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A growing number of studies in macroeconomics and finance propose models in which agents’ 
relative risk aversion is time-varying. The most popular approach is to use habit-formation pref-
erences, in particular difference habits, which imply that felicity is a function of consumption 
minus a habit. In asset pricing, difference-habit models have some success in reproducing the 
mean and countercyclicality of asset return risk premia found in the data (George Constantinides 
1990; Gurdip Bakshi and Zhiwu Chen 1996; John Y. Campbell and John H. Cochrane 1999). In 
macroeconomics, habits help to jointly match stylized facts about asset returns and the business 
cycle (see, e.g., Urban Jermann 1998; Michele Boldrin, Lawrence J. Christiano, and Jonas D. M. 
Fisher 2001). An alternative approach focuses on consumption commitments, which can have 
effects similar to those of difference habits, in particular, similar time-variation in relative risk 
aversion (Raj Chetty and Adam Szeidl 2005).

While habit preferences1 seem to help in matching aggregate data, little is known yet about 
whether the predictions of habit-formation models also fit with microdata. Rajnish Mehra and 
Edward C. Prescott (2003), for example, point out that it is not clear whether investors actually 
have the huge time-varying countercyclical variations in risk aversion postulated by models like 
Campbell and Cochrane (1999). One of the key implications of difference habits is that individu-
als’ relative risk aversion should vary with wealth, in contrast to models with constant relative 
risk aversion (CRRA). An increase in wealth, for example, should lead to a temporary decrease 

1 In the following we often speak, for ease of reference, somewhat loosely of “habit preferences” or “habit forma-
tion,” but we mean difference habits (or subsistence levels, or consumption commitments that lead to similar effects), 
which lead to time-varying risk aversion. But we exclude ratio habits of the type used by Andrew B. Abel (1990), 
because they imply constant relative risk aversion.
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in relative risk aversion. This is an important, but so far untested, prediction. In this paper, 
we provide evidence on this question from microdata on how households allocate their wealth 
between risky and riskless assets. Since household-specific time-variation in wealth is presum-
ably higher than aggregate time-variation in wealth, the variation in household-specific relative 
risk aversion—which we focus on in this paper—should be even higher than the already huge 
variation in aggregate relative risk aversion that is needed to match variations in asset return risk 
premia.

To clarify the implications of difference habits for asset allocation, we start by studying a sim-
ple discrete-time model of portfolio choice. The issues are most transparent if we take the view 
that with CRRA preferences—i.e., without habit—the investor would have sufficiently low risk 
aversion so that she would invest most of her liquid wealth in risky assets. If we now introduce a 
difference habit, this increases the desire to hold riskless assets. Their primary role is to provide 
sufficient financial resources to ensure that future consumption can always be kept above the 
level of the habit. Hence, optimal riskless asset holdings are tied to the slow-moving habit level 
and thus are relatively fixed. But liquid wealth fluctuates, due to capital gains, income, and con-
sumption. As a result, when liquid wealth increases, the optimal share of risky assets in the liquid 
wealth portfolio increases, and vice versa. Effectively, relative risk aversion varies with wealth.

We test this prediction with household-level panel data from the Panel Study of Income 
Dynamics (PSID), covering a period of about 20 years. We first examine how changes in liquid 
wealth affect stock market participation. We find that changes in liquid wealth have a significant 
positive effect on the probability of stock market entry and a negative effect on the probability of 
exit. While this is consistent with time-varying risk aversion if there are some fixed per-period 
costs of participation, similar effects also arise with CRRA preferences. Thus, these tests cannot 
discriminate between habit models and models with CRRA preferences.

Unlike for the participation decision, we find that changes in liquid wealth essentially play no 
role in explaining changes in asset allocation for households that participate in the stock market. 
We regress the change in the proportion of liquid assets invested in risky assets on the change in 
liquid wealth and find that the positive effect predicted by difference-habit models is absent. If 
anything, the effect is slightly negative (but economically tiny). This is not the result of low sta-
tistical power—our coefficients are quite precisely estimated. Thus, the asset allocation results 
favor the CRRA model.

Our regressions control for a broad set of household characteristics, including variables related 
to the life cycle, and time dummies to eliminate aggregate effects and focus on cross-sectional 
variation. The focus on cross-sectional, household-specific variation is important, because 
changes in risky asset prices cause changes in both wealth and the allocation to risky assets of 
the aggregate household, leading to a mechanical positive correlation in the aggregate, irrespec-
tive of the cause of the risky asset price variation. We also pay attention to measurement error. 
We obtain similar results when we instrument changes in wealth with independently measured 
income growth and inheritances, albeit with somewhat lower precision. Moreover, we also show, 
theoretically, that it doesn’t matter whether the liquid wealth change is anticipated, as long as the 
anticipated change is not entirely riskless. What matters is that optimal riskless asset holdings 
are relatively fixed in the short run, because they are tied to the habit level, and thus any fluctua-
tion in current liquid wealth, whether previously anticipated or not, leads to a change in the risky 
asset share.

One possible explanation for the lack of a contemporaneous effect of wealth changes on asset 
allocation is that households’ asset allocation is governed by inertia. When capital gains and 
losses arise, they are not rebalanced, and when in- and outflows arise, they affect mostly the risk-
less asset (cash) balances. With infrequent or delayed adjustment, the first effect would lead to a 
positive, and the latter effect to a negative, relationship between changes in liquid wealth and the 
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liquid risky asset share. Indeed, we find that inertia seems to be the dominant factor determining 
changes in asset allocation. The PSID data on purchases and sales of risky assets allows us to 
reconstruct, approximately, how the portfolio allocation would look if households had not bought 
or sold risky assets between successive interview dates (assuming that all in- and outflows affect 
only cash balances). We find that actual portfolio allocations are quite close. The data on pur-
chases and sales are surely noisy and probably affected by forgotten trades, but the strength of 
the inertia effect seems to be too big to be just the result of measurement error.

Given that there seems to be strong inertia, we then check whether a positive effect of liquid 
wealth changes on portfolio shares might appear if we allow for slow adjustment. We regress 
future changes in the risky asset share on past changes in wealth and find a small positive effect. 
But in terms of economic magnitudes, it is again a very small effect, and it is statistically weak.

Taken together, our findings suggest that relative risk aversion does not vary with wealth 
changes in the way postulated by habit-formation models. The large variations in relative risk 
aversion induced by wealth changes that these theories predict are evidently absent from micro-
data. At least with respect to the relationship between asset allocation and wealth, our evidence 
suggests that CRRA is a good description of microeconomic behavior. But the CRRA model 
cannot explain the large inertia in household portfolio shares either.

Our evidence on household asset allocation ties in well with some recent work that finds it 
hard to reconcile habit preferences and microdata along other dimensions of household eco-
nomic choices. Karen E. Dynan (2000) finds no evidence that household-level consumption 
growth exhibits the patterns predicted by internal habit-formation models. Francisco Gomes and 
Alexander Michaelides (2003) study a life-cycle model of consumption and portfolio choice and 
find that the introduction of habit formation makes it more difficult to match empirical regulari-
ties in microdata. A recent paper by Claudia R. Sahm (2006) examines relative risk aversion 
measures elicited from responses to hypothetical gamble questions in the Health and Retirement 
Study and finds no effect of wealth changes on changes in relative risk aversion. The findings in 
these studies contrast with those of Joseph P. Lupton (2003), who finds a negative relationship 
between past consumption levels and current risky asset holdings, including businesses and real 
estate, which he argues is consistent with habit formation, and Enrichetta Ravina (2005), who 
finds support for habit formation in credit card purchases data. The results in our (first-differ-
ences) regressions are also consistent with earlier evidence that the cross-sectional relationship 
between the level of the risky asset share (John Heaton and Deborah Lucas 2000; Luigi Guiso, 
Michael Haliassos, and Tullio Jappelli 2003) or elicited relative risk aversion measures (Robert 
B. Barksy et al. 1997) and the level of wealth is essentially flat among households that participate 
in the stock market.

The paper is organized as follows. Section I presents a simple portfolio choice model with 
habit preferences, our methodology, and the data. Section II reports our main results. In Sec-
tion III we discuss the implications of our results. The Appendix is available on the AER Web 
site (http: www.aeaweb.org/articles.php?doi=10.1257/aer.98.3.713).

