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Abstract

In this paper, I show that the decline in household consumption during unemploy-

ment spells depends on both liquid and illiquid asset positions. I also provide evidence

that unemployment spells predict the withdrawal of illiquid assets, particularly when

households have few liquid assets. Motivated by these findings, I embed endogenous

unemployment risk in a two-asset heterogeneous-agent New Keynesian model. The

model is consistent with the above evidence and provides a new propagation mecha-

nism for aggregate shocks due to a flight-to-liquidity that occurs when unemployment

risk rises. This mechanism implies that unemployment insurance plays an important

role as an automatic stabilizer, particularly when monetary policy is constrained.
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1 Introduction

Unemployment spells are the largest source of income risk that households face. Yet the

majority of household wealth is held in illiquid assets, which are not well suited to smoothing

consumption during unemployment. In this paper I study the implications of these facts in

a model with endogenous unemployment risk in which households trade both liquid and

illiquid assets. The model provides a new propagation mechanism for aggregate shocks,

driven by a flight-to-liquidity that occurs when households face higher unemployment risk.

It also suggests that an important role for unemployment insurance is its ability to dampen

this amplification by lessening the cyclicality of household income risk.

I begin by presenting new empirical evidence on the relationship between unemployment, the

liquidity of asset holdings, and consumption. Using data from the Consumer Expenditure

Survey and the Panel Study of Income Dynamics, I show that the decline in consumption that

households experience during unemployment spells depends on both their liquid and illiquid

asset positions. In particular, the decline is smallest for households with significant liquid

asset holdings, larger for households with only illiquid assets, and largest for households with

few assets of either type1. This finding suggests that households with illiquid wealth are at

least partially able to use such assets to smooth their consumption during unemployment. I

use data from the Survey of Consumer Finances to confirm that this is the case: I show that

households that experience an unemployment spell are more likely to make a withdrawal

from their illiquid asset holdings than those that do not, and that this effect is stronger

when the unemployment spell is long or when households have few liquid assets.

Motivated by this empirical evidence, I study a heterogeneous-agent New Keynesian (HANK)

model in which households trade both liquid bonds and illiquid capital and are subject to

endogenous unemployment risk due to search frictions in the labor market. First, I show that

this model is consistent with the above findings. I then study the response of the economy

to aggregate shocks in order to answer the following questions: How does household demand

for liquid and illiquid assets change when unemployment risk rises? Does this affect business

cycle dynamics? Do policies that mitigate income risk, such as unemployment insurance,

play an important role as automatic stabilizers?

1In the terminology of Greg Kaplan, Giovanni L. Violante and Justin Weidner (2014), the first group
are non hand-to-mouth households, the second are the wealthy hand-to-mouth, and the third are the poor
hand-to-mouth.
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I find that the interaction of illiquid assets and endogenous unemployment risk provides a

novel propagation mechanism for aggregate shocks. Higher unemployment risk triggers a

flight-to-liquidity: households increase their demand for liquid assets as these are the best

suited to smoothing consumption during unemployment spells. Conversely, demand for illiq-

uid capital declines. In the presence of sticky prices, this decline in investment leads to lower

output and higher unemployment, prompting a feedback loop between unemployment risk

and aggregate demand. A key feature of the model is that income risk responds endoge-

nously to aggregate shocks through changes in the unemployment rate. I use the Current

Population Survey to show that this is confirmed in the data: the cyclicality of income risk

is driven entirely by changes in unemployment risk2.

If there is no unemployment insurance, this propagation mechanism implies that the response

of unemployment or output is around 35% larger than in a version of the model with no id-

iosyncratic unemployment risk. Unemployment insurance provides a source of consumption

smoothing during unemployment spells, and consequently dampens the flight-to-liquidity

and the feedback loop between unemployment risk and aggregate demand. Quantitatively, I

find that unemployment insurance removes around half of the amplification that the flight-

to-liquidity mechanism provides. Unemployment insurance is even more important when

monetary policy is constrained, as the feedback loop between unemployment risk and aggre-

gate demand is significantly strengthened at such times, an implication that seems particu-

larly relevant given that the COVID-19 pandemic has pushed nominal interest rates to the

zero lower bound in almost all advanced economies.

In the final section, I compare the results from this two-asset model to those from a model

where households have access to one liquid asset. Without the flight-to-liquidity and decline

in investment demand that occurs in the two-asset model, unemployment risk and unem-

ployment insurance have no effect on business cycle volatility. It is well known that a model

with both liquid and illiquid assets can generate a large number of households with high

marginal propensities to consume. However, critics have argued that the same end can be

achieved in simpler one-asset models which are calibrated to match moments of the liquid

(rather than total) wealth distribution. In this paper, I show that the presence of liquid and

illiquid assets also crucially affects the answers to questions about how unemployment risk

affects business cycle dynamics.

2Fatih Guvenen, Serdar Ozkan and Jae Song (2014) use Social Security Administration data to show that
the skewness of the income growth distribution is strongly pro-cyclical. The role of unemployment cannot
be studied in their data as it does not include a measure of time spent employed.
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1.1 Literature Review

The empirical evidence on the consumption response to unemployment spells in this paper

builds on previous work by Jonathan Gruber (1997), Mark Aguiar and Erik Hurst (2005),

Gabriel Chodorow-Reich and Loukas Karabarbounis (2016), Jonas Kolsrud, Camille Landais,

Peter Nilsson and Johannes Spinnewijn (2018) and others. These papers either estimate the

average consumption decline during unemployment or focus on heterogeneity related only to

liquid asset holdings. I provide evidence that illiquid asset holdings are also an important

determinant of the response of household consumption to unemployment.

A number of recent papers have investigated the source of the pro-cyclical skewness of the

income growth distribution documented by Guvenen, Ozkan and Song (2014). I use the

Current Population Survey (CPS) to show that this is driven entirely by cyclicality in the

distribution of changes in time employed. For workers that do not experience unemployment,

the skewness of the income growth distribution exhibits no cyclicality. This is consistent with

evidence from Italian data provided in Eran B. Hoffmann and Davide Malacrino (2019).

This paper also contributes to the literature studying the aggregate implications of unem-

ployment risk in HANK models. Morten O. Ravn and Vincent Sterk (2017) study a one-asset

model in which unemployment risk strongly amplifies business cycle fluctuations. The key

difference between their model and the one-asset model in this paper is the assumption of

autarky that they introduce. In particular, they assume that agents are unable to borrow

and that bonds are in zero net supply, implying that all households must hold no assets in

equilibrium. In Section 7, I show that unemployment risk has no effect on business cycle

dynamics if agents are able to trade a liquid asset.

The lack of amplification in the one-asset model in this paper is consistent with the results

of Nils Gornemann, Keith Kuester and Makoto Nakajima (2016). Their paper studies a

one-asset model with unemployment risk and physical capital. In their model the increase

in precautionary saving in response to a rise in unemployment risk raises the volatility of

consumption but lowers the volatility of investment, leaving the volatility of output un-

changed. In contrast, if capital is illiquid, as in the two-asset model in this paper, the

household response to higher unemployment risk does not smooth the response of invest-

ment, as households increase their demand only for liquid assets.

One paper that studies the role of unemployment risk in a two-asset setting is Wouter J
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Den Haan, Pontus Rendahl and Markus Riegler (2017). However, in their model both assets

are liquid, and there is no physical capital3. Whether or not unemployment risk amplifies

business cycles in their model depends crucially on the degree of nominal wage stickiness.

The mechanism in my two-asset model relies on the presence of an illiquid asset and does

not depend on the responsiveness of wages.

My paper also contributes to the recent literature on HANK models with both liquid and

illiquid assets. Greg Kaplan, Benjamin Moll and Giovanni L Violante (2018) show that

having a model where the majority of wealth is illiquid helps to generate a realistic distri-

bution of marginal propensities to consume, and that this changes our understanding of the

transmission mechanism of monetary policy. I incorporate labor market frictions into such

a model in order to study the aggregate implications of unemployment risk.

The mechanism in the two-asset model in this paper is related to that studied by Christian

Bayer, Ralph Lütticke, Lien Pham-Dao and Volker Tjaden (2019). In a two-asset model

with a competitive labor market, they show that uncertainty shocks to households’ idiosyn-

cratic productivity can lead to a decline in investment and output through a “wait-and-see”

channel, similar to that studied by Nicholas Bloom (2009). The mechanism in their model

is only operative in response to exogenous uncertainty shocks to idiosyncratic productivity.

In this paper, income risk is endogenous as any shock that affects the unemployment rate

also affects household income risk. The fact that income risk is endogenous is crucial for the

propagation mechanism in this paper: if income risk is exogenous there is no feedback loop

between income risk and aggregate demand.

Finally, this paper contributes to the literature studying the role of unemployment insurance

as an automatic stabilizer, such as Rohan Kekre (2016) and Alisdair McKay and Ricardo Reis

(2016b). The latter paper uses a one-asset HANK model and finds that automatic stabilizers

have little effect on business cycle volatility when monetary policy is not constrained, as in

the one-asset model studied in this paper. In contrast, my two-asset model suggests that

unemployment insurance can affect business cycle volatility through its ability to dampen

the flight-to-liquidity that occurs when unemployment rises. The rest of the paper is orga-

nized as follows. Section 2 shows that the consumption response to unemployment spells

depends on both liquid and illiquid asset holdings. Section 3 documents the relationship

between unemployment and the withdrawal of illiquid assets. Section 4 describes the two-

asset model and Section 5 shows that it is consistent with the empirical evidence. Section

3The two assets in their model are bonds and equity in the firms that post vacancies in the labor market.

