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Portfolio Allocation and the Endogeneity of Wealth in
Australian Households

Elisabeth Huynh∗

30th June 2008

Abstract

This paper studies the main determinants for household share of risky assets held in
wealth using the Household Income Labour Dynamics Australia survey. The fractional
model is proposed for the first time to portfolio allocation literature to account for the
proportional dependent variable. In most cases considered the fractional model spec-
ification is favoured over the widely used tobit suggesting it is suitable for modelling
portfolio holdings. Although wealth is important in explaining portfolio holdings and
attitudes to risk, little attention is devoted to correcting for potential endogeneity of
wealth. This study allows for endogenous wealth using a two-stage method in determin-
ing the average partial effects. Endogeneity is supported and the bias is large enough
to be considered important.

∗Author: PhD Student, University of Sydney, Economic and Business building (H69), Darlington, NSW
2006, Australia. Fax +61-2-9351-6409, E-mail ehuy7515@mail.usyd.edu.au

1



I Introduction

One of the most important decisions households will ever make is how they choose to invest
their money. In 2000, world household wealth was approximately 125.3 trillion US dollars
(Davies et al., 2008), and composed of large investments in housing and financial assets.
In developing countries the average household portfolio consisted predominantly of invest-
ments in real assets though in the developed world there is greater emphasis on investments
in financial assets. This variation in composition at the international level can largely be
explained by country specific factors1. In the domestic setting robust patterns of invest-
ment suggest that behavioural or attitudinal distinctions may exist among households on
demographic factors such as wealth, socio-economic status, ethnicity, life-cycle stage, and
education. Stimulated by the need to better understand the underlying attitudes that in-
fluence investment decisions, the study of household portfolio holdings continues to be an
important area in economics and finance.

Theoretical studies of household portfolios over the past forty years have contributed sig-
nificantly to our understanding of how risk aversion influences the propensity of households
to take financial risk. Standard portfolio theory in particular shows that household choices
between risk-free and risky financial assets are directly related to risk aversion. Empirical
studies estimate the share of risky assets held in wealth in an attempt to determine the levels
and slopes for risk aversion (Bellante and Green, 2004; Faig and Shum, 2005). A question
asked in these studies concerns whether relative risk aversion increases, decreases or remains
constant with rises in wealth. The evidence is less than conclusive and is a subject of ongoing
investigation. Using the Household Income Dynamics Australia (HILDA) survey this paper
provides evidence on the role of heterogeneity such as gender, marital status, ethnicity, ge-
ographical and educational differences on household investments to explain risk attitudes of
households.

Despite wealth being an important variable in the analysis of portfolio holdings, little at-
tention is been paid to addressing the potential endogeneity of wealth in the literature. A
partial listing of papers that treat wealth as exogenous include Bellante and Green (2004),
Faig and Shum (2005) and Riley and Chow (1992). The potential endogeneity of wealth if not
corrected for can bias the effect of wealth on the share of risky assets held, and consequently
the form of risk aversion.

This study provides two methodological contributions to the literature. First, potential
1This includes differences in government policies, politics or trading emphasis across countries. For

instance, Davies et al. (2008) notes that there is a greater reliance on agricultural production in developing
countries, and this can result in larger investments into real estate in the form of farmland.
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endogeneity of wealth is accounted for using a two-stage method outlined by Wooldridge
(2005). The average partial effects are calculated and compared to those in a model with
exogenous wealth to determine the endogeneity bias. Second, we extend the econometric
application to a fractional model proposed by Papke and Wooldridge (1996). The fractional
model accounts for a proportional dependent variable with many observations at the extreme
values of zero and one. The fractional model is also arguably more appropriate to the tobit
because the values outside the [0,1] interval are unobserved because they are not defined,
but rather than from censoring as implicitly assumed in the tobit model. Furthermore, us-
ing quasilikelihood estimation methods the fractional model maintains desirable asymptotic
properties for the estimators without the need for strong parametric assumptions. For the
above reasons, this paper adopts the fractional model to model the share of risky assets and
compare its performance against the double-censored tobit.

This study also contributes to the current empirical literature using newly available in-
formation on wealth provided by the Household Income and Labour Dynamics in Australia
(HILDA, Wave2) survey. The HILDA survey is the first known Australian Survey since 1950s
that provides extensive information on asset holdings, demographic and socioeconomic vari-
ables at the household and individual level. One advantage of HILDA is that unlike most
datasets used in the literature, it allows for identification of household head.

This paper is structured as follows. In Section II we examine the literature provided by the
economic theory on how portfolio shares vary with household characteristics and examine
the past empirical evidence on observed behaviour of households. Section III describes the
economic model, and presents the empirical modelling and identification issues. Section IV
describes the empirical data in detail, and Section V presents the results of our analysis of
the data. Sections VI discusses the main findings, and concludes in Section VII.

II Literature Review

Knowing the relationship between risk aversion and wealth is important for choosing the cor-
rect utility representation for consumer preferences since utility functions implicitly impose
the form of risk aversion2. Two measures of risk aversion are proposed in the literature: the

2For instance, the isoelastic utility function and the power utility function exhibit decreasing absolute
risk aversion and constant relative risk aversion; the quadratic utility function is increasing absolute risk
aversion and increasing relative risk aversion; and the exponential utility function is constant absolute risk
aversion and increasing relative risk aversion. The utility functions discussed previously belong to Hyperbolic
absolute risk aversion (HARA) class of utility functions. HARA is often assumed in economic theory because
it allows for the possibility of decreasing, increasing and constant relative risk aversion, but to solve a utility
maximisation problem a specific utility function is often required.
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Arrow-Pratt coefficient of absolute risk aversion (ARA) and relative risk aversion (RRA).
Although the consensus in the literature is that ARA declines with rises in wealth, the form
of RRA is less than conclusive. Arrow (1974) originally conjectured that relative risk aver-
sion is either increasing or constant, but agrees that the intuition is not clear. Friend (1973)
on the other hand suggests that decreasing relative risk aversion is also a plausible assump-
tion. Because the form of RRA is not intuitively clear, the relationship between relative risk
aversion and wealth has thus become an empirical question.

