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ABSTRACT

The wrong shape of insurance? What cross-sectional distributions
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This paper shows how two standard models of consumption risk-sharing—self-
insurance through borrowing and saving and limited commitment to insurance
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reveals strongly contrasting and counterfactual joint distributions of
consumption, income and wealth. Method of moments estimation shows how
measurement error in consumption eliminates excessive skewness and
concentration of consumption growth. Moreover, counterfactual non-linearities
disappear at high estimated risk-aversion under self-insurance, but are a
robust feature of limited commitment. Its "shape of insurance" thus argues
strongly in favour of the self-insurance model.

JEL Classification: D31, D52, E21 and E44
Keywords: limited commitment, risk sharing, wealth and consumption
distribution

Tobias Broer

Institute for International Economics
Stockholm University

SE-10691 Stockholm

SWEDEN

Email: tobias.broer@iies.su.se

For further Discussion Papers by this author see:
www.cepr.org/pubs/new-dps/dplist.asp?authorid=162801

* | am indebted to Morten Ravn, Giancarlo Corsetti and Ramon Marimon. |
thank Arpad Abraham, Jonathan Heathcote, Dirk Krueger, Per Krusell, Sarolta
Laczo, Nicola Pavoni, Fabrizio Perri, Gianluca Violante, and especially Kjetil
Storesletten, as well as seminar participants at the Federal Reserve Bank of
Minneapolis, HECER, IIES, NUS, NORMAC 2010 and the University of Zirich
for comments on earlier drafts. The author gratefully acknowledges financial
support from the European Research Council under Advanced Grant 230574.

Submitted 28 November 2011



1 Introduction

Understanding the economic determinants of household risk-sharing is important not just
for welfare considerations, but also because of the contrasting implications of different
models for the behaviour of macro-economic variables, absolute and relative asset prices
and the effectiveness of policies to reduce inequality or individual risks. A long literature
has tried to identify the nature of household risk-sharing by comparing the predictions of
different theories to both macro and micro-data (see Deaton (1992) and Attanasio and
Weber (2010) for surveys). Using the sharp and contrasting predictions about the effect of
income shocks on consumption that result, respectively, from Keynesian models, the per-
manent income hypothesis (PIH) and models with perfect insurance, the early empirical
literature has focused on the response of household consumption to income changes, and
on the reaction of its cross-sectional dispersion as shocks drive household incomes apart
over time and the life-cycle. Recent computational advances have allowed researchers to
solve for the joint equilibrium distribution of consumption and income in more general
incomplete markets models, as well as in micro-founded models where information or
contracting frictions in insurance markets imply different degrees of “partial insurance”.
Although most of these models make less sharp predictions about the consumption effect
of income shocks, many studies have continued to assess their performance on the basis
of the two standard second order moments, namely the average response of consumption
growth to income changes and the cross-sectional variance of consumption relative to that
of incomes.!

This paper argues that the joint distribution of income, consumption and wealth implied
by quantitative equilibrium models contains important information beyond the second-
moment statistics that researchers commonly focus on. And it argues that we can use
this information to better identify models and discriminate between them. To illustrate
this, I look at two standard models of consumption insurance, namely a complete markets
model with limited commitment to contracts as in Krueger and Perri (2006), and a simple
self-insurance model where agents save and borrow in non-contingent bonds subject to
an exogenous borrowing limit (Aiyagari 1993, 1994). I show how calibrated versions of
these models with a realistic level of aggregate wealth replicate similarly well the standard
second-moment properties of the joint income and consumption distribution in US micro-

data, although, as pointed out in Krueger and Perri (2006), the self-insurance model has

ISee the literature review for further details and references.



somewhat too little, and the limited commitment model somewhat too strong insurance.
I then use non-parametric techniques to show first how, despite their relative success
in replicating the standard measures, both models have equilibrium distributions with
strongly counterfactual features. Particularly, both models predict conditional standard
deviations of consumption growth that are an order of magnitude lower than in the data
across the whole income distribution, which I take as evidence for measurement error
in consumption that tends to affect measured growth rates more strongly than levels.
Moreover, apart from positive skewness in the marginal distribution of consumption, con-
ditional means and variances have a non-linear relationship with income in both models,
but this non-linearity is significantly stronger in the limited commitment model, whose
consumption process combines upward jumps when participation constraints bind with
slow downward drift during unconstrained periods. The joint distribution of wealth and
income has similar non-linearities, and a counterfactual negative slope in the limited com-
mitment model, where high income comes with high insurance liabilities, rather than high
average wealth as under self-insurance and in the data. Building on these non-parametric
results I estimate the models using a simulated method of moments procedure to show how
the low conditional variances can be used to identify measurement error in consumption,
and how a high estimated value of risk-aversion reduces the non-linearity of self-insurance
significantly. The limited commitment model, on the other hand, shows strongly counter-
factual non-linearities even at very low estimated levels of risk-aversion. Alternative data
sources, which show less insurance than the CEX benchmark data, strengthen this find-
ing. For example, Blundell, Pistaferri and Preston’s (2008, hf. BPP) PSID dataset shows
significantly stronger comovement of income without significant non-linearities, and the
volatility of consumption relative to that of incomes is more than twice as high as in the
CEX. Both of these facts favour the self-insurance model. I conclude that the shape of
stationary model-distributions contains important information beyond second moments,

and that it argues strongly in favour of a standard incomplete markets model.

Section II briefly summarises the related literature and the relative contribution of
this paper. Section III describes the environment of a simple stationary economy with
idiosyncratic income shocks and presents two market structures, with non-contingent
assets and complete markets subject to limited enforcement of contracts. Section IV
presents the main quantitative findings. Section V looks at alternative data sources and
analyses the sensitivity of the results to a different specification of the exogenous income

process.



2 Related Literature

Since the early 1980s, a growing number of studies has compared the observable impli-

2 For this, most

cations of different risk-sharing mechanisms to the empirical evidence.
early studies used the contrasting predictions of different theories about the effect of an-
ticipated and unanticipated income changes on consumption: while in simple Keynesian
models both have equal consumption effects, neither affects relative consumption under
perfect insurance. The pure PIH with infinitely lived agents and quadratic preferences, on
the other hand, predicts that forward-looking consumers do not change their consumption
path when they observe anticipated income changes, whereas the consumption response
to unanticipated income shocks is approximately 1 if these are permanent in nature, but
approximately 0 if they are perfectly transitory. In seminal contributions using data from
the US Panel Study of Income Dynamics (PSID), Hall and Mishkin (1982) found smaller
but non-zero responses to transitory income shocks, contradicting both Keynesian theory
and the PIH, while Altonji and Siow (1987) conclude that the data “generally support
the life-cycle model” (p. 293). Early tests of the hypothesis of perfect risk-sharing, that
is, for example, implicit in most representative agent models, on the other hand, came in
two kinds. A first approach tested the hypothesis that individual income shocks do not

cause differences in consumption growth, equivalent to b =0 in the regression
dC,’t =k —i—/l;dyzt + v + €5t (1)

where dc;; and dy;; denote growth rates of individual consumption and income respectively,
k is a constant, v; a vector of time dummies and ¢; a residual. The evidence reported
in Nelson (1994) (using US Consumer Expenditure Survey (CEX) data and somewhat in
contrast to earlier results by Mace (1991)) as well as Cochrane (1991) (on PSID data)
reject perfect risk-sharing. Following Deaton and Paxson (1994), an alternative test of
perfect insurance is based on its implication that the dispersion of consumption should
be constant even when incomes move apart over time in response to persistent income
shocks. Thus, Deaton and Paxson (1994) show how the variance of consumption rises
with age, while Attanasio and Davis (1996) find that the evolution of relative consump-
tion across education groups is strongly correlated with that of their relative incomes at

low frequencies, rejecting perfect insurance.

2For a summary of the empirical literature on consumption and savings, see Attanasio and Weber
(2010).



In an important contribution Dynarski and Gruber (1997) estimate a b of 10% for non-
durables and 17% for durables in CEX data, but find that the variance of food consump-
tion has risen as much as that of earnings between 1970 and 1991 in PSID data. In
contrast to many studies, they also look at the non-linearity of income effects on con-
sumption finding somewhat stronger effects of income declines than of increases.

