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home purchasers are unlikely to move in the near future, and are therefore more constrained by their
housing commitment. We use a set of control groups to establish that the timing of marital shocks
such as marriage and divorce can be used to create exogenous variation in home tenure conditional
on age and wealth. Using these marital shocks as instruments, we find that the average investor
reallocates $1,500 from safe assets to stocks per year in a house. Hence, recent home purchasers have
highly amplified risk aversion, suggesting that real commitments are a quantitatively powerful source
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1 Introduction

Representative consumer habit formation models have attracted much interest in many areas
of economics. In asset pricing, Sundaresan (1989), Constantinides (1990) and Campbell and
Cochrane (1999) use habit formation to understand the mean equity premium and the joint dy-
namics of equity returns and aggregate consumption. In monetary economics, a growing literature
makes use of habit preferences to match the hump-shaped response of consumption to interest-
rate shocks, including Fuhrer (2000), Christiano, Eichenbaum and Evans (2004) and McCallum
and Nelson (1999). In other applications, Boldrin, Christiano and Fisher (2001) demonstrate that
habit preferences can help match a variety of business cycle facts, including the excess sensitivity
of consumption. Carroll, Overland and Weil (2000) show that habit sheds light on the joint be-
havior of savings and growth. Ljungqvist and Uhlig (2000) show that optimal fiscal policies look
very different with habit-forming consumers.

Two important features of habit formation preferences distinguish these new theories from
previous neoclassical models. First, habit affects risk preferences. A higher level of habit implies
that marginal utility is more sensitive to consumption shocks, making the representative consumer
more risk averse. Second, habit is a slowly adjusting state variable. Shocks can therefore have
lasting effects on future consumption.

Despite the widespread application and success of habit formation, the exact source of “habit”
has been elusive. The psychological notion of habit, though intuitive in certain cases, is difficult to
pin down in data. Hence, direct empirical evidence for the presence of habit formation is limited
(see section 2 for a review of this literature).

This paper identifies a new, non-psychological source of “habit” both theoretically and empir-
ically. We show that habit-like behavior can arise from the rigidities inherent in the consumption
of certain goods, such as housing, cars, and contracted services such as college tuition bills. All
of these goods involve a “commitment,” since their consumption often cannot be changed in
the short run by even a small amount. The main theoretical result of the paper is that ag-
gregating an economy of heterogeneous households with standard, non-habit preferences over
such commitment goods yields aggregate dynamics that coincide precisely with those of existing
representative-consumer habit models. In this sense, consumption commitments provide neoclas-
sical micro-foundations for habit formation.'

The intuition underlying the connection between commitments and habit can be seen with

an example. Consider an individual who consumes commitment (housing) and non-commitment

'The qualitative similarity between adjustment costs and habit models has been observed by Dybvig (1995),
Flavin (2001), Fratantoni (2001), Li (2003), and Flavin and Nakagawa (2003).



(food or entertainment), goods in equal shares. After making his commitment, suppose the
individual faces a shock that necessitates a 10% reduction in expenditure. If the agent cannot
move out of his house immediately, he must cut discretionary consumption by 20%, raising his
marginal utility of wealth more sharply in the short run. Hence, commitments, like habit, magnify
the impact of shocks on marginal utility and effectively make the consumer more risk averse. In
the long run, the individual may sell his house and move into a smaller home. Commitment
consumption thus acts as a state variable that adjusts with a lag, making shocks have lasting
impacts on consumption. These examples illustrate that the commitment model shares the two
central features of the habit models identified above.

We formalize the connection between the two theories by first modelling the portfolio choice
and consumption decision of an individual who has neoclassical preferences over the two types of
consumption goods. To make the model analytically tractable, we assume that consumers have
separable, constant elasticity of substitution preferences. We model commitments by a time-
dependent adjustment framework intended to capture the fact that households typically move at
certain junctures of their life-cycles, such as marriage, child birth, retirement, and job relocations.?
We consider two types of time-dependent adjustment rules to model these moves. The first, which
is similar to Taylor pricing, allows the consumer to reset consumption of the commitment good
after a fixed number of periods. The second, which generalizes the idea of Calvo pricing, permits a
stochastic, partially forecastable reset date, but requires a stronger complete markets assumption.?
The main theoretical results are similar in both models. The main aggregation theorem extends
to more general environments with arbitrary separable utility and an adjustment rule that is both
time and state dependent, but an analytic expression for habit dynamics is not available in the
more general case.

We first show that individuals who have more commitments act as if they are more risk
averse by investing less in risky assets. We then consider a population of such individuals and
derive aggregate dynamics. These dynamics are identical to those that arise from a general
equilibrium representative consumer model with habit formation utility. Moreover, under certain
conditions in the stochastic adjustment framework, the aggregate economy coincides exactly with
the representative consumer economy of Constantinides, with the exception that we have external
rather than internal habit formation. These aggregation results stem from the fact that in habit

formation models, consumer well-being is determined by surplus consumption over current habit,

“Merrill (1984), Venti and Wise (1989) and Venti and Wise (2000) document that such shocks are the most
important determinants of mobility.

3Time-dependent adjustment rules have a long history in macroeconomics (see Taylor, 1979, Calvo, 1983 or
Blanchard and Fischer, 1989).



which is a slow-moving time average of past consumption levels. In our model, commitments are
slow-moving at the microeconomic level in that they are changed only at adjustments. When an
adjustment takes place, the new commitment level reflects current prosperity, and therefore recent
consumption levels. Consequently, the aggregate commitment stock is a slow-moving function of
past aggregate consumption levels. Summing the individual Euler equations yields an aggregate
Euler equation where utility is determined by surplus consumption over the level of commitments,
exactly as in the habit model.

The central benefit of these microfoundations is that they yield a set of predictions that can be
tested with micro data on consumption and portfolio choices. The most substantive predictions
relate to the two key features of habit-formation preferences: (1) Commitments should make
agents adjust consumption — especially of more committed goods — slowly in response to shocks
and (2) Commitments should drive up risk aversion. Many studies (described in section 4) have
already shown that consumption of goods such as housing adjusts slowly at the microeconomic
level (i.e., that people do not move often). We therefore focus on testing the second hypothesis
here.

In our empirical analysis, we focus on housing as the commitment good and examine its effects
on portfolio allocations using data from the Survey of Income and Program Participation (SIPP),
a nationally representative survey of households. The model implies that the number of years
a family has spent in its current home (home tenure) proxies for commitment. This is because
those who recently bought a home are unlikely to move in the near future, both in theory and in
practice, and are therefore more committed to the stream of financial obligations associated with
the house. Since they are more constrained in their ability to adjust their consumption bundle in
response to financial shocks, recent home buyers should seek lower risk exposure. Following this
intuition, we derive an estimating equation relating stockholding to home tenure and test whether
home tenure has a positive causal effect on portfolio risk.

The primary difficulty in testing this prediction is that home tenure is correlated with other
characteristics that have a direct effect on portfolio choice. For example, more educated people
tend to be more mobile but may also have different risk attitudes, e.g., because they have less
background labor income risk. We employ an instrumental variables strategy to overcome this
problem. We identify a set of move-inducing shocks that might not have a direct effect on portfolio
choice, conditional on appropriate controls. The shocks we examine as candidate instruments are
all related to the timing of changes in marital status, holding fixed current wealth and age: age
at first marriage, age at first divorce or spouse’s death, and an indicator variable for remarriage.

Consistent with prior studies of the determinants of mobility, the data reveal that these marital



shocks frequently induce moves, and are therefore powerful predictors of home tenure.

Of course, one worries that these marital shocks are directly related to portfolio choice. We
test whether this orthogonality condition holds by examining several “control” groups where our
theory predicts that the first stage relationship between the timing of marital shocks and home
tenure should break down: 1) Long-married homeowners, for whom the relevant marital shock
happened many years ago, and has no effect on tenure in the current home; 2) Married renters,
whose current home (apartment) tenure has little to do with marital shocks because renting is
not as much of a long-term commitment as owning; and 3) Unmarried divorced homeowners,
for whom the date of first marriage termination does not predict current home tenure, because
moves are typically induced only by remarriage. The lack of a first stage relationship in these
groups, both in theory and in the data, means that any association between a marital shock and
portfolio choice would imply that the exclusion restriction is violated. Fortunately, reduced form
regressions of stockholding on each marital shock instrument reveal no such association for any
of the candidate instruments in any of the control groups, strongly supporting the exogeneity of
the instrument set.

Using the marital shocks as instruments, we find that a one year exogenous increase in home
tenure causes a highly statistically significant $1,500 reallocation from safe assets (such as bonds
and savings accounts) to stocks for the average stockholding household, holding fixed total wealth.
The estimates are similar irrespective of which of the three marital shocks are used, indicating
that the instrument set easily passes standard overidentification criteria. The estimates are also
highly robust to the inclusion of various controls and specification checks, including a regression
on the full sample of all 55,000 married households in the data. The estimates imply that the
average stock market participant reallocates 13% ($15,000) of wealth from safe to risky assets
over a span of ten years in a given home, holding all else fixed. The large magnitude of this effect
indicates that recent home buyers — for whom the constraints of a long-term housing commitment
loom largest — have highly amplified risk aversion. Hence, real economic commitments appear to
be a powerful source of habit-like behavior in practice.

The remainder of the paper is organized as follows. The next section reviews related literature.
Section 3 develops the model and presents the aggregation results, first with deterministic and then
with stochastic adjustment. Section 4 describes our estimation strategy to test the model. Section
5 presents the empirical evidence, beginning with a graphical overview of the main results and
then discussing regression estimates. Section 6 addresses other potential biases in the empirical

tests. Section 7 concludes.



2 Related Literature

This paper builds on and contributes to three different literatures: (1) work on durable goods
consumption and housing in macroeconomics and asset pricing, (2) recent work on commitments
and risk preferences, and (3) the literature on habit formation.

The importance of durable goods for asset pricing was shown in a seminal paper by Grossman
and Laroque (1990). They showed that transaction costs in a model with a single durable good
can reduce the level of consumption volatility implied by the model. Flavin (2001) analyzed asset
pricing in a generalization of the Grossman-Laroque model with two goods, one durable and one
non-durable, and observed that this model has properties qualitatively similar to habit formation.
For instance, the two-good model generates sluggish adjustment and a coefficient of relative risk
aversion that is not directly related to the elasticity of intertemporal substitution. Fratantoni
(2001) and Li (2003) analyze portfolio choice in a two-good model with adjustment costs and
also note its similarity to habit. In related work, Dybvig (1995) examines racheting consumption
demand in a model with extreme habit persistence, and remarks informally that such preferences
could be motivated by pre-commitment in consumption.

Our approach differs from and complements these papers in two ways. First, we present an
aggregation theorem showing the formal equivalence between habit formation in total aggregate
consumption and commitments at the household level. Hence, commitments are not merely
similar to habit, but could constitute the microeconomic foundations of aggregate habit. Second,
we directly test for the presence of these microfoundations by estimating the causal links between
commitments, risk preferences, and habit-like behavior using household data.

Several other recent studies have also emphasized the importance of durable goods in under-
standing asset pricing. Flavin and Nakagawa (2003) extend Flavin (2001) and show that their
durable goods model outperforms household-level pure habit and neoclassical models in matching
the dynamics of food consumption and asset returns. The implication of commitment models
that consumption adjusts with a lag is also supported by Parker and Julliard (2004) and Ja-
gannathan and Wang (2004), who show that consumption growth over multiple quarters is more
successful in pricing excess returns. Lustig and Nieuwerburgh (2003), Piazzesi, Schneider and
Tuzel (2003), and Yogo (2003) explore other channels through which durables affect asset pricing
such as composition risk and collateral concerns. All of these ideas are relevant independently of
the commitment feature of durables emphasized here.

Risk preferences in the two-good commitments model have also received attention in other
recent papers. Chetty (2003) studies preferences over wealth in a state-dependent framework

and shows that agents with consumption commitments exhibit significantly higher degrees of



risk-aversion to moderate-stake wealth fluctuation than they do to large-stake wealth fluctua-
tions using data from labor markets. Shore and Sinai (2004) extend this moderate-stake risk
aversion idea to show that households subject to exogenously higher income risk optimally un-
dertake larger housing commitments. Postlewaite, Samuelson and Silverman (2004) show that
commitments generate incentives to bunch uninsured risks together, potentially explaining real
wage rigidities. Olney (1999) gives historical evidence of the macroeconomic importance of com-
mitments by arguing that large exposure to installment finance forced households to cut back on
other consumption and was therefore responsible for a significant share of the welfare loss during
the Great Depression.

Finally, our paper contributes to the large literature on habit formation discussed in the in-
troduction. As we noted there, empirical evidence on habit formation is mixed. Ferson and
Constantinides (1991) find large and statistically significant amounts of habit formation in aggre-
gate (NIPA) monthly, quarterly as well as annual consumption. However, Eichenbaum, Hansen
and Singleton (1988) and Heaton (1993) use different methodologies and find little evidence for
habit formation in aggregate monthly consumption data. Shea (1994) points out that aggregate
food consumption appears to exhibit much less evidence of “excess-smoothness” than other, more
broadly defined categories of consumption. Consistent with this finding, at the micro level, Dynan
(2000) and Flavin and Nakagawa (2003) find no evidence for habit formation in food consump-
tion in the Panel Study of Income Dynamics, and Lupton (2003) and Ravina (2004) find stronger
evidence of habit in more broadly defined measures of consumption.

Although the results remain controversial, taken together these studies suggest that there is
stronger evidence of habit in NIPA nondurables and services than in the more narrowly-defined
food category. Importantly, the definition of nondurables and services in the aggregate NIPA
data is very broad: In 2004, nondurables and services accounted for more than 85% of total
consumption, and excluded only vehicle and furniture purchases. As a result, this commonly used
consumption measure ¢ncludes several commitment and durable goods such as housing services.
The finding that food consumption behaves differently from more broadly defined measures of
consumption that include commitment goods is consistent with the implication of our theory,
which predicts less habit persistence in immediately-adjustable consumption categories relative
to other types of consumption.? Testing more systematically how the degree of adjustability of
consumption goods correlates with their habit-like dynamics in aggregate data is a useful direction

for future work.

4The simple model of neoclassical preferences in this paper predicts no habit in non-commitment goods. In
a more general analysis that permits habit preferences, the model would generate some habit-like behavior in

non-commitment goods along with stronger habit-like behavior in commitment goods.



3 Consumption and Portfolio Choice with Commitments

3.1 A Model of the Household

Most existing models of consumption assume that agents consume one good, implicitly requiring
that all the components of a consumption bundle can be adjusted within a given period. In
practice, however, it is difficult to adjust the consumption of many goods in the short run.
Leading examples include housing and other durables such as cars and furniture. The infrequency
of adjustments in these goods is evident in our data, where the median home tenure among
homeowners is 11 years and the median car is six years old. Commitments also extend beyond
durable goods. For instance, many services require explicit contracts and impose penalties for
early termination — examples include college tuition bills, health insurance, health clubs, cellular

> Commitments are quantitatively important: Table 1 shows that

phones, and cable television.
households across all wealth levels in the US allocate roughly half of net-of-tax income to the
infrequently-adjusted goods described above.%

To analyze the effect of commitments on consumption and portfolio behavior, consider a
consumer with preferences over a commitment good such as housing (z) and non-commitment
(discretionary) consumption, such as food or entertainment (f).

The consumer maximizes expected lifetime utility given by

e8] 1—y xlfﬁ/
E ot (1 ! dt 1
max /0 e (1_74-/11_7 ()

where p is the discount rate and p measures the relative preference for commitments. Because
utility is time-separable, v measures the elasticity of intertemporal substitution as well as relative
risk aversion for an individual who is free to adjust on both the housing and food margins.
Because utility is separable across the two goods, the intertemporal and across-good elasticities
of substitution are also equal. These simple preferences make the model analytically tractable,
for reasons discussed below.