Empirical investigations on describing the relative risk aversion with changes in wealth are
extensive, but conflicting. Although many studies find supporting evidence for decreasing
relative risk aversion (DRRA)3, there is also considerable support for increasing relative risk
aversion (IRRA) and/or constant relative risk aversion (CRRA) (see, Morin and Suarez,
1983; Riley and Chow, 1992). Moreover, the form of RRA is sensitive to different wealth
levels (see Morin and Suarez, 1983)4 and measures for wealth and risky assets. Measuring
wealth to include housing as in Bellante and Green (2004) and human capital as in Riley
and Chow (1992) can affect conclusions on whether risk aversion is increasing, decreasing or
constant with wealth.

The role of heterogeneity on relative risk aversion (RRA) also provides some explanation for
differences in utility preferences among consumers. Jianakoplos and Bernasek (1998) find
women show greater risk aversion than men do, and being employed or retired also tends to
increase RRA. The evidence is less obvious for studies on the effect of age. Studies by Palsson
(1996) and Bellante and Green (2004) find evidence supporting IRRA with age. Riley and
Chow (1992) on the otherhand, find evidence for DRRA with age up to 65 years of age,
and IRRA when they define housing wealth as risky. Other variables considered include the
effect of ethnicity (Jianakoplos and Bernasek, 1998), household size, living regions (Guiso and
Paiella, 2001), health (Bellante and Green, 2004), and education (Hochguertel et al., 1997;
Bellante and Green, 2004). Findings in the literature suggest that heterogeneity accounts
for some of the differences in the portfolio holdings.

Portfolio holdings continue to be a thriving area of research with recent extensions for taxa-
tion by Palsson (1996) and King and Leape (1998); liquidity constraints as in Guiso, Jappeli,
and Terlizzese (1996), Arrondel (2000) and Guiso and Paiella (2001); housing ownership as
in McCarthy (2004); and human capital in Bellante and Green (2004). To investigate all
these are beyond the scope of this paper, but we address the effect of taxes on portfolio

3Decreasing relative risk aversion is supported in Hochguertel et al. (1997); Jianakoplos and Bernasek
(1998); Faig and Shum (2005).

4Morin and Suarez (1983) in their study on Canadian households find IRRA for low wealth households,
DRRA for households with higher wealth below $100,000, and CRRA for wealth above $100,000.
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holdings. The idea is that the differences in effective tax rates among assets may lead to
portfolio specialisation because it may alter the tradeoff between risk and return.

Finally, although wealth is important in explaining portfolio allocation, few have extended
the analysis for potential endogeneity of wealth in the literature. There appear to be two
studies that account for the endogeneity of wealth. The first study is Hochguertel et al.
(1997) who implicitly account for endogeneity of wealth on the decision to hold assets.
Their study however does not compare findings to a model with exogenous wealth or report
the endogeneity bias. Second, Guiso and Paiella (2001) consider endogenous wealth and
consumption in their study on the effect of wealth and background risk on a direct measure
of absolute risk aversion. Their results find that the endogeneity bias of wealth is towards
zero. The existing research has suggested that wealth is endogenous in portfolio holdings.
Thus, this study accounts for the endogeneity of wealth and determine the endogeneity bias.

III Model

This paper adopts the classically formalised optimal portfolio choice problem of investor
expected utility maximisation. The optimal demand for risky assets in wealth α is given
by5,

α w (1/γ) MPR, (1)

where MPR is the market value of all risky assets, also known as the market price of risk,
and γ is the Arrow-Pratt measure of relative risk aversion. This result provides a simple
expression for describing the share of risky asset to wealth, α as a function of the MPR
and the inverse of the Arrow-Pratt coefficient of relative risk aversion γ. The empirical
application of equation (1) simply involves measuring α and estimating it against wealth
and variables that control for heterogeneity. Under the inclusion of taxes, the right hand
side of equation (1) is replaced with the tax adjusted demand for risky asset, given by α

multiplied by one minus taxes.

To quantify risk aversion in households, we posit the following relation for the share of risky
assets to wealth:

α = G (W, z1) + ε,

where W is current wealth, z1 is a vector of variables which influences the age-wealth profile
and ε is the error term. The dependent variable is the dollar value of risky assets per dollar of

5For the derivation of the equations, see for example Siegel and Hoban (1982).
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wealth. The vector z1 includes socio-economic variables for tastes and family structure (age,
education, country of birth, marital status, gender, employment) and economic environment
(geographical location) of the household. Similar specifications have been used by Riley and
Chow (1992), Guiso, Jappeli, and Terlizzese (1996) and Bellante and Green (2004).

General observations from the literature invite several hypothesis relating to the share of risky
assets to wealth and socio-economic variables. First, we predict a non-linear relationship
between W and the share of risky assets. In particular, we model W as a quadratic function
following Bellante and Green (2004) and Guiso, Jappeli, and Terlizzese (1996).

