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Abstract
We study the structure of household portfolios of financial wealth by analyzing both the
determinants of total financial wealth and the choice between risky (stocks and bonds) and
riskfree assets (saving accounts). The econometric specification is a generalized trivariate
Tobit model, estimated on a cross section of 3,077 households in the Netherlands in 1988.
We account for endogeneity of financial wealth and for selectivity due to nonreporting.
Results show that the level of financial wealth and the marginal tax rate are major determi-
nants of the allocation between riskfree and risky assets.

I. Introduction

As has been found for a number of countries, the typical household’s
portfolio contains only a few different assets. Since many assets are avail-
able in financial markets, why is it that risk averse households do not
diversify? In the case of governments aiming to influence households’
decisions to hold particular assets, a related question is: what is the impact
of taxation on risk taking and asset demands? We analyze these issues
empirically for the Netherlands and compare our results with evidence in
the international literature.

Taxation may affect portfolio choice in different ways, and theory
provides little guidance on the overall effect; see the overviews in Feldstein
(1976) and Sandmo (1985). For example, different taxation of different
assets alters both the after-tax returns and the riskiness of assets, and even
a comprehensive income tax with full loss offset can have effects on risk
taking. Sandmo (1977) shows that the basic portfolio choice problem is
analogous to a standard commodity choice problem, so that a tax rate
change, like a change in commodity prices, has opposite wealth (income)
and substitution effects. Moreover, most tax systems allow for non-
constant rates, due to tax-free allowances for certain types of asset income,
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like stocks or bonds; see Bovenberg (1989) and Scholz (1994) for the US.
If transaction costs are tax deductible, taxation can also affect the decision
regarding which assets to hold; see Leape (1987). Therefore, the question
of how taxation affects portfolio choice is primarily an empirical one.

Fixed costs in the form of holding or monitoring costs, cf. Goldsmith
(1976) and Mayshar (1981), or institutional restrictions such as minimum
purchase requirements or constraints on short sales induce investors not to
hold particular assets. This has been identified as a major obstacle to
diversification of asset portfolios of risk averse households. Other factors
which can have an impact on portfolio diversification are capital market
imperfections such as borrowing or liquidity constraints, cf. Paxson (1990),
or incomplete information; cf. King and Leape (1987).1 Empirical struc-
tural models which can accommodate these features are not available in
the literature, due to both their complex nature and incomplete informa-
tion in the data. Empirical models of household portfolio choice are there-
fore typically of reduced form. They include studies on the degree of
diversification and discrete portfolio selection; see Uhler and Cragg
(1971), King and Leape (1987), Arrondel and Masson (1990), Ioannides
(1992) and Haliassos and Bertaut (1995). Our study is closely related to
those focusing on conditional asset demands, e.g. King and Leape (1984),
Hubbard (1985), Agell and Edin (1990), Perraudin and Sørensen (1993)
and Guiso et al. (1996). Econometric specifications in these studies are
usually of a generalized Tobit or a switching regression type.

We analyze total financial wealth and the choice between risky (stocks
and bonds) and riskfree assets (saving accounts) for Dutch households.
Methodologically, our econometric model improves on most existing
studies in two respects. Apart from explicitly taking account of zero finan-
cial wealth and zero-asset holdings, we also retain observations for which
we know that assets are held even though the exact amounts are
unobserved. Second, endogeneity of total financial wealth is allowed for.
Empirically, we obtain a reasonably good fit of the model to the data. This
is partly attributable to the fact that we take account of fixed transaction
costs or minimum investments by specifying an individual specific thresh-
old equation. As determinants of the portfolio structure we identify the
level of financial wealth, the marginal tax rate, age and education level.
The age pattern of the share of risky assets is U-shaped, while the other
factors have a positive impact on this share. These results are broadly in
line with most of the evidence found for other countries. We focus on tax
effects and find the investment behavior to be strongly dependent on the
marginal tax rate. A sensitivity analysis shows that allowing for individual

1 These factors also feature in the context of ‘‘inertia’’ as explained by Haliassos and Bertaut
(1995).
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thresholds and taking account of selectivity due to unobserved but positive
amounts of wealth have important consequences for the estimated tax
effects.