5



6 studies the impact of an aggregate productivity shock in different versions of the two-

asset model. Section 7 compares these results with those from a one-asset model. Section 8

concludes.

2 Consumption Response to Unemployment Spells

In this section I show that the decline in household consumption during unemployment spells

depends both on liquid and illiquid asset positions.

Methodology As in Kaplan, Violante and Weidner (2014), I classify households as non

hand-to-mouth if they have significant liquid asset holdings, wealthy hand-to-mouth if they

have few liquid assets but significant illiquid asset holdings, and poor hand-to-mouth if

they have few liquid or illiquid assets. I then estimate the response of consumption to

unemployment spells using the following specification:

logCi,t “ βXi,t ` γNUi,t1tN-HTMu ` γWUi,t1tW-HTMu ` γPUi,t1tP-HTMu ` εi,t (2.1)

where Ci,t denotes household consumption, Xi,t is a vector of control variables, and Ui,t P

r0, 1s denotes the fraction of the year that the household spent unemployed. The indicator

variables denote the liquid/illiquid asset status of the household. The coefficients γN , γW ,

and γP measure the decline in log consumption during unemployment for households that

are either non-hand-to-mouth, wealthy-hand-to-mouth, or poor-hand-to-mouth. Using this

specification to identify the consumption decline during unemployment relies on the assump-

tion that the set of control variables is large enough to eliminate any omitted variable bias

coming from a correlation between unemployment spells and unobservables. As a cross-

check, I estimate the following panel regressions based on within-household variation in

consumption4:

log ∆Ci,t “ αt`γN∆Ui,t1tN-HTMu`γW∆Ui,t1tW-HTMu`γP∆Ui,t1tP-HTMu`∆εi,t (2.2)

Data To estimate equation 2.1, I use data from the Consumer Expenditure Survey (CEX)

4Chodorow-Reich and Karabarbounis (2016) use the same two specifications to estimate the average
consumption response to unemployment spells, without conditioning on household’s asset positions.
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for the period from 1996 to 2017, restricting the sample to households whose head is between

the ages of 25 and 55. I measure consumption spending on non-durables and services by

excluding spending on automobiles, housing, health expenses, and education. The CEX

measures liquid asset holdings well, but has little information on illiquid asset holdings.

I therefore use home-ownership as a proxy for positive illiquid asset holdings5. I define

households as hand-to-mouth if they are in the bottom 50% of the liquid asset distribution

in a given year6. I then define them as wealthy hand-to-mouth if they are also homeowners,

and as poor hand-to-mouth if they are not.

To estimate equation 2.2, I use data from the Panel Study of Income Dynamics (PSID) for

the period from 2005 to 2017. As in the CEX, I restrict the sample to households whose

head is between the ages of 25 and 55. As well as having a shorter sample than the CEX, the

PSID also includes less information on consumption: the measure I use is spending on food,

clothing, recreation and vacations. On the other hand, the PSID does have more accurate

information on illiquid wealth holdings: I measure illiquid wealth as housing equity plus

the value of retirement accounts. Appendices A.1 and A.2 contains further details on the

construction of the datasets.

Results The results of estimating equations 2.1 and 2.2 are shown in Table 1. The

estimated consumption declines are very similar using both the cross-sectional variation in

the CEX and the within-household variation in the PSID. Columns 1 and 4 show estimates

of the average response of consumption to unemployment without interacting unemployment

with the asset indicator variables. I find that on average consumption is 20-25% lower during

unemployment, in line with previous estimates7.

Columns 2 and 5 show the estimates when I split households only on the basis of their

liquid asset holdings. The estimated consumption decline during unemployment is strongly

influenced by a household’s liquid asset position. Non hand-to-mouth households are able to

use their liquid assets to smooth consumption during unemployment, and their consumption

5 In Appendix B I use data from the Survey of Consumer Finances to show that home-ownership is a
good proxy for illiquid asset holdings.

6Kaplan, Moll and Violante (2018) report that 15% of households have negative liquid asset holdings and
a further 30% of households have liquid asset holdings close to zero.

7A large literature has studied the average response of consumption to unemployment. Chodorow-Reich
and Karabarbounis (2016) find similar estimates in both the CEX and PSID. Aguiar and Hurst (2005) use
the Continuing Survey of Food Intake of Individuals (CSFII) to estimate that food expenditure falls by 19%
during unemployment.

7



Table 1: Consumption Response to Unemployment Spells

CEX PSID

(1) (2) (3) (4) (5) (6)

Ui,t -0.22 -0.26
(0.015) (0.051)

Ui,t1tN-HTMu -0.14 -0.14 -0.14 -0.14
(0.026) (0.026) (0.069) (0.069)

Ui,t1tHTMu -0.26 -0.32
(0.019) (0.065)

Ui,t1tW-HTMu -0.23 -0.28
(0.027) (0.131)

Ui,t1tP-HTMu -0.30 -0.34
(0.026) (0.074)

H0 : γN “ γH 0.00 0.02
H0 : γN “ γW “ γP 0.00 0.11
H0 : γW “ γP 0.06 0.71

Notes: Robust standard errors in parentheses. PSID standard errors are clustered by household head.
Regressions weighted using sampling weights. Final three rows of the table report the p-values for different
Wald tests. CEX uses 31638 observations from 1996-2017. PSID uses 17892 observations from 2005-2017.

declines by around 15% on average. Hand-to-mouth households are less able to smooth their

consumption, which declines by 25-30% on average.

Columns 3 and 6 estimate the regressions in full, now splitting hand-to-mouth households

into two groups on the basis of their illiquid asset holdings. When liquid asset holdings

are low, illiquid asset holdings appear to significantly affect the consumption decline during

unemployment: the consumption of poor hand-to-mouth households declines by at least

30%, double the decline of non hand-to-mouth households. For the wealthy hand-to-mouth,

the decline is around 25%, suggesting that illiquid assets provide households with at least

some ability to smooth consumption during unemployment.

To formally test the hypothesis that the size of the consumption decline depends on liquid

and illiquid asset positions, Table 1 also reports the p-values of Wald tests that (1) the

decline is the same for hand-to-mouth and non hand-to-mouth households, (2) the decline is

the same for all three groups, and (3) that the decline for the hand-to-mouth does not depend

on illiquid asset holdings. In the cross-sectional regressions using the CEX, all hypotheses

can be rejected at the 10% level, confirming that both liquid and illiquid asset positions are
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important for determining the size of the consumption decline during unemployment. Due

to the shorter sample in the PSID, the second and third hypothesis cannot be rejected in

the regressions using within-household variation.

One concern with the approach used here is that differences in the consumption response

to unemployment spells may reflect heterogeneity in the effect of unemployment spells on

household labor income, rather than heterogeneity in the effect of a given decline in labor

income on household consumption. In Appendix D I show that this is not the case: there is

no evidence that the effect of a given unemployment spell on household labor income differs

across the three groups.

3 Illiquid Asset Response to Unemployment Spells

The findings in the previous section suggest that illiquid assets can play a role in smoothing

consumption during unemployment spells. I now turn to data from the Survey of Consumer

Finances (SCF) to understand the relationship between unemployment spells and illiquid

asset holdings. I find that unemployment is a strong predictor of illiquid asset withdrawal,

and that this effect is stronger when the unemployment spell is long or when households

have few liquid assets.

Data I use data from the SCF from 2004 to 2016. To measure the withdrawal of illiquid

assets, I focus on early withdrawals from tax-deferred individual retirement accounts (IRAs)8.

Such withdrawals are generally subject to a 10% penalty, making them a clear example of

illiquid asset adjustment9. Retirement accounts are an important component of household’s

illiquid asset holdings, making up around a fifth of all household wealth. I restrict the sample

to households whose head is at most 55 years of age and has an IRA. More details on the

sample are included in Appendix A.3.

Results Table 2 reports the probability of an early withdrawal for different groups of

8The SCF question about withdrawals from retirement accounts is specifically asked in relation to
IRA/Keogh accounts, and does not relate to employer-sponsored accounts such as a 401(k).

9For Roth IRAs this penalty applies to earnings but not contributions. I obtain very similar results if I
remove households with Roth IRAs from the sample.
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Table 2: Illiquid Asset Withdrawal Probabilities

Data 95% C.I. p-value

Full Sample 0.045 (0.037, 0.053)

No Unemployment Spell 0.038 (0.030, 0.047)
0.000

Unemployment Spell 0.106 (0.072, 0.143)

Short Unemployment Spell 0.062 (0.029, 0.103)
0.026

Long Unemployment Spell 0.157 (0.099, 0.223)

Unemployment Spell & Non-HTM 0.066 (0.009, 0.104)
0.016

Unemployment Spell & HTM 0.123 (0.085, 0.193)

Notes: Probabilities constructed using sampling weights from a sample of 4211 households from
the 2004 to 2016 waves of the SCF. Bootstrapped confidence intervals in parentheses. p-values
calculated using Fisher’s exact test.

households. The first row shows that between four and five percent of households make an

early withdrawal from their retirement account in a given year. The next two rows split

the sample depending on whether or not the household head experienced an unemployment

spell that year. Households whose head had an unemployment spell are almost three times

as likely to have made an early withdrawal from their retirement account as those whose

head was employed for the whole year. This provides evidence that the withdrawal of such

illiquid assets is an important way that households smooth their consumption in the face of

unemployment shocks.

