but are one way of comparing the return dispersion in the model
to the return dispersion in the data. Despite holding very similar portfolios, S&P 500 index funds do not
all charge similar fees and Hortacsu and Syverson (2004) have argued that search frictions are important to
sustaining the price dispersion in this market.

The fixed costs of return posting, 1, can be normalized to unity because any change in fixed costs is
exactly offset by a change in the mass of firms p. Given the other parameters of the model, there is a certain
mass of total profits and changing the per-firm fixed cost only has implications for the mass of firms that

enter the market.

3.1.4 Calibration of the government and social insurance parameters

The income tax is calibrated to the return-weighted average marginal income tax rate reported in Stephenson
(1998) averaged over the years 1980-1994, which is 19.4%. Government expenditures, @, are set to the level

that absorbs these tax revenues, which is 19.4% of output.!?

13The ATUS asks respondents how much time during the reference day they spent on “household financial management” and
“banking and using financial services.” I include both of these categories in my calculations.

14Data are from CRSP for retail mutual funds in 2005 and only retail funds are included in the sample. The cost of holding
a mutual fund is a combination of the annual expenses and loads. The fees are calculated as annual expenses plus one seventh
of loads, which annualizes the loads over a hypothetical seven year holding period.

15This is not a coincidence, but follows from @ = 7Y. In the data, government consumption and gross investment were, on
average, 20.3% of gross domestic product between 1960 and 2009.
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symbol description value target target value model value

B discount factor 0.859 capital-output ratio 3.32 3.32

P risk aversion 2 - - -

X labor supply parameter 0.373 average hours 0.35 0.35

« capital share 0.36 capital share 0.36 0.36

1) depreciation rate 0.294 investment rate 0.08 0.08

y population growth 6.5% - - -

01 search efficiency 1.25 median fee 64 basis points 68 basis points
) search curvature 2600 avg. search effort 3.0x1073 3.0x1073
P fixed cost 1 normalization - -

T income tax rate 0.19 avg. marginal tax rate - -

Te consumption tax rate 0.0 - - -

Ty payroll tax 0.093 soc. sec. budget balance - -

Q government consumption (Q/Y)  0.19 balanced budget - -

Table 1: Baseline calibration for a five year model period.

The social security system is calibrated to roughly match the system currently in place in the US. The
US system makes payments conditional on average earnings over the household’s lifetime, but the system is
not directly implemented in the model because that would require an additional continuous state variable
in the household’s problem, which would be computationally costly. Instead, benefits depend on final labor
productivity. Benefit levels are chosen so that applying the US benefit formula to simulated earnings histories
generates the benefit levels used to solve the model. The replacement rates that result from this procedure
range from 78% for low-productivity types to 13% for high-productivity types. Finally, the social security

tax rate is set to balance the social security program budget. The level of social security tax needed is 9.3%.

3.1.5 A benchmark calibration

As a point of reference, I also compute solutions for a benchmark economy without the search friction. As
0, x 05 goes to infinity, the search friction disappears and the model becomes a more standard Bewley-
Huggett-Aiyagari model in which all households earn the marginal product of capital on their savings. This

model is calibrated to match the same moments as the full model.'8

3.2 Computation

The algorithm to solve the model is based on the same logic as the usual one for a Bewley-Huggett-Aiyagari

economy. For a given set of parameter values, the algorithm begins with a guess of the capital-labor ratio

16Tn the model without the search friction, 8 is set to 0.843, x is set to 0.376 and 7y is set to 0.092. The social security
benefits are re-calibrated using the procedure described above. All other parameters are left unchanged.
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and the associated wage and marginal product of capital. Next I guess a distribution of offered returns. The
consumer’s problem can then be solved and simulated. I solve the consumer’s problem with a value function
iteration algorithm. In doing so, one has to integrate over rates of return and I do this by discretizing the offer
distribution to 21 quadrature nodes and using the derivative of equation (5) to construct the density over
realized returns. After solving the household’s problem, the next step is to simulate a sample of households
from which one can compute the corresponding firm equilibrium offer distribution from the firm’s profit
equation. I then solve the household problem again until the offer distribution converges (it usually does so
after a small number of iterations). Finally, I check the simulated capital-labor ratio and updates the guess.

Computing the firm equilibrium simply requires solving a differential equation. As firms are indifferent
between offered returns, the derivative of the firm’s profit equation with respect to r must be zero on
the support of F(r). Rearranging this derivative produces a differential equation that F'(r) must satisfy.
Proposition 1 provides an initial condition of F'(0) = 0 that can be used to solve for F(r). The online

appendix contains further details of the computational algorithm.

4 Steady-state results

I now describe the stationary equilibrium of the model. I group the model’s predictions into four categories:
the choice of search effort, asset market participation, the dispersion of returns, and household saving be-
havior. In each category, I compare the model’s predictions to the available data. Section 4.5 presents a

robustness check.

4.1 The choice of search effort

The first panel of Figure 1 shows the function 6(s), which is also the expected number of offers that the
household receives. The second panel of the figure shows the expected return that the household earns as a
function of its search effort. There are decreasing returns to search effort for two reasons, first, as shown in
Panel A., there are decreasing returns to search effort in terms of generating new offers, and second, there
are decreasing returns to new offers because an additional offer is only valuable if it exceeds all others the

household has already encountered.
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Figure 1: Returns to search. Panel A shows the expected number of offers a household receives for a given
amount of search effort. Panel B show the expected return that a household earns after a given amount of
search effort. In Panel B, the dashed line is the highest return offered in the market and the solid line is the
marginal product of capital.

