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Abstract

In U.S. micro data, consumption smoothing is cyclical: consumption reacts more
to idiosyncratic income changes in booms. This matters for average costs of
business cycles and aggregate fluctuations in consumption demand. In stan-
dard models of self-insurance, where individuals borrow and save to smooth
income fluctuations, consumption smoothing is strong when a temporarily low
average wage level or low interest rates make current shocks less important for
permanent income, and when high savings rates relax future borrowing con-
straints of low-wealth households. When studying these determinants in the
general equilibrium of a standard business-cycle model with incomplete mar-
kets and idiosyncratic risk, procyclical wealth accumulation makes consumption
smoothing substantially more effective in booms. To solve this "countercyclical
consumption smoothing puzzle", we explore alternative market structures, in-
come processes and misperception of idiosyncratic risk. Procyclical bias in the
perceived persistence of idiosyncratic shocks can help solve the puzzle.
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1 Introduction

The degree to which households can smooth consumption in the face of unexpected
shocks is an important determinant of their average well-being. This paper studies
how fluctuations in aggregate economic activity affect this ability of households to
insulate consumption from idiosyncratic shocks. We think this is interesting for at
least two reasons: first, fluctuations in the degree of consumption smoothing, and
their comovement with aggregate economic conditions, may inform us about the eco-
nomic frictions that make risk sharing imperfect in many economic contexts. Such
information is useful because the effect of policies aimed at reducing consumption
volatility depends on those frictions. Second, business cycles have additional wel-
fare costs when they decrease the degree of risk sharing, or consumption smoothing,

on average or make it more variable over time.

Motivated by these considerations, our paper makes three contributions: first, we
show that according to U.S. micro data from both the Consumer Expenditure Sur-
vey (CEX) and the Panel Study of Income Dynamics (PSID), household consump-
tion reacts more strongly to individual income changes in booms. In other words,
the sensitivity of individual consumption to income changes is procyclical, making
consumption insurance, defined as the degree to which individual consumption is

less volatile than individual disposable income, countercyclical on average.

Second, we show how in standard economies with (exogenously) incomplete mar-
kets, households can more effectively smooth idiosyncratic shocks in periods of low
average wages or interest rates (when the role of current idiosyncratic shocks for
permanent income is small); and when previously high incomes have raised average
wealth levels through increased savings (which makes borrowing constraints less
likely to bind in the future, and thus flattens the consumption policy function). In
the general-equilibrium of a standard self-insurance (SI) economy with incomplete
markets and idiosyncratic risk, it is precisely this procyclical wealth accumulation

that makes consumption smoothing substantially more effective in booms.



Our third contribution is to explore potential solutions to this "countercyclical con-

sumption insurance puzzle", by relaxing the assumptions of the standard model.

Because our benchmark model abstracts from cyclical fluctuations in earnings risk
other than cyclical employment transitions, we first investigate whether counter-
cyclical income risk as in Storesletten et al. (2004) can help explain the puzzle. In
particular, they find shocks to the persistent component of individual earnings to be
more volatile in recessions. This, however, makes income shocks on average more
persistent in recessions, and thus aggravates the puzzle by making consumption

smoothing even more procyclical.

This strong role of income persistence for consumption smoothing, and previous
evidence that households misperceive their individual income risk, motivates us
to study an extension of the SI economy that relaxes rational expectations. Specifi-
cally, we build on Balleer et al. (2023), who find that U.S. workers are overoptimistic
about their labor-market prospects on average, and that this optimism is signifi-
cantly larger in times of low unemployment. This motivates us to study a version of
the benchmark economy with negative and countercyclical bias in perceived sepa-
ration probabilities. This suggests that in booms, income shocks are perceived to be
more persistent, which increases their effect on consumption. We show that, when
strong enough, such misperception of idiosyncratic risk indeed makes consumption

smoothing countercyclical, as observed in the data.

Finally, we explore a more fundamental alternative to the SI environment, where
restrictions to asset trade are not exogenous, but endogenous, and therefore po-
tentially cyclical. In particular, we consider financial frictions that arise when
households have access to a complet set of state-contingent insurance contracts,
but cannot commit to honoring contractual payments. We first show a separation
result for this "LC" environment similar to Werning (2015)’s for incomplete-markets
economies (but not limited to deterministic aggregate fluctuations): with relative
risk aversion equal to 1 (log-preferences) and idiosyncratic risk that is independent

of aggregate conditions, individual consumption shares are independent of the his-



tory of aggregate shocks in the LC economy, and equal to those in the stationary
environment without aggregate fluctuations. So consumption insurance is acycli-
cal. Using a new solution method based on the near-analytical solution to the sta-
tionary LC economy (Krueger and Perri, 2011, Broer, 2013), we show that with risk
aversion greater than 1 and fluctuations in idiosyncratic income risk that capture
key features of unemployment risk in U.S. micro-data, consumption smoothing is

even more countercyclical than in our benchmark SI economy.

Relation to the literature

Our analysis links two literatures that have so far remained largely separate. First,
the extensive theoretical and empirical literature on consumption risk sharing, sur-
veyed e.g. in Attanasio and Weber (2010), has largely abstracted from cyclical fluc-
tuations, concentrating on the average degree of consumption risk sharing or its
trend (Krueger and Perri, 2006, Blundell et al., 2008), and on stationary, or deter-
ministic, model environments. We contribute to this literature in two ways: empir-
ically we document substantial and significant comovement between cyclical com-
ponents of aggregate GDP or aggregate disposable household income and standard
indicators of consumption risk sharing in US data. Theoretically, we characterise
the cyclical determinants of the degree of consumption smoothing in standard SI
economies. And we extend the stationary LC environment where insurance is lim-
ited by the risk of default, studied in Krueger and Uhlig (2006), Krueger and Perri
(2011), Krueger and Perri (2006), Broer (2013), or Bold and Broer (2021) to in-
clude aggregate stochastic fluctuations and characterize it both quantitatively and
analytically. This extension is related to, but substantially pre-dates, Ando et al.
(2023), who provide an analytical characterisation of a much more general LC model
with capital accumulation under the (more stringent) assumption that one of two

idiosyncratic income states equals zero.!

1See Lepetyuk and Stoltenberg (2013) for an environment with limited commitment and one-
time uncertainty about a future aggregate state where transfers are constrained to only depend
on current income, in contrast to our setting with aggregate risk where transfers to unconstrained
agents have (potentially long) history dependence. Chien and Lustig (2009) study a related setting
with aggregate fluctuations and financial portfolio constraints.



Our results link this literature on risk sharing to that on aggregate economic fluc-
tuations in economies with heterogeneous agents, which has concentrated mainly
on exogenously incomplete markets Bewley (1977), Imrohoroglu (1989), Aiyagari
(1994), Huggett (1997), Krusell and Smith (1998a), and on the relationship between
inequality and aggregate economic performance including the effect of policies?.
The effect of aggregate conditions on the ability of consumers to protect their con-
sumption from income fluctuations has received less attention.? Relative to this
literature, recently surveyed in Krueger et al. (2016), we make three contributions:
first, we study the implications of aggregate shocks and cyclical income processes
not for the marginal cross-sectional distribution of consumption or wealth, but for
standard measures of consumption insurance related to the joint distribution of con-
sumption and income growth. Second, we explore the role of misperceived income
risk in a standard, quantitative SI economy. And third, we study, analytically and
quantitatively, an alternative market structure of complete markets with partici-
pation constraints (as in Alvarez and Jermann (2000) or Kehoe and Levine (1993)).
Overall, our study is similar to Krueger and Perri (2005), but focusing on the role

of aggregate fluctuations in activity and prices for key moments of risk sharing.

Previous studies of cyclical movements in consumption inequality studied the dy-
namics of the cross-sectional distribution of consumption over the cycle (De Giorgi
and Gambetti, 2017), or in response to monetary policy shocks (Coibion et al., 2017),
but not the joint distribution of individual consumption and income. A recent liter-
ature has documented the cyclicality of income risk including its higher moments,
and how it affects consumption smoothing (see Busch and Ludwig (2020) and the
references therein). While Storesletten et al. (2004) found income risk to be coun-
tercyclical in US survey data, our evidence from CEX data is in line with Guvenen

et al. (2014) who document acyclical variance (but procylical skewness) of income

2See Kaplan and Violante (2018) for a survey of the recent literature on heterogeneous-agent new
keynesian (HANK) models. This literature has shown how the heterogeneity in marginal propensi-
ties to consume implied by idiosyncratic risk and incomplete markets changes the transmission of
shocks, and particularly the effect of policies that have distributional implications.

3An exception to this is a recent paper by Acharya and Dogra (2018), who derive a closed form
expression for consumption as a function of asset holdings, individual income, and aggregate condi-
tions in an endowment economy without aggregate risk under the assumption of exponential utility.



changes in US administrative income data. While we do consider the role of cyclical
income risk for the cyclical nature of consumption insurance, we mainly view our
analysis as complementary to this literature, as we highlight the cyclical nature of

consumption insurance for any given income process.

Section 2 shows that cyclical consumption smoothing changes average measures
of inequality, the welfare costs of business cycles, and the dynamics of aggregate
demand. presents our empirical findings based on U.S. CEX and PSID data. Sec-
tion 3 discusses the effect of aggregate fluctuations on consumption smoothing in
a cyclical version of the standard income fluctuations problem. Section 4 studies a
quantitative general equilibrium model with both aggregate and idiosyncratic risk
and exogenously incomplete markets. Section 6 presents extensions to cyclical and
misperceived idiosyncratic risk. Section 6 discusses the LC economy with endoge-

nous financial frictions. Section 7 concludes.

2 Cyclical insurance: Why should we care?

Relative to a benchmark of complete insurance, dispersion and volatility in the con-
sumption of individual households reduces average welfare. The desirability of pub-
lic insurance and redistributional policies crucially depends on a quantification of
this welfare cost, and on the frictions that cause limited insurance and determine
the effectiveness of policies in reducing consumption heterogeneity. In addition,
consumption heterogeneity may affect the level and dynamics of asset prices and
aggregate demand through, potentially time-varying, precautionary savings and
financial frictions. The rest of this section briefly illustrates this in a simple, illus-

trative setting.

Consider an economy in discrete time ¢t = 1,2, ... with a continuum of households and
aggregate output of a single consumption good Y;, where a reduced-form partial-
insurance function links individual consumption and income shares: ¢ = 6,3, for
T = 3. So only a time-varying fraction $; of idiosyncratic shocks to log-income
shares are passed through to log-consumption. Assume that log(7;) and log(Y;) are
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i.i.d. normally distributed as N (0, V,) and N(In(Y'), Vy ), respectively, and denote the

(for simplicity constant) mean and variance of j3; as, respectively 3 and Vars.

Cyclical insurance raises consumption inequality and reduces welfare

Because most inequality measures and typical utility functions are concave, time-
fluctuations in consumption caused by cyclical insurance raise inequality and lower
welfare on average. For example, the difference in the variance of log consumption

between this simple setting and an alternative where /3, = (3, V¢, equals

AVar(log(c)) = E|s?Var,] — BZVary = VargVar, >0 (1)

Following Lucas (1987), with constant risk aversion equal to o, the cost of cycli-
cal fluctuations, including in consumption insurance, expressed as a difference in

permanent consumption equals

Alné ~ %o—vy 14 Guy (Vs — (0 — 1)Cou(B, V) @)

V., B2 . . T . . .
where ¢, = {’/5 is the variance of (idiosyncratic) consumption shares relative to

that of aggregate consumption / income.