We model commitments by assuming that every 7' periods, the consumer is free to adjust
her level of commitment consumption x; however, between adjustment dates z is fixed, and no
adjustment is possible. This time-dependent adjustment rule is a stylized means of capturing the

fact that adjustments in housing and other commitments are often triggered by events such as

SLate payments do not eliminate consumption commitments. In the event of an income shock, the bill must still
be paid. The ability to make late payments only acts as an additional credit channel.

SAt least the first five categories in Table 1 could involve commitments. Certain expenditures, such as health
care and education, may be committed or discretionary. Since the exact fraction of committed expenditures is not

crucial to the subsequent analysis, this definition is left open to interpretation.



marriage, childbirth, graduation, job changes, or retirement. In this section, we assume deter-
ministic adjustment, i.e., that the dates on which these shocks occur are perfectly forecastable.”
In Section 3.3, we show that similar results are obtained when the dates of shocks can only be
partially forecasted.

Ideally, we would also permit households to change their commitment consumption in the
interim periods (0,7 by paying a finite transaction cost. Unfortunately, allowing for such adjust-
ments makes the model analytically intractable. However, several empirical studies of durables
and housing consumption (e.g., Attanasio, 2000, Eberly, 1994, Martin, 2003) find very wide (s, .S)
bands over wealth.® In addition, empirical studies of mobility indicate that changes in family
composition or employment are much stronger determinants of home purchases than fluctuations
in wealth (e.g., Merrill, 1984, Venti and Wise, 1989, Venti and Wise, 2000). These results suggest
that the infinite cost approximation may not be unreasonable.

There are two assets traded in the economy. The price process of the riskless bond is given by

dBy

95t
B,

where r is the riskfree rate, which is assumed to be constant. The dynamics of the risky asset are
given by an exponential Brownian motion

ds,
2L — (r + m)dt + odz
St

where z; is a standard Brownian motion, 7 is the expected excess return (equity premium), and
o is the standard deviation of asset returns.

Let w; denote the wealth of the consumer in period ¢ and oy the share of wealth held in the
risky asset. Define total consumption as ¢ = f + . Normalizing the relative price of commitment

and food goods at one, the dynamic budget constraint is
dwy = [(r 4+ o) wy — ] dt + oqwiodz. (2)

Intuitively, the total mean return on the wealth portfolio is r 4+ ay7m and a wealth share of oy in
risky assets gives rise to a standard deviation of a;o in the growth rate of wealth.

The household’s problem is to maximize (1) subject to the reset rule for consumption com-
mitments and the budget constraint (2). Let A denote the time elapsed since the consumer last
adjusted her consumption commitment; clearly 0 < A < T. Note that between reset dates,

A = A(t) depends linearly on calendar time, that is, dA = dt.

"Gabaix and Laibson (2001) and Reis (2003) use similar time-dependent rules to model limited attention, while
Koren and Szeidl (2003) formalize financial illiquidity in a related fashion.
8For example, (S, s) bands estimated by Attanasio imply that households allow the share of car consumption in

total consumption to fall to 20% of the desired level before adjusting.



Theorem 1 The optimal consumption and investment rule between two reset dates is character-

1zed by the policies

Jt=1a - (wt - A(A)ﬂﬁt) (3)
apwy = % (we — A(A)zy) (4)

where

A(A) = % {1 - e—"<T—A>}

is a decreasing function of A and the expression for ¥a is given in the Appendix.
At a reset date, the consumer chooses x; = k-wy where k depends on the underlying parameters

of the model.

The dynamic of food consumption on all dates is characterized by

dfy 2 1 [ w2 T
— = ——+—| = - dt + —d
dt {2720'2 + v (202 tree * ~o : (5)

Proof. See the Appendix. =

To understand this result, first observe that at a reset date, the consumer has a single state
variable, her current level of wealth. The optimal level of consumption commitment undertaken
is proportional to wealth because at an adjustment, the value function is homogenous of degree
1 — v in wealth.

Between reset dates, the model has three state variables, wealth (w), the current level of
consumption commitments (x), and time elapsed since the last adjustment (A). Conditional on
A, the optimal consumption and investment rules are linear functions of wealth and commitments.
More importantly, the expression w; — A(A)z;, which we term “net wealth,” governs the optimal
policy of both consumption and investment. Intuitively, since commitment consumption can
only be reset at particular dates, the consumer has to be certain that she has enough funds to
finance her outstanding commitments until the next reset date. She therefore allocates an amount
corresponding to outstanding commitments (A(A)x;) to the safe asset, and uses that money
exclusively to finance future commitments. After setting this money aside, she then decides how
to invest the rest of her wealth (net wealth) in stocks and bonds and how much food to eat. This
behavior is very sensible: It reflects the common practice of first paying bills such as a home
mortgage payment out of a monthly paycheck, and then deciding how to allocate what is left on

discretionary consumption or savings.’

9A riskless labor income stream can trivially be introduced by changing the definition of wealth to include the

present value of labor income; Section 3.4 describes how a risky labor income stream can also be permitted.
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The key comparative static that follows from the theorem is that when the value of outstanding
commitments A(A)z is higher, the consumer invests a lower share of her wealth in risky assets,
holding all else fixed. The value of A(A)xz can be high for two reasons. The first is when the
adjustment date is far away — that is, when A is low, implying that A(A) is high. When a
consumer moved in to a new house recently, she expects to live in her current home for a long
time, generating a higher total outstanding commitment payment. Second, A(A)x is high when
the commitment level z is high, i.e., when the agent owns a big house.!”

An important implication of formula (5) is that the trajectory of food consumption is fully
determined by the rate of return of the stock market. This observation is central to the subsequent
aggregation results, since it guarantees that the trajectory of each household’s food consumption
does not depend on how far a consumer is from her adjustment date (i.e., on A). To understand
why it is true, observe that in this economy markets are complete, since the stock market is the
only source of risk. As a result, the dynamics of returns pin down the value of the intertemporal
marginal rate of substitution (IMRS) for the household. Since commitments are fixed in the
short run, the IMRS in turn pins down the growth rate of food consumption. It follows that
the trajectory of food consumption is continuous on all dates. This is in contrast with the time

path of commitment as well as total consumption, both of which adjust discontinuously every T

periods.

3.2 Aggregation

Now consider an economy populated by a continuum of agents with individual reset dates that
vary across the population. Normalize the total mass of agents to one. Agents with different
adjustment dates may also differ in their wealth levels; however their preference parameters and
adjustment horizons are the same.!! Individuals can be organized into cohorts measured by their
A at date zero, which we label ¢.'? The range of cohorts is therefore 0 < ¢ < T. Note that
households stay in the same cohort throughout their life: there is no entry and exit.

The aggregate dynamics in the economy depend on the relative size of each cohort, quantified
by the amount of food it consumes. Let the share of aggregate food consumption consumed by
cohorts between zero and ¢ be Y(gq). Then Y(.) is one measure of the relative size of cohorts.

For example, if Y(.) is the distribution function of a uniform random variable over the [0, 7]

0Note that this effect is purely a consequence of commitment consumption, as opposed to fluctuations in the
relative price of commitments (such as house price fluctuations).

1VWe show that the results are robust to introducing other dimensions of heterogeneity in Section 3.4.

12Gince the economy starts on date zero, there is no previous adjustment date for any household, but their A can

be inferred from their next adjustment date.
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interval, food consumption is equal across cohorts. We assume that Y (.) is absolutely continuous,
in which case the density y(q) corresponds to the share of food consumption “eaten” by cohort
q. Because markets are complete, all cohorts have proportional trajectories of food consumption,
and the distribution Y'(.) is constant over time. This follows from Theorem 1, which implies that
food consumption growth is perfectly correlated across all households and therefore all cohorts.
Y'(.) can therefore be interpreted as the initial distribution of relative food consumption in the
economy.

Let capital variables denote aggregate quantities, so that X;, F;, and C} stand for aggregate

commitment, food, and total consumption, where for example

T
Xt:/ x¢(q)dq.
q

=0

net

Denote the net wealth of a cohort ¢ at time ¢ by w{**(q), and the aggregate of this quantity across
the population by W, Finally, define 7 to be the value of ¢ modulo 7. This notation allows us

to characterize aggregate dynamics as follows.

Proposition 1 For an arbitrary initial distribution of food consumption across cohorts, Y (.), at
any point in time t > T aggregate commitment and non-commitment consumption can be expressed

as T
X, = / a(r —u) - WP du (6)
0
and

Fy=b(7) - tnet (7)

where a(.) and b(.) are functions that depend on Y (.).
If the initial distribution Y (.) is uniform, both a(.) and b(.) are constants.

The content of this proposition is that we can express aggregate commitment consumption as
a time average of past aggregate net wealth levels. Because such a time average is continuous, the
proposition implies that aggregate commitments follow a continuous path. Intuitively, the lumpy
adjustment dynamics at the household level created by commitments are “smoothed out” in the
aggregate.'3

To understand the intuition for this result, first focus on food consumption. Aggregate food
consumption is proportional to aggregate net wealth, because the same is true for each cohort

by equation (3). In general, the factor of proportionality b will depend on 7, because the share

13The literature on aggregating agents with state-dependent adjustment rules also finds a similar smoothing

effect; see for example Bertola and Caballero (1990).
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of food consumption corresponding to any given A in (3) exhibits a T-long cycle. When Y (.) is
uniform, the share of food consumption is constant across cohorts, and b is a constant.

Now consider commitment consumption. People in a cohort that adjusts on date ¢ choose
commitment consumption that is proportional to their level of net wealth according to the policy
rule of Theorem 1. Likewise, cohorts that adjusted in the recent past chose commitment con-
sumption that was proportional to their net wealth on their adjustment dates. Hence, the sum of
commitments across all cohorts in the economy is a time average of past levels of the net wealth
of each of these cohorts. This time average can be re-written as a time average of past levels of
aggregate net wealth because each cohort’s net wealth is proportional to aggregate net wealth on
its adjustment date. When Y'(.) is uniform, the factor of proportionality a(.) is constant because
all the cohorts are identical.

Using the proposition we can prove the following aggregation theorem, which is the main

theoretical result of the paper.

Theorem 2 The aggregate dynamics of consumption are the optimal policy of a representative
consumer with external habit formation utility function
o Cy — X))
B / oG =X
0 L—v
where habit X; evolves according to the path of committed consumption, given by equation (6) in

the general case, or
T
X,—a- / Wt du. (8)
0

if the economy starts from the uniform distribution.

Proof.
There exists a unique stochastic discount factor (state price density) in this economy because
markets are complete. Call the SDF my;(w). Then for any traded asset return vector R ; between

dates s and t, we have

1 =E; [ms,t : Rs,t] .

Since all consumers are free to adjust their consumption on the food margin, the (discounted)
ratio of marginal utilities over food consumption between any dates s and ¢ has to equal m,,

given utility maximization:

Hence, for every household

fom g ()
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Aggregating this equation over the population yields
F,=F,- (ep(t—s)ms’t)ff

which implies
(Cs — )(S)_’Y = e_p(t_s) . Es [(Ct — Xt)_’yRs,t] .

But this is the Euler equation for optimality for a representative consumer with habit formation
utility, where habit is X. The evolution of habit is governed by a moving average of past net wealth
levels, as shown by the previous proposition. It follows that aggregate consumption dynamics
satisfy the Euler equation for the representative consumer habit formation model. All optimality
conditions hold if we assume that households take the dynamics of commitment consumption as
exogenously given; hence habit is external in the aggregate model. m

This theorem shows that consumption commitments provide microfoundations for habit for-
mation. It states that an economy of households who make infrequent adjustments in commitment
consumption look in the aggregate like a single individual facing a smooth, slow-moving habit
that depends on past consumption levels. To understand the proof of this result, observe first that
all agents in the economy have identical linear Euler equations for food consumption, given com-
plete markets. These equations can therefore be summed, giving an analogous equation for the
dynamics of aggregate food consumption.'® Since aggregate food consumption, F, is the excess
of total consumption over commitment consumption, C' — X, the aggregated FEuler equation has
the same form as the Euler equation in a representative-consumer habit formation model, where
marginal utility is determined by precisely C' — X. The final step in establishing the equivalence
to habit formation is to show that X is a slow-moving average of past net wealth levels. This was
established above in Proposition 1.

The proof of Theorem 2 indicates that the idea that commitments provide microfoundations
for habit does not hinge on either the particular CES preferences we have assumed or on purely
time-dependent adjustment. As long as individual marginal utility depends only on surplus con-
sumption over commitments (i.e., ¢ — x), we can aggregate these individual marginal utilities to
get a marginal utility for the representative consumer that depends on C'— X. Hence, a represen-
tative consumer with habit preferences defined over C'— X exists as long as utility is separable in
commitment and non-commitment consumption. The only additional benefit of constant elastic-
ity of substitution preferences and purely time dependent (instead of state-dependent) adjustment

is that they allow us to express habit analytically as a time average of past wealth levels as in (6).

4 The logic of the proof is similar to that in Grossman and Shiller (1982), who prove the existence of a represen-
tative consumer in an asset pricing context with one consumption good, if individual consumption dynamics follow

Ito-processes with no jumps.
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Note that the aggregate model can be interpreted as an economy in general equilibrium, in
the same spirit as Constantinides (1990) or Cox, Ingersoll and Ross (1985). In the equilibrium
interpretation, the stock S and the bond B correspond to two exogenous, constant returns to scale
production technologies, both of which use the food good as input and produce the food good
as output. The portfolio decisions of the households can be interpreted as investments into these
technologies, and total wealth is equal to the capital stock. In addition, there is an irreversible
production technology that transforms one unit of the food good into one unit of the commitment
good.'® Finally, due to technological constraints, commitment consumption can only be adjusted
on reset dates. With this specification of technology and our earlier description of preferences,
the aggregate economy is in general equilibrium.

While commitments lead to a slow moving habit in the aggregate, the dynamic of habit in this
model is somewhat different from existing habit formation specifications, such as Constantinides
(1990) or Campbell and Cochrane (1999). In those models, habit is a slow moving function of past
levels of aggregate consumption. Here habit is a slow moving function of a different aggregate
variable, net wealth. We next establish that the model also admits a representation where habit

is a function of aggregate consumption.

Proposition 2 When the initial distribution of relative food consumption Y (.) is uniform, ag-

gregate commitment consumption can be written as
X =o(t)Xo + /Ot C(u)C—ydu 9)
where
o For0<u<T,((u) =% exp(—3u),
e The function ((u) is bounded and switches sign at least once on any interval longer than T.

o When aT < b, both o(u) and {(u) go to zero at a geometric rate as u goes to infinity.

Proof. See the Appendix. m

The proof of the result is simple. When Y (.) is uniform, Proposition 1 shows that aggregate
food and commitment consumption are linear functions of net wealth. Hence, there are three
linear equations linking the variables C, F', X and W"': an accounting identity, the habit rule
(6), and the consumption rule (7). These equations allow us to express any of the four variables

as a linear function of current and lagged values of the other variables.!6

15By scaling units, the model can accommodate any linear production function transforming food goods into
commitment goods.

Hence, commitment consumption can also be written as a time average of past levels of food consumption.
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This proposition shows that the utility of the representative agent for the commitments model

is a special case of the habit specification advocated in Chen and Ludvigson (2004):
Xt = f(Ct7 Ct—l? (RS Ct—L)'

The commitments model generates aggregate dynamics that are particularly similar to the
Constantinides’ formulation of habit, where habit is a geometrically weighted average of past
consumption levels. Here the geometric decay is explicitly present for the near past and asymp-
totically for the distant past. In between, the weight function ((u) fluctuates and periodically
becomes negative. Thus habit in the commitments model corresponds more closely to the av-
erage past growth rate of total consumption: a weighted average of consumption in the past is
subtracted from a weighted average of nearer-term past consumption. Because of the geometric
decay, consumption levels in the distant past matter little.