Figure 2 shows the search decision rules for low-productivity and high-productivity households in the 41
- 45 age group. For high asset levels, low-productivity households search more than the high-productivity
households because their opportunity cost of search is lower. For low asset levels, the low-productivity
households choose not to search. High-productivity households, however, exert positive search effort at all
asset levels because a high-productivity household that enters the period with no assets will still save enough
out of that period’s labor income to make it worthwhile to search. It is clear that a household’s search
behavior is increasing in initial assets. On average, high-productivity households accumulate more assets
than low-productivity households and search more as a result. Higher levels of search effort lead to higher
levels of asset market participation and higher average returns conditional on participation.

Figure 3 shows average search effort over the life cycle. Households devote more time to search as
they accumulate higher levels of savings in anticipation of retirement despite the countervailing force of the
increase in their labor productivity and the opportunity cost of search. Search effort is highest in the first
period of retirement because households still have large asset positions and the opportunity cost of time
has fallen. Households begin to search less as they run down their assets in retirement. I compare this

life-cycle profile to the ATUS data.'” The model behaves well for working-age households and those in

17The model is calibrated to match the average search effort across all households so the model fits that aspect of the data
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Figure 2: Search decision rules for lowest and highest productivity households in age group 41 to 45.

early retirement, but the decline in search effort among retirees runs counter to the evidence. The model
only captures a subset of the activities involved in personal financial management and abstracts from estate

planning and portfolio reallocation, which may become more important as a household grows older.

4.2 Asset market participation

In the model, households may not participate in the asset market for two reasons. First, households may
devote no effort to search, in which case they have no chance of encountering a firm. Second, they may
devote effort but fail to meet a firm in the stochastic search process. Both of these effects together produce
a steady-state asset market participation rate of 60%. This non-participation behavior is reminiscent of the
limited stock-market participation observed by Mankiw and Zeldes (1991), Haliassos and Bertaut (1995),
Vissing-Jorgensen (2002) and others. Table 2 reports the fraction of households that hold different types of
financial accounts in the 2004 Survey of Consumer Finances (SCF). A substantial fraction of the population
has portfolios that are no more complicated than a savings account and only 50% of households hold equities.
The table suggests that between 35% and 50% of households are exerting minimal effort in managing their
portfolios. Thus, the model’s predictions for participation are quite plausible. One feature of the stock

market participation puzzle is that there are households with considerable savings that do not hold stocks.

by construction.
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Figure 3: Simulated and empirical life-cycle profiles of search effort. Time use data are from the American
Time Use Survey for years 2003 - 2006.

The model does predict that there will be non-participants even among the wealthiest households because
those households may search, but fail to find a firm. Quantitatively, however, the model predicts very high
rates of participation among the wealthy and most of the non-participants have little or no wealth.

Figure 4 shows the life-cycle profile of asset market participation, which reflects the profile of search effort.
The participation rate rises sharply in middle age and declines somewhat in retirement. The figure also
presents the empirical profile for a broad definition of asset market participation that classifies a household
as a participant if it has any account or asset other than a checking or savings account.'® Like the simulated
life-cycle profile, the empirical profile peaks in middle age, but the increase is more gradual. Moreover, the
decline in financial participation among retired households occurs at younger ages than the model predicts.
These data should be interpreted with some care as some differences across ages may reflect cohort rather
than age effects. Within an age group, the model predicts that wealthier households and households with
high incomes are more likely to participate. These results are in line with the empirical findings of Vissing-

Jorgensen (2002) and Calvet et al. (2007).

18Specifically, participants have at least one of the accounts listed below “Savings” in Table 2.
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Type of Account %  cumulative %

Checking 82.5 91.9
Savings 47.1 76.1
Money Market 21.1 65.4
CD 12.7 63.2
Savings Bond 17.6 60.9
401 (k) 33.2 57.9
IRA 29.0 43.7
Mutual Funds 15.0 32.1
Bonds 1.8 25.6
Stocks (directly held) 20.7 25.2
Trusts/Annuities 7.3 7.3
Any Equity 50.2 -

Table 2: Percent of households holding assets by asset class or account type. The category “Any Equity”
includes households that report owning equities either directly or indirectly. Cumulative percentage is the
percent of households with the listed account or asset or one lower in the table.
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Figure 4: Simulated and empirical life-cycle profiles of asset market participation. Participation is defined
as having any account or asset other than a checking or savings account (see Table 2).
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4.3 The dispersion of returns

I now turn to the dispersion of returns. I begin with the distribution of returns across firms (i.e. the offer
distribution) and then look at the distribution of returns across households.

Panel A.i. of Figure 5 shows the model’s distribution of offered returns. The distribution shows the usual
properties of price distributions from a Burdett and Judd style search model: The support of the distribution
extends all the way down to the reservation option, the density is concave, and the highest offered return is
below the marginal product of capital. Despite the long tail of bad offers, the market is quite competitive
with a large fraction of offers close to the marginal product of capital.