Second, wealth is hypothesised to be an endogenous variable. The direction of the endogene-
ity bias, is not clear a priori. If more risk averse individuals choose safer but less rewarding
prospects, they may end up poorer. This would overstate the positive relation between the
proportion of risky assets held and wealth. However, if more risk averse individuals are also
more prudent, ceteris paribus, they will compress current consumption, save more and end
up accumulating more assets. In this case, our estimates of the relationship between the
share of risky assets and wealth will be biased towards zero.

With socio-economic variables, we further hypothesise the following: men hold a greater
proportion of risky asset to wealth thereby, showing greater risk tolerance than women.
Married households more likely to hold less risky assets to smooth their risk. To the extent
that greater education can reflect greater awareness and sophistication of risk and return
benefits of holding risky types of assets, we conjecture that the share of risky assets increases
with education.

Estimation

We consider four different measures for the dependent variable that closely reflect the empir-
ical work in this area, and this is outlined in detail in section IV. For each of these measures,
we estimate the share of risky asset to wealth using a double-censored tobit procedure and
compare the results to those from the fractional logit model (FLM) and fractional probit
model (FPM) estimations. To determine the size of the effects, we report the mean average
partial effects for the variables considered. In addition, we re-estimate the double-censored
tobit and FPM allowing for the potential endogeneity of wealth and report the APE.

Fractional logit and probit model. The share of risky asset held in wealth α is naturally
censored at and including zero and one. An observed proportion equal to zero represents
an individual’s choice not to invest in risky assets, but allocate all their wealth to other
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types of assets such as non-risky or real assets. An observed proportion equal to one reflects
the choice to invest all wealth in risky assets. In wealth holding data, the large portion of
zero holdings of risky assets is often observed despite evidence of an ’equity premium’ in the
market, pertaining to the “equity holding puzzle”.

The double-censored tobit is a natural model for the current problem. However, one criticism
when modelling the tobit to proportional data are that values outside the [0, 1] range are
not caused by censoring, but because they are not defined outside this interval. Further, the
proportions are not normally distributed because they are not defined over the real space
(see Kieschnick and McCullough, 2003, for a further discussion).

The fractional response model as outlined by Papke and Wooldridge (1996) is appropriate
when the dependent variable α is defined in the interval [0, 1], and can take many observations
at the extreme values of zero and one. Under this model specification, the share of risky
asset to wealth for the ith household is given by

E [αi | xi] = G (xiβ) i = 1, 2, ..., n, (2)

where G (.) is a known function satisfying 0 < G (z) < 1 for all z ∈ R, and xi is a 1xk vector
of observables. For the fractional logit model, G (.) is assumed to be a logistic function, and
follows the normal cdf in the case of the fractional probit model. Papke and Wooldridge
(1996) propose to estimate the parameters using a Bernoulli quasi-likelihood method as in
Gourieroux, Monfort, and Trognon (1984). The quasi-likelihood procedure is arguably more
flexible to the maximum likelihood procedure in that it does not require a full parametric
model for the dependent variable, but only the first and second moments, and the estimates
possess good asymptotic properties. Provided that the mean specification (2) holds, the
maximum quasi-likelihood estimate of β is always consistent. If the variance is also correctly
specified, the estimate of β is asymptotically normal, unbiased and efficient. When the mean
is correctly specified but the variance function is not, the parameter estimates are consistent
and asymptotically unbiased and normal but inefficient. To account for this potential model
misspecification, a robust estimator for the asymptotic variance as in Papke and Wooldridge
(1996) will be used in this study.6

6The robust Papke and Wooldridge (1996) variance estimator is given by,(
D′V−1D

)−1 (
DV−1EV−1D

) (
D′V−1D

)−1
, (3)

where V is the specified variance and D is an nxk matrix containing the partial derivative of (2) with respect
to β, and the matrix E = diag

[
(α1 −G (x1β))2 , (α2 −G (x2β))2 , . . . , (αn −G (xnβ))2

]
evaluated at the

quasi-likelihood estimate β̂.
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Average partial effects. Suppose we explicitly allow the expectation of the response vari-
able α, to depend on unobserved heterogeneity. We consider stating model of interest as
E (α | x, θ) = G (xiβ + θ), where θ is unobserved heterogeneity independent of x7. Var-
ious factors including financial ability might be contained in θ. When the expectation
of the response variable α, explicitly depends on the unobserved heterogeneity, such that
E (α | x, θ) 6= E (α | x), then the changes of x on α cannot be characterised by the marginal
effects of x on equation (2). Wooldridge (2005) suggests studying the changes in x on α

holding the unobserved heterogeneity fixed. This leads to estimating the average partial
effects (APE). In the case of an endogenous explanatory variable in x, the unobserved het-
erogeneity is correlated with the endogenous explanatory variable and the APE is required
to untangle the effects of θ on α from x on α.

Wooldridge (2005) outlines a two step procedure for estimating APE to account for pos-
sible endogenous explanatory variables for the random coefficient model, probit and tobit
model. To date, this is the first study to estimate the APEs for fractional response models,
and moreover assuming potential endogenous explanatory variables. Under the normality
assumptions and properties, the APE for the case of the fractional probit model can be de-
rived.8 As in Wooldridge (2005) we assume there exists an h-vector of observable covariates
w such that θ and x are independent on w, and redundant in the structural expectation
such that the model can be written as

E (α | x,w, θ) = Φ (xβ + θ) ,

where x ≡ (z1, y2) and z1 is the m-vector of observed exogenous covariates for α uncorrelated
with w, and y2 is the observed endogenous explanatory variable. The term θ is independent
of z1, and contains unobserved heterogeneity assumed to be correlated with all elements of
y2.