Note that the technical condition a1" < b in the proposition is used to ensure that the coef-
ficients ((.) go to zero asymptotically. This restriction roughly requires that commitment con-
sumption is typically less than food consumption, as shown by equations (6) and (7). In the next
subsection we consider a different version of the model, where we obtain habit as an exponential

time average as in Constantinides (1990) without such restrictions.

3.3 Model and Aggregation with a Stochastic Adjustment Rule

We now introduce the possibility that the reset dates for consumption commitments are stochastic.
At the cost of some additional assumptions, this new model yields a more general aggregation
result, making the connection with habit persistence stronger.

To model uncertainty in moving dates, suppose that during a short interval dt, a consumer
who has been committed for a time period of A can adjust her level of commitment consumption
with probability A(A)dt. With remaining probability, she cannot adjust. When A does not vary
with A, this specification is similar to the Calvo-pricing rule common in macroeconomics. Here
we allow A(A) to be any weakly increasing function. This is equivalent to assuming that the
probability of facing a move-inducing shock is weakly rising with home tenure. This assumption
captures the idea that recent home purchasers are relatively unlikely to move; further intuition
and evidence for this assumption is given in the context of our estimation strategy below. For
technical reasons, we also assume that at a finite date 7', the function A(A) reaches a maximum
ANT) = M.

Let G(s) denote the unconditional distribution function of the arrival time for the next ad-
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justment date, s. The function A\(A) determines G(s) according to the differential equation
_ G4

S 1-G(A)

Indeed, if arrival dates are drawn from G(.), the right hand side is the likelihood that the next

A(A) (10)

adjustment date arrives immediately conditional on A periods having elapsed.

We assume that there is a continuum of consumers whose adjustment dates are independently
distributed. Aside from the change in the process that determines arrival dates, the preferences
and technology in the economy are the same as in the previous model, as summarized in (1).

As before, we assume that financial markets are complete to facilitate a simple aggregation
of consumers. While market completeness held by design in the deterministic model, it is a non-
trivial assumption here. This is because consumers now face additional uncertainty in the random
arrival of adjustment dates. The market completeness assumption that we impose requires that
consumers can insure all financial risk associated with when they can adjust their commitment
consumption. In the optimum, consumers will intuitively seek to insure two types of risk. First,
they face “payment risk,” which is the randomness in the total payments associated with living
in a particular house, given that the total duration spent in the residence is a random variable.
With complete markets, this risk can be insured, and households will do so by pooling their risk
with others in the cohort of agents who buy a new house at the same time that they do. With
the optimal contract, conditional on the value of x, each consumer’s commitment payment for his
current house is known with certainty. Second, agents could face fluctuations in food consumption
that are induced by uncertainty in their moving dates. For instance, when a household moves
to a bigger home, it might need to cut back on food consumption. The household insures this
risk by holding a contract that pays off when the moving date comes, avoiding the cut in food
consumption. Real-world examples of these two types of risk-sharing arrangements include (1)
young adults living with their parents until they get married, effectively being insured against
uncertainty in when they find the right spouse and buy a new house, and (2) family support and
gifts after shocks that induce new commitments, such as wedding or childbirth.

Although consumers are able to insure against these forms of risk, note that they cannot
eliminate one important source of risk arising from the technological constraints of the economy.
The adjustment of commitment consumption remains possible only on exogenous, uncertain dates.
Because utility over commitment consumption is concave, the household dislikes such risk, but it
has no way to insure against it given the lack of a market for housing that permits continuous,
costless adjustment of this good.

This model yields a set of results very similar to that of the deterministic adjustment model,

which are summarized in the following theorem.
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Theorem 3 The following are true.

e The optimal level of stocks in the household portfolio is

(wp — A(A)zy) . (11)

s
QW = —5
Yo

where A(A) = [[Te™"s %d&* is decreasing in A.

o The aggregate consumption dynamic of the economy is the same as the optimal consumption
of a representative consumer economy with habit formation utility function where habit X

evolves according to the path of aggregate commitment consumption.

e [f the economy is started from the ergodic distribution of relative food consumption (which

exists), then
t
Xt = / C(s) - Ci_sds + Xo - o(t) (12)
0

with appropriate deterministic weight functions ((.) and o(.).

e In the special case when the adjustment date arrives at an exponential rate,
t
Xy = Xoe 4+ D / e~ MGy _ydu (13)
0
with suitable positive constants d and D.

Proof. See the Appendix. m

The first part of this theorem states that the state variable governing the portfolio choice and
food consumption decisions of a household is the quantity w; — A(A)ax; which, in keeping with
the intuition of the previous section, we will call net wealth w*. Note that we have re-defined
the function A(A), which was also used in the previous deterministic model, in particular in the
portfolio choice rule (4). We abuse notation in this way because the two A(.) functions in the two
models play completely analogous roles, and with this notation the portfolio choice rule in the
two models is algebraically identical.'” The reason is that in the current environment, as in the
deterministic environment, A(A) measures the net present value of outstanding commitments.

To see why A(A)x; measures outstanding commitments and w®" is the key state variable,
consider a set of consumers who all happened to adjust on a date ¢, and all of whom have a
level of wealth w;. As we observed above, market completeness implies that these consumers
can efficiently share the risk associated with their next adjustment date among themselves. The

reason is that their upcoming adjustment dates are independent, thus for them as a group, there

1"We will similarly reuse notation for other variables that play identical roles in the two models.
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is no aggregate uncertainty about the total amount of money they have to spend on their current
home. To calculate the total cost of the current home for this group, note that for each date s
after t, the share of individuals who have not adjusted yet is 1 — G(s). Hence, this group must
make a total payment of z(1 — G(s)) if = is the level of commitment consumption chosen on date
t for all s > t. The total present discounted cost of these payments is the price of outstanding
commitments for this group at time t:
o0
x - /t e (1 - G(s —t))ds.
Note that the outstanding payment stream is discounted by r because at the group level, there is
no uncertainty about how much needs to be paid.
Following the same logic, for a household who adjusted A periods ago, after efficiently sharing
risks, the outstanding commitment payment is exactly equal to the expected discounted cost of
consuming the current house, i.e., x multiplied by

A(A) = /t T e L _SESG_(S ) gs. (14)

This expression is a generalization of the previous one. Given that A periods have already passed
for this cohort by time ¢, the share of the remaining households who have not adjusted yet by
some date s > tis (1 — G(s —t+ A))/(1 — G(A)). Using these new probability weights yields
the more general expression for the present discounted cost of commitment payments for a cohort
that adjusted A periods ago. Since the outstanding commitment payment is given by A(A), the
household sets aside that amount in safe assets to finance future payments as in the deterministic
model. The remaining amount, which is precisely wf®', is allocated to food and savings, explaining
the household portfolio choice equation in the theorem. Note that A(.) is decreasing over time
because households with longer home tenures have a shorter expected duration in their current
home.'® Hence, the stochastic model, like the deterministic one, implies that recent home buyers
have higher outstanding commitment payments and should therefore hold safer portfolios.

The second part of this theorem shows the existence of a representative consumer, and proves
that commitments provide microfoundations for habit formation by aggregating the individual
Fuler equations. The intuition for these results is the same as in the previous section. In this
case, we obtain an analytic characterization of the dynamic of aggregate habit by establishing
that relative food consumption across cohorts has an ergodic distribution. When the population

is started from that ergodic distribution, we first prove that habit can be expressed as a time

8More precisely, a sufficient condition for A(.) to be decreasing is that the hazard rate A(.) is increasing, as we

show in the Appendix.
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average of past levels of food consumption, and then make use of a general argument which shows
that a time average of food consumption can always be expressed equivalently as a time average of
total consumption Cy. Note that the stochastic aggregate model also admits a general equilibrium
interpretation as in the previous section.

The final part of the theorem considers the special case when the arrival dates are completely
unpredictable. In this case, the habit rule can be written as a simple exponential time average,
regardless of the initial distribution of relative food consumption. This result underscores the
strong connection between the commitments model and habit formation. The representative
consumer’s preferences and the habit dynamics of our aggregated model are exactly the same
as those in Constantinides (1990). The only difference is that Constantinides has internal habit

formation while aggregating the commitments model yields external habit.

3.4 Extensions: Heterogeneity Across Households

Both models above assumed that households are identical in all respects except for their adjust-
ment dates — i.e., that there is no heterogeneity along any other dimension. This subsection
describes why the portfolio choice and aggregation results extend when we allow for heterogene-
ity in the relative preference for commitments (u), wealth levels, labor income risk, as well as
the frequency of adjustment dates. The heterogeneity across these dimensions can also be corre-
lated across households without affecting the results. The robustness of the theory is especially
important because such heterogeneity is prevalent in the data, as we will see below.

To begin, consider the introduction of a risky labor income stream. Maintaining the complete
markets assumption, risky labor income that is perfectly correlated with the stock market can
easily be introduced.' Households who have labor income risk will adjust their stockholdings up
to the point where their total risk exposure is given by (11). If we interpret wealth to include
human wealth, then the dynamics of wealth and consumption are unaffected. Hence, hetero-
geneity in labor income risk only affects the portfolio choice rule, and has no effect on wealth
or consumption dynamics. Permitting the heterogeneity to be correlated with adjustment dates
does not affect this reasoning.

Wealth heterogeneity is easy to handle because we have assumed homogenous utility. If two
households are identical in all respects except for their level of wealth, their consumption and
investment decisions will be exactly proportional on all dates. Since any household can be broken

into other households with smaller wealth levels, the model is consistent with any cross-sectional

9More generally, any risky labor income stream can be introduced provided that the asset space is sufficiently

rich that agents can hedge this risk fully.
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wealth distribution.

Finally, consider heterogeneity in p, and suppose that it is correlated with the adjustment
frequency. To see why the results still go through intuitively, consider an economy with two types
of agents, those with a low preference for commitments p; and those with a high preference
wrr. Assume that households in the low group adjust less frequently than households in the high
group (formally, Ap(.) < Ag(.)). By complete markets, there exists a representative consumer
with habit-type preferences for the whole population. Moreover, for the subpopulations of H and
L agents, the equivalent of Theorem 3 holds (with group specific values for the parameters in the
aggregation). This immediately implies that the portfolio choice result extends. To show that
aggregation extends, we need to verify that total habit for the union of the two groups can be
represented using past total consumption Cs.

By the argument of Theorem 3, habit in both groups can be expressed using past values of
group-level food consumption. By complete markets, food consumption is perfectly correlated
across individuals in different groups, implying that the linear representation of group level habit
with group level food consumption can be summed to write aggregate habit as a time average of
aggregate food consumption. As noted earlier, such an expression always leads to a representation

of total habit using past levels of total consumption.

4 Testing the Model: Estimation Strategy and Data

The theory that commitments are the source of “habit” in the macroeconomy has several predic-
tions that can be tested using microdata. The most substantive predictions relate to the two key
features of habit-formation preferences: (1) Commitments should make agents adjust consump-
tion — especially of more committed goods — slowly in response to shocks and (2) Commitments
should drive up risk aversion.

There is ample existing evidence for the first prediction. Both the infrequency of moves
and vehicle purchases in our data and the formal studies of consumption behavior discussed
in section 3 indicate that commitment consumption adjusts very sluggishly. Since commitment
consumption is a significant fraction of total consumption, it follows that commitments must make
total consumption adjust sluggishly. In addition, the papers discussed in the literature review and
other studies of consumption support the prediction that adjustment of more committed goods
is more sluggish. For instance, Gruber (1997) and Gruber (1998) find that unemployment spells
induce large changes in food consumption but that less than 5% of the unemployed move.

We therefore focus on the prediction about commitments and risk aversion here. One impor-

tant way in which the amplification of risk aversion by commitments manifests itself is in the
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form of a more conservative portfolio allocation. As shown by equations (4) and (11), both the
deterministic and stochastic adjustment models developed above imply the following relationship
between stock holdings and commitment consumption for a given household i:

ajwiy =&+ %A(Ai,t) i+ 0w+ iy (15)
The disturbance term 7 introduced in this equation captures background income risk that shifts
household portfolios, as well as measurement error and other unobserved heterogeneity in the
data that are not explicitly incorporated in our model. The theory predicts that an exogenous
increase in commitments should reduce the fraction of wealth held in risky assets (stocks) relative
to safe assets (bonds) by the agent. To test whether this prediction holds empirically, we use
housing consumption as the commitment good x. We focus on housing because it constitutes a
large fraction of the average individual’s budget (see Table 1), and because moves between homes
are sufficiently infrequent that housing does indeed appear to be a significant commitment.

In the case of housing, (15) implies that holding wealth fixed, total commitment is 1) rising
with the value of the home, z, and 2) falling with home tenure, which is inversely related to A.
We focus on variation in home tenure rather than home value to obtain variation in a household’s
degree of commitment, for two reasons. First, although we have assumed that the commitment
good is not an asset in our model, in practice, houses themselves are large assets whose prices can
fluctuate. The riskiness of housing can affect portfolio allocations for non-commitment reasons,
as suggested by Cocco (2005). Second, variation in home values is tightly linked with households’
idiosyncratic preferences, making it very difficult to find a powerful source of variation in property
value that is not plagued by endogeneity or omitted variable biases.

What is the intuition for the connection between home tenure and the degree of commitment?
People who just bought a new house see the long stream of mortgage payments they have to make
as a fixed obligation, compelling them to “play it safe” in the asset markets in order to be sure
they can pay the bills. This is because recent home buyers are more likely to stay for a few years
rather than moving immediately after purchase. For example, if a couple buys a first home after
marriage, they are likely to anticipate living there until the birth of one or two children generates
a need for a larger home. The claim that recent homebuyers have longer expected durations is
consistent with the empirical results of Sinai (1997), who estimates the duration dependence of
the hazard rate of moving, controlling for unobserved heterogeneity across households in baseline

hazard rates.? Once a family has lived in a house for several years, it is more likely to have

20Tt is important to distinguish within-household and cross-sectional variation in the probability of moving. Our
assumption requires (and empirical evidence confirms) that the within-household probability of moving rises with

home tenure; this may not be true in the cross section because of heterogeneity in mobility rates.
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outgrown the home (either upward or downward), and its expected duration in the home is
shorter. Hence, the house is viewed as less of a commitment, and the family should be more
willing to take risks in order to later raise commitment and non-commitment consumption.

Since we will focus on home tenure, the key estimating equation for our empirical analysis is
stockholding; ; = £ + 8 X hometenure; ; + h(wealth; ;) + g(age) + controls + &; ;. (16)

In the empirical analysis, we consider two measures of “stockholding”: dollars held in stocks and
the fraction of wealth held in stocks. There are four differences between (15) and this specification.
First, 8 x (hometenure) is a linear approximation of the function A(A). Second, we have assumed
that home values are fixed; if home value varies across households, the estimate of 3 will reflect
a weighted average of the true coefficient. Third, we have allowed stockholding to depend on
household wealth through a non-linear function h(wealth), so that the estimates that are not
sensitive to the particular linear relationship implied by our stylized model. Finally, we have
introduced age and other controls that may proxy for life cycle effects and other unmodelled
heterogeneity in the data. We introduce a new error term ¢ to reflect these changes.

Testing the commitments theory in this specification is formally equivalent to testing whether
B > 0. Because (16) captures the fundamental intuition that larger commitments should amplify
risk aversion, the estimation results in this paper serve not only as a test of the particular models
developed above, but also provide evidence regarding the general importance of commitments as

foundations for habit formation.

