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Abstract

We develop a structural econometric model to elicit household-specific expectations
about future financial asset returns and risk attitudes by using data on observed portfo-
lio holdings and self-assessed willingness to bear financial risk. Our framework assumes
that household portfolios are subject to short-selling constraints in stocks and bonds,
and that financial investment decisions are taken conditional on real estate and busi-
ness wealth. We derive an explicit solution for the model, and estimate its parameters
using the US Survey of Consumer Finances from 1995 to 2013. The results show that
our modified mean-variance model fits the data adequately, and that the demographic,
occupational and educational characteristics of the investors are relevant in shaping
risk aversion and return expectations. In contrast, wealth, income, and past market
performance have limited impacts on expectations and risk aversion.
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1 Introduction

Only around 50% of the US households hold stocks, either directly or indirectly (Bricker et al.,

2012); the rates of participation in the stock market are even lower in Europe (Guiso, Halias-

sos and Jappelli, 2002), and these have recently fallen during the financial crisis (Bricker et

al., 2012). There are several reasons for this low participation rate, including entry barri-

ers and transaction costs (e.g. Vissing-Jorgensen, 2002), high borrowing costs (e.g. Davis,

Kubler and Willen, 2006), crowding-out effects due to real asset holdings (e.g. Cocco, 2005)

and financial illiteracy (e.g. van Rooij, Lusardi and Alessie, 2011). In addition, lifecycle port-

folio models predict that investment in stocks correlates with age, income and entrepreneurial

risk (e.g. Gomes and Michaelides, 2005, and Heaton and Lucas, 2000). However, among those

who invest in stocks, large differences in the portfolios held by similar households are quite

common (Guiso, Haliassos and Jappelli, 2002), and poorly diversified portfolio allocations

are also frequently observed (Calvet, Campbell and Sodini, 2007).

The wide variety of portfolio types held by the households is at odds with the stripped

down version of the optimal portfolio allocation. Households make their own financial deci-

sions based on their expectations about assets return and their financial risk attitude, condi-

tional on the background risk and the limits to their investment choice they face. This paper

investigates how the heterogeneity in terms of these variables determines their various port-

folio holdings under the assumption that investors behave according to the mean-variance

paradigm.

The heterogeneity of households’ expectations regarding the future performance of finan-

cial markets has been widely documented in the literature using probabilistic expectations

data. Recent research has focused on the likely presence of various expectation types (Do-

minitz and Manski, 2011), on how expectations quickly react to sudden downturns in the

market (Hoffmann, Post and Pennings, 2013; Hudomiet, Kedzi and Willis, 2011), on their

relationship with past performance in financial markets (Hurd, van Rooij and Winter, 2011)

and on the quality of the information regarding past performance (Arrondel, Calvo-Pardo

and Tas, 2012). Overall, expectations have been found to only moderately correlate with

financial market indexes, and to be strongly negatively correlated with model-based ex-

pected returns (e.g., Greenwood and Shleifer, 2014). Households’ expected financial returns

are often negative (Hurd, van Rooij and Winter, 2011), and not consistent with the rule

of thumb that higher expected return should come together with higher expected volatil-
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ity (Amromin and Sharpe, 2014). Furthermore, households’ expectations largely depend on

personal investment experience and characteristics, and are known to correlate with non-

economic sentiment-creating factors, such as individuals’ moods and their perceptions of the

weather, and even the results of their favorite sports teams (Kaplanski et al., 2014).

There is also established empirical evidence documenting the heterogeneity of risk atti-

tudes among households. This evidence sometimes comes from laboratory and field experi-

ments (e.g., Andersen et al., 2008, and von Gaudecker, van Soest and Wengstrom, 2011) and

more frequently from survey data. Specifically, some authors derive proxies for risk attitudes

using various types of survey data: the observed portfolio composition in the form of risky

assets holdings (e.g., Riley and Chow, 1992) or the variance in portfolio returns (Bucciol and

Miniaci, 2011), choices in a hypothetical lottery (e.g. Donkers, Melenberg and van Soest,

2001; Guiso and Paiella, 2008; Kimball, Sahm and Shapiro, 2009), and self-assessed attitudes

toward taking risks (the reliability of which has been assessed by Dohmen et al., 2011). This

research generally finds that risk aversion is negatively correlated with wealth and high lev-

els of education, while its correlation with age is unclear - possibly, because most of these

studies are based on a single cross-section of data, which does not allow to disentangle age

from time and cohort effects.

Finally, households’ financial portfolio allocation is correlated with the amount and nature

of households’ illiquid assets, such as real estate investments and businesses. Households

with real wealth investments may choose to allocate financial wealth to hedge against the

risk embedded in their illiquid assets. The role of homeownership in financial portfolio choice

is considered for instance by Flavin and Yamashita (2002), Pelizzon and Weber (2008) and

Cocco (2005), while the effect of the presence of significant business investment on the

portfolios of entrepreneurs is investigated by Heaton and Lucas (2000), and Faig and Shum

(2002) among others. Brown et al. (2015), recognizing the importance of the interaction

between the various components of household finances, set up a Bayesian multivariate model

to study the interdependence between the holding of liabilities, financial assets and home

ownership.

Data on expectations, risk attitudes and illiquid assets are often used as predictors in

reduced-form models of financial market participation (e.g., Amromin and Sharpe, 2014;

Arrondel, Calvo-Pardo and Tas, 2012; Dohmen et al., 2011; Hurd, van Rooij and Winter,

2011), but to the best of our knowledge they have not been linked to a structural model of

household portfolio choice in the past. In this paper, we elicit households’ expectations of
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future financial market performance jointly with their risk attitudes by combining informa-

tion from two types of data: observed financial and real portfolio holdings and self-assessed

willingness to bear financial risks. We assume that households choose their financial port-

folio allocation by maximizing a static mean-variance expected utility, subject to a variety

of constraints: (i) they cannot take short positions in risky assets, (ii) they cannot trade

their real assets, and finally (iii) they differ in terms of risk aversion and expectations on

the distribution of excess returns. Accounting for heterogeneity in expectations, preferences

and investment limits allows the standard mean-variance approach to generate the observed

variety of portfolio types.

More in detail, we consider an investment environment with one riskless asset (deposits)

and three composite risky assets (stocks, net bonds and real assets) in which households

cannot hold short positions in stocks or deposits and the net position in bonds (which in-

cludes outstanding mortgages and loans) cannot be larger than the negative value of their

real assets (taken as given). This combination of assets and constraints gives rise to seven

possible regimes. Each household’s choice of the portfolio regime and of the asset demands

depend on its perception of the expected values of the returns on stocks and net bonds and

of their correlation with the return on real assets, together with its risk aversion. The hetero-

geneity of these quantities across households is partly observable and partly unobservable.

Given an assumption on the distribution of the unobservable heterogeneity component, the

likelihood function of our structural econometric model turns out to be a combination of

the likelihoods of a bivariate tobit model and of an ordered probit one. We estimate the

model via weighted maximum likelihood using repeated survey data from the US Survey of

Consumer Finances from 1995 to 2013 (seven waves). We then use the model to evaluate

the effects of demographic, wealth and income changes on risk attitude, expectations and

portfolio composition.

Miniaci and Pastorello (2010) already use a related framework to analyze households’

portfolio choices with individual investors’ data. This work extends their paper in three

important directions. First, we combine information on observed portfolio holdings with the

self-assessed willingness to take financial risk. This allows us to disentangle observed hetero-

geneity in expectations and risk attitudes in a static mean-variance framework, something

that was not possible in previous works that relied on portfolio data only. Second, we ex-

plicitly model the crucial role played by households’ investments in real estate and business

wealth. Housing is the main and often the only investment in risky assets for many house-
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holds; its risk is potentially correlated with the risk of financial assets, and this can crowd

out some households’ financial investments. The distribution of business wealth is heavily

concentrated, but it plays a crucial role for the few households who invest in their own busi-

nesses. Finally, we use seven repeated cross-sectional datasets (from 1995 to 2013) rather

than one single survey. This allows us to remove the dependency of the results on specific

events occurring in a given year and to study how recent financial market performances, and

the early experience of the investors, influence households’ expectations of future returns.

Our main results can be summarized as follows. We find that an age increase is associated

with a rise in risk aversion and in the expected Sharpe performance of net bonds, as well as

a fall in the Sharpe performance of stocks. Female, white, graduate, married, and retired

investors are more risk-averse but also more optimistic about the Sharpe performances of

both net bonds and stocks. Self-employed workers and homeowners are more risk-averse

and more optimistic about net bond performance, but are less optimistic about stocks. In

contrast, expectations do not seem to change much across cohorts or following periods of

either expanding markets or market crashes. The effects of the observable characteristics are

always accurately estimated, and the model predicts net bond and stock shares much better

than standard reduced-form models that are conditional on portfolio types. Overall, our

results about the role of demographics on risk attitude and expectations are in accordance

with the existing empirical literature. We instead depart from the previous evidence when

we find that the expectations are not very sensitive to past market conditions.

The remainder of this paper is organized as follows. Section 2 presents the framework,

and section 3 describes the data. Section 4 shows the model estimates and discusses their

implications. Finally, section 5 concludes. The Appendices in a separate supplementary

document provide further details regarding the solution of the model, the components of the

likelihood function, the conditional expected values of the net bond and stock shares and

several robustness checks.