The 1990s and 2000s saw two important developments in the macro-economic literature
analysing economies with idiosyncratic income risk. First, computational advances al-
lowed the quantitative analysis of more complex models of consumption-smoothing under
incomplete markets (Huggett 1993, Aiyagari 1994, Rios-Rull 1995). And second, evidence
that these “self-insurance models”, where agents borrow and save exclusively in non-
contingent assets, tend to overpredict the cross-sectional dispersion of consumption and
the effect of income shocks gave rise to models where insurance through state-contingent
contracts is available, but constrained by limits to information (Attanasio and Pavoni
2007) or contract enforcement (Krueger and Perri 2005, 2006, 2011). Although in these
quantitative models researchers can easily analyse the whole joint income and consump-
tion distribution, most studies maintained the focus on relative cross-sectional dispersion
measures of consumption and the simple regression coefficient bin equations like (1). Thus,
Krueger and Perri (2006) find that a partial insurance model with limited commitment
can explain a much smaller rise in consumption dispersion relative to that of incomes, as
observed in CEX data between 1980 and 2003. Although the limited commitment un-
derstates the observed rise in the consumption dispersion, a simple self-insurance model
overstates it. In a related paper, Cordoba (2008) shows that both models can replicate
reasonably well the level of cross-sectional consumption variance, but that self-insurance
models are much better at predicting wealth inequality and particularly its concentration
at the top of the distribution. Attanasio and Pavoni (2007) analyse a different model
of partial insurance, where missing information about individual effort levels leads to a
moral hazard problem for consumption risk-sharing. They show how this can lead to risk-
sharing that is not perfect but exceeds that of simple permanent income models. They
find evidence for this in data from the UK Family Expenditure Survey, based on both
a test for excess smoothness in the consumption response to income shocks and on the
response of the consumption variance to changes in the variance of incomes.

In an important contribution, Blundell, Pistaferri and Preston (2008, BPP) have pre-
sented important new evidence on the effect of income shocks on consumption, based on

a novel US data set they construct by inferring a measure of nondurable consumption for



the PSID. Its panel structure allows them to estimate the consumption response to identi-
fied permanent and transitory income shocks. They show that the consumption response
to transitory income shocks is not significantly different from zero, while that to perma-
nent income shocks is significantly smaller than one. Importantly, Kaplan and Violante
(2010) show how a life-cycle version of the self-insurance model has stronger consumption
effects than those estimated by BPP. Heathcote, Storesletten and Violante (2010) use a
similar model, amended for education choice and a joint labour supply decision within
households, to show how it can replicate important moments of US micro-data after 1970,
including an important increase in the covariance between hours and wages, and of the

cross-sectional variance of consumption.

Relative to this literature, the contribution of this paper is three-fold. First, it is the
first to draw attention to the fact that standard models that replicate commonly-used
insurance measures similarly well, although not perfectly, have strongly contrasting and
counterfactual joint distributions of income, consumption and wealth. Specifically, a non-
parametric plot of the joint distributions shows first that both the limited commitment
model and self-insurance imply far too little turbulence in consumption, as manifested by
a counterfactually low conditional variance of consumption growth. Moreover, the limited
commitment model implies a strongly counterfactual negative covariance between wealth
and income. And finally, both models have conditional mean and variance functions with
counterfactual non-linearities, which are, however, stronger under limited commitment
to insurance contracts. Second, I show how we can use moments that summarise these
contrasting and counterfactual features in an estimation exercise, rather than through cal-
ibration as in previous comparative studies on consumption insurance, to better identify
parameters, and to discriminate between models. Particularly, I show how the low turbu-
lence in consumption can be used to identify measurement error, while the asymmetry and
non-linearity of consumption-income distributions argues against the limited commitment
model at all parameter values, in favour of a self-insurance model with high risk-aversion.
Finally, this paper evaluates the theoretical models against both main sources for house-
hold data on consumption and income in the US: CEX and PSID, including the BPP
imputation of non-durable consumption. This is crucial for its conclusion, because in the
PSID, the values of both standard measures of insurance (the variance of consumption
relative to that of incomes, and the b coefficient summarising the comovement of con-

sumption and income growth) are about twice those in the CEX, implying significantly



less insurance. This reinforces the conclusion in favour the self-insurance model, whose
main anomaly, when evaluated on CEX data, was too small a degree of insurance.

Note that this paper is not the first to look at equilibrium distributions of consumption
smoothing models or non-linearities in empirical or theoretical distributions.® Particu-
larly, the non-linearity in the response of consumption to income rises and declines in
the limited commitment model has previously been pointed out by Krueger and Perri
(2005). On the basis of a calibrated endowment model with AR(1) shocks, they con-
clude that a setup which combines characteristics of the limited commitment model with
self-insurance, which they show has far too little consumption insurance, would be most
promising to explain the facts in US micro-data. Relative to their study, this paper uses a
more general model with production and aggregate wealth as well as permanent and tran-
sitory shocks, which significantly improves the performance of the self-insurance model
in terms of the standard insurance coefficients. Moreover, this paper bases its paramet-
ric estimation exercise on a non-parametric analysis of the complete joint distribution of
consumption, income and wealth and their growth rates. This identifies the non-linear
association of consumption and income growth as but one of the counterfactual and con-
trasting features of the model distributions. Moreover, the estimation exercise shows how
the main anomalies of the limited commitment model are robust to parameter values,
while higher risk-aversion and modest estimated measurement error improves further the
performance of the self-insurance model, although it does not eliminate the somewhat too

strong consumption variance relative to CEX data.

3 The economy

This section presents a simple economy where a continuum of agents faces idiosyncratic
income shocks, and the two market structures analysed in this paper: self-insurance
through borrowing and saving in non-contingent assets, and insurance contracts without

commitment.

3For example, Battistin et al (2007) show how Gibrat’s law implies log-normality of the marginal
consumption distribution under the PIH, for which they find evidence in US micro data. Also, Dynan et
al (2006) show that in PSID data, while consumption responds more strongly to negative income shocks,
this asymmetry has fallen over time, which they take as evidence of declining liquidity constraints. And
Krueger and Perri (2008) show that in the Italian Household Survey the relation between nondurable
consumption and income changes unexplained by a first stage regression on household characteristics is

largely linear, with a slightly stronger response of consumption to positive income changes.



3.1 The economic environment

The economy consists of a large number of individuals of unit mass. Individuals are
indexed by i, located on a unit-interval i € I = [0,1] with Sigma-Algebra I. Denote
as &; : I — [0,1] the (constant) non-atomic measure of individuals. Time is discrete
t €{0,1,2,...,00} and a unique perishable good is used for consumption.

Idiosyncratic risks arise from fluctuations in individual endowments of effective labour
units that agents supply inelastically. The labour endowment of agent i in period t, z;,
takes values in a finite set Z: z;; € Z = {2' > 22 > ... > 2V} N > 2. Let Z be the power
set of Z, and denote as ®, : Z — [0, 1] the measure of agents at all (subsets of) labour
endowment realisations in period t. Labour endowments follow a Markov process that
is independent of i, and I-measurable (i.e. {i : zi;11 = 2|2, = 27} € I, V29, 2%). The
process is described by a Markov transition matrix F' that has strictly positive entries
mi; > 0, V1,7, is monotone (in the sense that the conditional expectation of an increasing
function of tomorrow’s income is itself an increasing function of today’s income), and
has a unique ergodic distribution ® : Z — [0,1]. Thus, in the long-run, the aggregate
(or average) labour endowment L; = f z;dPy is constant, while individual labour units
fluctuate. Let Zy : I — Z be a measurable function that assigns all individuals an initial
labour endowment. For a given wage rate per unit of effective labour wy, let y;; = wyz;,
denote agent i’s labour income. I denote as ' an individual’s history of income until
period ¢, and as 7(y'|y) transition probabilities in terms of income. Also, I denote as @y ;
the joint distribution of income and assets in period t induced by Zj, F', and individual
decisions as described below.

Agents live forever and order consumption sequences according to the utility function
U=EyY Bulci) (2)
0

where Fj is the mathematical expectation conditional on period 0 information, 0 < 5 < 1
discounts future utility, ¢;; is consumption by agent i in period t, and v : Rt — R is an
increasing, strictly concave, twice-continuously differentiable function that satifies Inada
conditions and is identical for all agents in the economy.

A representative competitive firm in the the economy hires labour L, and capital K;
every period at rental rates r; and wages wy, in order to maximise profits from operating
a neoclassical production technology AF(Ky, L;), where A is a productivity parameter. I

focus on stationary equilibria, and therefore abstract from aggregate fluctuations. So A



is constant over time. Investment in capital, which depreciates at a constant rate 6 every
period, is performed by competitive financial intermediaries that live for one period only,

and also trade assets with individuals.*

In the following, I present two structures of financial markets and associated equilib-

rium definitions.