The paper proceeds with a description of the data and the main features
of the Dutch tax system. The model and its specification are presented in
Section III. We discuss our findings and relate them to other studies in the
field in Section IV. The fit of the model is also assessed and a sensitivity
analysis with respect to model specification is provided. Partial equilibrium
responses to changes in the tax system are discussed as well.

II. Data and Tax System

The Dutch Collective Bank Study (Collectief Banken Onderzoek, CBO)
was carried out by Research International Nederland (RIN) in 1988. It
consists of 3,704 households with 10,113 individuals in the Netherlands.
The survey is targeted at the financial structure of household and indivi-
dual wealth and at the relationships between consumers and banks or
other financial intermediaries. This data set resembles national figures on
financial wealth better than comparable Dutch sources, although as other
household surveys, it suffers from underreporting on the amounts; cf.
Alessie et al. (1993).

The questions were answered by the head of household and by other
household members aged 18 and above. We aggregated asset amounts by
summing over all assets in each category and over all individual respon-
dents within the household. We had to discard 627 of the 3,704 household
observations obtained due to missing values or severe outliers in the
explanatory variable on net income. Comparing statistics for the remaining
observations with those for the full sample suggests that selection bias due
to unobserved income is not a serious problem. In the remainder, we use
the retained sample of 3,077 observations.

The four major asset categories in the data are risky financial assets like
stocks and bonds, riskfree financial assets like saving accounts (excluding
checking accounts),2 life insurance contracts, and primary residences. Of
all households, 8% hold none of these four types of wealth, 30% hold
assets in one category, 34% in two, 25% in three, and only 3% hold assets
in all four categories. We focus on the two types of financial wealth. The
category of riskfree financial assets contains mainly saving account

2 Although common in the literature, ‘‘riskfree’’ is strictly speaking not the appropriate term
due to the risk of inflation. Still, this risk can be considered minor in the Netherlands, where
the average annual inflation rate (based on the CPI) for the period 1975–90 was 4%, with
spells of deflation at the end of the 1980s.
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balances but also includes time deposit accounts, saving certificates and
certificates of deposit. The stocks and bonds category includes shares in
domestic and foreign companies, mutual funds, options, bonds and mort-
gage bonds. There is a strong relation between financial diversification and
total financial wealth. Diversification is rather low in the first 95 percentiles
of the financial wealth distribution (maximum number of different assets
held: 3, median: 1), and relatively high in the upper 5% (maximum: 8,
median: 3).

Comparing data sections of the empirical papers referred to in Section
I, a qualitatively similar picture emerges for other countries. The percent-
age of stock- and bondholders is much higher in the US than in Europe,
though, and the Dutch data reveal an even lower percentage of stock- and
bondholders than most other European data. Saving accounts are the
more liquid and less risky type, but also have a lower expected return.
Pooling stocks and bonds may seem a less obvious choice, viewed from
studies which focus on equity premia; see Mankiw and Zeldes (1991). But
68% of bondholders hold stocks as well. In total, 87 households report
holding bonds, whereas 166 hold stocks. Treating stocks and bonds separ-
ately seems intractable in the model sketched below, given the low number
of observations in each category.

Table 1 partitions the sample according to asset categories. We retain
the observations where the amount is missing but known to be positive.
This is possible since the asset amounts are reported by the respondents
conditional on precursive ownership questions with almost complete
response. Approximately 11% of the sample observations are affected by
this problem, and leaving them out leads to biased estimates. The substan-
tial number of zero-observations (incomplete portfolios) is also self-
evident from this table.

Table 1. Regime classification

Savingsa0 Savingsa0
Savings = 0 (observed) (unobserved) Sum

Stocks & bonds = 0 499 (16.22) 2126 (69.09) 258 (8.38) 2883 (93.70)
[0/0] [0/15·0] [0/·] [0/12·2]

Stocks & bondsa0 8 (0.26) 110 (3.57) 38 (1.23) 156 (5.07)
(observed) [146·5/0] [72·0/38·2] [56·0/·] [71·9/35·6]

Stocks & bondsa0 1 (0.03) 27 (0.88) 10 (0.32) 38 (1.23)
(unobserved) [·/0] [·/39·6] [·/·] [·/7·2]

Sum 508 (16.51) 2263 (73.55) 306 (9.94) 3077 (100.00)
[2·3/0] [3·5/16·4] [7·2/·] [3·7/13·4]

Note: The table gives the number of cases per cell, the percentage in parentheses and means
(in 1000 Dfl.) of stocks & bonds and savings, resp., if observable, in square brackets.
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Summary statistics of dependent variables are displayed in Table 2a. The
distributions of asset amounts are all heavily skewed, but this problem is
less serious if we work with variables in logs and budget shares.