The following relationship is assumed for the endogenous explanatory variable,

y2 = zδ + w w | z ∼ N
(
0, σ2

w

)
, (4)

where y2 is a well-defined function of (z,w) and z is a vector of observed exogenous covariates
including covariates in z1 and exogenous variables other than those included in z1 correlated

7All equations are represented at the household level, we have removed the household ith subscript.
8This is not the case for the FLM, although arguably the fractional probit specification can be considered

to be a close approximation of the logistic one.
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with y2 and independent of θ. The variance of θ is σ2
1, and σ2

w for w. Joint normality of
(θ,w) is assumed with a covariance of E (w′θ).

With the independence from z, we can express the unobserved heterogeneity in terms of w,

θ = wγ + e,

where γ = σ−1
w E (w′θ) is a h-vector of parameters, such that e is independent of (x,w) with

a normal (0, σ2
e) distribution, where σ2

e = σ2
1 − σ2

wγ′γ.

Under the above assumptions and correcting for neglected heterogeneity, a consistent esti-
mator for the APE of xj evaluated at x0 is,

β̂∗
j

N∑
i=1

φ
(
x0β̂∗ + wi γ̂

∗
)

/N, (5)

where β̂∗and γ̂∗ are the consistent estimates from a simple fractional probit analysis of α on
x and w. The presence of w controls for endogenous variation in x, such that the omitted
heterogeneity is uncorrelated with x in a probit analysis of α on x and w.

Since w is unobserved, a two step approach for estimating APE is used. The first stage
involves estimating the equation (4) by ordinary least squares (OLS) and saving the residuals
ŵi for i = 1, 2, ..., N . The second stage involves estimating the fractional probit model of
α on x and ŵi, i = 1, 2, ..., N . The coefficient estimates and the robust standard errors are
calculated and used to estimate the APE in equation (5).

IV Data and data description

The present study uses household wealth information from Wave 2 of the Household Income
and Labour Dynamics of Australia (HILDA)9. It comprises of 13,041 persons from 7245
households. HILDA is a household-based panel survey that follows all members of an initial
sample annually over an indefinite time. Each wave in HILDA provides general information
on the household and its member, including a range of personal characteristics such as age,
gender, work histories, labour market status, income and marital status. Moreover, Wave 2
of the HILDA survey conducted in 2002 also poses questions related to wealth, so providing
what is believed to be the first-major household-level survey of wealth in Australia.

9HILDA is initiated and funded by the Australian Government through the Department of Families,
Community Services and Indigenous Affairs for analysis.
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Like most studies, this survey has its limitations. First, this survey appears to suffer from
underreporting of household asset amounts because asset values are reported by the indi-
vidual and therefore may not be accurate. Second, although the survey contains extensive
information on assets and liabilities amounts, the survey does not report on ownership of
single asset units. The data provide subtotal quantities for categories of assets including
real and financial assets, liabilities and mortgages. We aggregate assets in categories that
are somewhat homogeneous with respect to their risk profile and over all respondents per
household.

To appropriately study heterogeneity in risk attitudes, this study attempts to correctly
identify the household head. The HILDA survey questions respondents on the household
head in financial decision-making. Cases in which responses appeared clear and consistent
among all household members have only been considered in this analysis. This reduced the
sample size to 3660 cases10.

This paper follows a standard definition for risky assets consistent with the main body
of empirical literature in this area. A risky asset is defined as an asset that provides an
uncertain nominal cash flow and therefore includes risky financial and real assets. Risky
financial assets follow the simplest definition of direct stockholding and some risky assets
held indirectly through mutual funds and retirement accounts. Risky real assets include
risky business and property related assets. Total risky assets are measured as the sum of
financial equity, business equity, and equity in property other than own home11.

Recently there has been a wide concern on the impact of home ownership on household
portfolio allocation of wealth. A substantial part of wealth of homeowners is held in housing
wealth. To incorporate for this, we also consider including housing wealth as a risky asset.
As in Bodie, Merton, and Samuelson (1992) housing wealth is measured as the equity of
one’s own home.

— insert Table 1 about here —

We therefore analyse four dependent variables related to the portfolio share of risky assets
in wealth. (1) Alpha1: share of risky asset with housing included as a risky asset and (2)
Alpha2: Tax-adjusted share of risky asset under the inclusion of housing as a risky asset,

10Refer to Appendix 1 for a detailed outline of how the household head was identified from the data.
11Financial equity is defined as risky financial assets comprising of equity investments including shares,

managed funds and, property trusts, net of liabilities and excluding mortgage debt. Business equity is defined
as business value less any business debt owed by the household on the business, where business value includes
the gross value of any property, buildings, vehicles, machinery and bank accounts owned by the business.

10



(3) Alpha3: share of risky asset excluding housing as a risky asset, and (4) Alpha4: share of
risky asset excluding housing and adjusted for tax. Wealth is measured as net worth.

Table 1 presents the descriptive statistics and explanation of the key variables for the full
sample. The share of risky assets held in wealth is larger for Alpha1 and Alpha2, averaging
52% and 44% of the sample respectively. For Alpha3 and Alpha4, the risky asset holding is
low averaging 16% and 13% respectively. From Table 1, 73% of household heads graduated
from high school, and 61% lived in a major city as opposed to inner and outer regional,
remote and migratory. There is a fairly equal proportion of males and females in the sample.
Age of the household head averages around 46 years of age and retired household heads
comprise of 19% of the sample. Finally, household wealth averages around $390,000 and
maximum wealth (top-coded) at $3 million dollars.