As a check on the model, Panel A.ii. of Figure 5 plots the distribution of fees on a sample of 109 S&P
500 index mutual funds. The lowest fee in the data is nine basis points compared to ten in the model.!? In
both the data and the model, the bulk of the offers have fees less than 150 basis points.

Panel B.i. of Figure 5 shows the distribution of households over returns. Conditional on participation,
households are more concentrated near the marginal product of capital than the offers are. The marginal
product of capital is 4.53% and the mean return among participants is 4.08%.2° However, the distribution
of households over returns is heavily skewed and the median return is 4.34%.

Panel C.i. of Figure 5 shows the distribution of assets over returns, which is even more concentrated
than the distribution of households because wealthier households tend to search more. It is also clear from
the distribution of assets that non-participants hold little wealth. Panel C.ii. shows that the distribution of

assets over the S&P 500 mutual funds is similar in that it is highly concentrated on the good offers.

4.4 Household saving behavior

Households savings display the usual life-cycle profile. Figure 6 shows asset holdings by age for the 25th,
50th and 75th percentiles. The median household begins life with a small bequest, but this wealth is quickly
consumed and median assets fall between ages 21 and 26. Young households look forward to rapid income
growth and choose to consume the bequest to smooth consumption. The median household begins saving

for retirement around age 46 and quickly builds up a nest egg for retirement. Gourinchas and Parker (2002)

19The support of the offer distribution in the model ends ten basis points below the marginal product of capital.
20 All returns are in annual terms.
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Figure 6: Simulated and empirical life-cycle profiles of assets holdings for the 25th, 50th and 75th percentiles.
Median assets are normalized by earnings per worker. Data are from the 2004 SCF.

have estimated that life-cycle savings become positive in the early forties. Assets are normalized by average
earnings per worker in order to check the level of savings against the empirical savings profiles.

I now turn to the distribution of wealth over all households. As wealthy households tend to earn higher
returns, the search friction generates additional skewness in the distribution of wealth. Table 3 shows the
concentration of wealth in the data and the model. For the sake of comparison, the table also presents
results for the same economy without the search friction. The search friction results in a more concentrated
distribution of wealth, and the top quintile’s share rises 4.5 percentage points and the wealth Gini rises
to 0.78 from 0.74. Models of this type have difficulty matching the asset holdings of the top 1% of the

distribution and the search friction only helps marginally in this regard.
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Gini  Top Groups Quintiles
1% 5% 1st 2nd 3rd 4th  5th
Data 0.80 34.7 578 -03 1.3 50 122 81.7
Without Search Friction 0.74 146 40.6 0.0 0.1 5.6 16.1 77.4
With Search Friction 078 16.5 450 0.0 0.1 3.7 143 819
Exog. Offer Distribution 0.78 16.5 451 0.0 0.1 3.7 14.2 82.0

Table 3: The distribution of wealth. Data calculations are by Budria Rodriquez et al. (2002) using the 1998
SCF.

4.5 Return dispersion and saving behavior

Comparing Panels A.i. and A.ii. of Figure 5, one can see that the model does not exactly match the distri-
bution of offered returns. This section explores how the differences in the offer distribution affect household
saving behavior by solving a version of the model in which the offer distribution is taken to exogenously
reflect the distribution of fees on S&P 500 index funds. I smooth the observed data on fees with a ker-
nel density estimate to generate an offer distribution from the data. I recalibrate the model to match the
moments reported in section 3 with the exception that 6 is left at its original value.

The results of this exercise reveal that the shape of the offer distribution has only a small impact on
household saving behavior. For example, Figure 7 plots the life-cycle profiles of savings, search effort and
asset market participation when the offer distribution is fixed exogenously along with the same profiles from
the baseline model with an endogenous offer distribution. The first panel of the figure also includes the
prediction of the benchmark model with a frictionless asset market. In this panel, one can see that the two
models with frictional asset markets produce extremely similar predictions for the profile of median assets as
the two lines are indistinguishable in the figure. In all three panels, the exact shape of the offer distribution
appears to make little difference to the way households behave. Moreover, the last row of Table 3 shows that
the distribution of wealth is little changed when the offer distribution is exogenous. The principal difference
between the two offer distributions is that the endogenous distribution has a long tail of bad offers. It turns
out that this tail is not very important because most low returns will be rejected during the search process.
As both the endogenous offer distribution and the fixed offer distribution provide the households with a
number of attractive offers, they are close to equivalent in the eyes of households that choose moderate to

high levels of search effort.
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Figure 7: Life-cycle profiles of assets, search effort and asset market participation rate when offer distribution
is fixed exogenously. The baseline economy has an endogenous offer distribution and the benchmark economy
has a frictionless asset market.
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5 The privatization experiment

The results from the previous section show that the model is able to capture several realistic features of
household saving behavior such as limited asset market participation and dispersed returns conditional on
participation. I now explore how households’ financial outcomes change in response to a social security
privatization reform. I present results for one particular policy experiment that is similar to one conducted

by Nishiyama and Smetters (2007) with a frictionless asset market.

5.1 Description of the policy experiment

Privatization is modeled as a 50% reduction in social security benefits. Social security taxes and income
taxes are also reduced so that the two government budgets are balanced in the new steady state.