I.  Theory and Methodology

A. Model of Asset Allocation with Habits

We develop a simple model of portfolio choice that illustrates how relative risk aversion can 
be time-varying when agents’ preferences exhibit difference habits, subsistence levels, or simi-
lar features. Let time be discrete and consider a single agent with infinite horizon. The agent’s 
wealth at time t is denoted Wt and is measured before time t consumption, Ct . There are two 
securities the agent can invest in: a risky asset with return Rt, and a risk-free asset with constant 



JunE 2008716 THE AMERICAn ECOnOMIC REVIEW

return Rf  . At time t the agent chooses Ct and the proportion of Wt 2 Ct invested in the risky asset, 
at , to solve the problem

(1)  max Et a
`

t50
 dt 

1Ct1t 2 X 2 12g

1 2 g
,

subject to the intertemporal budget constraint

(2)  Wt11 5 11 1 Rp, t112 1Wt 2 Ct 2 ,

where d is the subjective time-preference discount factor, g is the curvature of the felicity func-
tion, Rp, t11 K at 1Rt 2 Rf 2 1 R f is the return on the investors’ liquid wealth portfolio, and X is the 
habit. Consumption paths with Ct # X at some future t with nonzero probability are assigned 
infinitely negative utility. We assume that risky asset returns have a log-normal distribution. 
Because we focus on cross-sectional differences between households and not on aggregate varia-
tion, we also assume, for simplicity, constant expected returns and constant volatility.

In our basic discussion we assume that X is constant. This should be thought of as an approxi-
mation to a model in which X varies slowly. In the Appendix, we show that our basic model 
can be viewed as an approximation to an internal habit model along the lines of Constantinides 
(1990), where habit responds sluggishly to past consumption. As Campbell and Cochrane (1999) 
point out, letting the habit level respond slowly, over several years, to changes in consumption is 
necessary to match empirical features of asset returns, such as a highly persistent price-dividend 
ratio, persistent volatility, and long-run forecastability of returns, and so we focus on the effects 
of such slow moving habits in our analysis. Alternatively, X could represent an external habit that 
does not depend on the action of our single agent, a constant subsistence level, or the cash-flow 
stream required to finance future committed consumption along the lines of Chetty and Szeidl 
(2005).

We solve the agent’s problem by redefining consumption and wealth such that the objective 
and the budget constraint map into a standard CRRA problem, for which we know the relevant 
properties of the solution. Define surplus wealth Wt

* K Wt 2 1X / Rf 2 2 X and surplus consumption 
Ct

* K Ct 2 X . We can rewrite the maximization problem as

(3)  max Et a
`

t50
 dt 

C*12g
t1t

1 2 g
.

Now assume that the investor at time t invests a fraction at
* of Wt 2 Ct 2 1X / Rf 2 into the risky 

asset, and the rest in the riskless asset. This surplus portfolio yields a return R*
p, t11 K at

* 1Rt 2 Rf 2 
1 Rf . The remaining 1X / Rf 2 dollars are invested in the riskless asset. Without further restrictions 
on at

*, this decomposition of the wealth portfolio into two components is without loss of general-
ity. The budget constraint now becomes

(4)  Wt11 5 11 1 R*
p, t112 aWt 2 Ct 2 

X
Rf

b 1 11 1 Rf 2
X
Rf

,

from which we obtain

(5)  W *
t11 5 11 1 R*

p, t112 1Wt
* 2 Ct

*2 .
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Thus, our problem maps into the problem of a CRRA investor with wealth Wt
*, consumption Ct

*, 
and risky asset portfolio share at

*. If expected returns and volatility are constant, at
* 5 a*, i.e., 

it is constant, as we know from Paul Samuelson (1969). Then, the risky asset share of our habit 
utility investor, as a fraction of post-consumption wealth at time t, is

(6)  at 5 a* A1 2 
X

1Wt 2 Ct 2Rf
B .

We now see that at is increasing in Wt , holding X constant. The agent invests the present value 
of the future habit, X / Rf , in riskless assets, and surplus wealth over and above that amount like a 
CRRA investor. Hence, if Wt is close to X / Rf , the agent’s effective relative risk aversion is high, 
because most of the wealth is used to self-insure the stream of future habit. If Wt  is a lot larger 
than X / Rf , the agent invests approximately like a CRRA investor.

So far, the agent’s wealth is composed entirely of liquid wealth, by which we mean the sum 
of stocks and riskless bonds. In a more realistic model, however, the household would also have 
so-called background wealth, i.e., labor income, housing wealth, and perhaps wealth in a private 
business. Labor income and business ownership are sources of risky income. Home equity rep-
resents a risky asset if the household expects to sell at some point, say at retirement (or trade to 
a house of a different size, or in a different location).2 The presence of background wealth com-
plicates the relationship between liquid wealth levels, habit, and the proportion of liquid wealth 
allocated to stocks, because a*, and hence also at , depend on how much background wealth the 
agent has, and on the riskiness of background wealth. This makes the portfolio choice problem 
quite untractable.

Fortunately, the existing literature shows that as long as the returns on background wealth 
have a relatively low correlation with stock returns (for which there is some empirical support), 
the main effect of risky background wealth is a diversification effect. That is, the presence of 
background wealth allows the household to diversify away some of the risks of stocks, reducing 
the aversion to holding stocks.3 This diversification effect can simplify the problem.

The very purpose of habit-formation models is to try to explain facts about asset returns and 
consumption with moderate values for the felicity curvature parameter g. For example, Campbell 
and Cochrane (1999) set g 5 2 and the habit is responsible for the lion’s share of effective relative 
risk aversion and its variation over time; the curvature of the felicity function would induce very 
little relative risk aversion in the absence of the habit. For such moderate values of g, realisti-
cally calibrated models of household portfolio choice with CRRA preferences and background 
wealth, such as Haliassos and Carol C. Bertaut (1995), Heaton and Lucas (1997), Joao F. Cocco 
(2005),  Cocco, Gomes, and Pascal Maenhout (2005), and Rui Yao and Harold H. Zhang (2005), 
all find that households should basically invest 100 percent of their liquid wealth in stocks. In 

2 Costs of adjusting the holdings of illiquid background wealth can also lead to an additional effect of house owner-
ship that relates to one of the possible interpretations of X. Recognizing that housing is often financed by collateralized 
borrowing (mortgage), and that many households own a house for most of their life, one can view housing as a long-
lived durable good to which the household has committed financial resources of future periods, and whose consump-
tion is very costly to adjust. In this case, the mortgage payments have the same consequences as a habit. The agent uses 
riskless assets to self-insure and be able to meet future mortgage payments to avoid large adjustment costs of trading 
down to a smaller house. This effect is analyzed in Chetty and Szeidl (2005) and X can be viewed as incorporating the 
effects of habits and of such committed future payments.

3 It’s important to distinguish here between models that examine the effect of adding mean-zero background risks 
(e.g., Christian Gollier and John W. Pratt 1996) from the portfolio choice literature that’s our focus here, where back-
ground wealth is added, which has positive mean returns.
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other words, a* 5 1. Note, also, that 100 percent is the upper bound (i.e., no leverage) for the 
allocation to risky assets in discrete time if background wealth is risky (in the sense that there is 
a strictly positive probability that background wealth can fall to an arbitrarily small value over 
the next period).

These results suggest that we can incorporate the effects of housing wealth and labor income 
into our model by approximating a* < 1, i.e., by assuming that a CRRA investor without habit 
would invest about 100 percent of his liquid wealth in stocks. By making this approximation, we 
effectively assume that the habit does most of the lifting required to get risky asset shares below 
100 percent in our portfolio choice model. This is eminently consistent with the spirit of habit-
formation equilibrium models where the habit does most of the lifting to get a sizeable equity 
risk premium.

The benefit of this approximation is that the optimal portfolio share no longer depends on 
background wealth, and that it varies over time only because of variation in X / 1Wt 2 Ct 2 , not 
because of variation in a*:

(7)  at < 1 2 
X

1Wt 2 Ct 2Rf
.

Equation (7) provides the basis for the main tests in the paper. The analyses where we assume 
a* < 1 should be interpreted as a test of the joint hypothesis that habits lead to time-variation in 
risky asset shares and that the variation induced by habits dominates the effects of variation in 
background risks.

But we also examine alternative specifications where we relax the a* < 1 assumption. Allowing 
for a range of values that are still relatively close to one, say 0.9 # a* # 1, would make little 
difference as long as variation in X / 1Wt 2 Ct 2 dominates variation in a*. If a* is instead substan-
tially smaller than one, we have to take into account that a changing composition of wealth can 
change the degree to which stock market risk is diversified away in background wealth. We relax 
the a* < 1 approximation in two heuristic ways.

