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Abstract
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1. Introduction

Households face portfolio allocation problems othesir entire life-cycle, across different
stages of the business cycle and with not necés#laei same economic conditions. Theo-
retical models predict that the financial marketsrany ageing developed countries are
approaching the conditions for an “asset price dogn”. Even though the empirical evi-
dence on the relevance of this phenomenon is natlgsive (see Takats, 2010 for an up-
dated review), it raises concern among policy makKentet al., 2006). A simplifying
hypothesis of this literature is that investmentices and attitude toward risk are constant
with age, time, and across generations, but tieeliétle empirical evidence on the validity
of this assumption.

In this paper we provide new insights on the evofubf US households’ willingness to
undertake portfolio risk. We exploit data from & Survey of Consumer Finances (SCF)
from 1998 to 2007 to estimate various measuresskfand study the correlation between
risk taking, wealth, age, cohort, time and the nmfansehold socio-demographic characte-
ristics. In particular we consider four measuredsK taking, two based on a narrow defini-
tion of portfolio including only financial assetdeposits, bonds and stocks) and two based
on a broad definition of portfolio including alsemfinancial assets (human capital, real
estate and business wealth) and related liabililesler the narrow portfolio definition we
compute the share held in stocks and the standadtibn of investment returns; under the
broad portfolio definition we compute (again) thanglard deviation of investment returns
and the risk tolerance implicit in investment halgh. This last measure is derived from the
comparison between observed and mean-variance aptiontfolio holdings, following the
approach in Bucciol and Miniaci (2011). The fouraseres do not necessarily provide the
same ranking of risk taking, as they are baseddiffexrent set of assumptions and a differ-
ent information set. Indeed, while for the stockrehonly the information on the total level
of financial wealth is required, for the standaevidtion we also exploit the portfolio com-
position and the risk characteristics of the asattgories. In contrast, for the risk tolerance
we consider the risk/return characteristics of #sset categories, as prescribed by the
(myopic) mean-variance framework.

A large body of literature already investigates ¢am others) the relation between age
and portfolio choices using micro data, but mosttatlies on cross-sectional data for a

single year, and therefore it cannot separate Hget® from time and cohort effects (see
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Guisoet al., 2001, for a review). In contrast, works tryingdisentangle age, time and co-
hort effects focus their attention on either a dmepart of the population or a restricted
number of assets (e.g. Agneaval., 2003; Ameriks and Zeldes, 2004; Lusardi and Mit-
chell, 2007). Our analysis allows us to disentariggeage effects from time and cohort ef-
fects in a nationally representative dataset, ohalg information on a broad number of as-
sets.

We depart from previous works in three importaméctions. First, as discussed above,
we compare four alternative measures of risk, laligible but not necessarily providing the
same ranking of risk taking distribution. Secon@, eonsider two definitions of portfolio,
with the broad one incorporating all the main searof financial and non-financial risk.
By using the SCF we can rely on a detailed desorippf household portfolios, keep the
definition of portfolio constant over time and tefare have consistent cohort data for 9
years. Neglecting in particular non-financial assetay bias the analysis, because they
usually account for most of household wealth, dm®y tare more relevant in some groups of
households (e.g., human capital for the youngess$,onusiness wealth for entrepreneurs).
The third departure of our work is on the treatm@ntonstraints in portfolio composition.
In fact, non-financial wealth is commonly subjectconstraints that limit household deci-
sions. Ignoring these constraints, we may get angvpocture of the actual household prefe-
rences. For instance households hold owner-occumeding for investment as well as
consumption purposes; to deal with this issue, allew Flavin and Yamashita (2002) by
taking the holding of real estate (most of it isidential housing) as exogenous. In other
words, we assume that households make their portelcisions keeping fixed their hold-
ings of real estate. In addition, we assume thaiséloolds keep fixed their holdings of
business wealth and human capital. When considénegisk tolerance measure, we also
consider short-selling restrictions on deposits siodks, and we impose that debt cannot
exceed the size of business wealth plus real eftaeis business wealth and real estate
are used as collateral). Negative portfolio weigiind loans higher than the collateral are
difficult to implement in practice for households.

Our indicators show a similar time trend, with riglking peaking in 2001, and that
many households are willing to undertake only leditisk. In addition, the four measures
of risk taking increase with wealth, income, andheqroxies for financial sophistication.

However, the indicators are imperfectly correlatadd the correlation is particularly low
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when comparing a measure based on the financidbporwith one based on the complete
portfolio. The age profile of risk taking, assumitingit all the other household variables are
constant, is also conditional on the type of pdidfoonsidered. Using the two measures de-
rived from the financial portfolio, risk taking nstant up to age 60, and then it falls; us-
ing the two measures derived from the completef@at risk taking increases up to age
40, and then it remains stable. Overall, risk tglseems constant for a large part of the life
cycle, and in particular during the ages 40-60.

The remainder of this paper is organized as folld®exction 2 surveys the literature on
household portfolios, risk, age and time effectsct®n 3 presents our measures of risk,
while Section 4 describes our survey data. Se&ishows our main findings from the es-
timates and discusses some robustness checkdyFBedtion 6 concludes. The Appendix
provides technical details on the construction whhn capital in household portfolios. A
supplementary appendixeports methodological details and the completeseesults for
the robustness checks.

2. Household risk taking, age, cohort and time eft#s

Economists, professionals and policy makers Idakasa and theories on household port-
folios from different perspectives and with diffateaims, but all of them are interested in
an accurate description of what households actdallyith their own money. In particular,
attention is paid to the risk borne by the housgtiohnd on how it changes with age and
over time. For most of the theoretical and empiriitarature this means to investigate the
fraction of household financial wealth investedigky assets, usually stocks.

Models that examine optimal portfolio choice in fresence of non-tradable labor in-
come, including Heaton and Lucas (1997) and Vicg@f91), find that equity shares ought
to decline throughout the life-cycle. This is besaiouseholds initially choose an optimal
share of wealth to invest in the risky asset wbdasidering their future labor income as a
safe asset. As the life-cycle progresses futurerlaizome is realized and it is substituted
with bonds, which they consider a tradable fornsafe assets. If permanent income risk is
the most relevant source of income risk for theeyd then the former prediction is consis-

tent with Angerer and Lam’s (2009) findings thatiacrease in permanent income risk is

! Available online atvww.sites.google.com/site/abucciol/files/risktakimgpendix.pdf
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associated with a reduction in the risky assetesbthe household portfolio. This intuitive
result becomes weak when housing or non-homotipegiterences are considered. Cocco
(2005) considers a life-cycle model with housinduided in the utility function which pre-
dicts that younger households are highly investedousing and thus have limited wealth
to invest in stocks, which reduces the benefitotls ownership. Wachter and Yogo (2010)
consider the case of non-homethetic utility funesiowith “basic” and “luxury” goods,
which produces — together with an income profileréasing with age — an age profile for
the risky asset share flatter than the one obtamgdhomothetic utility functions.

Empirical works are necessary to shed light onréiation between age and financial
risk taking, because there seems to be no agreemtd theoretical literature. Studies us-
ing a single cross section usually find that riaksf with age (for instance see Mclnish,
1982, Morin and Suarez, 1983, and Pallson, 1998)tHeir informative power is limited
for at least two reasons: (i) they cannot diserieaage, cohort and time effects, (ii) the ra-
tio of financial risky assets to household (netpaficial wealth is not a sufficient statistic for
the financial risk borne by the households.

