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Abstract

I develop a general equilibrium model in which the quality of household financial decisions is endoge-
nously determined by the incentives to exert effort in learning about financial opportunities. The model
generates predictions for asset market participation and returns across households. Moreover, search for
financial returns enables the model to generate a more skewed equilibrium wealth distribution. In this
context, social security privatization affects household search effort, asset market participation and the
competitiveness of the asset market. Privatization reduces average welfare and this reduction is some-
what magnified by the search friction. While some have suggested that household decision making could

be important for the consequences of privatization, my analysis does not bear this out.
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1 Introduction

Standard models of household consumption and savings assume that all households earn the marginal product
of capital on their savings. This assumption is at odds with the evidence on the actual financial arrangements
of households, which shows that a substantial number of households seem to have difficulty choosing a
portfolio. Evidence of these difficulties takes several forms. For example, households may not allocate
any savings to equities or they may hold under-diversified portfolios (Haliassos and Bertaut, 1995; Calvet
et al., 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 et al., 2007). Other
studies have found that those households that spend more effort planning for retirement reach retirement
age with more wealth (Ameriks et al., 2003; 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 et al., 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.

The search friction is meant to capture a relationship between the effort households exert managing their
finances and the return earned on their savings. Search frictions are a convenient way of modelling these
relationships, but in reality there are more forces at work. For instance, some households have an imperfect
understanding of the terms of the financial contracts or the principles of portfolio management. The point
of view I take here is that households could learn these things if they devoted more effort.

There is a long tradition of literature that considers the role of information acquisition in financial
markets. This information acquisition is often formulated in terms of learning about the payoff of an asset
at some cost.! In these models, trade takes place in centralized markets at known prices. Van Nieuwerburgh
and Veldkamp (2010) use a model in this style to rationalize under-diversified portfolios.? Another line of
literature considers the acquisition of information about prices and trading opportunities in asset markets
affected by search frictions (Duffie et al., 2005; Lagos and Rocheteau, 2009). This literature considers
trading environments that resemble over-the-counter markets in which investors and dealers negotiate over
prices. In this paper, I consider costly information acquisition in the context of a life-cycle savings model
and explore the impact of the social security system on the incentives for households to expend effort in
acquiring information in financial markets. The model presented here also features search friction, but prices
are posted rather than negotiated, an assumption which seems more appropriate for retail financial markets.

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 frame-
work because financial choices are non-linear functions of household assets, which means the distribution of
financial outcomes will depend on the distribution of wealth. I modify the Bewley-Huggett-Aiyagari frame-
work 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

IThe foundations of this literature were laid by Grossman and Stiglitz (1980), Verrecchia (1982), and Admati (1985).
2Arrow (1987) and Peress (2004), discussed further below, consider implications for the distribution of wealth.



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: the amount of time that households spend managing their
finances, asset market participation rates, and the distribution of returns. I compare the model’s predictions
to the available data and the model performs well on many of these dimensions.

The search friction also has implications for the distribution of wealth. Bewley-Huggett-Aiyagari models
traditionally have had difficulty explaining the extreme skewness of the distribution of wealth. Cagetti and
De Nardi (2006), Campanale (2007) and Benhabib et al. (2011) 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) and further developed by Peress (2004): 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. I compare these predictions to those of a model with a fixed cost of asset market

participation. That model does not generate as much wealth inequality because there is not heterogeneity

3Drozd 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.



in returns among those who participate in the market.

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. To my knowledge, the literature on social security reform has
not formally analyzed how household financial decision making frictions affects the welfare implications of
privatization.?

There are two views on how household financial decisions might affect the consequences of introducing
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.®> 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
fixed costs of managing their portfolios and realize a higher return on their savings.

The model is able to generate both of the effects mentioned above. 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

4Some notable papers that analyze social security reform with standard assumptions about asset markets are Imrohoroglu
et al. (1995); Huang et al. (1997); Kotlikoff et al. (1998); Conesa and Krueger (1999); Huggett and Ventura (1999); Storesletten
et al. (1999); Nishiyama and Smetters (2007), and Fuster et al. (2007). Hurst and Willen (2007) study reforms in an environment
in which households earn different returns on savings than they pay to borrow.