Next, I further divide the sample of households whose head was unemployed into two groups,

based on the length of the unemployment spell. Households whose head was unemployed for

more than 12 weeks were more than twice as likely to make an early withdrawal than those

whose head was unemployed for 12 weeks or less.

Finally, I split the sample of unemployed households based on their liquid asset holdings.

As in Section 2, I define households as being hand-to-mouth if they are in the bottom 50%

of the liquid asset distribution. The last two rows of Table 2 show that households with low

liquid asset holdings were around twice as likely to make an early withdrawal than those

who had high liquid asset holdings if their head had an unemployment spell. Overall, these

results are consistent with the idea that liquid assets are the primary source of consumption

smoothing for unemployed households, but that illiquid assets are also used when households

have depleted their liquid asset holdings.
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The second column of Table 2 provides bootstrapped confidence intervals for each of these

probabilities, while the third column reports the p-value for tests that the probability of

withdrawal does not depend on employment status, the length of the unemployment spell,

or liquid asset holdings. In all cases, the null hypothesis that withdrawal probabilities are

the same across the two groups can be rejected at the 5% level.

4 Two-Asset Model

Motivated by this empirical evidence, I now study the role of endogenous unemployment risk

in a heterogeneous-agent New Keynesian model with both liquid and illiquid assets. As in

Kaplan, Moll and Violante (2018), households trade both liquid assets (nominal bonds) and

illiquid assets (physical capital)10. Search frictions in the labor market render unemployment,

and consequently income risk, endogenous to aggregate shocks.

In the model, households face a trade-off when choosing their asset portfolio. Bond holdings

can be adjusted without cost, but offer a low rate of return. Capital offers a higher return,

but is costly to adjust. As bonds are liquid, they are well suited to smoothing consumption in

response to transitory income shocks, such as unemployment spells. The key mechanism in

this model is that a household’s optimal asset portfolio depends on the level of unemployment

risk in the economy, leading to a time-varying preference for holding liquid assets.

Households Time is discrete. There is a continuum of infinitely-lived households that

supply labor inelastically, derive utility from consumption, and trade both liquid and illiquid

assets. Households’ idiosyncratic labor productivity follows an exogenous Markov process.

Households are also subject to shocks to their employment status. In each period, households

that choose to adjust their illiquid asset position pay a random adjustment cost, described

in more detail below. Within a period, the timing of events is shown in Figure 1.

For households that choose to adjust their illiquid asset holdings, the recursive problem is:

10In Section G.7, I show that the main result is not affected if the illiquid asset is housing rather than
productive capital.
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Figure 1: Model Timeline

t

Aggregate shocks
are realized

Jobs separate
with probability s

Unemployed find jobs
with probability ft

UI shocks are realized

Household draws
adjustment cost, χ

Household
chooses c, k1, b1 t+1

V A
t pb, k, z, eq “ max

c,b1,k1

c1´γ

1´ γ
` βEe1,z1Vt`1pb

1, k1, z1, e1q (4.1)

subject to

k1 ` b1 ` c “ 1te “ 1uwtzp1´ τq ` 1te “ 0uwtφpzqp1´ τq `R
b
tpbqb`R

k
t k ` Tt

b1 ě ´b

k1 ě 0

z1 “ Γpzq

where b denotes bond holdings, z is the household’s idiosyncratic productivity, and e is

the household’s employment status, equal to 1 if employed, 0 if unemployed and receiving

unemployment insurance, and -1 if unemployed and not receiving unemployment insurance.

If employed, the household receives wage wt per unit of labor productivity. If unemployed

and receiving unemployment insurance, households receive benefits equal to wtφpzq. Both

sources of labor income are subject to a linear tax, τ . Tt denotes a lump-sum transfer which

is received by all households11.

Households face borrowing constraints on their holdings of both liquid and illiquid assets.

Illiquid asset holdings must be non-negative. Household are able to borrow up to b units

of the liquid asset. However, there is an exogenous wedge, κ, between the borrowing and

lending rates on the liquid asset12:

Rb
pbq “

$

&

%

1`it
Πt

if b ě 0

1`it
Πt
` κ if b ă 0

(4.2)

11This transfer is included primarily for computational reasons. It is chosen to be large enough that the
lowest productivity household with no illiquid assets and liquid assets equal to ´b is able to cover the interest
payments on their liquid debt and still have a positive level of consumption.

12This assumption helps to ensure a realistic distribution of liquid asset holdings: a large mass of households
with close to zero liquid assets, and a share of around 15% of households with negative liquid asset holdings.
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where it is the nominal interest rate set by the central bank, and Πt is the gross rate of

inflation. The return on the illiquid asset is derived from supplying capital services to

the intermediate good producers at rate rkt . Capital services provided are the product of

the utilization rate, ut, and the household’s holding of the illiquid asset, k. The rate of

depreciation of capital is increasing in the utilization rate, as in Jeremy Greenwood, Zvi

Hercowitz and Gregory W Huffman (1988). Thus, the rate of return on the illiquid asset

is:

Rk
t “ 1` rkt ut ´ δ0u

δ1
t (4.3)

If the household doesn’t adjust their illiquid asset holdings, their problem is:

V NA
t pb, k, z, eq “ max

c,b1

c1´γ

1´ γ
` βEz1,e1Vt`1pb

1, k, z1, e1q (4.4)

subject to

k ` b1 ` c “ 1te “ 1uwtzp1´ τq ` 1te “ 0uwtφpzqp1´ τq `R
b
tpbqb`R

k
t k ` Tt

b1 ě ´b

z1 “ Γpzq

Each period, household’s draw an iid adjustment cost, χ, from the uniform distribution on

r0, χ̄s, denominated in units of utility. They then decide whether or not to adjust their

capital holdings. Consequently, the value of the household’s problem, conditional on a draw

of χ is:

Vtpb, k, z, e;χq “ maxtV A
t pb, k, z, eq ´ χ, V

NA
t pb, k, z, equ (4.5)

The value before the draw of χ is:

Vtpb, k, z, eq “ EχVtpb, k, z, e;χq (4.6)

Idiosyncratic Shocks Households face idiosyncratic shocks to their employment status

and to their productivity. Each period, employed households are separated to unemploy-

ment with exogenous probability s. Unemployed households find employment with endoge-

nous probability ft. If unemployed, the probability that households receive unemployment

insurance is independent across periods and equal to ξ13. I assume that households whose

13I assume that recipiency is random as there is no evidence in the SCF that recipiency is related to liquid
asset holdings: 48% of households that have unemployment spells report receiving unemployment insurance,
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employment is terminated may immediately re-enter employment.

Previous research has shown that having a realistic income process is crucial if models are

to generate a realistic wealth distribution. A key feature of the data is the high level of

kurtosis of the income growth distribution. By introducing infrequent large income changes,

idiosyncratic unemployment risk helps to provide high kurtosis of income growth. However,

to match the level seen in the data I also assume that idiosyncratic productivity shocks are

infrequent. Specifically:

log z1 “ p1´ ρzqµz ` ρz log z ` εz (4.7)

εz “

$

&

%

Np0, σ2
zq with prob λz

0 with prob 1´ λz
(4.8)

I introduce the normalization µz to ensure that the mean value of idiosyncratic productivity

is equal to 1.

Final Good Producers There is a representative final good producer, which aggregates

a continuum of intermediate goods according to the production function:

Yt “

ˆ
ż 1

0

y
ε´1
ε

j,t dj

˙

ε
ε´1

(4.9)

Their profit maximization problem leads to the following demand curve for intermediate

goods:

yj,tppj,tq “

ˆ

pj,t
Pt

˙´ε

Yt (4.10)

Pt “

ˆ
ż 1

0

p1´ε
j,t dj

˙

1
1´ε

(4.11)

Intermediate Good Producers Intermediate goods are produced using both capital

while the proportion is 50% for households with low liquid asset holdings and 45% for households with high
liquid asset holdings.
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services, kj,t, and labor, nj,t, using the production function:

yj,t “ Atk
α
j,tn

1´α
j,t (4.12)

where At is the level of aggregate productivity. Intermediate good producers rent capital

from households at rate rkt and labor from a representative labor agency at rate ht. Their cost

minimization problem implies the following value for their marginal cost of production:

mt “
1

At

ˆ

rkt
α

˙αˆ
ht

1´ α

˙1´α

(4.13)

I assume that intermediate good producers are owned by risk-neutral entrepreneurs who

consume all profits each period. Price adjustment is subject to quadratic costs14. Given

these assumptions, the recursive form of their price-setting problem is:

V I
t ppj,t´1q “ max

pj,t
Yt

#

ˆ

pj,t
Pt
´mt

˙ˆ

pj,t
Pt

˙´ε

´
θP
2

log

ˆ

pj,t
pj,t´1

˙2
+

` βV I
t`1ppj,tq (4.14)

where θP governs the size of price adjustment costs. The solution to this problem implies

the following New Keynesian Phillips Curve:

logpΠtq “ β
Yt`1

Yt
logpΠt`1q `

ε

θP
pmt ´m

˚
q (4.15)

where m˚ “ ε´1
ε

is the inverse of the steady-state mark-up.