3.2 Complete markets with limited commitment to contracts

First, consider an environment where market are complete. So individuals buy or sell, at
price q(Us, Y1+1), & quantity a(y, ye41) of a state-contingent asset that specifies delivery
of one unit of the consumption good to/from an agent who experiences endowment re-
alisation ;1 after history y;.However, agents are unable to commit to future payments:
after observing their income they can declare default, which cancels all their financial
liabilities or assets but also excludes them from insurance markets forever in the future.
Following Abreu, Pearce and Stacchetti (1990), it is often assumed that default triggers
the worst subgame perfect equilibrium of autarky. In contrast, in this paper I model
the consequences of default in line with those that follow individual bankruptcy in the
US economy. Particularly, I assume agents can save in capital after default, and can go
back to insurance markets with a constant probability p. Note that the expected value
of default U**(y") puts a lower bound on the utility agents derive from participation in
state-contingent trade. As in Kehoe and Levine (1993), the problem of a typical house-
hold with initial income y, and asset holdings ay can thus be formulated as a choice of

contingent consumption and asset plans, given prices and lower bounds on utility

V(ao, yo) = MATe, (a0,y°) {ast1(asy®yss1)} U0 (3)

st co(ag, y') + Z a(y"s Yer1) a1 (e Y’ Yerr) < ap+y (4)
Yt+1

Udlar, y') = U™ (y") ()

Definition. A competitive equilibrium with participation constraints under limited
commitment to state-contingent contracts is a sequence of prices {r,, wy, {q(v", yir1) } 152

and an allocation { K3, c(ar, y'), {aer1(an, ¥, yie1) }, Payr oo, such that

4The short life of intermediaries serves to circumvent the shareholder disagreement problem that arises

in economies with heterogeneous individuals.



o c(a, '), {asi1(as, ¥, yi1)} solve the household problem (3) to (5) given prices and

initial values of income and assets

e The net marginal returns to capital and labour equal their rental prices

AF (K1) +1—6=r, (6)
AF (K, 1) = wy (7)

o &, , is the joint distribution of assets and incomes induced by Z, F', and individual
decisions {a;1(as, y', yi1)}

e State-contingent prices charged by intermediaries satisfy the no-arbitrage condition

7T(yt-ﬁ-1|yt) (8)

Tt41 + 1-— (5 =
@ (Y, Yis1)

e The sum of net returns to state-contingent assets equals those to capital

Z Z/at+1(at, Y Yo )T (Yer1 [90)dPay (1 y') = (11 + 1= 0) K (9)

Y1yt

Given the absence of aggregate risk I concentrate on “stationary” equilibria, where the
distribution of individual consumption is stationary through time.’ Since the price of
state-contingent securities in a continuum economy without aggregate uncertainty is con-
stant across states of nature, the price of state-contingent assets is simply a probability-

weighted version of the price of uncontingent bonds, or

R— 7T(f%t+1|yt)

" 10
q(yt, yes1) Yt (10)

where the constant interest rate R is determined by market-clearing. This yields the

first-order condition for state-contingent assets as

U'(c)

i

U'(ci)

= [RB(1 + )] (11)

where the Lagrange multiplier 4/ is positive in states where agent i’s participation con-

straint binds. Note how equation (11) has two important implications: first, the marginal

5Note that, contrary to an endowment economy, in an environment with production, capital accu-
mulation has externalities on incentives through its impact on wages and thus the outside option to
the contract. Hence, the competitive equilibrium allocation is not efficient, as shown by Abraham and
Carceles (2006).
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rate of substitution between consumption today and in unconstrained states of nature
next period, where 7, = 0, is constant across agents, equal to RLB. And second, among
agents with identical consumption today, those that experience a binding participation
constraint tomorrow, with +; > 0, have strictly higher consumption growth than their un-
constrained peers. In a stationary equilibrium without perfect insurance this implies that
constrained agents experience different discrete jumps in consumption to a level where,
given optimal use of insurance contracts in the future, expected utility is equal to autarky
utility U (y"). Since the latter only depends on the current income y;; of constrained
agents, so does their current level of consumption under the insurance scheme. This lack
of history dependence in consumption of constrained individuals is well-known as the
“amnesia” (Kocherlakota 1996), or “forgiveness” (Thomas and Worrall 1994) property
of consumption allocations with limited commitment. In a stationary equilibrium with
constant aggregate consumption, the counterpart of these consumption increases for con-
strained agents are declines in consumption for unconstrained agents. Particularly, from
equation (11) with 7/ = 0 and SR < 1, unconstrained individuals experience (in marginal
utility terms) equal smooth downward movements in consumption.

Krueger and Uhlig (2006), Thomas and Worrall (2007) and Broer (2009b) (for the econ-
omy with N > 2) show how the stationary cross-sectional distribution of consumption in
this economy is exactly pinned down by the participation constraints and the recursive
law of motion of consumption for unconstrained agents (11). This distribution inher-
its the asymmetry of the insurance mechanism, where downward drift in consumption
of unconstrained agents is counteracted by occasional upward jumps to fulfill participa-
tion constraints. The marginal distribution of consumption is thus a mixture of geo-
metric distributions, corresponding to the downward-sloping consumption paths of un-
constrained agents from any of the N levels of participation-constrained consumption.
For the joint distribution of consumption and income, this results in strong nonlinearity
and heteroscedasticity. For example, while all individuals at maximum income z! are
constrained at a common consumption level, individuals at 2" are found throughout the
whole consumption distribution, depending on the number of periods since they were last
constrained at a higher income level. Similarly, the joint distribution of income and con-
sumption growth is characterised by the fact that individuals with negative income shocks
share the same upward drift in marginal utility, and thus have similar downward drift in
consumption, while positive income shocks lead to a large variety of positive consumption

jumps.
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3.3 Self-insurance

I also analyse a version of the economy where state-contingent contracts are assumed to
be absent, but agents can exchange non-contingent bonds to smooth consumption over
time subject to a borrowing limit. The setup of the economy and the equilibrium are thus

essentially those of Aiyagari (1993), and the household problem is

V(b07 yo) = maxcs(bs,ys)ybs+1(b57ys)UO (12>
s.t. c(by, yt) + bey (by, Z/t) < Riby + (13)

Definition. A competitive equilibrium under self-insurance through non-contingent assets
is a sequence of prices {re, we, Re) }22, and an allocation
{K¢, c(be,y")s biga (be, y'), Poye 220 such that

o c(ag, y'), biy1(bs, y') solve the household problem (12) to (13) given prices

o &y, is the joint distribution of assets and incomes induced by Zj, F, and individual
decisions by 1(bs, y*).

e the net marginal returns to capital and labour equal their rental prices

AFK(Kt,1)+1—5:Tt (14)
AFL(Kt,l) = Wt (15)
e The bond market clears
S [ Recabess(o0 9.4 = (i +1 - 6) Ko (16)
yt

4 Quantitative Results

4.1 Data

As many previous studies, I look at US micro-data to assess the performance of consump-
tion smoothing models. For this, we would ideally compare the joint stochastic process
for individual income and consumption that results from the models with panel data ob-
servations for US households or individuals. Unfortunately, these data are not available.
While the PSID is a long panel of households with detailed information on income, until

recently, it only collected information on food consumption. Comprehensive consumption

12



data is available in the CEX survey, which, however, follows households for at most 5
consecutive quarterly surveys, and only collects information on income in the second and
fifth of these. Since the CEX has the best consumption data, and in order to assure com-
paribility with previous studies such as Nelson (1994), Mace (1991), Dynarski and Gruber
(1997), Krueger and Perri (2006, 2005), and many others, the benchmark results of this
paper are based on data from the CEX interview survey. This comes at the price that the
timing of observations on consumption (quarterly in interviews 2 through 5) and income
(retrospective questions on yearly averages in interview 2 and 5 only) is not totally con-
sistent. In order to adress this, a subsequent section compares the benchmark results to
those based on two other datasets: first, the new PSID dataset by BPP, who interpolate
a comprehensive series for non-durable consumption using the individual PSID data on
food consumption and an inverted food demand function estimated on CEX data; and
second, a truely quarterly CEX dataset, based on the income interpolation by Gervais
and Klein (2008).

In the benchmark results of this section, I use CEX data for the years 1998 to 2003. The
length of the time period is a compromise between a sufficient number of observations
and sufficiently small changes in the income process, which in the model is constant and
exogenous. Moreover, since I specify the consequences of default in accordance with US
bankruptcy regulation, which underwent important changes in 2005, the final period is
2003. As in Krueger and Perri (2006), I choose a sample that only includes urban house-
holds who are full income and consumption respondents and whose head is older than 20
and younger than 65 years of age. I also exclude households who report 0 or only food
consumption, who have negative labour income, and those whose hourly wage is below
half the mininum wage. For consumption, I use Krueger and Perri’s (2006) measure of
non-durable consumption including an estimate of service flows from housing and cars.
As the income measure, I use after-tax labour earnings plus transfers, defined as the sum
of wages and salaries of all household members, plus a fixed fraction of self-employment
farm and nonfarm income, minus reported federal, state, and local taxes (net of refunds)
and social security contributions. Moreover, I divide both consumption and income by
the number of adult equivalents in the household, using the census equivalence scale as
in Krueger and Perri (2006).

Following MaCurdy (1982), Hubbard et al (1995), Storesletten (2004) or Krueger and

Perri (2006), identify the income process using a standard model with restricted income
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profiles.® Specifically, I assume log(y;) to be the sum of a group specific component a;;
and an idiosyncratic part z;;. The latter, in turn, is the sum of a persistent AR(1) process
mys, with persistence parameter p and variance o2, plus a completely transitory compo-
nent £, which has mean zero and variance 02.