5This view has been expressed by Diamond and Orszag (2004). Using data from Mexico’s privatized social security system,
Duarte and Hastings (2012) report that a considerable share of assets are held in funds that are dominated by others with lower
fees despite no significant difference in the returns the funds earned.

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



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 1.02% 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 6.2% of consumption rather than 6.7% in the benchmark model.

The purpose here is not to evaluate social security reform per se, but to evaluate the importance of asset
market frictions to the analysis. My interpretation of the findings is that the incorporation of frictions into
household financial decision making does not fundamentally alter the analysis of social security privatization
and so the analysis with the standard model is robust in this regard.

The next section introduces the model and Section 3 discusses its calibration. 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 1 XT3 fori>1

i =

2;21 (1—vy)(1+ VT 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

1-p
[Cf (1—ny — st)l_x}

= t
EO;B lfp )

where ¢, ny and s; are consumption, labor supply and search effort in period ¢.”

"De Nardi (2004) has shown that intergenerational linkages and a voluntary bequest motive are important for generating



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 (€¢41, €;) 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 1.

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 ¢t 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. 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
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

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.



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. 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, j, 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, Z;‘;qu(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
Castaneda 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 {Qt}:i 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, 77, 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

8For example, Figure 3 suggests that households actually devote more and more time to financial decisions as they age.
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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) [Fy(r)) . (1)

j=0

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

Vi(a,e) = max {u(e,1—n—s)+ BB [Viaa (', )]}

c,at,s,n

such that

1+7)c=a+ 1 —7 — 17 )ny(e)w; + Bi(e) —a™

a=[1+7(1—-741)]xa"/N( e

'~ G+ 8)

€ ~T (e

11



The household sets aside savings of a™, which grow to a’ = [1 + 7' (1 — 7441)] 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 and the distribution

*

of offered returns. Let the household’s decision rules be denoted by hi(a,€) = a™™, ci(a,€) = c¢*, si(a,e) = s

and n¢(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*

)= (12 ) S [ {0 ) @)

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.

9Time 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 n(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.

i1 . Some resources are invested after observing two or more returns:

Z/h(a,e)Zq(j;a,e) d(da, €) > 0.

Jj=2

11 . Total resources invested are finite:

Z/h(a, €)®(da, €) < oo.

When I turn to numerical solutions of the model I will specify a sequence {¢(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.

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 T < A —1,

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

Proof. See Appendix A available electronically from the author. |
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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. Appendix B 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.1°

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 { Vi, he, ¢, St, Nty Peg1, Fr, 7, pe, Wiy Ay Kiyr, L,

T, 7, Tf }ioo such that for each date ¢
1. given Asqq, hy, s¢, and @y, {Fi(-), w7} is a firm equilibrium
2. firms have no incentive to enter or exit: n} =
3. V; solves the consumer’s problem with policy rules h;, ¢; ny and s;
4. Gy(+) is generated from Fy(-) according to equation (1).

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

Dy1(A €)= ZFC’E’ // Gi(dr'; s(a, €))®i(day€) (3)
e (14+r"(1—7¢41)) xhe(a,e)€A

10Bontemps et al. (1997) show a similar result in the context of a model of on the job search.
1 The distribution with CDF G places a mass of probability on r = 0. The notation [ f(r)G(dr) for some function f(r),

should be understood as G(0) f(0) + fg f(r)g(r)dr, where g(r) is the density of G(r) on (0, 7).
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6. Kt+1 = Ze f ht(a, 6) [1 —q (07 a, 6)] @t(da, 6) — ¢Mt Z,L T%

7. L=, [y(e)nia,e)Pi(da,e)

8. wt:(l—a)(%)aandAt:a(%) 1—|—1—(5

9. the government budgets for general expenditures and social security are in balance:

T zs:/wty (e)n(a, €)®;(da,€) + 7 Z://T/htl(a’ €)Gy_1(dr'; s(a,€))®y_1(da, e) = Q;

Z/Ttywy (e)n(a,€) + 77ci(a, €) — B(e)®¢(da,e) = 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,€) that use the storage technology is given by
¢ (0;a,€). Second, the fixed costs of return posting are paid out of household savings. There is a mass »_, T}
of households at date ¢, p; 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

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

15



so that

(0()) e

q(j;8) = .
4!