2 The Framework

Our framework is made of two components. The first one, introduced in section 2.1, focuses

on household portfolio choice based on the maximization of a mean-variance expected utility

function, subject to short-selling and inequality restrictions for financial assets and equality

constraints for real assets. The second component, in section 2.2, deals with self-assessed risk
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attitudes. Section 2.3 presents our assumptions regarding parameter heterogeneity; section

2.4 sketches the components of the likelihood function and, finally, section 2.5 discusses the

identification restrictions.

2.1 Mean-variance portfolio allocation with short-selling and equal-
ity constraints

We consider a variant of the standard Markowitz (1959) mean-variance framework in which

households with various degrees of risk aversion face restrictions on asset allocation, and

we study which expectations would make their actual portfolios consistent with this simple

model. While we do not advocate the static mean-variance model as the most suitable one

to describe households’ portfolio choice, we argue that our alterations of its basic version

allow it to fit the data adequately. We will show in section 4 that this is indeed the case.

We assume the household is endowed with a total wealth W0, which includes financial

(deposits, stocks and net bonds) and real assets (real estate and business wealth). Follow-

ing Flavin and Yamashita (2002) and Pelizzon and Weber (2008), we assume the household

cannot trade its real assets; moreover, we assume that its long position in real assets can be

financed with mortgages, which we assimilate to a short position in bonds. We refer to the

difference between the long position in bonds and the outstanding debt as “net bonds”. In

this framework, therefore, the net position in bonds has a lower bound given by the nega-

tive value of the real assets. Moreover, the household faces two non-negativity constraints

corresponding to the shares of wealth allocated to stocks and deposits. We further assume

that the household is price taker and that a standard budget constraint holds.

Let r0 denote the interest rate on the riskless asset and e = (eb, es, er)
′ be the random

vector of the excess returns on net bonds, stocks and real assets, respectively. If a =

(ab, as, ar)
′ is the vector of the shares of wealth invested in the risky assets, then the random

wealth at the end of the period is given by W1 = W0(1 + r0 + a′e). Investors’ preferences

are described by a standard mean-variance expected utility function, E[U(a)] = E(W1) −
ηVar(W1)/2, where η represents the absolute risk aversion index varying across households.

According to this construction, the moments of W1 depend on those of the excess returns

vector e. If we let

µ =

(
µf
µr

)
, Ω =

(
Ωff ωfr
ω′fr ω2

r

)

6
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with

µf =

(
µb
µs

)
, Ωff =

(
ω2
b ωbs

ωbs ω2
s

)
, ωfr =

(
ωbr
ωsr

)
we can rewrite the mean-variance expected utility function as

E[U(a)] = (1 + r0)W0 +W0

(
a′µ− γ

2
a′Ωa

)
where γ = ηW0 denotes relative risk aversion. The household portfolio selection problem

can then be formally stated as follows:

max
a

{
a′µ− γ

2
a′Ωa

}
, s.t. ar = ār, ab ≥ −ār, as ≥ 0, ab + as ≤ 1− ār = āf .

Given the equality constraint on the real assets share, we can reformulate this problem as a

maximization problem with respect to the financial assets shares only, af = (ab, as)
′,

max
af

{
a′fνf −

γ

2
a′fΩffaf

}
, s.t. ab ≥ −ār, as ≥ 0, ab + as ≤ 1− ār = āf (1)

where νf = µf − γωfrār.
The problem in equation (1) makes it explicit that the optimal allocation of the financial

component of the portfolio will be unaffected by the presence of real investments only if

the returns on the latter are uncorrelated with those of stocks and net bonds, that is, when

ωfr = 0. In all the other cases, the presence of real assets (that is, ār 6= 0) causes the optimal

financial portfolio to differ from the one without real assets, the difference being larger for

larger real asset weights in the overall portfolio and for higher relative risk aversion among the

households. That is, the crowding out effect of real asset investments is larger for households

that are more heavily invested in housing and more risk averse, and it is also larger given

stronger correlations between financial and real assets. Before studying the solution to the

problem in equation (1), let us define ρ = ωbs/(ωbωs) the correlation coefficient between

net bonds and stocks excess returns, πb = µb/ωb and πs = µs/ωs the associated Sharpe

performances and

π̃b = πb − γ
ωbr
ωb

ār = πb − γξbār, π̃s = πs − γ
ωsr
ωs

ār = πs − γξsār,

where the ratios ξb = ωbr/ωb and ξs = ωsr/ωs are the hedging terms. We refer to π̃b and

π̃s as the adjusted Sharpe performances, the adjustment being the presence of a term used

to hedge against the risk of the constrained component of the overall portfolio. With two

tradable risky assets and the set of constraints given in equation (1), there are seven possible

regimes:
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• Portfolios in which the shares of stocks and net bonds do not hit any of the con-

straints:

(i) Holdings of deposits, net bonds and stocks, (ab, as);

• Portfolios in which the amount of debt is at its maximum and the household does not

invest in bonds:

(ii) Holdings of deposits but neither bonds nor stocks, (−ār, 0);

(iii) Holdings of deposits and stocks but not bonds, (−ār, as);

(iv) Holdings of stocks but neither deposits nor bonds, (−ār, 1);

• Portfolios in which the net position in bonds is not at its minimum:

(v) Holdings of net bonds and stocks but not deposits, (ab, 1− ār − ab);

(vi) Holdings of net bonds but neither deposits nor stocks, (1− ār, 0);

(vii) Holdings of net bonds and deposits but not stocks, (ab, 0).

The seven possible combinations can be represented as a right triangle in the (ab, as)

plan, with unitary catheti, as depicted in Figure 1. Its base lies on the ab axis due to the

no-short-selling constraint on stocks, and its horizontal position is dictated by the debt of

the investor. We therefore have various types of solutions to the problem in equation (1):

an internal solution (for case (i)), three “edge” solutions (cases (iii), (v) and (vii)) and three

“vertex” solutions (cases (ii), (iv) and (vi)). In what follows, we describe cases (i), (ii), (iii)

and (vii), that is, the regimes with at least some investment in deposits. The details of the

three remaining regimes (iv, v and vi) are provided in Appendix A.

In the empirical analysis, we consider all the seven possible regimes but comment only

on regimes (i), (iii) and (vii), that is, the regimes on which it makes sense to study variations

in the shares.

2.1.1 Internal solution: regime (i)

The optimal shares are given by:(
a∗b
a∗s

)
=

1

γ(1− ρ2)

[
(π̃b − ρπ̃s)/ωb
(π̃s − ρπ̃b)/ωs

]
. (2)
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(ab, as)
[Regime (i)]

(−ār, 0)
[Regime (ii)]

(−ār, as)
[Regime (iii)]

(−ār, 1)
[Regime (iv)]

(ab, 1− ār − ab)
[Regime (v)]

(1− ār, 0)
[Regime (vi)]

(ab, 0)
[Regime (vii)]

Figure 1: Portfolio regimes. Each pair indicates the portfolio shares in bonds and stocks,
respectively. We denote with ab, as, ār the generic shares in bonds, stocks and real assets.
The latter is taken as given.

The solution in equation (2) describes the optimal allocation for regime (i) only if its values

satisfy the three conditions defining the regime, that is, a∗b > ār, a
∗
s > 0 and a∗b + a∗s <

1− ār = āf . Equivalently, the problem in equation (1) has an optimal internal solution only

if the expectations for excess returns on net bonds and stocks are such that

ρπ̃s < π̃b + γωb(1− ρ2)ār, (3)

π̃s > ρπ̃b, (4)

π̃s(ωb − ρωs) < −π̃b(ωs − ρωb) + γωbωs(1− ρ2)(1− ār). (5)

Constraints (3) - (5) define the triangle in the (π̃b, π̃s) plan in Figure 2. If the expectations of

the investors fall within the triangle, the model predicts that their optimal portfolio shares

are given by equation (2). Notice that equation (2) is equivalent to(
a∗b
a∗s

)
=

1

γ(1− ρ2)

[
(πb − ρπs)/ωb
(πs − ρπb)/ωs

]
− ār

1− ρ2
[

(ξb − ρξs)/ωb
(ξs − ρξb)/ωs

]
(6)

The first term is equivalent to the solution of the allocation portfolio problem in the case of

having no (or non-binding) short-selling constraints on bonds and stocks but in the absence

9



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

6

-
π̃b

π̃s

��
�
��
�
��
�
��

�
��

�
��

�
��

�
��

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
��@

@
@
@
@
@
@@��

��

��

��

��

��

��

��

��

��

��

(ab, as)
[Regime (i)]

(−ār, 0)
[Regime (ii)]

(−ār, as)
[Regime (iii)]

(−ār, 1)
[Regime (iv)]

(ab, 1− ār − ab)
[Regime (v)]

(1− ār, 0)
[Regime (vi)]

(ab, 0)
[Regime (vii)]

Figure 2: Portfolio regimes in the adjusted Sharpe performance plan. Any combination of
adjusted Sharpe performance for bonds, π̃b = πb−γξbār and stocks, π̃s = πs−γξsār, that falls
in the triangle with solid edges gives origin to an internal solution, that is to the choice of a
portfolio of type (ab, as). Each couple (π̃b, π̃s) falling outside the triangle, in areas delimited
by one of the edges of the triangle and the dashed lines, generates one of the three possible
“edge” solutions, (−ār, as), (ab, 0) and (ab, 1 − ār − ab). Couples (π̃b, π̃s) in the subspaces
delimited only by the dashed lines originates the “vertex” solutions.

of real assets (see Miniaci and Pastorello, 2010). Therefore, equation (6) states that within

this framework, the adjustment of the allocation due to the presence of non-tradable real

assets does not depend on preferences (i.e., on γ) but on expectations, particularly on the

covariance between tradable risky financial assets and real assets.
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2.1.2 “Edge” solution: regimes (iii) and (vii)

When only constraint (3) is violated, the optimal net bonds share will be equal to its lower

limit (i.e., a∗b = −ār), and the problem reduces to the maximization of

E[U(W1)] = as(νs + γρωbωsār)−
γ

2
a2sω

2
s

with respect to the stock share as. The optimal share is therefore

a∗s =
π̃s
γωs

+ ρ
ωb
ωs
ār =

πs
γωs

+

(
ρ
ωb
ωs
− ξs
ωs

)
ār. (7)

Such a solution is internal to the (0,1) interval only if

−γρωbār < π̃s < γωs − γρωbār. (8)

The upper and lower limits in equation (8) define two horizontal lines through the north

and south-west vertices of the triangle delimited by conditions (3) – (5) that is drawn in

Figure 2. The combination of conditions (3) and (8) identifies the expectations that make

the choice of regime (iii) optimal.