Labor Agency Intermediate good producers hire labor from a representative labor agency.

This agency hires households in a frictional labor market by posting vacancies. I assume that

the labor agency is also owned by risk-neutral entrepreneurs. The labor agency’s recursive

problem is:

JtpNq “ max
N 1,V

pht ´ wtqN
1
´ cV ` βJt`1pN

1
q (4.16)

subject to

N 1
“ p1´ sqN ` qpθtqV

14As in Julio J Rotemberg (1982).
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where N is the number of employed households, V is the number of vacancies, c is the

cost of posting a vacancy, qpθtq is the job-filling probability, and θt ”
Vt
Ut

is labor market

tightness.

There are two wages in the model: ht is the wage paid by intermediate good producers to

the labor agency, and wt is the wage paid by the labor agency to employed households. Due

to the search frictions in the model, there is a range of household wages that is between

the reservation wages of households and the labor agency. I assume the following wage rule,

which implies that the wage paid to households responds to the wage paid to the labor

agency with elasticity εw
15:

wt “ w̄

ˆ

ht
h̄

˙εw

(4.17)

Labor Market The labor market is characterized by search and matching frictions. Given

Ut unemployed households and Vt vacancies, MpUt, Vtq new employment relationships are

formed according to the following matching function16:

MpUt, Vtq “
UtVt

pU l
t ` V

l
t q

1
l

(4.18)

The job-finding and job-filling rates are functions of labor market tightness:

fpθtq “ p1` θ
´l
t q

´ 1
l (4.19)

qpθtq “ p1` θ
l
tq
´ 1
l (4.20)

Fiscal and Monetary Policy The central bank sets nominal interest rates according to

the following Taylor rule:

it`1 “ r̄b ` ψ logpΠtq (4.21)

Unemployment insurance provides a replacement rate φ0 and is capped at a fraction φ1 of

the average wage:

φpzq “ mintφ0z, φ1u (4.22)

15The complexity of the problem precludes a Nash bargaining solution for wages. Similar wage rules are
used in Gornemann, Kuester and Nakajima (2016) and Den Haan, Rendahl and Riegler (2017). In Appendix
G.2, I show that the main results of the paper are robust to a wide range of values of εw.

16As in Wouter J Den Haan, Garey Ramey and Joel Watson (2000). This matching function ensures that
job-finding and job-filling rates are well defined for any value of θt ą 0.

16



The government taxes labor, distributes unemployment insurance and the lump-sum trans-

fer, issues nominal bonds, and undertakes government spending. The government budget

constraint is:

Gt ` r
b
tB

g
t ` Tt ` ξp1´Ntqwt

ż

φpzqdµt “ τNtwt ` τξp1´Ntqwt

ż

φpzqdµt (4.23)

Equilibrium An equilibrium in this model consists of paths for household decision rules

tct, bt, kt, utu
8
t“0, firm decision rules tLt, Kt, Nt, Vtu

8
t“0, prices and returns twt, ht, r

b
t , r

k
t u
8
t“0,

inflation tΠtu
8
t“0, the job finding rate tftu

8
t“0, fiscal variables tGt, Tt, Btu

8
t“0, and the distri-

bution of households tµtu
8
t“0 such that:

1. Decision rules solve household and firm problems, taking as given aggregate variables

2. The government budget constraint holds

3. The distribution satisfies aggregate consistency conditions

4. All markets clear

Market Clearing The following market clearing conditions must hold in equilibrium:

1. Bonds:

Bg
t “ Bh

t “

ż

b dµt (4.24)

2. Capital:

Kt “ Kh
t “ ut

ż

k dµt (4.25)

3. Labor:

Lt “ Nt “

ż

1te “ 1u dµt (4.26)

4. Goods:

Yt “ Ct ` It `Gt `Θt ` κ

ż

maxt´b, 0u dµt ` cVt (4.27)

The goods market clearing condition takes into account price adjustment costs, Θt, as well

as the borrowing costs and costs of posting vacancies.
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4.1 Calibration

Table 3 summarizes the calibration of the model. The model period is one quarter. Below I

provide further details on the calibration process.

Labor Market The quarterly job separation rate is 0.1, in line with the Job Openings

and Labor Turnover Survey (JOLTS). I target a steady-state unemployment rate of 6%,

and a quarterly job-filling rate of 0.71, as in Den Haan, Ramey and Watson (2000). These

values imply a matching function elasticity of l “ 1.68. I set the vacancy cost equal to

5% of the quarterly wage. Combined with the job-filling probability, this implies a hiring

cost per worker of around 7% of the quarterly wage, as in Lawrence J Christiano, Martin S

Eichenbaum and Mathias Trabandt (2016a). With this assumption, a steady-state wage

of w̄ “ 2.1 is required to generate an unemployment rate of 6%. I set the value of εw to

0.45, the elasticity of wages to labor productivity estimated by Marcus Hagedorn and Iourii

Manovskii (2008)17.

Income Process I set the values of ρZ , σZ , and λZ in order to target the variance

and kurtosis of the annual income growth distribution, as well as the variance of the level

of income. Table 4 reports these moments in the model and the data. While the high

kurtosis of the income growth distribution implies that idiosyncratic productivity shocks

occur infrequently, unemployment spells provide income shocks that are both more frequent

and more transitory.

Wealth Distribution The key parameters affecting the liquid and illiquid wealth distri-

butions are the coefficient of relative risk aversion, the discount factor, the borrowing wedge,

and the parameter governing the degree of illiquid asset adjustment costs. I set the coefficient

of relative risk aversion, γ, to 2. I calibrate the other parameters to target the total quantity

of liquid and illiquid assets relative to output, as well as the fraction of households with

negative liquid asset holdings. Table 4 provides various moments of the wealth distribution.

The model also matches the share of hand-to-mouth households, defined as those with liquid

17Due to movements in the mark-up, this calibration leads to wages that are more responsive to labor
productivity than in the data. This ensures that the results of the model are not driven by the stickiness of
real wages, as further shown in Appendix G.2.
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Figure 2: Low Recipiency of Unemployment Insurance

Notes: Data from the Bureau of Labor Statistics and the Employment and Training Administration.

asset holdings close to zero.

The model slightly under-predicts the Gini coefficient for total wealth inequality. The bottom

two panels of Table 4 provide further details on the share of the liquid and illiquid wealth

distributions held by different quantiles. The model fails to match the wealth holdings of

the top 1% of households, and instead over-predicts the share of wealth held by the rest

of the top 50% of the distribution. In terms of adjustment probabilities, 3.2% of employed

households and 8.8% of unemployed households adjust their illiquid asset holdings each

period. The total adjustment costs that households pay are equivalent to 0.9% of aggregate

output18.

Fiscal and Monetary Policy The particular details of unemployment insurance vary

across US states. I set the cap on unemployment insurance, φ1, to two-thirds of the average

wage, and the replacement rate, φ0, to 50%. These values are the most common across

states, as reported in Department of Labor (2018). The parameter ξ governs the probability

18See Appendix F.4 for the derivation of this value. Kaplan, Moll and Violante (2018) report that illiquid
asset adjustment costs in their model total less than 4% of GDP.
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Table 3: Parameter Values

Parameter Value Source/Target

Separation Rate s 0.1 JOLTS
Vacancy Cost c 0.11 5% of Quarterly Wage
Steady-state Wage w̄ 2.1 6% Unemployment Rate
Wage Elasticity εw 0.2 Elasticity of Wages to Labor Productivity
Matching Function Elasticity l 1.68 Quarterly Job-Filling Probability
Prod. Persistence ρz 0.964 Variance of Annual Income
Prod. Variance σz 3.2 Variance of Annual Income Growth
Prod. Shock Probability λz 0.007 Kurtosis of Annual Income Growth

Risk Aversion γ 2 Standard
Discount Factor β 0.975 Illiquid Assets/Output
Adjustment Cost Limit χ̄ 2 Liquid Assets/Output
Borrowing Limit b 1 50% of Average Quarterly Labor Income
Borrowing Wedge κ 0.019 % Negative Liquid Assets

UI Replacement Rate φ0 0.5 Department of Labor (2018)
UI Cap φ1 0.67 Department of Labor (2018)
UI Probability ξ 0.45 Employment & Training Administration
Income Tax τ 0.3 Kaplan, Moll and Violante (2018)
Transfer T 0.15 Computation
Return on Liquid Assets r̄b 0.0025 1% Annual Rate of Return
Taylor Rule Coefficient ψ 1.5 Kaplan, Moll and Violante (2018)

Capital Share α 0.33 Standard
Steady-State Depreciation Rate δ0 0.014 6% Annual Rate of Depreciation
Depreciation Elasticity δ1 2.05 Steady-State Utilization Rate of 1
Elasticity of Substitution ε 20 Mark-up of 5%
Price Adjustment Cost θP 250 Slope of New Keynesian Phillips Curve
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Table 4: Income and Wealth Distributions

Moment Data Model

Variance: Annual Log Earnings 0.70 0.71
Variance: 1-year change 0.23 0.23
Kurtosis: 1-year change 17.8 18.5