First, when we look at the liquid risky asset share, we control for the relative magnitude of 
background wealth. We use the labor income/liquid wealth ratio interacted with age, the business 
wealth/liquid wealth ratio, and the housing wealth/liquid wealth ratio, which should help capture 
variation in a*. In the end, we find that these controls have little effect. This is consistent with 
cross-sectional analysis in the literature. Heaton and Lucas (2000) and Yao and Zhang (2005) 
find little evidence that these asset composition ratios are correlated with liquid risky asset shares 
(among households that participate in the stock market), perhaps with the exception of the rela-
tive share of business wealth, which seems to have some small negative impact. These empirical 
findings also support our approximation assumption a* < 1.

Second, we look at the financial wealth (liquid plus housing plus business wealth) risky asset 
share. On the right-hand side of equation (6), one must then redefine Wt as financial wealth. The 
only background wealth component left out is human wealth, which is difficult to measure. We 
include the labor income/financial wealth ratio interacted with age as a proxy for background 
human wealth.

B. Implications for Time-Variation in  
Risky Asset Holdings

We are interested in the implications of habit formation for time-variation in the willingness to 
hold risky assets. To obtain our estimating equation, we first linearize equation (7),
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(8)  at 5 1 2 
X

1Wt 2 Ct 2Rf

 5 1 2 exp 1x 2 wt 2
 < k 2 r 1x 2 wt 2 , 

where x K log 1X / Rf 2 , wt K log 1Wt 2 Ct 24, and the last approximate equality follows from a first-
order Taylor approximation, where r and k are constants, and r . 0 . Intuitively, when Wt is 
close to X, changes in Wt have a big effect on X / Wt at the margin, but the effect is small when 
Wt is big. This feature is preserved by linearizing around the mean log habit-wealth ratio, such 
that at is linear in log liquid wealth. Then, the bigger Wt , the smaller the marginal impact of an 
increase in Wt .

Taking first differences of equation (8), we get

(9)  Dat 5 rDwt .

This result depends on our assumption that X is approximately constant. As discussed above, it 
can be justified, for example, by looking at idiosyncratic wealth shocks and X as an external habit 
that is not affected by idiosyncratic wealth shocks, or with X as an internal habit that is slowly 
moving, and so reacts only very sluggishly to changes in wealth. Equation (9) forms the basis for 
our empirical tests.

Anticipated versus unexpected Wealth Changes.—When taking our model to the data, an 
important question is whether the relationship between changes in liquid wealth and portfolio 
shares would be modified if changes in liquid wealth were partly anticipated. It turns out that this 
distinction does not matter for the validity of our tests.

Consider the following example. At t 5 1 , the agent expects to receive a big one-time payment, 
for example an inheritance from a rich uncle, in period t 5 2. Let’s assume that the probability of 
getting the inheritance is high, and the risk of obtaining or not obtaining it (for example, because 
the uncle prefers to donate the money to charity) and the value of the uncle’s assets are uncor-
related with stock market returns. The key point is that a small probability of not getting the 
inheritance is sufficient to make the anticipated inheritance unsuitable as a means to insure future 
habit. Hence, at t 5 1, the agent still needs to invest 1X / Rf 2 in riskless assets to insure future habit, 
despite the anticipated inheritance. Only when the inheritance is actually received at t 5 2, but 
not before, liquid wealth increases relative to 1X / Rf 2 , and the risky asset share increases.

In this example, the dollar amount of stock holdings moves one-for-one with realized changes 
in the dollar amount of liquid wealth, despite the fact that the agent anticipated the change in 
liquid wealth. One can show that a similar logic applies when the agent invests less than 100 
percent of surplus wealth in stocks, with nonconstant, but slow-moving habits, and when one 
incorporates the consumption-savings decision. In Appendix A.2 of Brunnermeier and Nagel 
(2006), we numerically solve a three-period model that illustrates these effects.5

4 Note that in our empirical data, we measure post-consumption wealth each period, so the definition of wt corre-
sponds to the definition of wealth in the data.

5 It may be useful at this point to draw an analogy to the consumption literature. Power utility implies a precaution-
ary savings motive. In that case, consumers faced with an expectation of a big inflow in the near future, but which 
can be low or zero with strictly positive probability, would hesitate to run down savings to raise today’s consump-
tion, because that would expose them to a small, but significant, risk that consumption might be extremely low in the 
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In summary, it is not crucial for our tests to distinguish between anticipated and unanticipated 
changes in liquid wealth. What we need to control for, however, is that portfolio shares of risky 
assets and wealth may have some common predictable life-cycle pattern, for reasons unrelated 
to habit. But this is a different issue that we address below.

Stock Market Participation.—In the model above, the agent would always participate in the 
stock market 1at . 02 , because the optimal investment policy ensures that Wt 2 Ct . 1X / Rf 2 
(given sufficient initial wealth W0 ). However, if one extended the model and allowed for some 
costs of participating in the stock market, the household might choose nonparticipation (see, 
e.g., Annette Vissing-Jorgensen 2002; Gomes and Michaelides 2005). These costs might be of a 
financial nature, psychological, or opportunity costs of time and attention.

Suppose one extended the model to include fixed per-period participation costs. Then, changes 
in liquid wealth could induce stock market entry or exit. For example, a household experienc-
ing a negative change in wealth might choose to exit. This happens for two reasons. The first 
is that with a lower amount of wealth, the benefits from investing in stocks are smaller relative 
to the fixed level of costs. This effect would arise even with CRRA preferences. Second, in the 
model with habit, as liquid wealth declines, the agent wants to invest a smaller proportion of the 
shrunken liquid wealth in stocks, further reducing the benefits from participating.

The latter effect suggests that the presence of habits could lead to time-varying stock market 
participation. We therefore also look at the empirical relationship between changes in liquid 
wealth and stock market entry and exit. But it’s important to keep in mind that this is only a first 
step. A finding that stock market participation varies with changes in liquid wealth will, on its 
own, not be sufficient to discriminate between CRRA and the habit model.

C. Econometric Issues

In our data, we have observations on wealth and asset holdings at dates that are k 5 5 years 
or k 5 2 years apart, depending on the subsample. Therefore, we rewrite equation (9) as Dk at 5 
rDkwt , where Dk denotes a k-period first-difference operator, Dk yt K yt 2 yt2k .

To arrive at our estimating equation, we must take into account that variables outside of the 
model may cause common movements in the level of liquid assets and the risky asset share. For 
example, it is possible that both at and wt have some correlated deterministic pattern over the life 
cycle. Therefore, we condition on a vector qt2k of household characteristics that should capture 
such patterns, if present. It includes variables that are either constant or known at t 2 k, and an 
intercept. In addition, most of our specifications include Dk ht , a vector of variables that capture 
major changes in family composition or asset ownership that could lead to preference shifts that 
are possibly correlated with Dk wt . Finally, we add a mean-zero error term et , which captures 
unobserved forces on the portfolio share that are outside of the model and that are uncorrelated 
with Dk wt , qt2k , and Dk ht . Thus, our estimating equation is

(10)  Dk at 5 bqt2k 1 gDk ht 1 rDkwt  1 et .

future if the anticipated inflow does not realize (Stephen P. Zeldes 1989; Christopher D. Carroll 1997). In other words, 
consumption displays “excess” sensitivity to anticipated changes in income. In the same way, an investor with habit 
preferences who faces an anticipated inflow is deterred from increasing the risky asset share by a possibly very small 
probability that this inflow might not be realized. As a consequence, the portfolio share does not react until the income 
is realized, as long as there is some residual uncertainty about this income change.
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To reduce clutter, we continue to omit household subscripts. In our basic specification, we assume 
that wt is well measured so that et is uncorrelated with Dkwt  and the other regressors and we can 
estimate equation (10) with ordinary least squares (OLS). Below, we also consider violations of 
this assumption when wt and at are measured with error.

Life-Cycle Effects and Preference Shifters.—Our conditioning variables in qt2k  include a 
broad range of variables related to the life cycle, background, and financial situation of the house-
hold at t 2 k . For lack of a better name, we refer to them collectively as life-cycle controls. We 
include age and age2; indicators for completed high school and college education, respectively, 
and their interaction with age and age2; dummy variables for gender and their interaction with 
age and age2, marital status, health status; the number of children in the household and the num-
ber of people in the household; dummy variables for any unemployment in the k years leading up 
to and including year t 2 k; and for coverage of the household head’s job by a union contract. In 
addition, we include the log of the equity in vehicles owned by the household, log family income 
at t 2 k 2 4, two-year growth in log family income at t 2 k and t 2 k 2 2 , and a variable for 
inheritances received in the k years leading up to and including year t 2 k. The other category 
of control variables, labelled as preference shifters, Dk ht , includes changes in some household 
characteristics between t 2 k and t: changes in family size, changes in the number of children, 
and sets of dummies for house ownership, business ownership, and nonzero labor income at t and 
t 2 k. The idea behind the house ownership dummies, for example, is that households might save 
for the purchase of a home with mostly riskless assets, experiencing increasing wealth over time, 
but when the home is purchased eventually, the holdings of riskless assets drop strongly (see, e.g., 
Miquel Faig and Pauline Shum 2002). The dummies at t and t 2 k should absorb those effects.