While modeling privatization as simply a reduction in the program is common in the literature on social
security reform,?! it has a different interpretation here. Proposals to introduce a system of private social
security accounts sometimes specify that household choices be restricted to a specific set of approved assets.
In this setting, the experiment implicitly assumes that the private accounts are completely unrestricted so
the household is free to invest its social security savings in exactly the same way that it would invest its
private savings. Another difference between a privatization and a phase-out is that a privatized system can
force households to save. Forced savings can have an ambiguous welfare impact. On the one hand, a saving
requirement is an additional constraint on the household’s problem and will potentially reduce welfare. On
the other hand, with incomplete markets there are externalities to saving that can be positive. Davila et al.
(2005) argue that there would be welfare gains from raising the level of savings in a calibrated neoclassical
growth model with uninsurable idiosyncratic shocks. In the model presented here, forced savings would also
interact with search effort and give rise to search externalities.

The benefit reduction does not take place immediately. Instead, benefits are reduced linearly over a
period of 25 years and those households that are retired when the policy change is announced continue to
receive the original benefit levels. The payroll tax, however, is immediately reduced to its new steady-state

level, which is slightly less than 50% of its original level.

21See Kotlikoff, Smetters and Walliser (1998) and Nishiyama and Smetters (2007) for examples.
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The pay-as-you-go system has an implicit debt to those households that have paid social security taxes
but have not yet received their benefits. The gradual reduction in benefits is implemented so that those
households that have already paid taxes are compensated for most of their contributions. These benefits
must be funded despite the fact that payroll taxes have already been cut and there are three ways that
these obligations can be dealt with: disregard them, issue new debt to pay for them or pay for them out
of additional tax revenue. I choose the latter approach and impose a consumption tax on the transition
generations so that the social security budget is balanced period-by-period over the transition. As Kotlikoff,
Smetters and Walliser (1998) have shown, a declining consumption tax path encourages saving and speeds
up the accumulation of capital. Those authors consider consumption, income and payroll taxes and find
that funding the transition with a consumption tax leads to the fastest transition.

In the initial steady state, government expenditures @); are constant in per capita terms. I assume that
they remain constant in per capita terms over the course of the transition. As the economy expands after
privatization, the income tax needed to finance these expenditures falls. In the experiment, the income tax
rate adjusts period-by-period to maintain budget balance.

I compute a 150-year, perfect-foresight transition path from the initial steady state to the post-privatization
steady state. Computing the transition requires finding a sequence of offer distributions corresponding to
the firm equilibrium at each date. The online appendix describes the procedure to compute the transition.
Finally, I also perform the same experiment in the benchmark model in order to understand how the search
friction changes the analysis.

The economy converges to the new steady state quite quickly and after 50 years it has essentially reached
the new steady state. The consumption tax used to finance the transition falls quickly and is zero after year

50.

5.2 The long-run impact of privatization

Table 4 shows the long-run response of macroeconomic quantities to social security privatization for both the
full model and the benchmark model. In both models, the capital stock expands and labor supply increases

resulting in an expansion of output. The full model generates a somewhat larger response to privatization,
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full benchmark

model model
output 4.94% 4.81%
capital 10.47% 10.26%
labor supply 3.60% 3.49%
average search effort 19.3% -
asset market participation 11.7 % -
mass of firms 12.0% -

Table 4: Response to privatization experiment. The table reports the percentage difference between the
initial steady-state value and the post-privatization steady-state value. Asset market participation is in
percentage point difference. The benchmark model is the full model less the search friction.

which is consistent with the view that a frictional asset markets magnify the distortions caused by social
security. Nevertheless, the magnitudes of the responses are quite similar in the two models, which may
be explained by the fact that the saving behavior of wealthy households is crucial for the evolution of
the aggregate capital stock and these households choose high levels of search effort both before and after
privatization.

In the full model, average search effort rises by 19% and the asset market participation rate rises by 12
percentage points. This increase in participation is particularly noticeable among middle aged households.
Figure 8 shows the new life cycle profiles for search effort and asset market participation. Average search
effort among households nearing retirement and in early retirement rises by 30% or more. This expansion in
search effort coincides with an expansion of asset market participation from roughly 80% to close to 100% for
these age groups. Social security privatization leads the capital-labor ratio to rise and the resulting increase
in wages leads some young households to search less as the opportunity cost of search is now higher.

The model with the search friction speaks to one other aspect of social security reform that the model
without the friction cannot, which is how privatization affects profits of financial services firms. In the model,
the mass of firms adjusts to satisfy the zero-profit condition and after privatization there are roughly 12%
more firms competing. In the absence of firm entry, revenue per firm would rise by the same 12% figure.