—insert Table 2 about here—

Table 2 presents the proportion of wealth held in risky assets over four quantiles of wealth.
First, we observe a large portion of low wealth households, with three quantiles holding
wealth below $500,600. The measure of wealth in this context is net worth and includes
debt and liabilities, and that to some extent may explain for low wealth levels in the data.
Second, the proportion of wealth held in risky assets rises with the wealth of the investor
and consistent with decreasing relative risk aversion (DRRA). For Alpha2 and Alpha4 where
housing is excluded, we further observe DRRA up to the 3rd quantile of wealth of $509,600
and increasing relative risk aversion (IRRA) thereafter. This suggests that the relationship
between wealth and the share of risky assets is potentially quadratic and concave.

The HILDA survey also provides a subjective measure for financial risk taking, which was
used in this study to construct a simple measure for financial risk aversion. Table 2 shows
how the proportion of financially risk averse individual’s decreases over wealth categories.
This provides further support for DRRA.

V Results

Table 3 presents the estimation results with exogenous wealth for the fractional logit (FLM),
fractional probit (FPM) and the double-censored tobit model (Tobit), and separated into
the four different measurements considered for the dependent variable.

— Insert Table 3 about here —
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The estimated coefficient on Wealth provides an estimate of the inverse of the coefficient of
relative risk aversion up to a positive multiplicative constant. A positive (negative) coefficient
indicates decreasing (increasing) relative risk aversion. The variables of interest Wealth and
Wealth2 are highly significant in all the models and definitions considered. The coefficient for
Wealth is positive, indicating DRRA, and Wealth2 is negative, indicating a concave quadratic
relationship for wealth. Holding other variables constant, households have DRRA up to 1.64-
1.68 millions of dollars of wealth and IRRA for greater holdings of wealth for Models (1)-(3)
with housing. When housing is excluded as in Models (7)-(12), households show DRRA up to
2.3-2.8 millions of dollars of wealth and IRRA for greater holdings of wealth. The adjustment
of taxes in Models (4)-(6) and (10)-(12), dampens the effect of wealth and households show
DRRA up to 1.53-1.54 and 2.2-2.6 millions of dollars of wealth including and excluding
housing, respectively. Figure 1 presents the graphs for the predicted share of risky assets on
wealth for the tobit, fractional logit and fractional probit specifications for Alpha1-4. Figure
1 shows that the relationship between wealth and the the share of risky assets is concave.
Although the shapes across model specifications are similar, there are observable differences
between the tobit predictions to the fractional models.

— Inserts Figure 1 about here —

In Models (1)-(6) of Table 3, the variables age/10, country and gender are significant at
the 10 percent level. The coefficient for age/10 measures the effect of increasing age on
relative risk aversion, and is found to be positive and significant when housing is included
and insignificant when housing is excluded. Household heads born in an English speaking
country take fewer financial risks than those born in an non-English speaking country. While
gender is significant, it is negative when housing is included and positive when housing is
dropped as a risky asset. Without housing, married and city are significant at the 10 percent
level but the variable married is insignificant with taxes.

Table 4 presents the mean of the average partial effects across all observations in the sample
with exogenous wealth. The mean average partial effects appear fairly robust across the
model choice. The variable age/10 is significant for Models (1)-(6) when housing is included,
and indicating that being 10 years older will increase the share of risky asset by 0.042-0.045 on
average. When housing is excluded as in Models (7)-(12), age/10 is insignificant. Households
with greater than high school education hold a larger share of risky asset by 0.042-0.054 in
comparison with households of less education when housing is excluded as a risky asset.

— Insert Table 4 about here —
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To address the issue of potential endogenous wealth, Models (1)-(12) in Table 4 were re-
estimated using the two stage instrumental variable approach as outlined in section III.
On the grounds that wealth is likely to be correlated with that of one’s family, a possible
instrumental variable for Wealth is mother’s occupation. Mother’s occupation is captured
by the dummy variables mocc1, mocc2, mocc3, mocc4, mocc5 and mocc6 defined in Table
1. In order for mother’s occupation to be a valid instrument, it must be uncorrelated with
the error term in the wage equation and correlated with Wealth. We assume that mocc1-6
and error term θ are uncorrelated. To check the latter requirement we estimate the reduced
form of Wealth by regressing Wealth on mocc1 and all exogenous variables appearing in
the equation. Table 5 presents the results to the first stage estimation. The coefficients
for mocc1-6 are positive and significant. Thus, if mother’s occupation is uncorrelated with
unobserved factors in the error term, we can use it as an instrumental variable for Wealth.

— Insert Table 5 about here —

— Insert Table 6 about here —

— Insert Table 7 about here —

Table 6 contains the estimated coefficients used for estimating the APE with endogenous
wealth for the fractional probit (FPM) and the double-censored tobit model. The coefficient
for the residual obtained from the second stage estimation for the wealth equation, w, is
significant for all definitions with the exception of Models (17) and (19). The likelihood
ratio test for the inclusion of w confirms endogeneity of wealth for all Tobit models and the
FPM Model (13). To determine the direction and size of the bias, we compare the mean
average partial effects of wealth in Tables 4 and 7.