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

0(s) = 01 x log(1l+ 05 x s).

The firm’s profit function from equation (2) then reduces to

1
w(r) = (1 - ZT> Z/h(a,e)uflﬁ(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)]}.

(5)

A fraction exp {—6(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.

3.1 Calibration of the search parameters

As 6 (s) is negative, there are decreasing returns to search effort in the sense that it becomes increasingly

difficult to obtain new offers as one searches more. The parameters #; and 65 can be used to control both

the average and marginal efficiencies 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.

The search efficiency parameters, 61 and -, are calibrated to two moments. First, the average fraction of

12Notice that 6'(s) = 6102/ (1 + 025) so the parameters 61 and 62 allow one to control the initial efficiency of search,

0'(0) = 61602, by adjusting 01 and the degree to which this efficiency declines as one searches more by adjusting 2.
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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.
To match this moment, the marginal value of search must decline at the appropriate rate.

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. To match this moment, the model must produce an average
search efficiency that delivers the needed level of competition.

The calibration strategy does not explicitly target the dispersion in offered returns, but the degree of
dispersion in returns will be determined by the degree of competition in the market, which also determines

the median fee.

3.2 Calibration of demographics and endowments

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.

For working-age households, log labor productivity is given by the sum of a life-cycle effect and an

idiosyncratic, persistent shock. The life-cycle component is calibrated using labor income per hour from the

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.

MData 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.

15The Social Security Administration reports annual survival probabilities. To convert to a five year model period, I take the
product of the five annual values.
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Panel Study of Income Dynamics (PSID) for the nine age groups 21 - 25 through 61 - 65.1¢ 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 et al. (2010).17 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).

3.3 Calibration of preference and production parameters

The discount rate is set to 0.858 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
fraction of time devoted to work in the ATUS data. A value of 0.36 is chosen for o to match the capital
share. Finally, the depreciation rate is set to 0.294 in order to match an annual investment rate of 8%.
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 u. 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.

16See Appendix D for details.

17The 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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symbol description value target target value model value
I5] discount factor 0.858 capital-output ratio 3.32 3.32
p risk aversion 2 - - -
X labor supply 0.373 average hours 0.35 0.35
« capital share 0.36 capital share 0.36 0.36
) depreciation rate 0.294 investment rate 0.08 0.08
v population growth 6.5% - - -
01 search efficiency 1.35 median fee 64 basis points 64 b. p.
02 search curvature 2200 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. budg. - -
Q gov. cons. (Q/Y) 0.19 balanced budget - -

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

3.4 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.!'®

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%.

3.5 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-

18This is not a coincidence, but follows from Q = 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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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.!?

3.6 Computation

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

economy. Appendix C provides details.

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 the distribution of

wealth. In each category, I compare the model’s predictions to the available data.

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.

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

9Tn the model without the search friction, 8 is set to 0.843, x is set to 0.376 and Ty 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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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.

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 leading 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
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.

20The model is calibrated to match the average search effort across all households so the model fits that aspect of the data
by construction.
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Figure 2: Search decision rules for lowest and highest productivity households in age group 41 to 45.
4.2 Asset market participation

In the model, households may not participate in the asset market for two reasons. First, households may
not devote 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. According to the 2004 Survey of Consumer Finances (SCF), 35% of
the population holds no financial assets other than checking and savings accounts. If we include CDs and
savings bonds, this figure rises to 42%. That means that only 58% of households own any of a 401(K), IRA,
mutual fund, bond, stock, trust, or annuity. Moreover, only 50% of households own equities either directly
or indirectly. Thus, the model’s prediction of a 60% asset market participation rate is quite plausible.

Figure 4 shows the life-cycle profile of asset market participation, which reflects the profile of search effort.
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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.
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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.

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. 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).