Some papers improve the evidence based on a sirage section by considering either
repeated cross sections, or panel data. Poterb&anaick (1997) use the Survey on Con-
sumer Finance (SCF) from 1983 to 1995 to show hgevaand cohort effects interact in de-
scribing portfolio shares and they show, among rothiegs, that younger cohorts have a
higher attitude to accumulate housing debt. Jigplalsoand Bernasek (2006) use 1989,
1995 and 2001 SCF data to show that the risky adsme decreases with age and that
younger cohorts invest a smaller fraction of the@alth in risky financial assets. Using
panel data sets, as the Panel Survey of Incomerbigsait is possible to directly investi-
gate the determinants of the entry — exit decigiothe risky financial markets and of the
portfolio rebalancing. With this respect, Brunner@neand Nagel (2008) prove that house-
holds rebalance very slowly; Alan (2006) assessashat extent the participation to the
stock market over the life cycle is affected byrgmsts for first time investors; Bilias
al. (2009) document that portfolio rebalancing is redé&ted to market movement. This evi-
dence suggests that it might be the case thatst $®me of the risk is passively borne by

the household due to their inability to react te tiew market conditions.



3. Measures of risk

We consider four alternative indicators of riskitak whose main features are summarized
in Table 1. It should be noticed that all the fongasures are derived from observations on
household portfolio holdings at market value, whiol assume reflect investors’ choices.
This assumption may be violated for households fhéxb chosen their portfolio composi-
tion in earlier years, and then just kept it withor limited adjustment (see, e.g., Calvet et
al., 2009). For such households we would then @bstire original portfolio composition

modified by the different historical realizationfstbe asset returns.
TABLE 1 ABOUT HERE

3.1. Stock share in financial portfolio
Following the standard literature on risk, thetfirglicator is the share of the financial port-
folio held in stocks. More generally, consider aoreomy with one risk free asset and a set

of m risky assets. For each househqid=1,...,N observed at timg we know the weights

of its portfolio, w, :[cqtyl W, - cqtm]'. Our measure of risk is the asset shaxe,

where the indexs denotes stocks. In our applicatiom=2 and we consider (corporate
and government) bonds and stocks as risky assets.

Although popular for its simplicity, this measumgnores that other risky assets apart
from stocks are included in a household’s portfeli@ that risk may vary over the years.
This assumption is probably wrong, as testifiedi®/recent crisis of the financial markets.
For instance in a financial portfolio, bonds maydobject to firm-specific risk (corporate

bonds) or country-specific risk (government bonds).

3.2. Standard deviation in financial portfolio
Our second measure acknowledges for this by congptitie standard deviation of returns
in the financial portfolio. More generally, let sappose that we know for the risky as-

sets their variances and covariances, collectethénmatrix Z,. For each household

=1,...N observed at timet, we then compute the portfolio standard deviation
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This measure provides a thorough assessment afsthén a financial portfolio at the
cost of knowing the variances and covariancestafme among financial assets. Moreover,
it may not reflect the overall household portfotiek; in fact, it ignores that other non-

financial assets — which often account for a lang@unt of total wealth — are risky as well.

3.3. Standard deviation in complete portfolio
We then extend our definition of portfolio, and smer an economy with one risk free as-

set and a set afi >m risky assets, of which we know the variances andgancesz, at

time t. For each householdi =1,...,N at timet, we observe the weights of its portfolio,

w, :[%,1 W, e cqm]'. In particular, we consider as risky assets bamus$ stocks

(our financial portfolio), plus human capital, busss wealth, real estate, and related liabili-
ties; for sake of simplicity we group liabilities the same category as bonds. We call this
new portfolio, which includes =5 assets, “complete portfolio”.

Real estate is certainly less liquid than finanegdets, due to transaction costs; in addi-
tion, most of it is residential housing and is #fere constrained to consumption needs.
Similar arguments may be made on the degree oidligun human capital and business
wealth. In a short time horizon these assets magdem as completely illiquid, which
means that their holdings cannot be changed antbkem as exogenous in the portfolio

choice problem (Flavin and Yamashita, 2002). Lethes distinguish the portfolio weights
for householdi,i =1,...,.N at timet, &, in two components, =[a}§' wﬁ} . Weights
«f, include all the holdings of unconstrained riskpeds (bonds and stocks), whereas
weights ¢f, include all the holdings of constrained assetal @state, business wealth, and
human capital). Accordingly we distinguish the caments of the covariance matizx in

zuu zuC

=
Pl I
It can be shown (see Gourieroux and Jouneau, I808etails) that the overall portfolio

variance is the sum of an unconstrained variandeaazonstrained variance,

@, L@, = o M + of TV of



where sz =5 -3 (Zt‘”)_l >.° and the unconstrained weights are
lc — w\ 7t suc
(1) (’“ﬁ _a’#"'(zt ) Zt Cuﬁ

: y2 : -
Our third measure of risk ig :(a{t’IC quajfb) , that is, the standard deviation of the

unconstrained portfolio returns. This measure dsffeom the one based on the financial
portfolio because it depends through® not only on the observed portfolio weights of the

financial (unconstrained) assets, but also on tt@wariance with the weights of the con-
strained asset$i¢dging term). Notice that the variance of returns on the aamséd assets
plays no role in this measure.

Similarly to the standard deviation of the finahgartfolio, this measure provides a
comprehensive assessment of household portfolip piovided that one knows the va-
riances and covariances of returns on financiattasand the covariances between returns

on financial and non-financial assets.

3.4. Risk tolerance implicit in complete portfolio

So far, we described households’ portfolio decisionterms of portfolio shares and wil-
lingness to bear risk, where the latter coincidéh whe “ex ante” standard deviation of
their portfolios. However, the relationship betwdmrne risk (measured by portfolio va-
riance) and risk attitude is not straightforwartius, any inference about household risk at-
titude exploiting data on household portfolio rigkjuires further simplifying assumptions.
In what follows we postulate that households ar@pity mean-variance (MV) optimizers
(i.e. they have a one-year planning horizon) arseéta®turns are correlated with each other
in a given time period, but they are distributedeipendently over time. We therefore fol-
low Bucciol and Miniaci (2011), who suggest to estie household’s risk tolerance as the
one which equalizes the variance of the observeddtmld portfolio and the variance of
MV efficient one.

Our risk tolerance estimate is the valueypfimplicit in the following equation, which

imposes an identity in the variance of the retams$wo portfolios:

) dza@, =w(y,) Zw(y,)



where the variance on the left-hand side of theaeogu refers to the observed portfolio, and
the variance on the right-hand side refers to thé dgtimal portfolio, conditional on the

household-specific risk tolerange, and some equality and inequality constraints &rth

portfolio allocation, described for a generic polit of weightsw by the conditions

Aw=b

Cw<d.
In our empirical analysis we consider equality ¢aaists on the non-financial assets — that
is, we set as exogenous the holdings of busineakhyeeal estate and human capital — and
inequality constraints on the financial assets ertséelling restrictions on deposits and
stocks, and debt below the collateral (the sumusiriess wealth and real estate). With this
choice of the equality constraints, equation (dsivalent to the comparison between un-

constrained variances:

Tl =W () ZWE () -
In general, the presence of inequality constrgantsents one from obtaining a closed-form

expression fory, ; see Bucciol and Miniaci (2011) for further detailhe solution is then

found numerically with quadratic programmifg.