4.1 Data and Sample Selection

We use data from the 1990-1996 panels of the Survey of Income and Program Participation to
estimate (16). The SIPP collects income, asset, and demographic information from a sample of
approximately 20,000 households. Asset data are generally collected once per panel. The main
advantages of the SIPP relative to other commonly used datasets on financial characteristics such
as the SCF and PSID are its large sample size and detailed information about covariates such as
a complete marital history.

The raw data contains information on 99,136 households, of which 53,680 are married. We
restrict attention to this “core sample” of married households in our analysis because we will
obtain exogenous variation in home tenure from the timing of marital shocks such as marriage

and remarriage after divorce or widowhood.?!

2'We also examine divorced individuals who did not re-marry as a control group in section 5 below.
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Table 2 gives summary statistics (in real 1990 dollars) for the core sample of married house-
holds, as well as four other subgroups, which are discussed in greater detail below. The general
demographic and wealth characteristics of the core sample appear to be fairly representative of the
married U.S. population. Approximately 40% of total wealth is held in the form of home equity
and another 25% is held in illiquid assets such as cars and other real estate, leaving approximately
35% in liquid assets for the average household. Of the $42,555 of liquid wealth, 37% is held in
stocks, 23% in interest-bearing savings accounts, 10% in bonds, 18% in IRA assets, and 12% in
“other” liquid assets. The relatively small fraction of wealth held in stocks reflects the fact that
only 20% of the married households in the data are stock market participants. “Other assets”
can be further broken down into checking accounts (7%), US savings bonds (14%), debt owed to
the household (36%), and equity in other financial investments (43%).22 Note that total wealth
does not include 401k assets, as the 1990-93 SIPP panels do not collect data for this category. In
section 5, we describe tests which indicate that the lack of data on 401k’s is unlikely to bias the
portfolio-shifting effects we document in non-retirement accounts.

The data understates the skewness of the distribution of certain variables such as income
and property values because these variables are topcoded to protect confidentiality.?3 All results

reported below are robust to inclusion or exclusion of the topcoded group.

5 Empirical Evidence

The central difficulty in testing the model is that home tenure is endogenous and correlated
with other characteristics that affect portfolio choice. Consequently, the orthogonality condition
required to obtain a consistent estimate of 8 using OLS is unlikely to hold. For instance, in
the data, education is inversely related to home tenure, i.e., more educated people are more
mobile. If education can only be measured imperfectly and better educated individuals also tend
to have lower (unobserved) background income risk, there would be a correlation between £ and
home tenure in (16). A similar problem plagues a panel study that tracks the portfolio allocation
of a household over time. People tend to buy houses when they obtain secure jobs (e.g., when they
get tenure in academia). But this is precisely the time that they may also compensate for their
reduced labor income risk by holding riskier assets, again violating orthogonality in a fixed-effects

OLS regression.

228ince it is difficult to classify equity in “other financial investment” as safe or risky, we show that our results
are robust to the classification of this category.

23For instance, the 1996 panel topcodes primary home property value at $550,000 — any individual who owns a
home that costs more that $550,000 has home value coded as $550,000.
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Consistent with this intuition, we find that OLS estimates of § are very sensitive to the
inclusion of controls. With a minimal set of controls (age spline, total wealth spline, and year
dummies), we obtain an estimate of § = $20 (s.e. = $176) in the group of married stockholding
homeowners. However, once we include a rich set of controls (see Table 3, specification (4) for the
list), we obtain 5 = $220 (s.e. = $104). The fact that higher commitment (shorter home tenure)
is associated with less stockholding once controls are included suggests that the violations of the
OLS orthogonality condition work against finding evidence for the theory.?4

In view of these difficulties, we use an instrumental variables approach to estimate 8. We
begin with a graphical overview that sketches our identification strategy and then discuss a series

of regression estimates to fill in the details.

5.1 Graphical Overview

Motivated by the model, where moves are driven by shocks, we use a set of shocks that cause
moves as instruments for home tenure after establishing that they are uncorrelated with €. The
shocks we use are all related to the timing of changes in marital status, holding fixed age and
wealth: age at first marriage, age at first marriage termination (divorce or spouse’s death), and
an indicator variable for remarriage.?®

Figure la depicts the first-stage relationship between marital shocks and home tenure. The
details of how this and other figures are constructed are described later; here we give a short
summary of their message. For simplicity, we combine the three instruments into one by defining
a new variable, the “age at most recent marital shock,” which equals the age at first marriage
among once-marriers and age at first termination among remarriers. The figure plots the residual
relationship (in deciles) between the age at most recent marital shock and home tenure, condi-
tioning on a large set of observables such as wealth, age, and demographics. It is clear that there
is a strong negative effect of the age at most recent marital shock on home tenure. The intuition
is that those whose marital status has changed more recently are more likely to have moved more
recently, and therefore have shorter current home tenure.

To use the marital shocks as instruments, we must first ensure that they do not have direct
effects on portfolio choice outside the home tenure channel, once we condition on variables such
as age and wealth. For instance, we might worry that more educated or informed people tend to

marry later and also have different portfolio preferences. Figure 2 illustrates how we test whether

24We confirmed that endogeneity is also a problem in a panel analysis by examining trends in income and wealth
around home purchases using the 1996 SIPP panel, where asset data were collected twice.
25More precisely, we use age and remarriage data for the “reference person” in the SIPP, who is an owner or

renter of record and is typically the head of the household.
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this key orthogonality condition is satisfied. To construct this figure, we focus on a “control group”
of households that are either 1) long married homeowners (married more than 40 years), 2) married
renters, or 3) divorced/widowed homeowners who did not remarry. As we describe in greater detail
below, the theory suggests that there should be no first-stage relationship between marital shocks
and home tenure for these three groups. Figure 2a shows that this prediction holds true in the data:
the age at most recent marital shock instrument is unrelated to home tenure for the households in
the control group. Consequently, in these control groups, the commitments channel is effectively
shut down, and any correlation between marital shocks and portfolio allocations would constitute
evidence that the key exclusion restriction is violated. Fortunately, as the horizontal fitted line
in Figure 2b demonstrates, the marital shock instrument is completely unrelated to the share of
wealth held in stocks in the control groups, providing strong evidence that marital shocks have
no direct effects on portfolio choice.

Having established that marital shocks can be used as valid instruments, we examine the
reduced-form effect of marital shocks on portfolio choice among households that are not in the
control group defined above. Figure 1b illustrates that in this “treatment group,” the age at most
recent marital shock has a strong negative effect on the share of wealth held in stocks. Figures
1 and 2 together imply that home tenure has a positive causal effect on stockholding, confirming
that recent home buyers have amplified risk aversion, as the theory predicts.

The rest of this section formalizes the ideas behind these figures using regressions. The next
subsection documents the first-stage relationship depicted in Figure la for each of marital shock
instruments. The second subsection formally tests the exogeneity of these instruments using the
three control groups, essentially by comparing reduced form estimates similar to those in Figures
1b and 2b. The final subsection reports two-stage least squares estimates and overidentification
tests. We address other potential biases such as the endogeneity of wealth and potential non-

commitment reasons for a link between home tenure and portfolio choice in section 6.

5.2 First Stage Effects of Marital Shocks on Home Tenure

We now examine the first stage relationship between marital shocks and home tenure in greater
detail. We focus initially on a set of households who are candidates to be affected by marital
shock instruments based on our theory. In section 5.2 below, we explain theoretically and confirm
empirically that there is no first stage association between the timing of marital shocks and home
tenure among renters, long-married homeowners, and divorcees and widows. Here, we restrict
attention to the remaining households, who are married homeowners whose current marriage

duration is less than forty years.
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We also initially restrict attention to the 24.5% of households in this sample who are stock-
holders. Only stockholders can respond on the intensive margin by changing stockholding in
response to changes in commitment levels, and we show later that changes in commitment appear
to have little effect on stock market participation rates. We label the set of recently-married
homeowners who own stocks the “treatment” group. Table 2 reports summary statistics for the
treatment group, which unsurprisingly is considerably wealthier than the average household in
the population. To demonstrate that our results are not driven by endogenous sample selection,
we later report estimates on the entire sample of all married households in the data.

Consider the age at first marriage instrument. Specification (1) of Table 3 reports estimates

of ¥ in the following specification:
hometenure = § 4+ 19 x age at 1st marriage + controls + v. (17)

This specification has “few controls”: year dummies, a 10 piece linear spline (partitioned by
deciles) for age, and a 10 piece linear spline for total household wealth.?5 The sample in this
regression consists of once-married households in the treatment group. The reason we exclude
twice-married households here is that age at first marriage has little predictive power for their
home tenure, as we will see shortly. In the once-married treatment group, holding fixed age and
wealth, marrying one year later is estimated to reduce the number of years spent in the current
home by 0.2 years (with a t-statistic of 9.86). This is not surprising, given that more than 40%
of households in our data bought their current home within 5 years after their first marriage.

Now consider the age at first marriage termination variable, which is defined only for indi-
viduals whose first marriage ended. Specification (2) replicates specification (1) using the age
at first marriage termination variable for twice-married households in the treatment group. The
estimates reveal that age at termination of the first marriage is a strong predictor of home tenure
in this group, while age at first marriage is statistically much weaker. This is as we would expect
based on our theory: only the most recent move-inducing shock should determine current home
tenure, making the timing of first marriage less relevant for those who have had another marital
shock since then.

The age at first marriage and age at first termination instruments capture “within-group”
variation in two disjoint groups — once and twice-married couples. Specification (3) in table 3

explores the “across-group” variation between these two groups, by investigating the link between

26We always begin by reporting estimates of a specification with few controls to alleviate concerns that the
inclusion of endogenous regressors is spuriously generating our results. In this case, only wealth is potentially

endogenous, and we address wealth endogeneity in the section 6.
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an indicator for remarriage and home tenure.?” Column (3) shows that remarried households
have lived in their current home for 3 years less on average than once-married households. The
t-statistic for this coefficient exceeds 12.

To summarize the first-stage results for the entire treatment group, we combine the three
instruments by defining a new variable, age at most recent marital shock = max(age at first
marriage, age at first termination). Specification (4) in Table 3 shows that conditional on total
wealth and age, a one year increase in the age at the most recent marital shock reduces current
home tenure by 0.25 years on average (t-statistic of 16) in the treatment group. Specification (5)
shows that this coefficient is virtually unchanged with “full controls”: 10 piece linear splines for
liquid wealth, home equity, property value, and age; linear controls for unsecured debt, business
equity, vehicle equity, education, income, and the number of children at home; and industry,
occupation, and year fixed effects.

Finally, specification (6) replicates (5) for the “core sample” that consists of all 53,680 married
households in the data. The age at most recent shock remains a very powerful predictor of home
tenure in this group, although the coefficient is slightly smaller, which is consistent with the
existence of control groups within the core sample where the marital shock variable does not

predict home tenure.

5.3 Exogeneity Tests for Marital Shock Instruments

The marital shock variables must not have direct effects on portfolio choice to be valid instruments
for home tenure. Stated formally, the marital shock variable must be orthogonal to the error term

in the estimating equation (16):
E [marital shock x €] = 0. (18)

We test this exclusion restriction by conducting placebo tests on a set of “control groups” where
the theory predicts that marital shocks should have no effect on current home tenure. Stated

formally, we predict (and later confirm in the data) that in each control group

hometenure = d. + 0 x marital shock + h.(wealth) + controls + v,

2"In the remarriage dummy regressions, we exclude 10 observations that contain households with reported wealth
about $5 million. Inclusion of these households in this regression blows up the standard errors in the levels
estimates (but does not change the point estimates), because these outliers drive the means. Note that all other
results reported in this paper remain statistically significant whether these 10 observations are included or not.
Moreover, in a shares specification, these households can be included without affecting the results, because they

receive much less weight.
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where the subscript ¢ denotes “control.” Under the hypothesis that the true relationship between
portfolio risk and home tenure in the control group is given by (16), if (18) holds, the implied

reduced form relationship for the control group is
stockholding = const 4+ 0 x marital shock + I.(wealth) + controls + ¢ + (.. (19)

Assuming that E[e x marital shock] is equal in the treatment and the control group, it follows
that (18) holds if and only if estimation of (19) gives a zero coefficient on the marital shock
variable. The assumption underlying our tests of exogeneity is thus a standard “common trends”

assumption across the treatment and control groups:
E [e x marital shock | treatment] = E [¢ x marital shock | control]. (20)

Intuitively, our test requires that the direct effect of marital shocks on portfolio choice — if there
is one — should be the same in both our treatment and control groups. Conditional on this
assumption, if we find no evidence of a link between portfolios and the timing of marital shocks
in the controls, we can clearly conclude that there is no such link in the treatment group either.

The three control groups we examine are as follows. 1) Long-married homeowners. Our model
suggests that a marital shock should affect commitment consumption until some other shock leads
to another move. For individuals who have been married for a very long time, the probability that
some other moving shock (e.g., job related) has caused them to move is quite high. Hence, we
expect no first-stage relationship between current home tenure and age at first marriage for this
group. 2) Married renters. Renting involves much less of a commitment than home ownership: in
the data, the median home tenure for renters is only 3 years. Since consumption of rental units is
not sticky over time, there should be no first-stage effect of the age at most recent marital shock
on home (apartment) tenure for renters. 3) Divorced/widowed homeowners who did not remarry.
Remarriers tend to move around the time of their second marriage.?® This suggests that many
homeowners who do not remarry do not move when their marriage ends. Consequently, age at
first termination should not predict current home tenure in this group.

Tables 4a and 4b report results of the exogeneity tests. All regressions include the full set
of controls described in Table 3; results are similar in the few controls specifications. In these
and all other tables, standard errors are robust to arbitrary heteroskedasticity of error terms.
We begin by testing the exogeneity of the combined instrument, the age at most recent marital

shock. Columns (1)-(3) of Table 4a report results of an exogeneity test on the “pooled control

28To confirm this, we regress hometenure on both age at second marriage and age at first termination. In this

regression, only age at second marriage predicts current home tenure.
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group,” which pools households in the three control groups described above. Column (2) shows
that the effect of age at most recent marital shock on home tenure in the pooled control group is
insignificant and very small. This first-stage estimate confirms our hypothesis that marital shocks
should not predict home tenure in the control groups.

Given this result, we can test the exclusion restriction for this instrument by regressing stock-
holding on the age at most recent marital shock in the pooled control group. Column (3) shows
that the coefficient on age at most recent marital shock in this regression is $29, with a robust
standard error of $76. Column (1) helps in interpreting the magnitude of this coefficient by re-
porting an identical regression using the treatment group, where we established the existence of a
powerful link between marital shocks and home tenure in the previous section. In the treatment
group, having a marital shock one year later is predicted to reduce stockholding by $658 with a
standard error of $241. Given that the 95% confidence intervals for the reduced-form coefficients
in the treatment and control do not overlap, it is clear that marital shocks appear to have a very
different effect in the treatment group, where they affect home tenure. In addition, the precisely
estimated zero coefficient in the control group directly indicates that there is no direct link be-
tween portfolio allocation and the timing of marital shocks in that group. Hence, provided that
the treatment and control groups are sufficiently similar in the sense of (20) — an issue that we
will revisit below — we conclude that the age at most recent marital shock instrument is a valid
instrument for home tenure.

Columns (1)-(3) measured stockholding by dollars held in stocks (in levels). Specifications (4)
and (5) show that similar conclusions are obtained if stockholding is measured by the share of
total wealth held in stocks instead. The estimates for the control group are again statistically
insignificant and an order of magnitude smaller than the highly significant estimates in the treat-
ment group. This is not surprising: As we discuss in greater detail in Section 5.4 below, the only
difference between levels and shares specifications is the way in which the data is weighted, and
the results reported in this paper hold across all wealth levels.