Privatization affects the offer distribution in two ways. The firm’s profit equation depends directly on the
marginal product of capital, so firms offer lower returns as the marginal product of capital falls. The firm’s
profit equation also depends on the search behavior chosen by households. A useful way of normalizing the

offers to remove the direct effect of the marginal product of capital is to look at the distribution of “fees,”
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Figure 8: Simulated life cycle profiles of assets, search effort and asset market participation.
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full benchmark
model model
average welfare at birth  6.08% 6.69%

Table 5: Response to privatization experiment. The benchmark model is the full model less the search
friction. The welfare measure is average expected utility with differences expressed in terms of consumption
equivalents.

which I define as the difference between the offer and the marginal product of capital. Fees are generally
smaller after privatization, but the difference between the two distributions is small with the median fees
only differing by a few basis points. There are two reasons that this effect is so small. First, the offer
distribution depends on household search behavior weighted by the household assets so the response of the
wealthy households to privatization has a large role in shaping the response of the offer distribution to
privatization. Wealthy households have muted responses to privatization as a large share of their income is
unaffected by the change in payroll taxes and they are not particularly reliant on social security payments to
fund their consumption in retirement. Second, the fact that the average level of search effort increases does
not necessarily mean that the offer distribution becomes more attractive. On the one hand, privatization
causes households that already search to search harder and become more discerning, but on the other hand,
privatization causes new households to enter the market that are not necessarily well informed. As these
effects are partially offsetting, the offer distribution only improves slightly in response to privatization.

In the long run, privatization produces welfare gains. To compare welfare across steady states, I compute
the average expected utility of a household at birth and present the results in Table 5. In the full model,
the long-run increase in welfare is equal to 6.08% of consumption. In the benchmark economy, the gain is
about 10% larger at 6.69% of consumption.

The full benefit of privatization is not realized until many years after the reform once the transition costs
have been paid. To incorporate these transition costs in the analysis, I compare the discounted expected
utility of each household at the date the policy change is announced. At this date, each household’s discounted
expected utility changes to reflect the new policy. Table 6 presents the average change in expected utility
across different dimensions of the state space. Across all agents, the policy announcement reduces welfare

by 1.06% in consumption equivalents. For the benchmark economy this figure is 0.88%. While the difference

32



total impact
full model -1.06%
benchmark model -0.88%
across ages
21-25 41-50 56-65 66-75 81-95
full model 0.75% -3.11% -2.00% 0.46%  0.91%
benchmark model  1.03% -2.83% -2.11% 041%  1.05%
across asset levels (percentile)
0-20 40-60 80-100
full model -0.90% -0.89% -1.41%
benchmark model -0.67% -0.83% -1.41%
across income levels (shock)
1,2 3,45 6,7
full model -2.63% -0.98%  -0.96%
benchmark model -2.44%  -0.79%  -0.87%

Table 6: Welfare impact of privatization policy announcement across different dimensions of the state space.
The benchmark model is the full model less the search friction. Welfare differences are expressed in terms
of consumption equivalents.

of 0.18% of consumption is modest in absolute terms, it represents a considerable (20%) magnification of
the welfare loss coming from privatization. That the privatization experiment produces a small welfare loss
for the benchmark economy is not a surprising result. Nishiyama and Smetters (2007) conduct a similar
experiment and find that privatization produces small efficiency losses when the costs of transition are taken
into account.

What accounts for the difference in results across the two models? The models differ in three dimensions.
First, there is the fundamental difference in the model environments, which is the search friction in the
asset market. On top of this difference, the models differ in their calibrations as the benchmark model is
recalibrated to fit the same set of moments. Finally, there are different general equilibrium responses to
the privatization reform. To explore the roles of these three differences, I perform a partial equilibrium
experiment in which I modify the welfare calculation in the benchmark economy by asking how a measure-
zero group of agents with preferences calibrated as in the full model would view the reform. The answer
is that they would realize a welfare loss of 0.84% of consumption, which is almost indistinguishable from
the 0.88% for the benchmark economy. I then suppose that these agents were facing the equilibrium prices
from the full model and recompute the change in welfare. Here I find a loss of 0.82% of consumption. From

these experiments, I conclude that the additional welfare loss is driven by the search friction directly and
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not through the calibration of the model or the general equilibrium effects.

Why does the search friction lead to a larger welfare loss? Part of the benefit of the social security
system is that it is a form of insurance and this insurance is reduced by the reform. The insurance value of
social security is clear in the results of Nishiyama and Smetters (2007) as they find that privatization leads
to a substantial efficiency gain when wage risk is insurable and a small efficiency loss when wages are not
insurable. Social security also provides insurance against longevity risk in this economy in which there are
no annuity markets.?? The introduction of the search friction makes it more difficult for households to self
insure because savings are themselves risky due to the stochastic nature of the search process. As a result,

the insurance value of social security is larger with the search friction.

6 Conclusion

In this paper, I have argued that several features of the data on household savings behavior can be understood
in terms of the incentives to learn about investment opportunities and I have proposed a model of savings
in which households must search for returns in the asset market. The model accurately predicts that
households will spend more time managing their finances and be more likely to participate in asset markets
as they approach retirement. The model also predicts that wealthier and higher income households will
spend more time managing their finances, be more likely to participate in the asset market and earn higher
returns conditional on participation.

The key message with regard to the social security privatization experiment is that the introduction of a
friction in the asset market as modeled here makes privatization less attractive. When all of the costs of the
transition to the post-privatization steady state are included, the reform generates a welfare loss both with
and without the frictions in the asset market. These losses, however, are 20% larger with the asset market
frictions.

It is worth noting that there are several dimensions of the analysis that could be improved upon in
future work. Most importantly, the analysis presented here does not capture the consequences of under-

diversification of household portfolios. I suspect that the additional risk introduced by under-diversification

22See Tmrohoroglu et al. (1995) for an analysis of this role of social security.