When only constraint (4) is violated, it is optimal not to invest in stocks (that is, a∗s = 0),

and the problem reduces to the maximization of

E[U(W1)] = abνb −
γ

2
a2bω

2
b

with respect to the net bond share ab. The optimal share is therefore

a∗b =
π̃b
γωb

=
πb
γωb
− ξb
ωb
ār. (9)

Such a solution is internal to (−ār, 1− ār) only if

−γωbār < π̃b < γωb(1− ār). (10)

The upper and lower limits in equation (10) define two vertical lines through the south-west

and south-east vertices of the triangle in Figure 2. The combination of conditions (4) and

(10) identifies the expectations that make the choice of regime (vii) optimal. Notice that the

violation of condition (4), π̃s > ρπ̃b, can be induced by a relatively low performance of stocks

with respect to net bonds, but also by a high exposure to real assets and high expected

correlation between stocks and real assets return, and/or presence of real assets and high

risk aversion. In this framework, the choice of an incomplete portfolio does not necessarily

coincide with irrational behavior, unrealistic expectations or extreme risk aversion.

11
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2.1.3 “Vertex” solution: regime (ii)

The vertex solution (ii) emerges when the expectations fall within the remaining areas of

the plan, that is:
π̃b ≤ −γωbār
π̃s ≤ −γρωbār

}
⇒ a∗b = −ār, a∗s = 0. (11)

It is worth noting that excluding real assets from this framework reduces the number

of portfolio regimes from seven to four and that households’ choices among them would be

independent of the relative risk aversion parameter γ (see, e.g., Miniaci and Pastorello, 2010).

The number and types of regimes are instead preserved under the (testable) assumption that

real assets and financial assets returns are uncorrelated (that is, ωfr = 0). In this case,

π̃b = πb and π̃s = πs, and the conditions on the expectations determining the alternative

portfolio regimes can be rewritten in terms of Sharpe performances rather than in terms of

adjusted Sharpe performances.

2.2 Self-assessed level of risk attitude

The choice of a portfolio type and asset demands depends on the parameters of the dis-

tribution of the financial asset returns, µf and Ωff , and on their correlation with the real

assets returns, ωfr, together with the relative risk aversion of the investors, γ. We aim to

estimate the expectations parameters and risk preferences by exploiting two types of data:

the observed household portfolios, and the self-assessed attitude toward financial risk taking.

More specifically, we use the Survey of Consumer Finances (SCF) from 1995 to 2013 (seven

waves) to accurately describe the financial and real components of the portfolios of a repre-

sentative sample of US households and complement this with information from a question

designed to elicit their self-assessed willingness to bear financial risk.

Currently, a few household surveys include hypothetical lottery questions in an attempt

to determine the respondents’ attitudes toward financial risk, and some research projects

already use these responses to infer the correlation between risk attitude, socio-demographic

and economic characteristics (see, e.g., Barsky et al., 1997, on the US Health and Retirement

Study ; Kimball, Sahm and Shapiro, 2009, on the US Panel Study of Income Dynamics ; Guiso

and Paiella, 2008, on the Italian Survey of Household Income and Wealth; and Donkers,

Melenberg and van Soest, 2001, on a precursor of the Dutch DNB Household Survey). An

alternative strategy is to directly ask households how much risk they are willing to bear in
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financial investments. In the Survey of Consumer Finances (SCF), the relevant question

reads as follows:

“Which of the following comes closest to describing the amount of financial risk

that you [and your husband/wife/partner] are willing to take when you save or

make investments?

1. Take substantial financial risks, expecting to earn substantial returns

2. Take above average financial risks, expecting to earn above average returns

3. Take average financial risks, expecting to earn average returns

4. Not willing to take any financial risks”

This is a general question regarding the self-assessed level of risk aversion in the financial

domain, and the answers are clearly influenced by the personal beliefs of the respondent

about what “substantial”, “above average” and “average” financial risks mean. In addition,

since the question is not hypothetical, answers might be related to the present condition

(e.g., income, wealth) of the respondent. However, although very simple, questions like

this have proven to deliver information that is consistent with the one derived from more

sophisticated elicitation methods, such as paid lottery choices (see Dohmen et al., 2011),

and the answers are usually found to be highly correlated with a wide range of objective

measures of risk-related behavior (see, e.g., Bucciol and Miniaci, 2011, for the SCF case).

In what follows we assume that, although there is no perfect matching between the

declared willingness to bear financial risk and the unobserved risk aversion γ, households

reporting a lower willingness to bear financial risks are – on average – more risk-averse

than the other households. In practice, we merge the two most risk-prone categories (less

frequent in the data1) and denote c = 1 if the household chooses options 1 or 2, c = 2 if

the chosen option is 3 and c = 3 otherwise. Therefore, c = 1, 2, 3, where a higher value

of c corresponds to a lower willingness to bear financial risks. How risk aversion maps into

the reported value c is unknown. We postulate that, given the risk aversion γ, the reported

value c depends on household’s interpretation of the question, and it is related to the risk

aversion by means of a continuous latent variable defined as z = log γ+ εz, where εz is a zero

mean random error independent of γ, which captures the heterogeneity in the answer styles.

1In particular, the most risk-prone option arises in just 4.1% of the observations in our sample.
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The lowest value c = 1 is observed for the lowest values of the latent variable, say z ≤ δ1,

the intermediate value c = 2 whenever δ1 < z ≤ δ2, and the highest level c = 3 if z > δ2,

where −∞ < δ1 < δ2 < +∞ are two unknown threshold parameters to be estimated.

2.3 Heterogeneity assumptions

The above results show that the shares invested in financial assets (ab, as) depend on µf , Ωff ,

the covariances ωfr, and the relative risk aversion of the investors γ, while the reported risk

attitude c depends on z and hence on γ. Because households differ in various respects and

because expectations and risk preferences may change over time, it seems natural to allow

all of the relevant parameters to vary with the observable characteristics of the investors.

Moreover, we introduce additional heterogeneity in expectations by assuming the presence

of unobserved heterogeneity in the perceived Sharpe performances of stocks and bonds and

the latent variable for risk aversion. More specifically, we assume πb
πs
z

∣∣∣∣∣∣x ∼ N
 x′bθb

x′sθs
x′γθγ

 ,

 σ2
b 0 0

0 σ2
s 0

0 0 σ2
γ

 , (12)

ξk =
ωkr
ωk

= x′ξkθξk , logωk = x′ωk
θωk

= θ0ωk
+
∑
t∈T

dtθt,ωk
, for k = b, s

where T = {1998, 2001, 2004, 2007, 2010, 2013} and the dt variables are wave-specific dum-

mies, and

tan
(π

2
ρ
)

= x′ρθρ, log γ = x′γθγ,

where x = (x′b,x
′
s,x

′
ξb
,x′ξs ,x

′
ωb
,x′ωs

,x′ρ,x
′
γ)
′ are explanatory variables. Notice that, in con-

trast to all other parameters, the net bonds’ and stocks’ volatility, ωb and ωs, respectively, are

assumed to be constant across households at a given point in time. This choice is made to im-

prove the identification of the parameters. For the same reason we assume that, conditional

on the entire set of observable characteristics x, the unobserved heterogeneity components

of πb and πs are uncorrelated. The zero correlation between (πb, πs) and z also contributes to

the tractability of the model, but we believe that this assumption is fairly reasonable. In fact

εz should not be interpreted as unobserved heterogeneity in the risk aversion parameter γ

but rather as heterogeneity in the answer styles and in the relationship between households’

understanding of “financial risk” and their risk aversion. Overall, including the coefficients

of the explanatory variables, the model contains 120 unknown parameters.
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2.4 Likelihood components

Given the full vector of observable characteristics x and the fraction of wealth invested in

real assets, ar, the assumptions in equation (12) are such that the probability of observing

the triple (a∗b = ab, a
∗
s = as, cl) is the product of the probability of observing the specific

financial portfolio (a∗b = ab, a
∗
s = as) and the specific self-reported risk attitude c = l.