One could argue that there is no specific reasaetive risk tolerance from portfolio

variances, and we could also look at, for instapogtfolio expected returns. In general,
any portfolio along the efficient frontier is a patial candidate for our comparison. How-
ever, there are three reasons that make us optafances: first, the variance of an ob-
served portfolio is a clear indicator of the housdls willingness to bear risk; second, it is
more robust to estimation errors than the expecttdn (see, e.g., Merton, 1980; Chopra
and Ziemba, 1993); third, our approach is consistétt the analysis in terms of Certainty
Equivalent Returns (CER) from standard expectddyutheory (as in Calvett al., 2009).
In fact, equation (2) is also the first order cdiwdi from the minimization of the distance
between the expected utility under the observetfglar and the expected utility under the
optimal portfolio, where the utility is either tlene in the MV framework, or the CRRA
utility function; Bucciol and Miniaci (2011) derivhis formally.

2 In the absence of any constraint, the risk toleeagstimate would differ from the variance of tbenplete
. y2
portfolio only for the market performancyiE :(q{z[@[ / ’71'21_1’71) , With . vector of excess returns ex-

pected at timeé.
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This measure of risk has two main advantages cadptar the alternatives discussed
above. First, it provides an assessment of riskudé rather than merely borne risk. In fact,
we believe it is not possible to investigate rigkuade without comparing the risk of a port-
folio with its expected return. Second, it is niokéd to the observed portfolio holdings
with a one-to-one relationship; observed portfolizatter only in their relation with the op-
timal portfolios. They are then seen as a proxytha real investment intentions, from
which they may differ because of i) infrequent dabaing, which means that portfolios
vary just because of gains/losses in asset pricdsipmarket imperfections (e.g., mini-
mum investment size). The disadvantages of thissoreaare that it imposes the MV
framework, and it needs to know not only varianaed covariances of asset returns, but

also their expected returns.

4. Data

4.1. Household portfolios

There are few surveys potentially useful to invgg® how US households change their
portfolio along the life-cycle. The Panel Study lotome Dynamics (PSID) is comple-
mented by a Wealth Supplement run from 1984 to 1985y five years, and every two
years since 1999. The PSID is a longitudinal datasel thus it enjoys the typical advan-
tages of panel data. However, with its informatmnassets holdings it is not possible to
clearly identify the investment in composite asseish as pension funds and retirement
plans, and therefore to assess how risky the piorifa Portfolio description is more de-
tailed in the Health and Retirement Study, whichls a longitudinal study, but it focuses
on the population over the age of 50. An obviousda#ate dataset for our purpose is there-
fore the US Survey of Consumer Finances (SCF).

The SCF is a repeated cross-sectional survey ofdimids conducted every three years
on behalf of the Federal Reserve Board. It colldetsiled information on assets and liabil-
ities, including home ownership and mortgages, ttoggewith the demographic characteris-
tics of a sample of US households. The survey dedilely over-samples relatively wealthy
households to produce more accurate statisticeurnanalysis we then use the sampling
weights provided by the SCF to obtain unbiasedssizd for the US population. The SCF

also handles the high rate of item non-responsiealypf wealth-related microdata by im-
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puting a set of five values that represent a distion of possibilities. Multiple imputations
of missing data increase the efficiency of estiorgtiallowing the researcher to use all
available information, and have the distinct adagatof providing information on uncer-
tainty in the imputed values. We exploit this imf@tion as suggested in Rubin (1987); we
develop our analysis independently for each offthe completed datasets and our final
statistics are the average of the estimates defivedach dataset; standard errors account
for the variability both within and between thesefdatasets.

Our data on household portfolio holdings are tadkem the waves from 1998 to 2007 of
the SCP Our final sample consists of 15,134 householdk Weiad aged between 25 and
90. We consider two definitions of portfolio. Thénancial” definition includes the main
financial assets, grouped in three categories: siep@hat we treat as risk free), bonds, and
stocks. The “complete” definition also includes lameapital, business wealth, real estate,
and related liabilitie§.We include liabilities in the bond category, while other three as-
sets form new categories. Human capital is estidnedaditional on age, gender, race and
education of the household head using an approaalhaeisto Jorgenson and Fraumeni
(1989). In a nutshell, it is a discounted projettid the future realizations of gross income,
for the head and the spouse (if any); see AppeAdor details.

Over the period we consider the size of househ@dltiv (in 2007 USD) rose markedly
using either definition. The median value of fin@havealth goes from 22,500 USD in
1998 to 31,000 USD in 2007, the corresponding \&lize the complete definition of
wealth are 1,181,687 USD in 1998 and 1,916,679 WSID07. Wealth was indeed fueled
by a rising stock market between 1998 and 2001,lsnd rising house price market be-
tween 2004 and 2007.

Each asset is classified as defined in Table 2¢hvhiso reports the composition of the
aggregate complete portfolio, computed accountomgriultiple imputations and sampling

weights. The financial portfolio includes all thesats in the deposits, bonds, and stocks

% We neglect wave 1995 because portfolios happée targely different from those observed in lateves,
as they are more highly concentrated in depositsbdlieve that including this wave would bias ooalgsis
as its portfolios would merely reflect a changéhia set of investment possibilities. For instadéd, (k) and
other retirement assets were not yet widespred89%. We neglect previous waves of the SCF beaafuse
small changes in the questionnaire.

* In a robustness check (not reported) we also dezlicredit card debt and debt for other reasorch(as
student loans or loans for car purchase) . Credit was taken as a separate asset category béisaugterns
are markedly different from those on other liakiht Results do not change qualitatively, primaboiégause
credit card debt weighs relatively little in mostusehold portfolios, and we omit this case fromahalysis.
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categories of the complete portfolio, thereforelading mortgages and other liabilities.
Notice that the largest share in the aggregatdqgbiortis by far human capital (between
75% and 78%); this share is roughly in line withhsiation studies in Cocco (2005). In ag-
gregate human capital falls over the years becatigopulation ageing (the economy is
progressively more populated by older people, wbld kess labor human capital) and be-
cause in the period under investigation it provitteder returns than financial wealth (over
the years 1998-2001) and real estate (2004-200%W).sEcond largest share of wealth is
held in real estate (between 10% and 13%), mostiywiner-occupied residential housing.
The inclusion of mortgages in the bonds class detess an aggregate short position in it.

Finally, notice that most financial wealth is heidstocks>

TABLE 2 ABOUT HERE

There is no exact correspondence in the questibtieeovarious SCF waves, as for in-
stance before 2004 we have no information on thetibn of balanced composite assets in-
vested in stocks. For this reason imputations Hmen madé.However, the trend shown
by these assets in the imputations before 2004 (witre wealth held in deposits and less
in stocks) is consistent with the trend observedtimer assets whose definition has re-
mained constant across the waves (e.g., savingrameéy market accounts, directly held
stocks, etc.).