The utility cost of cyclical fluctuations in aggregate income is thus approximately
equal to oV4, as in Lucas (1987). With cyclical consumption smoothing there are
additional welfare losses from cyclical fluctuations in ; proportional to the relative
variance “//—i Because the variance of individual incomes V, is one to two orders
of magnitude larger than that of aggregate income Vy, the loss from variations in

consumption insurance may easily dominate that of aggregate income movements.*

4The standard deviation of the log-difference in family disposable post-tax income in data from
the US consumer expenditure survey (CEX) is, after accounting for time-fixed effects, 50 percent
(compared to 65 percent for family earnings). The standard deviation of log-differences in aggregate
US disposable household incomes (when log-differences are calculated as the same year-on-year
overlapping averages as in the CEX, see the data section for details), is 1.2 percent. The variance of
3, measured using a yearly regression of total consumption growth on income growth, is 6.4 percent
for disposable income (4.0 percent for family earnings). This implies a ratio % of about 110 for both
measures of individual incomes. While measurement error in individual incomes inflates this ratio,
it attenuates estimates of 5, whose mean and variance are around 10 and 6 percent, respectively, in
US CEX data.



An additional welfare loss arises whenever consumption insurance is low in booms
(Cov(B,Y) < 0): because of declining marginal utility, the cost of any consumption
fluctuations from limited insurance increases during times of low average output

and consumption.

Note that the welfare loss (2) abstracts from a potentially important additional
source of welfare costs of business cycles that arises whenever cycles reduce the
average degree of consumption insurance, which is constant and equal to /3 in our

illustrative environment.

Cyclical insurance changes the path of aggregate demand

Within the illustrative environment of this section, consider a simple equilibrium
where, in addition to the reduced-form insurance, households can smooth consump-
tion by trading a bond in zero net supply and subject to a zero-borrowing limit, as
in Werning (2015). The Euler equation for individual bond holdings then defines
the interest rate R, as

9t+1?3€t+11 - Vi) 7
¢ Qtyiﬁtt }/;5

where the maximum is taken across all individuals i and we follow Werning (2015)

by imposing the equilibrium condition C; = Y.

When the process for income shares 7, is independent of Y;, Werning (2015)’s “as if”

result holds: the equilibrium is the same as that with a representative agent whose

discount factor equals E[5,], where 6;; = & (%) U, and E,[;] is increasing
in 3,,,°. In particular, the elasticity of curren;: consumption to (policy-induced)
changes in future consumption or the interest rate is unchanged by limited risk
sharing. Correlation between [, and aggregate output Y; breaks this as if result in
the same way as correlation between income risk and aggregate output in Werning

(2015). In particular, whenever j; is a decreasing function of Y; at given interest

5To see this, note that E;[;] = 7 (BEi1 (140) =B Vy o Beln (§ic)



rate R;, such that consumption insurance is procyclical, time-varying fluctuations
in consumption insurance amplify the response of current aggregate consumption
to changes in future consumption. In other words, procyclical consumption insur-
ance amplifies aggregate demand fluctuations as rising future Y; reduces current
precautionary savings. Mutatis mutandis, counteryclical insurance dampens ag-

gregate fluctuations.

3 Evidence from US Micro Data

This section presents evidence that consumption insurance, as measured by the
comovement of individual consumption and income, is weaker during times when
aggregate income is above its trend level. The ideal data for studying consumption
insurance over the cycle would have high-frequency information on consumption
expenditure and its determinants such as asset portfolios and returns, earnings
and income shocks, as well as non-financial transfers, of a sample of households
through time. Existing data sets, in contrast, contain information at medium fre-
quency (lower than the frequency of typical income shocks), on subsets of household
consumption, have little or no information on exogenous shocks, no or irregular in-
formation on wealth, and follow households over short periods. We therefore focus
mostly on a particularly simple reduced-form measure of the sensitivity of individ-
ual household consumption to individual income changes, namely the slope of the
conditional mean of consumption growth as a function of income growth, equal to

the coefficient 5 in the following regression
Ac, = a+ Ay +¢& 4)

where Ac; and Ay; denote the log-difference of individual consumption and income,
respectively, « is a constant, and ¢; is an error term. Although not a structural pa-
rameter per se, we use the coefficient 5 that characterises the pass-through from
income to consumption changes as a simple, and classical, measure of consump-
tion smoothing (see Gervais and Klein (2010)’s discussion of the literature) that

we compare to the same moments in models of consumption insurance, or to indi-
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rectly infer model parameters. Importantly, any measurement error in consumption
leaves the regression coefficient unaffected, while error in measured incomes atten-
uates it. In addition to 3, we also look at the cyclical behavior of a simple measure
of consumption risk, namely the cross-sectional standard deviation of consumption
growth STD(Ac). As we argued in the introduction, it is the cyclicality of STD(Ac)
that may strongly affect the cost of business cycles. Although measurement error
in consumption strongly affects the level of STD(Ac), it does not affect its cyclical

behavior as long as the error is not in itself cyclical.

As measures of the business cycle we consider deviations from a log-linear trend of
three aggregate output or income measures: real GDP, real household disposable
income from the National Income and Product Accounts (NIPA), and the mean of the
income measures in the surveys we study. We define as booms, or good times, those
of above-trend aggregate activity, and as busts, or bad times, those with activity

below trend.®

3.1 Evidence from CEX data

We first consider evidence from the US Consumer Expenditure Survey (CEX), the
standard source of consumption information in the US. The CEX is a four-quarter
rotating panel with detailed information about quarterly household consumption
expenditures. The survey only collects information about annual household labor
earnings and disposable income in the first and fourth survey round. Moreover, the
gap between aggregate CEX consumption and that in the U.S. National Income and
Product Accounts has widened over time, which has been interpreted as a decline
in the quality of CEX consumption data.” Together, these facts point to substan-

tial noise in CEX data on the joint income-consumption distribution. We never-

6We prefer this definition to the natural alternative of using recessions as determined by the
NBER Business Cycle Dating Committee. Apart from the fact that our CEX sample period only
comprises three such recessions, our definition is more in line with our model predictions, relating
to times of below-trend activity, while NBER recessions aim to identify the period between peak and
trough of the cycle, and thus periods of declining activity.

"For a discussion, see Davis (2003), and Battistin (2003) who argues that in particular the quality
of CEX interview survey data on frequently purchased small items has declined.
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theless choose the CEX as our prefered source of information because of its high
frequency, and its broad coverage of consumption items.? We interpret our results
below bearing in mind the issue of measurement error and the somewhat odd tim-
ing of measurements and income in the CEX that may further attenuate measured
consumption-income comovement, and discuss the extent to which it may influence
our measurement of the comovement between consumption smoothing and the busi-

ness cycle.

Since we are interested in private smoothing, or risk sharing, of overall consumption
conditional on public insurance through taxes and transfers, our benchmark results
focus on the joint distribution of the growth rates of the CEX definition of family dis-
posable income, on the one hand, and a broad nondurable consumption aggregate
(including rental payments and imputed rental services for house owners), denoted
ND+, on the other. We also consider alternative measures for income (family earn-
ings) and consumption (nondurable consumption excluding rental payments, ND).
Our CEX sample starts in 1983 and ends in 2012. We focus on households whose
head is of working age (between 21 and 64 years of age), and who are labeled as com-
plete income respondents, and whose income is not top-coded.® Appendix I contains

details about data construction.

According to Table 1 the regression coefficient 5 equals between about 3 and 6 per-
cent on average in our sample, in line with values found in previous studies, indica-
tive of strong average insurance and / or measurement error in income. Panel a) of
Figure 1 shows how, when we estimate (1) quarter by quarter, this average masks
a wide dispersion of quarterly coefficient estimates 3;, whose standard deviation
equals more than 80 percent of their mean. This substantial dispersion is not, how-
ever, simply due to noise: According to Panel b) of Figure 1 periods when aggregate

disposable income or GDP are above trend (along the bottom axis) are associated

8See Gervais and Klein (2010) for details on the timing in the CEX. In addition, information
about disposable income is missing in the years 2004 and 2005. The PSID, in contrast, only contains
annual information about food consumption until 1996, when it broadens its coverage of consumption
categories but changes from annual to biannual frequency.

9n addition, we exclude households whose composition changes, and those that have not com-
pleted all four surveys.
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Figure 1: Consumption Insurance in CEX data
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Table 1: Regression coefficient 3, in percent (CEX)

(@) (2) 3 4)

ND+ ND ND+ ND
Disp income growth 5.043*** 6.213***
(15.17) (14.53)

Earnings growth 2.802***  3.033***
(11.04) (9.28)

Constant 0.261  0.746* 0.322**  0.830***
(1.60) (3.55) (1.97) (3.94)

r2 0.00664 0.00609 0.00353 0.00250

N 34444 34444 34443 34443

The table reports the regression coefficient 3, in percent, in different versions of (4) when c; is nondurable consumption plus
(imputed) rental services (ND+, columns 1 and 3), nondurable consumption (ND, columns 2 and 4), and when y; is total
disposable family income after taxes and transfers (row 1), or family earnings (row 2). Robust standard errors are used; stars

denote conventional significance levels: * (p<.1), ** (p<.05), *** (p<.01).

with higher-than-average sensitivity of individual consumption to income changes
(higher values of 3, along the vertical axis). Moreover, this cyclicality is substan-
tial: according to panel c) the regression coefficient j; is on average three quarters
higher when the cyclical component of income is in the top quintile, compared to the
bottom quintile. Table 2 depicts the corresponding coefficients 7, and + in a regres-
sion of j3;, the coefficients from a quarter-by-quarter estimation of (4), on deviations

of aggregate income measures from their log-linear trend Y,

By = ’70""7}}15"““1&- (5)

The table shows that the procyclical sensitivity of individual consumption to income
changes is highly significant for both measures of nondurable consumption (ND+
and ND, in columns 1 and 2, respectively), and for both the CEX and the NIPA
measure of aggregate disposable income as indicators of business cycles (columns
1 and 3).

The procyclical sensitivity of consumption to income changes documented in Panel
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Table 2: Regression coefficients v (CEX)

(D (2) (3 4)
ND+ ND+ ND Food

Disp income (CEX)  29.78*** 31.57** -7.626
(2.66) (2.18) (-0.45)
Disp income (NIPA) 37.08**
(2.00)
Constant 0.0510 0.0531 0.0540 -0.0131
(0.13) (0.13) (0.11) (-0.02)
r2 0.0760 0.0376 0.0565 0.00253
N 102 102 102 102

The table reports estimates of -y in (5) using quarterly time series of coefficients 8; (using ND+ consumption growth in column
1 and 2, ND consumption growth in column 3, and Food consumption growth in column 4), in percent, and log-trend deviations
of aggregate disposable income (from the CEX, columns 1, 3 and 4, and from NIPA, column 2). Robust standard errors are

used, stars denote conventional significance levels: * (p<.1), ** (p<.05), *** (p<.01).

b) and c) of Figure 1 results in strongly procyclical cross-sectional dispersion of con-
sumption growth, as shown by the strongly increasing standard deviation in Panel
d). This relationship holds not only when taking disposable income (CEX or NIPA)

as an indicator of the cycle, but also for deviations of log US GDP from its trend (in

gray).

3.2 Evidence from PSID data

The PSID is a longitudinal survey of a sample of US households originally designed
for studying the dynamic evolution of poverty and income. The original 1968 sample
comprised a representative sample of 3000 households, plus 2000 poor families.
Since then, the PSID has followed the original families and the families of their
offspring. The survey changed to a computer-based interview in 1993, and from

annual to biannual frequency in 1997.

Relative to the CEX, the PSID has two disadvantages for studying the dynamics
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of consumption insurance over the business cycle, as it only contains information
about food consumption (at home, and away from home), and at a lower frequency
(annual or biannual). The information about income is, however, considered as more
accurate, and pertains to exactly the same time period as that on consumption,
thus, presumably, reducing income measurement error. We use two measures of
household income. First, the PSID aggregate of all household income components,
labeled “family income”. And second, the sum of labor earnings and transfers of all

household members, labeled “household income”.