The latter is described by a standard ordered probit model:

Prob(c = l|x) =


Φ(δ1 − x′γθγ) for l = 1
Φ(δ2 − x′γθγ)− Φ(δ1 − x′γθγ) for l = 2
1− Φ(δ2 − x′γθγ) for l = 3

where Φ(·) is the cumulative distribution function (cdf) of a standard normal distribution;

for later use, we also denote with φ(·) the corresponding probability density function (pdf).

Here and in the following discussion, we simplify the notation by omitting the conditioning on

x when this will not cause confusion. We thus follow the standard practice to use an ordered

probit model to predict the choice among the alternative willingness to bear financial risks.

We depart from what routinely done in the literature (e.g., in Malmendier and Nagel, 2011),

as the parameters θγ enter the probability to observe financial portfolio (a∗b = ab, a
∗
s = as)

and are estimated jointly with the expectations’ parameters.

To study the probability of observing the alternative portfolios, it is useful to consider

the distribution of the adjusted Sharpe performances:(
π̃b
π̃s

)∣∣∣∣x ∼ N [( mb

ms

)
,

(
σ2
b 0

0 σ2
s

)]
(13)

where

mb = x′bθb − γξbār, ms = x′sθs − γξsār
are the expected values of the adjusted Sharpe performances.

2.4.1 Internal solution: regime (i)

The distribution of the optimal bonds and stocks shares for the internal solution (i.e., regime

(i)) can be derived using equation (2) and the normality assumption in equation (13). We

obtain (
a∗b
a∗s

)∣∣∣∣x ∼ N [( m∗b
m∗s

)
,

(
σ∗2b σ∗bs
σ∗bs σ∗2s

)]
,

where

m∗b =
mb − ρms

γ(1− ρ2)ωb
, m∗s =

ms − ρmb

γ(1− ρ2)ωs
,
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σ∗2b =
σ2
b + ρ2σ2

s

[γ(1− ρ2)ωb]2
, σ2

s =
σ2
s + ρ2σ2

b

[γ(1− ρ2)ωs]2

σ∗bs = −ρ σ2
b + σ2

s

[γ(1− ρ2)]2ωbωs
.

The contribution to the likelihood of the portfolio (ab, as) is therefore

p(ab, as) =
1

σ∗bσ
∗
s

φ2

(
ab −m∗b
σ∗b

,
as −m∗s
σ∗s

;
σ∗bs
σ∗bσ

∗
s

)
where φ2(·, ·;$) is the pdf of a bivariate standardized normal distribution with correlation

$; for later use, we also denote with Φ2(·, ·;$) the corresponding cdf.

2.4.2 ”Edge” solution: regime (iii)

For households whose net position in bonds is at its minimum (a∗b = −ār) and who invest

a fraction of their financial wealth in stocks (a∗s ∈ (0, 1)) - that is, the investors in the edge

regime (iii) - the contribution to the likelihood function is as follows:

p(−ār, as) = f(as)Prob[π̃b < ρπ̃s − γωb(1− ρ2)ār|as].

The joint distribution of the optimal stocks share - defined by equation (7) - and the adjusted

Sharpe performance for net bonds is bivariate normal,(
π̃b
a∗s

)∣∣∣∣x ∼ N [( mb

m∗s

)
,

(
σ2
b 0

0 σ∗2s

)]
,

where

m∗s =
ms

γωs
+ ρ

ωb
ωs
ār, σ∗2s =

σ2
s

γ2ω2
s

.

Therefore, we have

f(as) =
1

σ∗s
φ

(
as −m∗s
σ∗s

)
π̃b|a∗s,x ∼ N (mb, σ

2
b ),

and

Prob[π̃b < ρπ̃s − γωb(1− ρ2)ār|as] = Prob(π̃b < ργωsas − γωbār|as)

= Φ

(
ργωsas − γωbār −mb

σb

)
.
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2.4.3 ”Vertex” solution: regime (ii)

Let us consider the vertex solution (a∗b = −ār, a∗s = 0), that is, regime (ii). Given the

conditions in equation (11), the probability of such a portfolio allocation is given by the

following:

p(−ār, 0) = Prob(π̃b ≤ −γωbār, π̃s ≤ −γρωbār)

= Φ2

(−γωbār −mb

σb
,
−γρωbār −ms

σs
; 0

)
. (14)

In a similar way, we compute the likelihood contribution of portfolios in the other four

regimes (iv)-(vii); for details, see Appendix B.

2.5 Identification restrictions

Inspection of the above expressions shows that all the probabilities and densities involved in

the likelihood components remain unchanged if the elements of θb, θs, θξb , θξs , σb and σs

are multiplied by the same constant and at the same time the logarithm of that constant is

subtracted from θ0ωb
e θ0ωs , the intercepts of logωb and logωs, respectively. For this reason,

we set σb = 1. The same issue arises when an arbitrary constant is added to δ and to

the intercept in θγ and then multiplied after exponentiation to θb, θs, σb and σs To attain

identification, we set δ1 = 0. Finally, although θγ and σγ are in principle identified, we

found that the accuracy of the estimates is significantly improved by imposing the standard

identification condition σγ = 1. Under these constraints, all the remaining parameters in

θ = (θ′b,θ
′
s,θ
′
ξb
,θ′ξs ,θ

′
ωb
,θ′ωs

,θ′γ, σs, δ2)
′ are identified.

3 The data

Our analysis is based on data from the US Survey of Consumer Finances (SCF). The SCF

is a repeated cross-sectional survey of households conducted every three years since 1983

on behalf of the Federal Reserve Board. Its purpose is to collect detailed information on

assets and liabilities, together with income and the main socio-demographic characteristics

of a sample of US households. In this work, we will consider the seven waves from 1995 to

2013, i.e., the most recent waves available at the time of this study. We neglect previous

waves mainly to analyze observations with similar investment options.2 By design, the survey

2For instance, 401(k) plans and other retirement assets that are now important to household portfolios
were not widespread until the mid-90s.
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over-samples relatively wealthy households; in our study, we always use the sampling weights

provided by the SCF to make descriptive statistics and model results representative of the

population. The SCF copes with the typical item non-response issue of the wealth-related

micro-data by adopting a multiple imputation approach;3 we base our analysis on the average

of these imputations.

We focus our attention on households with a financial wealth of at least 5,000 USD,

non-negative net real wealth, and a head of household aged between 25 and 90 years. Our

final sample consists of 23,183 observations, with the sample size increasing from 2,830 in

1995 to 4,081 in 2010 (see Table 1).

Given its characteristics, the SCF has been widely used to investigate asset allocation. In

our model of portfolio choice the endowment available to households is made of one risk free

asset (deposits), which includes checking, savings and money market accounts, certificates

of deposit and call accounts at brokerages, two risky financial assets and one risky real asset.

The first risky asset, which we label net bonds, includes the market value of directly

held corporate and government bonds, savings bonds, bond mutual funds, half the value of

balanced mutual funds and the cash value of life insurances. In our framework, households

choose their portfolios in the presence of non-tradable real assets; we therefore take into

consideration loans related to real estate and business and treat them as negative positions

in bonds. More specifically, the composite asset net bonds is given by the value of bonds net

of the loans on the primary residence, other real estate and businesses.

The second risky financial asset (stocks) includes directly held stocks, stock mutual funds

and half the value of balanced mutual funds. The real assets are defined as the sum of the

owner-occupied primary residence, other real estate and business wealth. The real estate

category excludes properties used to run a household’s own business, which are instead in-

cluded in the business wealth category. The SCF considers “farms, professional practices,

limited partnerships, private equity or any other business investments that are not publicly

traded” to be businesses. Respondents also report the investment allocations of any compos-

ite asset holdings (IRA-KEOGH accounts, retirement accounts, annuities and trust-managed

accounts), which allows us to split these holdings across our asset categories accordingly. In

what follows, we define financial wealth as the sum of risk-free, bond and stock holdings;

total wealth, in contrast, includes financial wealth, as well as real assets and related liabil-

3Multiple imputations originate from the so-called FRITZ (Federal Reserve Imputation Technique Zeta)
model, developed mainly following Rubin (1987). The approach is described in detail in Kennickell (1998).
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Table 1: Sample statistics. Average, median and selected percentiles of income, financial and
total wealth (2010 prices), percentage of households holding various assets in their portfolios,
aggregated household portfolio shares, percentage of households by portfolio regime and self-
assessed risk aversion. The “low”, “moderate” and “high” categories are based on the answer
to a question regarding self-assessed risk aversion. “Low” = risk options 1-2; “Moderate”
= risk option 3; “High” = risk option 4. All the statistics are computed using sampling
weights. (The table continues on the next page.)