To better understand the evolution of portfolio idens over the life-cycle, we group
our observations by cohorts. Specifically, we defohorts within a range of 5 birth years.
Our sample contains 15 such cohorts, born betw8&0 and 1984. Since the oldest and
the youngest cohorts are built from few observatjam the following figures we will show
cohort-specific statistics based on at least 1G@ofations.

We start with the cohort-specific age profile ofalith. For each cohort and for each

wave we compute aggregate wealth as the averadthwetdings in the sample, weighted

® For instance, the share of stocks in the aggrdiatecial portfolio of 2007 is 4.94 /(2.79 +2.22.94) =
49.65%, where 2.22 is the total amount of (direatig indirectly) owned bonds (excluding liabilifies

® With composite assets we mean the four assetewiit Italics in Table 2 (IRA-KEOGH accounts, reti
ment accounts, annuities, trust-managed accowagnced composite assets account for about 3Qfre of
wealth held in these assets. We then exploit inédion from a question on the composition of thessets
and, depending on the answer we observe, we bpltidlding equally in deposits and stocks, bonds an
stocks, or deposits, bonds and stocks.
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using the SCF sampling weights. Figure 1 showsehalting age profile for the financial
definition (left panel) and for the complete defiion (right panel) of wealth. Values are re-
ported in 2007 USD using the Consumer Price Indexall urban consumers (source: US
Bureau of Labor Statistics). The figure shows foafcial wealth the typical inverted U-
shape profile, with remarkable cohort and time &&ewith younger cohorts systematically
richer than older ones. In contrast, total weadthsfmonotonically with age, because hu-

man capital progressively decumulates.

FIGURE 1 ABOUT HERE

We then turn our attention to the single assetihgtd Figure 2 reports the age profile of
some key asset holdings for our complete definiibportfolio. Cohort portfolios are con-
structed as the aggregate portfolios from the (hteid) observations in our sample and
conditional on cohorts and age (see Poterba andviskm1997). Most of the variation in
portfolio allocation is driven by human capital, iatn accounts for nearly 100% of wealth
at the beginning of economic life and then it mdikdalls with age, leaving all the other
asset shares rise. The remaining age variatiorontiofio allocation seems driven by the
timing of housing investment. With volatile housacps, the insurance motive makes
young households purchase their house early in(éié2 Sinai and Souleles, 2005 and
Bankset al., 2010a). In order to increase their housing comsiom they resort to deltlt
is worth noticing that the stock share is incregsmore markedly only when the negative
bond position is decreasing. That is, debt posstiprimarily due to real estate investment
make stock investment less attractive. This evidesconsistent with Becker and Shabani
(2010) who find that households with mortgage deset 10 percent less likely to own
stocks and 37 percent less likely to own bonds @ewpto similar households with no out-
standing mortgage debt.

Later in the life cycle, households are expecteddwnsize their housing investment.
However, older households do not switch from homeship to renting. Thus, if they re-
duce their position in primary residence, they ddog moving to a smaller, but still owned,

house. This finding is consistent with Bardtsal. (2010b), who show that the five year

" The percentage of households with a mortgage pakmd the age of 45.
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housing transition rate from owner to renter isyohl3% for the US homeowners over 50

years old.

FIGURE 2 ABOUT HERE

4.2. Asset time series

Information on asset returns is essential to eséiroar measures of standard deviation and
risk tolerance. We take annual financial returren(ts and stocks) from the “Merrill Lynch
US Corporate & Government Master Index” and “MS@AJStock Index” time series of
US asset total return indices (downloaded from Etegam). We consider as risk free return
for deposits the yield of 3-month T-bills. Annu&turns for business wealth are proxied
with proprietor’'s income from Bureau of Economicalysis (BEA) . To measure the un-
certainty related to human capital we construcnfEA data a time series of labor in-
come consistent with the definition we used in$@F2 Our time series cover quarterly the
years from 1979 to 2007. To compute the correlatigith the asset excess returns we sub-
tract from this series the series of our risk fref@rns.

It is more problematic to find a time series oflrestate returns valid for our purpose.
From the perspective of a household, we need ass#rat accounts for not only capital
gains, but also earnings due to rents. We therefamine a repeat-sale, purchase-only in-
dex calculated for the whole of the US from thedfatiHousing Finance Agency (FHFA),
with an estimate of imputed rents-price ratiostfer US market calculated in Dawasal.
(2008). The rent-price ratio decreased between d8d%he second quarter of 2006 from 4.
85% to 3.64%, and started rising again in the Wilhy years. The average ratio in our
sample period is 4.76%, in line with rough estimdte Flavin and Yamashita (2002) and
Pelizzon and Weber (2008).

In the analysis, we consider a moving 20-year wn@80 observations) for asset re-
turns. Specifically, for the survey data collectedyear X we assume that portfolio deci-

sions are based on asset returns observed betwaeX-$9 and yeaiX. Households inter-

8 See Appendix A. We take the difference betweeagrel income and earnings from rents, dividends, an
capital gains. The resulting time series incorpegatage and salary disbursements, supplementsgeswa
and salaries, proprietors’ income with inventorjuation and capital consumption adjustments, amsignel
current transfer receipts, less contributions fdsliz social insurance. BEA data refer to the wHa& popu-
lation, and thus they already incorporate unempkmynspells.
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viewed in different years have therefore differerpectations about future market move-
ments. Table 3 shows the main statistics of thetasturns we consider in the analysis.

TABLE 3 ABOUT HERE

Figure 3 also informs on the results of this estiomexercise. The two top panels re-
port the rolling excess return (top-left panel) aolling standard deviation (top-right panel)
for each asset from 1998 to 2007; the verticalslisRow the data points we use in each
wave. We see that expected stock excess retumdnasnatically before 2000, and become
less predictable afterwards; bond excess returow gntil 2001, while real estate excess
returns keep growing from 1999 to 2006, outperfogrthonds since 2004. This is reflected
in Figure 2, where stock shares systematically shamarked growth between the first and
the second point of the curve for each cohort. falileve instead observe in the age profile
of stock shares between the third and fourth paoirthe curve for each cohort (that is, be-
tween 2001 and 2004) reflects the shift of saviogsrd real estate, following the increase
over this period in the returns of real wealth.n8td deviations are — unsurprisingly —
more stable over time, but nevertheless, bondwitikesses a remarkable reduction starting
from year 2000. In order to assess the riskine$®o$ehold portfolios we also need to eva-
luate the correlations between assets. The tw@ioptanels of Figure 3 show the rolling
estimates of the correlation between bonds (botight-panel) and the other assets (bot-
tom-left panel), and between stocks and the otbseta. The two panels suggest a marked
change in correlation over the years; in particutae correlations between bonds and
stocks were markedly higher at the beginning ofsample period. As a consequence, al-
though the standard deviations of the returns arte gtable over time, the risk of a fixed

portfolio can vary considerably due to the fluctoias of the correlations.
FIGURE 3 ABOUT HERE
We conclude this section by showing how observetfgims perform in a MV space.

Figure 4 reports this graphical analysis; the pehel refers to our financial definition,

while the right panel is based on the unconstraimeihts (1) of our complete definition.
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Both panels suggest wide heterogeneity of portfdegisions, with many portfolios per-

forming worse than others.
FIGURE 4 ABOUT HERE

As in the empirical exercise we rely on macroecoedime series in order to assess the
riskiness of human capital, business wealth anldestate, one might argue that we are un-
der-estimating these risks since we completely rigribe idiosyncratic component. How-
ever, this is not a problem in our analysis. Int,fy imposing equality constraints on the
holdings of the three non-financial assets, to endtir us is only the covariance between
such assets and the remaining assets, which Iy tixde driven by systematic rather than

idiosyncratic risk.