The survey asks for a wide variety of information about the household and its mem-
bers, in particular its “head” (typically the husband in a married couple) and the
spouse, if present. We use sample information from the 1980 to 2017 waves of the
survey.'® We use a sample definition that follows Heathcote et al. (2010). In partic-
ular, we focus on households whose head is male, and between 30 and 60 years of
age. We also drop single households and eliminate outliers.!! As for the CEX, we
base our analysis on the residuals of consumption and income from a regression on
household observables, including dummies for education, race, and a polynomial in

the age of the household head.

Table 4 presents the estimated slope coefficients § in (4) when Ac¢; and Ay, corre-
spond to the two-year difference in, respectively the logarithm of PSID food con-
sumption and that of family and household income. The point estimates are about
twice as large as for the CEX. Figure 2 shows that the business-cycle pattern of
insurance, as summarised by comovement of the time varying coefficients ; and
deviations of aggregate income measures from their log-linear trend, is very simi-
lar to that observed in CEX data. Specifically, the regression coefficient j; is higher
in periods when aggregate activity is above trend. Table 4 shows that the magni-
tude of this correlation, as summarised by the coefficient v in an estimation of (5)
using PSID data, is also similar to that observed in CEX data. The point estimates

are, however, less statistically significant. We attribute this to the small number of

10We choose the starting year to coincide with that of our CEX sample.
HSpecifically, we winsorize observations whose level or growth rates of income or consumption lie
in the two most extreme percentiles of the distribution in a given year.
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Table 3: Regression coefficient 3, in percent (PSID)

(1) (2)

1 2
Family income growth 8.772***
(10.75)
Household income growth 8.922%**
(10.82)
Constant 0.629***  0.639***
(3.50) (3.56)
r2 0.00512 0.00524
N 23675 23675

The table reports the regression coefficient 3, in percent, in different versions of (4) using data from the PSID. ¢; denotes
food consumption, and y; is total disposable family income after taxes and transfers (row 1), or household income (row 2).

Robust standard errors are used; stars denote conventional significance levels: * (p<.1), ** (p<.05), *** (p<.01).

observations.

4 The cyclical income fluctuations problem

Motivated by the procyclical consumption-income comovement observed in US data,
this section studies how temporary fluctuations in aggregate output, the interest
rate and the persistence of individual income movements change the consumption

response to idiosyncratic income shocks according to standard consumption theory.

For this, we consider a "cyclical" income fluctuations problem, where consumers
"self-insure" income shocks by buying or selling one-period bonds at a given interest
rate, but where we distinguish between aggregate and idiosyncratic income move-
ments, and let the interest rate, as well as the persistence of idiosyncratic shocks,
vary over time. Specifically, we derive the period-0 response of consumption to an
additive, one-time idiosyncratic shock ¢, to income share y;,, = 1 for different ex-
ogenous sequences of aggregate income and interest rates {Y;, R;}°. ¢ converges

back to its mean 0 according to ¢, = p;e;_; where the persistence p; < 1 is potentially
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Figure 2: 5, and aggregate income (PSID)
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Scatter plot of 3; in (4) estimated period-by-period (in percent, vertical axis) against detrended

disposable income (PSID / NIPA, horizontal axis), biannual frequency.
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Table 4: Regression coefficient ~ (PSID)

o) (2 (3) 4)

1 2 3 4
Disp Y (PSID) 21.36* 19.30*
(1.73) (1.75)

Disp Y (NIPA) 47.75* 36.46
(1.73) (1.23)

Constant 9.397** 9.084*** 9.816*** 9.445***
(10.71)  (12.23) (12.05) (12.40)

r2_o

N 23 23 23 23

t statistics in parentheses

*p<.l,™p<.05,** p<.01

The table reports estimates of « in (5) using time series of coefficients 3; (using PSID Food consumption growth and respec-
tively, family income growth (column 1 and 3) and household income growth (column 2 and 4), in percent, and log-trend
deviations of aggregate disposable income (from the PSID, row 1, and from NIPA, row 2). Robust standard errors are used;

stars denote conventional significance levels: * (p<.1), ** (p<.05), *** (p<.01).
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time-varying.

4.1 Permanent-income consumption

When consumers have log-preferences, discount the future at rate ¢, and can save
and borrow at a given interest rate without borrowing constraints, standard deriva-

tions (see Appendix 12 for details) yield period-0 consumption as

Co=(1-9) (Z Y:Quyir + Yoyio + aiO) (6)

t=1

Here Q; = @ denotes the period-0 price of period-t consumption and a;, con-
sumer i’s asset holdings in period 0. Period-0 consumption thus simply equals (1—)
times the present discounted value of life-time income plus current wealth. To con-
sider cyclical fluctuations, denote the ’steady-state’ values of output, interest rates,
and income persistence as, respectively Y = 1, R = , p and assume that {V;, R, }3°
converge monotonically from Y, R, to their steady-state values. This allows to cal-
culate [, the response of consumption to an unanticipated income change ¢;, as

C()—ngl o0 o0 oo
d cy=t _ 1 tho 5twtCItyit + a0 — tho 5ttht — Q4 _ tho 5twtqtp6
dyio dyio Zzo Otweqy + v Ztoio Otwiqy + v

Bo = (7

where C!~" denotes consumption in the absence of a shock, w, = % and ¢; = % = %

are the ratios of, respectively, total income and period-t consumption prices to their

steady-state values, and a;p = 2.

According to (7), the percentage change in consumption from an idiosyncratic in-
come shock dy;, = ¢;, simply equals the relative change in present discounted life-

time income. Proposition 1 summarises how cyclical factors affect the coefficient

Bo.
Proposition 1 Countercyclical self-insurance of permanent-income consumers

Consider A = [y — (3, the deviation of the coefficient 3, from its steady-state value
_ 1= 1
5 " 1-6po 1+(1—-d)ao"
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A is positive, and the impact of current income shocks on consumption thus larger

than in steady state, if any of the following conditions holds:

1. Current aggregate income is above steady state Y, > Y and R, = % vt.

2. The current interest rate is above steady state Ry > R = 3, Y, = Y Vi, and
financial assets are below a strictly positive threshold .
3. The current interest rate is below steady state Ry < R = 3, Y, = Y Vi, and

financial assets are above a strictly positive threshold &,

4. The current persistence p, is above its steady state py > p, Y; = YVt, and R, =
1
SVL.

The converse statements hold mutatis mutandis.

Proof. See Appendix 12. =

According to proposition 1, idiosyncratic shocks affect consumption of permanent-
income consumers more when their effect on total life-time wealth is strong. To
understand when this is the case, note that life-time human wealth is more affected
by an idiosyncratic shock to income share y;, today when current aggregate income
is above average, which front-loads the effect of current incomes on lifetime human
wealth. In addition, higher-than-average aggregate incomes increase the share of
human wealth in total wealth. Together, this strengthens the impact of current

idiosyncratic shocks on consumption when current aggregate income is high.

When current interest rates are high, future incomes are discounted more heav-
ily. This increases the relative effect of current incomes on life-time human wealth.
High interest rates, however, decrease the share of human wealth in total wealth.
The former effect is more important for individuals whose life-time wealth is dom-
inated by human wealth. For individuals with little financial wealth, idiosyncratic
shocks thus affect consumption more when current interest rates are above average,

but the opposite is true for the financially wealthy.
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Finally, when persistence is above average, any current shock affects life-time hu-

man wealth more strongly.

4.2 Introducing borrowing limits

How do occasionally binding borrowing limits affect the results in Proposition 1? A
binding borrowing limit today breaks the link between current and future consump-
tion. The possibility of binding constraints in the future thus limits the set of states
or periods over which current consumption is smoothed. This increases the effect of
current income shocks on current consumption. In the absence of uncertainty, bor-
rowing constraints are more likely to bind the more upward-sloping is the income
path relative to the optimal consumption path (implying temporary borrowing to
finance front-loaded consumption), and the lower are current assets a;,. With bor-
rowing constraints, there is thus an offsetting force to the procyclical consumption-
income comovement implied by permanent-income theory. In particular, a slump
in aggregate output, or a fall in the interest rate, raise current consumption above
current income, and thus make borrowing limits more likely to bind in the future,
raising the effect of idiosyncratic income shocks on individual consumption. This

effect is larger at lower asset levels, where borrowing limits are more likely to bind.

Instead of identifying (restrictive) conditions under which this change in the likeli-
hood of binding borrowing constraints dominates the permanent-income effect, we
illustrate the overall effect of cyclical fluctuations on self-insurance along the wealth
distribution numerically in Figure 3, for a somewhat more general setting with per-
sistent and transitory income shocks with unit mean, relative risk aversion equal
to 2 and a borrowing limit equal to per-period-income.!? We study the responses
of individual consumption to, respectively, a persistent income shock (red lines in

Figure 3) and a purely transitory income shock (blue line), both of approximately

12Specifically, we set 5 = 0.96, and use an income process that is the sum of a purely transitory
shock ¢; and an AR(1) process ¢; with persistence 0.952, whose innovations have standard deviations
of respectively, 0.255 and 0.168 of steady-state income, see Storesletten et al. (2004). The persistence
of aggregate shocks to output and interest rates is 0.95.
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one standard deviation.

The left panel of Figure 3 plots the difference A = 5, — 3, where [, denotes the re-
sponse of consumption to an idiosyncratic shock ¢, that coincides with a persistent
positive shock to aggregate output Y; of 2.5 percent and 3 the steady state response,
as a percentage of the latter. In line with Proposition 1, the difference is positive at
high asset levels: when borrowing limits are unlikely to bind, consumption equals
permanent income, which responds more strongly to idiosyncratic shocks when cur-
rent aggregate output is high. At low asset levels, in contrast, the difference turns
negative: saving during output booms makes borrowing limits less likely to bind in
the future, and thus dampens the response of consumption to idiosyncratic shocks.
Because the difference between current and permanent income implied by persis-
tent aggregate output booms is smaller, the difference in consumption responses
to persistent shocks (the blue line) is dampenend relative to the case of transitory

shocks (and would trivially be zero for permanent output increases).

The central panel considers the percentage difference A in the consumption re-
sponse to an idiosyncratic shock ¢, that coincides with a persistent positive shock
to the interest rate R, of 2.5 percentage points and the response in steady state,
again as a percentage of the latter. Again in line with Proposition 1, the difference
is positive at medium-to-high asset levels as higher interet rates raise the effect of
current income on permanent incomes, an effect that is again smaller for transitory
increases in aggregate output. The difference declines above a threshold value of
assets, as high interest rates reduce the role of human in total wealth. This effect is
stronger for persistent increases in the interest rate, and reduces the consumption
response to shocks at high asset values below that in steady state, reversing the
sign of A in that case. As in the case of a positive aggregate income shock in the left
panel, at low values of assets the increase in optimal savings with a higher interest
rate reduces the likelihood of binding borrowing limits and thus makes consumption

respond less to idiosyncratic shocks, implying a negative A.

Finally, the right panel depicts the difference in the individual consumption re-
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sponse with (for simplicity permanently) higher persistence of idiosyncratic shocks
relative to its steady state value. Higher persistence increases the effect of persis-
tent idiosyncratic shocks on permanent income, and thus their effect on consump-
tion. But it also makes borrowing limits less likely to bind (by reducing the like-
lihood of low income states in the future) and thus reduces the effect of transitory

shocks on consumption at low asset values.

Figure 3: Individual consumption responses compared to steady state: numerical
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The figure plots the difference A = 8y — 3, as a percentage of 8. Sy denotes the response of consumption to an idiosyncratic
shock ¢ that coincides with a persistent positive shock to aggregate output Yy (left panel) or the interest rate Ry (central
panel), or a permanent change in the persistence of idiosyncratic shocks (right panel), and 8 denotes the steady state response.

The blue line pertains to a purely temporary idiosyncratic shock, the red line to a persistent shock.