1995 1998 2001 2004 2007 2010 2013
a) Financial wealth (Thousands of 2010 USD)

Mean 213.5 282.3 363.6 352.0 356.9 361.2 381.7
p50 54.6 70.9 87.4 82.2 79.9 70.3 73.4
p75 144.8 200.7 259.4 266.5 234.7 243.8 249.7
p90 365.8 489.4 733.2 728.4 635.3 726.9 702.7
p95 683.9 979.2 1236.5 1200.2 1270.4 1350.0 1378.7
p99 2391.3 3637.7 4581.5 4662.4 4785.1 4835.4 5282.5

b) Total wealth (Thousands of 2010 USD)
Mean 475.7 577.9 726.7 790.4 871.2 781.1 777.8
p50 164.4 198.0 233.7 263.5 276.6 221.4 215.3
p75 351.6 442.4 557.4 634.9 638.9 558.9 551.3
p90 818.1 948.3 1295.5 1365.6 1399.5 1499.0 1424.6
p95 1408.3 1684.9 2292.6 2407.6 3026.1 2694.3 2825.2
p99 5683.0 6741.0 8807.8 9892.6 10404.8 9554.4 9283.2

c) Income (Thousands of 2010 USD)
Mean 84.7 87.9 98.0 92.1 90.7 89.8 88.7
p50 60.1 61.8 65.3 66.7 63.1 60.2 59.7
p75 97.3 99.0 106.6 107.1 104.5 100.0 102.2
p90 146.8 149.3 163.8 166.5 157.8 160.0 160.2
p95 217.8 219.4 236.2 221.6 216.4 235.0 234.0
p99 500.8 546.1 718.8 519.5 589.6 600.0 568.0

ities. Current values are converted in 2010 USD using the Consumer Price Index, which is

computed by the Federal Reserve Bank of St. Louis, for all urban consumers.

Panels a), b) and c) of Table 1 reports the average values of financial wealth, total wealth

and income, as well as some key percentiles of their distribution. Financial wealth showed

ups and downs over the period under investigation, going from a median 54,583 USD in 1995

to 87,419 USD in 2001 (+60%) and declining to 70,314 USD in 2010 (−20% with respect to

2001; see Table 1), and slightly recovering in 2013 (73,439 USD, +4% with respect to 2010).

The average financial wealth shows a different pattern, increasing from 213,491 USD in 1995
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Table 1: (continued) Sample statistics.

1995 1998 2001 2004 2007 2010 2013
d) Asset participation (%)

Deposits 99.8 100.0 99.6 99.9 99.8 99.9 99.9
Bonds 24.0 28.9 25.2 31.8 31.6 31.4 30.1
Loans 49.0 54.6 55.9 56.3 56.4 54.1 52.4
Stocks 67.5 74.7 77.4 72.6 69.7 67.6 65.9
Real estate 83.1 85.6 85.5 86.4 86.5 84.6 83.3
Businesses 14.8 14.9 16.3 15.9 15.6 16.8 14.1

e) Aggregate portfolio shares (%)
Deposits 16.5 13.6 14.2 17.2 14.6 18.5 17.9
Net bonds (net of loans) -5.1 -6.3 -5.0 -8.0 -7.5 -6.5 -5.2
Stocks 20.5 28.3 29.8 21.1 20.4 19.8 23.1
Real assets 68.1 64.4 60.9 69.6 72.6 68.2 64.2

f) Portfolio regimes (%)
(i) (ab, as) 59.2 67.6 69.6 67.1 65.1 62.0 59.6
(ii) (−ār, 0) 5.5 3.9 3.8 5.1 5.7 6.8 6.6
(iii) (−ār, as) 8.1 7.1 7.6 5.4 4.5 5.6 6.2
(iv) (−ār, 1) 0.1 0.0 0.2 0.1 0.0 0.0 0.1
(v) (ab, 1− ār − ab) 0.0 0.0 0.1 0.1 0.1 0.0 0.0
(vi) (1− ār, 0) 0.0 0.0 0.1 0.0 0.0 0.0 0.0
(vii) (ab, 0) 27.1 21.4 18.7 22.2 24.6 25.5 27.5

g) Self-assessed risk aversion (%)
Low 20.8 29.1 28.8 24.2 24.7 20.6 20.7
Moderate 45.0 44.4 44.5 47.2 45.9 44.1 45.3
High 34.3 26.5 26.7 28.6 29.4 35.3 34.0
Genuine observations 2,830 2,914 3,089 3,184 3,192 4,081 3,893

to 363,606 USD in 2001, being almost constant up to 2010, and then increasing to 381,740

USD in 2013. The difference between the dynamics of mean and median financial wealth

is indicative of how the downturn of the financial markets had remarkably different effects

depending on the amount of the household wealth. Both average and median total wealth,

which includes real assets and their related loans, grew steadily from 1995 to 2007 (+83%

for the mean, +68% for the median value), and they both experienced a drop in 2010 (−10%

for the mean, −20% for the median value); in 2013, while the mean value stayed constant,

the median value decreased a further 3%. The relative stability of total wealth with respect

to financial wealth is due to several contributing factors: the interrupted increase in real
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estate values until 2007,4 the diffusion of real estate holdings among US households (Table

1, panel d) and the importance of real assets to the overall amount of wealth (Table 1, panel

e). Indeed, the percentage of households owning some real estate has constantly been above

83%, and the share of real assets in the aggregate portfolio ranged between 61% in 2001 and

73% in 2007. Participation in the stocks and bonds markets has been less common and more

discontinuous. The fraction of households holding bonds in their portfolio increased from

24% in 1995 to 32% in 2004; in the meantime, the percentage of families investing in stocks

increased by 10 percentage points, reaching its peak of 77% in 2001, and then fell down at

66% in 2013, below the starting value of 67% in 1995. It is worth reminding that these figures

refer to households in the 25-90 age range and with at least 5,000 USD of financial wealth.

Participation rates to the bond and stock markets are lower for the general population (see

Bricker et al., 2012).

The shares of stocks in the aggregate portfolio changed accordingly: they accounted for

20% of the value of total wealth in 1995 and 30% in 2001, and they then returned to 20% in

2010. The percentage of households with debts related to real estate and businesses moved

from 49% in 1995 to more than 56% in 2004 and 2007. This increase was accompanied by a

deterioration of the net position of bonds and loans, which was −5% of total wealth in 1995

and decreased to −8% in 2004.

The dissemination of the seven portfolio types identified in the previous section depends

on the assets holdings and shares reported in panels d) and e) of Table 1. Panel f) shows that

during the period considered, at least 59% of the households invested in regime (i) portfolios

(ab, as). That is, they had positive positions in deposits and stocks, and their net position

in bonds and loans was larger than the negative value of their real assets. The second most

common type of portfolio, representing 19% to 27% of cases, falls within regime (vii), (ab, 0),

where there is no investment in stocks. Overall, the percentage of portfolios without stocks,

that is, in the edge and vertex regimes (ii), (vi) and (vii), decreased from 33% in 1995 to

23% in 2001 and then increased to over 34% in 2013.

As we may reasonably expect, few households chose portfolios with no deposits (i.e.,

regimes (iv), (v) and (vi)). In addition to the statistics shown in the table, we compute

that more than 98% of the households in regimes (ii), (iii) and (iv), with ab = −ār, do not

have any real assets, and their choice not to invest in net bonds can be interpreted as the

4See the House Price Index of the Federal Housing Finance Agency at http://www.fhfa.gov.
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presence of binding credit constraints due to the absence of possible collaterals, limiting their

investment capacity. In contrast, a non-negligible percentage of households did not invest in

either stocks or net bonds, and this percentage grew from a minimum of 12.33% in 2001 to

a maximum of 18.48% in 2013, increasing the relevance of portfolio regimes (ii) and (vii).

In the econometric analysis, we consider all the seven possible regimes but report and

comment estimates on regimes (i), (iii) and (vii). These and (ii) are the regimes most

frequently observed in the data. We exclude regimes (ii), (iv), (v) and (vi), because they

are observed with negligible frequency or because the asset shares depend deterministically

on portfolio type and the constraint share of real wealth, making it meaningless to study

variations in net bonds and stocks.

For our purpose, the other important piece of information conveyed in the SCF is the

question regarding the willingness to bear financial risks described in section 2.2. Panel g) of

Table 1 indicates that, most frequently, households responded by choosing options 3 (willing

to ”Take average financial risks expecting to earn average financial returns”, between 44%

and 47% of the sample) or 4 (”Not willing to take any financial risk”, between 27% in 1998

and 35% in 2010). We interpret these answers as indicators of moderate or high levels of

self-assessed risk aversion among the respondents. Given the few households willing to ”take

substantial financial risks expecting to earn substantial returns” (option 1, 4.1% overall), we

merge the two most risk prone options together to improve identification. In the end, we

have three possible levels of stated risk aversion. The distribution of risk aversion is relatively

stable across waves, although we do observe a higher willingness to take risks in the years

1998 and 2001, which corresponds to the highest stock market participation rates during the

period under analysis.

Households not willing to bear any financial risk are substantially older and less wealthy

than the remainder of the sample. Table 2 shows that their median financial wealth (37,440

USD) was about one-third of the median financial wealth of the most risk-prone households;

these households were, on average, 12 years older than the least risk-averse households. The

types of portfolios change considerably between the three groups of respondents. In Table 2,

we consider the four portfolio regimes with investments in deposits, which constitute 99.9%

of the cases. About 78% of the households most willing to bear financial risk held a type

(i) portfolio, and only 15% of them did not hold stocks. In contrast, among households

declaring themselves unwilling to bear any risk, about 49% actually held some stocks, even

though their share invested in stock was limited.
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Table 2: Statistics by risk aversion level. Median financial wealth (2010 prices), average age,
household portfolio regimes and aggregate household portfolio shares. All the statistics are
computed using sampling weights.