Most non-participants hold very little wealth both in the data and in the model. In the 2004 SCF, the

218pecifically, participants have at least one of 401(K), TRA, mutual fund, bond, stock, trust, or annuity.

24



median non-participant holds just $650 in financial wealth. In the model, the median non-participant is
borrowing constrained and has no assets. There are however, some non-participants with substantial wealth.
In the data, the 95th percentile of wealth holdings among non-participants is $25,000. In the model, this

figure is $11,076.22

4.3 The dispersion of returns

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 returns implied by 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 annualized
marginal product of capital is 4.53% and the mean return among participants is 4.08%. 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. 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.

22T make the comparison between model and data, I rescale model values to match the average household income for 2004
as reported by the BLS using data from the CPS.
23The support of the offer distribution in the model ends ten basis points below the marginal product of capital.

25



0.7
0.6
05
0.4
0.3

fraction of offers

0.2
0.1

0.7
0.6
0.5
0.4
0.3
0.2

fraction of households

0.1

0.7
0.6
0.5
0.4
0.3

fraction of assets

0.2
0.1

Baseline Model

distribution of offers over returns

0 0.01 0.02 0.03 0.04 0.05
return
A i
distribution of households over returns
. ™
0 0.01 0.02 0.03 0.04 0.05
return
B. i
distribution of assets over returns
L -
0 0.01 0.02 0.03 0.04 0.05
return
C.i.

fraction of funds

fraction of assets

0.7
0.6
0.5
0.4
0.3
0.2
0.1

0.7
0.6
0.5
0.4
0.3
0.2
0.1

Data

distribution of S&P 500 index funds over returns

0.01 0.02

return

A. ii.

0.03 0.04

distribution of assets over returns

0.05

0.01 0.02

return

C. ii.

0.03 0.04

0.05

fraction of households

fraction of assets

0.7
0.6
0.5

0.4r

0.3
0.2

0.1

0.7
0.6
0.5
0.4
0.3
0.2
0.1

Fixed Distribution Model

distribution of households over returns

. . .
0 0.01 0.02 0.03 0.04 0.05
return
B. iii.
distribution of assets over returns
L -
0 0.01 0.02 0.03 0.04 0.05
return
C. ii.

Figure 5: Figures on the left show the distribution of firms, households and assets over rates of return from
the baseline model. The thin vertical line represents the marginal product of capital. The returns shown are
in annual terms. The center column of figures shows the distribution of S&P 500 mutual funds and assets
over returns where the return is constructed as the marginal product of capital from the model less the fee
charged by the mutual fund. Figures on the right are from the model with the offer distribution derived
from the distribution of fees on S&P 500 index funds (see section 4.5).
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Gini Top Groups Quintiles
1% 5% 1st  2nd 3rd 4th  5th
Data 0.80 34.7 578 -03 13 5.0 122 81.7
With Search Friction 0.78 164 449 00 01 3.7 143 81.9
Without Search Friction 0.74 146 406 0.0 0.1 5.6 16.1 774
Fixed Particpation Cost 0.77 15.1 422 0.0 0.0 4.2 157 &0.1
Exog. Offer Distribution 0.78 16.5 45.1 0.0 0.1 3.7 14.2 82.0

Table 2: The distribution of wealth. Data calculations are by Budria Rodriguez et al. (2002) using the 1998
SCF.

4.4 The distribution of wealth

As wealthy households tend to earn higher returns, the search friction generates additional skewness in the
distribution of wealth. Table 2 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.

As another comparison, Table 2 presents the distribution of wealth from a model with a fixed cost of
participating in the asset market. In this alternative benchmark, a household earns the marginal product
of capital if it pays the participation cost. The fixed cost is denominated in units of time and is calibrated
to produce a 60% asset market participation rate. This model produces more inequality in wealth than the
model without search frictions, but not as much as that with the search friction. In particular, the fixed-cost
model does not produce as much dispersion in the right tail of the distribution as evidenced by the fact that
the share held by the top quintile rises by 2.7 percentage points rather than 4.5 for the model with search
frictions. This makes sense as in the fixed-cost model there is no heterogeneity in financial outcomes among

participants and households in the right tail are very likely to participate.
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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 dis-
tribution of offered returns. As a robustness check, 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 distribu-
tion is taken to exogenously reflect the distribution of fees on S&P 500 index funds. I smooth the observed
data on fees with a kernel 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. The life-cycle profiles of savings, search effort and asset market participation
are barely changed when the offer distribution is fixed exogenously as compared to the model with an
endogenous offer distribution. The exact shape of the offer distribution appears to make little difference
to the way households behave. Moreover, the last row of Table 2 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.