To describe the data further, Figure 1 displays nonparametric regres-
sions of financial wealth and of the share of financial wealth invested in
risky assets on age, including 95% uniform confidence bands.3 Both the
level of financial wealth and the share in risky assets tend to increase with
age. The distributions of independent variables are illustrated in Table 2b.
Most of this table speaks for itself. Income is measured as net monthly

3 We used kernel regressions with the quartic kernel; at each age, the figure shows a point
estimate and a 95% confidence interval for the conditional mean given age. See Haerdle and
Linton (1994) for details. Zero amounts and shares are incorporated; unobserved amounts
or shares are not.

Table 2a. Summary statistics of endogenous variables a

Variable Nobs. Mean St. dev. Min. Max. Median Skewn.

Savings 2771 13416 50761 0 983095 3000 10.52
——, a0 2263 16427 55730 1 983095 4637 9.58
Stocks & bonds 3039 3693 39887 0 974000 0 16.54
——, a0 156 71938 161996 10 974000 12000 3.51
Fin. wealth 2743 16479 70359 0 1415250 3000 11.54
——, a0 2244 20143 77316 1 1415250 4741 10.49
log (fin. wealth+1) 2743 6.795 3.619 0 14.163 8.00 µ0.94
Fraction of stocks & bonds 2244 0.027 0.135 0 1 0 5.57
——, b (0, 1) 110 0.477 0.298 0.004 0.996 0.45 0.20

a Observed amounts only. Definition of variables: savings: sum of the amounts held in saving
account balances, time deposit accounts and saving certificates and certificates of deposit; stocks
& bonds: shares in domestic and foreign companies, shares in investment funds, options, bonds
and mortgage bonds; fin. wealth: sum of savings and stocks & bonds; fraction of stocks & bonds:
share of this asset category in fin. wealth.

Fig. 1. Nonparametric regressions
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(non-capital) income of head and partner, and includes earnings, benefits,
pensions, etc., but excludes asset income; the measure for the marginal tax
rate has been constructed from this variable and the parameters of the
Dutch tax system in 1988.

The marginal tax rate measures the impact of the tax system. The
Netherlands have a progressive income tax system. Taxable income
consists of income from all sources (excluding unrealized and realized
capital gains), less consumer credit and mortgages and interest paid, and
less a tax-free allowance. The latter differs by marital status and takes
account of the presence of children for single parents. Interest on savings
and dividend income are each exempted up to 1,000 Dfl. for singles and
2,000 Dfl. for couples. The marginal tax rate is a piecewise flat function of
taxable income in nine brackets.4

4 Apart from the income tax, there is a tax on housing property and a tax of 0.8% on financial
and housing wealth exceeding Dfl. 95,000 for singles or Dfl. 120,000 for married couples.
These latter taxes are not taken into account in the model.

Table 2b. Summary statistics of exogenous variables (3,077 observations) a

Variable Mean St. dev. Min. Max. Median

log (income+1) 7.735 0.672 0 11.495 7.75
log2 (income+1) 60.279 9.338 0 132.126 60.01
Marg. tax rate 0.473 0.133 0 0.72 0.51
Age of head 43.992 15.455 18 89 40
Age squared/1000 2.174 1.520 0.324 7.921 1.6
Full-time 0.596 0.491 0 1 1
Part-time 0.049 0.216 0 1 0
Other status 0.355 0.478 0 1 0
Self-employed 0.103 0.304 0 1 0
White-collar 0.447 0.497 0 1 0
Blue-collar 0.247 0.431 0 1 0
Other occupation 0.204 0.403 0 1 0
High education 0.161 0.368 0 1 0
Interm. education 0.328 0.469 0 1 0
Married or lvg. tog. 0.690 0.463 0 1 1
Female 0.207 0.405 0 1 0
No. of children 0.964 1.116 0 8 1
Region: north 0.325 0.468 0 1 0
Region: south 0.200 0.400 0 1 0

a Definition of variables: Marginal tax rate: calculated from individual net income and family
composition; the household rate is set equal to the maximum of the two individual rates.
Intermediate education: technical and vocational training for 16+ years old, and pre-university
education; high education: university degree or higher vocational training. Labor supply: part-
time employment (10–35 hours per week); other status: disabled, unemployed, retired, students
and housewives/men without alternative occupation. The reference group is full-time (36 hours
per week or more). Reference group for occupational status: blue-collar workers.
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III. Model and Specification