Idiosyncratic versus Aggregate Wealth Changes.—Our partial equilibrium portfolio choice 
model deals with the decision of a single household, holding constant aggregate quantities and 
prices. But if a wealth change is common to all households, and hence they all want to change 
their exposure to risky assets, the effect on asset allocation is dampened, because instead of 
quantity, it’s now the price (and, thus, the expected return) of risky assets that adjusts. To uncover 
the effects of habits, we must, therefore, eliminate aggregate changes in wealth and asset hold-
ings and focus on household-specific variation. For this reason, we include time fixed effects 
in qit2k , which effectively de-means wealth changes and risky asset shares cross-sectionally. In 
Appendix A.3 of Brunnermeier and Nagel (2006) we show that our estimator is consistent as 
the number of cross-sectional units n S .̀ In addition, we recognize that there could be local 
effects, where asset holdings and household income and other sources of wealth variation are 
tied to the local economy. To eliminate such local effects as much as possible, we interact the 
year dummies with dummies for the four PSID geographical regions, which provides us with a 
set of year-region dummies.

Measurement Error.—Measurement error is a standard concern with microdata from surveys. 
We model measured wealth as w̃  t K wt 1 ut , i.e., the sum of true wealth and a measurement error 
ut , which implies Dk w̃  t 5 Dkwt 1 Dkut . We assume that measurement error is uncorrelated with 
true wealth. More precisely, we assume that cov 1ut1i , wt 2 5 0 for i 5 21, 0, 1, so that cov 1Dkut , 
Dkwt) 5 0. Let the measured risky asset share be ãt 5 at 1 vt , with measurement error vt . 
Substituting wealth and the risky asset share into equation (10), we obtain

(11)  Dkã t 5 bqt2k  1 gDkht 1 r Dk w̃  t 1 et 1 vt 2 rDkut.
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Measurement error renders OLS inconsistent because Dk w̃  t and the composite residual et 1 vt 
2 rDkut are correlated. First, cov 1Dk w̃  t , Dkut 2 . 0, which biases the coefficient estimate for r 
toward zero. Second, because the numerator (stocks) and denominator (stocks plus riskless assets) 
of at are made up by components of wt , we should also expect that cov 1Dk w̃  t , vt 2 Z 0, which could 
also bias the sign of the coefficient. Specifically, measurement error only in stock holdings would 
lead to cov 1Dk w̃  t , vt 2 . 0; measurement error only in riskless assets would lead to cov 1Dk w̃  t , vt 2 
, 0. It is not possible to unambiguously sign the combined effect when both stock holdings and 
riskless assets are mismeasured. Overall, the bias in the estimate of r could go in either direction, 
depending on whether measurement error in stocks or riskless assets dominates.

To address the measurement error problem, we look for instrumental variables for Dkwt . The 
identification requirement is that the instruments, zt , are (partially) correlated with Dkwt , but not 
with et 1 vt 2 rDkut . Given such instruments, we can estimate r consistently with two-stage 
least squares (TSLS). Our instruments are quantile dummies for income growth from t 2 k to t  
(similar to Dynan 2000, in a different application), and inheritance receipts (as in Jonathan Meer, 
Douglas L. Miller, and Harvey S. Rosen 2003) between t 2 k and t. These instruments are based 
upon survey questions that are different from those for the components of wt . Hence, it is reason-
able to assume that the elements of zt are uncorrelated with et 1 vt 2 rDkut .

Unfortunately, it is to be expected that we lose precision compared with the OLS estimator, 
and so there is a trade-off between potential measurement-error bias and precision. A priori, it 
is not clear that the TSLS estimator will be closer to the true parameter in a mean-squared error 
sense. Therefore, we report both the OLS and TSLS results in our tests.

D. Data

We use data from the PSID, obtained from the University of Michigan. It is a longitudi-
nal study that tracks family units and their offspring over time. We use data on asset holdings 
collected in the years 1984, 1989, 1994, 1999, 2001, and 2003. Income data and many house-
hold characteristics are available annually until 1997, and every second year from then onward. 
Appendix A.4 of Brunnermeier and Nagel (2006) describes our data in more detail. Here, we 
briefly discuss the definition of the variables that we extract from the files. To make magnitudes 
comparable over time, we deflate all income and wealth data by the consumer price index (CPI) 
into December 2001 dollars.

Variable Definitions.—We define liquid assets as the sum of holdings of stocks and mutual 
funds plus riskless assets, where we follow common practice and define riskless assets as the 
sum of cash-like assets and holdings of bonds. Subtracting other debts, which comprise non-
mortgage debt such as credit card debt and consumer loans, from liquid assets yields liquid 
wealth. We further denote the sum of liquid wealth, equity in a private business, and home equity 
as financial wealth.

We then calculate two risky asset shares: first, the sum of stocks and mutual funds held, 
divided by liquid assets (the liquid risky asset share);6 second, the sum of stocks and mutual 
funds, home equity, and equity in a private business, divided by financial wealth (the financial 
risky asset share).

6 Since we don’t have more detailed information on the composition of risky asset holdings, we don’t know, for 
example, whether households hold stocks with low or high systematic risk or how well they are diversified. However, 
our focus is on whether households reallocate between stocks and riskless assets in response to wealth changes, not on 
whether they reallocate between stocks of different systematic risk (which the theory is silent about).
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As our income variable, we use total family income. The inheritance variable included in the 
vector of household characteristics qt2k is the value of inheritances received scaled by income to 
adjust for the fact that a given amount of inheritance has different relevance for households with 
different income and wealth. More precisely, we measure it as the log of one plus the value of 
the inheritance divided by family income at t 2 k 2 4, in the k 5 5 subsample, and t 2 k 2 2 
in the k 5 2 subsample.7 We want to use this variable as an instrument for liquid wealth, so we 
obviously cannot scale by wealth, and we scale by income instead.

In years when the wealth questions were administered, the PSID asked subjects to report 
on the amount of stocks and mutual funds bought and/or sold during the time since the previ-
ous wealth survey (i.e., in the 1989 wave for the time from 1984 to 1989). This information 
allows us to decompose the change in the amount of stocks and mutual funds held into an active 
investment/disinvestment component and a capital gains/losses component (see Appendix A.4 of 
Brunnermeier and Nagel (2006) for details). There is reason to expect that this active investment 
information is noisy and that some households may systematically forget trades. We do not use 
the capital gains and active investment information in our main tests, only later when we exam-
ine inertia effects. We discuss the measurement error issue at that point.

Sample Selection and Weighting.—To be included in our sample, we require that the marital 
status of the family unit head remained unchanged from t 2 k to t and that no assets were moved 
in or out as a consequence of a family member moving into or out of the family unit. We also 
exclude observations on households if the household head is retired at t. For risky asset shares to 
be meaningful, we also require a certain minimum level of wealth. We therefore exclude house-
holds with liquid wealth less than $10,000 or financial wealth less than $10,000 at t 2 k. Overall, 
the data requirements are quite demanding. In many of our regressions we need observations 
on income at t 2 k 2 2, and t 2 k 2 4. This means that we need households that participate in 
many consecutive waves of the survey. We weight observations with PSID sample weights when 
we present summary statistics, but we do not use the sample weights in our regression analyses, 
because doing so would be inefficient (Angus Deaton 1997, 70). In any case, as Appendix A.5 of 
Brunnermeier and Nagel (2006) shows, weighted regressions produce similar results.

Summary Statistics.—Table 1 presents summary statistics. The two top panels show pooled 
cross-section/time-series statistics for all households that satisfied the data and minimum lagged 
wealth requirements to be included in the sample. The two bottom panels show statistics for 
stock market participants, that is, those households that have stock holdings greater than zero at 
t and t 2 k. We further report separate summary statistics for our 1984–1999 sample, for which 
the time-span between successive waves of the PSID with wealth information is k 5 5 years, and 
the 1999–2003 sample, for which k 5 2.