4.6 The impact of the search friction

Overall, the search friction in the asset market has several consequences. First, it creates a wedge between
the marginal product of capital and the return that households earn on their savings. This wedge discourages
savings leading to a smaller capital stock and a lower capital-labor ratio in equilibrium. Second, the presence
of the search friction forces households to forego valuable leisure when they search. Third, the presence of
the search friction induces firms to enter the market with the result that resources are lost on fixed costs.
These fixed costs are the flip-side of the the wedge that discourages savings. All of these effects together

mean that the search friction reduces household welfare on average.
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To illustrate the quantitative significance of these effects, I compute a stationary equilibrium for an
economy in which households are 10% more efficient in searching. Specifically, #; is increased by 10% to
1.485. The results show that the median intermediation fee falls from 64 basis points to 57 basis points, the
capital stock rises by 1.7%, output rises by 0.4%, households reduce their time on search by 7.8%, aggregate
fixed costs fall by 15.3%, and overall welfare at birth increases by 0.9% in consumption equivalents.

From these results, it would appear that there are potentially substantial gains from policies that could
improve financial literacy and financial outcomes. The experiment shown here, however, does not factor in
any costs of financial education or other policy interventions that could realize these gains. The available
evidence is not conclusive, but suggests that financial education may not be effective in fostering financial

24

literacy or improving financial outcomes so it is unclear whether these gains are attainable.”* Moreover,
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the literature has not detailed the costs of providing financial education. The lack of evidence from

microeconomic studies makes it difficult to carefully calibrate a realistic policy experiment.

5 The privatization experiment

I now explore how households’ financial outcomes change in response to a social security privatization reform
and how asset market frictions affect the welfare consequences of social security privatization. I present results
for one particular policy experiment that is similar to one conducted by Nishiyama and Smetters (2007) with
a frictionless asset market. The objective here is to assess how asset market frictions alter the analysis of

social security reform.

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

243ee Hastings et al. (2012) for a survey of the evidence.
Z51bid.
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social security reform,2® 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. The experiment here 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.

In the experiment, 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.

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
et al. (1998) have shown, a declining consumption tax path encourages saving and speeds up the accumulation
of capital.

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. Appendix C describes the procedure to compute the transition. Finally,

26See Kotlikoff et al. (1998) and Nishiyama and Smetters (2007) for examples.
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full benchmark

model model
output 4.93% 4.81%
capital 10.45% 10.26%
labor supply 3.59% 3.49%
average search effort 19.6% -
asset market participation  11.8% -
mass of firms 12.3% -

Table 3: 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.

I also perform the same experiment in the benchmark model in order to understand how the search friction

changes the analysis.

5.2 The long-run impact of privatization

Table 3 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, which is consistent with the view that 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 20% and the asset market participation rate rises by 12
percentage points. This increase in participation is particularly noticeable among middle aged households.
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.

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
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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 interme-
diation fees. 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. In the full model, the long-run increase in welfare is

equal to 6.2% of consumption. In the benchmark economy, the gain is larger at 6.7% of consumption.

5.3 Welfare impact including transition costs

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. Table 4 presents the average change in
expected utility across different dimensions of the state space. Across all agents, the policy announcement
reduces welfare by 1.02% in consumption equivalents. For the benchmark economy this figure is 0.88%.
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
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total impact
full model -1.02%
benchmark model -0.88%
across ages
21-25 41-50 56-65 66-75 81-95
full model 0.80% -3.07% -1.98%  0.50%  0.96%
benchmark model 1.03% -2.83% -2.11% 0.41% 1.05%
across asset levels (percentile)
0-20 40-60 80-100
full model -0.85% -0.85%  -1.38%
benchmark model -0.67% -0.83% -1.41%
across income levels (shock)
1,2 3,4,5 6, 7
full model -2.58% -0.94%  -0.93%
benchmark model -2.44%  -0.79%  -0.87%

Table 4: 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.