Liquid Assets to Output 0.26 0.27
Illiquid Assets to Output 2.86 2.84
% Poor Hand-to-Mouth 0.1 0.07
% Wealthy Hand-to-Mouth 0.2 0.23
% Negative Liquid Assets 0.15 0.16
Gini Coefficient (Total Wealth) 0.81 0.73

Top 1% share (Liquid) 47 14
Top 1%-10% share (Liquid) 39 56
Top 10%-50% share (Liquid) 18 34
Bottom 50% share (Liquid) -4 -4

Top 1% share (Illiquid) 33 8
Top 1%-10% share (Illiquid) 37 43
Top 10%-50% share (Illiquid) 27 46
Bottom 50% share (Illiquid) 3 2

Notes: Data moments are from Fatih Guvenen, Fatih Karahan, Serdar Ozkan
and Jae Song (2015) and Kaplan, Moll and Violante (2018). Moments from the
model are calculated by simulating 1 million households until the steady-state
of the model is reached, and aggregating income to an annual frequency. In
the model I define household as hand-to-mouth if the absolute value of their
liquid asset holdings is less than 10% of the average quarterly wage.
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that unemployed households receive unemployment insurance. Figure 2 shows that a large

fraction of unemployed individuals do not actually receive unemployment insurance, even if

their unemployment spell is short enough to qualify for benefits. I set ξ equal to 0.45, the

average UI recipiency rate for the short-term unemployed. I set the linear income tax to

30%, and the value of the transfer to 0.15, equal to around 8% of the average wage. I set

the steady-state real return on bonds to 1% on an annual basis. I assume that the Taylor

rule coefficient on inflation is 1.5.

Remaining Parameters I calibrate the remaining parameters of the model to standard

values in the New Keynesian literature. The coefficient on capital in the intermediate good

production function is set to 0.33. I choose δ0 such that the depreciation rate on capital

is 6% at an annual frequency and δ1 such that the steady-state utilization rate is equal to

1. I set the elasticity of substitution, ε, to 20, implying a steady-state mark-up of 5%. I

choose a low mark-up to ensure that profits are small, given that I assume that all profits

are consumed by risk-neutral entrepreneurs. I then set the value of the price-adjustment

cost, θP , to 250, which implies that the slope of the New-Keynesian Phillips curve is 0.08.

If price-adjustment was of the Calvo form, this would be equivalent to prices lasting four

quarters on average.

5 Model Validation

Before turning to the effect of aggregate shocks in the model, I start by checking that the

model is consistent with the empirical findings in Sections 2 and 3. To do this, I simulate

a large panel of households in the steady-state of the model and aggregate to an annual

frequency. Using this panel, I then run the same consumption regressions as in Section 2,

and calculate illiquid asset withdrawal probabilities as in Section 3.

5.1 Consumption Response to Unemployment Spells

Table 5 compares the regression results in the model and the data. Column (4) shows that the

average consumption decline during unemployment in the model is close to that estimated in

the data. Columns (5) and (6) show that the model also matches the ranking seen in the data,

22



Table 5: Consumption Response to Unemployment Spells

Data (CEX) Two-Asset Model

(1) (2) (3) (4) (5) (6)

Ui,t -0.22 -0.19
(0.015)

Ui,t1tN-HTMu -0.14 -0.14 -0.10 -0.10
(0.026) (0.026)

Ui,t1tHTMu -0.26 -0.26
(0.019)

Ui,t1tW-HTMu -0.23 -0.21
(0.027)

Ui,t1tP-HTMu -0.30 -0.30
(0.026)

Notes: Robust standard errors in parentheses. Regressions weighted using CEX
sampling weights, with 31638 observations from 1996 to 2017.

and almost exactly replicates the size of the consumption decline for both types of hand-to-

mouth households. The model fit is slightly worse for non hand-to-mouth households, for

whom the consumption decline is a little lower in the model than the data.

To understand how the two-asset model generates these patterns, Figure 3 plots the log

difference between the consumption of employed and unemployed households across the

liquid and illiquid wealth distributions19. The top panel shows the decline in consumption

if the household does not adjust their illiquid asset holdings. The bottom panel shows the

decline in consumption if they do adjust their illiquid asset holdings.

The top panel shows that liquid assets are the primary determinant of the consumption

decline during unemployment for households that do not adjust their illiquid asset holdings.

Thus, the consumption decline for wealthy hand-to-mouth households that do not adjust is

similar to that of poor hand-to-mouth households. On the other hand, the bottom panel

shows that if wealthy hand-to-mouth households do adjust their illiquid asset holdings, then

the consumption decline during unemployment is negligible. The consumption decline during

unemployment for this group is similar to that of non hand-to-mouth households.

The model is able to generate a realistic consumption decline for wealthy hand-to-mouth

households because only a fraction of wealthy hand-to-mouth households choose to liqui-

19This is shown at the median level of productivity.
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Figure 3: Consumption Declines and Illiquid Asset Adjustment

(a) Not Adjusting k

(b) Adjusting k

Notes: These figures plot the log difference in consumption between employed and unemployed households
at the median level of productivity. The mean (median) value of k in the steady-state of the model is 34
(6). The mean (median) value of b is 3.3 (0.5).
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Table 6: Illiquid Asset Withdrawal Probabilities

Probability Model

Full Sample 0.045 0.119

No Unemployment Spell 0.038 0.100
Unemployment Spell 0.106 0.212

Short Unemployment Spell 0.062 0.162
Long Unemployment Spell 0.157 0.314

Unemployment Spell & Non-HTM 0.066 0.105
Unemployment Spell & HTM 0.123 0.294

Notes: Probabilities constructed using sampling weights from a sam-
ple of 4211 households from the 2004 to 2016 waves of the SCF. I
define an unemployment spell as short if it is 12 weeks or less.

date capital during unemployment. Consequently, the average consumption decline for the

wealthy hand-to-mouth is between that of the poor hand-to-mouth and the non hand-to-

mouth, as in the data.

5.2 Illiquid Asset Response to Unemployment Spells

Table 6 compares the illiquid asset withdrawal probabilities in the model and the data.

As individual retirement accounts are only one type of illiquid asset, there is no direct

comparability between the levels of the withdrawal probabilities in the model and the data20.

The true withdrawal probabilities in the data are higher when including withdrawals from

other illiquid assets, such as housing21. However, it is possible to validate the model by

considering the relative effect of unemployment and liquid asset holdings on withdrawal

probabilities.

The model matches the patterns seen in the data. In both the model and the data the

withdrawal probability for households who experienced an unemployment spell is more than

twice that of households who did not. The model also matches the finding in the data that

withdrawal probabilities are significantly higher if the unemployment spell lasted longer

20Also, household decisions regarding retirement accounts are intimately tied up with life-cycle consider-
ations, from which the model abstracts.

21Neil Bhutta and Benjamin J Keys (2016) find that an average of 11% of households extracted equity
from their home each year between 1999 and 2010.
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than one quarter and if the unemployment spell occurred when the household had few liquid

assets.

Figures 4a and 4b plot illiquid asset adjustment probabilities across the liquid and illiquid

wealth distributions for employed and unemployed households to highlight the importance

of employment status for illiquid asset adjustment in the model22. In both cases, adjustment

probabilities are highest when households hold unbalanced portfolios: households with high

illiquid asset holdings but low liquid asset holdings would like to shift their portfolio towards

liquid assets, while households with low illiquid asset holdings and high liquid asset holdings

would like to shift their portfolios in the opposite direction.

Comparing the two figures shows how employment status affects adjustment probabilities.

Relative to employed households, unemployed households are much more likely to withdraw

from their illiquid asset holdings when their liquid asset holdings are low. Figure 3 showed

that such households can only smooth their consumption during unemployment if they liq-

uidate their illiquid asset holdings. Unemployed households are also less likely to increase

their illiquid asset holdings when their liquid asset holdings are high, as they are aware that

they may need to use their their liquid assets to smooth consumption if the unemployment

spell is persistent.

6 Response of the Economy to Aggregate Shocks

In this section, I consider the response of the economy to an unanticipated negative shock

to aggregate productivity23. To understand whether or not unemployment risk affects busi-

ness cycle dynamics, and if unemployment insurance is an important automatic stabilizer, I

compare the impulse responses of three different versions of the model: the baseline model,

a model with no unemployment insurance, and a model with no unemployment insurance

but in which households pool their idiosyncratic unemployment risk perfectly24.

22As in Figure 3, this is shown at the median level of productivity.
23I consider a shock which lowers aggregate productivity by 0.13% on impact, and has a quarterly persis-

tence equal to 0.9.
24In these alternate versions of the model, I adjust w̄ so that the unemployment rate remains at 6% in

the steady-state. I also assume that the steady-state real interest rate remains at 1% in each version of
the model. In response to the aggregate shock, I assume that government spending adjusts to balance the
government’s budget constraint each period. Kaplan, Moll and Violante (2018) discuss the importance of
assumptions regarding fiscal policy in HANK economies.
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Figure 4: Adjustment Probabilities and Employment Status

(a) Employed

(b) Unemployed

Notes: The mean (median) value of k in the steady-state of the model is 34 (6). The mean (median) value
of b is 3.3 (0.5).
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By comparing the second and third versions of the model, I am able to assess the importance

of unemployment risk on aggregate fluctuations. The baseline model then shows the degree

to which unemployment insurance is able to mitigate any amplification due to idiosyncratic

unemployment risk. Figure 5 plots the impulse response of key variables to the aggregate

productivity shock in each version of the model.