We estimate a portfolio allocation model for two assets by specifying a
budget share equation, taking the specific features of the data into account.
For households with positive financial wealth W, the desired share s* of
financial wealth invested in stocks and bonds is specified as

s* = xs bs+g ln W+es. (1)

s* may be less than 0 or larger than 1. The desired share for saving accounts
is given by 1µs* and has the same form. Equation (1) corresponds to the
Engel curves5 of the almost ideal demand system or the translog system.6

The vector xs comprises an intercept, the marginal tax rate, variables
controlling for labor market status, occupation and education level. es

denotes an error term. Similar specifications have been used by, among
others, Feldstein (1976) or Guiso et al. (1996).

Financial wealth W is potentially endogenous. To control for this, we
formulate two reduced form equations for w=ln W. First, the latent
demand for the log of financial wealth w* is explained from a number of
background variables and observed current family income. Second, to
explain the fact that those who hold financial wealth usually hold a substan-
tial amount, we add an individual threshold t* for a minimum value of w*,
following Nelson (1977). This threshold increases the fit of the model
substantially, as demonstrated below.

The intuition for the threshold derives from the presence of
(unobserved) fixed transaction costs which are imposed as a lump sum and
influence the decision whether or not to hold financial assets. We would
expect these costs, such as monitoring costs, to be household specific. They
may depend on observables like education level or family characteristics.
We follow Mayshar (1981) and Agell and Edin (1990) here, who argue that
fixed transaction costs only affect the discrete portfolio choice problem but
not the conditional asset demands, since they are sunk costs.7 The thresh-
old may also reflect institutional restrictions such as minimum purchase
requirements for stocks and bonds or minimum amounts required to open
certain types of saving accounts.

5 The derivation of asset demands by analogy with a consumer commodity demand system
was proposed by Sandmo (1977).
6 In preliminary specifications we also included ln2 W in (1). This leads to the quadratic
system of, for example, Banks et al. (1994). The quadratic term, however, was
insignificant.
7 An indication of switching or portfolio adjustment costs is provided in the data by a variable
that measures the frequency of changes in the portfolio of stocks and bonds (excluding
options): 60% of the households holding these assets make adjustments about once a year or
less frequently.
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The complete model in latent variables w*, t* and s* has the following
form:

w* = xw bw +ew (2a)

t* = xt bt +et (2b)

s* = xs bs+wg+es. (2c)

The error terms (ew, et, es) allow for unobserved heterogeneity across
households and are assumed to be jointly normally distributed with mean
zero, independent of xw, x t and xs. The actual demand for the log of
financial wealth is given as

w =G
0

w*

if w*Rt*

if w*at*.

Both the wealth (2a) and the threshold equation (2b) are in reduced form.
A structural approach along the lines of the theoretical literature (see
Section I) would require more information than is present in our data,
especially on asset prices and returns. Thus, these two equations reflect
both demand and supply side factors which determine the asset market
equilibrium. The share equation (2c) is only defined if w*at*. Again, the
actual share in stocks and bonds, s, may differ from the desired share s*
because of non-negativity constraints on either asset. s is therefore
censored at 0 and 1:

s =8 0

s*

1

if

if

if

s*R0

0ss*s1

s*E1.

In addition to the structure sketched above, we take account of
observations where endogenous variables contain missing values. In these
cases, as outlined in Section II, we know that respondents — although they
refuse to report the amount — own the respective assets (in 334 cases, cf.
Table 1). The only information we have for these observations is that
w*at*, whereas the magnitude w is unobserved. Ignoring this information
— a ‘‘natural’’ first approach — leads to inconsistent parameter estimates
since wealth can only be unobserved if it is positive. Observability of
financial wealth and the level of financial wealth are hence correlated. Our
framework solves this problem by using all observations in the sample.