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 not much changed 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 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. Social security provides
insurance against earnings risk as it redistributes across income levels. Social security also provides insurance

against longevity risk in this economy in which there are no annuity markets.?” The introduction of the

27See Tmrohoroglu et al. (1995) for an analysis of this role of social security.
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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.

While the search friction does affect the details of the welfare analysis, the results are not so different
as to lead to different conclusions about the desirability of such a reform. The take-away message is largely

that the standard analysis is robust to frictions of this type.

5.4 Sensitivity

Might the asset market frictions have a larger effect on the analysis under alternative assumptions? I now

consider two changes to the model to assess the sensitivity of the conclusion.

5.4.1 Heterogeneous search efficiencies

To this point, I have assumed that all households are equally efficient at finding returns in the asset market.
It seems relevant to ask how the analysis of social security privatization would change if some households
are poorly equipped to search. Households with low search efficiencies could be made substantially worse off
by privatization, which would alter the overall welfare calculations. I model a working household’s search
efficiency as proportional to their labor productivity: 6(s;e) = 61 x log(1 + 2y(e)s), where y(e) is the
productivity of a household of type e. When a household retires, its search efficiency remains at the final
working-age level, which presumes there is no loss of ability due to cognitive decline. I recalibrate the model
to match the same moments as above.

The welfare impact of privatization only changes a small amount from the case of homogeneous search
efficiencies, producing a welfare loss of 1.22% rather than 1.02%. Households respond to low levels of search
efficiency by increasing the amount of effort devoted to search and the cost of doing so is low as these

households have low levels of labor productivity.
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5.4.2 Low search efficiency

The model is calibrated in such a way that households are quite efficient in searching as reflected by the small
fraction of time that they need to devote to search to find returns that are not too far from the marginal
product of capital. At lower levels of search efficiency, the asset market frictions play a more important role
in the analysis of social security privatization. To assess the sensitivity of my conclusions to lower levels of
search efficiency, I conduct an experiment in which the search efficiency parameter 6, is reduced from 1.35
to 1.20. Under this calibration, households spend 10% more time searching for returns in the initial steady
state and the median intermediation fee rises from 64 basis points to 74 basis points. After recomputing
the policy experiment, I find that there is an average welfare loss of 1.08% rather than 1.02%. This analysis
indicates that the conclusions are not sensitive to small reductions in search efficiency. Extremely low values
of search efficiency could deliver a different result, but such a calibration would not be consistent with the

patterns of asset market participation that we observe.

5.4.3 Directions for further research

It might be possible to construct a model with larger asset market frictions that would have stronger impli-
cations for the analysis of social security reform. For instance, households might suffer adverse outcomes in
a privatized social security system if asset management firms are able to charge particularly high fees in an
environment in which competition is even more limited than it is here. Moreover, in the model presented
here, the worst-case financial outcome is a net return of zero. There are two ways that more extreme financial
outcomes could arise: first, the household could accept a financial contract that has a negative expected
return. To incorporate such outcomes, one would either need to reduce the return on the outside option
or move away from a search framework in which the household accurately evaluates the offered contracts
and can always reject those dominated by the outside option. Recently developed models of imperfect or
information-constrained decision making, such as the Rational Inattention literature associated with Sims
(2003), could be useful in investigating these issues. Second, if portfolio under-diversification were introduced

to the analysis, households could receive a series of large, negative financial shocks that could be particularly
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costly if they occur in the later stages of the life cycle when there is no longer time for the household to

compensate by working and saving more.

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 wealthy and high-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.

With regard to social security privatization, the analysis is not an assessment of the desirability of social
security reform so much as an assessment of the importance of asset market frictions in this debate. The
key message is that the introduction of a friction in the asset market as modeled here makes privatization

less attractive, but only slightly so.

References

Admati, A. R., 1985. A noisy rational expectations equilibrium for multi-asset securities markets. Econo-

metrica 53 (3), 629 — 657.