As the table shows, the proportion of households participating in the stock market is 45 percent 
in the 1984–1999 sample, and 58 percent in 1999–2003. The large fraction of nonparticipants and 
the upward trend over time is roughly consistent with previous studies (e.g., Vissing-Jorgensen 
2002), but here the participation rate is somewhat higher because we focus on households that 
satisfy our minimum wealth requirements. The stock market entry variable in the two top panels 
is a dummy that is set to one for households that did not participate at t 2 k and did participate at

7 We don’t use t 2 k 2 5 income in the earlier subsample, because we want to avoid using income data from the 
period prior to survey year 1980, when topcoding of income, where observations above a certain threshold are set to the 
threshold value to protect the identity of the household, was much more prevalent than in later years.



JunE 2008724 THE AMERICAn ECOnOMIC REVIEW

t, and zero if the household does not hold stocks in t 2 k and t. For households that participated 
in t 2 k, the variable is set to missing (thus the lower number of observations). The stock market 
exit variable is defined in a similar manner. It is equal to one for participants in t 2 k, but not t; 
zero for those who participated in t 2 k and t; and missing otherwise. The numbers in the table 
show that there is considerable turnover in the group of participants. On average, between 34 and 
35 percent of nonparticipants at t 2 k enter the stock market until t, while about 19–24 percent 
of participants choose to exit. In our first tests below, we explore whether the probability of entry 
and exit is related to changes in liquid wealth.

Comparing wealth and income means and medians for all households and those for stock 
market participants, it is apparent that stock market participants have higher wealth and income 
on average. Combined with the fact that much of aggregate wealth is concentrated at the top end 
of the wealth distribution, wealthy households are, in some respects, the most important group 
of stock holders. Because extremely wealthy households have low response rates in surveys, 

Table 1—Summary Statistics

Variable Mean
Tenth  

percentile Median
Ninetieth 
percentile n

All households, 1984–1999 1k 5 5 years 2
Liquid wealth 156,391 480 52,532 349,116 3,313
Financial wealth 430,238 26,728 184,756 830,154 3,313
Income 92,515 24,367 72,760 160,369 3,319
Stock market participation 0.45 0 0 1 3,319
Stock market entry 0.35 0 0 1 1,408
Stock market exit 0.24 0 0 1 1,909

All households, 1999–2003 1k 5 2 years 2
Liquid wealth 201,783 1,003 62,936 399,129 3,035
Finanical wealth 479,317 24,989 202,029 890,536 3,035
Income 99,665 26,884 76,397 172,540 3,033
Stock market participation 0.58 0 1 1 3,035
Stock market entry 0.34 0 0 1    888
Stock market exit 0.19 0 0 1 2,147

Stock market participants, 1984–1999 1k 5 5 years 2
Liquid wealth 269,609 19,137 101,827 576,663 1,439
Financial wealth 630,488 71,442 286,508 1,155,371 1,439
Income 118,502 37,917 90,570 196,475 1,439
Dk log liquid wealth 0.36 20.98 0.47 1.62 1,399
Dk log financial wealth 0.30 20.53 0.29 1.16 1,429
Dk log income 0.05 20.52 0.09 0.60 1,439
Percent liquid assets risky 0.56  0.13 0.57 0.95 1,439
Percent financial wealth risky 0.74  0.36 0.78 0.99 1,438
Dk percent liquid assets risky 0.09 20.37 0.06 0.59 1,439
Dk percent financial wealth risky 0.05 20.30 0.03 0.41 1,438

Stock market participants, 1999–2003 1k 5 2 years 2
Liquid wealth 294,622 16,904 110,980 550,204 1,710
Financial wealth 640,382 63,540 296,664 556,920 1,710
Income 116,432 34,000 90,126 198,552 1,710
Dk log liquid wealth 20.04 21.29 20.02 1.24 1,654
Dk log financial wealth  0.09 20.74  0.10 0.88 1,694
Dk log income 20.09 20.62  0.00 0.39 1,710
Percent liquid assets risky  0.58  0.17  0.59 0.96 1,710
Percent financial wealth risky  0.75  0.39  0.81 0.99 1,710
Dk percent liquid assets risky 20.02 20.46 20.01 0.40 1,710
Dk percent financial wealth risky  0.00 20.32  0.00 0.33 1,710
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they are not well represented in the PSID.8 However, Juster, James P. Smith, and Frank Stafford 
(1999) find that the wealth data in the PSID line up well with data from the Survey of Consumer 
Finances (SCF) (which oversamples high-income households and provides better data at the 
top end of the wealth distribution, but does not have a panel structure) at least up through the 
ninety-eighth percentile of the wealth distribution. Hence, our data should give us a good picture 
of the asset allocation choices of wealthy households, except for the extremely wealthy. But it 
is also useful to keep in mind that for testing the habit formation theory, it is not crucial to have 
data from the very top end of the wealth distribution, because the theory does not predict that 
households with moderate levels of wealth should behave differently from households with very 
high levels of wealth.

The distribution of wealth and income has strong positive skewness. But when we examine 
changes in wealth and income, we difference logs. As the two bottom panels show, taking logs 
eliminates much of the skewness. The distribution of k-period differences in log wealth and log 
income is roughly symmetric. The tenth and ninetieth percentiles show that the k-period changes 
in log wealth are substantial, in particular in the 1984–1999 period, where k 5 5.

The habit formation model predicts that these changes in wealth should give rise to changes in 
the risky asset share. As the statistics for the proportions of liquid and financial wealth invested 
in risky assets (percent liquid assets risky and percent financial wealth risky) show, there is large 
variation in these risky asset shares over time. Whether these changes are related to wealth fluc-
tuations is the subject of our main tests.

II.  Results

A. Wealth Changes and Stock Market Participation

We start by investigating how changes in liquid wealth relate to stock market participation. 
There is existing evidence that higher wealth is associated with a higher probability that a house-
hold participates in the stock market (Haliassos and Bertaut 1995; N. Gregory Mankiw and Zeldes 
1991; Vissing-Jorgensen 2002), but this evidence is cross-sectional and does not necessarily speak 
to the dynamic relationship between changes in wealth and entry and exit. It is also possible that 
levels of liquid wealth are correlated with some unobserved fixed household characteristics that 
cause participation. Differencing removes the effect of these household characteristics.

Table 2 presents the results of probit regressions. In the first two columns, we estimate the 
probability of a household that did not participate at t 2 k to enter the stock market until time t.  
In columns 3 and 4 we estimate the probability that a household that is participating at t 2 k exits 
the stock market until t. The table shows the marginal effects, that is, the effect on the probabil-
ity of entry or exit, evaluated at the sample means of the explanatory variables. The regressions 
include all the preference shifters and life-cycle controls we mentioned in Section IC. The focus 
of our interest is on the coefficient for the change in log liquid wealth.

As the table shows, in both samples (1984–1999 and 1999–2003) we find a positive coefficient, 
with high statistical significance. The point estimate of 0.124 in the first column implies that an 
increase in liquid wealth by 10 percent implies a roughly 1 percent increase in the probability 
or participating in the stock market. Hence, it is not a large effect, but it’s not negligible either. 
The exit regressions in columns 3 and 4 show that the probability of exiting the stock market is 
negatively related to changes in liquid wealth. The magnitudes of the point estimates are a little 

8 An additional concern is topcoding, but in the PSID these cutoffs are very high ($10 million per wealth component 
until the late 1990s and $100 million subsequently) and affect only a very small number of cases.
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smaller than for the entry regressions, but they, too, are different from zero at a high level of sta-
tistical significance. That changes in liquid wealth are significantly related to stock market entry 
and exit also provides some reassurance on the measurement error issue. Evidently, measured 
changes in liquid wealth are not driven entirely by measurement noise; otherwise, we wouldn’t 
find a significant relationship with stock market participation.

In summary, changes in liquid wealth appear to be one of the factors that cause changes in 
stock market participation. The reliably positive effect we find is consistent with time-varying 
risk aversion due to wealth changes, but it is also consistent with CRRA preferences in a model 
with fixed per-period participation costs.

B. Wealth Changes and Asset Allocation

We now turn to our main tests, looking at changes in the risky asset share conditional on par-
ticipation, i.e., for those households that participate in the stock market at t 2 k and t. Our goal 
is to estimate equation (10), and we do so with OLS and TSLS.

First Stage.—Table 3 presents the TSLS first-stage estimates. The instruments are two-indica-
tor variables for log income growth between t 2 k and t below the tenth or above the ninetieth 
percentile (see Table 1 for the value of these percentiles). Furthermore, we include an instru-
ment for whether the household reports to have received an inheritance between t 2 k and t (see 
Section ID for definition).