In sum, this analysis of the "cyclical” income fluctuation problem has identified
movements in aggregate output, interest rates, and the persistence of income
shocks, as important determinants of cyclical fluctuations in the degree of self-

insurance. Moreover, it highlighted substantial heterogeneity across the wealth
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distribution. In particular, at high wealth a temporary increase in aggregate in-
come or interest rates raises consumption-income comovement as in Proposition 1
as borrowing limits can be ignored. At low levels of wealth, in contrast, procyclical
savings lengthen the horizon of consumption smoothing by reducing the likelihood
of binding borrowing constraints in the future, which dampens consumption-income

comovement in booms.

The overall cyclicality of consumption insurance therefore depends on the comove-
ment of interest rates and aggregate output over time, and on the equilibrium
wealth distribution. In fact, Werning (2015) provides an example where the general-
equilibrium comovement of output and interest rates completely undoes the cycli-
cality of insurance that results from isolated movements in either of them in partial
equilibrium. In other words, to quantify the average cyclicality of consumption in-
surance requires a general-equilibrium analysis of a quantitative model that is able
to capture the wealth distribution observed in the data. We turn to such an analysis

next.

5 Quantitative analysis: the countercyclical-self-insurance

puzzle

This section quantifies cyclical fluctuations in consumption insurance in a state-
of-the-art quantitative general-equilibrium environment with idiosyncratic income
risk and incomplete markets (which we call the "SI", or "self-insurance" model).
In particular, we consider a version of the model economy in Krueger et al. (2016)
that extends the classical environment of Krusell and Smith (1998b) to include a
stylised life-cycle with social security transfers for retirees, heterogeneity in the
degree of patience across households, and persistent shocks to earnings of employed
households.
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5.1 The model environment!?

Time is discrete t = 0,1,.... The unique consumption good is produced using a
standard constant-return-to-scale technology Y = ZF (K, N) where Z € {Z,, Z,} is
an aggregate productivity shock that follows a Markov process 7(Z’|Z) and K and

N are capital and labor inputs, respectively. Capital depreciates at rate 6 € [0, 1].

There is a constant measure 1 of potentially infinitely-lived households. Households
are born young and turn old (retire) with a constant probability 1—6 € [0, 1] every pe-
riod. Old households die with constant 1 — v € [0, 1]. Households have CRRA prefer-
ences with heterogeneous discount factor §;. Young households are born without as-
sets, and provide one unit of labor. Income risk comes from two sources. First, there
is risk to change unemployment status s € {e, u}, where e denotes employment and «
unemployment. The conditional distribution of s’ 7(s'|s, Z’, Z), that describes unem-
ployment risk and whose typical element we denote as =}/, j,i € {e,u}; k,l € {h,1},
depends on the current employment status s as well as the current and future level
of aggregate productivity. So unemployment risk is cyclical, with higher job-finding
rates and lower separation rates in good aggregate times (7 = 7;). We assume a
law of large numbers, and specify © such that the number of households in each
employment state only depends on current (but not past) aggregate productivity.
In addition to unemployment risk, there are fluctuations in idiosyncratic labor en-
dowments e € {ey, ..., e;} that follow a Markov process 7(¢’|e) that is independent of
aggregate productivity. To self-insure against income fluctuations, in additional to
a perfect annuity market, households have access to the market for physical cap-
ital of which they hold £ > 0. We denote the joint cross-sectional distribution of

employment status s, individual productivity y and asset holdings & as .

The government runs balanced-budget unemployment insurance and social security
systems. Households receive unemployment benefits that replace a constant frac-
tion p of their most recent labor income, financed by a proportional labor-income tax

¢. The government charges a constant payroll tax {55 that finances social security

13This section may be skipped by readers familiar with the Krueger et al. (2016)-environment.
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benefits that are the same for all retirees.

Appendix 13 describes the problem of a working household and defines the recursive

competitive equilibrium, both of which are standard.

5.2 Calibration

We closely follow the calibration to quarterly data in Krueger et al. (2016) with the
exception of our specification of aggregate and unemployment risk. While Krueger
et al. (2016) are interested in the interaction between household heterogeneity and
output fluctuations in rare, deep recessions (such as the Great Recession of the early
2000s), our focus is on more standard cyclical fluctuations. To transparently capture
key features of cyclical fluctations in the post-II war U.S. economy, and in line with
our empirical analysis in Section 3, we define “good" times, and “bad" times in the
data as those when the U.S. unemployment rate is, respectively, above and below
its trend level.1* We choose transition probabilities 7(Z’|Z) such that the Markov
process matches the average length of bad times, and the average time the economy
spends there, in the data. We then choose 7, and Z; equal to the average levels of
total factor productivity in good and bad times, respectively. We choose a Markov
process for s such that the job finding probability in the model equals that in U.S.
data (between 1948 and 2012) in good and bad times, respectively, and set the sep-
aration rates such that the unemployment rate in the ergodic distribution equals
4 (6) percent during good (bad) times.'® Good times are more persistent than bad
ones, such that the economy spends a little more than 55 percent of periods in good
times, where aggregate productivity is 2.4 percent higher than its mean (normal-
ized to 1). This yields job-finding rates close to 80 percent per quarter on average,
and 10 percentage points higher in booms, so strongly procyclical. Separation rates

average 4 percent, but are 1.2 percentage points higher in bad times, so counter-

14To allow for slow-moving fluctuations in the natural rate of unemployment we include a
quadratic term in the trend.

15The remaining “off-diagonal" parameters are identified by the requirement that the unemploy-
ment rate only be a function of current aggregate productivity Z.
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cyclical. For comparison, we also study a version of the model where employment
risk is independent of the aggregate economy (and both separation and job-finding
rates equal their weighted average values), which we label "acyclical unemployment
risk". Appendix 13 describes the calibration of the remaining parameters that fol-
lows Krueger et al. (2016) .

5.3 Consumption insurance in the quantitative model

In line with the results in Krueger et al. (2016), the model captures key moments of
the joint distribution of consumption, income and wealth, in particular a realistic
ratio of capital to annual output of 2.8, and substantial wealth dispersion with a Gini
coefficient of 0.77.1¢ Here we concentrate on the joint distribution of consumption

and income growth, and its comovement with the business cycle.

Table 5 shows the regression coefficient § in (4), in percent, estimated on a long
simulated panel of households from the model’s dynamic equilibrium. Columns two
and three show, respectively, the regression coefficients estimated on subsamples
of periods when the economy is in good (3;,) or bad (/;) times of, respectively, high

and low levels of productivity and low / high levels of unemployment.

Row 1 shows the regression coefficient in a version of the model without any ag-
gregate fluctuations, and with acyclical unemployment risk (essentially a version
of the Aiyagari (1994) economy). The regression coefficient is substantially higher
than that estimated on U.S. microdata. We take this as evidence of measurement

error in reported income growth rates.!”

6The features that allow a Gini coefficient for wealth about twice that in Krusell and Smith
(1998b) are a higher replacement ratio of unemployment benefits and the life-cycle with social secu-
rity transfers for retirees (that reduce the incentives to save during or in anticipation of, respectively,
unemployment or retirement, widening the left tail of the distribution) and persistent earnings risk
of the employed (that increases incentives for precautionary savings in particular for households
with high labor income).

17Classical measurement error in the log-level of incomes whose standard deviation equals 20
percent that of actual income growth (or log-differences) would bring the coefficients estimated on
model data close to those in PSID data, as it raises the variance of measured income growth to
Var(dlogy) x (1 + 2% 0.2)?> ~ 2Var(dlogy). An alternative calibration would target the observed
degree of consumption insurance in the data. But since we strongly suspect measurement error
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The cyclical fluctuations in output, interest rates, and idiosyncratic risk in the
benchmark model (row 2 of Table 5) reduce the average regression coefficient only
slightly, by less than 2 percent. Importantly, however, the degree of consumption-
income comovement is countercyclical in the model: the regression coefficient in
bad times [, exceeds that in good times 5, by 13 percent, implying a ~ coefficient
that is negative, equal to about minus 11 percent. So the model predicts procyclical

consumption insurance, in contrast to the data.

Row 3 of Table 5 shows the regression coefficients in a version of the model that
abstracts from movements in aggregate productivity, such that pre-tax wages are
constant (implying that the coefficient v is not defined as aggregate income is con-
stant). Even in this case [, exceeds [}, by about half the baseline amount. So even
in the absence of productivity fluctuations, cyclical unemployment risk in line with
U.S. evidence alone implies procyclical consumption insurance, again in contrast to
the data. The reason for this is that unemployment shocks are more persistent in

busts, when job-finding rates are low, and thus cause larger consumption falls.

Row 4 depicts the regression coefficients in a version of the model with acyclical
unemployment risk (where the unemployment rate equals the average of good and
bad times in all periods) but fluctuations in aggregate productivity equal to those
in the baseline model. The difference between (;, and f; is reduced by a third (as
more persistent unemployment shocks during booms increase consumption-income
comovement as measured by (), but remains negative. And because aggregate
output fluctuates less with constant employment rates, the regression coefficient ~

is only slightly lower than in row 2.

5.4 Consumption insurance along the equilibrium wealth distribution

What lies behind the procyclical nature of consumption insurance in the model even

without cyclical unemployment risk (row 4 of Table 5)? Figure 4 depicts the differ-

in incomes, but ignore its magnitude, we follow the calibration in Krueger et al. (2016) that yields
realistic levels of average wealth (or the capital-output ratio) and its dispersion.
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Table 5: Regression coefficient 3, in percent, in the quantitative model

B By Bh v

Stationary 178 17.8 17.8 NaN
Benchmark 176 18.8 16.7 -11.3
PE:w,r,uatSS 177 182 172 NaN
iid unemp 18.0 18.7 173 -9.3

The table reports the regression coefficient 8 in (4) in a simulation of the quantitative model environment on average
(column 1), as well as in times of low and high aggregate productivity (5;,., and Bp;45, columns 2 and 3, respectively).
Column 4 reports the regression coefficient v in Equation (5), a measure of how procyclical individual consumption-income

comovement is.

ence A = (5, — ;,, when both coefficients are estimated separately for households
within (average) decile ranges of the equilibrium wealth distribution of the model
(depicted along the bottom axes). The upward-sloping concave pattern of A is very
similar to that in Figure 3: because booms make borrowing constraints less bind-
ing by increasing savings buffers, consumption insurance is procyclical (3, — 5; < 0)
for the bottom 40 percent of the wealth distribution. Because booms increase both
equilibrium wages and interest rates, they imply a stronger effect of idiosyncratic
earnings shocks on permanent incomes. This makes consumption insurance coun-
tercyclical for the top half of the wealth distribution (8, — 5, > 0). The overall
pattern in Figure 4 is very similar to that in Figure 3, notwithstanding the fact
that the former results from a quantitative equilibrium model, and is drawn along

the equilibrium wealth distribution.

The pattern in Figure explains why insurance is procyclical on average in our bench-
mark model: the coefficients in Table 5 are, essentially, an average of those under-
lying the figure. Because insurance is strongly procyclical for households in the
bottom third of the wealth distribution, but only mildly countercyclical in its upper

half, the resulting average degree of comovement is procyclical.
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Figure 4: Difference in individual consumption responses
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The figure depicts A = 85, —f;, the difference between the pass-trough coefficient in good and bad times, when both coefficients
are estimated separately for households within (average) decile ranges of the equilibrium wealth distribution of the model

(depicted along the bottom axes).

5.5 Consumption insurance of low-wealth PSID families

The strong heterogeneity in the cyclicality of consumption insurance along the equi-
librium wealth distribution in the quantitative model raises the question of how
the corresponding pattern looks in micro-data. Unfortunately the main survey of
households’ financial situation in the U.S. (the Survey of Consumer Finances, SCF)
has no information about consumption. The CEX, in contrast, lacks data on house-
hold wealth. Only the PSID contains information for both, but wealth data is only

collected at 5 year intervals prior to 2001. This leaves us with 12 observations.
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Figure 5: 5, and aggregate income: low-wealth PSID households
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For families in the bottom wealth quartile of the PSID, the figure presents a scatter plot of 3;,

in percent, in (4) estimated period-by-period (vertical axis) against detrended disposable income

(PSID / NIPA, horizontal axis), biannual frequency.