In all versions of the model, the decline in aggregate productivity causes a decline in vacancy

posting and a rise in the unemployment rate. In response to an increase in unemployment

risk, there is a flight-to-liquidity: demand for liquid assets increases, as these are best-suited

to smoothing consumption during unemployment spells. Investment in capital falls, as em-

ployed households postpone investing in illiquid assets, and unemployed households withdraw

from their illiquid asset holdings. In the presence of nominal rigidities, this decline in invest-

ment demand lowers aggregate output, raises unemployment, and initiates a feedback loop

between unemployment risk and aggregate demand in the economy.

This mechanism is not operative if unemployment risk is pooled, and it is dampened if

households have access to unemployment insurance. By providing a source of income during

unemployment spells, unemployment insurance lessens the need for holding liquid assets to

smooth consumption during such times.

The quantitative significance of this mechanism can be seen in Figure 5. The main result is

that the unemployment rate rises by around 35% more in the version without unemployment

insurance than in the version with no unemployment risk, and that unemployment insurance

removes around half of this amplification. The more unemployment risk that households

face, the larger is the decline in investment, and the sharper is the decline in the real interest

rate. The bottom-right panel of Figure 5 plots the liquidity premium, the spread between

the rate of return on capital and the real interest rate. In all versions of the model, the

spread is counter-cyclical, but this effect is stronger the more unemployment risk households

face.

In the above experiment, I assume that government spending adjusts to balance the govern-

ment’s budget constraint each period. In Appendix G.5, I instead assume that the lump-

sum transfer, Tt, adjusts. In this case, the amplification from unemployment risk remains.

However, unemployment insurance is now somewhat effective in reducing this amplification.

When government spending adjusts, the provision of unemployment insurance supports to-

tal household income when unemployment increases. When the lump-sum transfer adjusts,
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Figure 5: Response to an Aggregate Productivity Shock
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unemployment insurance redistributes from the employed to the unemployed, but does not

provide any support to total household income.

6.1 The Endogenous Response of Income Risk

In this section, I show that the endogenous response of income risk to the aggregate shock

in the model is consistent with empirical evidence from the CPS. Guvenen, Ozkan and Song

(2014) use Social Security Administration data to show that the skewness of the income

growth distribution is strongly pro-cyclical: recessions are times when large negative income

changes become much more likely. Using data from the March supplement of the CPS,

I am able to break down income growth into hours growth and wage growth. Figure 6

shows that the pro-cyclical skewness of income growth is entirely driven by the pro-cyclical

skewness of hours growth, while the distribution of hourly wage growth doesn’t vary over

the business cycle. Thus, large negative income changes in recessions become more likely

due to an increased likelihood of a large decline in hours worked, i.e. an unemployment

spell. In Appendix E I provide more detail on the CPS data and additional evidence that

the cyclicality of income growth is driven by the cyclicality of unemployment risk.

Figure 7 shows the effect of the aggregate shock on the skewness of the hours growth, wage

growth and income growth distributions in the model. As in the data, the skewness of

income growth is pro-cyclical, and it is driven entirely by the skewness of hours growth,

which responds by around twice as much as the skewness of income growth. In the model,

the skewness of the wage growth distribution is acyclical by construction, as it depends only

on the stochastic process for idiosyncratic productivity.

Figure 7 is also useful for understanding why the flight-to-liquidity mechanism is not oper-

ative in the version of the model where unemployment risk is pooled. In this version of the

model, the only source of income risk comes from idiosyncratic productivity shocks, so the

skewness of the income growth distribution is unaffected by changes in the unemployment

rate.
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Figure 6: Breakdown of Income Growth Skewness

Notes: Data from the Current Population Survey. Skewness measured using Pearson’s second skewness
coefficient (median skewness).

Figure 7: Model Response of Income Risk
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Notes: Skewness measured using Pearson’s second skewness coefficient (median skewness).
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6.2 The Importance of Unemployment Insurance at the ZLB

I now consider how the importance of unemployment insurance as an automatic stabilizer

depends on the responsiveness of monetary policy. I consider the response of the economy to

the same aggregate productivity shock considered previously. However, I now assume that

there is an exogenous lower bound on the nominal interest rate, such that monetary policy

follows a truncated Taylor rule:

it “ maxtr̄b ` ψ logpΠtq, iu (6.1)

I set i such that monetary policy is constrained for 3 quarters in the baseline version of the

model25. Figure 8 compares the impulse response functions of the baseline model with those

from the versions of the model without unemployment insurance or without unemployment

risk.

When monetary policy is constrained, the decline in investment demand that follows the

increase in unemployment risk is not offset by lower interest rates. This strengthens the

feedback loop between aggregate demand and unemployment risk, and increases the am-

plification coming from the flight-to-liquidity mechanism. Unemployment insurance plays

a much more important role than in normal times: without unemployment insurance, un-

employment rises by almost 70% more than in the baseline model. Monetary policy is

constrained for longer, and both investment and inflation decline by almost twice as much

as they do with the baseline level of unemployment insurance.

The COVID-19 pandemic has pushed nominal interest rates back to the zero lower bound in

almost all advanced economies. The message provided by this section is that unemployment

insurance is particularly important as an automatic stabilizer at this time.

25The standard method for engineering a ZLB episode in New Keynesian models is a temporary rise in
the discount factor, β. This does not work in this model due to the presence of capital and labor market
frictions. Increasing the discount factor leads to a decline in unemployment, both because of an increase in
the capital stock, which increases labor productivity, but also because a higher discount rate raises the value
of a filled vacancy to the labor agency.
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Figure 8: Response to Shock with Constrained Monetary Policy
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7 Comparison with a One-Asset Model

To understand the importance of the flight-to-liquidity mechanism for generating amplifica-

tion, I now consider the response to the same aggregate productivity shock as in Section 6 in

a model with only one asset, liquid bonds. Without illiquid capital the production function

for the intermediate good producers is:

yj,t “ Atnj,t (7.1)

Their marginal cost is equal to mt “
ht
At

. Given this, the New Keynesian Phillip’s Curve is

unchanged. The household’s problem simplifies to:

Vtpb, z, eq “ max
c,b1

c1´γ

1´ γ
` βEe1,z1Vt`1pb

1, z1, e1q (7.2)

subject to

b1 ` c “ 1te “ 1uwtzp1´ τq ` 1te “ 0uwtφpzqp1´ τq `R
b
tpbqb` Tt

b1 ě b

z1 “ Γpzq

The rest of the model: the labor agency’s problem and fiscal and monetary policies, are

unchanged by the removal of capital. I leave the calibration as close to the two asset model

as possible26. Table 7 shows that the one-asset model slightly under-predicts median liquid

asset holdings and slightly over-predicts the fraction of households that hold close to zero

liquid assets. The one area where the calibration of the one-asset model fails significantly

is the total liquid assets to output ratio: without an alternative saving vehicle wealthy

households hold too many liquid assets, implying that total liquid asset holdings are too

high.

Figure 9 plots the response of key variables to the aggregate productivity shock in all three

versions of the model. The main result is that the path of the unemployment rate and

aggregate output is almost identical in all three scenarios. Idiosyncratic unemployment risk

does not affect business cycle dynamics in this model, and unemployment insurance plays

no role as an automatic stabilizer.

26I adjust the mean wage w̄ to keep the unemployment rate at 6% in the steady state and then lower
the values of the vacancy cost c, the transfer T , and the borrowing limit b such that they remain the same
relative to w̄.
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Figure 9: Aggregate Productivity Shock (One-Asset Model)
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Table 7: Liquid Wealth Distribution

Moment Data One-Asset Model Two-Asset Model

Median Liquid Assets/Average Income 0.12 -0.05 0.24
% Negative Liquid Assets 0.15 0.14 0.16
% Hand-to-Mouth 0.30 0.51 0.30
Liquid Assets/Output 0.26 2.31 0.27

Notes: Median liquid asset holdings reported relative to average quarterly wage income.

Why does the one-asset model have such different predictions to the two-asset model? The

key is in the path of the real interest rate. In the two-asset model, the version without

unemployment insurance saw a substantially larger decline in the real interest rate, relative

to the other two versions of the model. The one-asset model shows that the key driver of this

difference was the flight-to-liquidity caused by higher unemployment risk: In the one-asset

model, the interest rate path is almost identical in all three versions of the model.

Without the flight-to-liquidity mechanism, the only forces affecting the path of the real

interest rate come from household’s consumption/saving decisions. On the one hand, when

the unemployment rate is elevated, employed households have a greater incentive to save,

as they are more likely to become unemployed in the future. However, there is an opposing

force coming from the consumption smoothing motive of unemployed households, who wish

to borrow while their income is temporarily low. Figure 9 implies that these forces almost

exactly offset each other, such that the path of the real interest rate is unaffected by the

degree of unemployment risk or generosity of unemployment insurance. In a New Keynesian

model such as this, equivalence of the path of the real interest rate translates into equivalence

in the path of aggregate output and employment.

One obvious question is why these results are so different from those in Ravn and Sterk

(2017). Their paper assesses the role of unemployment risk in a one-asset HANK model and

finds large amplification. The key difference is the assumption that they make about the liq-

uid asset distribution. In particular, they assume that agents hold no assets in equilibrium.