The results in the table show that the instruments have a significant partial correlation with 
changes in log liquid wealth (columns 1 and 2) and changes in log financial wealth (columns 3 and 
4) and the directions of the estimated effects are reasonable: higher income growth and a higher 
inheritance are associated with higher growth in liquid and financial wealth. The partial R2 of 
the instruments is between 0.01 and 0.02, which suggests that the instruments still leave a large 
fraction of variation in wealth changes unexplained. This is typical for microdata. Nevertheless, 
the instruments are jointly highly significant, with p-values smaller than 0.005 for each of the 
specifications. The F-statistics are, however, a bit lower than the rule of thumb of ten suggested 
by Douglas Staiger and James H. Stock (1997), below which the TSLS estimator is likely to have 

Table 2—Changes in Liquid Wealth and Stock Market Entry and Exit: Probit Regressions

Entry Exit

k 5 5 k 5 2 k 5 5 k 5 2
11984–19992 11999–20032 11984–19992 11999–20032

Dk log liquid wealtht 0.124 0.108 20.058 20.072
10.0142 10.0162 10.0062 10.0072

D2 log incomet2k 0.048 0.019 20.051 20.034
10.0322 10.0352 10.0212 10.0152

D2 log incomet2k22 0.009 0.004 20.024 20.020
10.0242 10.0262 10.0182 10.0112

Log incomet2k24 0.203 0.122 20.097 20.044
10.0392 10.0402 10.0232 10.0142

Preference shifters Y Y Y Y
Life-cycle controls Y Y Y Y
Year-region FE Y Y Y Y
Pseudo R2 0.22 0.18 0.15 0.19
n 971 607 1,556 1,724

notes: Estimates are marginal effects evaluated at sample averages of the explanatory variables. Standard errors are 
reported in parentheses.
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some bias toward the OLS estimator and size-distorted confidence intervals due to weak instru-
ments.9 In Appendix A.5 of Brunnermeier and Nagel (2006) we reestimate our regressions with 
methods that are robust for weak instruments along the lines of Marcelo J. Moreira (2003), and 
find similar point estimates, albeit with wider confidence intervals.

Changes in Liquid Risky Asset Shares.—Table 4 presents our main results. We regress changes 
in the liquid risky asset share on changes in liquid wealth. The habit model predicts that we 
should find a positive coefficient, but as the table shows, the point estimates are very close to 
zero. In fact, for the OLS estimate in column 1 for the 1984–1999 sample, we can reject at con-
ventional significance levels that the coefficient is greater than zero. Economically, however, the 
estimate is basically zero. The coefficient of 20.013 in column 1 implies that 10 percent growth 
in real wealth leads to a tiny reduction in the share of risky liquid assets by 0.0013 , e.g., from 
50 percent to 49.87 percent. For the 1999–2003 sample, the estimate in column 4 is slightly 
positive, but again of tiny magnitude and statistically not significantly different from zero. The 
low explanatory power of wealth changes is also underscored by the low R2 in these regressions, 
where essentially none of the variables, including the controls, explains an economically signifi-
cant portion of changes in risky asset shares.

Having the two subsamples is useful, because they differ in the length of time between wealth 
measurement points. If habits are not sufficiently sluggish in catching up with consumption, hav-

9 The simulations in Stock and Motohiro Yogo (2005) suggest that with an F-statistic greater than 5.39 we can reject 
at a 5 percent significance level the hypothesis that the maximal bias of the TSLS estimator relative to OLS is greater 
than 0.3.

Table 3—First-Stage Regressions

Dk log liquid wealtht Dk log financial wealtht

k 5 5 k 5 2 k 5 5 k 5 2
11984–19992 11999–20032 11984–19992 11999–20032

Instruments:
 I 1Dk log incomet , tenth percentile 2 20.211 20.110 20.217 20.116

10.1312 10.0932 10.0932 10.0732
 I 1Dk log incomet . ninetieth percentile 2 0.480 0.098 0.257 0.062

10.1212 10.0822 10.0822 10.0672
Inheritancet 0.290 0.559 0.111 0.417

10.1602 10.1742 10.0822 10.1042
Controls:
 D2 log incomet2k 0.165 0.087 0.077 0.033

10.1012 10.0572 10.0482 10.0462
 D2 log incomet2k22 0.141 0.092 0.085 0.033

10.1202 10.0432 10.0432 10.0292
 Log incomet2k24 0.133 0.068 0.040 0.014

10.1022 10.0422 10.0452 10.0312
Preference shifters Y Y Y Y
Life-cycle controls Y Y Y Y
Year-region FE Y Y Y Y
Partial R2 of instruments 0.01 0.01 0.02 0.01
F-test of instruments 8.39 5.09 6.19 7.41
 3p-value 4 30.004 30.004 30.004 30.004
n 1,234 1,455 1,258 1,489

notes: Heteroskedasticity- and autocorrelation-robust standard errors are reported in parentheses.
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ing k 5 5 years could be too long in the sense that there would be relatively quick mean rever-
sion in risky asset shares, and so our regressions might not pick up much of the correlation with 
wealth changes. However, in the 1999–2003 subsample, we have k 5 2 years, and we still find 
coefficient estimates that are virtually zero economically. It is, of course, still possible that we 
miss habit effects on the risky asset shares at even higher frequencies—but such high-frequency 
effects cannot be those that drive the slow-moving variation in risky asset risk premia targeted 
by habit-formation asset pricing models.

In columns 2 and 5, we include asset composition controls: the labor income/liquid wealth 
ratio interacted with age, the business wealth/liquid wealth ratio, and the housing wealth/liquid 
wealth ratio. The aim is to control for variations in background wealth. We still obtain almost 
identical coefficients on changes in liquid wealth. This suggests that the results are not driven 
by some correlation of liquid wealth changes with changes in background risk exposure due to 
variation in the asset mix held by the household. Our results in differences are consistent with 
earlier purely cross-sectional studies that have found a largely insignificant relationship between 
these asset composition ratios and the liquid risky asset share among stock market participants 
(Heaton and Lucas 2000; Yao and Zhang 2005).

The TSLS results in columns 3 and 6 show that measurement error does not appear to have a 
major influence on our results. Both estimates are negative and close to the OLS results, in par-
ticular for the 1984–1999 sample, but with higher standard error. The estimate for the 1999–2003 
subsample is somewhat larger in magnitude, but that should not be overinterpreted, because the 
standard error is also much larger than with OLS. The table also reports p-values from an overi-
dentification test that show that we cannot reject that the instruments are valid (in the sense of 
being uncorrelated with the regression residual). Overall, the TSLS results do not provide any 
evidence that there is a significant positive relationship between changes in liquid wealth and 
changes in the liquid risky asset share.

Changes in Financial Risky Asset Shares.—As an additional perspective on the issue of 
asset composition and background risk, Table 5 reports regressions similar to those in Table 
4, but with the financial risky asset share as dependent variable, and with changes in finan-
cial wealth as explanatory variable. This perspective would be appropriate if households with 
CRRA preferences would keep the proportion of financial wealth invested in risky assets, 
including home equity and business wealth, roughly constant. In that case, the presence of habit 
formation would imply that changes in financial wealth should lead to changes in the financial 
risky asset share.

Table  4—Changes in the Proportion of Liquid Assets Invested in Risky Assets

k 5 5 11984–19992 k 5 2 11999–20032
OLS OLS TSLS OLS OLS TSLS

Dk log liquid wealtht 20.013 20.009 20.012 0.023 0.017 20.136
10.0072 10.0092 10.0582 10.0112 10.0152 10.0762

Asset composition controls Y Y
Preference shifters Y Y Y Y Y Y
Life-cycle controls Y Y Y Y Y Y
Year-region FE Y Y Y Y Y Y
Adj. R2 0.01 0.01 — 0.01 0.02 —
Overidentification test — — 30.414 — — 30.644
n 1,234 1,234 1,234 1,455 1,455 1,455

note: Heteroskedasticity- and autocorrelation-robust standard errors are reported in parentheses, and p-values in 
brackets.
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As the table shows, however, this approach doesn’t produce any evidence for a positive rela-
tionship between wealth changes and risky asset shares either. The coefficients are all negative, 
for both subsamples, with OLS and TSLS, and with and without asset composition controls (the 
asset composition controls here consist only of the labor income/financial wealth ratio inter-
acted with age, as human wealth is the only remaining background wealth component that is not 
included in the risky asset share). The magnitudes of the coefficients are larger than in Table 4, 
and they are all significantly smaller than zero. Thus, the evidence is not consistent with the 
predictions of the habit model.