Table 7 presents the mean APE with endogenous wealth. The effect of country, married,
gender, city, employed, retire and Wealth are highest and significant for Models (13a)-(16a)
when housing is included, and lower but insignificant when housing is excluded for Models
(17a)-(20a). With housing, females on average hold 0.067 to 0.192 less in the share of risky
assets to wealth than males. Married individuals on average hold 0.043-0.058 less in the
share of risky assets to wealth. Tax-adjustments tend to reduce the effect by around 0.01
except for the variable employed, where the effect is larger. Finally, the variable of interest,
Wealth, is significant at the one percent level for all definitions. The mean APE of wealth
with exogenous wealth is larger than for exogenous wealth. This is evidence for a downward
bias in Wealth.
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— Insert Figure 2 about here —-

Figure 2 presents the graph for the APE averaged over the entire sample for all four alter-
native definitions for the risky portfolio assuming exogenous wealth (diagram a and b) and
endogenous wealth (c and d). Several patterns are observed from Figure 2. First, the mean
APE is similar across model specifications. Second, without taxes, the effect of an increase
in wealth on the share of risky asset is greater for households with lower wealth at around
the $250,000 to $500,000. With taxes, the effect of wealth is greatest at around 750,000 to
1 million dollars of wealth for households. Overall, the effect of a change in wealth is less
for households with high levels of wealth. Further, after accounting for the endogeneity of
wealth, the mean APE of wealth is consistently greater than the mean APE with exogenous
wealth, suggesting that the APE with exogeneous wealth is potentially underestimated.

—Insert Table 8 about here —

Table 8 presents the results for the Vuong test for non-nested models. The Vuong test
identifys the model that is closer to the true specification. The results from the Vuong test are
significant, and therefore rejecting the null hypothesis that there is no difference in between
the models. Except for the first definition that includes housing, the fractional models are
closer to the true specification than the double-censored tobit model across all definitions
under the assumption of strict exogeneity of wealth. Furthermore, under the assumption of
endogenous wealth, the fractional probit model is closer to the true specification than the
tobit across all definitions.

VI Discussion

This study has analysed the investment of risky assets in a cross-sectional sample of Aus-
tralian households. Following previous studies, we allow for both a broad and narrow defi-
nition of risky assets that includes and that excludes housing wealth as risky, respectively.
We also consider the effect of taxes on portfolio holdings as in Bellante and Green (2004).

Our results indicate that the relationship between wealth and the relative risk aversion is
quadratic, decreasing relative risk aversion (DRRA) is observed for most households12 and
increasing relative risk aversion (IRRA) observed among the wealthiest households (2.2-2.9

12A majority of households in the sample have wealth below 1 million dollars and very few above 1 million
dollars.
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million dollars and above). A possible explanation for DRRA is that wealthier households
under approximately 1.5 million dollars may be better prepared than less wealthy households
to sustain the short-term losses with riskier investments that generate higher returns in the
long-term. Furthermore, they are more likely to have funds available to afford investment in
assets with differing risk and return structure and as a result hold a greater portion of their
wealth in risky assets. A possible explanation for the IRRA observed among the wealthiest
is that these households prefer to invest most of their wealth in non-risky assets.

This study also tests the hypothesis that females are more risk averse than males. The
results indicate that the effect of gender on risky asset holdings is less than definite and
differs across definitions of risky assets. Females have greater risk aversion than males when
housing is excluded as risky, but males are more risk averse to females when housing is
defined as a risky asset. One explanation for this observed result is that females are more
likely to invest in housing than other forms of risky assets to males. Moreover, under the
narrow definition that excludes housing wealth as risky, gender is not important in explaining
portfolio holdings after endogeneity of wealth is accounted for.

This research also accounts for the effect of taxes on the share of risky assets by adopting the
framework adopted by Bellante and Green (2004). Results are consistent with the findings
by King and Leape (1998) that taxes have little impact in determining the share of risky
assets, but they find that taxes are more important in explaining the demand for risky
assets. Although this paper improves on measures of aggregate effective tax rate as adopted
in papers by Bellante and Saba (and 1986) and Morin and Suarez (1983) by using the average
household tax rate,13 the marginal tax rate for each household is arguably a more adequate
measure for capturing the effect of taxes.14

Finally, this study accounts for the potential endogeneity of wealth, and find evidence em-
phasising it’s importance in explaining household portfolio holdings. The endogeneity bias
is towards zero thereby suggesting past studies may have underreported the effect of wealth.
While the findings in this study do not result in substantial differences in the statistical sig-
nificance of the control variables for the share of risky assets, they indicate that the extent
of the magnitude and significance may be misreported if the endogeneity of wealth is not
accounted for. At the very least, the influence of wealth and household heterogeneity on the
household share of risky assets held in wealth cannot be properly understood without full
consideration of endogenous wealth.

Like all such studies, this study too has inevitable limitations. A possible avenue for future
13The average household tax rate is measured as the total household taxes over household taxable income.
14King and Leape (1998) for example use the marginal tax rate in their analysis. It is the rate of tax on

the highest dollar of income you earn in a tax year, and determined at the individual level.
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research examining the effects on the share of risky assets to wealth is to investigate a
longitudinal data when more waves from the HILDA data on wealth becomes available
to capture life-cycle effects and other time varying effects. Unlike most datasets used in
the literature, the HILDA survey allows for the identification of the household head but
the information is incomplete and the household head is not easily deduced. Finally, as
previously discussed the measure for taxes can be improved with calculating the marginal
tax rate for each household instead of the average household tax rate.

VII Conclusion

The findings of this paper are quite promising for future research. We find that the FPM
and FLM are reasonable models for future studies on portfolio holdings. The essential
difference of this research is that we control for the endogeneity of wealth. We obtain that
the endogeneity of wealth is important and biases results towards zero. Furthermore, under
endogenous wealth, the FPM is recommended over the widely adopted double censored tobit
model. A possible avenue for future research is extending longitudinal data using a dynamic
FPM as explored by Wooldridge (2005) to allow for life-cycle effects.
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Appendix

Appendix 1: construction of household head

Respondents are asked to subjectively identify the household decision maker in the Self-
Completion Questionnaire of the HILDA survey. The following questions are asked: “Who
makes decisions about the following issues in this household?” A. Managing day-to-day
spending and paying bills; B. Making large household purchases (e.g. cars and major appli-
ances); C. Savings, investments and borrowing

The respondent must choose from the following set of answers for each question: 1. Me/Mainly
me 2. Mainly my spouse/partner; 3. Shared equally between partner and myself ; 4. Some-
one else (living here or elsewhere); 5. Shared equally among all household members.