Aiyagari, S. R., 1994. Uninsured idiosyncratic risk and aggregate saving. Quarterly Journal of Economics

109 (3), 659-684.

Ameriks, J., Caplin, A., Leahy, J., 2003. Wealth accumulation and the propensity to plan. Quarterly Journal

of Economics 118, 1007-1047.

36



Arrow, K. J., 1987. The demand for information and the distribution of income. Probability in the Engi-

neering and Informational Sciences 1, 3-13.

Benhabib, J., Bisin, A., Zhu, S., 01 2011. The distribution of wealth and fiscal policy in economies with

finitely lived agents. Econometrica 79 (1), 123-157.

Bewley, T., undated. Interest Bearing Money and the Equilibrium Stock of Capital. Manuscript.

Bontemps, C., Robin, J.-M., van den Berg, G., 1997. Equilibrium search with productivity dispersion: Theory

and estimation. Tinbergen Institute Discussion Paper.

Budria Rodriguez, S., Diaz-Giminez, J., Quadrini, V., Rios-Rull, J.-V.; 2002. Updated facts on the u.s.
distributions of earnings, income, and wealth. Federal Reserve Bank of Minneapolis Quarterly Review

26 (3), 2-35.

Burdett, K., Judd, K. L., 07 1983. Equilibrium price dispersion. Econometrica 51 (4), 955-69.

Butters, G. R., 1977. Equilibrium distributions of sales and advertising prices. The Review of Economic

Studies 44 (3), pp. 465-491.

Cagetti, M., De Nardi, M., 10 2006. Entrepreneurship, frictions, and wealth. Journal of Political Economy

114 (5), 835-870.

Calvet, L. E., Campbell, J. Y., Sodini, P., 10 2007. Down or out: Assessing the welfare costs of household

investment mistakes. Journal of Political Economy 115 (5), 707-747.

Campanale, C., 10 2007. Increasing returns to savings and wealth inequality. Review of Economic Dynamics

10 (4), 646-675.

Carlin, B. I., Manso, G., 2011. Obfuscation, learning, and the evolution of investor sophistication. Review

of Financial Studies 24 (3), 754-785.

Castaneda, A., Diaz-Gimenez, J., Rios-Rull, J.-V., 08 2003. Accounting for the u.s. earnings and wealth

inequality. Journal of Political Economy 111 (4), 818-57.

37



Choi, J. J., Laibson, D., Madrian, B. C., 2010. Why does the law of one price fail? an experiment on index

mutual funds. Review of Financial Studies 23 (4), 1405-1432.

Conesa, J. C., Krueger, D., 10 1999. Social security reform with heterogeneous agents. Review of Economic

Dynamics 2 (4), 757-795.

De Nardi, M., 2004. Wealth inequality and intergenerational links. Review of Economic Studies 71 (3),

743-768.

Diamond, P., Orszag, P., 2004. A Summary of Saving Social Security: A Balanced Approach. MIT working

paper.
Drozd, L., Nosal, J., 2008. Competing for customers: A search model of the market for unsecured credit.

Duarte, F., Hastings, J., 2012. Fettered consumers and sophisticated firms: Evidence from mexico’s privatized

social security market, brown University Working Paper.

Dulffie, D., Grleanu, N., Pedersen, L. H., 2005. Over-the-counter markets. Econometrica 73 (6), 1815-1847.

Feldstein, M., Liebman, J. B., 2002. Social Security. Handbook of public economics. Volume 4. Handbooks in

Economics, vol. 4; Amsterdam; London and New York:; Elsevier Science, North-Holland, pp. 2245-2324.

Fuster, L., Imrohoroglu, A., Imrohoroglu, S., 2007. Elimination of social security in a dynastic framework.

Review of Economic Studies 74 (1), 113-145.

Gouskova, E., Chiteji, N., Stafford, F., June 2010. Estimating the intergenerational persistence of lifetime

earnings with life course matching: Evidence from the psid. Labour Economics 17 (3), 592-597.

Grossman, S. J., Stiglitz, J. E.; 1980. On the impossibility of informationally efficient markets. American

Economic Review 70 (3), 393 — 408.