The process for LEA+ is thus of the form

log(yi) = oy + x4
Tit = Mt + it
Mg = PMi—1 + Vit
e~ N(0,0?)

vie ~ N(0,02) (17)

From both consumption and income, I first partial out the group-specific component
aj; through regression on a cubic function of age and dummies for education (and their
interaction with age), gender, race and a dummy for professionals. Then, I identify o2

and o2 from the stationary variance and autocovariance of z;; as

. p 2
cov(Ti, Tip—1) = - pQO'V (18)
1
var(zy) = ;cov(azit? Tyq) + ol (19)

Setting p = 0.9989, the value estimated by Storesletten et al (2004), this yields var(m;) =
0.23 and var(v;) = 0.11, very close to the values found, for example, by Krueger and Perri
(2006) for CEX data in this period. I then use the standard Tauchen and Hussey (1999)
method to approximate the resulting process using a 7-state Markov chain for m;, and a

binary process for v;;.

4.2 Functional forms, punishment of default and borrowing lim-

its

To compare the model-implied allocation to the data, we have to specify functional forms

and their parameter values, as well as the aggregate wealth in the economy and the exact

6This limits the heterogeneity of income profiles to a group specific constant and stochastic shocks
with identical (autoco)variances. An alternative is to use heterogeneous income profiles with, for example,

variation in slope coeficients across groups. See e.g. Guvenen (2009).
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punishment of default. I choose a utility function with constant relative risk aversion of

(20)

The punishment of default in the limited commitment environment tries to capture key
features of US bankruptcy legislation prior to 2005. Particularly, under the most common
chapter 7 bankruptcy procedure, a defaulter’s liabilities are erased once financial and other
assets such as real estate are seized.” Default leads to an entry in an individual’s credit
history that remains on her record for 10 years, which typically makes access to credit
more difficult but not impossible. Moreover, she is not allowed to refile for bankruptcy
under Chapter 7 for 6 years, although she can file under chapter 13. While under chapter
7 creditors can not seize any of her income, a judge can order payments out of her income
under chapter 13.® To capture these stylised facts, I assume that, once an individual
declares default, she immediately looses all financial assets and liabilities. Moreover, she
is excluded from the insurance mechanism but can save (although not borrow) in non-
contingent assets. To include the possibility of regaining access to credit markets, I assume
that she is re-admitted with a constant probability p to the insurance scheme, but not
allowed to declare default again.® I calibrate p = 15%, to achieve an expected duration
of exclusion from insurance of approximately 6 years. In the self-insurance environment,
I set the exogenous borrowing limit equal to yearly income.

An important parameter of the calibration is medium wealth, as it determines the distri-
bution of financial returns in the economy. This is crucial, since individuals with positive
financial returns will never find it optimal to default - they would rather accept financial
payments and default tomorrow. Thus, an endowment economy with zero net wealth is
likely to overstate default incentives. Krueger and Perri (2006), Cordoba (2008), or Abra-
ham and Carceles (2008) calibrate their models with capital to aggregate wealth-to-output
ratios. Since this study wants to capture liquid wealth used for insurance only, and does
not aim at capturing the very high wealth holdings in the right-hand tail of the wealth
distribution, I follow Kaplan and Violante (2010) and others and exclude the top of the
wealth distribution, but include housing assets in my definition of wealth. Particularly,

I ensure that the median wealth-to-income ratio in the model equals the median of the

7Exemptions vary across states.
8See Livshits et al (2007) for details.
9T thus exclude the possibility to default under chapter 13. This is not restrictive, as it would never

be optimal to default if creditors can seize debtor income.
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net worth-to-income ratio of the bottom 90 percent of US households between 21 and 64
years of age according to the 2004 Survey of Consumer Finances (SCF), equal to 1.41. In
the calibrated models, I therefore substitute the asset market clearing conditions (9) and
(16) by this condition for median wealth.

The remainder of the paper looks at two methods to determine the value of relative risk-
aversion ¢ and the discount factor [, which are the most important coefficients in the
model for risk-sharing. First, I look at a standard calibration as in Krueger and Perri
(2006), or Cordoba (2008). And second, I show how the results change when I jointly

estimate these coefficients to target key moments of the data.

4.3 Insurance coefficients and equilibrium distributions in cali-

brated models

This section presents quantitative results for a standard calibration of the economies with
log-preferences (¢ = 1), and a discount factor 8 chosen to yield an annual interest rate R

of 1.025 in general equilibrium.*°

4.3.1 Standard insurance measures

As described in more detail in the literature review, comparative analyses of risk-sharing
models most commonly focused on second moments of the joint consumption and income
distribution, such as the linear association of consumption and income growth, or the rel-
ative dispersion of consumption and income and its evolution over time or the life-cycle.
Table 1 compares these standard measures of insurance, namely the regression coefficient

of consumption on income growth b in equation (1), and the relative variance of log-

10The interest rate is chosen in line with an average ex-ante real interest rate on 6-month US treasury

bills between 1998 and 2003 of 2.57%.
"Note that I focus on the simple linear association between consumption and income growth as sum-

marised by b. An alternative would be to differentiate between responses to persistent and transitory
shock, in analogy, for example, to the consumption responses to permanent and transitory shocks analysed
in BPP. I focus on the simpler measure for three reasons: first, b is one of the classical moments studied
in the consumption risk-sharing literature (see, for example, Gervais and Klein (2008) and the references
therein). Second, in the environment of this paper, shocks are not truely permanent, which implies a bias
in the BPP identification scheme under limited commitment (Broer 2009a) and self-insurance (Kaplan
and Violante 2010). And finally, the focus on b allows a simple parametric analysis of non-linearities in

the conditional distribution of consumption and income growth in the following section.
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consumption and log-income % as a measure of the relative dispersion of consumption
and income, calculated from a simulation of the models and the data.!? In CEX data, the
variance of annual log consumption residuals has about half the variance of income resid-
uals, while /b\, calculated on log differences of consumption and income over 4 quarters, is
with 9% close to the value found for non-durables by Dynarski and Gruber (1997) on an
earlier sample.

The results for the calibrated models confirm those from earlier studies (Krueger and Perri
(2005), Cordoba (2008) and particularly Krueger and Perri (2006)): the limited commit-
ment model (“LC”, row 3) implies an association of income and consumption growth that
is with 5.3% somewhat smaller than in the data. And the relative cross-sectional variance
of consumption is only about half of that observed in the CEX. The self-insurance economy
(“SI”, row 4), on the other hand, exhibits differences between model and data moments
of similar size, but in the opposite direction, by overstating both the consumption effect
of income growth (12%) and the relative cross-sectional variance of consumption (0.57).
The literature has concluded from this evidence that both models perform similarly well
in replicating key data moments. Moreover, in order to reconcile the theory with the
data, it is often suggested to combine features of both models.'3

This paper takes a different approach: first, in order to discriminate between the two
models, it provides further evidence on the underlying distributions of which the insur-
ance coefficients in table 1 are but two moments. And second, it generalises the models
by including measurement error in consumption, and identifies its parameters by a trans-
parent estimation procedure, to see how robust the conclusions based on a calibration

exercise are.

4.3.2 The shape of insurance: joint distributions of consumption and income

The insurance measures studied in the previous section, namely the relative variance

% and the regression coefficient 3, are summary statistics of the joint distributions

of, respectively, the levels of consumption and income and their growth rates. Although

quantitative models readily allow an analysis of any moment of these joint distributions,

12T exploit the stationary nature of the models and calculate their moments from a long simulation

over 200.000 periods
13See, for example, Krueger and Perri (2006), p. 187-88, or Krueger and Perri (2005). Other studies,

such as BPP or Heathcote et al (2010) also conclude from the study of US micro-data that one should

combine the standard incomplete markets model with additional insurance possibilities more generally.
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Table 1

B o % Daedy
1 CEX data 0.42 0.09
2 St Error 0.012 0.008
3 LC Calib 0.954 1.00 0.21 0.05

4 SICalib 0966 1.00 0.57 0.12

The table presents moments in CEX data (row 1) together with their standard errors (row 2) and in the

calibrated models (rows 3 and 4) with limited commitment (“LC”) and self-insurance (“SI”) that
choose g to target an interest rate R = 1.025. The standard errors for the data statistics are calculated

using a bootstrap procedure with 400 repetitions.

previous studies on consumption insurance in calibrated economies have typically not
looked at the their shape beyond second moments. In this section, I propose a simple
alternative to the standard parametric comparison of models and the data: a plot of the
joint distributions of consumption, income and wealth, and their conditional mean and
variance functions. The aim of this exercise is two-fold: first, it shows how, despite simi-
lar performance when judged on the basis of common second-order moments, the models’
joint distributions not only differ between each other, but also exhibit strongly counter-
factual features when compared to the data. And second, the non-parametric analysis
of the distributions is a useful heuristic to identify those moments where the discrepancy
between models or with the data is largest. This prepares the estimation of more general

models with measurement error in the following section.