For this study, decision-making in savings, investment and borrowing (question C) is con-
sidered to be the more appropriate measure for identifying the household head in economic
decision-making. The set of responses provided to identify the household head are obvious
from those that indicate (1) “me/mainly me” or (2) “Mainly my spouse/partner” as the
decision maker. It is possible to directly identify the household head from responses that
indicate “me/mainly me”. From responses that indicate the “spouse/partner”, it is possible
to indirectly identify the household head by using the information on relationships within
the household. However, this study cannot confidently identify the household head from
the other responses. Responses (3) and (5) suggest joint decision-making, which may be of
interest to study, but beyond the scope of this analysis. Therefore, this analysis only includes
households with responses that indicate (1) or (2).

Inconsistencies in reporting household head

The household head variables are subjective measures. This means that there can be incon-
sistent reporting on who makes decisions in the household. Three types of inconsistencies
were encountered and outlined below.

Type 1: Within one household there may be more than one person reporting to be the main
decision maker. To account for this type of inconsistency, the following indicator variable
was created: Datahead1 (1,2) where, 1: respondent indicates that the household decision
maker as "mainly me" and responses are not inconsistent in the Type 1 sense. 2: inconsistent
in the Type 1 sense.

Conversely, there were cases where no one in the same household reported themselves as the
household head, but all members indicated another person (spouse/partner) as the decision
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maker. These observations are also considered inconsistent. For example, Type 2: Mr.
X identifies his spouse as the decision maker, but his spouse identifies him as the decision
maker. To account for this type of inconsistency, the following indicator variable was created:
Datahead2 (1,2) where, 1: respondent is indicated by their spouse as being the decision maker
and responses are not inconsistent in the Type 2 sense. 2: inconsistent in the Type 2 sense.

Finally, this last case refers to inconsistencies observed in direct versus indirect reporting
in a household. One would surmise that those that are indicated by their spouses to be
the household head, have also indicated themselves as the household decision maker but
this is at times not the case. Type 3: Two different examples are posed here. 1) Mr X is
indicated by his spouse, but another member in the same household also indicated themselves
as the household head; or 2) Mr X is indicated by his spouse, but another member in the
household was also indicated as the household head by their spouse. For variables datahead1
and datahead2, this type of inconsistency is essentially the case where datahead1 and/or
datahead2 are indicated to be equal to one for more than one household member. To account
for this type of inconsistency, the following indicator variable was created: Datahead3 (1,2)
where, 1: respondent indicates that datahead1=1 or datahead2=1 but responses are not
inconsistent in the Type 3 sense. 2: inconsistent in the Type 3 sense.

— Insert Table 9 about here —

Type 3 inconsistencies occur in 34 of the respondents (17 households); further investigation
revealed that 94% of these discrepancies were due to parent and child reporting. For example,
a particular household has a male 26-year-old respondent indicating himself as the household
head, and his mother simultaneously indicates his 59-year-old father as the household decision
maker. The father however, indicates makes joint decisions with his partner.

Furthermore, cases where indicator variables datahead1 and datahead2 implied inconsistent
reporting were also independently identified in the dataset and dropped. However, of the 5
inconsistent responses (Type 2-1), two respondents were identified as the household head to
the extent that they belonged to the first household income unit.

Finally, of the 3689 households, those were dropped where the household head did not
participate in the Self-completion questionnaire. This reduced the number of observations
to 3660.
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Tables and Figures

Table 1: Variable description (n=2306^)
Variable(s) Type Description Mean Std. dev Min Max Std. error

age Continuous The age of the household head in years. 45.71 15.81 15 90 0.329

wealth Continuous net worth in millions of Australian dollars >0 0.39 0.53 1.0E-06 3 0.011

Education Dummy highest education greater than high school. 0.73 0.44 0 1 0.0092

Country Dummy born in English speaking country 0.91 0.28 0 1 0.0059

Married Dummy legally married. 0.34 0.47 0 1 0.0098

gender Dummy Household head is female. 0.505 0.5 0 1 0.0104

city Dummy Living in the city (ABS standards) 0.61 0.49 0 1 0.0102

employed Dummy currently employed and in labour force. 0.69 0.46 0 1 0.0097

retire Dummy currently retired from labour force. 0.19 0.39 0 1 0.0082

Share of risky assets**

Alpha1 Continuous Risky assets defined to include equity in homes, 0.52 0.35 0 1 -

Alpha2 Continuous Tax-adjusted* and includes equity in homes 0.44 0.31 0 1 -

Alpha3 Continuous Risky assets defined to exclude equity in homes 0.16 0.25 0 1 -