34



would lead to further welfare losses especially in an environment with aggregate uncertainty as in Krueger

and Kubler (2006).
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Appendix

A  Proofs

Proofs for section 2

Lemma 1. Under assumption 1, if F(r) is continuous in r, then
o0
_ iy j—1
pla,er) =p~" Y g (jia,e) [F(r))
Jj=0

is continuous in v for any (a,e€).

Proof. Consider two points r! and r2, and let F(r!) < F(r?) without loss of generality. Let z = F(r?)—F(r!).

For any j and any z, [F(TQ)V - [F(rl)}j is weakly increasing in F(r'). To see this, write the difference as

which is increasing in F(r!) (weakly if z = 0).

As F(r) is continuous by assumption and since p(a, €;r) only depends on r through F(r) it is sufficient
to prove that p is continuous in F for all F' € [0,1]. Fix an € > 0. Assumption 1 implies that there is a J
such that Z;’;J jq(j;a,€) < e/ (2u). Therefore, for any F(r') < F(r?) € [0,1],

J—1

p(a,e;rz) —p(a,G;Tl) < /“‘ZjQ(j;a’E) { [F(TQ)]j_l a [F(Tl)]j_l} i 8/2.

§=0
Following the discussion above, for a given z = F(r?) — F(r!), the difference [F(TQ)]jfl - [F(rl)]jfl is

largest for F'(r?) = 1. Moreover, 1 — [F(Tl)]j is weakly increasing in j. Therefore,
J—1
pla,1%) = pla, ) < p[1= (1= 27| 3 jaGia. ) +¢/2.

=0

As all ¢’s are positive, assumption 1 implies Z‘j]:_ol jq (j; a,€) is finite. By choosing z = F(r?) — F(r!) to be
sufficiently small, the first term in the expression above can be made less than £/2. Hence, p is continuous

inF. ||

The following proof is similar to that of lemma 1 of Burdett and Judd (1983).
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Proof of proposition 1. F(-) is continuous. Suppose to the contrary that there is a mass of firms offering the

same return r. Then any one of those firms could profitably deviate to r 4 ¢ for some sufficiently small £ > 0.

To see this, write the profits as

1
m(r) = (1 _ +;"1+ 5) z/h(am)p(a,e;r)@(dme)
placr+e)=uY jq(ia,o[Fr+e)l ™.
j=0
Note that as F is discontinuous at r, p(a,e;r + €) is discretely larger than p(a,e;r) at all (a,€), but
[1—(1+4r+e¢)(A) is only lower than [1 — (1+r)(A)] by the arbitrarily small amount £/A so there is
a sufficiently small e for which r + ¢ represents a profitable deviation from r.

The support of F(-) starts at zero. An offer below the reservation return would not attract any investments

so the expected profit (before the fixed cost) is zero while offering a return of zero (the reservation return)
would yield a positive expected profit as, by assumption 2(i), some households only encounter a single firm.
Thus, negative returns are dominated so the support of the offer distribution does not begin below zero.
Now consider a firm making an offer r for which F(r) = 0. Such a firm only receives investments from
households who have encountered no other firms so the firm can offer the reservation return and receive no
fewer investments.

The support of F(-) ends at some 7 < A — 1. Suppose to the contrary that # > A — 1. Firms offering

A — 1 or more would make zero profits at best and a deviation to offering the reservation return would be
profitable.
F(-) is strictly increasing on [0,7]. Consider two points r! < r? € [0,7]. Suppose to the contrary that

F(rt)y = F(r?). If F(r') = 1 then ! > 7 and 7? > 7. Thus, F(r') < 1. As F(-) is continuous, for any

e > 0, there must be some 72 > r2 such that F(7?) < F(r!) +¢ and 72 is offered in equilibrium. As p(a,€;7)

is continuous in 7, for any & > 0 there is an ¢ such that p(a,€;72) — p(a,€;r!) < &’. Therefore, using the

notation S(r) = w(r) x A/ (A—1—7),
S(#) = S(rt) = Z/h(a,€) [p(a,e;7*) — pla, e )] ®(da, )
<€/Z/h(a,e)<1>(da,€).

Assumption 2(iii) implies the integral is a finite constant so this difference can be made arbitrarily small

through an appropriate choice of €’ and €. Now consider the profit from offering #? rather than r'.

7 () —x (') = (1 l 27:2) S(?) — <1 ! ZT1> S@r)

- (1- 25 1567 - s + S s

37



For sufficiently small ¢, the first term in the expression above can be made arbitrarily small while the second

is fixed and negative as S(r!) is positive by assumption 2(i). This implies for small e, 7(r!) > 7 (72) so 72 is

not offered in equilibrium, but #2 is offered by construction, hence a contradiction. |

B Heterogeneous firms—Not for publication

It is assumed above that all firms have marginal product of capital A. The goal of this appendix is to show
that the results are robust to firm heterogeneity. To accomplish this, this appendix considers a sequence of
firm equilibria in which the firms’ marginal products are distributed on the sequence of intervals [A,,, A,].
The main result shows that if 4, — A and A, — A for some A then the associated sequence of offer
distributions converges to the one that arises in the case in which firms are homogeneous with marginal
product of capital A. In this appendix the behavior of households is taken as given, which implies that there
is a unique firm equilibrium. In addition, the behavior of households is assumed to satisfy assumption 2.

o0

Let {D,,(A)},~_, be a sequence of distributions of marginal products with associated supports { [A,,, A,] }

n=1
that satisfy A, — A and 4, — A as n — oco. Let {F,(r)}>~, be the sequence of offer distributions

associated with the sequence of marginal product distributions {D,,(A)};~,. The goal is to show that
{F.(r)},, — F(r) point-wise as n — oo, where F(r) is an offer distribution that arises in the equilibrium
with homogeneous firms.