Median Portfolio regime (%) Portfolio shares (%)
Risk fin. wealth (i) (ii) (iii) (vii) Net
aversion (USD) Age (ab, as) (−ār, 0) (−ār, as) (ab, 0) bonds Stocks

Low 112,908 46.53 77.98 2.57 7.26 12.10 −7.95 26.64
Moderate 98,500 52.03 71.94 3.79 5.56 18.67 −3.85 23.64
High 37,440 58.98 42.55 9.98 6.46 40.75 −7.38 11.64
Total 74,086 52.84 64.38 5.39 6.25 23.86 −5.78 23.04

The analysis in section 4 uses information on portfolio choice and the willingness to

bear financial risk, exploiting further household information included in the SCF as control

variables. Specifically, we consider the age, gender, race, education level, marital status and

occupational status of the household head; a dummy variable for the presence of children and

second-order polynomials for the financial wealth, total wealth and total annual income of

the household. Summary statistics on these control variables are reported in the Appendix

Tables A1 and A2, together with the correlation matrix of all the explanatory variables in

the model.

The volatility parameters ωb and ωs are assumed to vary only with the year of the

interview, which we control by introducing time dummies. We allow the expected value

of the Sharpe performances, πb and πs, to vary with age (squared polynomial), period and

cohort. Regarding period effects, we mimic Americks and Zeldes (2004) and introduce, as

control variables, the annual returns on the 10-year T-bond for the survey year in E(πb|x)

as well as the S&P500 annual return for the same year in E(πs|x).5 Regarding cohort

effects, we introduce the return of the stock market when the individual was aged between

20 and 24 (using historical S&P500 data6). This choice is consistent with the approach of

Malmendier and Nagel (2011), which assigns to each year-of-birth cohort a specific measure

of its experienced financial markets performances. We deviate from their procedure by

exogenously imposing the relevant period to consider. This variable should control for the

residual heterogeneity across cohorts with respect to their expectations and risk attitudes.

We conjecture that, ceteris paribus, most of this heterogeneity is related to how good or

5Source: http://people.stern.nyu.edu/adamodar/New Home Page/datafile/histret.html.
6Source: http://www.econ.yale.edu/∼shiller/data.htm.
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bad the market conditions were when the individuals began making independent financial

decisions. This early experience could affect the way in which people learn how to process

the available information and develop their own expectations and perception of risk. Notice

that the contemporaneous presence of age and cohort but not time effects for the hedging

terms ξb = ωbr/ωb and ξs = ωsr/ωs, the correlation ρ, and the risk aversion γ implies that

these components of the model are time-varying, but their variation over time is attributed

to age and cohort effects only.7

4 Estimation results

We present the weighted-maximum likelihood estimates of all the 120 parameters, along with

their asymptotic standard errors, in Tables A3 and A4 in the Appendix. The parameters

in themselves are not directly informative about the effects of changes in the observable

variables on our objects of interest (expectations, risk aversion, portfolio type probability

and asset shares) due to the nonlinear transformation in the model equations (see section 2).

For this reason we discuss our results in terms of the average percentage variations reported

in Table 3 (likewise to the calculation of the average marginal effects, see Wooldridge, 2010).

To avoid the influence of outlier observations in the calculation of averages, Table 3 and the

following tables exclude the top and bottom 1% of the percentage variations.

Given the identification restrictions imposed on the variances, σ2
b = σ2

γ = 1 and δ1 = 0,

the average predicted values shown in the first line of Table 3 do not have direct economic

interpretation. Furthermore, there is no directly observable counterpart for the predicted

objects. Indeed, we have direct measures of neither the risk aversion parameter nor the ex-

pectations of the investors regarding the composite risky assets, net bonds and stocks. The

latter may be influenced by the observable market performance, but they are not necessarily

consistent with the actual returns and volatility. Moreover, the definition of the net bonds

asset in our model (as net position in bonds and real asset-related loans) does not have a

traded financial instrument to compare it with. More generally, we point out that estimation

of expectations and risk aversion relies on the common assumption that households follow

7Estimation of age, time and cohort effects is inevitably conditional on the identifying assumptions
adopted, and their interpretation in terms of life cycle should take into consideration the static nature
of the model. Nevertheless, the rich specification adopted, which controls for household composition and the
amount of income and wealth, and the key role played by the real assets, make us confident that what we
identify are changes in expectations and risk preferences genuinely related to ageing.
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the optimal solution of the mean-variance framework. Were this not the case, our estimates

would capture the effects of factors not explicitly considered in the model, such as hetero-

geneity due to life-cycle motives (e.g., Cocco, Gomes and Maenhout, 2005), or participation

costs (e.g., Vissing-Jorgensen, 2002).
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With these caveats in mind, we observe that the average estimated relative risk aversion

is 2.13, the correlation between net bonds and stocks returns is 0.19 and the predicted

Sharpe performance for net bonds is about twice the corresponding value for stocks (4.82

vs 2.44). The estimate of the standard deviation of the unobserved heterogeneity in the

stocks Sharpe ratio (σs) is 2.15 (see Table A3 in the Appendix), which is larger than the

corresponding parameter for net bonds, which is set equal to one. The estimated expected

standard deviation of net bonds (ωb) ranges between 3.57 in 2013 to 3.70 in 2001, and it is

lower than that of stocks (from 4.92 in 1998 to 6.23 in 2010).8 These figures, together with

the estimated hedging terms ξb and ξs, imply that the average beta of real assets with net

bonds, βb = ξb/ωb, ranges between 0.98 and 1.04, while the average βs = ξs/ωs for stocks

decreases from 0.15 in 1995 to 0.10 in 2004, and then steadily increases until reaching 0.12

in 2013.

The average effects of the changes in the observable characteristics of the investors differ

across the components of the model; their standard errors are always tiny and point to

average effects that are significantly different from zero. Increasing the age of every head of

household in the sample by 5 years induces, on average, a 1.93% increase in risk aversion γ

(consistently with the empirical evidence; see, e.g., Morin and Fernandez-Suarez, 1983) as

well as a 2.46% increase in the expected Sharpe performance of net bonds E(πb); however, the

same variation also causes a reduction in the stocks counterpart E(πs) and the hedging term

ξb, as well as an increase of ξs. As a consequence, ageing is therefore associated with a lower βb

but a higher βs. The relationship between the returns correlation ρ and age is not monotonic,

but on average, the effect is positive. White, female, graduate, married and retired investors

are ceteris paribus more risk-averse (roughly in line with the existing literature, e.g. Halek

and Eisenhauer, 2001) but also more optimistic about Sharpe performances. Home ownership

has a remarkably positive effect on E(πb) and the covariance between real assets and net

bonds, ξb, and negative on E(πs), ξs, and the correlation between stocks and net bonds.

White, female, married and retired investors have a lower covariance between net bonds and

real wealth as well as stocks and net bonds, and higher correlation between stocks and real

assets. The existing empirical literature focuses only on stock market expected returns. In

this respect, even though the data and the estimation approach are radically different, our

results are in line with Dominitz and Manski (2011), Hudomiet, Kedzi and Willis (2011)

8These figures can be computed from Table A4 in the Appendix. For instance, for the expected standard
deviation of net bonds in 2013 we compute exp(1.3081− 0.0355) = 3.57.
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and Hurd, van Rooij and Winter (2011) in terms of effects of education, ethnicity and age.

Gender effects are instead reversed, with more positive view in our case for female than men

investors. It is worth noticing that our results agree with the previous literature when taking

into account hedging needs: ceteris paribus, the adjusted stocks Sharpe ratio is lower for

women than for men.

The past performances of financial markets do not seem to be the main driver of house-

holds’ expectations updates. An increase of 10 percentage points in the annual 10-year

T-bond returns, which amounts to about 130% the average observed value in the sample

period, is associated with a 0.82% increase in E(πb); a similar change in the S&P500 returns

(which roughly correspond to a 63% increase for the average annual S&P500 return in the

sample) reduces the expected stocks’ Sharpe performance by 4.59%. Overall, our results

support neither the idea that investors tend to have significantly lower expectations after

periods of expanding markets - consistent with a mean reverting process of expectation for-

mation for equity returns (see Dominitz and Manski, 2011) - nor the work of Hudomiet,

Kedzi and Willis (2011), who show that the 2008 market crash caused a significant increase

in the population average of expectations.9

The wealth and income of investors are correlated with their views, but their impact on

expectations and risk aversion parameters is limited. Increasing financial wealth by 10%

reduces the expected Sharpe performance of net bonds by 2.14%, it increases the expected

stock performance by 0.93% and decreases risk aversion by 0.80% on average. A similar

increase in net real wealth raises the expected Sharpe performance of net bonds by 2.83%,

decreases the expected stock performance by 0.49% and increases risk aversion by 1.53%.

Finally, a 10% increase in income has smaller effects but with a different sign: in fact, it is

associated to a reduction in the expected Sharpe performance of both net bonds (by 0.24%)

and stocks (by 0.50%), and virtually no change in risk aversion (the parameter falls by

0.01%). The unclear relationships between risk, income and wealth are also documented in

a large sample and in a completely different framework by von Gaudecker, van Soest and

Wengstrom (2011). Our results are in contrast with those discussed by Hurd, van Rooij and

Winter (2011) and Miniaci and Pastorello (2010), who documented a clear positive correla-

tion between expected returns and investors’ endowment. We are cautious in interpreting

9It should be noted, however, that inertia could affect our findings. The mean-variance framework behind
our analysis assumes no inertia in portfolio decisions. The literature, however, finds strong evidence of inertia
(see, e.g., Brunnermeier and Nagel, 2008). Our estimated effects of time and past market performance could
then be partly driven by passive changes in the bond and stock shares caused by the absence of rebalancing.
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the estimated relationships between wealth, income and expected returns: it is probably the

case that being wealthier makes people more optimistic and therefore more likely to invest in

risky assets. However, the inverse relationship may also be at work: being more optimistic

(for any reason) may make people look for higher but riskier returns, which makes them

richer on average. It is difficult to assess to what extent this potential endogeneity issue

affects our results. The use of predetermined levels of wealth and income might help to

solve the problem, but unfortunately, this information is not available, because the SCF is

a repeated cross-sectional survey.