We nevertheless perform the same analysis as in Section 3.2 for a subsample of

the PSID families in the bottom wealth quartile. Figure 5 and Table 6 present

the results. Although less precisely estimated, the point estimates of the slope pa-

rameters are if anything higher than those for the whole sample. So we find no

evidence of the procyclical insurance predicted by the model even when focusing on

low-wealth households in the PSID.
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Table 6: Regression coefficient v (PSID, low-wealth households)

D (2) (3) (4)

1 2 3 4
Disp Y (PSID) 38.49 34.81*
(1.52) (2.05)

Disp Y (NIPA) 59.41 39.92
(1.12) (0.97)

Constant 9.582***  8.689***  10.43***  9.448***

(5.20) (6.64) (5.66) (6.57)
r2 0.201 0.279 0.0976 0.0748
N 12 12 12 12

t statistics in parentheses

*p<.1,™p<.05 ** p<.01
For families in the bottom wealth quartile, the table reports estimates of (5) using quarterly time series of coefficients 3

(using PSID Food consumption growth and respectively, family income growth (column 1 and 3) and household income
growth (column 2 and 40), in percent, and log-trend deviations of aggregate disposable income (from the PSID, row 1, and
from NIPA, row 2). Robust standard errors are used; stars denote conventional significance levels: * (p<.1), ** (p<.05), ***

(p<.01).

6 Extensions of the SI model

From the perspective of standard incomplete-markets theory, the procyclical degree
of consumption-income comovement (the countercyclical nature of consumption in-
surance) in U.S. microdata poses a puzzle. To explain it, this section explores two
extensions of the quantitative SI model to cyclical earnings risk and biased expeca-

tions of workers’ employment risk.

6.1 Cyclical income risk

Following Krueger et al. (2016), the only cyclical element of the idiosyncratic in-
come process in the benchmark model of section 5 are the transition probabilities
across employment states 7(s'|s, Z’, Z). In contrast to this cyclical unemployment
risk, the persistent and transitory components of earnings risk of the employed,

captured by the transition probabilities 7(y/|y), were assumed to be independent of
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the aggregate state of the economy, and their variances thus constant over time.
This income process does therefore not capture the evidence in Storesletten et al.
(2004), who argue that the variance of persistent earnings shocks is countercyclical
in the U.S. economy. Because time variation in earnings risk potentially provides
an additional source of cyclicality in consumption insurance, we study in this sec-
tion an extension of the benchmark model to cyclical fluctuations in the dispersion

of persistent shocks to earnings.

A priori, we expect the degree of insurance to be lower in times of high persistent
earnings risk, for two reasons: first, because optimal savings buffers increase with
risk, a cyclical increase in idiosyncratic risk starts with lower-than-optimal savings
buffers, which increases the effect of income shocks on consumption at high risk.
When risk declines again after some time, in contrast, savings buffers are large
relative to income shocks, reducing their effect on consumption during low-risk pe-
riods. Second, time variation in persistent earnings risk changes its importance
relative to less persistent sources of idiosyncratic risk, in the form of unemploy-
ment shocks that are relatively short lived or purely temporary earnings risk. A
high variance of persistent shocks therefore increases the correlation of current in-
come with permanent income, and thus its comovement with consumption. This
should act to improve consumption insurance in good times and reduce it in bad

times, worsening the puzzle.

Nevertheless, we study quantitatively an extension of our benchmark model to
countercyclical persistent earnings risk. For this, we follow Storesletten et al. (2004)
by introducing time variation in the dispersion of shocks 7 to the persistent income
component p in (38) (see Appendix 13). Specifically, we leave the average variance
&, , unchanged, but let 67, = 57, with ¢ > 1, such that the persistent component
of earnings risk is more volatile in bad times, and idiosyncratic risk thus counter-
cyclical. We choose ¢ to target the evidence in Storesletten et al. (2004) who find a
ratio of the variances of the persistent income component equal to 1.75 (see their
Table 1). This ratio does not equal ¢, because of additional persistent income risk

from unemployment in our benchmark model. We therefore estimate a standard
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Table 7: Cyclical consumption insurance with cyclical idiosyncratic risk

6 Blow /Bhigh Y
Benchmark 0.178 0.189 0.168 -0.115

Benchmark, with Y, R, W at SS 0.177 0.182 0.172 NaN
Weakly countercyclical risk 0.168 0.227 0.120 -0.554

.. with Y, R, W at SS 0.156 0.214 0.123 NaN
Medium countercyclical risk 0.170 0.233 0.111 -0.645
.. with Y, R, W at SS 0.170 0.230 0.115 NaN
Highly countercyclical risk 0.133 0.211 0.090 -0.676
.. with Y, R,V at SS 0.134 0.212 0.092 NaN

The table reports the regression coefficient 3 in (4) in a simulation of the quantitative model environment extended to coun-
tercyclical idiosyncratic risk on average (column 1), as well as in times of low and high aggregate productivity (8;5., and Brign,
columns 2 and 3, respectively). Column 4 reports the regression coefficient v in Equation (5), a measure of how procyclical

individual consumption-income comovement is.

persistent-plus-transitory income process (that does not condition on employment
status) on income panel data from a long model simulation, and set ¢ such that
the relative variances of the estimated persistent shocks across good and bad times
fit the evidence in Storesletten et al. (2004). Moreover, we consider two additional

cases with, respectively, stronger and weaker degrees of cyclicality.

Table 7 presents the results. In line with the intuition, countercyclical persistent
earnings risk makes insurance even more procyclical than in the benchmark version
of our model. The v coefficient is negative, and increases about six-fold in magnitude
for our preferred choice of ¢. Focusing on the effect of cyclical risk by eliminating
aggregate fluctuations in prices and productivity (in even rows of Table 7) changes

the result very little.
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6.2 Biased perceptions of idiosyncratic risks

So far, the analysis has maintained the assumption of rational expectations. This
implies, among other things, that households correctly perceive the idiosyncratic
risks they fact, including how these vary over the business cycle. The recent lit-
erature on household expectations, and how they depart from the benchmark of
rationality, has, however, established that many households have in fact a biased
view of the income shocks they are likely to experience in the future.'® The specific
departure from rational expectations that we consider is motivated by Balleer et al.
(2023), who show that U.S. workers have biased perceptions of their labor market
prospects. In particular, they document a negative bias in perceived separation
probabilities that is countercyclical: employed workers are more over-optimistic,
relative to the truth, in booms than in busts.!® This motivates us to study misper-

ceived idiosyncratic income risk as a potential solution to the puzzle.

6.2.1 Misperceived unemployment risk

We study a particularly simple form of misperception, whereby households have
correct and complete knowledge of the structure of the economy including the se-
quences of past and possible future exogenous states (that consist of histories of
aggregate productivity and idiosyncratic shocks). Given the evidence of biased
perceptions of unemployment risk (Balleer et al. (2023)), households misperceive
the Markov process for employment states n(s'|s, Z’, Z), such that the perceived
markov probabilities include a bias component: 7! = 7} 4 bias!. We concentrate
on the bias of the employed and set the bias in perceived job-keeping probabilities
to bias®™* = bias + (1 — 2 I;)bias®, where I, is an indicator that equals 1 when the

economy remains in aggregate state j, and 0 otherwise.

8Rozsypal and Schlafmann (2017) document how U.S. households on average perceive their cur-
rent income to be more persistent than it actually is. Balleer et al. (2023) show that U.S. households
underestimate employment risk. See also Kosar and Van der Klaauw (2023), and Caplin et al. (2023).

9Specifically, Balleer et al. (2023) find that the bias in employed workers’ perception of job-
separation probabilities is more negative in times when the unemployment rate in their state of
residence is below trend, see their Table 6.
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Our choice of bias and bias® targets the evidence in Balleer et al. (2023), based on
the U.S. Survey of Consumer Expectations: first, we set bias equal to 1 percentage
point, equal to the average over-optimism about their job-keeping probability of
employed U.S. workers. Second, to match the finding that this optimistic bias is
stronger in times of below-trend unemployment, we set bias®® > 0. Because of
the short sample of observations in the SCE, whose only recession period is that
of the Covid-19 pandemic, we are somewhat agnostic about the precise magnitude
of this cyclical component. While Balleer et al. (2023)’s point estimates imply a
difference in bias between periods of below- and above-trend unemployment equal
to 0.6 percentage points, we study a range of positive values of bias®?c. Conditional
on this, we choose the remaining perceived transition rates to be consistent with
unchanged unemployment rates in booms and recessions, respectively, and with
the requirement that there be no transition period in unemployment (as described

in Section 5).

We denote the resulting misperceived expectation operator E. Given this misper-
ception, we study a minimal departure from the standard rational expectations
equilibrium, similar to the conditional rational expectation equilibrium in Caines
and Winkler (2021) (but noting that households in our environment misperceive
the probability distribution of an exogenous, idiosyncratic variable). For this, we
assume that households do not observe the cross-sectional distributions of income
and assets. In the SI economy, this holds by the definition of a Krusell and Smith
(1998a)-equilibrium. Given the change in household expectation operator, the com-
putational solution of the SI economy is equally unchanged (noting that the simu-

lation step uses the true transition matrix).

6.2.2 Results

Table 8 presents the results. Procyclical optimism about job-keeping probabilities
reduces the effect of unemployment shocks on consumption in bad times, when both

employment and unemployment are perceived to be more transitory. In good times,
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Table 8: Cyclical consumption insurance with mis-perceived idiosyncratic risk

/8 5low Bhigh Y

biasVe = 0 0.175 0.188 0.167 -0.110
biasVe = 0, Y,R,W at SS 0.177 0.182 0.172 NaN
biasVe = 0.5pp 0.184 0.190 0.180 -0.054
bias®ve = 0.5pp, Y,R,W at SS 0.192 0.186 0.196 NaN
biasVe = 1pp 0.187 0.188 0.186 -0.006
biasve = 1pp, ,R,W at SS  0.187 0.181 0.191 NaN
biasVe = 2pp 0.199 0.186 0.207 0.113

bias¥ = 2pp, ,R,W at SS  0.199 0.179 0.212 NaN

For different values of bias¥¢, the table reports the regression coefficient 3 in (4) in a simulation of the quantitative model
environment with misperceived idiosyncratic income risk on average (column 1), as well as in times of low and high aggregate
productivity (8,0, and Bhign, columns 2 and 3, respectively). Column 4 reports the regression coefficient v in Equation (5),

a measure of how procyclical individual consumption-income comovement is.

in contrast, misperception increases the effect of income shocks on consumption,
because changes in employment state are perceived to be more persistent. In the
absence of aggregate movements in prices and income (rows 4,6 and 8 of Table 8),
this effect makes consumption insurance countercyclical. For small values of bias®e,
however, this effect is dominated by the pro-cyclicality of consumption insurance
due to changes in aggregate income levels and prices discussed in Section 4. With a
strongly procyclical bias (bias®c equal to 2 percentage points) , the degree of counter-
cyclicality in consumption insurance as measured by the coeficient ~ is strongly
positive, if only a third of that estimated in CEX data.

7 Beyond self-insurance: cyclical frictions with complete mar-
kets

This section looks at a more fundamental departure form the benchmark SI model
where both the assets available and limits to borrowing were exogenous and inde-

pendent of the state of the economy. Instead, we study an alternative (“L.C”) envi-
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ronment with endogenous financial frictions due to participation constraints that
arise from limited contract enforcement.?’ Relative to stationary LC economies,
whose properties are well-understood (Krueger and Perri (2011), or Broer (2013)),
the introduction of aggregate fluctuations makes both sides of these participation
constraint cyclical. And because the outside option to the contract is particularly
attractive when aggregate output is high, this could help explain countercyclical

insurance in U.S. data by tightening financial constraints in good times.