As a matter of notation, note that equation 2 can be rewritten as

(s A) = (1 - lzr) (),

where S,,(r) = [ [ h(a, €)pn(a,€;r)P(da,de) represents the expected investments when a return r is offered,

which is independent of the marginal product of capital. p,(a,€;r) is given by

paa,er) = u™ Y dq(irae) [Fu(r)P
Jj=0

Notice that Sy (r) depends on the offer distribution F,(r) through py,(a,€;r). S(r) will refer to the same
object in the homogeneous case. In addition, let 7,, = sup {r : F,,(r) < 1} and for the homogeneous case let
F=sup{r: F(r) <1}.

Before stating and proving this proposition, a few lemmas are necessary.
Lemma 2. For any n, F,(r) is continuous and strictly increasing with inf {r : F(r) > 0} = 0.
Proof. The proof is the same as for the homogeneous case. |
Lemma 3. S,(r) is continuous for any n.

Proof. This follows from lemmas 1 and 2. |
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The fact that F,,(r) is strictly increasing does not necessarily imply that all points in the interval [0, 7]
are offered in equilibrium as a single point of measure zero could be omitted from the support of F,(r)
without difficulty. This possibility motivates the next lemma, which states that the support of F,(r) is

dense in [0, 7).

Lemma 4. For any n and any € > 0, if there are three points x, x and T such that x and T are in the

support of Fp,(r) and x < x < T, then there is a point y in the support of F,(r) such that |x — y| < e.

Proof. If |z — Z| < € or |z — z| < € the result is immediate. Otherwise, suppose to the contrary that there
were points z,  and Z such that  and Z are in the support of F,(r) and z < x < Z, but there is no such
point y in the interval (z — e,z +¢). Let & = sup{r: F,(r) = F,(z)} and 2’ = inf {r : F,,(r) = F,(z)}. By
assumption ' — 2’ > 2¢. By construction there are points in the support of F}, that are arbitrarily close to
' and 2/. As F,(T') = F,(2') it follows that profits from offering z’ are strictly greater than those from
offering ¥’ for any marginal product A, which, by the continuity of F,,(r) and w(r, A), is inconsistent with

points in a neighborhood around Z’ being in the support of F,(r). |

Lemma 5. For any n and x, if there are points T > x and x < x such that T and x are in the support of

F,, then S, (x) must satisfy the following inequalities

Proof. There are two cases to consider: either x is in the support of F}, or £ < x < & and x is not in the
support of F},. Suppose z is in the support of F,. Let A! denote the marginal product of the firm that offers

2. This firm must not wish to deviate to offer a return of 0. That is
(A" = 1) S,(0) < (A" — 1 — ) S (2),

which can be rearranged as

At —1 < Sp(x)
Al —1—2 = S,(0)°

And A' < A,, implies inequality (6). Analogous steps lead to inequality (7).

Now consider the case in which z is not in the support of F,, and z < x < Z. By using lemma 4 repeatedly,
it is possible to construct a sequence {z;};-, that converges to z with the property that every element of
the sequence is in the support of F,,. The argument above applies to all such points. By the Comparison

Theorem for Functions,?® it follows that lim,, ,, S, (z;) satisfies the inequalities. As S, (-) is continuous,

23See Wade (2000), p. 62.
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Sp(x) = limg, .z Sp(2;). |
Lemma 6. 7, = 7 as n — oo.

Proof. In the homogeneous case, firms are indifferent between offering all returns and in particular the

highest and lowest returns so 7 must satisfy the condition
(A-=1)S0)=(A—-1—-7)5(7). (8)

As F(7) =1, 5(F) is given by
S(r) = h(a,) Y ja (j a, ¢) ®(da, de), 9)
ﬂ// j:()]q J

which is independent of the offer distribution. Similarly, as F(0) = 0, S(0) is also independent of the offer

distribution and is given by

S(0) = u//h(a,e)q(l;a,e)@(da,de). (10)

Finally, equation (8) can rearranged as

5(0)

r=A-1- (A=) g (11)

where S(0) and S(7) are given by the expressions above.

The proof now proceeds by showing that for any € > 0 there is an N such that n > N implies the support
of F, lies below 7 4 ¢ and there is a point = in the support of F), that satisfies |z — 7| < . Consider a firm
that offers ¥ + € or more. Such a firm must not have an incentive to deviate to offering a return of zero.

That is
(A'=1—-7—¢)Sp(F+¢) > (4" —1) 5,(0)

for some A € [A,,A,]. As F,(7 4+ ¢) < 1, it must be the case that S, (¥ + ) < S(F) as given in equation
(9). Moreover, it is still the case that F,,(0) = 0 so S,,(0) = S(0) as given in equation (10). Making these

substitutions, substituting equation (11) for 7 and rearranging yields

- (1-38)

The first term on the left-hand side goes to zero as n — oo and the second term is a positive constant.