[Figures 1 and 2 about here.|

Figure 1 presents histograms of the joint consumption-income distributions in the
limited commitment model (top panel) and the self-insurance economy (central panel),
together with a bivariate kernel density estimate of the distribution in CEX data (bot-
tom panel), using an optimal bandwith (Botev et al 2008).1* Bigger circles correspond
to higher mass at a particular point in consumption-income space. The top panel of fig-

ure 1 shows how, in the limited commitment model, consumption rises on average with

14 As before, I partial out from both series the effect of a vector of observable individual characteristics,

to control for ex-ante differences or predictable changes in life-time wealth.
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current income, but is highly heteroscedastic. In particular, the conditional variance of
consumption declines as we move to higher income values, where the theory showed in-
dividuals to be more likely to have binding participation constraints. Interestingly, the
self-insurance economy (central panel) also features some decline in the conditional vari-
ance of consumption, although less pronounced than the limited commitment economy.
The estimate of the joint distribution of consumption and income in the bottom panel is
roughly homoscedastic, with a mean of consumption that increases in income.

Figure 2 shows the corresponding mean and variance functions (top and bottom panels
respectively), across 5 income bins of equal mass or frequency.’®> The figure can be inter-
preted as a decomposition of the cross-sectional consumption variance into the variation
in means between income groups and variation within groups. The top panel shows how
in CEX data, after controlling for education, age, etc., consumption of individuals in the
highest income quintile is on average about 50 percent higher than that in the bottom
quintile, with increases that are roughly linear across the income distribution. The lim-
ited commitment model replicates these conditional means of the data well, while the
self-insurance model overstates the rise across the income distribution by 35 pp. As the
bottom panel shows, the small relative variance of consumption in the limited commit-
ment economy (shown in table 1) results from counterfactually low within-group variation:
conditional standard deviations are less than a third of those in CEX data. Conditional
standard deviations in the self-insurance model are on average three quarters of those in
the data, so the high relative variance of consumption levels in the model results from
the counterfactually strong variation in means across income groups depicted in the top
panel. In line with the evidence in figure 1, CEX data exhibit roughly homoscedastic
conditional variances, while both models show a decline across the income distribution
whose relative magnitude, however, is stronger in the limited commitment model.
Figures 1 and 2, based on consumption and income levels, do not control for unobserved
fixed effects over and above those included in the first-stage regression. These unobserved
effects, however, leave the joint distribution of growth rates unaffected. Moreover, the
theory section provided strong predictions on the behaviour of consumption growth es-
pecially under limited commitment to contracts, where unconstrained agents experience
common downward drift in consumption, while consumption jumps upward for individu-

als with binding participation constraints. Figure 3 therefore shows the joint distribution

15Note how the figure shows that the marginal distribution of income in the models, whose calibration

target is the cross-sectional variance, is similar, but not identical to that in the data.
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of consumption and income growth in the models and the data. Most striking is the asym-
metry in the limited commitment model (top panel). There, income declines of different
magnitude are associated with the same fall in consumption, while positive income growth
implies a variety of consumption responses, including infrequent large jumps, leading to
strong positive skewness in the marginal distribution of consumption growth. Figure 4
presents the corresponding means and standard deviations of consumption growth across
the income distribution, divided into 5 bins of equal mass or frequency.'® Again, the figure
can be interpreted as a decomposition of the consumption growth variance into within
group-dispersion and the variation in means across groups, whose average slope is equal
to the regression coefficient b in table 1.

The self-insurance model replicates the positive association of consumption and income
growth in the data well, with conditional means that lie within, or very close to, the
two-standard-error bands. The limited commitment model does significantly worse: the
moderate average association between income and consumption growth of 5% in the lim-
ited commitment model masks a strong difference between a zero response to income
declines, and a stronger average response to income increases.'” The bottom panel of fig-
ure 4 reveals a second striking feature of the joint distributions in the calibrated models:
the conditional standard deviation of consumption growth, or “turbulence” in consump-
tion, is an order of magnitude smaller than in the data for both models. And again,
the limited commitment model has strongly heteroscedastic conditional dispersions: since
consumption declines are of the same magnitude for all agents, the standard deviation is
zero for negative values of income growth while consumption increases are more widely
dispersed. Both in the data and the self-insurance model conditional standard deviations

are much more homoscedastic.
[Figures 3 and 4 about here.]
This section has shown how, despite similar performance when judged on the basis of

commonly used measures of insurance, self-insurance and limited commitment to contracts

imply very different joint distributions of consumption and income. Particularly, due

16 As can be seen, the discretised income process, calibrated to have equal cross-sectional variance in
levels as the data, implies a slightly different cross-sectional distributions of income growth, relative to

the data.
17This non-linear response to income rises and declines has been pointed out previuosly in a parametric

context by Krueger and Perri (2005).
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to its asymmetric insurance mechanism, the limited commitment model implies strong
positive skewness of consumption growth, a strongly non-linear response of consumption to
income growth, and important heteroscedasticity of conditional distributions. Moreover,
both models predict conditional variances of consumption growth that are an order of

magnitude smaller than in the data.

4.3.3 The distribution of wealth and income

Figure 5 and 6 perform an exercise similar to that in the previous section for the joint
distribution of wealth and income, using the net worth variable of the 2004 wave of the
Survey of Consumer Finances (SCF).!8

Figure 5 shows how the self-insurance economy generates a stronger dispersion of wealth,
and higher wealth levels for some agents, than the limited commitment economy, as
already pointed out by Cordoba (2008). More striking, however, are the slopes of the
conditional mean and variance functions in figure 6, where the limited commitment model
shows a counterfactual negative relationship of mean wealth with income, and a strong
decline in conditional variances. This is because in that model, a positive income shock
implies a rise in financial liabilities in the forms of higher (expected) payments into the
insurance scheme. This implies that individuals with highest income have minimum
wealth.!® Negative income shocks, on the other hand, give rise to insurance claims and
thus increase wealth. Since individuals slowly deplete their wealth levels after a negative
income shock, the income poor have a variety of positive wealth levels, including the
highest in the economy. In the self-insurance economy, on the other hand, the bufferstock
nature of wealth leads to a positive relationship between income and wealth levels on
average. But there is large variation around the mean, as individuals slowly build up,
or draw down, their wealth after income changes. Also, the mass of individuals at the
borrowing constraint clearly rises as income falls. Finally, in SCF data, after an initial
decline in the variance, we see both an increase in mean wealth, as well as in its variance,

as income, measured as salaries plus a proportion of business income, rises.

[Figures 5 and 6 about here.]

18 Again, I use residuals from a regression on individual characteristics, and eliminate the top and

bottom percent of observations to control for outliers and top-coding.
9Tn a model with purely transitory shocks, where autarky values are not necessarily monotonous in

income, this only holds approximately, as figure 5 shows.
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4.4 Estimated Models with Measurement Error

Although both self-insurance and limited commitment to complete contracts were shown
to deliver realistic degrees of insurance, the previous section showed how their implied
joint distributions of income, consumption and wealth have contrasting and partly coun-
terfactual features. This section shows how we can use these features, together with
standard estimation techniques, to discriminate between models, and to better identify
their preference parameters, as well as measurement error in consumption. For this, I
concentrate on the joint distribution of consumption and income, and thus abstract from
the distribution of wealth, which we saw has a counterfactual negative association with
income in the limited commitment model. This is because, arguably, the wealth measure
in the SCF does not capture (fully) the present discounted value of future contingent
claims, such as unemployment benefits or disability insurance, that give rise to the nega-
tive correlation between income and wealth under limited commitment. Rather, in order
to further discriminate between the two models, that performed similarly on second mo-
ments, and to assess their ability to explain the data, I focus on those features of their
implied consumption-income distributions that the non-parametric analysis showed to

be either counterfactual, or different between the models. So I include in the paramet-

ric analysis, first, the relative variance of consumption and income growth KZ:((Z;%, that
was counterfactually low in both models and thus suggested the presence of measure-
ment error. Second, I look at moments that capture the asymmetry of the distributions,
more prominent in both models than the data. Specifically, I include the skewness of the
marginal distribution of consumption growth?® skew(dc), and the regression coefficients

bae,dy|dy>0+ Dde,dy|dy<o 10 separate regressions for income increases and income declines

deir = ky +gdc,dy|dy>0dyit +vr + e ifdyy >0 (21)
deir = ky + bac,ay|ay<odyic + ve + € ifdyy <0 (22)

Note that so far, I have assumed that both consumption and income are measured without
error. The high variance of consumption growth in the data relative to that in the models,
however, could be an indicator of important measurement error in consumption. This
is because, first, if consumption levels are measured with error, the error of measured
growth rates will have a higher variance than that of levels unless errors are strongly

serially correlated. Moreover, if consumption is heterogeneous across households but

20T use the skewness of growth, rather than levels, because the borrowing limit in the self-insurance

model has a direct effect on the skewness in levels, but not on that of growth rates.
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smooth between periods, the signal to noise ratio in growth rates will be further reduced
relative to that in levels, potentially explaining the high observed variance of consumption
growth even with modest measurement error in levels. Previous empirical studies have
indeed found evidence of strong measurement error in the CEX consumption measures
and in consumption data more generally.?! This section thus generalises the model by
introducing measurement error in consumption. For this, I make the strong assumption
that income is measured without error. One reason for this is that recall error is likely
to be smaller for income, which often consists of a single, documented monthly flow from
one source, than for consumption, which is the sum of numerous smaller transactions.
Moreover, as I argue in the conclusion, the main argument of this paper is likely to be
strengthened if income is measured with significant error. I thus assume that observed

consumption data c;; contain classical uncorrelated measurement error ju;;>>

mod

Cit = Cy T+ Mt (23)

where c;; is observed log-consumption of individual i at time t, ¢[7°? is the log-consumption

implied by the model and p; is assumed to be an i.i.d. mean-zero random variable with
variance Var,.