5. Results

5.1. Distribution of risk taking

We start our analysis by showing statistics onabelution of risk taking over time. The
first part of Table 4 reports the measures of wekderive from the aggregate portfolios in
each SCF wave (those in Table 2), ignoring therbgémeity in cohorts and other house-
hold characteristics. The four measures agreeawisiy higher propensity to risk taking in
the years 1998 and 2001 rather than in the yed4 a2Ad 2007, in correspondence to the
highest stock shares, high volatility of bonds atatks and high correlation between bonds
and stocks. Only the risk tolerance indicator reponarkedly higher risk taking in 2001
than in 1998.

The second part of Table 4 shows the median valugslo taking as measured from
household portfolios. The statistics thus accoantlie heterogeneity in household portfo-
lios, especially regarding participation in theigas asset markets. Even though the results
from this exercise are quantitatively differentrfreoefore (estimates are regularly smaller —
especially for the stock share and the risk toleganbecause many households in the sam-

ple hold poorly diversified portfolios with relagly little risk’), they qualitatively confirm

°8.41% of the households in the sample hold owsky fiee and human capital assets; 15.44% holdrsky
free and human capital assets, plus either busimealth or real estate assets.
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our above conclusion: propensity to risk taking \wagher in 1998 and 2001. This time we
find more marked reduction of risk taking in 200®1&2007; in addition not only risk toler-

ance, but also the stock share indicator reaclké=aapeak in 2001.

TABLE 4 ABOUT HERE

We then turn our attention to the distribution loé household-specific measures of risk.
Figure 5 plots the cumulative distribution functi¢edf) of our four indicators. All the
measures report wide heterogeneity, reflectingedbffit market conditions and portfolio al-
location, and inform that a large part of the pagioh has very little propensity to risk tak-
ing. This is particularly evident for the stock ehathat is set to O for a number of house-
holds between 40% and 50% of the sample in the saae Notice that the cdfs referring
to the waves 2004-2007 are typically drawn aboeectlfs for the waves 1998-2001, which

means that over those years the distributionshafied toward lower levels of risk taking.

FIGURE 5 ABOUT HERE

The four indicators show a similar time trend amdilar distributions of risk taking.
However, they may provide different results at shegle household level. Table 5 reports
the correlation among our four indicators, takemeerage over the four waves. The corre-
lation is very high (0.92) between the two indicatbased on the financial portfolio (stock
share and standard deviation), and smaller (0.68yd®en the two indicators based on the
complete portfolio (standard deviation and risketahce). The correlation is rather small
(between 0.30 and 0.43) when we compare indicéased on the financial portfolio with
indicators based on the complete portfolio. It tlseems that focusing on the complete

portfolio rather than the financial one may leadlifterent conclusions.

TABLE 5 ABOUT HERE

Figure 6 compares graphically the estimates ofhtheseholds’ specific indicators, tak-
ing all the four waves. We observe wide heteroggraier any pair of measures, especial-

ly when comparing estimates from financial portisliwith estimates from complete port-
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folios. This all suggests that the choice of trek tiaking indicator is not irrelevant at the

household level, since each indicator captureswifft aspects of risk taking.

FIGURE 6 ABOUT HERE

5.2. Age profile
In this section we investigate the correlationsMeein our measures of risk, age and other
household characteristics, time and cohort effdats.this reason we run four quantile re-
gression analyses, one for each measure, whedegimndent variable is our risk taking in-
dicator. The specification includes five sets oplexatory variables, on wealth, demo-
graphics, financial sophistication, self-assessedsures, age, cohort, and time effects. In
the set of wealth variables we consider the logariof financial wealth, and the levels of
income, real estate plus business wealth net df daell debt; the levels are then divided by
financial wealth. In the set of demographic varasblve treat dummy variables for race,
gender, education, children (yes or no), maritalust, and occupational status (employed,
self-employed) of the household head. This spextiba is similar to the one in Sahm
(2007)°, who estimates risk tolerance from hypotheticatsgions in the US Health and
Retirement Study. In the same vein as Guiso angelag2005), we further include in the
specification some proxies for financial sophidima the number of financial institutions
the household is involved with, and two dummy Malea. The dummies are worth one re-
spectively if there is regular consulting of a msdional financial advisor, or the head
works in the finance sector. We also include twondhy variables for the self-assessed
good or excellent health status of the head, anthiself-assessed degree of optimism of
the household®

We finally add variables meant to disentangle tand cohort effects from age effects.
After trying alternative specifications, we choas®e where age effects are captured with
dummy variables covering a five-year age range l{igeline is age 25-29), time effects are

measured with the average excess return of th& stacket in the three years prior to the

19 sahm (2007) focuses on cash-on-hand (wealth pagsiie) rather than wealth. We prefer our specificat
because cash-on-hand is highly correlated withnmed-or the same reason, we do not consider a meealu
“life-cycle wealth” as described by the sum of vieand human capital.

" The question asks whether “the US economy wilfquer better, worse, or about the same in the next 5
years”. We consider optimistic who reports “better”
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wave?, and cohort effects are measured with the avezagess return of the stock market
when the head was between 20 and 24 year¥’ dlhis specification mimics one in Ame-
riks and Zeldes (2004), where in particular thaalde on the cohort effect is meant to de-
scribe a “learning” process of the market behawiben young.

Table 6 shows the results of our analysis, seggrédethe four indicators; the size of
the coefficient estimates is clearly different otlee four columns, because each indicator
has its own scale (see Table 4). We first focushentwo measures based on the financial
portfolio definition. We find several regularitiesach risk taking indicator correlates posi-
tively with financial wealth, income, the numberfofancial institutions where doing busi-
ness, and with the dummy for individuals workingtie finance sector, and negatively
with debt and the dummy variables for non-white aetl-employed individuals. In addi-
tion, we find no cohort effect and an age effestignificantly different from zero in the
ages between 45 and 70. In contrast, we obsertt@regstime effect. This means that, as
the stock excess return in the previous three yisadle highest (this happens in 1998), the
risk indicator rises as well.

When we look at the two measures based on the ebenportfolio definition, some —
but not all — our previous findings are confirmétle still find positive correlations be-
tween our risk taking indicators and financial vileaincome, the number of financial insti-
tutions where doing business, and with the dummytfe finance sector. Notice in particu-
lar that we find a positive correlation betweerk niseasures and wealth, as in Siegel and
Hoban (1982) and Morin and Suarez (1983). This tivealso find that risk taking is high-
er among females, college graduates, individuath self-assessed good health, and it is

lower for employed workers and when the individisabptimistic about the futut& Ben

12 Based on our time series of stock excess ret&orsinstance, for year 2007 we take the average fhe
12 observations between 2005 and 2007.