The remaining exogeneity tests report separate results for each of three control groups.
Columns (6) and (7) focus on married renters, and show that age at most recent marital shock
has an insignificant and small effect in the first stage, while the effect in the reduced form is
an insignificant positive $690 with a standard error of 401. The positive point estimates, which
are consistent with Beckerian theories of marriage (Becker, 1973), imply that if anything, the
correlation between age at first marriage age and the error term ¢ is positive. This would bias the
two-stage least squares estimate of 8 upward, making it more difficult to find evidence support-

ing the theory, which predicts § < 0. Comparing the reduced-form estimate in column (6) with
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column (1) reveals that the key coefficients are statistically distinguishable in the treatment and
renters control group.

In Table 4b we break down the most recent marital shock instrument and examine the effects
of each of its components in the remaining two control groups. Specifications (1)-(3) report an
exogeneity test for the age at first marriage instrument using the control group of long-married
homeowners. Again, the instrument is unrelated to home tenure in this group in the first stage,
and the corresponding reduced form effect on stockholding is insignificant and positive. This is
in contrast with the results in the treatment group, where we find a negative effect of age at first
marriage on stockholding significant at the 10% level. The null hypothesis that the coefficient on
age at first marriage in columns (1) and (3) are equal can be rejected with p < 0.05.%

Finally, columns (4)-(6) in Table 4b focus on the third control group, non-remarried divorcees,
and test the exogeneity of the age at first termination and age at first marriage instruments
separately. As expected, for both instruments, the estimates in the first stage as well as in the
reduced form are small and insignificant. This contrasts sharply with the reduced form results
in the treatment groups for the two instruments — the once-married group for the age at first
marriage variable (column 1) and twice-married for the age at first termination (column 4) — where
we again find a negative effect significant at the 10% level that is statistically distinguishable from
the control group estimates.

Given that there are three control groups and three instruments, there are many more exo-
geneity tests (not reported) that can be performed using analogous methods. There is no case
where the candidate instrument fails the test. In other words, none of the three instruments
predicts a strong link between marital shocks and stockholding in any of the control groups.

In summary, the control groups provide strong evidence that the key orthogonality condition
(18) holds for all three marital shocks, provided that the “common trends” assumption in (20)
holds. To help assess whether this assumption is likely to hold, Table 2 compares summary
statistics for the control groups and the treatment group. There are clearly some differences
between each of the controls and the treatment — e.g., long-married homeowners are richer and
older, renters tend to be poorer and younger, and divorcees tend be older and have mid-level
wealth. However, the treatment group is “sandwiched” in the middle between the different control
groups on most dimensions. Our conclusions could only be explained away if the common trends
assumption is violated for all three instruments and all three control groups in exactly the same

way, which seems implausible.

29Gince the coefficients are estimated on disjoint samples, we can assume that the covariance between the two

coefficient estimates is zero when conducting this t test.
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Before proceeding, we explain the construction of Figures 1 and 2 in greater detail. Figure
la non-parametrically shows the joint distribution of hometenure and marital shocks in the data,
conditioning on the full set of covariates described above. Each point in this figure represents a
decile of the treatment group (920 observations). These points are constructed using the following
steps. First, raw home tenure residuals are computed for each observation of the treatment group.
This is done by regressing home tenure on all the covariates used in specification (4) of Table 4
except the marital shock variable, and computing residuals from this regression. Raw residuals
for the age at most recent marital shock variable are computed using an analogous regression.
We then break the marital shock residual distribution into deciles, and compute the mean age
at marital shock residual and home tenure residual for each decile. The figure plots the mean
hometenure residual against the mean marital shock residual, by deciles of the marital shock
residual. Figures 1b and 2a-2b were constructed in exactly the same way, except for changes in

the sample definition and the dependent variable.

5.4 Two-Stage Least Squares Estimates

Tables 5a and 5b report two-stage least squares (TSLS) estimates of the effect of home tenure
on portfolio choice. These estimates can be interpreted as the causal effect of changes in com-
mitment on portfolio choice in view of the preceding analysis. We begin by using the “combined
instrument” of the age at the most recent marital shock (marriage, divorce, or spouse death) to
create exogenous variation in home tenure. We then perform over-identification tests by breaking
up the instrument into its three components, and finally discuss additional robustness checks.

In specification (1) of Table 5a, we estimate the effect of home tenure on stockholding (in
levels), which corresponds to 3 in the key estimating equation (16). This first specification has
a minimal set of controls: an age spline, year fixed effects, and a total wealth spline. Wealth is
the only potentially endogenous variable in this regression, but its endogeneity is unlikely to bias
the estimate of the hometenure coefficient for reasons discussed in section 6 below. The estimates
indicate that a one year increase in home tenure causes a $3000 increase in stockholding on
average, consistent with the ratio of the reduced-form and first-stage estimates reported earlier; for
comparison, the average wealth in this sample is $243,621. The estimate is statistically significant
at the 1% level.

Specification (2) shows that this result is robust to the inclusion of a rich set of controls: ten
piece linear splines for liquid wealth, home equity, property value, and age; controls for unsecured
debt, business equity, vehicle equity, education, income, and the number of children at home; and

year, occupation, and industry dummies. Under this specification, a one year increase in home

32



tenure, is still estimated to cause roughly a $3000 increase in stockholding, and remains significant
at the 1% level. The fact that the estimate is virtually unchanged despite the inclusion of a large
set of controls indicates that controlling for observed heterogeneity does not affect the results, and
suggests that the estimates are not likely to be sensitive to unobservable heterogeneity either.

Where is the $3000 per year coming from? Specification (3) reports estimates of the regression
that corresponds to (2) with safe assets (bonds + money market + CDs + savings accounts) as
the dependent variable. It shows that a one year increase in home tenure causes a $1,558 increase
in safe asset holding. This $1,558 increase in safe assets can be further broken down into a $1,267
reduction in bondholding (municipal + corporate) and a $292 reduction in savings accounts, CDs,
etc. Hence, households increase their risk exposure by selling bonds and buying stocks as they
spend more time in their house, as the model predicts. The discrepancy between the $3000 shift
out of stocks per year and the $1,558 shift into safe assets is accounted for by an increase in
“other assets,” in particular “other financial equity” and “debt owed to the household.” There
is no significant association between home tenure and all other forms of wealth. Since the risk
properties of “other assets” are unclear, we can be sure that there is a shift of at least $1,558 from
safe to risky assets for every additional year that a family spends in a given house.

Columns (4)-(6) repeat specification (2) using the three components of our combined instru-
ment, age at first marriage, age at termination of first marriage, and the remarriage indicator.
All three instruments imply that a rise in home tenure causes a rise in stockholding. In addition,
the coefficient on home tenure with each of the instruments is of the same order of magnitude
and is statistically indistinguishable from the coefficient obtained with the combined instrument.
Our instrument set thus easily passes standard overidentification criteria. Any alternative story
that undermines the conclusions must be quite complicated, since it would have to explain the
findings for all three instruments in both treatment and control groups.

One important concern with the specifications in Table 5a is that they use an endogenously
selected sample (recently-married stockholding homeowners), and that selective inclusion into this
sample could bias the estimates. To allay this concern, specification (1) in Table 5b replicates
(2) from Table 5a for the core sample that includes the universe of all 53,535 married households
in the dataset. The estimates indicate that a one year increase in home tenure causes a $568
increase in stockholding for the average household in the core sample (statistically significant at
the 5% level). The reason that this coefficient is smaller than for the treatment group is that
non-stockholders have no way to respond to increases in commitment, since they cannot cut
back further on their exposure to risk. Since stockholders comprise 24.5% of the core sample, the

estimate of the hometenure coefficient in column (1) implies that a one year increase in home tenure
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causes stockholders to hold an additional $568/.245 = $2,318 in stocks.?® In the terminology
of the instrumental variables literature, the implied effect of the treatment (in this case, a 1
year increase in home tenure) on the treated (in this case, stockholders) is a $2,318 increase in
stockholding. The fact that this estimate has the same magnitude as in all the specifications in
Table 5a indicates that our earlier results were not spuriously generated by sample selection bias.

Table 5a uses the level of stocks or safe assets (in dollars) as the dependent variable. Stock-
holding can also be measured in shares (fraction of wealth held in stocks). When wealth is held
fixed, levels ($stocks) and shares ($stocks/$wealth) specifications are identical, except for the
way in which the data are weighted. The levels specifications weight the wealthy more heavily,

3L Thus far, we have focused on

while the shares specifications weight the wealthy less heavily.
the levels specifications since these are most relevant for understanding the behavior of portfolios
and consumption in the aggregate.

However, to show that our results are robust to the weighting procedure, specification (2) of
Table 5b replicates (2) from Table 5a in shares. In this regression, all the monetary variables,
including the splines, are included as shares of total wealth.3> The estimates imply that a one
year increase in home tenure causes a 0.36% increase in the share of stocks in total wealth for
the average household in the treatment group. This estimate is again significant at the 1%
level. To assess the magnitude of this coefficient, recall that the mean wealth in the treatment
group is $243,621, implying that the mean increase in stockholding is $877. The reason that
this estimate is smaller than the estimates from the levels regressions (columns 1 and 2) is that
the shares regression places greater weight on low wealth households, and low wealth households
appear to change their portfolios less than rich households in response to changes in their level of
commitment consumption.

To make this point clearer, specification (3) replicates (2) for the subsample of households
in the treatment group that have wealth above the mean. In this high-wealth group, a one year
increase in home tenure is estimated to cause nearly twice as large an increase in the portfolio share
of stocks (0.64%). An analogous regression with the share of safe assets as the dependent variable

(not reported) shows that the portfolio share of safe assets falls by 0.54% contemporaneously.

39This calculation assumes, of course, that there is no response on the participation margin. We find no robust
association between home tenure and the fraction of households participating in the stock market. This may be
because certain households face fixed transaction or informational costs that prevent them from participating,
irrespective of the degree of commitment they face.

31The levels regressions are likely to suffer from heteroskedasticity in the error terms, but we correct our standard
errors for such heteroskedasticity using the standard Huber-White method.

32Gince shares are ill defined for negative-wealth households, we drop the 14 households in the treatment group

that report negative total wealth.
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Hence, there is a particularly large real shift in the risk composition of the portfolios of high-
wealth households over their home tenures.??

Finally, specification (4) sheds further light on the mechanism through which higher commit-
ments lead to a safer portfolio allocation. It reports estimates of a linear probability model for
a bondholder dummy, with the same independent variables as in specification (2). Changes in
commitment induce a strong, statistically significant change in the probability of having a bonds
account: a one year increase in home tenure causes a 0.7 percentage point reduction in the proba-
bility of owning bonds; for comparison, the average probability of owning bonds in the treatment
group is 19.7%.

The results above are also robust to many other specification checks that are not reported in
the table. First, since we do not have data on the portfolio composition of retirement accounts, one
might worry that households with larger commitments are taking more risk in retirement accounts
to offset less risk exposure elsewhere. We establish that this is not driving our results by restricting
attention to the subsample who has zero IRA assets (approximately 45% of households) and
finding the same estimates. To the extent that investment behavior does not vary across different
types of retirement accounts, this finding indicates that the lack of data on 401k holdings is not
problematic either. Second, since the risk properties of “other assets” such as other financial
equity and debt owed to the household are ambiguous, we drop the households who report such
wealth and find that the results continue to hold. Third, to allay the concern that our results may
be driven by transitory effects when individuals buy houses, we condition on having a tenure of
at least five years in the current home, and again find similar results. Finally, we experimented
with clustering of standard errors to allow for various types of serial correlation in the data, and

found that clustering does not have a significant effect on the precision of the estimates.

6 Other Potential Biases

6.1 Measurement Error and Endogeneity in Wealth

Testing whether 5 > 0 in (16) requires that we hold wealth fixed when we compare households with
different housing commitments. This is particularly important because wealth is an extremely
powerful predictor of stockholdings in our data. There are two difficulties with “holding wealth

fixed” in practice: 1) Wealth measures in the data are likely to suffer from measurement error;

330ne reason that the rich might be more responsive to commitment consumption than the poor is decreasing
relative risk aversion (see Carroll, 2000 and Guiso, Japelli and Terlizzese, 1996 for evidence for DRRA utility).
Households with lower risk aversion will invest a larger fraction of their marginal dollar of net wealth in risky

assets, as shown by (4).
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and 2) The cross-sectional variation in wealth is endogenous. This subsection addresses these
concerns.

If the marital shock instruments are correlated with unobserved wealth, measurement error
in wealth can induce a nonzero correlation between the instrument and the error term, violating
the key orthogonality condition (18). The evidence from the control groups largely addresses this
concern by showing that (18) does appear to hold.

Nonetheless, as a robustness check, we now present more direct evidence that marital shock
instruments are not picking up unobserved wealth effects. Column (1) of Table 6 estimates
an equation analogous to our reduced-form specifications in Table 4 with minimal controls on
the treatment group, replacing the dependent variable with the total value of the first two cars
currently owned. The coefficient of age at most recent marital shock is -$12.37 and the standard
error is $13.62, implying that the marital shocks have little to do with current car consumption,
once we control for age and total (observed) wealth. The coefficient of the remarriage indicator
variable is also small and insignificant. Column (2) shows that similar estimates are obtained
when we include the full set of controls. The fact that the instruments do not predict vehicle
consumption make it unlikely that they are proxying for unobserved wealth, since wealthier people
presumably have more expensive cars.

Columns (3) and (4) repeat this exercise for property value as the dependent variable. The
results in column (3) are potentially worrisome, because the effect of age at marital shock on
housing consumption is a statistically significant $504.41. However, once we include controls in
column 4, this coefficient becomes small and insignificant. The control that knocks out the marital
shock coefficient is years of education, which has a large positive effect on property value. This
is intuitive: Education is positively correlated with unobserved wealth (human capital) and age
at marriage, so once we hold control for education, marital shocks no longer predict correlates of
unobserved wealth.

The second concern is that observed wealth itself may be correlated with the error term because
it is endogenous. We now formalize this problem and explain how the estimating equation (16)
with the flexible wealth control h(wealth) that we used above was designed to address it. Wealth

endogeneity could be a problem because in (15), a violation of the orthogonality condition
E [wealth x ] =0 (21)

makes the estimate of the wealth coefficient € in (15) inconsistent. However, obtaining a consistent
estimate of  is not central to testing to commitments model. We therefore pursue an estimation

strategy that is sure to estimate (§ consistently at the expense of obtaining an estimate of 6.
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Define the (unobserved) function
h(w) = E [n|w] — 0 - w. (22)

The role of h(w) is to isolate the component of the error term that is correlated with any function
of observed wealth. Introducing the new error term ¢ = n—E [n|w], equation (15) can be re-written
as

stockholding; ; = £ + (8 x hometenure; ; + h(wealth; ;) + controls + ;¢ (23)

which is exactly our key estimating equation (16). The advantage of this specification over (15)
is that both wealth and h(wealth) are orthogonal to the error term by construction: We defined
¢ precisely so that E [¢|wealth] = 0 is satisfied. As a result, specification (23) has no endogeneity
problem associated with wealth.

The difficulty in implementing this procedure is that the function A(.) is unknown. We dealt
with this problem above by attempting to capture the form of h(.) flexibly using 10-piece linear
splines for total wealth or separate splines for its components (e.g., liquid wealth, home equity).
The estimates of § are also very similar if a simple linear wealth control is used, suggesting that
our main conclusions are not sensitive to the specification of h(.). In addition, the control groups
evidence suggests that our wealth controls are sufficiently rich to purge the endogeneity bias. If
wealth endogeneity accounts for the results in the treatment group, we should observe the same
spurious effect of the instrument in the control groups as well, assuming that the two groups are
sufficiently similar. Precisely stated, the control groups evidence rules out correlations between
both wealth and € and the marital shock instruments and ¢ if the joint distribution of wealth, the
instrument and e are identical in the treatment and controls.