Robustness Checks.—Appendix A.5 of Brunnermeier and Nagel (2006) reports a large num-
ber of robustness checks. The results are generally similar to those in our main tests, so we just 
briefly summarize here some of the variations in methodology that we explore. To check the sen-
sitivity to the particular linearization in equation (8), we examine log and logit transformations 
of the risky asset shares. We also rerun our liquid risky asset share regressions accounting for 
leverage. We find similar results when we weight observations with sample weights, and when 
we use a median regression estimator (which is not sensitive to outliers).

C. Inertia in Asset Allocation

One possible reason for the absence of a positive effect of wealth changes on risky asset 
shares could be that the effect is clouded by inertia. If an in- or outflow of liquid wealth mate-
rializes first in the riskless asset category (e.g., cash), and households are slow to rebalance 
their portfolio, this can induce a negative contemporaneous relationship between liquid wealth 
changes and risky asset shares. Of course, capital gains and losses on risky assets have the 
opposite effect: They lead to a positive contemporaneous relationship if the household is slow 
to rebalance.

The regressions reported in columns 1 and 4 of Table 6 show that both effects are present. 
In that regression, we include a proxy for the risky asset return of the household between t and 
t 2 k (for capital gains and losses, excluding dividends, to be precise), which we back out using 
the information on net purchases or sales of risky assets in the PSID. The risky asset return is 
strongly positively related to the liquid risky asset share, and changes in wealth have a more 
negative coefficient compared with our earlier results in Table 4, now that the risky asset return 
is included in the regression.

Table 5—Changes in the Proportion of Financial Wealth Invested in Risky Assets

k 5 5 11984–19992 k 5 2 11999–20032
OLS OLS TSLS OLS OLS TSLS

Dk log financial wealtht 20.160 20.172 20.198 20.108 20.103 20.355
10.0592 10.0912 10.0902 10.0312 10.0362 10.1302

Asset composition controls Y Y
Preference shifters Y Y Y Y Y Y
Life-cycle controls Y Y Y Y Y Y
Year-region FE Y Y Y Y Y Y
Adj. R2 0.11 0.11 — 0.06 0.06 —
Overidentification test — — 30.564 — — 30.574
n 1,258 1,258 1,258 1,489 1,489 1,489

notes: Heteroskedasticity- and autocorrelation-robust standard errors are reported in parentheses, and p-values in 
brackets.
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Estimating the Degree of Inertia.—We now proceed to analyze in more detail how much 
inertia there is in portfolio allocations. We use the information on net purchases or sales of risky 
assets to construct a variable Dk Inertt : it represents the (counterfactual) change in the liquid 
risky asset share that the household would have experienced between t 2 k and t under perfect 
inertia—that is, if it had not undertaken any purchases or sales of risky assets between t 2 k 
and t. In this case, the risky asset position would have changed only because of capital gains 
and losses, and the riskless asset position would have changed only because of in- and outflows 
(e.g., via cash or the checking account). We then modify our wealth regression, equation (10), by 
including Dk Inertt :

(12)  Dkat 5 bqt2k  1 gDkht 1 wDk Inertt 1 rDkwt  1 et .

If households exhibit perfect inertia, then the actual change in Dkat is equal to Dk Inertt , and 
therefore w 5 1. If households exhibit no inertia at all, and hence rebalance their portfolios 
immediately following capital gains and inflows and outflows of liquid wealth, then w 5 0. If 
households chase returns, in the sense that they buy more stocks following capital gains, then 
they exacerbate the effect of capital gains and it is possible that w . 1.

It is useful to keep in mind that purchases and sales of risky assets, and hence Dk Inertt , are 
likely to be measured with significant error. In addition to the usual attenuation bias of classical 
errors-in-variables, the biggest concern is systematic underreporting of trades (forgotten trades). 
Households in the PSID are asked to recall the amount of purchases and sales over the last k 
years, and it is plausible that they might forget some trades (Vissing-Jorgensen 2002). In that 
case, part of the change in the value of liquid risky assets would be attributed wrongly to capi-
tal gains/losses instead of purchases/sales. This would lead to a spurious positive relationship 
between Dk Inertt and Dkat . We do not have instruments for household-specific capital gains and 
losses, so using instrumental variables is not feasible and measurement error remains a concern. 
We can do at least a weak check by comparing results for the first subsample, where the recall 
period is five years, with those for the second subsample, where the recall period is two years. 
Also, we can look at subsamples excluding the households that report no trades at all, which may 
be the most error-prone ones.

Table 6—Effects of Inertia on Changes in the Proportion of Liquid Assets Invested in Risky Assets, OLS

k 5 5 11984–19992 k 5 2 11999–20032
Dk log liquid wealtht 20.061 0.000 20.003 20.167 0.005 20.001

10.0252 10.0052 10.0032 10.0142 10.0062 10.0022
Dk log liquid wealtht 3 Tradet 0.001 0.003

10.0022 10.0102
Risky asset returnt 0.151 0.227

10.0122 10.0132
Dk Inertt 0.743 1.002 0.754 1.004

10.0272 10.0102 10.0542 10.0062
Dk Inertt 3 Tradet 20.347 20.369

10.0372 10.0682
Tradet 0.128 0.021

10.0112 10.0102
Preference shifters Y Y Y Y Y Y
Life-cycle controls Y Y Y Y Y Y
Year-region FE Y Y Y Y Y Y
Adj. R2 0.34 0.64 0.70 0.57 0.72 0.76
n 1,042 1,080 1,080 1,308 1,325 1,325

notes: Heteroskedasticity- and autocorrelation-robust standard errors are reported in parentheses.
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Table 6 presents results from estimating equation (12) with OLS. As columns 2 and 5 show, 
the coefficient on the inertia variable is large, around 0.75, with small standard errors. Taken at 
face value, it suggests that there is huge inertia. Households’ asset allocations seem to fluctuate 
strongly as a function of in- and outflows, and capital gains and losses, without much rebalancing 
taking place. The coefficient on changes in liquid wealth is close to zero, as before. The R2 is now 
around 0.70, which is huge compared with the small R2 in Table 4.

But, as we pointed out, it’s possible that some of this effect is driven by underreporting of 
trades. The magnitudes of the inertia coefficient estimates, however, make it somewhat unlikely 
that this is the whole story. Underreporting would have to be extremely common to explain the 
magnitudes of the coefficients we find.

To provide some perspective on the trade-reporting issue, columns 3 and 6 present regressions 
where we interact both the inertia variable and the liquid wealth changes variable with a dummy 
that we name Tradet . It takes a value of one if the household reported any net trade in risky assets 
for the period from t 2 k to t, and zero otherwise (the percentage of households that report to 
have traded is 59 percent in the 1984–1999 sample and 57 percent in the 1999–2003 sample). 
The coefficient on Dk Inertt  now picks up the effect for those who don’t trade (and the estimate 
is equal to one, not surprisingly), while the effect for those who report trades can be obtained by 
adding the coefficient on Dk Inertt  and Dk Inertt 3 Tradet , which yields about 0.65 in both sub-
samples. Thus, even for those that report trades, we still find a strong inertia effect.

We also interact the Tradet variable with changes in liquid wealth, but as the table shows there is 
no significant difference in the wealth changes coefficient between households that report trades 
and those that do not (the same is true if we exclude the inertia variable and its interaction with 
Tradet from this regression). Hence, the absence of a positive effect of wealth changes on changes 
in risky asset shares at least is not driven by the subset of households that don’t trade at all.

Allowing for Slow Adjustment to Wealth Changes.—The finding that there seems to be a lot of 
inertia in households’ portfolio shares brings up the question whether there might actually be a 
positive effect of wealth changes on risky asset shares, just with a time lag, because households 
need time to adjust, perhaps because they are trading off the benefits of rebalancing toward the 
optimal risky asset share against transaction costs. Therefore, in Table 7 we investigate the effect 
of wealth changes (between t 2 k and t) on future changes in the risky asset shares (between t 
and t 1 k). The control variables are measured at the same points in time as earlier in Table 4,  
with the exception of the preference shifters and the risky asset share, which are moved k peri-
ods into the future, i.e., measured between t and t 1 k. Regarding sample requirements, we now 
require that no assets had been moved out of the household due to a leaving family member, and 
that marital status remained unchanged between t 2 k and t 1 k, and we require stock market 
participation at t and t 1 k. Since we need a longer span of data for these regressions, we have a 
substantially lower number of observations than in Table 4.