7.1 Market Structure and Competitive Equilibrium

We consider a substantially simplified version of the economy of section 5 but main-
tain the structure and cyclicality of idiosyncratic risk and its comovement with ag-
gregate output. Specifically, we abstract from capital accumulation and assume a
simple linear technology operated by competitive firms, such that in equilibrium
wages are equal to the level of total factor productivity 7, € {Z;, Z,}. In addition,
we assume that agents are infinitely lived workers (abstracting thus from any life-
cycle) and that there is no earnings risk of the employed. Given the exogenous
nature of labor supply, the economy is thus, essentially, an endowment economy,
allowing us to write individual incomes as individual shares y; of aggregate income
Y; as in Section 2. Independently of this normalisation, fluctuations in aggregate
output are governed by the Markov process 7(Y’|Y’) and fluctuations in individual
incomes arise from unemployment risk in the same way as in Section 5, described

by the same Markov process 7(y'|y, Y',Y).

In contrast to the SI model of the previous sections, we assume that individuals
can trade a complete set of state-contigent contracts to insure against income risk.

Contracts are only enforced, however, by the threat of exclusion from financial trade.

20Even with exogenous market incompleteness financial frictions can be made responsive to busi-
ness cycles by allowing individuals to default on their debt, thus endogenising a riskless borrowing
limit B (as the maximum that consumers would always pay back) or individual interest rates r; (to
account for probabilities of default). Although both approaches tend to imply a small amount of bor-
rowing, thus limiting any effect of cyclical fluctuations in borrowing conditions on the equilibrium,
they are interesting in their own right.

38



We choose a formulation of insurance where each individual signs a contract with
an insurance provider. At the beginning of each period, individual income shares
and aggregate income are revealed and individuals decide whether to honour their
insurance contract or whether to move permanently into autarky, where consump-
tion equals income ¢; = y; - Y;. The discounted utility associated with autarky is
denoted by V (v, Y3), i.e.

Z O U(YigsYigs)

s=0

V(yh}/t) =F yta}/t

To ensure that individuals stay in their insurance contract, we must have

Z °u(Crys)

s=0

E Ye, Yo | 2> V(yn Y;:) (8)

forallt=0,1,...

There is a large number of insurance providers who offer, at time ¢ = 0, mutually
agreeable insurance contracts to individuals. An insurance contract is a transfer
program 7 = {7, (y",Y"*)}°,. This sequence of transfer functions defines individual
consumption according to

Ct =Y Yy + T

Insurance providers evaluate a transfer policy T according to the profit function

> a(Ymy Y. 9)

t=0

Pyo,YO(T) =-FK

where ¢;(Y") are the intertemporal/state prices of consumption, noting that the law
of large numbers ensures that there is no uncertainty about the distribution of
individual income shares in any period ¢. Insurance providers are constrained to
deliver a given expected utility V;(7) to any individual i in period 0, where from now

on we suppress the dependence on .

The profit maximization problem of an insurance provider is to choose, for each in-

dividual it offers a contract to, a transfer policy 7 that, given prices q := {¢/(Y")}2,,
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maximizes (9) subject to (8) and

> duld)
t=0

Notice that insurance providers are irrevocably committed to a contract once it is

E Yo, Yo | = Wo.

signed, but that consumers can renege at any time and move into autarky, as de-

scribed above.

Finally, define a sequence of “interest rates” via

qt

Rt - .
di—1

We assume that asset trade starts in t = 0 after endowments are realized. A simple
arbitrage argument implies that R; may depend on the history of aggregate shocks
Y* and the initial income distribution of agents in period 0 CI%, but not on idiosyn-

cratic income histories between 0 and ¢.

We define a competitive equilibrium for a given assignment of initial promised util-
ities V|, as a stochastic process q, an assignment of transfer policies = for all indi-

viduals ¢ as a function of idiosyncratic and aggregate shocks such that

1. The transfer policy solves the insurance provider’s problem given 1} and q.

/01 (i)di = 0

forallt =0,1,... and all possible histories.

2. Markets clear, i.e.

7.2 Analytical equilibrium characterization

We concentrate on equilibria with imperfect risk sharing, i.e. where at least one
participation constraint binds every period. Consumption is characterized by an

income-dependent (and generally time-varying) value ¢; = ¢] for constrained indi-

viduals that is independent of their individual histories, and by a standard Euler
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Equation for unconstrained individuals, which can be written in terms of consump-

tion shares as

. c ~ 1.
Cy = ?tt = ((5Rt) fl’Ct_l (10)
where }N%t = R (Yil) . Denote the cross-sectional distribution of consumption

shares in period ¢ as ®f : B([0,4"]) — [0,1] where B denotes the Borel algebra

(and where we exploit that ¢; < y” in any equilibrium).

Call “stationary” an equilibrium in the economy without aggregate fluctuations
(such that Y! = Y2 = ... = YV = 1) where the distribution of consumption shares
(equal to consumption levels by the normalization of aggregate income) is constant
over time, and denote the consumption share of individuals who are constrained
at income 3’ as ¢@. Denote ®°(¢) : Rt — [0,1] the discrete stationary distribu-
tion of consumption shares in this equilibrium, V; the autarky value at income ¢/,
j=1,..,n,and R the constant equilibrium interest rate. It is easy to see that with
partial risk sharing and two income states (n = 2), such that y € {y" y'} with
yn > y;, all h, or “high", types are constrained at a constant level ¢*. The mass of
low-income agents declines geometrically at rate p; on a consumption support given

by (10) starting from ¢", with a lower bound equal to ¢ = 3.2

7.2.1 Independence with logarithmic preferences

This section provides a benchmark “separability” result for the LC environment
with any number of income states N,n: with log-preference and acyclical, mul-
tipicative income risk, aggregate fluctuations and idiosyncratic risk are indepen-
dent. This is similar to Werning (2015)’s result for SI economies, but also holds for

stochastic aggregate fluctuations.

Proposition 2 Independence of idiosyncratic consumption movements from aggre-

gate income

21See Krueger and Perri (2011) or Broer (2013) for a detailed characterization of the stationary
joint distribution of consumption and income.
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With logarithmic preferences (u(c;) = In(c;)), there exists an equilibrium where the
state-contingent interest rate equals
Y,
Yia
and the distribution of consumption shares is the same as in the stationary distribu-

tion, such that (with a slight abuse of notation)

(&) = ().

Proof

Let ¢, , denote the state-contingent sequence of consumption shares implied by R
starting from any consumption share in the stationary distribution. To see how
this sequence solves participation constraints in the economy with aggregate fluc-
tuations with equality, note that

EY 8 (e = EY 6 [In(Gs) + In(Yigs)]

s=0

> V(y) + EZ(SS In(Yiis) = V(g - ¥2) (12)

s=0
where the inequality follows from the fact that ¢, satisfies the participation con-

straints in the economy without aggregate fluctuations. Moreover, ¢, also solves
the optimality condition (10) of unconstrained agents at the prices R; given by (11).
Finally, by the definition of consumption shares in the stationary equilibrium, they
sum to 1 and thus imply market-clearing in the economy with aggregate fluctua-

tions. m

7.3 Quantitative analysis

Outside the special case of log-preferences, it is difficult to derive general features
of consumption insurance in the LC economy. Broer (2020) derives conditions for
insurance to be procyclical that do not, however, cover the empirically relevant case
where both aggregate endowments and idiosyncratic income risk are cyclical and
insurance is partial. The rest of this section therefore studies the LC economy quan-

titatively.
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7.3.1 Calibration

The calibration of the economy is identical to that in Section 5, adjusted for the
simplified nature of the LC economy. In particular, we keep unchanged the period-
utility function, the Markov processes for aggregate and idiosyncratic risk, and the
replacement rate of 5 = 0.5. Since the aggregate wealth holdings in the economy are
zero, we choose the discount factor o to target a degree of insurance in the stationary
LC economy, without fluctuations in aggregate output or unemployment risk, that
is close to that in the SI economy. As is well known, the threat of autarky must
be counteracted by substantial impatience to avoid full insurance in equilibrium.

Indeed, the value of the discount factor we find is equal to 0.69.

7.3.2 Model solution

In LLC economies, neither a state space reduction of the type used to solve the stan-
dard incomplete-markets model in the previous section, following Krusell and Smith
(1998a), nor linearization techniques Boppart et al. (2018), Reiter (2009) are feasi-
ble. To see this, note that linearization is based on a stationary consumption dis-
tribution associated with a version of the economy without aggregate fluctuations.
In our limited commitment economy, however, the equilibrium degree of consump-
tion risk sharing is a highly non-linear function of aggregate shocks. In fact, it is
easy to construct examples where insurance is perfect in the absence of aggregate
fluctuations, but limited when the latter are sufficiently large. In this case, there

is no unique distribution that a linearization approach could be based on.

Similarly, state space reduction techniques that summarise the time-varying cross-
sectional distribution by a small number of moments (typically the mean of capi-
tal holdings) are difficult to apply by the fact that, even in the two-type economy,
market-clearing state prices of consumption depend on the time-varying mass of
constrained agents (whose consumption is, for given future prices, unaffected by a

change in current prices, such that the higher their mass, the more need current
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state prices vary to clear markets). Forecasting future interest rates (that deter-
mine future consumption and thus current contract values via (10)) thus requires
forecasts of the mass of constrained agents. That mass, however, depends on the
mass of agents that become constrained every period, and thus on the entire current

consumption distribution of unconstrained agents.

In Appendix /1 we show how the quasi-analytical characterization of the consump-
tion distribution in the stationary version of the model Krueger and Perri (2011),
Broer (2013) can be used to solve its version with aggregate fluctuations. Specifi-
cally, we show that, in the economy with N = n = 2, as long as the mass of agents
constrained at low income is small (which we check in all our computations), there
exists an equilibrium that is characterised by values of interest rates and high-type
consumption that are history-independent, in the sense that they only depend on the
current and, in the case of interest rates, previous, aggregate state.?? The consump-
tion distribution of unconstrained agents, in contrast, has full history-dependence,
as it depends on the sequence of realised interest rates, and thus aggregate shocks,

in preceding periods through (10).

7.3.3 Results

For different parameterisations of the LC economy, Table 9 reports the regression
coefficient § in Equation (4) for the whole sample and estimated during times of
high / low productivity (5,/5,). The final column reports the regression coefficient
~ in equation (5). The first row depicts the coefficient in the stationary economy
(where we set aggregate output to the average 7, = Z, = Z), of similar magnitude
as in the SI economy. Row 2 reports results for the benchmark version of the LC
economy: fluctuations in aggregate output and idiosyncratic risk together reduce
the [ coefficient on average by about 30 percent. This is due to a strong increase

in consumption insurance in good times of high output: 5; is about three times the

22Note that when the lower idiosyncratic income state equals 0, low-income agents are never con-
strained. Ando et al. (2023) exploit this feature to analytically characterise a more general LC model
with capital accumulation.
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Table 9: Cyclical consumption insurance in a simple limited-commitment economy

/6 Blow /Bhigh Y
Stationary 18 18 18 NaN

Benchmark 14 22 6 -2.83
Zh = Zl =1 14 21 7 NaN
iid unemp 18 18 17 -14

The table reports the regression coefficient 8 in (4) in a simulation of the LC economy on average (column 1), as well as in
times of low and high aggregate productivity (3;,., and p;¢n, columns 2 and 3, respectively). Column 4 reports the regression

coefficient v in Equation (5), a measure of how procyclical individual consumption-income comovement is.

size of 3;,, implying a coefficient v is substantially larger in magnitude than both the
counterpart in the SI model, and the data. So endogenous market incompleteness

strengthens the puzzle.

8 Conclusion

In this paper, we have studied how cycles in aggregate economic activity determine
the ability of households to smooth consumption in the face of idiosyncratic shocks
to their incomes. This seems important because the costs of business cycles may
be substantially altered when they affect the average degree of consumption insur-
ance or its volatility. In addition, the cyclicality of consumption-income comovement
provides an additional dimension along which to discipline models for designing re-

distributional or insurance policies.