An alternative approach to addressing potential biases from wealth endogeneity is motivated
by the observation that § is estimated inconsistently only if there is a correlation between the
instrument set for home tenure and observed wealth. The sign of the correlation between wealth
and the instrument determines the direction in which the estimate of 3 will be biased. Column (5)
investigates these correlations by replicating the few-controls reduced form specification with total
wealth as the dependent variable. It shows that the age at marital shock and remarriage indicator
instruments have opposite-signed correlations with wealth. Hence, potential wealth endogeneity
biases generated by these instruments must go in opposite directions. But the estimates in Table
5 indicate that both of these instruments give positive, significant estimates of home tenure on
stockholding, implying that wealth endogeneity cannot be driving the results. Column (6) in Table
6 shows that the addition of an education control makes the coefficients on both instruments much

smaller and insignificant. Hence, once we condition on education, the link between the marital
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shock instruments and wealth is broken, making it even less likely that our estimates of § are

driven by wealth endogeneity.

6.2 Alternative Channels

The evidence we shown of a causal link between home tenure and portfolio choice supports the
commitments theory only if other reasons for such a link are ruled out. In this subsection, we
discuss two alternative channels through which home tenure might affect portfolios and argue
that neither one explains our findings.

Cocco (2005) shows that in a life cycle model of portfolio choice, background home price risk
has a small but non-negligible effect on stockholding. Can home price risk be directly responsible
for our findings? To answer this question, first recall that property value does not vary with
the instruments in our specifications with controls (specification 6.4). Hence, our results are not
a consequence of variation in home price risk associated with variation in home value. Home
price risk could also be directly related to home tenure. Households with long home tenure, who
are more likely to move in the near future, may also be more concerned about home price risk,
because they will be directly exposed to it when they sell their houses. But this effect is likely
to work against our results. Home price risk is essentially uncorrelated with the stock market
(Cocco, 2005) and the optimal response to an increase in such background risk is to hold less
stocks (Gollier, 2001, pp 126-129).

Another potential concern is that households accumulate home equity as home tenure rises,
directly affecting the portfolio composition of household wealth, or by changing the borrowing
constraints that households face .>* We address this issue in two ways. First, our results are
essentially unchanged if we control for home equity, implying that contemporaneous movements
along this dimension cannot be responsible for our findings. Second, for the wealthy subsample
(households above the sample mean), there is no association between home tenure and total
home equity (including second houses), and our results continue to hold in this group. Since the
levels regressions effectively place more weight on wealthier households, there is no association
between the level of home equity and home tenure in the full sample. For example, a regression
of total home equity on the age at most recent marital shock with a minimal set of controls in
the treatment group yields a coefficient of -$20 and a standard error of 156. Similarly, mortgage
outstanding is also unrelated to the timing of marital shocks. These findings also rule out an

explanation based on changes in borrowing constraints associated with home tenure, at least for

34For instance, Constantinides, Donaldson and Mehra (2002) propose a resolution of the equity premium puzzle

based on borrowing constraints that vary over the life cycle.
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wealthy households.

7 Conclusion

This paper has shown that consumption commitments — goods such as houses, cars, furniture,
and service contracts whose consumption cannot be freely adjusted in the short run — amplify
households’ risk aversion and make total consumption respond slowly to shocks. In an economy
populated with agents with heterogeneous commitments, the aggregate dynamics of portfolios
and total consumption coincide precisely with those that arise from a representative consumer
model with habit-formation preferences. Hence, consumption commitments provide neoclassical
foundations for “habit” in the aggregate.

We tested the theory’s prediction that an exogenous increase in commitment should induce
a household to hold a less risky portfolio. We showed that home tenure acts as a proxy for a
household’s commitment level, and that marital shocks produce variation in home tenure that is
exogenous to portfolio decisions. Consistent with the model’s prediction, IV estimates show that
households hold much safer portfolios when they have moved into their current home recently.
In other words, families take less risk when they are unlikely to move in the near future and are
more constrained by the stream of financial obligations (e.g., mortgage payments) associated with
their house.

The model of habit proposed here also generates many other predictions that could be tested
and used to further refine the commitments theory. For instance, it implies that consumption
goods that are easier to adjust — such as food — should exhibit weaker evidence of habit formation
in the aggregate than more broadly defined categories of consumption. These and other time-

and cross-sectional variation in asset price and consumption dynamics remain to be explored.
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Appendix

Proof of Theorem 1

Denote the value function of the consumer by V;(wy,x:). For the purposes of this proof only, assume that
t stands for time elapsed since the last reset date, that is, A, as opposed to calendar time. The Bellman

equation for the maximization problem between two reset dates is

1—v 1—v
pVy = max Ji + uxt + EdV
fa 1—7 1—7v

which yields, using Ito’s lemma

1=y 1Y dvdV 1 dv?
p‘/;s = r?%x{({t_ . +N1t_ 7) + E + % [(r+atﬂ') Wy — Ct] + idth (atgwt)Q} . (24)

We guess that the value function is of the form

_A 1—y 1=y 1 — e—P(T—t)
Vi(we, ) = @4 (w ZAMO)z) 77 |2 { ‘ ]

L=y l=n p

where ¢, and A(t) are deterministic functions to be determined. Here the second term is just the utility
value of outstanding consumption commitments before the next reset date (discounted by the subjective
discount factor p).

The first order condition from maximizing (24) yields the consumption rule

_ dVs _
fi= diwtt = p(we — A(t)ze) ™7
or equivalently
fr=1, " (w; — A(t)a,) (25)

and the investment rule

ap = (1 - A(t)xt> . (26)

yo? Wt

Plugging these back into the Bellman equation and simplifying yields

1 =t ] dpy 1 -2 1 72
= a — —_— — — v — [
P@tl_,y Pt 1—~ dt 1—~ Pt "‘28025702
_ x  dA(t) x
+S0tr(w_A(t)x) 1{71)—7’.—(;)70}.
In order for this equation to hold, we need that
Tt dA(t) Tt
Az = w, — L T
w (B)ze = wy r dt 7y

is satisfied. Equivalently, dA(t)/dt = rA(t) — 1, which, coupled with the terminal condition A(T) = 0 has

the solution

A = 2 {1 - e*NT*t)} .

r
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Note that A(t) as defined here is the present discounted value of a cash-flow of 1 every period up to the
next reset date. In words, the consumer invests A -x dollars in a separate, safe account to be able to finance
commitment consumption until the next reset date comes.
Substituting the optimal consumption and investment rules as well as the formula for A into the
Bellman equation (24) implies after some calculations
¢ =

7.[.2
AL +p—(1—7){2w2+r}- (27)

This is a differential equation. Denoting L = p — (1 —v) {7?/2y0? + r}, the solution can be written as

ot = (% + e%‘fK)7 (28)

where K is a constant that we determine below.
On a reset date, the household chooses the new level of commitment consumption by maximizing the

value function
(wo — A(0)x)t =7 1—e T gl

1—v p I
Denoting E = (1 — e=*T)/p, the solution of this program is

Vo(wo) = max po

-1/~
T = wp - (LPOA(O)) = wp - K (29)

5 TAO) D/ 4 ()T

where we denoted the constant multiplying wq by x.
Because adjustment dates are fully forecastable, food consumption is continuous on an adjustment date

(a value matching condition). Formally,
er'Mwr = o7 (wr(1 - A0)R))

where the left hand side is food consumption right before adjustment, and the right hand side is food
consumption immediately after adjustment, using the new, endogenously chosen level of net wealth. After

some manipulations and substituting for s this equation leads to

1/~ 1y A(o)('yfl)/w

br =%t
(LE)

and substituting in the formula for ¢, given in (28) yields

A(0)( =1/

K= —— :
()~ (5T 1)

This expresses K with exogenous parameters. Using the formula for K we can express the function ¢ from
(28) with exogenous parameters only.

We have solved for all endogenous variables in the model using exogenous parameters. Our proposed
value function with the implied optimal policies satisfies the Bellman equation, verifying that our guess
was correct. Now revisit our assumption that ¢ measures the time elapsed since the last reset date. Noting

that the functions ¢ and A only depend on the time elapsed since the last reset date A, we can define
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Yaw = (Z), and then formulas (25), (26) and (29) show that the optimal policy rules are as claimed in
the theorem.
To solve for the dynamics of food consumption, first observe that the implied dynamics for the net

wealth of a household between adjustments is
d(wy — A(A@)xy) = [(r + am) wy — ¢] dt + aowidz — dA(A(E))xy.

Substituting in the ODE for A yields

d(wy — AA(t))xs) —5 m? —dz.
w — MA@z { ~Pamt g }dH Yo I

Turning to food consumption, we can use the above expression for the dynamics of wealth to write
dfy = ¢/A(t)(w — A(A())z)dt + Pa@yd(we — AA(E))z1) =

2
{wA +T—wAt)+}ftdt+ftdZ
(N

and substituting in the differential equation (27) yields

dfy 2 1 [ 2 T
Cﬁ{W+7(22+r dt+%d2 (30)

Proof of Proposition 1

Let H(s) be the share of food consumption that adjusted less than s periods ago on date ¢t. Then Hy(.)
is a distribution function; let h:(s) denote the associated density. If y(q) is the relative food consumption
of cohort ¢, then hi(s) = y(qo(t — s)) where go(u) is the cohort of people who adjusted on date u. This
implies that H;1r(s) = H(s), so we will use the notation H,(s). Note that hii,(s) = hi(s —u). The
assumption that H,(.) has a density is justified because Y (.) has a density.

By (25), the net wealth of a consumer who consumes f today and last adjusted A periods ago is

f- 901/7 w™et

Therefore, aggregate food consumption as a share of aggregate net wealth is
1
T 1
fo @S/WdHT(s)

which depends on calendar time only through 7. From equation (29), a household that adjusts on date ¢

b(r) =

sets its new level of commitment consumption to be

1/ K
feeo TR )R
It follows that during a short dt time period, new commitments amount to

K

dt-he (O Fiy" g
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Current commitments can be written as a sum of new commitments undertaken during the last T" periods,
and commitments that were in place at date zero and have not been changed sice. Using the above

expression for new commitments then leads to

T
X, = WL/ ho(0)F.ds + k(t) Xo.
t 900 1—A(O)KJ i (0) s+ () 0

Here, the second term represents commitments that have not been adjusted since date zero. As a result,
k(t) is a deterministic function with k(t) = 0 if ¢ > T. Importantly, the weights in the first term depend
only on 7. Using the expression for b(7), we can also rewrite aggregate commitments as a weighted average

of past levels of net wealth:

T
hs(0)
X = 1”*/ — 57 Wrety k(t)Xo.
t = %o 1—A(0)/€ 7 fOTSO}}/»deS(v) s as—+ () 0

Again, the weights, denoted by a(.) in the proposition, only depend on 7.
When the distribution of Hy(s) is uniform, all cohorts have equal levels of food consumption. As a

result, H(s) no longer depends on t, and both a(.) and b(.) are constants.

Proof of Proposition 2

We begin with a lemma that shows how to express a time average of food consumption using a time average
of total consumption. We will use this lemma again when we discuss the model with stochastic adjustment

dates.

Lemma 1 If commitment consumption is of the form
t
X, = / Jj(t —s)Fsds + k(t) Xo
0
for some functions j(.) and k(.) then we can write
t
X, = ot)Xo + / C(t— $)Cuds
0

where the functions ((.) and o(.) uniquely solve the integral equations

() = () — / " Cw)iu— v)do (31)

oft) = k(t) /0 C(t = 8)k(s)ds (32)
with initial conditions ¢(0) = j(0), o(0) = k(0).

Proof. Consider the process

B ¢
X, =o(t)Xo + / C(t — 5)Csds.
0
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We will show that )Z't = X; for all £ > 0. First note that

K= o0Xot [ cle-s)lF + Xl ds
. o(t)Xo—l—/OtC(t—s)Fs—i-C(t—s) Uosj(s—u)Fudu +k(s)X0] ds
= otXo+ [ Eot-0+ [ s -] s xo [ cte-spuisyas

X, = X; will hold if
orwitht —s=u

as well as

o(u) = k(u) — (u —v)k(v)dv.

Substituting in v = 0 gives ((0) = j(0) and 0(0) = k(0). The integral equation for {(u) then yields a
unique solution, which can be used to determine o(.). By the above argument, a pair of functions that

solve these equations also give X; = )N(t, which is the desired representation. m

Now turn to the proof of Proposition 2. By Proposition 1, we have j(u) = a/b for 0 < u < T, and

j(u) =0 for u > T. From the lemma, we must have

=)+ o /O C(s)ds (33)

for 0 <u < T, and

0= ¢+ / uT C(s)ds (34)

for u > T, as well as ((0) = a/b. Differentiating the first equation for ¢(.) with respect to u leads to an
ODE

(34) also implies that for u > T

As a result, ((u) cannot have the same sign on any interval of length larger than T'. For example, if it were

positive on [u — T, u] then ¢(u) would have to be negative. The equation also implies that

I¢(w)] < 7T+ max |¢(v)]

a
b [u—T,u]
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which shows that as long as aT' < b, {(u) goes to zero geometrically, because

of W) > max_ [C@).

. max
b [(k—1)T.kT] [T, (k+1)T]

Because k(t) = 0 if ¢ > T, formula (32) implies that as long as ((.) goes to zero geometrically, so will o(.).
To establish that the weights are bounded, first differentiate (34) in u:

Define 8(u) = exp (%u) ((u), then the last equation implies after some calculations that

a

b

aT
b

B'(u) = <Bu—T).

(&

One solution of this ODE is 3(u) = exp (%u). By Gronwall’s lemma, we can then bound the absolute value
of the particular solution we are interested in by Ks - exp ( %u) with some positive constant Ks. It follows
that [((u)| < K; - exp (4u) - exp (—%u) = K, which shows that ¢(u) is indeed bounded.

Finally, note that the parameters a and b are derived from the underlying parameters of the model.
To demonstrate that the last part of the proposition has content, we now show that there are underlying
parameters for which aT < b holds. It is easy to see that when the utility weight of commitment consump-
tion, p = 0, there is no commitment consumption, therefore a = 0. By continuity, for small enough pu the

consumer cares relatively little about commitments, hence a1 < b continues to hold.

Proof of Theorem 3

Risksharing arrangements. By the argument in the main text, the household seeks to insure against
two types of risk: 1) Payment risk, which is the randomness of total payments associated with the uncertain
length of home tenure, and 2) food consumption risk, associated with the possibility that moving induces
a jump in food consumption. The first of these can be insured by pooling payment risk across consumers.
By doing so, each household swaps its uncertain payment stream for a deterministic one that equals the
expected present value of outstanding housing obligations. But this implies that a move induced by an
exogenous shock brings about a loss in net wealth (as well as the opportunity to adjust), because the
consumer needs to finance the outstanding payment obligations of a new house. This is the second risk
source mentioned above: without further insurance, the loss in net wealth would lead to a cut in food
consumption.

By pooling payment risk, the state variables for the household problem become net wealth wpet,
commitments z, and the time elapsed since last adjustment A. To deal with food consumption risk,
the consumer will buy Arrow-Debreu securities that pay off on adjustment dates. Importantly, perfect
insurance against such risk will be achieved by purchasing, on each date, a security that pays off if the
next adjustment date happens immediately. Besides holding a time-varying amount of this security, no
additional insurance is needed, because such “immediate insurance” securities together with the safe asset
dynamically complete the market for adjustment date risk, and all such insurance is priced at expected

value.
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Formally, assume that on each date ¢, the consumer buys insurance that pays ww?* in the event when
the consumer has to move on date ¢, and zero otherwise. Note that w may depend on A and other state
variables. The cost of that insurance on date ¢ is A(A)dt - ww}®* because it is priced at expected value.