According to (23) measured consumption growth equals dc;; = de®d + g — pip—1, im-
plying an error term of €; = i — piz—1. Since €; is uncorrelated with dy;;, measurement
error does not bias the estimates of b in equation (1). But its variance is equal to twice
the variance in levels, potentially explaining the strong empirical variance of consumption

growth relative to those predicted by the models.?® This effect is even stronger for CEX

2lFor example, Runkle (1991) estimates 76 percent of consumption growth in the PSID to be mea-
surement error, while Ahmed et al (2006) find 70 to 80 percent of the cross-sectional variance in the
recall consumption measure of the Canadian Food Expenditure Survey to be due to measurement er-
ror. Finally, Cogley (2002) attributes more than 90 percent of the variation in consumption growth in
the CEX to measurement error, and Aguiar and Bils (2011) find that, after accounting for income and
product-specific measurement error, the increase in CEX consumption inequality since 1980 is similar to
that in income inequality, in contrast to the much lower increase of inequality in measured consumption

documented by Krueger and Perri (2006).
22 Ahmed et al (2006) report a small but significant negative correlation between measurement error

and consumption data from diaries, their proxy for true consumption. While this is prima-facie evidence
against the assumption of classical measurement error, it could also result from measurement error in the
Proxy.

230f course the assumption of classical measurement error is crucial here. In a model with persis-
tent errors, the variance of consumption growth errors is smaller than that in levels for strong enough

persistence.
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data, where it is common to measure consumption levels as annual averages, which further
reduces the variance of measurement error in levels relative to growth rates, which are
based on quarterly data.

Note that the specification of measurement error implies that, for a given variance of

consumption in the model Var(C™"?), its variance Var, can, in principle, be exactly
Var(C)
Var(Y)
table 1. However, since there may be individual-specific effects on consumption levels

identified using only the information on relative variances in levels presented in
that are not captured by our first-stage regression, including information on the relative
variance of consumption growth disciplines this estimate.

For the data and the simple calibrated models presented above, the first four lines of
table 2 report statistics for the four additional moments chosen to capture those features
of the model distributions that were either counterfactual or differed between the mod-

els: the skewness of consumption growth skew(dc), the relative variances of consumption

Var(dc)
Var(dy)

income increases and income declines. CEX data has relative growth variances not too

and the regression coefficients by, by in separate regressions for

and income growth

Table 2
B a KZ:E% 55:8;; skew(de)  Dbae,ylay<o  bde.dyldy>0 %
1 CEX data 0.42 0.50 0.18 0.07 0.06
2 St Error 0.012  0.019 0.120 0.014 0.015
3 LC Calib 0954 1.00 0.21 0.01 3.89 0.00 0.09
4 SICalib 0966 1.00 057 0.05 0.85 0.07 0.11
5 LC Estim 0.967 040  0.29 0.50 0.00 0.00 0.09 0.17
6 SIEstim 0.899 4.00 0.61 0.52 0.02 0.08 0.09 0.08

The table presents moments of CEX data (row 1, with standard errors in row 2), as well as their
counterparts in the calibrated models with limited commitment (“LC”, row 3) and self-insurance (“SI”,
row 4). Rows 5 and 6 show moments from estimated models that choose 8, o and the variance of
classical measurement error Var, to target an equilibrium interest rate R = 1.025 the median wealth to
income ration and the 4 distributional moments. The standard errors for the data statistics are

calculated using a bootstrap procedure with 400 repetitions.

different from those in levels. There is small positive skewness in the consumption growth
distribution, but no significant non-linearities in the regression coefficient of consumption
growth on income growth. In line with the non-parametric evidence in the previous sec-
tion, the simple calibrated insurance models (rows 3 and 4) have much lower consumption
growth dispersion. More strikingly, while the consumption response to income declines

in the self-insurance model is 2/3 that to income increases, in the limited commitment
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model the consumption response does not change across income declines of different size,
implying a 0 coefficient, while that to income rises has a value similar to that under self-
insurance.?* Moreover, skewness, while positive in both models, is an order of magnitude
higher in the limited commitment model relative to both the data and the self-insurance
model.

Rows 5 and 6 of table 2 provide results from a simulated method of moments estimation
of the preference parameters 8 and o, and of the variance of measurement error Var,,
using a diagonally weighted minimum distance estimator and the 5 moments of table 2 as
targets.?® Interestingly, higher estimated risk aversion and a lower discount factor of 0.9
all but eliminate the non-linearity in the consumption response to income shocks in the
self-insurance model. Non-linearities in the limited commitment model, however, remain
unchanged even at very low estimated risk-aversion. Importantly, the estimated measure-
ment error, whose variance is moderate relative to that of model-implied consumption
levels but more important in growth rates, together with the estimated risk-aversion pa-
rameters brings the relative volatility of consumption and income growth in both models
very close to the data. The increase in the variance of measured consumption growth
also increases strongly the denominator of the skewness measure, and thus reduces its
magnitude to close to 0 even in the limited commitment model. To the contrary, the
impact of measurement error on the relative variance of consumption and income levels
is modest. Thus, the limited commitment model continues to underpredict relative con-
sumption dispersion in levels, while the overprediction of the self-insurance model is, with
high risk aversion, little changed relative to the simple calibration even when including
measurement error. The reason for this is, as mentioned above, that the effect of uncorre-
lated measurement error on growth rates, based on quarterly data, is much stronger than
that on levels, measured as averages over four quarters. This also explains why, despite
its strong impact on the variance and skewness of consumption growth, as a percentage

of average annual levels implied by the model, measurement error is relatively small.

24Note how the regression coefficients for the self-insurance economy are an order of magnitude smaller
than in Krueger and Perri (2005), who interpret their large effects as partial evidence against self-
insurance. The smaller values here result from the permanent-plus-transitory structure of income shocks

which strongly increases the average insurance properties of self-insurance.
25To avoid local minima, I estimate the model by solving it on a three-dimensional grid of 0.8 < 8 < 1,

0.4 <o <10 and Var,. I continue to only consider general equilibria where R = 1.025 and the median
wealth to income ratio equals that in SCF data. I then choose those equilibrium parameter combinations
that minimise the sum of squared moment deviations weighted by the inverse of the variance of each data

moment.
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The self-insurance model with measurement error and estimated preference parameters
thus performs significantly better than its calibrated version in replicating the key fea-
tures of the data identified in the non-parametric analysis, although the model continues
to overpredict the relative variance of consumption and income levels. Moreover, while
strong non-linearities are a robust feature under limited commitment, they disappear with
higher estimated risk aversion in the self-insurance model. The evidence on the “shape of
insurance” thus strongly argues in favour of a standard incomplete markets model, rather
than a model where insurance markets are available but suffer from limited enforcement

of contracts.

5 Sensitivity of the results

This section generalises the results presented above to different data sources and different

specifications of the exogenous income process.

5.1 Alternative data sources

The CEX is the most important source of information on household consumption in the
US economy. The PSID is generally considered to have more accurate information on
incomes, but only provides data on food consumption. Recently, in a seminal contribu-
tion, Blundell, Pistaferri and Preston (2008, BPP) have imputed a series of non-durable
consumption for the PSID by using its food expenditure information and a consump-
tion demand function estimated on CEX data. The long time dimension of the resulting
panel allowed them, under some assumptions, to identify the variances of permanent and
transitory income shocks, as well as their impact on current consumption. Importantly,
while they cannot reject perfect insurance against transitory shocks to income, they find
evidence of excess smoothness, with only 2/3 of permanent income shocks translating into

current consumption.