The data structure and the possible endogeneity of financial wealth
require simultaneous estimation of all equations. The model can be
estimated by maximum likelihood, taking the correlation structure
between the three equations in (2) fully into account. With financial wealth
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composed of two assets, nine regimes can be derived (cf. Table 1): each of
the two assets can be zero, positive and observed, or positive and
unobserved. Each of these regimes requires its own expression for the
likelihood contribution.8

In order to identify the first two equations, it is necessary to impose a
constraint on the covariance structure; see Nelson (1977). We choose
swt =

1
2 (s2

w+s2
t µ1), where swt denotes the covariance between ew and et.9

This is somewhat more general than setting swt to zero, since the latter
implies a positive correlation between the error in the selection part of the
model w*µt* and the error in w*. To identify the share equation (2c), it is
necessary to exclude at least one variable included in the wealth equation
(2a) from the share equation. We exclude variables related to family
income. Thus we assume that family income may determine financial
wealth but, for given financial wealth, will not affect the choice between
riskfree and risky assets. This corresponds to the idea of two-stage
budgeting in a demand system: financial wealth is determined in the first
stage and in principle depends on all background variables, such as prices
of consumption, housing, durables, permanent income, etc. Under the
assumption of direct weak separability, however, the share invested in risky
assets will only depend on financial wealth, and variables affecting
preferences for these assets, such as expected returns, the variance of the
returns, and risk aversion.10 Furthermore, for the sake of a parsimonious
specification, we exclude regional control variables north and south from
the share equation (2c).11

8 The likelihood contributions are presented in an Appendix, available on request. For some
observations with one unobserved amount, numerical integration is required to ‘‘integrate
out’’ the unobserved amount. The likelihood contributions for the other observations
contain univariate or bivariate normal densities and probabilities.
9 This normalization is motivated by defining the variable z* = w*µt* which determines
selection (wa0 iff z*a0). The selection equation is a probit equation, and its variance is set
equal to 1 for identification: var (ez) = var (ewµet)=1.
10 As stressed by the literature on the theory of precautionary saving, cf. Kimball (1990) and
Guiso et al. (1996), asset demands may be affected by individual income uncertainty. To test
this, information on second moments of the individual income distribution would be
required, which is unavailable in our data. The exclusion restrictions employed here only
concern the actual level of income. Using LR tests, the null that the restrictions hold could
not be rejected at the 5% level.
11 We performed extensive specification testing on these variables. The joint insignificance of
family composition and regional variables, for instance, could not be rejected by LR tests. LR
tests also suggest that these variables should not be excluded from the other equations.
Similar remarks apply to the degree of the age polynomial.
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IV. Results

Estimation results for the complete model, equations (2a)–(2c), are
presented in the left-hand panel of Table 3. The rest of that table concerns
some alternative models that will be discussed below. Column 1a contains
the estimates for the financial wealth equation (2a). A quadratic log
income pattern is allowed for. As expected, financial wealth increases with
income. The income elasticity of wealth also increases with income, from
0.244 (0.123) at the first income decile to 0.439 (0.133) at the ninth decile
(standard errors in parentheses). The marginal tax rate on income is highly
significant.12 Households subject to larger marginal tax rates hold more
financial wealth. Due to tax-free allowances both on returns from savings
and on dividend income, the tax advantage is higher for households facing
higher marginal tax rates.13

The age pattern of financial wealth is upward sloping from about age 21;
i.e., for almost the entire sample, corresponding to the nonparametric
regression results in Figure 1. Abstracting from potential cohort effects we
do not find any evidence of asset decumulation after retirement.14 Educa-
tional attainment is controlled for by two dummy variables. There is a
significant positive relation between educational level and financial wealth.
The effects of other control variables (occupational and labor market
status, and family composition) by and large confirm our expectations.

Column 1b of Table 3 displays the estimates of the threshold equation
(2b). A likelihood ratio test on the hypothesis that all slope parameters of
this equation are equal to zero clearly leads to rejection, so that adding the
threshold equation is a significant improvement compared to a standard
censored regression equation for financial wealth. This is also indicated by
the significance levels of many of the parameters. The coefficients of the
threshold equation are similar to those of the financial wealth equation
(2a). This implies, for example, that the probability of holding positive
financial assets is insensitive to income, but once the amount is positive,
financial wealth increases with income. The marginal tax rate is insignifi-
cant and the probability of holding financial wealth increases with the tax

12 A 5% significance level is chosen throughout.
13 Feldstein (1976) and Agell and Edin (1990) argue that the marginal tax rate can be
endogenous since it applies to income out of wealth as well. Since we constructed the
marginal tax rate on the basis of measured net monthly income, which will exclude asset
income, we avoid this problem. Due to lack of appropriate instruments we could not test this
explicitly.
14 There has been a fair amount of interest in life-cycle patterns of savings and asset demands,
e.g. King and Dicks-Mireaux (1982), King and Leape (1987), and Arrondel and Masson
(1990). But bear in mind that due to possible cohort effects, the age effects found here may
not say much about life-cycle patterns.