13 Our time series of stock excess returns doeslloot & retrieve this information from the oldesthorts.
For this reason we refer to data available in Kémieench'’s website. Specifically, we considerasess
market return the value-weight return on all NY@RJEX, and NASDAQ stocks (from CRSP) minus the
one-month Treasury bill rate (from Ibbotson Asstesa

4 The result that females are more risk toleransgmginst the evidence from previous works. Weskeli
that this effect depends on the inclusion of nowdficial assets in the definition of complete pdidf In par-
ticular, the median household with a female heddsha relatively larger portfolio weight on humaapial
(89.41%, as opposed to 76.04% for males). To hadgmst this increase in (exogenously given) photfo
risk, the household should invest more heavilynaricial assets, especially stocks; however, insaarple
54.91% of the households with a female head danwest in stocks, as opposed to 28.62% of the lmids
with a male head.
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Mansouret al. (2008) also find a negative correlation betwesk and optimism. As for
the other two indicators, we find a strong timeseffthat is now coupled with a strong co-
hort effect and an age effect always significautifyerent from zero, apart from the early
ages up to 40.

TABLE 6 ABOUT HERE

For sake of comparison we provide a graphical sspr&tion of the age effects esti-
mated for the four indicators. In Figure 7 we dephie estimated age profile conditional on
the median values of wealth, demographic and dtbhesehold characteristics; for compa-
rability reason, the profile is divided by the meatdiobserved risk taking indicator.

There is marked difference between the measuresdbas the financial portfolio and
the measures based on the complete portfolio. dimeer show an age profile that is essen-
tially flat up to age 60, and then falls — espdgiak concerns the stock share, which goes to

0 for the elderly. This evidence is somewhat manm@ex than common rules of thumb

adopted by practitioners, e.g., to invest in stoatltsaction(loo— age) % of the financial

wealth. In contrast, the two measures based ondh®lete portfolio show an age profile
that rises at young ages, up to 40, after whitledomes stable, or slightly increases further
(significantly only for the standard deviation iodior). Evidence of a rising age profile is
not surprising given the complete portfolio shaskewn in Figure 2. In fact, the complete
portfolio is largely dependent on human capitaljolmaturally falls with age. As individ-
uals get older, their portfolios exhibit higher @stment in assets that carry relatively more
risk than human capital. Our indicators capturs the-cycle effect in the change of the
unconstrained portfolio weights of equation (1)e3& weights tend to rise for two reasons.
First, the portfolio shares in bonds and stocksl tenincrease with age (see Figure 2);
second, the term of hedging against human capilial because the weight on human capi-
tal reduces with age. Inertia in portfolio adjustines also likely to play a role. Consider
the case of a household with a given complete @latflf this household does not inter-
vene on her portfolio composition, and the marketjes the same returns to all the as-
sets, after three years the household holds lowsah capital. We then observe a relative-
ly larger investment in bonds and stocks, whichsed to hedge against a risk that is lower

than in the previous three years (since theress himan capital). This situation makes the
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household look more risk tolerant now than in testpThis household may thus bear more

risk even if her attitude toward risk taking is g@me as in the past.

FIGURE 7 ABOUT HERE

5.3. Sensitivity analysis

The results obtained so far show that: (i) the wslyvaries with age depends on the defini-
tion of portfolio, (ii) risk taking is positivelyarrelated with wealth, income and financial
sophistication, and (iii) business cycle (captubgdfinancial markets indexes) helps ex-
plaining heterogeneity in household portfolio vaigt and risk attitudes. In this section we
run some robustness checks. Methodological detadscomplete regression results can be
found in the Supplementary Appendix; here we omynment the relevant findings and

show Figure 8 with the estimated age profiles effthur measures.

FIGURE 8 ABOUT HERE

Transaction costs

What we interpreted as heterogeneity in risk bdimehe households, and thus as hetero-
geneity in risk tolerance, might in fact be duehtterogeneity in transaction costs (see
Bucciol and Miniaci, 2011, for a detailed discussad the issue). It is reasonable to expect
that the richer the investor the less relevantrdesaction costs are for his portfolio choice.
Under this assumption, if we observe that our mmasults hold also when we restrict the
sample to the top 20% wealthiest households (whisb have a higher income, are better
educated and more sophisticated investors), webeaconfident that transaction costs do
not significantly affect our results. The sub-p@tidn of the wealthiest households has an
average financial wealth which is about the tripiehe financial wealth of the full sample,
it invests 39.5% of it in stocks, its portfoliosaiskier and their estimated implicit risk to-
lerance measures are higher. Nevertheless, thergmitis of our multivariate analysis still
hold: there is a positive relation between riskingk wealth and financial sophistication,
and age, time, and cohort effects are close teetbbthe benchmark case. However, in this
case the confidence interval associated to thestiget is larger and we cannot exclude that

the willingness to undertake risk is constant vaitje (see Figure 8, first panel).
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Riskless human capital at retirement

In our main analysis we treat human capital fromsen income exactly the same way as
human capital from labor income. However, it maypkausible that pension income is less
risky than labor income. In this robustness cheekrgplicate the main analysis under the
extreme situation where pension human capitatidass. Again, our benchmark results are
confirmed also here; in particular the age effatisw a decline after age 60 using the fi-
nancial definition, and a rise up to age 40 usimg tomplete definition (see Figure 8,

second panel).

Alternative estimates of asset return moments

In our exercise we use estimates of the histodeatage and the variance-covariance ma-
trix of asset returns. The estimates we providethsare based on a 20-year backward ho-
rizon, as described in Section 4. Alternative eaten of the expected returns and variance-
covariance matrix would imply a different assessinadrthe portfolio risk and its corres-
ponding risk taking indicators, in particular fohat concerns the time effects. As identifi-
cation of age, cohort and time effects are strictlgted, it is relevant to check if our results
change if we vary the time horizon considered far @stimates. We therefore provide new
estimates in which the moments of the asset remmm&stimated using 15 years instead of
20". Shortening the estimation period affects remdgkéie estimate of returns volatility
and correlations. However, the multivariate analysi household portfolios does confirm
our benchmark results, and it gives rise to anpgéle in line with our previous findings
(see Figure 8, third panel).

6. Conclusions
In this paper we use data from the waves 1998-20Qfie US Survey of Consumer Fin-
ances (SCF) to shed light on the evolution of UBsetolds’ portfolio risk, and the correla-
tion between risk attitude, wealth, age and thenrhausehold socio-demographic characte-
ristics. The use of repeated cross sections alimis disentangle age effects from time and
cohort effects.

In our analysis we consider four different indiaatof risk taking, based on two differ-

ent definitions of portfolio (financial and competincluding also human capital, real es-

15 Similar conclusions arise using a 10-year window.
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tate, business wealth and related debt). The falicators show a similar time trend with
risk taking peaking in 2001, and inform that thstdlbution of household risk taking is
skewed to the left, with many households willingtéde little risk. Moreover, in all the
cases we find our measures of risk taking to categbositively with wealth, income, and
some proxies for financial sophistication. Howevbeg four indicators are imperfectly cor-
related, and the correlation is particularly lowemnhcomparing a measure based on the fi-
nancial portfolio with one based on the completetfptio. As regards the age profile of
risk taking, under the assumption that the otheisbbold characteristics remain fixed over
the life-cycle, we also find different results whewoking at the financial or complete port-
folios. Using the two indicators derived from theaincial portfolio, risk taking is constant
up to age 60, and then it falls; using the twocathrs derived from the complete portfolio,
risk taking increases up to age 40, and then ianesnstable. Importantly, in all the cases
we find that risk taking is constant with age fdagge part of the life cycle, and in particu-
lar over the ages between 40 and 60.