Table 3 compares the benchmark estimates of key moments in CEX data considered
so far, to those that result from different variable definitions and alternative data sources.
The first row of table 3 reports the benchmark results, which were based on a consumption
series that includes a measure of service flows from key durables (“ND+"). Row 3 and 4
compare them to those for non-durables only (“ND”) and food consumption. The differ-

ences between the different consumption measures are small relative to standard errors
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Table 3

Var(C) Var(dc) T T T
Var(Y)  Var(dy) Skew(dc) bdc,dy‘dy<0 bdc,dy‘dy>0 bd&dy

1 CEXND+ 0.418  0.508 0.178 0.074 0.065 0.095
2 St Error 0.012 0.019 0.120 0.014 0.015 0.008
3 CEXND 0.425 0.639 0.067 0.068 0.043 0.085
4 St Error 0.011 0.024 0.112 0.015 0.017 0.008
5 CEXFOOD 0.425 1.105 -0.159 0.078 0.049 0.076
6 St Error 0.011 0.043 0.083 0.019 0.024 0.011
7 CEX GK ND-+ 0.13

8 CEX GK ND 0.11

9 PSIDND 1.065 2.002 -0.089 0.182 0.175 0.182
10 St Error 0.032 0.082 0.193 0.034 0.032 0.017
11 PSIDFOOD 0.806 1.509 0.040 0.117 0.134 0.130
12 St Error 0.020  0.055 0.159 0.024 0.029 0.014

The table shows data moments for CEX consumption data on nondurables plus imputed services
(Krueger and Perri 2006, row 1 with standard errors in row 2), nondurables (rows 3 and 4) and food
consumption (rows 5 and 6). Rows 9 to 13 show the same moments for PSID data on nondurables as

imputed by BPP, and food consumption. Rows 7 and 8 calculate the regression coefficient of
consumption on income growth in CEX data adjusting for the different timing of consumption and
income observations as in Gervais and Klein (2008). The standard errors for the data statistics are

calculated using a bootstrap procedure with 400 repetitions.

for all statistics, apart from the relative variance of consumption growth. Interestingly,
this is highest for food consumption. This is in line with difficulties to recall frequent but
small purchases as an important source of error in the survey.

Rows 4 and 5 report estimates for /Z;dcdyy the regression coefficient of consumption on in-
come changes, using the interpolation procedure by Gervais and Klein (2008) that corrects
for the different timing of the consumption and income observations in the CEX.20 The
quarterly regression coefficients gdcdy based on their method are higher than the annual
coefficients in rows 2 and 4, and similar to their original results despite the different sam-

ple selection. Again, the coefficient for non-durables is slightly smaller than that for a

26Gervais and Klein (2008) first use a GMM procedure to estimate a monthly AR(1) process for income
that fits the information on annual individual income from interviews 2 and 5 of the CEX survey. They
then show how the fitted values from this process can be used to consistently estimate a quarterly version
of the regression coefficient Bdcdy. As in their paper, I use a longer sample for the interpolation, starting
in 1980.
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more comprehensive consumption measure.

Rows 5 and 6 report moments of the joint consumption-income distribution in a sample of
the BPP dataset that, contrary to their paper, also includes households with female heads
and those with changing household composition, to be comparable to the CEX bench-
mark sample. As is known from the original BPP results, the variance of consumption is
higher relative to that of incomes than in CEX data. This is true for consumption levels
but particularly for growth rates of consumption, which are twice as volatile as those of
incomes. While BPP attribute the strong variance of consumption to imputation error in
the new non-durable series, the relative variance of the original food consumption mea-
sure is also about twice as high as in the CEX. And food consumption growth remains
substantially more volatile than income growth. The association between consumption
and income growth is also twice as high in the BPP PSID data, especially for non-durable
consumption. Similar to the evidence from the CEX, however, both the non-linearity and

the skewness are small relative to the standard errors of the statistics.

Table 4 show the calibration and estimation results for the two risk-sharing models
when the income process is estimated on the BPP income measure and the target moments
are calculated on the basis of their measure of non-durable consumption. To understand
the results, the first thing to notice is that, when estimated using PSID income data, the
variances of both persistent (var(m;))and transitory components of income (var(v;)) are
approximately two thirds the size of those estimated from the sample of CEX data. As
the results for the calibrated models in rows 3 and 4 show, this lower estimated variance
of income shocks reduces consumption dispersion in both models, and more than that of
incomes under limited commitment, resulting in a lower value of the relative consumption-
income variance in levels. Again, both models predict a relative dispersion of consumption
growth that is an order of magnitude smaller than that for levels, in contrast to the data.
For an unchanged equilibrium interest rate of 2.5 percent, the remaining moments in
the calibrated self-insurance economy are largely unchanged. The limited commitment
economy has the familiar non-linearity in the relationship of consumption and income
growth. But with less volatile incomes, the response of consumption to income increases
is smaller, and the skewness stronger, than in the benchmark estimation using CEX data.
As table 3 showed, both levels and growth rates of the consumption measures in PSID data
are more volatile relative to incomes than in the CEX, and relative consumption growth
volatility is about twice as high as that of levels for the non-durable series. Moreover,

contrary to the CEX, in the PSID both levels and growth rates are calculated from annual
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observations. So the variance of the error in measured growth rates is only twice that of
the measurement error in annual levels. Taken together, this leads to higher estimates
of measurement error in levels relative to the benchmark case. Particularly, as row 5 of
table 4 shows, in the limited commitment model measurement error is estimated to have a
variance almost four times higher than model-implied consumption in levels. This brings
all measured statistics close to the data, apart from the regression coefficients gdc,dy|dy<0
and 3dc,dy|dy>07 which are unaffected by measurement error, and unchanged despite a risk-
aversion coefficient estimated to be somewhat below 1. So again, the non-linearity in the
conditional distributions is a crucial statistic to evaluate the limited commitment model.
In the self-insurance model, on the other hand, the estimated variance of measurement
error in consumption is similar to that of consumption predicted by the model, and leads
to measured relative variances that are about 20 percent too high in levels and 5 percent
too low in growth rates. As in the limited commitment model, this reduces measured
skewness to 0. Again, higher estimated risk-aversion of 4.75 all but eliminates the non-
linearity in the self-insurance model, although the b coefficients are estimated at only
about half the value as in the data.

In summary, with higher relative variances of consumption and stronger consumption-
income comovements, the moments from alternative data sources are generally closer to
those that arise from simple self-insurance than the benchmark results based on CEX data.
This reinforces the conclusion that, overall, the evidence provided in this study strongly

favours the self-insurance model relative to one with limited commitment to contracts.

Table 4
p g KZ:E% \‘;Z:Efll;% skew(dc) 3dc,dy|dy<0 6dc,dy|dy>0 %
1 PSID data 1.07 2.02 -0.09 0.18 0.18
2 St Error 0.032 0.082 0.193 0.034 0.032
3 LCCalib 0.963 1.00 0.19 0.01 4.63 0.00 0.07
4 SI Calib 0.968 1.00 0.57 0.05 0.81 0.07 0.11
5 LC Estim 0.967 0.67 1.01 2.25 0.00 0.00 0.07 3.94
6 SI Estim  0.906 4.75 1.24 1.89 0.00 0.08 0.09 1.21

The table presents moments of PSID data (row 1), in the calibrated models (rows 2 and 3) with limited
commitment (“LC”) and self-insurance (“SI"”) as well as estimated versions that choose §, o and Var,
to target an equilibrium interest rate R = 1.025 the median wealth to income ration and the 4
distributional moments (rows 4 and 5). The standard errors for the data statistics are calculated using

a bootstrap procedure with 400 repetitions.
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5.2 Alternative Income Processes

Table 5
p o penS  venad skew(de) bacaylay<o  bacaylayso  poeten
1 CEX data 042  0.50 0.18 0.07 0.06
2 St Error 0012  0.019  0.120 0.014 0.015
3 LC Estim 0.960 0.47 0.27 0.55 0.00 0.00 0.17 0.19
4 SIEstim 0871 425 053 057 0.02 0.13 0.20 0.09
5 PSID data .07 2.02 -0.09 0.18 0.18
6 St Error 0.032 0.082 0.193 0.034 0.032
7 LC Estim 0.971 0.40 0.98 2.53 0.00 0.01 0.08 5.86
8 SI Estim  0.918 3.75 1.09 1.86 0.00 0.12 0.18 1.31

The table presents moments of CEX data (row 1, with standard errors in row 2) and PSID data (row 5,
with standard errors in row 6), and in models that are estimated to meet the data moments with
limited commitment (“LC”, row 3 and 5) and self-insurance (“SI”, row 4 and 6) for a lower persistence

of the income process equal to p = 0.9, as opposed to the benchmark value of p = 0.9989.