© The editors of the Scandinavian Journal of Economics 1997.

90 S. Hochguertel, R. Alessie and A. van Soest



Table 3. Estimation results

Variable 1a 1b 1c 2 3

Constant 9.404 9.949 µ3.747 µ4.638 µ3.477
(5.74) (5.39) (µ5.43) (µ4.37) (µ6.36)

log (fin. wealth) — — 0.220 0.300 0.128
(—) (—) (3.10) (2.75) (2.05)

log (income+1) µ0.765 µ0.856 — — —
(µ1.91) (µ1.91) (—) (—) (—)

log2 (income+1) 0.072 0.079 — — —
(2.76) (2.53) (—) (—) (—)

Marg. tax rate 1.881 0.528 1.402 0.927 1.897
(3.04) (0.58) (2.87) (1.29) (3.10)

Age of head µ0.028 µ0.033 µ0.036 µ0.042 µ0.030
(µ1.52) (µ1.35) (µ2.00) (µ1.53) (µ1.60)

Age squared/1000 0.671 0.738 0.417 0.515 0.372
(3.45) (2.88) (2.16) (1.71) (1.93)

Medium education 0.135 0.082 0.372 0.367 0.389
(1.39) (0.57) (3.66) (2.51) (3.87)

High education 0.265 0.225 0.583 0.625 0.586
(2.07) (1.20) (4.88) (3.75) (4.92)

Self-employed 0.404 0.398 0.227 0.530 0.243
(2.47) (1.69) (1.49) (2.11) (1.59)

White-collar µ0.159 µ0.417 0.246 0.487 0.274
(µ1.38) (µ2.49) (1.80) (2.07) (2.02)

Other occupation 0.135 µ0.115 0.247 0.171 0.284
(0.93) (µ0.57) (1.31) (0.58) (1.47)

Part-time µ0.328 µ0.258 0.106 0.124 0.045
(µ1.89) (µ1.01) (0.69) (0.60) (0.29)

Other status µ0.271 µ0.083 µ0.093 µ0.234 µ0.174
(µ2.16) (µ0.44) (µ0.56) (µ0.90) (µ0.95)

Female µ0.312 µ0.492 — — —
(µ2.25) (µ2.50) (—) (—) (—)

Married or lvg. tog. µ0.060 µ0.417 — — —
(µ0.44) (µ2.22) (—) (—) (—)

No. of children µ0.127 µ0.233 — — —
(µ2.95) (µ4.03) (—) (—) (—)

Region: north 0.099 µ0.087 — — —
(1.13) (µ0.70) (—) (—) (—)

Region: south 0.074 µ0.080 — — —
(0.68) (µ0.52) (—) (—) (—)

s 1.872 2.677 0.794 0.900 0.873
(60.64) fixed (11.78) (9.37) (5.72)

swt 4.836 4.947 —
(40.71) (42.17) (—)

sws 0.104 0.041 1.724
(0.90) (0.27) (1.49)

sst — — —
(—) (—) (—)

Loglikelihood: µ25555 µ24544 µ26921
No. observations 3077 2743 3077

Note: t-values in parentheses; col. 1a: log of financial wealth; col. 1b: (unobserved)
threshold; col. 1c: fraction of stocks & bonds in financial wealth (model 1); col. 2: fraction
of stocks & bonds, ignoring missing values (model 2); col. 3: fraction of stocks & bonds,
setting threshold to zero (model 3).
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rate. Age has a similar effect on the threshold as it has on wealth. By and
large, educational and occupational effects on thresholds could not be
detected. An exception is that white-collar workers face a lower threshold
value than blue-collar workers.

Column 1c shows the estimates of the share equation (2c). The
presumption that wealthier households hold relatively more risky assets is
confirmed significantly. This suggests that stocks and bonds are a luxury: if
financial wealth increases by 1%, the amount invested in stocks and bonds
increases by more than 1%. In other words, relative risk aversion decreases
with wealth: if wealth increases, the share of the risky asset also
increases.