Alpha4 Continuous Tax-adjusted* and excludes equity in homes. 0.13 0.21 0 1 -

Mother’s occupation***

mocc1 Dummy managers and admin, 0.04 0.2 0 1 0.0043

mocc2 Dummy professionals and associate professionals, 0.27 0.44 0 1 0.0093

mocc3 Dummy tradepersons and related workers, 0.08 0.27 0 1 0.0056

mocc4 Dummy advanced clerical and service workers, 0.09 0.29 0 1 0.00596

mocc5 Dummy intermediate clerical, sales and service workers; 0.2 0.4 0 1 0.0083

mocc6 Dummy elementary clerical, sales and service workers; 0.15 0.36 0 1 0.0074
Source: HILDA, Wave2. ^Following the literature, we only consider households with positive wealth. Furthermore, after

removing observations where mother’s occupation is missing, the number of observations is reduced to 2306.*Tax is calculated

as the average household tax rate calculated as the household financial year taxes over household financial year income. **All

risky assets include financial equity, business equity and equity in property. ***Reference group are labourers and related

workers.
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Table 2: Share of risky assets distributed over wealth quantiles
Wealth quantile*

1 2 3 4 Total

alpha1 0.148 0.601 0.678 0.680 0.526

(0.012) (0.013) (0.010) (0.010) (0.007)

alpha2 0.131 0.524 0.577 0.536 0.442

(0.011) (0.012) (0.010) (0.008) (0.006)

alpha3 0.075 0.119 0.142 0.294 0.157

(0.009) (0.010) (0.010) (0.011) (0.005)

alpha4 0.064 0.099 0.117 0.230 0.128

(0.008) (0.008) (0.008) (0.009) (0.004)

Financial risk aversion 0.960 0.910 0.913 0.790 0.893

(0.004) (0.005) (0.07) (0.08) (0.006)
Source: HILDA survey, wave 2. Note: Standard errors of the mean are reported in the brackets. Financial risk aversion is

dummy variable = 1 if the individual is unwilling to take substantial risks in order to have substantial gains, 0 otherwise.

*First quantile value for wealth is $58,035; second quantile at $212,000; third quntile at $509,600; and fourth quantile for

wealth at $3,000,000. Number of observations (n) =2306.
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Table 5: Estimation Results: first stage estimation (Dependent variable = Wealth)
variable coefficient

constant 0.586***

(0.625)

age/10 0.114***

(0.009)

Education 0.145***

(0.024)

Country 0.039

(0.035)

Married 0.268***

(0.022)

Gender 0.089***

(0.021)

City 0.071***

(0.021)

employed 0.101***

(0.031)

retire -0.067

(0.044)

mocc1 0.203***

(0.054)

mocc2 0.085***

(0.031)

mocc3 0.113***

(0.113)

mocc4 0.133***

(0.133)

mocc5 0.078**

(0.078)

mocc6 0.749**

(0.075)

observations 2306

R-squared 0.201
Source: HILDA survey, wave 2 Note: ***, **, and * indicate significance at the 1, 5 and 10% levels respectively.
The quantities in (.) below estimates are the least squares standard errors.

F-statistic for test of δmocc1 = δmocc2 = δmocc3 = δmocc4 = δmocc5 = δmocc6 = 0 is 3.55 with p-value=0.0017.
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Table 8: Estimation results: Vuong test
Dependent variable F G Assumption

on wealth

Vuong statistic∗ Preferred model

FPM(2) Tobit(3) SE -3.58 (0.83) Tobit

Alpha1 FPM(2) FLM(1) SE -4.93 (0.28) FLM

FLM(1) Tobit(3) SE -2.99 (0.84) Tobit

FPM(13) Tobit(14) EEV 12.66 (47.12) FPM

FPM(5) Tobit(6) SE 18.56 (0.53) FPM

Alpha2 FPM(5) FLM(4) SE 3.8 (0.05) FPM

FLM(4) Tobit(6) SE 18.35 (0.53) FLM

FPM(15) Tobit(16) EEV 18.56 (0.28) FPM

FPM(8) Tobit(9) SE 5.36 (0.83) FPM

Alpha3 FPM(8) FLM(7) SE -2.46 (0.08) FLM

FLM(7) Tobit(9) SE 5.27 (0.83) FLM

FPM(17) Tobit(18) EEV 34.56 (0.47) FPM

FPM(11) Tobit(12) SE 42.55 (0.62) FPM

Alpha4 FPM(11) FLM(10) SE 3.028 (0.07) FPM

FLM(10) Tobit(12) SE 42.56 (0.62) FLM

FPM(19) Tobit(20) EEV 42.58 (0.38) FPM
Source: HILDA survey, wave2 Note: Values in (.) in column 2 refer to the associated estimated model number. SE and

EEV stand for “strict exogenous” and “endogenous explanatory variables”, respectively. The quantities in (.) below estimates

are the standard errors. ∗Al1 estimates are significant at the 0.02 percent level. Number of observations (n) =2306. The

Vuong test is a non-nested test that compares two rival models F and G and identifies the model that is closer to the true

specification. Let f and g be the log-likehoods at each observation for models F and G, respectively. The null hypothesis is

given by H0 :E0
(
ln

f(.)
g(.)

)
= 0, meaning the two rival models are equivalent in terms of being close to the true specification.

There are two alternative hypothesis. The first is Hf :E0
(
ln

f(.)
g(.)

)
> 0 meaning model F is favoured to model G. The second

alternative hypothesis Hg :E0
(
ln

f(.)
g(.)

)
< 0, meaning F is not favoured to G. If |V uong| < c, where c is the critical value from

the standard normal, then we conclude that there is no discrimination between the two rival models in terms of being close to

true specification. If V uong > c, then the null is rejected in favour of Hf , if V uong < −c then the null is rejected in favour of

Hg .

Table 9: Indicators for household head on respondents
1 2 Total cases

Datahead1 3276 455 3731

(224) (3500)

Datahead2 889 68 957

(34) (923)

Datahead3 3689 34 3723

(17) (3723)
Note: Values in brackets refer to the number of households these responses relate to.
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