Bellman equation and optimal policy. With the above notation, we now turn to the Bellman
equation of the household problem. The value function can be written as a function of the state variables

wpet z and A. Then dynamic optimization implies

A e B V) 74

net — ~ net _ p A net
pVa (W™ x) max J— S + H S + A + Tonet [(r+ am)w = AMA)ww"] +
1 d2V 2 2 net 2 new new . .new net

Here & is the share of stocks in net wealth, so that the share of stocks in total wealth is given by
a = aw"®" /w. The first five terms in this Bellman equation correspond to the terms in the deterministic
counterpart (24), with the only difference being that food consumption insurance leads to an outflow of
A(A)ww™ each period. The last term represents the continuation value associated with an adjustment

new

date. The variable w™®" stands for total wealth on adjustment, after insurance payments are settled.
Throughout the rest of the argument, we can think about the wealth used for commitment payments
as wealth held in a separate account. Housing payments flow from that account, but between adjustments
it does not require any cash inflows. We therefore abstract from these payments below.
We solve the Bellman equation following similar steps as in the deterministic adjustment case. We

guess that the value function has the form

(wnet)lf’Y 1= /oo e 1— G(S + A)
0

+ 1—G(A)

: d 36
T T s (36)

VA(wnet7x) = YA

where the fist term is the value from food consumption before the next adjustment date plus total value
after the next adjustment date; and the second term is the value of housing consumption before the next
adjustment date. Our approach will be to first solve for all endogenous quantities as a function of the
endogenous @a. This will transform the Bellman equation into an ODE for ¢a. We then solve that ODE.

Substituting our guess into (7) and taking the first order condition in f and & yields the optimal policy

rules

— _1/’)’ net

f=en " w (37)
and

d:i%wm. (38)

On an adjustment date, the optimal new level of commitment consumption 2™V, given the new level of

total wealth w™®", is the solution to maximizing (36):

whew — onnew)lf'}/ (xnew)lf’Y /oo B
max ¢ +u . e P71 —G(s)]ds.
rnew 1 — /-y 1 _ ,y 0
Denoting [~ e™?*[1 — G(s)]ds = E, we find
xnew — wnew K



where k is )
(polo) /"

(pal/’YAg/*l)/V + (’uE>—1/’Y

Next we determine the extent of food consumption insurance by solving for the optimal choice of w. Since

KR =

the role of this insurance is to avoid surprise jumps in food consumption, we can pin down w by equating

food consumption just before and just after an adjustment date.3®
-1 ne -1 new new -1 ne
on Tt = g (@ = A0)2") = o5 7 (W (1 4+ w) (1~ Aow))

Here the left hand side is food consumption just before adjustment. To understand the right hand side,
note that upon adjustment, the household earns ww™°* from the insurance policy, but it has to put down
a share A(0)k of its new wealth to the separate account associated with housing payments. Substituting

the formula for x into this equation yields

-1 -1 -1 -1 —
R /v 1 L N /Y o0 /"/Aé’Y )/ + (uE) 1/v

1= -1
s051/7 1— Aok 900—1/7 (IME)—l/'Y

w =

which expresses w with exogenous variables and the function ¢.
We now turn to substitute the optimal policy rules into the Bellman equation. This requires evaluating

the continuation value of the household on an adjustment fate (i.e., calculating the last term in (7)):

rew  new wt (1 + w)(1— Agr))' 7 w1+ w)r)' 7
o) g B0

and using the formulas for w and k we obtain

(wnet)I*W

Vo(wl’lew’ xnew) —
1—»v

(pg*l)/v {(ptl)/v n (ME)IM (AO)("/—l)/’Y} _

Substitution of these formulas into the Bellman equation (7) leads, after algebraic manipulations, to

2

p— L=+ 25 4 aM8) = 22 4y [ a@) (@ + B) 7 (0] 39)
PA

2702
Solving the ODE. The last formula is an ordinary differential equation for the function ¢a. Our final
task is to prove that this ODE has a solution. To gain some intuition, first assume that A(A) is the constant
function A(A) = X. In this case, ¢ also has to be a constant @, because A contains no information about

future adjustment dates. As a result, the ODE collapses into an expression for @:

1 72
Ly P (L= +3752)
1+§\A(()7—1)/V (’UJE)l/“/

(40)

a well defined, positive number, given that we assume v > 1. Importantly, this formula implies that @ is
increasing in \.

Now go back to the general ODE. Recall the notation A(0) = A\ and A\(T) = Ay, and that for s > T,
A(s) = Ag is a constant. Define the values ¢y, and ¢p that would prevail if A was constant at levels Ap,

respectively Ag; in other words, ¢, and ¢y are defined by (40) with A = Ay, and A = Ag.

3Importantly, maximizing the objective function directly in w gives the same result.
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We need to find an initial condition for the general ODE (39). We do so by making use of a terminal
condition. As noted above, for s > T', we have A(s) = Ay a constant. As a result, for s > T we must have
ps = g a constant. This terminal condition would pin down the path of the solution to the ODE, except
for the complication that the value of g appears in equation (39). This implies that we cannot solve the
ODE backwards without knowing the value of ¢g.

We deal with this problem by showing that there exists an initial condition such that the dynamic
system achieves the desired terminal condition. First assume that we start the ODE from the initial value
¢r, using the actual A(A) function as the control. Since ¢/y is decreasing in A in formula (39), as A rises
in the beginning, ¢ will have to fall. And then pa will never reach the level of ¢, again, because at that
point, the derivative would be negative. In particular, at time T', pr < .

By a very similar argument, one can show that when started from the initial value ¢, the path of pa
will always be weakly above ¢g, and so ¢r > @p. Finally, note that ¢ < ¢y because by assumption
AL < Ag. The continuity of the solution path as a function of the initial condition implies that for some
intermediate initial value g, the path of pa hits g exactly at time T. We have found a solution that
satisfies the terminal condition, and this gives the solution to the household problem.

We can derive the time path of food consumption for the household the same way as in the deterministic
adjustment case, to find that

ft:fsexp{;;(zt—zs)-i-’ly(27;22—1—r—p> (t—s)}. (41)
Since this does not depend on adjustment dates, we conclude that the food consumption of all households
is perfectly correlated. This verifies that the optimal policy achieves perfect risksharing across consumers
in the population.

Finally, we show, as claimed by the theorem, that A(.) is a decreasing function. Note, the fact that A(.)
is increasing means that log(1 — G(s)) is concave and decreasing. As a result, (1 — G(s+ A))/(1 — G(A))
is a decreasing function of A. But then the weights in (14) are all decreasing, which shows that A(.) is
decreasing.

Aggregation. Now consider the population of consumers. Let H;(s) be the share of aggregate food
consumption consumed by households who adjusted less than s periods ago. A household who consumes

fi today and last adjusted A periods ago has net wealth given by
f . (plA/’Y — wnet.

Therefore aggregate food consumption as a share of aggregate net wealth can be written as
1

—
fs ‘Ps/vdHt(S)
Thus the ratio of aggregate food consumption to aggregate net wealth will be a constant (that is, indepen-

dent of t) if the distribution H;(s) does not depend on ¢.

(42)

Ergodic distribution. We show that such a steady state cross-sectional distribution H(s) exists.
The evolution of Hy(s) over time is given by
d(1 — Hy(s))

AL s - / M) hy(u)du (43)
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where we assumed that H;(.) is differentiable with density h;(.). This assumption will hold if the initial
distribution Hy(.) is smooth. The intuition behind the equation is as follows. During a short dt time
period, 1 — Hy(s), the share of food consumption that adjusted more than s periods ago, changes for two
reasons. First, households who adjusted s — dt periods ago are added to this group. Second, a consumer
who adjusted u periods ago adjusts with probability A(u), leaving this group. An ergodic distribution
would correspond to dH;(s)/dt = 0. Substituting in, we find the condition

h(s) = / M) h(u)du
for an ergodic distribution H(s). Differentiating in s yields the differential equation

W (s) = ~A(s) J(s)

h(s) = K3 - exp {— /0 )\(u)du} .

Because A(.) is nondecreasing, the integral of this density is finite, and K5 will be determined by setting the

which can be solved to give

integral to one. Using (43), it is easy to verify that the resulting H(s) distribution is truly ergodic. If the
population is started from that initial distribution, it will always have the same cross-sectional distribution
over time.

Habit representation. A household that adjusts on date ¢ will set its new level of commitment

consumption to equal
S Vo
ft on 1 — A()K) ’

Hence during a short dt time period, new commitments as a share of aggregate food consumption are

K
e vl RO (O] (44)

which is a constant. Because the aggregate food consumption to net wealth ratio is also a constant b,
it follows that every day, new commitments equal a fixed proportion of aggregate net wealth. If that

proportion is a then we have

t

X, :/ @ - (11— Glt — 5))ds + Xoh() (45)
0

where k(t) is the share of aggregate commitment consumption that has not adjusted since date zero.

Formally, we have _r A
> —G(t+
k() = /O x(A)l_é(A))dA

where z(A) is the share of commitment consumption by people who at date zero have not adjusted for A
periods. Applying Lemma 1 immediately gives a representation of commitments as a time average of past
total consumption.

In the special case when A(A) is a constant, we have G(s) = 1 — e~**, and from (45) we need to use
Lemma 1 with j(u) = (a/b)e”**. The integral equations (31) and (32) are satisfied with ¢(u) = a-e~(A+a/bu
and o(u) = e~ *+a/0)% Thus with a choice of d = A\+a/b and D = a/b we get equation (13). In this special

case, the adjustment process has no memory, and the representation holds for any initial distribution.
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Figure 1a

Treatment Group First-Stage
Average Home Tenure by Deciles of Age at Marital Shock
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NOTE — This figure is a residual plot showing the data underlying the first-stage relationship between the
timing of marital shocks and home tenure for the treatment group (see Table 2 for definition). Each point in this
figure represents 10% of the treatment group (920 observations). These points are constructed using the following
steps: First, raw home tenure residuals are computed for each observation of the treatment group. This is done by
regressing home tenure on all covariates listed in Table 4A, column 4 (shares specification, full controls) except
the marital shock variable, and computing residuals from this regression. Second, raw residuals for the age at
most recent marital shock variable are computed using an analogous regression specification. Finally, we break
the marital shock residual distribution into deciles, and compute the mean age at marital shock residual and home
tenure residual for each decile. The figure plots the mean hometenure residual against the marital shock residual
by deciles of the marital shock residual. The best-fit (OLS) line for these ten points and the 95% confidence
interval for this line are also shown.



Figure 1b

Treatment Group Reduced-Form
Average Stock Share by Deciles of Age at Marital Shock
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NOTE — This figure is a residual plot showing the data underlying the reduced-form relationship between the
timing of marital shocks and the share of stocks in a household’s total wealth for the treatment group. As in
Figure la, each point represents 10% of the treatment group (920 observations). The x-coordinates are
constructed exactly as in Figure la. The y coordinates are computed by taking means of stock share residuals by
decile of the marital shock residual from a regression equivalent to that in Table 4A, column 4, except that the
marital shock variable is omitted. The figure plots the mean stock share residual against the marital shock residual
by deciles of the marital shock residual. The best-fit (OLS) line for these ten points and the 95% confidence
interval for this line are also shown.
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Figure 2a

Control Group First-Stage
Average Home Tenure by Deciles of Age at Marital Shock
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NOTE — This figure replicates Figure 1a for the “pooled control” group (see Table 2 for definition), showing
that there is no first-stage relationship between home tenure and the timing of the most recent marital shock for
this group. Each point represents 10% of the pooled control group (560 observations). See notes to Figure la for
details on how these points are constructed. The relative scale of the x and y axes is the same as in Figure 1a,
making all slopes directly comparable across the two figures.
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Figure 2b

Control Group Reduced-Form
Average Stock Share by Deciles of Age at Marital Shock
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NOTE — This figure replicates Figure 1b for the “pooled control” group (see Table 2 for definition), showing
that there is no reduced-form relationship between stockholding and the timing of the most recent marital shock
for this group. Each point represents 10% of the pooled control group (560 observations). See notes to Figure 1b
for details on how these points are constructed. The relative scale of the x and y axes is the same as in Figure 1b,
making all slopes directly comparable across the two figures.
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TABLE 1
MEAN HOUSEHOLD EXPENDITURE SHARES

Income Group

Category $30-40K $50-70K >$70K Overall Mean
Shelter 0.20 0.19 0.21 0.20
Transport (excluding gas and maint) 0.16 0.17 0.16 0.16
Utilities, fuels, and public services 0.07 0.07 0.06 0.07
Health care 0.06 0.05 0.04 0.06
Education 0.01 0.02 0.02 0.02
Food 0.16 0.15 0.14 0.15
Apparel 0.05 0.05 0.06 0.15
Household supplies and furniture 0.06 0.08 0.10 0.06
Entertainment 0.05 0.06 0.06 0.05
Miscellaneous 0.02 0.02 0.02 0.02
Cash contributions 0.03 0.03 0.05 0.04
Mean annual expenditure $15,369 $32,609  $64,134  $35,930
Mean take-home pay $6,858 $29,720  $90,748  $41,531

NOTE - Source: BLS tabulations from Consumer Expenditure Survey, 2000. Take-home pay defined as
gross income net of taxes and mandatory insurance/pension contributions. National Income and Product Accounts
(NIPA) definition of “nondurables and services” includes all categories in this table except vehicles and furniture.
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TABLE 2
DESCRIPTIVE STATISTICS

Core Sample Treatment Controls
Married Recent-Mar Long-Married  Married Divorced
Variable Households Homeowners Homeowners Renters Homeowners
Total household wealth 119,179 243,621 348,465 93,675 210,415
(231,567) (396,717) (466,744) (183,199)  (330,228)
Home equity 48,699 79,748 104,400 0 82,816
(60,029) (67,946) (71,933) (67,495)
Property Value 95,047 135,114 115,101 0 107,656
(74,849) (80,623) (76,177) (72,177)
Liquid wealth 42,555 113,866 197,061 62,573 99,926
(184,140) (348,152) (429,298) (149,175)  (298,108)
Stocks 15,888 59,978 104,884 30,653 49,329
(154,028) (304,602) (382,517) (93,287) (276,169)
Savings accts, CDs, money mkt 9,847 16,177 31,758 11,168 19,138
(21,736) (27,103) (38,113) (22,180) (26,698)
Municipal and corporate bonds 3,915 9,129 22,323 5,976 13,691
(28,982) (44,927) (74,871) (34,016) (55,678)
IRA wealth 7,734 17,971 23,438 8,110 10,523
(23,040) (35,562) (40,483) (20,077) (25,823)
Other assets 5172 10,610 14,658 6,666 7,245
(53,566) (104,125) (58,262) (62,145) (37,662)
Other real estate 12,214 25,693 29,711 14,572 16,089
(48,264) (72,822) (72,211) (49,913) (54,591)
Business equity 8,027 13,306 6,476 9,372 5,011
(47,081) (62,030) (46,877) (51,108) (38,839)
Vebhicle equity 7,685 11,009 10,816 7,158 6,572
(07,499) (08,744) (08,653) (06,976) (06,730)
Unsecured debt 4,428 4,856 1,380 6,136 2,985
(18,908) (18,388) (10,450) (16,622) (47,769)
Annual income 43,464 66,349 41,600 48,637 33,495
(34,578) (46,571) (28,515) (32,149) (30,070)
Years of education 12.86 14.60 13.29 14.43 13.46
(3.18) (2.59) (2.92) (2.7) (2.8)
Number of children at home 0.59 0.61 0.01 0.59 0.15
(2.00) (.97) (.15) (2.01) (.5)
Age 47.62 46.53 70.57 42.03 61.87
(15.23) (11.25) (6.44) (14.94) (15.07)
Age at first marriage 23.31 24.21 22.98 24.37 22.96
(5.19) (5.36) (3.8) (5.13) (5.32)
Age at termination of 1st marriage 31.24 34.80
(10.13) (11.18)
Home tenure (years) 13.63 11.35 25.01 5.92 20.49
(11.99) (9.49) 13.79 (7.71) (16.02)
Sample size 55,288 9,310 2,244 1,010 2,716