We first showed that in U.S. micro data from the Consumer Expenditure Survey and
the Panel Study of Income Dynamics, household consumption reacts more strongly
to individual income changes in booms. We then identified key determinants of fluc-
tuations in consumption-income comovement in standard theory where consumers
self-insure against income shocks through borrowing and saving. Temporarily high
aggregate income or interest rates increase the effect of individual income shocks

on permanent income, and thus on current consumption for high-wealth house-
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holds whose borrowing constraints don’t bind. At the same time, both high income
and high interest rates encourage saving, which lengthens wealth-poor consumers’
smoothing horizon by reducing the likelihood of binding borrowing constraints in
the future. This acts to dampen the effect of shocks on consumption. The average
cyclicality of consumption smoothing thus depends on the general-equilibrium co-
movement between interest rates and aggregate income, as well as the equilibrium
wealth distribution. In the general equilibrium of an otherwise data-consistent
heterogeneous-agent model with incomplete markets and rich sources of idiosyn-
cratic risk (Krueger et al., 2016), consumption responds less to income shocks in
booms, driven by procyclical savings rates. Consumption insurance is thus pro-

cyclical in this "SI" environment, in contrast to the data.

The inability of the SI model to explain the data motivated us to explore potential

solutions to this "countercyclical consumption insurance puzzle".

We first studied the ability of two extensions of the SI model to explain the puz-
zle. Countercyclical variance of income shocks makes consumption insurance even
more procyclical, reinforcing the puzzle. This is because buffers are smaller-than-
optimal at the beginning of high-volatility periods, and because increased volatility
of persistent shocks increases the effect of a typical income shock on consumption.
Both effects decrease consumption insurance in bad times relative to good times.
Because income persistence strongly affects consumption-income comovement, we
also explored a cyclical form of persistence bias (Rozsypal and Schlafmann, 2017).
Specifically, in line with the evidence presented in Balleer et al. (2023), we studied
a version of the benchmark SI environment where workers become optimistic about
their employment prospects in booms and pessimistic in recessions. Together with
an unchanged observed unemployment rate, this makes insurance less procycli-
cal because employment and unemployment are perceived to be more persistent
in booms. We show that this misperception makes consumption insurance indeed

countercyclical in the SI model, and may thus help the puzzle.

We then studied a more fundamental alternative to the SI environment without
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exogenous restrictions to asset trade, but with endogenous, and therefore poten-
tially cyclical, financial frictions arising from limited contract enforcement. In a
parameterization where unemployment risk was similarly countercyclical as in US
employment data, consumption insurance was even more procyclical than in the SI
model. Importantly, while the average sensitivity of consumption to income changes
in the SI economy was not much affected by aggregate fluctuations relative to a sta-
tionary version of the economy, it increased strongly in the LC environment with
cyclical unemployment risk. The cyclical nature of consumption insurance thus ar-
gues against limited-commitment frictions as a main source of limited consumption

risk sharing.

Because the analysis of extensions and alternatives to the standard model was ex-
ploratory in nature, these results ask for more research on the determinants of
consumption insurance, in particular with endogenous financial frictions and de-
partures from rational expectations. Our LC economy abstracted from capital in-
vestment and abstracted from other frictions. Future research should therefore
generalize our analysis to account for additional endogenous state variables?® and
other frictions, such as limited information about household incomes or effort levels
as in Broer et al. (2017) that may be less cyclical. It would also be interesting to in-
vestigate alternative environments with endogenous borrowing constraints under
the maintained assumption of incomplete markets, for example because consumers
can default on their debt and aggregate conditions change their incentives to do so
(Chatterjee et al., 2007, Auclert and Mitman, 2018). Similarly, the simple form of
misperception we study is but an encouragement to study how departures from the
benchmark of full information and rational expectations affect consumption insur-

ance.
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9 Appendix I: CEX Data construction

We use a CEX sample that covers the years 1983 to 2012. We use the following
main variables in the analysis: a broad nondurable consumption aggregate (includ-

ing rental payments and imputed rental services for house owners), denoted ND+;
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the CEX aggregates of total nondurable consumption excluding rental payments
(ND), and food consumption (Food); family earnings (the sum of labor earnings of
the head and spouse of a household); family disposable income (including labor
earnings, business or farm income, professional income, financial income and in-
come from social security, unemployment and other benefits including food stamps)
minus federal, state and local taxes paid, as reported by the household. To con-
struct log-differences of income and consumption, we use residuals from a regres-
sion on year-quarter dummies and a number of household characteristics: the num-
ber of dependent children, the number of adults in the household, a cubic function
of the household’s head’s age, a dummy that equals 1 if a spouse is present, a set
of dummies capturing the head’s and spouse’s education status, and their interac-
tion, and a full set of race dummies. We also perform our analysis using raw data,
which yields very similar results (since most of the household characteristics are

unchanged and our regressors are log-differences).

We restrict our sample to households whose head is of working age (between 21
and 64 years of age), labeled as a complete income respondent (meaning the the re-
spondent provided values for major sources of income, such as wages and salaries,
self- employment income, and Social Security income), who is present in all 4 quar-
terly interviews, and whose income is not top-coded. We also exclude households
whose composition changes. For the time-varying standard deviation (Panel d) of
Figure 1), we trim the log-differences in ND+ consumption at percentiles 2 and 98.
All time-series that enter Figure 1 or the regressions enter as deviations from a

log-linear trend.

As measures of the business cycle we consider deviations from a log-linear trend of
three aggregate output or income measures: real GDP, real household disposable
income from the National Income and Product Accounts (NIPA), and the sum of

disposable income in the CEX sample.
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10 Appendix II: Solution and computation of equilibrium in

the LC economy

This section shows the existence of a ‘history-independent’ equilibrium in the eco-
nomy with N = 2 and n = 2, where y € {¢!,y"}, Y € {YL, Y}, The equilibrium is
history-independent in the sense that the consumption of i agents, all of them con-
strained, only depends on the current aggregate state, and that interest rates are
a function only of the current and preceding aggregate states, while consumption
of agents that remain unconstrained at low income depends on a (potentially long)
finite history of aggregate states. The intuition behind this result is that partici-
pation constraints are purely forward looking: the contract value only depends on
current consumption and future interest rates that determine consumption in un-
constrained future periods via (10). Moreover, when only /# agents are constrained,
the market clearing condition can be written as a function of » agent consump-
tion in the current and the preceding period and the current interest rate. We can
thus write market-clearing conditions and participation constraints independently

of history, which implies the existence of a history-independent equilibrium.

10.1 Existence of a ‘history-independent’ equilibrium

Result 1 below considers the economy with N = 2 and n = 2, y € {y},9"}, Y €
{v*,Y"} and independent individual transitions (p} = p", k,I,m,n € {H, L}), for
parameters such that all high-income agents are constrained but risk sharing is
strong enough for the mass of agents that are constrained at y = 3 to be negligible.
In this case, the participation constraint of high-income agents allows us to write
a condition for the constrained level of consumption at y", Y/, denoted ¢}’ only in
terms of future prices of consumption {R,},s =t,t + 1, ..., 00 (which may depend on

the history of aggregate shocks until s).
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VM = u(c}") + 6[pnnP' V' + puPu! ()] + pu Z 8°py [P V? + puP*us(c}’)] (13)

where we neglected the possibility to become constrained at low income in line with

the condition of the result, and
u ( hI) ((55]‘_[2 lRt-l-k)UCl}fﬂ)?S - 1a27--'

is the 2° x 1 vector of current utilities from consumption after s periods of low income,
and thus s unconstrained transitions of consumption at 2° possible interest rate
sequences {R;.1, ..., Ry s} (corresponding to 2° possible aggregate histories between
t + 1 and ¢ + s) according to (10). PP* is the corresponding vector of probabilities of
each sequence. And V* with typical element V"/ is the vector of autarky values at
high income in the last period of each sequence. Note that ¢/ is history-dependent

only insofar future interest rates R;,q, R; 2, .. R, are.

The market-clearing condition can be expressed in terms of the change in the con-
sumption share of individuals whose current income is high vs of those whose in-
come is low. Take first-differences of individual consumption shares and integrate
over all agents whose income is currently high and low respectively, and impose

that no low-income agents are constrained, to get

Cit Cit—1 . Cit Cit—1 .
0 = / (—— )dz—l—/ (—— )dz (14)
1Yt =Yn v! v/ LYt =Y v! v/
— q)h o' / (Cit;1> di + [((5§f‘])5 — 1} / Cit? di
Y 1Yit=Yh Y LYit =Yl Y
Ch[ ChJ C?,Jl
= & v~ Prn®Pr~7 v 4 (1 — @) (1 — W) (15)

_ ) hJ chJ
+(1— Py [((mt”); — 1} (phzcbh v P+ pu(l— @)1 - {/—})) (16)

where Y,_; = Y is the aggregate income value in period ¢ — 1, R}/ = R}/! (YJ> and

we exp101t the fact that the consumptlon share of unconstrained agents in ¢ — 1

equals ( ) Given ¢!/, and ¢}, equation (16) defines a unique value R!’ that is
consistent Wlth market clearing when the economy transits from Y’/ to Y/ between

periods ¢t — 1 and ¢.
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Note that with iid individual incomes, average consumption shares in the previous
period of current high and low income inviduals both equal 1. (16) thus reduces to

® [ﬁ — 1] + (1 — @) [(5&”)% — 1} =0 (17)
h vy h t

which implies that R!” is strictly decreasing in ¢!/ (as the consumption of the un-
constrained must fall by more in (10), implying a lower R!, when the consumption of
the constrained is higher). Also, (10) shows how consumption of the unconstrained

in aggregate state I in period ¢ is stricly increasing in R’.

Result 1: Consider N = 2 and n = 2, such that y € {y!,y"}, Y € {YL,Y!} and as-
sume that an equilibrium with partial risk sharing exists and that full risk sharing
is not incentive compatible. Assume, for simplicity, that transitions of individual
income shares are iid over time (p;; = p;,Vj = 1,2,..,n). When u exhibits CRRA
with RRA ¢ and parameters are such that all high-income agents are constrained
but the mass of agents that are constrained at y = 3’ is negligible, there exists a
‘history-independent’ equilibrium, where the interest rate between periods ¢ and

t + 1 depends only on the aggregate income in those periods so that

R1=RY=R! (ﬁ) (18)
Y;

when Y, ; = Y/ and Y; = Y’. Moreover, individuals with high income experience
only two consumption levels c%, ¢ that only depend on aggregate income Y’ I €
(L, H}.

Proof: We show existence of an equilibrium that does not depend on history by
construction. Consider the autarky equilibrium with "/ = y"Y? [ € {H, L}, and a
pair of small changes dc™ < 0, implying dR’ > 0 according to (17). By the assump-
tion that an equilibrium with partial risk-sharing exists, this makes participation
constraints in both aggregate states slack. It also satisfies resource constraints.
Now reduce ¢ further, adjusting interest rates in states where aggregate income
equals Y/ in the same fashion, until the participation constraint binds in 7. Do the

same for state J # I, noting that by increasing interest rates in state J, this makes
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participation constraints slack in state I (as consumption in future unconstrained
states .J rises for those currently at ¢ according to (10)). Iterate until both partici-
pation constraints bind, which implies partial risk sharing by the assumption that

full risk sharing is not incentive compatible. m

In practice, we solve for "/ R!, I € {H, L} using a numerical solver. Note that
this ‘history-independent’ equilibrium is history-independent only insofar as inter-
est rates and constrained levels of consumption of high types are concerned. Con-
sumption of low-income agents depends on the history of aggregate states (that
defines interest rate sequences). Equilibria where individual transition probabili-
ties are not iid (p;; # pix, k # j) or where individual transition probabilities depend
on aggregate states can be constructed in the same fashion (although in the lat-
ter case, (18) does not hold, as interest rates depend on aggregate transitions not
just through output growth). Similarly for equilibria with more aggregate states
N > 2. Equilibria with more idiosyncratic states n > 2 can only be constructed in
this fashion when the mass of constrained agents at all but one income values is

negligible.