Previous studies have found the performance of risk-sharing models to depend on the
specification of the income process, in particular the persistence parameter p. Table 5
presents the results when the models are estimated on both CEX data (rows 1 to 4) and
PSID data (rows 5 to 8) with a reduced value of income persistence equal to p = 0.9. To
understand how this changes the results in the self-insurance model, it is worth pointing
out how the relative importance of persistent and transitory shocks changes with p for an
unchanged variance-covariance of income observed in data. Particular, for a given level of
persistence and autocovariance, the variance of shocks to the persistent component equals

2 1=p?

o’ = a cov(xy, y_1) (24)
p

So the variance of persistent shocks is decreasing in p, while that of transitory shocks o2
is increasing in p. Moreover, for high levels of p, income growth is, approximately, simply
the sum of persistent and transitory shocks. In other words, conditional on unchanged
variance and covariance of x;, the contribution of persistent shocks to income growth falls
as p rises. This implies, somewhat counterintuitively, that the response of consumption
growth to income changes increases as income becomes less persistent. This effect can
be seen very clearly in rows 4 and 8 in table 5. The main difference with respect to
earlier results is that, in the self-insurance model with lower persistence, consumption

responses to income changes are larger and more non-linear: the response of consumption
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growth to income increases is now more than 50% larger than that to income falls in
both estimations. The higher average value of the b coefficients is further away from CEX
data, but significantly closer to the values found in the PSID. Cross-sectional dispersion is
smaller when incomes are less persistent, despite slightly greater estimated measurement
error, in line with the intuition from permanent income models. The relative variance
of consumption nonetheless still exceeds that observed in CEX data, where measurement
error is therefore again estimated to be small. As before, with measurement errror of a
similar magnitude as that of model-implied consumption levels, the model fits the relative
variances in PSID data extremely well.

In the limited commitment model, lower persistence reduces the attractiveness of autarky
for high-income individuals who expect their high income to last less long. This makes par-
ticipation constraints less binding, and thus leads to an increase in insurance in calibrated
models. In the results of table 5, this is offset through a rise in estimated measurement
error (whose variance is now almost 6 times that of model-implied consumption in row 5)
and a fall in risk aversion for the estimation on PSID data (where the estimate for o is
now on the lower bound of the parameter space). The counterfactual non-linearities of the
limited commitment model, however, are even stronger at lower persistence, particularly
in the model estimated on CEX data.

6 Conclusion

This article has shown how the joint distribution of consumption, income and wealth
contains important information about consumption-smoothing models beyond its second-
moment properties. Particular, I have analysed two standard models where limited risk-
sharing results either from exogenous incompleteness of financial markets, or from the
inability of households to commit to insurance contracts. Both models replicate similarly
well, although not perfectly, standard insurance measures in US micro-data, namely the
relative variances of consumption and income or the average comovement of their growth
rates. Nevertheless, their joint distributions are strongly counterfactual. Specifically,
both models exhibit counterfactually low variances of consumption growth and asym-
metries not present in the data, such as declining conditional variances of consumption
along the income distribution, positive skewness of consumption growth, and stronger
responses to income rises than to income falls. Estimation of the models via a simulated

method of moment procedure shows how measurement error in consumption improves the
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performance of both models in terms of relative variances of consumption and the skew-
ness of its growth rate. Moreover, the asymmetry all but vanishes in the self-insurance
model at higher estimated risk-aversion. The same is not true for the limited commitment
model, where the relationship between consumption and income growth remains highly
non-linear even at low estimated risk-aversion. The “shape of insurance” thus contains
important information to discriminate between models of consumption risk-sharing. Par-
ticularly, although the self-insurance model continues to predict cross-sectional variances
of consumption that are somewhat higher than in CEX data, its overall performance is
better than that of its limited commitment counterpart, although both models perform
worse when incomes are less persistent. The comparison with BPP’s PSID dataset, where
consumption is more volatile than in the CEX and its association with income movements
is stronger, reinforces this conclusion.

Future research should generalise these results in at least two directions: first, a simi-
lar “non-parametric-to-parametric” approach should be applied to alternative models of
consumption-smoothing. For example, it would be interesting to perform a similar analy-
sis for the Attanasio and Pavoni (2007) model, where imperfect risk-sharing arises due to
information, rather than contracting, frictions. Second, we need further documentation
of the relative structure of different datasources on consumption and income in the US.
Particularly, there seem to be important differences between key moments in the two main
datasources, CEX and PSID, that call for further analysis. In this context, it would also
be interesting to include measurement error in income in the estimation. To the extent
that measurement error in income decreases the observed relative variance of consump-
tion and attenuates estimates of E, it should, if anything, reinforce the conclusion that the
self-insurance model does well in replicating key features of US micro-data, by bringing
its degree of insurance closer to that observed in the data. But a more systematic study

of this issue would be very useful.
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8 Appendix: Sample and Data Description

8.1 Sample selection

CEX: As in Krueger and Perri (2006, hf. KP), I use a sample of complete income respondents
between 20 and 65 years of age, and exclude: rural households, households with only food
consumption, average hourly earnings or the household head below half the minimum, with no
labour income or less then 1 week worked in either year before the income observation, with no
hours worked but positive earnings for either spouse or the household head, with non-positive
food consumption or only food consumption.

PSID: BPP consider only continuously married households with a male head aged between 30
and 65, and neglect the PSID’s SEO low-income sample. Using their original dataset, I also

include households with heads aged 25 to 29, female heads, and those not continuously married.

8.2 Comparison of sample sizes and data definitions

Table A1l: Data comparison

Dataset Year Sample size Frequency Def: Y Def: C

CEX KP 06 1999 - 2004 10827 HH quarterly LEA+ ND,ND+
PSID BPP 08 1980 - 1992 2329 HH (20484 obs) annual LEA+ Food, NDBPP

LEA+: Wages and salary plus a fraction (0.864) of self-employment income plus transfers minus taxes
deflated by annual CPI (see KP). LEA: Sum of labor income and transfers, such as welfare payments,
minus taxes paid (BPP p. 1894).

ND: Expenditure on nondurables, services, and small durables (such as household equipment), deflated
by category-specific CPI indices (see KP, p. 165). ND+: Expenditure on all items plus rental equivalent
of housing and quarterly service flow from vehicles (1/32 times the purchase price calculated in line with
Cutler and Katz (1991), deflated by category-specific CPI indices (see KP p. 165).

Food: Sum of expenditure on food at home and away from home. NDBPP: Sum of expenditure on
food, alcohol, tobacco, other nondurables (services, heating fuel, public and private transport including

gasoline), personal care, and semidurables (clothing and footwear) (see BPP p. 1893).

9 Figures
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The figure shows histogrammes of the joint distributions of (the logarithms of) consumption

and income in the limited commitment economy and a simple Aiyagari economy, together with

a kernel density estimate of the empirical distribution in CEX data. The size of dots is

proportional to the frequency mass at the corresponding point. The kernel density is estimated

using an optimal bandwith (Botev et al 2008), and is based on residuals from a first-stage

regression of the variables on observable individual characteristics as described in the main

text.
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Figure 2: Conditional mean and variance function of consumption levels
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lines), the self-insurance economy (dotted lines) and CEX data (dashed lines). The standard

errors for the data statistics are calculated using a bootstrap procedure with 400 repetitions.
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Figure 3: Joint distribution of consumption and income growth
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The figure shows histogrammes of the joint distributions of consumption and income growth in
the limited commitment economy and a simple Aiyagari economy, together with a kernel
density estimate of the empirical distribution in CEX data. The size of dots is proportional to
the frequency mass at that point. The kernel density estimate of the empirical distribution

uses an optimal bandwith (Botev et al 2008), and is based on differences in the raw data.
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Figure 4: Conditional mean and variance function of consumption growth
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For every decile of the income growth distribution, the figure shows the mean (top panel) and
standard devations (bottom panel) of consumption growth from the limited commitment
model (solid lines), the self-insurance economy (dotted lines) and CEX data (dashed lines).
The standard errors for the data statistics are calculated using a bootstrap procedure with 400

repetitions.
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Figure 5: Joint distribution of wealth and income
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The figure shows histogramm estimates of the joint distributions of (the levels of) wealth and
income in the limited commitment and self-insurance economies, together with a kernel density
estimate of the empirical distribution in SCF data. The size of dots is proportional to the
frequency mass at that point. The kernel density is estimated using an optimal bandwith
(Botev et al 2008), and is based on residuals from a first-stage regression of the variables on

observable individual characteristics as described in the main text.
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Figure 6: Conditional mean and variance function of wealth
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For every decile of the income distribution, the top panel shows the mean and standard
deviation of net worth in SCF data. The mean and standard deviation from the limited
commitment model (solid lines) and the self-insurance economy (dotted lines) are depicted in
the central and bottom panels, respectively. Both income and wealth distributions are
demeaned before plotting. The figure shows no standard errors for the data statistics because
of the highly variant sampling probabilities in the SCF that preclude a simple bootstrap

procedure.
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