Finally, our control variable for the cohort effects seems to be insignificant; apparently,

different initial conditions for the financial market do not noticeably change either the ex-

pectations regarding bonds and stocks or the attitude toward risk (in contrast with previous

findings in the literature, e.g., Malmendier and Nagel, 2011.

The last two columns of Table 3 show statistics for the expected adjusted Sharpe per-

formances (EASP), E(π̃b) and E(π̃s), which are the performances corrected for the hedging

against real asset holdings. These performances are, in fact, those actually determining the

portfolio choice in our mean-variance model, in which real wealth is risky but not tradable.

The average predicted values are remarkably different from those of the unadjusted perfor-

mances E(πb) and E(πs): the predicted EASP for net bonds is negative (−2.59) and lower

than the EASP for stocks (1.10). The partial effects on the adjusted performances are often

in contrast with those computed for the unadjusted performances in terms of both size and

sign. For instance, the effect of being married is positive for E(πb) (+3.56%), but negative

for its adjusted counterpart, E(π̃b) (-7.03%); homeownership has, on average, a negative

and large effect on E(πs) (−39.18%), but a large and positive effect on E(π̃s) (18.71%); a

10% increase in financial wealth reduces E(πb) by 2.14% and raises E(π̃b) by 0.93%, but it

reduces E(π̃b) by 12.52% and raises E(π̃s) by 8.84%; similar findings (but with the reverse

sign) emerge with a 10% increase in net real wealth.

The expected (adjusted and unadjusted) Sharpe performances are depicted in Figure 3

together with a 45 degree line. The scatter plots show that for many households the expected

Sharpe performances of the financial assets are negative. In this respect, our estimated

expectations, elicited using a structural model, are similar to the subjective expectations on

stock returns measured using probabilistic methods by Dominitz and Manski (2011) in the

U.S. and Hurd, van Rooij and Winter (2011) in the Netherlands. Furthermore, the figure

shows that the presence of the constrained real assets, and therefore the translation from
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Figure 3: Adjusted vs. unadjusted Sharpe performance, together with a 45-degree line. The
expected adjusted Sharpe performances, E(π̃b) = E(πb)− γξbār and E(π̃s) = E(πs)− γξsār,
are the unadjusted performances corrected for the hedging against real asset holdings.

are similar to the subjective expectations on stock returns measured using probabilistic

methods by Dominitz and Manski (2011) in the U.S. and Hurd, van Rooij and Winter (2011)

in the Netherlands. Furthermore, the figure shows that the presence of the constrained real

assets, and therefore the translation from the original Sharpe performances to the adjusted

versions, determines a major change in the way the net bonds and stocks investments are

expected to contribute to a specific household portfolio return. Two investors with the same

stocks expectations E(πs) but having different risk aversion γ and/or a different share of

wealth invested in real assets ar will have a different E(π̃s), and they will choose different

portfolio allocations. In almost all cases, the predicted adjusted Sharpe ratios for net bonds

are smaller than the corresponding predicted Sharpe performances. This is because the

estimated ξb are almost always positive. This is not the case for stocks, where the hedging

term between stocks and real assets is often estimated as negative.

4.1 Predicted portfolio types and assets shares

Thus far, we have illustrated the estimation results with respect to the primitives of our

investment model, that is, expectations and risk aversion parameters. We now turn to the

30

Figure 3: Expected (adjusted vs. unadjusted) Sharpe performance, together with a 45-
degree line. The expected adjusted Sharpe performances, E(π̃b) = E(πb)−γξbār and E(π̃s) =
E(πs)− γξsār, are the unadjusted performances corrected for the hedging against real asset
holdings.

the original Sharpe performances to the adjusted versions, determines a major change in the

way the net bonds and stocks investments are expected to contribute to a specific household

portfolio return. Two investors with the same stocks expectations E(πs) but having different

risk aversion γ and/or a different share of wealth invested in real assets ar will have a different

E(π̃s), and they will choose different portfolio allocations. In almost all cases, the predicted

adjusted Sharpe ratios for net bonds are smaller than the corresponding predicted Sharpe

performances. This is because the estimated ξb are almost always positive. This is not the

case for stocks, where the hedging term between stocks and real assets is often estimated as

negative.

4.1 Predicted portfolio types and assets shares

Thus far, we have illustrated the estimation results with respect to the primitives of our

investment model, that is, expectations and risk aversion parameters. We now turn to the

description of our results in terms of the prediction of the observable components, mainly the

portfolio types, as well as portfolio shares for stocks and net bonds. The model incorporates
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all the seven regimes discussed in section 2.1 but, in what follows, we focus on regimes (i), (iii)

and (vii), in which households invest at least part of their financial wealth in deposits. These

portfolio regimes account for 94.5% of the observed cases. The asset shares predicted based

on these regimes, together with their simulated partial effects, are summarized in Table 4.10

Studying the expected asset shares conditional on the portfolio regime is not straightforward,

because they are a non-linear combination of the parameters of interest. See Appendix C

for details on the computation method. It is worth pointing out that our findings are not

directly comparable with the literature for two main reasons. First, our definition of bonds is

net of any outstanding debt; second, we look at bond and stock portfolio shares conditional

on the portfolio regime. In fact, as our results suggest, the sign and size of the partial effects

on the same asset share (say, the stocks’ share) may differ depending on the underlying

portfolio type.

10Some asset shares are trivially known as ab = −ār in regimes (ii) and (iii) and as as = 0 in regimes (ii)
and (vii).
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The average estimated expected values of net bond and stock shares conditional on the

observed portfolio regime are close to the corresponding averages for the actual shares (first

and second lines of Table 4). We can assess the goodness of fit of the model by computing

the R2 as the squared correlation between the actual and predicted shares. For stocks, the

R2 is 0.23 in regime (iii) and 0.59 in the most common regime, (i); for net bonds, the R2 is

very high, about 0.99, which is driven by the high correlation between ab and ār.

The analysis of how the predicted shares of stocks and net bonds react to changes

in the characteristics of the households shows that, as expected, in many cases the ef-

fects on E[a∗b |regime = (i)] and E[a∗b |regime = (vii)] have the same sign, while those on

E[a∗s|regime = (i)] occasionally have the opposite sign. Ageing increases the share of wealth

invested in net bonds and decreases the share in stocks; married and non-graduate investors

have, on average, a lower predicted share of net bonds and of stocks in regime (i), while

females, self-employed and retired investors have a higher share of net bonds and a lower

share of stocks. Still in regime (i), turning the households from tenants into homeowners

reduces the predicted share by 11% for stocks and raises the share of net bonds by 113.09%.

The results for E[a∗s|regime = (iii)] are occasionally inconsistent with those for regime (i).

For instance, retired investors are associated with lower levels of investment in stocks for

regime (i), but higher levels for regime (iii), in which households almost always have purely

financial portfolios (i.e., ār = 0). Conditional of the portfolio regime type and indirectly

on the share invested in real assets (ār), wealth and income variables have a rather limited

effect on the shares of net bonds and especially stocks.11 The fractions of wealth invested

in net bonds and stocks are not remarkably affected by past performances of the stocks and

bonds markets; nevertheless, there are significant changes in the share of stocks over time,

with levels from 2004 being consistently lower than those in 2001.

In Table 5, we analyze the predicted probability that a portfolio will be contained in

regime (i), (iii) or (vii). The predicted probabilities are in line with the observed frequencies,

but with an under-estimate regarding the internal regime, (i): the model predicts a 56.82%

average probability, whereas we observe that 64.36% of the sampled households are in regime

(i)12. The probability that a specific portfolio is contained within a specific regime also

11Given that almost no households in regime (iii) own any real wealth, the percentage variation of their
net real wealth is nil, so the effect on the share of stocks is nil as well.

12In contrast, the model overestimates the probability of observing a portfolio in regime (v) (8.3% as
opposed to an observed 0.05% of households in this regime) and underestimates the probability of observing
a portfolio in regime (ii) (0.2% as opposed to an observed 5.4%).
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Table 5: Predicted probabilities of regimes (i), (iii) and (vii) and the simulated partial
effects. Average predicted probabilities that the portfolios fall in regimes (i), (iii) or (vii),
and simulated partial effects of the covariates on these probabilities. For simulated partial
effects, we compute the change in probability (in percentage points) with respect to the
benchmark case. The continuous explanatory variables were changed as described in the
parentheses; dummy variables were moved from 0 to 1 for the entire sample. The statistics
are means computed using the sampling weights. With respect to the estimation sample, we
dropped a few outliers whose predicted adjusted Sharpe performances were not consistent
with the observed regime (0.04% of the weighted sample) and trimmed the top and bottom
1% of the computed percentage variations.