10.2 Computation

Suppose n = 2, N = 2 and that

o7 —1
u(e) = lim —=—=
Since (17) and (13) evaluated at I = L, H provide four equations in four unknowns
" RI, I = L, H, one can solve for the history-independent equilibrium easily us-
ing a computer. In this equilibrium, the assumption that no agent is constrained
at low income has to be verified (in the sense that the probability mass function
of consumption shares declines to negligible values at its lower bound ¢'). Since
consumption at low income is history-dependent, one could simulate the economy
using the history-independent values of ¢/, R/, I = L, H. In practice, we proceed

as follows: Given R!, R?, ¢" and ¢/, construct two finite grids for consumption, each
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appropriate for a distinct aggregate state. Denote them by ¢! and ¢?. Sometimes

we will consider these as column vectors whose elements are in ascending order.

We cannot be sure that, in fact, consumption is confined to a finite set, so this is an
approximation, but one that can be made arbitrarily accurate by making the grids

fine enough. The first element of ¢/ is 'Y and the last element of ¢/ is ¢"’.

Now we construct a probability transition function P(j, m|i, k) for all the grid points.
To be explicit, P(j, m|i, k) is the probability that aggregate output will be Y7 and
individual consumption will be ¢/, in the next period if, in the current period, ag-

gregate output is Y* and individual consumption is ;.

Suppose we start in an arbitrary period ¢ at grid point & in grid i so that this period’s
aggregate output is Y’ and this period’s individual consumption is ¢i. Then there

are several possibilities for the next period.

With probability I1(j|i) we transit to aggregate state j. For each such j, there are
two possibilities. With probability ®(2), next period’s individual income share is
high and ¢;;; = @. That is the easy case. Alternatively, with probability ®(1), the
individual income share is low. Then it is possible that the agent is unconstrained

in the next period. If so, next period’s consumption satisfies

r = (GR™)c]
If this ¢, satisfies ¢,;; > 'Y/, then we have the correct value for ¢,,,. Otherwise
o1 = y'Y7.

At this point, we may find that ¢, is nowhere to be found on the grid <. However,

by construction, we can find an integer m so that
J J
Cm S Cop1 S Cry g

So we assign some of the probability mass TI(j|i)®(1) to ¢/, and the rest to ¢/ ..

More precisely,

. . iy @Zn+1 — Ct+1
PG, mli, k) = ()T} =
Crpy1 — Cm
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and ,
Cty41 — Cy

J J
Cngs1 — Cm

P(j,m+ 1]i, k) = ®(1)II(5]7)

Subtlety: the step down from @ may be less than the distance between gridpoints.
Then the total probability mass associated with the destination @ may come from

distinct contingencies. The above formula then needs to be modified so that

Cit1 — Ty

J

P(j,m+1li, k) = P(j,m + 1[i, k) + ®(1)IL(j]7) ;
(Berl — Cm

where it is understood that P is initially set to all zeros and the formula is applied

for each distinct contingency (high or low individual income share).

Now organize all these transition probabilities into a matrix P and stack the two

grids according to

Then the value of staying in the prescribed risk sharing arrangement can be written
as .
Vo = ZétuoPtu(@) = [l — 6P tu(c)

t=0
where the row vector 1° is the initial distribution over ¢, typically a unit vector with
all mass concentrated at a candidate value of constrained consumption of 7 agents
. Given guesses for ¢ R!/I.J € {H, L} we can construct P and check partic-
ipation constraints and market clearing. This allows us to solve for the history-
independent equilibrium using a computer. The advantage to simulation is that

the equilibrium P immediately defines transitions.
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11 Appendix III: Welfare costs of cyclical fluctuations in aggre-

gate consumption and the degree of insurance

This section derives the welfare cost approximation in Section 2 using a simple static
example. Write individual consumption as the product of an individual consumption
share ¢ and aggregate income Y, so ¢ = ¢Y. Assume that there is no insurance
aggainst aggregate fluctuations but that idiosyncratic income shocks are partially
insured: ¢ = Qtyﬁt, such that only a time-varying fraction f; of idiosyncratic shocks
to log-income shares are passed through to log-consumption. We assume log(y;;) is
i.i.d. normally distributed as N(u,,V,). Also, we assume, for simplicity that 3, is

distributed iid across different time periods with mean 3 variance Vars.

Feasibility implies that income and consumption shares sum to 1 (E[¢] = Ely] =
1), which yields p, = —3V, and log(6;) = 1V, 5,(1 — ;) . Note that this implies
Ellog(cy)] = log(6:) + Buy, = 3V,0:(1 — B;) — B3V, = —3V,,57. For a given f,, utility of

an individual agent equals

Oyt Y=

L) = Tt 19
u(cit) o (19)
— 3 VyBE +Be(logyit—py) y, )1 -0
_ (el D) (20)
1—0
—(1-0)3 —0)Pe(logyit— s
_ e ( )2Vy5t2+(1 )Bt(logy Hy)Y'tl (21)
1—0
Taking expectations over i yields
7(170)lVyﬁiQJrOJrl(lfU)QBQVary]Ylfo'
Elu(ey)] = “— : t 22)
1—0
B2 [-(1-0)+(1-0)2y 10
- t (23)
1—0
v —o
_ 60(0_1)%531/;1 (24)

1—0
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Expanding in 3; and Y; to second order yields
Eu(c))] = U@)E([1+ B%(c — 1)V,dinp, + (1 — o)dInY;
—l—%a(a —o(o — 1)V, 3 + 1]V, B%dIns; + %a(a — 1)dinY}?
—%a( 1)*8°V,dinBydinY;) (25)

where dlogz, ~ #=% denotes the deviation of the log(z;) from its mean. Taking

expectations, this yields

Elu(e))] = U@)[1 + 50(0 ~ Dlolo ~ DV, 5+ D]V, 5Vs (26)
—i—%a(o o 91%%
—%O‘(O‘ — 1)26_2\@000(@,3/)] 27

This gives the welfare costs of fluctuations in 5; and Y; in terms of expected con-
sumption
1
Alnc ~ §0Vy 1+ Doy (V5 — (0 —1)Cov(5,Y))] (28)

v, 32
where ¢, = {’/ﬁ

that of aggregate consumption / income, and where we set o(c — 1)(V,3?)? > 0 to 0,

which holds for realistic consumption volatility and standard levels of risk aversion.

12 Appendix IV: Proofs of results in Section 4

12.1 Derivation of Equation (7)

In the absence of uncertainty, the lifetime budget constaint in period 0 can be writ-

ten as
CO + Z Ht Ct Z thl—[t yzt + Ybyzo + apo (29)

Substituting for C; from the Euler equation C; = §'TI'_, R,C yields

Co Z 5 = (Z Y. Qwyir + Yoyio + aiO) (30)
=0

t=1
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Simplifying using Q; = R yields the result.

12.2 Proof of Proposition 1

Note that 3;; > 3; whenever

Zfio 5tWtQtP6 > Zzo 5tﬂ6 (31)
Yoo Otwrqr + o > ieo 0 + g
(Z 8'wi g ) (Z o' + 0‘@'0> > (Z &' pg) <Z 0'wiqr + Oéio) (32)
=0 =0 =0 =0
> ois o 0w pl ( 1 n Qo ) - D0 0T b Do 0wy 1 L Qo 31
A-at \T-07 " T-9) = @=ar (-0 \T-07 " Toalem(_ 4
1 [0 7] 1 71
Es |wqip} ( + ) > Es|py] Es [wea] + === (34)
sl \ =57+ - 5) Al Ealoal | G50+ S )

where E; denotes the infinite sum with respect to the discrete mass function p(i) =
a 55) r.i=1,2,3,.... Note that 357° p(i) = 1, and ¢; = § = g5 < (>)1 s strictly
monotonically decreasing (increasing) when Ry > (<)1/d. Thus w;, ¢;, p* are strictly
monotonic functions of i, and we have Ej; [w,q.p}] > (<)Es [ph] Es [wiq;] whenever wy >

(<)land gy = 1, or ¢o > (<)1 and wy = 1, or both wy > (<)1 and ¢y > (<)1.

Folorar] (152 18 declining in wy, so the right

hand side of (34) is smaller than the left-hand side. Statement 2. follows because,
in that case, the right hand side of (34) is smaller than the left-hand side for «;y = 0.

Statement 1. then follows noting that

i Q50 TR 1 1 @40 Q50
Since Frlora] (T—5)—2 18 increasing in Ry and thus 5 < Bl whenever Ry >

there is a threshold value @, around which the inequality flips (statement 4.).

6,

Statement 4. follows because the right hand side is strictly increasing in p,.

13 Appendix V: Details of the quantitative model in Section

For the benchmark SI model in Section 5, this section describes the household prob-

lem, defines the competitive equilibrium, and details the calibration of the remain-
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ing parameters. The exposition is identical to Krueger et al. (2016), who provide
additional detail.

Household problem

The problem of a working household can be written recursively as follows

vw(s, e a,B; 72, ®) = m/a;gu(c)

+8 Y w(Z | Z)n (s | 5,2 . Z)7 (¢ | e)

(Z,s',e")
X[Qvy (s',€',d', 8; 7', ®)+(1-0)vg (d, B3; Z', )]

subject to

ctad = (1-8(Z; p)—Ess) w(Z, )e [1—(1—p) Ls=]
+(14+r(Z,®)—d)a
o — H(Z,®, 7

where 1,_, is an indicator function that identifies unemployed individuals, vy, and
vg are, respectively the value functions of working and retired households, and H is
a perceived law of motion that describes transitions of aggregate productivity and
the cross-sectional distribution of households across individual state variables ®.
Wages w and capital returns r are functions of aggregate state productivity and the
aggregate labor input (via the distribution ®), and the payroll tax ¢ depends only
on current productivity Z (conditional on which labor inputs are constant) and the

replacement rate p.

Recursive competitive equilibrium

Using this setup of the household problem, we can define a recursive competitive
equilibrium following Krusell and Smith (1998b) as Value and policy functions of
working and retired households, v;, ¢;, aj, pricing functions r, w & an aggregate law

of motion H s.t.
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1. Given r, w, taxes and H, v solves the household Bellman equation and ¢, a’ are

the associated policy functions.

2. Factor prices are given by

w(Z,®) = ZFy(K(Z,®),N(Z,®)) (35)
r(Z,®) = ZFx(K(Z,®),N(Z,®)) (36)

3. The current tax rate balances the unemp insurance system

4. Market clearing
N(Z,®) = (1-TLy(w) X,y ell(e), K(Z,@) — / ad® 37)

5. H is induced by pi(s'|s, Z', Z), n(e'|e), 7(Z'| Z) and the optimal policy function o’

for assets.

Calibration of remaining parameters

Following Krueger et al. (2016), we choose a standard Cobb-Douglas production
technology with a capital share of 36 percent. We set the depreciation rate to 2.5
percent per quarter. The earnings process of the employed 7(¢’|e) is the sum of a
persistent component p, which follows an AR(1) process whose shocks 7 are i.i.d.

with variance 6727 , and a purely transitory shock ¢ with variance 62, where p follows

log (¢) = p+te
P = op+n (38)

We set ¢ = 0.9695 and the variance of persistent shocks (33 = 0.0384. We approximate
the process using a 21-state approximation. We choose a risk-aversion parameter
equal to 1 (log-preferences). The discount factor § is distributed uniformly on a
support [6—e, 6+¢] with § = 0.9864, ¢ = 0.0053. The unemployment replacement rate
equals 50 percent. Together, these parameters imply a wealth Gini of 77 percent

and a capital-output ratio of 10.3.
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