Haliassos, M., Bertaut, C. C., 1995. Why do so few hold stocks? The Economic Journal 105 (432), pp.

1110-1129.

38



Hastings, J. S., Madrian, B. C., Skimmyhorn, W. L., 2012. Financial literacy, financial education and

economic outcomes.

Heathcote, J., Storesletten, K., Violante, G. L., 2010. The macroeconomic implications of rising wage in-

equality in the united states. Journal of Political Economy 118 (4), 681 — 722.

Hortacsu, A., Syverson, C., 05 2004. Product differentiation, search costs, and competition in the mutual

fund industry: A case study of s&p 500 index funds. Quarterly Journal of Economics 119 (2), 403-56.

Huang, H., Imrohoroglu, S., Sargent, T. J., January 1997. Two computations to fund social security. Macroe-

conomic Dynamics 1 (01), 7-44.

Huggett, M., 1993. The risk-free rate in heterogeneous-agent incomplete-insurance economies. Journal of

Economic Dynamics and Control 17 (5-6), 953-969.

Huggett, M., Ventura, G., 1999. On the distributional effects of social security reform. Review of Economic

Dynamics 2 (3), 498 — 531.

Hurst, E., Willen, P., 08 2007. Social security and unsecured debt. Journal of Public Economics 91 (7-8),

1273-1297.

Imrohoroglu, A., Imrohoroglu, S., Joines, D. H., 1995. A life cycle analysis of social security. Economic

Theory 6, 83-114.

Kotlikoff, L. J., Smetters, K. A., Walliser, J., 05 1998. Social security: Privatization and progressivity.

American Economic Review 88 (2), 137-141.

Lagos, R., Rocheteau, G., 2009. Liquidity in asset markets with search frictions. Econometrica 77 (2), 403—

426.

Lusardi, A., Mitchell, O. S., 01 2007. Baby boomer retirement security: The roles of planning, financial

literacy, and housing wealth. Journal of Monetary Economics 54 (1), 205-224.

39



Mankiw, N. G., Zeldes, S. P., 03 1991. The consumption of stockholders and nonstockholders. Journal of

Financial Economics 29, 97-112.

Mazumder, B., 07 2005. Fortunate sons: New estimates of intergenerational mobility in the united states

using social security earnings data. The Review of Economics and Statistics 87 (2), 235-255.

Nishiyama, S., Smetters, K., 11 2007. Does social security privatization produce efficiency gains? Quarterly

Journal of Economics 122 (4), 1677-1719.

Peress, J., 2004. Wealth, information acquisition, and portfolio choice. Review of Financial Studies 17 (3),

879 — 914.

Sims, C. A., 2003. Implications of rational inattention. Journal of Monetary Economics 50 (3).

Social Security Administration, 2007. Annual statistical supplement to the social security bulletin.

Stephenson, E. F., 04 1998. Average marginal tax rates revisited. Journal of Monetary Economics 41 (2),

389-409.

Storesletten, K., Telmer, C. I., Yaron, A., 1999. The risk-sharing implications of alternative social security

arrangements. Carnegie-Rochester Conference Series on Public Policy 50 (0), 213 — 259.

Tauchen, G., 1986. Finite state markov-chain approximations to univariate and vector autoregressions. Eco-

nomics Letters 20, 177-181.

Van Nieuwerburgh, S., Veldkamp, L., 2010. Information acquisition and under-diversification. Review of

Economic Studies 77 (2), 779 — 805.

van Rooij, M., Lusardi, A., Alessie, R., 2007. Financial Literacy and Stock Market Participation. National

Bureau of Economic Research, Inc, NBER Working Papers: 13565.

Verrecchia, R. E.; 1982. Information acquisition in a noisy rational expectations economy. Econometrica

50 (6), 1415 — 1430.

40



Vissing-Jorgensen, A., 2002. Towards an Explanation of Household Portfolio Choice Heterogeneity: Nonfi-
nancial Income and Participation Cost Structures. National Bureau of Economic Research, Inc, NBER

Working Papers: 8884.

41