A higher marginal tax rate induces people to choose more risky assets.
The effect is significant. It is in line with the predictions from the Domar/
Musgrave model on the effects of a proportional income tax with full loss
offset: there the marginal rate of transformation between risk and return
of the assets is unaffected by taxation; the remaining negative pure wealth
effect can only be compensated by taking higher risk. But in general the
theoretical predictions of the effects of taxation on portfolio choice
depend on the parameters of the underlying utility function and the distri-
bution of asset returns, cf. Feldstein (1976) and Sandmo (1985), and on
features on the tax system, e.g. deductibility of fixed transaction costs; cf.
Leape (1987).

Higher educated people tend to hold significantly more stocks and
bonds relative to savings. King and Leape (1984, 1987) proposed that asset
holdings are determined by the informational status that the investor has
acquired with respect to certain assets. Since stocks and bonds can be
viewed as information intensive assets and informational status can be
proxied by the educational level of the investor, the finding here supports
this hypothesis. But — abstracting from cohort effects — this would also
imply a positive age effect. The quadratic age specification exhibits a
significant U-shaped pattern for the relative demand of stocks and bonds,
with a minimum at age 43.15 The decreasing age pattern for the younger
cohorts is not in line with the argument of King and Leape (1987). If
younger people face tighter borrowing constraints, they could also be
expected to refrain from holding riskier and less liquid assets; see Paxson
(1990). If younger workers have a higher labor supply flexibility, however,
this might insure them against income risk and enable them to hold more
risky assets; see Bodie et al. (1992).

swt is positive and significant. This can be due to common unobserved
characteristics affecting desired financial wealth and threshold in the same

15 The age effects hardly change if the exclusion restrictions referred to in fn. 11 are
relaxed.
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direction. sws is positive but insignificant, so exogeneity of wealth in the
share equation cannot be rejected. sst appeared to be small with a large
standard error. We therefore set it equal to zero. 

The findings reported here are broadly in line with the evidence found
for other countries. We compare our results to other studies by considering
ten related papers.16 They are all based on cross-section data and consider
ownership equations and/or (conditional) demand equations for single
assets, partly in the form of a budget share equation. To facilitate a
comparison, we distinguish between stocks & bonds and saving assets,
excluding other related financial assets,17 and summarize across all studies
and specifications.

In 40 equations, the marginal tax rate features as a linear regressor. The
effect is negative in only one ownership equation of the stocks & bonds
category, and in one budget share equation each for stocks & bonds and
savings. In 10 ownership or demand equations for stocks & bonds, and six
for savings, and in two share equations for stocks & bonds, the tax effect is
positive. Otherwise, tax effects are insignificant at 5%. Age effects, on the
other hand, are less clear-cut. In 53 ownership or demand equations (35 for
stocks & bonds; 18 for savings) the age pattern is 8 times (3 :5) hump-
shaped and 4 times (1 :3) U-shaped, 14 times (9 :5) monotonically increas-
ing and 4 times (4 :0) monotonically decreasing; the remainder is
insignificant. In two share equations for stocks & bonds the age pattern is
hump-shaped. A similar exercise can, in principle, be conducted for e.g.
education. Due to a wide variation in variable definitions, the comparison
is less straightforward. Yet, in general, a higher educational level favors
risky asset holdings.

Our empirical model deviates from standard approaches mainly in two
ways. First, we take full account of the unobserved amounts in the likeli-
hood. Second, the unobserved individual threshold makes the model more
flexible than a censored regression model since it separates the censored
observations from those which are selected into the continuous part of the
wealth distribution. To assess the importance of these two features, we
compare the results to alternative specifications. Model 1 is the complete
model (columns 1a–c), model 2 ignores all cases with one or two
unobserved amounts, and model 3 sets individual thresholds to zero.

16 These are Feldstein (1976), King and Leape (1984), Hubbard (1985), King and Leape
(1987), Agell and Edin (1990), Arrondel and Masson (1990), Ioannides (1992), Perraudin
and Sørensen (1993), Haliassos and Bertaut (1995), and Guiso et al. (1996).
17 Related assets are those which do not fit exactly into the two other categories; for instance,
‘‘tax preferred bonds and saving schemes’’, or other mixtures of stocks, bonds and savings.
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Columns 2 (model 2) and 3 (model 3) of Table 3 contain the parameter
estimates for the share equation (2c).18 In comparison to column 1c, we
find substantial variation in both magnitudes and significance levels of the
estimates, especially for the impact of financial wealth, the tax rate, and
age.