One of the indicators we consider, the implicikrislerance, is conditional on the as-
sumption of myopic MV optimization. Thus we do mminsider that — in a MV multi-
period framework — some of the portfolio heterogignis due to differences in the expe-
rienced portfolio performance and planning horizZdfe consider this paper as a first step
towards a better understanding of the causalitgtioels between risk preference, wealth
and observable characteristics. Future researdhdetlelop a fully multi-period frame-

work, closer to a life-cycle model of asset allamat from which to infer risk preferences.

Appendix A. Human capital calculation

We construct human capital using an approach girteldorgenson and Fraumeni (1989).
The approach computes human capital as the net¢rjireslue of the income flow that will
be produced over an assumed lifetime, in the poesehsurvival probabilities. Expected
future incomes are predicted from the observedmesoof the cross section of individuals.
An advantage of this method is that it allows ttineste human capital even for those
households who report no income (398 out of 19jh@Ghe sample, 0.91% considering the

sampling weights).
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Income in the US arises from a process dependirgewearal characteristics of the head,
in particular gender (male, female), race (whiten-white) and education (high school or
lower, college). We denote the realization of théwee variables by grougl X . The
combination of the three variables gives rise ghepossible groups.

We describe human capital for househioét timet, whose head is agedand belongs
to groupx, as follows:

HG? (x) = y2 (%) +LI12 (¥)
where y;?(x) is the gross income reported in the survey formthesehold head and spouse

(if any), andLIZ(x) is imputed household lifetime gross incotid@his measure is esti-

mated from predictions of future income realizasioand it is defined as follows:

L2(0= ¥ (9 92(x)[i]b_a-

b=a+1 1+ rt

~b
That is, lifetime income is the sum of the predictecome levelsy, (x), conditional on

ageb and groupx, weighted by a survival probabilitsg;° (x) of being alive at agke condi-

tional of being alive at age and timet, for individuali belonging to groupc’, and cor-

rected by a discount raté«{r,), computed as average over the 20 years befafresal risk

free returns (3-month T-bill yields net of CPI gritn'®

Income predictions up to age 64 are derived froenQhS regression of the logarithm of
one plus income over a third-order polynomial oe,agender and race dummies, cohort
dummies and time dummies respecting the DeatoneRagghogonality constraints. In-
come predictions since age 65 are the income prexdliat age 64 times a replacement rate.
The rate is given by the ratio of average obsemedme between 65 and 69 to average ob-
served income between 60 and 64, and it is commépdrately by education groups. In all
the cases we take into account imputations and Isagnpeights. For households with head
older than 64, predicted income is the income tedifor their class times the replace-

ment rate.

6 On average in our data, gross income is arounth4Hhuman capital.

7 Actually, in our calculation survival probabilieliffer by gender and not also by race or edunatie-
cause no such data are available.

'8 This shows a decline from 5.959% of 1995 to 3.618%007.

24



We estimate the regression and the replacemerit faten the SCF dataset described in
Section 4.1, separately for each imputation ancefmh education group. As one may ex-

pect, projected income is higher for household$ witmale, white and more highly edu-
cated head.

19 We estimate an average replacement rate of 88t88btgh school graduates, and 71.95% for college g

duates; we do not compute the replacement rateaepaalso by race and gender for sake of sintglieis
only education seems to matter.
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Table 1. Alternative risk taking indicators

Measure Portfolio Advantages Disadvantages

Stock share Financial Simple to compute Other asséhe portfolio are risky too

Standard deviation Financial Comprehensive measfigancial port-  Need to know covariances of financial asset
folio risk returns

Standard deviation

Risk tolerance

Other non-financial assets are risky too

Complete Comprehensive measwanplete port-  Need to know covariances of financial and
folio risk non-financial asset returns
Complete Measure of risk preferenoeborne risk ~ Assumes that agents are mean-variance
Takes the observed portfolio as a proxy for optimizers
investment intentions Need to know means and covariances of

financial and nc-financial asst¢returrs
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Table 2. Complete portfolio composition (%)

Category SCF SCF SCF SCF
1998 2001 2004 2007
Checking accounts 0.478 0.497 0.479 0.380
Savings and money markeccount: 0.28¢ 0.38¢ 0731 0652
Call accounts at brokerages 0.115 0.168 0.097 0.081
IRA-KEOGH accounts 0.212 0.242 0.19C 0.201
Retirement accounts 0.442 0.458 1.112 1.178
Annuities 0.044 0.073 0.213 0.131
Trust-managed accounts 0.122 0.330 0.444 0.165
DEPOSITS 1.698 2.15¢ 3.26E 2.78¢
Certificates of deposits 0.470 0.358 0.347 0.398
Savings bonds 0.075 0.082 0.053 0.045
Directly held corp. Bonc 0.139 0.084 0.111 0071
Tax free mutual func 0.185 0.215 0.144 0.22¢
Govt. bond mutual funds 0.051 0.041 0.046 0.063
Other bond rutual fund: 0.11¢ 0.054 0.08¢ 0.068
% Balanced itual fund: 0.049 0.06€ 0.05E 0.064
% Other mutual funds 0.001 0.004 0.050 0.075
Life insurances (cash value) 0.705 0.613 0.300 0.332
Loanson primary reidence -) -2.528 -2.254 -2.66% -2.808
Loans on other real estate (-) -0.633 -0.445 -0.774 -0.800
Loans on business (-) -0.113 -0.116 -0.131 -0.144
IRA-KEOGH accounts 0.276 0.371 0.486 0.498
Retirement accounts 0 0.00(¢ 0.00z 0.00(¢
Annuities 0.075 0.024 0.001 0.009
Trust-managed accounts 0.182 0.C05 0.006 0.007
BONDS -0.549 -0.427 -1.446 -1.529
Directly held stocks 2.534 2.454 1.759 1.831
Stock mutual funds 0.920 0.978 0.996 0.991
% Balanced mutual fun 0.049 0.06€ 0.05E 0.064
¥ Other mutual funds 0.001 0.004 0.050 0.075
IRA-KEOGH accounts 1.163 1.286 0.949 0.964
Retirement accounts 0.97¢ 1.14¢ 0631 0.663
Annuities 0.105 0.147 0.10¢ 0127
Trust-managed accounts 0.356 0.638 0.275 0.229
STOCKS 6.105 6.722 4.823 4.944
BUSINESS WEALTH 4.33¢ 4.341 4.389 5.53¢
Owner-occupied primary residence 7.657 7.603 9.127 9.692
Other real estate 2776 2.744 3.385 3.501
IRA-KEOGH accounts 0.027 0 0 0
Retirement accounts 0.015 0.005 0 0
Annuities 0 0 0 0
Trust-managed accounts 0.065 0.04C 0 0
REAL ESTATE 10.540 10.392 12.512 13.193
Labor human capital 62.698 60.375 58.043 55.924
Pension human capi 15171 16.43¢ 18414 19.147
HUMAN CAPITAL 77.87C 76.814 76.457 75.071
Number of observations 3777 3932 4074 4003