These regressions of Dkat1k on Dkwt are also interesting from a measurement-error perspec-
tive. The concern in the earlier regressions of Dkat on Dkwt in Table 4 is that measurement error 
in riskless asset holdings (if it dominates relative to the measurement error in risky asset hold-
ings) might induce a spurious negative relationship between wt and at , and hence also between 
Dkat and Dkwt . For the regressions in Table 7, however, the situation is different: if measurement 
error induces a mechanical negative relationship between wt and at , it should lead to a spurious 
positive relationship between Dkat1k K at1k 2 at and Dkwt K wt 2 wt2k. This is easiest to see when 
measurement error is assumed to be uncorrelated over time, but it is also true with positively 
autocorrelated measurement error.

As Table 7 shows, the point estimates for the wealth effect are indeed positive, and statisti-
cally significant in the first subsample (1984–1999) but not in the second (1999–2003). In terms 
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of economic magnitudes, however, the coefficient estimates are again close to zero and not much 
different from those in Table 4. If we take the maximum coefficient estimate (0.040, column 1) in 
the table, it suggests that an increase in liquid 
wealth by 10 percent leads to an increase in 
the risky asset share from 50 percent to 50.4 
percent, which strikes us as a small effect. 
Moreover, if one were concerned that the 
estimates in Table 4 might have a negative 
measurement error bias, then the estimates 
in Table 7 would have positive measurement 
error bias and would therefore overstate the 
effect of wealth changes.10 Overall, these 
results suggest that even if we allow for slow 
adjustment, there is no evidence for an eco-
nomically significant effect of liquid wealth 
changes on risky asset shares.

Big versus Small Changes.—One possible 
explanation for inertia is that households face 
some fixed rebalancing cost. In that case, 
households would want to rebalance only if 
the benefits were large enough to outweigh 
the fixed rebalancing cost. From the perspec-
tive of the habit-formation model, this would 
imply that the household might be unwilling 
to rebalance following small wealth changes, 
but it might do so after big changes.

To find out, we examine piecewise-lin-
ear regressions, shown in Figure 1. We run 
regressions similar to those in Table 4, with 

10 We also estimated the regressions in Table 7 with TSLS. The estimates are close to the OLS estimates. But due 
to the lower number of observations, the instruments are now very weak in the first stage, so that the second-stage 
estimates are not reliable. For this reason, we do not report the TSLS results.

Table 7—Future Changes in the Proportion of Liquid Assets Invested in Risky 
Assets: Dkat1k as Dependent Variable, OLS

k 5 5 11984–19992 k 5 2 11999–20032
Dk log liquid wealtht 0.040 0.037 0.006 0.013

10.0152 10.0152 10.0152 10.0142
Asset composition controls Y Y
Preference shifters Y Y Y Y
Life-cycle controls Y Y Y Y
Year-region FE Y Y Y Y
Adj. R2 0.00 0.00 0.00 0.02
n 561 561 597 597

note: Heteroskedasticity- and autocorrelation-robust standard errors are reported in 
parentheses.

Figure 1. Piecewise-Linear Regression of Changes in 
the Liquid Risky Asset Share on Changes in Liquid 

Wealth (a), and on the Inertia Variable (b)
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the full set of controls (except the asset-composition controls), and we use a spline for Dkwt . We 
set spline breakpoints at the quartiles of the distribution of Dkwt . Panel A in Figure 1 presents the 
fitted values, where we express Dkwt relative to its median and normalize such that the lines cross 
the origin. The range of values shown for Dkwt in the graph is about twice the difference between 
the seventy-fifth and twenty-fifth percentile. We omit standard errors from the graph, but none of 
the slopes in the four segments is more than two standard errors from zero. As the figure shows, 
in both the 1984–1999 and the 1999–2003 sample, the relationship between the liquid risky asset 
share and changes in liquid wealth is flat for small and large values of Dkwt . Hence, there is no 
support for the view that households might conform more closely to the predictions of the habit 
model when wealth changes are big, and hence the benefits from rebalancing toward the optimal 
portfolio should be large.

More generally, one can also ask whether households might exhibit less inertia after big 
in-/outflows or big capital gains/losses. Again, with fixed rebalancing costs, households might 
be reluctant to rebalance unless the asset allocation has moved sufficiently far away from the 
optimum. Therefore, panel B in Figure 1 presents a piecewise-linear version of the regressions in 
columns 1 and 3 of Table 6. Spline breakpoints are now set at the quartiles of the distribution of 
Dk Inertt . Everything else, too, is similar to panel A, just with Dk Inertt replacing Dkwt . Standard 
errors are again omitted to reduce clutter, but they are small relative to the point estimates of the 
slope coefficients (between 0.06 and 0.13 for the slope coefficients in each of the four segments). 
The figure shows that inertia is weaker when Dk Inertt is above the seventy-fifth percentile, i.e., 
after big capital gains or following large outflows. However, inertia is still relatively strong, and 
statistically still clearly different from zero.

That there is inertia even after big in-/outflows or big capital gains/losses casts some doubt on 
the explanation that households are trading off fixed rebalancing costs against benefits of rebal-
ancing. It seems more likely that households simply do not pay close attention to their portfolio 
allocations. In other words, the costs of devoting any attention to the portfolio, rather than actual 
costs of transacting, may be important.

III.  Discussion

Summing up, our evidence shows that the effect of wealth changes on households’ asset allo-
cation predicted by difference-habit models is absent in microdata. The relationship between 
wealth and asset allocation seems best described by constant relative risk aversion. However, 
the large inertia we find isn’t predicted by CRRA models either—at least not without adding 
frictions.

Our focus in this paper is on understanding the microeconomics of household asset allocation. 
But beyond this microeconomic perspective, our results also raise some questions about mod-
els with habit-formation in asset pricing and macroeconomics. In difference-habit asset-pricing 
models, variations in aggregate wealth over the business cycle generate large low-frequency 
variation in relative risk aversion and the relative demands for risky and riskless assets. The 
household-specific variation in wealth that we see in microdata seems rather large, however, 
relative to business-cycle variation, and should therefore generate even larger household-specific 
variation in relative risk aversion and asset allocation. We don’t find this variation in asset alloca-
tion in microdata.

To be clear, we cannot directly test the microeconomic implications of representative agent 
models like Campbell and Cochrane (1999) because it is not even clear how the microfounda-
tions of these models would look, except for some special cases with complete markets. However, 
notwithstanding this lack of explicit microfoundations, researchers often view the preferences 
of the representative agent in these models as being a plausible representation of the preferences 
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of microeconomic agents. For example, Campbell and Cochrane (1999) motivate their choice of 
habit-formation preferences by pointing out that they are appealing from a psychological perspec-
tive, and, in particular, that the microeconomic predictions of external habits for consumption 
are plausible. Our findings with microdata cast doubt on the plausibility of such microeconomic 
stories for time-varying risk aversion.

Our finding that wealth changes have some impact on stock market entry and exit suggests that 
changing stock market participation, rather than time-varying individual risk aversion, could per-
haps play a role in the time-variation of risk premia in the aggregate. Wealth changes can induce 
changes in stock market participation even with CRRA preferences, if there are some per-period 
participation costs. But the effect we find does not seem very strong, so it is somewhat question-
able whether the magnitudes are big enough to have a significant effect in the aggregate.

Finally, the strong asset allocation inertia we find is an interesting and, so far, not well-
 understood phenomenon.11 At a given point in time, a household’s asset allocation depends to a 
large extent on the history of capital gains/losses and in-/outflows. Part of it may reflect under-
reporting of risky asset purchases and sales in the PSID, but we doubt that such measurement 
error can explain the bulk of the apparent inertia, not least because similar inertia has also 
been found with data from 401(k) retirement accounts that do not have the same measurement 
error problems. William Samuelson and Richard Zeckhauser (1988), John Ameriks and Zeldes 
(2001), Julie Agnew, Pierluigi Balduzzi, and Annika Sunden (2003), and Gur Huberman and 
Paul Sengmueller (2004) find that a large portion of individuals hardly ever trade at all in their 
retirement accounts, and that inflow allocations are rarely changed.

One explanation could be that individuals are not willing to rebalance their portfolios because 
they perceive it as too costly. If so, it seems to be more a cost of giving any attention at all to the 
portfolio, rather than a fixed rebalancing cost in the form of explicit transaction costs, because 
we find that households are almost as reluctant to rebalance following large wealth changes as 
they are after small wealth changes.

In any case, slow adjustment of portfolio shares does not explain the absence of a wealth effect 
on risky asset shares in our data, because wealth changes do not have an economically significant 
effect on future changes in risky asset shares either.
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