Regimes’ probabilities
(i) (iii) (vii)

% of households in regime 64.36 6.25 23.87
Avg. pred. probabilities (%) 56.82 6.89 24.65
Simulated partial effects (%)
Age (+5 years) −0.55 −25.68 6.14
White 7.02 −6.79 −25.31
Female −2.45 −33.96 3.59
Graduate 6.99 −12.27 −19.57
Married 3.27 −39.14 −2.91
Self−employed 0.20 −45.07 25.19
Retired −4.25 −53.36 5.30
Home owners 77.89 −70.61 96.73
Financial wealth 1.00 45.84 −5.08
Income (+10%) 0.02 −0.68 0.57
Net real wealth (+10%) −2.05 −29.68 1.27
Stocks’ return when 20−24a −0.04 3.12 0.23
10 yrs T−bond return at ta −0.30 −6.63 0.24
S&P 500 return at ta −1.34 −4.68 6.48
1995 1.80 50.52 0.14
1998 −1.72 49.08 0.13
2004 6.24 60.95 0.15
2007 5.59 39.86 0.12
2010 6.78 105.54 0.17
2013 4.11 123.08 0.16
a Increased by 10 percentage points.

correlates with the characteristics of the household. Keeping in mind that portfolios in

regimes (i) and (iii) include stocks, while those in regime (vii) do not, we expect the effects
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to sometimes have opposite signs. This occurs for several demographic characteristics, with

the elderly, females and retirees investors being less likely to hold portfolios of types (i)

and (iii) and more likely to fall within regime (vii). Moreover, white, graduate and married

investors are more likely to choose a portfolio of type (i). Homeownership increases the

chance to hold a regime (i) portfolio and drastically reduces the probability of falling within

regime (iii). The latter result is unsurprising given that almost all the households with

portfolio type (iii) do not own real assets and in our framework, they are considered credit-

constrained because of a lack of collateral. Ceteris paribus, changes in income and wealth

are not associated with remarkable differences in portfolio type choice, with the exception

of regime (iii). Finally, stock and bond market performances and cohort effects as measured

by the stock market return when the relevant heads of household were 20-24 years old seem

to have a marginal role in portfolio type choice. Nevertheless, due to the significant changes

in the estimated volatility of net bonds and stocks, the model predicts an increase in the

probability a portfolio will be contained within regime (i) after 2001.

We ran two robustness checks of our benchmark analysis. In one case, whose key results

are summarized in Appendix Tables A5-A7, we restrict the sample to households with finan-

cial wealth of at least 20 thousand USD rather than 5 thousand USD as in the benchmark.

The purpose is to see if results change when focusing on relatively richer households. Our

estimation strategy identifies the parameters that rationalize the observed portfolio choice

in terms of mean-variance allocation. If the threshold’s increase changes significantly the

portfolios in the estimation sample, our estimates should register this shift. Unsurprisingly,

raising the thresholds from 5 to 20 thousand USD has a noticeable impact on the prevalence

of portfolio types (e.g. the percentage of households in regime (i) increases from 64% to 74%),

and the level of indebtedness (from −53% to −33% in regime (vii), from −45% to −32% in

regime (i)). Consequently, the estimates of expected Sharpe performance of net bonds and

stocks, their correlation and hedging terms with respect to real assets are different from our

benchmark case. The estimated risk aversion is instead almost unaffected by this change.

Despite these modifications, the main results hold also in the sample with financial wealth of

at least 20 thousand USD: most of the heterogeneity is due to demographics and real assets

ownership, while a limited role is played by income, wealth, and past performances of the

financial markets. In the other case, whose key results are summarized in Appendix Table

A8-A10, we look at the sub-sample of observations collected in year 2001. The purpose is

to check if results change in periods of recession. As expected, predicted regime probabili-
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ties and their partial effects vary to a large extent compared with the benchmark analysis.

However, the model fit is still good and we observe virtually no change in the estimate of

risk aversion and its partial effects.

4.2 Structural vs. non-structural modeling approaches

We conclude our analysis by contrasting the results based on the mean-variance (MV) struc-

tural model with those obtained on the basis of simpler models without any structural

interpretation. In such models, by construction, the average predicted asset shares and

probabilities coincide with the average observed values and frequencies. We first compare

the relative partial effects on risk aversion γ, shown in Table 3, with those obtained using a

standard ordered logit. The latter are shown in the first column of Table 6, where we observe

that the relative partial effects of many demographic characteristics of the investors on their

risk aversion are remarkably different if estimated with the standard approach rather than

with our structural model. In particular, the contrast is sharp if we consider gender, marital

status and financial wealth, regarding which the two approaches indicate significant effects

of opposite sign. Moreover, the ordered logit model estimates effects that are quantitatively

larger on income, net real wealth, and cohort heterogeneity. In contrast, both models agree

that risk aversion increases with age, white race, college degree, self-employed and home

ownership.

Regarding net bonds and stocks shares, we consider three independent linear models for

regimes (i), (iii) and (vii), regressing ab and as on xb or xs. In Table 6, we show the partial

effects that are comparable with those in Table 4. The R2 of the simple linear models are

considerably lower than those obtained with the complete MV model, especially in the most

prominent regimes (i) and (vii). This makes us prefer our estimates based on the complete

MV model. Both approaches confirm that, conditional on the type of portfolio held and

homeownership, changes in households’ wealth and income do not have a major impact on

stocks and net bonds shares, and in many cases, the sign of the effects are consistent between

the two sets of results. In the case of homeownership status, the sign of the effect on the

predicted net bonds share is negative in the simple linear model and positive in the structural

model: 113.09% in regime (i) with the structural model and −309.41% with the linear model,

51.49% in regime (vii) with the structural model and −297.44% with the linear model.

This drastic change must be read taking into consideration that in the MV framework, the
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portfolio shares incorporate the information on investment in real assets, while in the simple

linear regression model, the homeownership dummy signals the availability of a potential

collateral for loans and a possibly negative position in net bonds.

Finally, we compare the results for the regime probabilities in Table 5 with those obtained

using a standard multinomial logit model. For the latter, we consider four regimes: (i), (iii),

(vii) and a fourth one gathering the remaining portfolio types. The comparison shows that

the structural and multinomial logit models often deliver contrasting results. For instance,

the structural model predicts a higher probability that portfolios will be contained in regime

(vii), (ab, 0), among women, while the reverse is predicted by the standard model.
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5 Conclusions

In this paper, we develop a structural econometric model within the mean-variance (MV)

portfolio framework to elicit US-household-specific expectations about future financial asset

returns and risk attitudes, using data on observed portfolio holdings and answers to questions

regarding the self-assessed willingness to bear financial risk. We assume that households’

portfolio choices can be approximated via a MV investment model for financial and real

wealth, in which real assets cannot be traded in the short run and provide a collateral for

borrowing.

More specifically, the investment set is made of one riskless asset (deposits), two risky

financial assets (net bonds and stocks) and one risky real asset; households cannot take short

positions in deposits and stocks, but they can finance their investment in real assets using

collateralized debt, which we interpret as a short position in bonds. Our net bonds asset

category is therefore a composite instrument given by position in corporate and government

bonds net of the mortgages and loans for real assets, and this position is bounded from

below by the value of the real assets. We derive an explicit solution to the model that

is characterized by seven possible portfolio regimes and three levels of self-assessed risk

attitude. We then analyze the model using a combination of structural tobit and ordered

probit estimation methods.

We find that there is wide heterogeneity in the expected distributions of net bonds and

stocks returns, their correlation with real assets returns, and risk aversion and that many ob-

served household characteristics correlate with these households’ actual behavior. Increased

age is associated with an increase in risk aversion and net bond Sharpe performance and

a decrease in stock Sharpe performance. White, female, graduate, married, and retired in-

vestors are more risk averse but also more optimistic about the Sharpe performances of both

financial assets; the self-employed and homeowners are more risk averse and positive about

net bond Sharpe performances, but also more pessimistic with respect to stock Sharpe per-

formance. In contrast, expectations and risk aversion vary little with wealth, income and

past financial market performance. Nevertheless, the volatility of the expected stocks return

is estimated to be higher after 2001.

Overall, our model predicts the shares of net bonds and stocks better than standard

atheoretical reduced-form models that are conditional on portfolio types. Our findings sup-

port the view that the simple MV investment model is able to explain much of the observed
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dispersion in household portfolios when constraints on real assets and heterogeneity in expec-

tations and preferences are taken into account. Moreover, the use of a structural approach

and appropriate data allows us to separately evaluate the effects of a change in expectations

and the effects of a change in preferences, two dimensions that would otherwise become

confused with each other. Despite the different modelling strategy, our results agree with

most of existing evidence regarding the heterogeneity of preferences and expectations across

investors. In contrast, the use of a structural approach, together with the role played by

borrowing and real assets in household portfolio allocation, make our estimated expectations

not very sensitive to past market conditions.

The suggested approach explicitly exploits the static feature of the mean-variance port-

folio model. Thus, our interpretation of the results in terms of expectations is valid only

under this identification assumption. Nevertheless, we find it encouraging that many of the

findings about investors’ heterogeneity agree with those obtained by other elicitation meth-

ods of preferences and expectations. The enrichment of the investment theoretical model

with the inclusion of aspects such as dynamics, human capital and investment costs is left

to future research.
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Highlights

• We develop a structural tobit model to study household portfolio het-
erogeneity.

• The model elicits expectations on assets returns and financial risk at-
titude.

• Given real assets, households in the model can invest in deposits, bonds
and stocks.

• The model fit is good and marginal effects accurately estimated.

• Sociodemographic variables explain observed heterogeneity more than
economic ones.
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