Model Performance

In order to compare the three models in terms of their ability to capture
the data, Table 4 shows actual and simulated averages. The first column
gives the number of observations with positive financial wealth. While the
complete model reproduces this quite well, the other models do not. This
could be expected for model 2 because the excluded observations are
known to have positive financial wealth. Model 3 is not flexible enough to
capture average amounts and the fraction of zeros simultaneously. The
second column of Table 4 shows average log financial wealth for those with
positive financial wealth. Again, the complete model does much better
than the two alternative specifications. The same conclusion can be drawn
from the final column which displays the average share of stocks and bonds
in financial wealth for those who hold financial wealth. Model 1 underesti-
mates the average share by 0.4%-points. As far as ownership is concerned
(not shown in the table), 6.3% of the households in the sample hold stocks
and bonds versus 6.5% according to model 1. These deviations are reason-
ably small.19

18 Corresponding results for the auxiliary equations are available from the authors.
19 Allowing for a threshold on the demand for stocks and bonds might render an even closer
fit to the data in this respect, but the present framework cannot be straightforwardly adapted
to this.

Table 4. Model performance for positive financial wealth

Cases
Model (wa0) w s

1 2575 8.37 (1.89) 0.034 (0.147)
2 2238 8.29 (1.87) 0.026 (0.132)
3 2891 7.14 (3.76) 0.048 (0.183)

Data 2578 8.35 (1.89) 0.038 (0.157)

Notes: Models 1, 2, and 3 as in Table 3; standard deviations in parentheses; simulations based
on 100 random draws.
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Tax Effects

In order to assess how the regime choice, the level of financial wealth, and
the budget share for stocks and bonds are affected by a change in the
marginal tax rate, we simulated corresponding elasticities. These are short-
run reactions of the partial system we consider. General equilibrium
effects might be different. The first row of Table 5 displays the elasticities
of aggregate financial wealth holding (nWt), and of the average share of
stocks and bonds (nst), with respect to the marginal tax rate t. The figures
take into account a change in the fraction of households that decide to hold
financial wealth at all, and a change in the conditional demands. The
standard errors reflect the imprecision of the parameter estimates from the
model.

The tax rate elasticity of average financial wealth is about 1.3, which is
somewhat larger than the implied elasticity of the latent demand for finan-
cial wealth at the median marginal tax rate.20 The share invested in stocks
and bonds is even more elastic. For the effect on the amount of stocks and
bonds, the two elasticities should be combined, implying on average a
change in the amount of stocks and bonds by more than 3%. The amount
of riskfree assets would change by about 1.3%.21

Rows 2 and 3 exhibit corresponding elasticities based on the simpler
models. Discarding observations with unobserved amounts (model 2)
biases the effect of the tax rate on the share of risky assets downwards. This
corresponds to the lower (and insignificant) parameter estimate of the tax
rate in Table 3 (col. 2). Restricting thresholds to zero (model 3) leads to
substantial overestimation of the total financial wealth response. Thus,

20 The latter can be calculated from the model parameters in Table 3 as q ln w/q ln t = btt. At
the median marginal tax rate of 51% it equals 0.96.
21 The calculated elasticities correspond to a global proportional tax rate change of 1%. Note
that this has an effect on the progressivity of the whole tax system, as measured by the first
derivative of the average tax rate. An alternative would be to increase the marginal tax rate
uniformly by fixed percentage points. With a change of 0.51 percentage points corresponding
to a 1% proportional change at the median marginal tax rate, this does not yield substantially
different results.

Table 5. Tax rate elasticities

Model nWt nst

1 1.321 (0.300) 2.336 (0.554)
2 1.186 (0.272) 1.958 (0.714)
3 2.689 (0.547) 2.335 (0.446)

Notes: Models 1, 2, and 3 as in Table 3; standard errors in parentheses; nWt: elasticity of
financial wealth; nst: elasticity of the share of stocks & bonds.
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allowing for both features not only improves the fit of the model (Table 4),
but also leads to different conclusions about the tax elasticities.
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