Therefore, this condition cannot hold for any € > 0 as n — oco. Thus, lim,,_, o 7, < 7.

Suppose that the support of F), lies entirely below 7—¢ for some € > 0. Then S,,(F —¢) = S(7). Moreover,
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it is still the case that S, (0) = S(0). Now consider a firm that offers a return of arbitrarily close to zero (by
lemma 2 there must be such a firm). This firm must not have an incentive to deviate to offering 7, which

any firm is free to do. That is
(A'=1)S(0) > (A" —1—7F+¢) S(7)

inserting equation (11) for 7 and rearranging yields

(A" — 4) (‘;g — 1> > e.

The left-hand side of this expression goes to zero as n — oo so the condition does not hold in the limit.

Thus, lim,, oo 7, > 7 and so lim,, oo 7, = 7. |

Proposition 2. Let {D,,(A)},2, be a sequence of distributions of marginal products with associated supports
n {[An,zzln]}f;l- For each D, (A), there is an offer distribution F,(r). As A, — A and A, — A,
F,(r) — F(r), where F(r) is the offer distribution that arises when all firms are homogenous with marginal

product A.

Proof. Fix a point « € (0,7). By lemma 6 there is an N such that for n > N there are points z,, and Z,, in

the support of F;, such that z,, <z < Z,,. Therefore lemma 5 applies and for n > N it is the case that

A, —1 Sn(z) A, -1
— < <
A, —1—2 = 85,000 T4, -1—=z

Recall that S, (0) = S(0) for all n, so by the Squeeze Theorem it follows that

. A—1
Jm Sn(@) = 25—

5(0). (12)
From the equal-profit condition in the homogeneous case we have
(A—-1-2)5(x) = (A-1)5(0),
so equation (12) implies S, (z) — S(x).
Notice that S, (-) depends on n only through F), so it may be written as S (F), (-)). Given assumption 2,

S(+) is continuous and strictly increasing in its argument F' € [0, 1] and is therefore invertible. As a result,

convergence of S, (x) to S(z) implies convergence of Fy,(z) to F(z). |}
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C Computational details — Not for publication

C.1 Details of computation

The algorithm to solve for the steady state of the model involves three elements: solving the household’s
problem for a given offer distribution, simulating the behavior of households and solving for the offer distri-
bution given the behavior of households. To solve the household’s problem I use a value function iteration
algorithm in which the value function for each discrete type is interpolated over 35 unequally spaced nodes
using cubic splines.

Solving the household’s problem requires integrating over returns with respect to G(r,s). To compute
these integrals I use Chebyshev quadrature with 21 nodes over (0,7) and an additional node at r = 0. To
compute the density of G(r, s) at each node, I differentiate equation (5), which gives the density as a function
of s, F(r) and the density of F(r). The latter two objects are stored when I solve the firm’s problem.

Simulating the household’s problem requires sampling from the distribution G(r, s). I do this by approx-
imating F(r) with a discrete grid of points from which equation (5) gives a discrete approximation to G(r, s)
for a given level of search effort. I then draw from a uniform distribution and numerically invert G(r,s)
using this discrete approximation.

To solve the firm’s problem for the offer distribution, I differentiate equation (2) with respect to r to
obtain an ordinary differential equation that must be satisfied by F'(r). I solve this differential equation with

the initial condition F'(0) = 0 and the differential equation itself gives the density of F'(r).

C.2 Computing the transition

The computational procedure used to find the transition path again resembles the one would use to compute
the transition of a standard Bewley-Huggett-Aiyagari economy. First, one chooses a number of periods
after which the economy is assumed to be in the new steady state. Next one guesses on a path for the
capital-labor ratio. Given the capital-labor ratio, one guesses a sequence of offer distributions. One then
solves the consumer problem backwards from the new steady state to find the households’ decision rules and
then uses those decision rules to simulate forward from the initial distribution of households over the state
space. Using the simulated sample, one can compute solve the firm’s problem for a new sequence of offer
distributions. The algorithm updates the offer distributions and iterates until they converge while holding
the capital-labor ratio fixed. Once this has been accomplished one compares the simulated capital-labor
ratio to the guess and updates the guess. This procedure is repeated until the simulated capital labor ratio
matches the guess. An outer loop checks that the sequence of consumption taxes clears the social security
budget and updates the tax sequence if it does not. Finally, one must check that the economy does in fact

reach the new steady state in the number of periods assumed at the outset.
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age group 21 —-25 26—-30 31-35 36—-40 41-45 46-50 51—-55 56—-60 61—65
Ui 1.00 1.28 1.45 1.56 1.62 1.63 1.59 1.53 1.38

Table 7: Life-cycle profile in labor productivity.

D Estimating the life-cycle profile of labor productivity

To estimate the deterministic life-cycle profile in labor productivity I use data from the 1968 - 2005 waves

of the PSID. I create a measure of the household wage by summing the total labor income of the head and

wife and dividing by the total hours of the head and wife. I require that households work at least 208 hours

to be included in the sample and that the calculated wage be at least one-half of the minimum wage in the

year in question. Households are divided into nine age groups 21-25, ..., 61-66 and I regress the log wage on

year and age group dummies. The resulting life-cycle profile for wages appears below.
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