The path of the real interest rate is determined by employed households, whose Euler equa-

tion holds with equality, while unemployed households are borrowing constrained. These

assumptions imply that the only force affecting the path of the real interest rate in their

economy is the consumption smoothing motive of the employed households, as unemployed

households are unable to borrow.
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Figure 10: Varying β in the One-Asset Model
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risk.

In Figure 10, I show the effect of gradually lowering β in the one-asset model from 0.975

to 0.905. When β is close to 0.905, the model does display significant amplification, as in

Ravn and Sterk (2017). However, in such a calibration almost all households are borrowing

constrained: median liquid asset holdings are far too low, too many households have negative

liquid asset holdings, and the consumption decline during unemployment is much larger than

in the data.
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8 Conclusion

This paper shows that the combination of endogenous unemployment risk and the pres-

ence of illiquid assets provides a novel propagation mechanism for aggregate shocks: higher

unemployment risk leads to a flight-to-liquidity and initiates a feedback loop between unem-

ployment risk and aggregate demand. Unemployment insurance plays an important role as

an automatic stabilizer, particularly if monetary policy is constrained. The presence of both

liquid and illiquid assets is key: if households have access to only one asset, and that asset

is liquid, unemployment risk does not endogenously affect business cycle dynamics.

The two-asset model is also consistent with new empirical evidence on the relationship be-

tween unemployment and the liquidity of asset holdings. Using data from the Consumer

Expenditure Survey, I find that the consumption decline during unemployment is largest for

poor hand-to-mouth households, smaller for the wealthy hand-to-mouth, and smallest for

the non hand-to-mouth. The two-asset model is able to match this finding due to the costs

associated with adjusting illiquid asset holdings. Some wealthy hand-to-mouth households

pay these adjustment costs, and consequently are able to smooth their consumption as well

as the non hand-to-mouth, while others do not pay the adjustment costs and are unable to

smooth their consumption, like poor hand-to-mouth households.

In the model, unemployed households do not need to withdraw from their illiquid asset

holdings until they have first run down their liquid asset holdings. However, when their

liquid asset holdings are depleted, they are then likely to withdraw from their illiquid asset

holdings. Consequently, unemployed households are more likely to make a withdrawal from

their illiquid asset holdings than employed households, particularly if their unemployment

spell is long or their liquid asset holdings are low. Using data from the Survey of Consumer

Finances I show that these patterns are confirmed in the data.

The model suggests that an important role for unemployment insurance is its ability to

dampen aggregate fluctuations by lessening the flight-to-liquidity that occurs when unem-

ployment risk is heightened. However, the model has abstracted from search effort on the

part of unemployed workers, or any mechanism by which unemployment insurance affects

the level of wages. Consequently, there is likely an important trade-off between the effect of

unemployment insurance on the volatility of the unemployment rate and the effect on the

average level of unemployment. I leave an investigation of this trade-off to future work.

38



References

Acharya, Sushant, and Keshav Dogra. 2018. “Understanding HANK: Insights from a

PRANK.” FRB of New York Staff Report, , (835).

Aguiar, Mark, and Erik Hurst. 2005. “Consumption versus Expenditure.” Journal of

Political Economy, 113(5): 919–948.

Aiyagari, S. Rao, and Mark Gertler. 1991. “Asset returns with transactions costs and

uninsured individual risk.” Journal of Monetary Economics, 27(3): 311–331.

Auclert, Adrien, Matthew Rognlie, and Ludwig Straub. 2018. “The Intertemporal

Keynesian Cross.” National Bureau of Economic Research, Inc NBER Working Papers

25020.
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Appendices

A Data Sources

A.1 Consumer Expenditure Survey (CEX)

I have constructed the CEX sample using the micro-data files provided by the BLS.

Following the previous literature on the relationship between household consumption and

unemployment, I restrict attention to the consumption of non-durables and services. From

total expenditure, I exclude spending on housing, health care, education, cash contributions,

personal insurance, and automobiles. This is close to the definition of non-durables and

services used by Chodorow-Reich and Karabarbounis (2016).

I select households whose head is between the ages of 25 and 55. As in Chodorow-Reich and

Karabarbounis (2016), I drop households whose head or spouse work in farming, forestry, or

the armed services.

The measurement of liquid asset holdings has changed over time in the CEX. For the most

recent years, I use the variable LIQUDYRX, which measures the value of checking, savings,

and money market accounts, as well as CDs, one year ago. Before 2013 this variable was not

available, and I construct a similar measure using CKBKACTX (which measures the current

value of checking accounts, brokerage accounts, and other similar accounts) and COMPCKG

which measures the change in checking account balances over the previous year. In all years,

I define households as hand-to-mouth if their liquid asset holdings are below the median

value in that given year.

The CEX contains little information on a household’s illiquid asset holdings. Consequently, I

use housing tenure as a proxy for illiquid asset holdings. I define households as wealthy (poor)

hand-to-mouth if they are hand-to-mouth by the above definition and they are homeowners

(renters).

I measure employment at the household level using the number of weeks worked by the house-

hold head or spouse. I classify individuals who do not work during the year as unemployed

if they report having looked for a job and out of the labor force if not. For individuals who
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worked for less than 52 weeks, I measure the fraction of the year that they were unemployed

as 1 - weeks worked/52.

The following variables are included in the vector of controls: region/year fixed effects, race

of the household head, age and age squared of the household head, family size and family

size squared, education of the household head, housing tenure, number of cars, rental value

of the home (split into deciles by region and year), hand-to-mouth status, and the fraction

of the year spent out of the labor force.

A.2 Panel Study of Income Dynamics (PSID)

A broad measure of consumption expenditures is only available in the PSID from 2005

onwards. Consequently, I use data from the surveys between 2005 and 2017. As in the CEX,

I restrict the sample to households whose head is between the ages of 25 and 55.

The measure of liquid asset holdings that I use in the PSID is the value of checking or

savings accounts, money market funds, certificates of deposit, government savings bonds,

or Treasury bills. The measure of illiquid asset holdings is the value of housing equity and

retirement accounts. Finally, the measure of consumption is food, clothing, recreation and

vacation expenditures.

A.3 Survey of Consumer Finances (SCF)

I use micro-data from the SCF for the following survey years: 2004, 2007, 2010, 2013, and

2016. 2004 was the first year that the survey asked about withdrawals from individual

retirement accounts.

The SCF uses a multiple imputation approach, given the low response rate to certain ques-

tions in the survey. To avoid any problems that could be introduced by this imputation, I

restrict the sample to households who have no imputed data on the age of the household

head, their weeks of unemployment in the previous 12 months, their ownership of any indi-

vidual retirement accounts (IRAs), and the presence of any withdrawals from their IRA in

the past year.

Generally, withdrawals from retirement accounts that occur before the age of 59.5 are subject
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to a 10% tax penalty. Consequently, I restrict the sample to households whose head is at

most 55 years of age, consistent with the sample I use for the CEX in Section 2. I further

restrict the sample to households where the household head reports having an IRA. This

leaves 4211 households across the 5 survey waves. Overall, 24% of households in the SCF

report ownership of an IRA.

Measurement of liquid asset holdings in the SCF requires a trade-off. On the one-hand, the

survey contains questions on a relatively large number of assets that could be considered

liquid. On the other hand, given my decision to not use imputed data, the larger the set of

assets included, the smaller will be my final sample size. Consequently, I measure liquid asset

holdings using only checking account balances. Even with this relatively crude measure, the

sample size declines to 3153 households once I have removed households for whom checking

account data is imputed.

A.4 Current Population Survey (CPS)

In Section 6.1 and Appendix E, I document the central role of unemployment risk in explain-

ing cyclical changes in the income growth distribution. This is based on micro-data from the

March supplement of the IPUMS CPS dataset between 1976 and 2018. Following Guvenen,

Ozkan and Song (2014), I restrict the sample to men between the ages of 25 and 60, and I

drop individuals who report either no weeks of work or no income in a particular year. The

remaining sample size fluctuates between around 5000 and 9000 individuals per year.

I measure annual income using the IPUMS variable INCWAGE, which measures wage and

salary income. I measure annual hours worked using the product of WKSWORK1, which

measures the number of weeks worked during the year, and UHRSWORKLY, which measures

the usual number of hours worked per week.

In Appendix E.1, I require a higher frequency measure of hours growth and wage growth,

which requires using the monthly CPS sample. To construct a measure of wage growth, I

use the NBER dataset on the Merged Outgoing Rotation Group (MORG), as individuals are

only asked about their earnings in their fourth and eights CPS interviews. For individuals

in their last interview, I measure hourly wages as EARNWKE/UHOURSE.

To construct a measure of hours growth, I use the AHRSWORKT variable from the IPUMS

data, which measures hours worked in the previous week (equal to 0 if the individual was
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Table 8: Descriptive Statistics Across Asset Groups

Full Sample N-HTM W-HTM P-HTM

CEX SCF CEX SCF CEX SCF CEX SCF

% of Households 1 1 0.51 0.50 0.29 0.31 0.20 0.19
Average Age 41.2 39.6 41.8 40.5 41.8 40.8 38.7 35.5
% College Degree 0.45 0.39 0.59 0.53 0.37 0.30 0.22 0.17
% Homeowners 0.71 0.59 0.84 0.74 1.00 0.70 0.00 0.06
Average Ui,t 0.08 0.06 0.06 0.04 0.09 0.08 0.12 0.12
Median Income (000’s) 50 54 69 80 44 48 23 23

Notes: SCF data is from Kaplan, Moll and Violante (2018) for the 2004 survey. In both surveys
I define households as hand-to-mouth if their liquid asset holdings are below the median level.
In the SCF, I define households as wealthy if their illiquid asset holdings are above the 25th
percentile. The CEX sample uses households in the survey between 2003 and 2005. All statistics
are calculated using sampling weights.

unemployed). I sum this within a quarter. Consequently, my quarterly hours growth measure

is annual growth in quarterly hours worked.