Note. The definition of financial portfolio considers only the assets in the deposits, bonds and
stocks categories; all liabilities (mortgages, lines of credit and loans) are excluded.
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Table 3. Ex-ante asset returns (%)

Wave 1998 2001 2004 2007
Risk free return 7.046 5.964 4.736 4.398
Bond excess return 3.223 4.905 4.742 3.237
(9.584) (7.966) (6.687) (5.308)
Stock excess return 6.830 6.985 6.987 5.470
(16.170) (17.075) (16.800) (16.035)
Business wealth excess return  0.034 1.710 2.152 2.092
(7.907) (6.441) (4.671) (4.593)
Real wealth excess return 2.731 3.363 5.006 5.181
(3.057) (2.759) (3.072) (3.522)
Human wealth excess return -0.144 0.299 1.075 1.266
(2.420) (2.207) (1.954) (1.914)
Note. Standard deviation in parentheses.
Table 4. Summary statistics (x 100)
Wave 1998 2001 2004 2007
Aggregate portfolio
Stock share Financial portfolio 57.991 59.650 48.22 49.669
Standard deviation Financial portfolio 10.836 10.80 8.156 8.012
Standard deviation Complete portfolio 1.526 1.310 .730 0.822
Risk tolerance Complete portfolio 3.810 9.505 4.815 4.746
Household portfolio (median)
Stock share Financial portfolio 19.157 30.000 4.167 2.636
Standard deviation Financial portfolio 8.364 7.734 3.505 2.954
Standard deviation Complete portfolio 0.703 0.536 .260@ 0.259
Risk tolerance Complete portfolio 1.850 2.940 0.818 0.482
Table 5. Correlations among risk taking indicators
Portfolio Financial Financial Complete Complete
Risk measure Stock  Standard Standard Risk
share deviation deviation tolerance
Stock share Financial portfolio 1
Standard deviation  Financial portfolio  0.918 1
Standard deviation Complete portfolio 0.425 0.433 1
Risk tolerance Complete portfolio  0.317 0.304 0.584 1

Note. The table reports the average of the correlations by wave.
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Table 6. Heterogeneity of risk taking

Financial portfolio

Complete portfolio

% s Standard Standard Risk
tock share deviati L
eviation deviation tolerance
Ln(financial wealth/1000) 4.247%* 1.152%** 0.118* 0.452%**
(0.162) (0.028) (0.002) (0.012)
(Income/ 1.969*** 0.453*** 0.084*** 0.274%*
financial wealth)/1000 (0.336) (0.068) (0.016) (0.037)
(Net real and business wealth/ 0.022 0.013 -0.002 0.001
financia wealtF)/100(C (0.107% (0.02) (0.003 (0.0C9)
(Debt/ -107.889***  -21.070*** 3.041%** 2.346
financial wealth)/1000 (18.960) (3.736) (0.308) (1.422)
Non-white -3.089*** -0.544%** 0.01¢ 0.0€3
(0.929 (0.157%) (0.019 (0.C56)
Female -0.053 0.167 0.116** 0.385***
(1.161) (0.185) (0.015) (0.071)
College gradua 7.217%*= 0.135 0.026** 0.239%**
(0.737%) (0.13%) (0.010) (0.051)
With children -2.017* -0.145 -0.030*** -0.069
(0.7¢€0) (0.125) (0.01)) (0.053)
Marriec -0.75¢ -0.174 -0.010 -0.0(8
(1.047) (0.176) (0.014) (0.063)
Employed -0.187 -0.211 -0.091*** -0.153*
(0.923) (0.190) (0.016) (0.066)
Self-employed -3.703*** -0.758*** -0.026 0.028
(1.077) (0.220) (0.018) (0.082)
N. financial institution 2.081*** 0.129%** 0.010%** 0.1C6%**
where doing business (0.196) (0.030) (0.002) (0.012)
With financial advisor 0.712 0.032 0.022** 0.065
(0.74¢) (0.12¢) (0.010 (0.047)
Works in finance sect 4,766%** 0.766*** 0.037** 0.195%*
(1.172) (0.193) (0.015) (0.075)
Self-assessed good he: 2.974%xx 0.069 0.032*** 0.138**
(0.710) (0.139) (0.010 (0.052)
Optimistic about future -0.541 -0.164 -0.028*** .1@4***
(0.622) (0.125) (0.100) (0.047)
Time effec 7.630** 7.926** 1.421 % 0.719%*
(3.029 (0.607%) (0.04¢) (0.23%)
Cohort effect 0.056 0.014 0.004** 0.015%*
(0.065) (0.013) (0.001) (0.005)

(continuesin the next page)
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(continues from the previous page)

Age 3(-34 1.881 0.529* -0.046** -0.09¢
(1.507) (0.297) (0.02) (0.100)
Age 35-39 3.892%** 0.719%* -0.020 0.092
(1.323) (0.266) (0.021) (0.097)
Age 4(-44 3.140* 0.580** 0.014 0.266***
(1.325) (0.266) (0.020) (0.095)
Age 45-49 2.370* 0.432 0.073*+* 0.450**
(1.368) (0.284) (0.021) (0.100)
Age 50-54 0.891 0.192 0.065*+* 0.433*+*
(1.523) (0.301) (0.023) (0.106)
Age 55-59 2.597* 0.20¢ 0.136*** 0.644***
(1.532) (0.299) (0.029) (0.10%)
Age 60-64 -2.314 -0.370 0.129%** 0.591%**
(1.613) (0.320) (0.02¢) (0.122)
Age 65-69 -3.117* -0.660** 0.148*** 0.631***
(1.704) (0.331) (0.029) (0.131)
Age 70-74 -8.192%** -0.953*** 0.160*** 0.424%*
(1.93¢€) (0.35%) (0.037%) (0.142)
Age 75-79 -5.389** -0.631 0.179%** 0.749%+*
(2.195) (0.401) (0.032) (0.153)
Age 80-84 -9.567*** -1.082** 0.201%** 0.521%+*
(2.204) (0.4¢0) (0.04¢) (0.1%9)
Age 85-89 -11.453%* -1.620%** 0.188*** 0.510*
(2.593) (0.539) (0.047) (0.210)
Constant -1.401 1.096*** 0.013 -0.311%**
(1.763) (0.320) (0.026) (0.118)
Minimum obs 1513¢ 1513¢ 1513¢ 1513¢
Mult. imp. minimum dof 9.9 27.1 49 11.8
Risk taking measure (median) 10.254 5.605 0.488 4741.

Method: quantile regression. Time effect: average market excess return in the three years prior to the wave.
Cohort effect: average market excess return when 20-24 years old. Age effects. dummy variables covering a
five-year age range.

Robust standard errorsin parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Figure 1. Cohort wealth size by age
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Figure 2. Cohort portfolio holdings by age
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Figure 3. Rolling excess return
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Figure 4. Household portfolios in the MV space
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Figure 5. Empirical cdf for risk taking indicators
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Figure 6. Correlations among risk taking indicators
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Figure 7. Age profile of alternative risk taking indicators
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In each curve, the age profileisreported as aratio to the median risk taking indicator in the sample.
The dashed line reports the 95% confidence interval.
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Figure 8. Age profile: robustness check
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In each curve, the age profileisreported as a ratio to the median risk taking indicator in the sample.
The dashed line reports the 95% confidence interval.
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