NOTE - This table reports means and standard deviations of variables for treatment and control groups. The
data source is the Survey of Income and Program Participation 1990-96 Asset Topical Modules. All monetary
variables are in real 1990 dollars. Liquid wealth is defined as total wealth minus all home equity, business equity,
and vehicle equity. Other assets comprise money owed to respondent, savings bonds, checking accounts, and
equity in other investments. The core sample consists of all married households in the dataset. The treatment
sample consists of once or twice-married stockholding homeowners whose current marriage duration is less than
40 years. The long-married homeowners sample consists of once or twice-married stockholding homeowners who
have been married for more than 40 years. The married renters sample includes once or twice-married
stockholding renters. The divorced homeowners sample includes once-married, currently single stockholding
homeowners. For age at termination of first marriage, sample size is 11,942 in column 1 and 1,967 in column 2.
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TABLE 3
FIRST-STAGE: EFFECT OF MARITAL SHOCKS ON HOME TENURE

) @ 3 4 ®) (6)
Age at 1st mar  Age at Term Remarriage Combined Combined Inst. Combined Inst.
Once-married  Twice-Married Pooled Treat Instrument Full controls Entire sample

Dependent Variable: hometenure hometenure hometenure hometenure hometenure hometenure

Age at first marriage -0.206 -0.148
(0.021) (0.072)
Age at termination of -0.178
first marriage (0.036)
Remarriage indicator -2.981
(0.231)
Age at most recent -0.253 -0.218 -0.169
marital shock (0.016) (0.016) (0.00707)
Years of education -0.120 -0.118
(0.041) (0.0159)
no. of children in home 0.021 -0.0865
(0.079) (0.0316)
Business equity -1.04e-6 3.73e-7
(1.29e-6) (7.70e-7)
Vehicle equity -8.35e-6 -1.14e-5
(9.87e-6) (5.74e-6)
Unsecured debt -1.04e-7 -2.88e-6
(3.22e-6) (1.36€e-6)
Annual income 4.90e-7 1.00e-6
(1.83e-6) (1.24e-6)
Age spline X X X X X X
Total wealth spline X
Liquid wealth spline X X
Home equity spline X X
Property value spline X X
Year fixed effects X X X X X X
Occup. fixed effects X X
Industry fixed effects X X
Observations 7319 1856 9165 9175 9175 55535

NOTE - Heteroskedasticity robust standard errors are reported in parentheses. Columns 1-5 use the treatment
group (once or twice married stockholding homeowners who current marriage duration is less than 40 years).
Column 1 includes only once-married individuals; column 2 only twice-married individuals. Column 3 includes
the entire treatment group except 10 households with wealth above $5 million; see text for further details.
Columns 4 and 5 include the entire treatment group. Column 6 includes all currently married homeowners. Age at
most recent marital shock is defined as max(age at first marriage, age at termination of first marriage).

Remarriage indicator is 0 for once-married reference person and 1 for twice-married. All splines are 10-piece
linear splines partitioned by deciles of the relevant variable.
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TABLE 4A
EXOGENEITY TESTS FOR AGE AT MOST RECENT MARITAL SHOCK INSTRUMENT

(1) @) ®) (4) ®) (6) (@)

Treatment Pooled control groups Treatment Pooled cntrl Renters control
Red-form 1st stage Red-form Red-form Red-form 1st stage Red-form
Dependent variable:  stocks htenure stocks stock share stock share htenure stocks
Age at most recent -658.313 0.0094 29.711 -0.00079 -0.000081 -0.062 690.953
marital shock (241.788) (0.0130) (76.827) (0.00024) (.000138) (0.059) (401.695)

Years of education ~ -1,005.297  -0.299 -2,188.84 -0.00182  -0.00122  -0.147  582.856
(369.164)  (-0.075) (561.30) (0.00069) (0.00083)  (0.111)  (872.52)

Children at home 945.478 0.64 2,919.61 0.00291 0.0120 0.220 4,097.37
(1,427.904) (-0.428) (1,182.79) (0.00177)  (0.0052) (0.183) (1,754.38)
Business equity -0.012 2.51e-6 -0.022 0.18647 -0.470 8.70e-6 -0.096
(0.031) (3.96e-6) (0.041) (0.15471) (0.770) (3.55e-6) (0.048)
Vehicle equity -0.275 -2.34e-5 -0.345 0.02142 -0.474 -3.14e-5 0.050
(0.220) (2.49e-5) (0.196) (0.15796) (0.770) (3.32e-5) (0.282)
Unsecured debt -0.105 3.74e-6 0.007 0.00302 0.00237 -6.60e-6 0.026
(0.144) (1.87e-6) (0.022) (0.00437) (0.00412) (7.15e-6) (0.071)
Annual income -0.186 -7.54e-6 -0.446 -0.01166  -0.00096 -6.61e-6 -0.229

(0.031)  (6.23e-6)  (0.100) (0.00476) (0.00143) (7.12e-6)  (0.114)

Age spline X X X X X

Liquid wealth spline X X X X X

Home equity spline X X X X X

Property value spline X X X X X

Year fixed effects X X X X X X X
Occup. fixed effects X X X X X X X
Industry fixed effects X X X X X X X
Observations 9222 4815 5970 9208 5959 1002 1010

NOTE - Heteroskedasticity robust standard errors are reported in parentheses. Columns 1 and 4 use the
treatment group (once or twice married stockholding homeowners whose current marriage duration is less than 40
years). Columns 2, 3 and 5 use pooled control group of long-married homeowners + married renters + divorced
homeowners (see Table 2 for the exact definition). Columns 6 and 7 include currently married stockholding
renters who married once or twice. In columns 4 and 5, all monetary variables including the dependent variable
and the splines are normalized by total wealth; observations with negative total wealth are omitted. Age at most
recent marital shock is defined as max(age at first marriage, age at termination of first marriage). All splines are
10-piece linear splines partitioned by deciles of the relevant variable.
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TABLE 4B
ADDITIONAL EXOGENEITY TESTS

1) (2) 3) 4) ©) (6)
Once married  Long-married homeowners Twice married Divorced homeowners
Treatment Control Treatment Control
Red-form 1st stage Red-form Red-form 1st stage Red-form
Dependent variable: stocks hometenure  stocks stocks hometenure  stocks
Age at first marriage -805.127 0.0897 701.122 -266.135 -0.0466 -24.846
(452.026) (0.0967) (651.596) (610.08) (0.0497)  (230.233)
Age at termination of -569.127 -0.033 -18.324
first marriage (304.93) (0.033) (137.485)
Years of education -1142.926 -0.293 -483.202 -345.447 -0.266 -1644.023
(364.697) (0.115) (647.720) (1046.12) (0.115) (591.835)
Children at home 1539.194 -2.906 22483.9  -1098.103 1.171 2313.10
(1814.173) (1.375) (8157.66) (1606.53) (0.502)  (1882.158)
Business equity -0.0331 1.24e-6 0.0524 0.0411 8.69e-6 -0.0173
(0.0361) (5.40e-6) (0 .0580) (0.0322) (6.29e-6) (0.0400)
Vehicle equity -0.1392 3.23e-6 0.267 -0.656 -2.06e-5 -0.294
(0.2624) (3.57e-5) (0.301) (0.344) (3.98e-5) (0.240)
Unsecured debt -0.164 -1.50e-5 0.0345 0.0144 3.20e-6 0.0051
(0.1951) (1.54e-5) (0.1088) (0.0369) (1.44e-6) (0.0131)
Annual income -0.1412 -1.13e-5 -0.395 -0.3075 4.62e-7 -0.264
(0.0425) (1.02e-5) (0.143) (0.0699) (7.99e-6) (0.102)
Age spline X X X X X X
Liquid wealth spline X X X X X X
Home equity spline X X X X X X
Property value spline X X X X X X
Year fixed effects X X X X X X
Occup. fixed effects X X X X X X
Industry fixed effects X X X X X X
Observations 7352 2096 2113 1870 2401 2421

NOTE - Heteroskedasticity robust standard errors are reported in parentheses. Column 1 includes
once-married and column 4 includes twice-married households in the treatment group. Sample in columns 2 and 3
consists of currently married stockholding homeowners, married once or twice, whose current marriage has lasted
for at least 40 years. Columns 5 and 6 include once-married, currently single stockholding homeowners. All
splines are 10-piece linear splines partitioned by deciles of the relevant variable.

62



TABLE 5A
EFFECT OF HOME TENURE ON PORTFOLIOS: TWO-STAGE LEAST SQUARES ESTIMATES

(1) (2) 3) 4) (5) (6)
Stocks Stocks Safe assets Stocks Stocks Stocks
Instrument: Age at most recent marital shock Age at 1st mar Age at 1st term Remarriage
Dependent variable: stocks stocks safe assets stocks stocks stocks
Home tenure (years)  3,190.471 3,081.985 -1,558.397 5375.072 4055.708 1480.733
(1,162.787)** (1,132.402)** (523.774)** (3,127.94)" (2,149.67)" (621.94)*
Age at first marriage 304.67
(731.083)
Business equity -0.008 0.001 -0.035 0.071 -0.012
(0.032) (0.014) (-0.038) (0.037)+ (0.026)
Vehicle equity -0.251 0.312 -0.167 -0.43 -0.286
(0.226) (0.099)** (-0.26) (-0.357) (0.132)*
Unsecured debt -0.104 -0.048 -0.169 0.029 0.009
(0.145) (0.034) (-0.198) (0.04) (0.036)
Annual income -0.187 0.119 -0.142 -0.313 -0.12
(0.031)** (0.022)** (0.044)** (0.070)** (0.026)**
Years of education -629.015 -121.083 -457.472 487.005 -544.10
(393.731) (292.721)  (-526.026) (1289.25) (328.46)+
Children in home 897.070 723.017 1522.979 -1376.64 -243.95
(1,436.548) (569.442) (-1860.642) (1846.70) (801.73)
Age spline X X X X X X
Total wealth spline X
Liquid wealth spline X X X X X
Home equity spline X X X X X
Property value spline X X X X X
Year fixed effects X X X X X X
Occup. fixed effects X X X X X
Industry fixed effects X X X X X
Observations 9175 9175 9175 7319 1856 9165

NOTE - Heteroskedasticity robust standard errors are reported in parentheses: + denotes significance at 10%;
* denotes significance at 5%; ** denotes significance at 1%. In columns 1-3 home tenure is instrumented by age at
most recent marital shock = max(age at first marriage, age at termination of first marriage) in the treatment group
(see Table 2 for definition). In column 3, the dependent variable (safe assets) is defined as the sum of total wealth
held in savings accounts, CDs, money market, and municipal and corporate bonds. Columns 4-5 split the
treatment group into two subsamples. In column 4 home tenure is instrumented by age at first marriage in the
once-married subsample. In column 5 home tenure is instrumented by age at termination of first marriage in the
twice-married subsample. Column 6 instruments for home tenure using the remarriage indicator (1 for
twice-married and 0 for once-married individuals) in the entire treatment group, excluding the 10 households with
wealth above $5 million for reasons discussed in the text. All splines are 10-piece linear splines partitioned by
deciles of the relevant variable.
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TABLE 5B
TWO-STAGE LEAST SQUARES ESTIMATES: ROBUSTNESS CHECKS

1) 2) 3) (4)
Entire sample Shares Shares Bond market
Full controls Full controls High wealth participation
Dependent variable: stocks stk share stk share bondholder
Home tenure (years) 567.599 0.0036 0.0064 -0.0077
(289.938)*  (0.0011)** (0.0019)** (0.0030)**
Business equity -0.011 0.2320 -0.1119 -5.29¢e-8
(0.011) (0.1591) (0.2238) (7.11e-8)
Vehicle equity -0.182 0.0648 -0.4085 0.0015
(0.082)* (0.1615) (0.2611) (0.0005)**
Unsecured debt -0.027 0.0026 0.0501 -3.26e-7
(0.031) (0.0049) (0.0449) (2.49e-7)
Annual income -0.127 -0.0129 -0.1344 2.73e-7
(0.025)** (0.0050)* (0.0234)** (1.04e-7)**
Years of education -300.853 -0.0009 0.0012 0.0152
(136.202)* (0.0008) (0.0015) (0.0019)**
Children in home 155.408 0.0029 -0.0033 0.0031
(261.691) (0.0018) (0.0042) (0.0044)
Age spline X X X X
Total wealth spline
Liquid wealth spline X X X X
Home equity spline X X X X
Property value spline X X X X
Year fixed effects X X X X
Occup. fixed effects X X X X
Industry fixed effects X X X X
Observations 53535 9161 2876 9175

NOTE - Heteroskedasticity robust standard errors are reported in parentheses: + denotes significance at 10%;
* denotes significance at 5%; ** denotes significance at 1%. Home tenure is instrumented by age at most recent
marital shock = max(age at first marriage, age at termination of first marriage) in all specifications. Column 1
includes the core sample of all currently married homeowners. All other columns use the treatment group (once
or twice married stockholding homeowners whose current marriage duration is less than 40 years). Column 2
includes individuals with positive wealth only, while column 3 in addition restricts wealth to be above the
treatment sample mean of $250,000. In both 2 and 3, all monetary variables including the dependent variable and
the splines are normalized by total wealth. In column 4, the dependent variable is a dummy variable for bond
market participation. All splines are 10-piece linear splines partitioned by deciles of the relevant variable.



TABLE 6

ADDITIONAL SPECIFICATION TESTS: MISMEASUREMENT AND ENDOGENEITY OF WEALTH

(1)
Cars
Few controls

(2 (3 4)
Cars Property value Property value

with controls Few controls with controls

®)

Wealth effects of

instruments

(6)
Wealth effects with
education control

Dependent variable: carvalue carvalue propertyval. property val. total wealth total wealth
Age at most recent -12.37 -21.73 504.41 156.72 2656.81 1095.51
marital shock (13.62) (13.68) (126.628)  (125.957) (950.592) (951.980)
Remarriage indicator 307.48 358.22 -3420.35 -639.18 -30156.72 -10481.02
(229.90) (230.23)  (1,985.36) (1,940.24) (13,332.16) (13,516.28)
Years of education 63.39 3,395.195 22,655.914
(38.45) (317.748) (1,499.139)
Children in home -5.97 165.221
(97.89) (842.862)
Income 0.020 0.296
(0.0023) (0.025)
Age spline X X X X
Total wealth spline X X
Year fixed effects X X X X
Occup. fixed effects X X
Industry fixed effects X X
Observations 9310 9310 9222 9222 9310 9310

NOTE - Heteroskedasticity robust standard errors are reported in parentheses. Sample in all columns is the
treatment group (once or twice married stockholding homeowners whose current marriage duration is less than 40
years). Dependent variable in columns 1 and 2 is the current total value of up to two cars owned by the
household. Age at most recent marital shock is defined as max(age at first marriage, age at termination of first
marriage). Remarriage indicator is 1 for twice-married and O for once-married individuals in this sample. All
splines are 10-piece linear splines partitioned by deciles of the relevant variable.
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