B Asset Groups: Descriptive Statistics

Table 8 reports some descriptive statistics about the CEX sample and compares it to house-

holds from the Survey of Consumer Finances, where liquid and illiquid asset holdings are

measured more accurately. In the SCF, I define households as hand-to-mouth if their liquid

asset holdings are below the median value. I then define them as poor hand-to-mouth if

their illiquid asset holdings are also below the 25th percentile, and wealthy hand-to-mouth

if their illiquid asset holdings are above the 25th percentile.

In both the CEX and SCF, poor hand-to-mouth households are slightly younger, less likely

to have a college degree, and more likely to be unemployed than either non hand-to-mouth

or wealthy hand-to-mouth households. Table 8 also shows that housing status is a good

proxy for illiquid asset holdings: 70% of wealthy hand-to-mouth households in the SCF

are homeowners, compared to only 6% of poor hand-to-mouth households. By construction

these values are 100% and 0% in the CEX.
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Table 9: Consumption Response to Unemployment Spells

Data (CEX) One-Asset Model

(1) (2) (3) (4)

Ui,t -0.22 -0.31 -0.33
(0.015) (0.017)

Ui,t1tN-HTMu -0.06
Ui,t1tHTMu -0.42

Fixed effects X X
Control variables X

Notes: Robust standard errors in parentheses. Regressions weighted using CEX
sampling weights, with 31638 observations from 1996 to 2017.

C Consumption Response to Unemployment Spells

In this section I provide further evidence on the consumption response to unemployment

spells. Column (1) of Table 9 repeats the average response shown in Table 1. The second col-

umn removes the control variables to show their importance. Without the control variables,

the consumption response to unemployment is biased due to a correlation between unemploy-

ment and other demographic characteristics that predict lower consumption. For example,

even when employed, the consumption of wealthy and poor hand-to-mouth households is

around 10% and 20% lower than that of non hand-to-mouth households, respectively.

Finally, columns (3) and (4) repeat the basic regressions in the one-asset model studied in

Section 7. Column (3) shows that the one-asset model over-predicts the consumption decline

during unemployment. Column (4) shows that this is entirely driven by the hand-to-mouth

households in the model, as the one-asset model actually under-predicts the consumption

decline for non hand-to-mouth households (who hold too many liquid assets relative to the

data).

D Income Response to Unemployment Spells

To estimate whether or not a household’s asset status is related to the size of the labor

income decline that they experience during an unemployment spell, I estimate equations

2.1 and 2.2 using household wage and salary income as the dependent variable. To focus
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on households whose primary source of labor income is wages and salaries, I restrict the

sample to households whose wage and salary income is at least $7000 in 2017 prices. Table

10 reports the estimated coefficients for the three versions of the regression used in Section 2.

I find that there is no significant difference in the impact of unemployment on labor income

across the three groups.

As an alternative to the above, I have used data from the Displaced Worker Supplement of

the CPS to estimate how the log change in weekly earnings or length of an unemployment

spell after a job displacement vary with education, home ownership, and age. On average,

weekly earnings decline by 7.9% after a job displacement and individuals spend 12.2 weeks

unemployed before finding a new job. Table 11 shows that there is no significant effect of

education or homeownership on either of the dependent variables. The one characteristic

which is associated with both longer unemployment spells and larger earnings declines, is

age.

Given that poor hand-to-mouth households tend to be younger than either the non hand-

to-mouth or wealthy hand-to-mouth, this suggests that, if anything, the long-term impact

of unemployment spells is smallest for the poor hand-to-mouth. Consequently, this cannot

explain the finding that the consumption response is largest for this group.

E Unemployment and Income Risk

In this section I explain the details behind the decomposition of income growth into hours

growth and wage growth used in Section 6.1. I also show that income risk responds en-

dogenously to identified macroeconomic shocks through the effect that these shocks have on

unemployment.

The March supplement of the CPS contains annual data on income and hours worked. Using

this data, I can decompose income into hours worked and hourly earnings as follows:

yi,t “

ˆ

yi,t
hi,t

˙

loomoon

wi,t

hi,t (E.1)

where yi,t is the income of individual i in year t, and hi,t is the number of hours worked by

individual i in year t. Consequently, wi,t is a measure of hourly earnings. Taking log differ-
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Table 10: Income Response to Unemployment Spells

CEX PSID

(1) (2) (3) (4) (5) (6)

Ui,t -0.75 -0.82
(0.029) (0.044)

Ui,t1tN-HTMu -0.74 -0.74 -0.81 -0.81
(0.044) (0.044) (0.070) (0.070)

Ui,t1tHTMu -0.76 -0.84
(0.038) (0.053)

Ui,t1tW-HTMu -0.75 -0.84
(0.052) (0.091)

Ui,t1tP-HTMu -0.76 -0.83
(0.055) (0.064)

H0: γUN “ γUH 0.83 0.74
H0: γUN “ γUW “ γUP 0.97 0.95

Notes: Robust standard errors in parentheses. PSID standard errors are clustered by household head.
Regressions weighted using sampling weights. Final three rows of the table report the p-values for
different Wald tests. CEX uses 23218 observations from 1996-2017. PSID uses 22672 observations from
2005-2017.

Table 11: Effect of Job Displacement in the CPS

∆ log Weekly Earnings Weeks Unemployed

Intercept 0.23*** 3.61***
(0.04) (1.20)

1{High School} -0.004 -1.26
(0.02) (0.78)

1{Some College} -0.010 -0.77
(0.02) (0.79)

1{College} 0.017 -0.33
(0.02) (0.80)

1{Homeowner} -0.004 -0.49
(0.01) (0.45)

Agei -0.008*** 0.25***
(0.001) (0.03)

Notes: Robust standard errors in parentheses. Asterisks denote statistical
significance at the ***1 percent, **5 percent, and *10 percent levels. The
sample is restricted to men between the ages of 25 and 55. Regressions use
sampling weights, with 7094 observations from 1990 to 2018.
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ences, income growth can then be decomposed into wage growth and hours growth:

∆yi,t “ ∆wi,t `∆hi,t (E.2)

Figure 6 shows a measure of the skewness of the income growth, wage growth, and hours

growth distributions over time27. It is clear that the skewness of hours growth drives that

of income growth, while the skewness of wage growth changes little over the business cycle.

Income growth becomes negatively skewed in recessions because it becomes much more likely

to experience a large decline in hours, i.e. to become unemployed. Meanwhile, for those who

remain employed, the skewness of the wage growth distribution is unaffected by business

cycles28.

To show that it is the extensive margin rather than the intensive margin that drives these

results (i.e. unemployment rather than average hours worked) Figure 11 plots the income

growth distribution in 2006 and 2009 for two groups of individuals: those who experienced

unemployment spells in either of the two years used to measure income growth, and those

who did not. It is clear from these densities that the the decline in the skewness of the

income growth distribution between these two years comes entirely from those households

who experienced unemployment spells. In 2009 such households were far more likely to see

a large decline in income than in 2006.

Figure 12 plots the skewness of income growth for the entire sample of individuals as well as

the sub-samples of individuals that either did or did not experience an unemployment spell.

This confirms that the group of individuals with unemployment spells drives the cyclicality

of the skewness of the income growth distribution. Finally, Figure 13 plots the skewness of

income growth measured in the CPS against the equivalent measure from Guvenen, Ozkan

and Song (2014), which uses Social Security Administration data. There is a close correlation

between the two series, although the skewness of income growth declines by more in the Social

Security Administration data in the past two recessions.

27Due to the 4-8-4 structure of the CPS, individuals that are in the March survey for the first time in
one year should also be interviewed in the March survey in the following year. There are two breaks in my
skewness measures which correspond to periods where the CPS identifiers are not consistent across the two
interview spells.

28Hoffmann and Malacrino (2019) shows similar results using Italian data.
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Figure 11: Income Growth Densities and Unemployment Spells

Notes: The vertical lines denote the 10th, 50th, and 90th percentiles of the distribution.

Figure 12: Unemployment Drives Skewness of Income Growth

Notes: Skewness measured using Pearson’s second skewness coefficient (median skewness).
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Figure 13: Income Skewness: CPS vs. Social Security Data

Notes: Skewness measured using Pearson’s second skewness coefficient (median skewness).

Figure 14: Quarterly Measures of Skewness

1982 1987 1992 1997 2002 2007 2012 2017
0.5

0.4

0.3

0.2

0.1

0.0

0.1

0.2

0.3

K
el

le
y 

S
ke

w
ne

ss

Hourly Earnings
Hours Worked

Notes: Skewness measured using Kelley’s measure of skewness.
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Figure 15: Response to Monetary Policy and EBP Shocks
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Notes: Shaded area shows a 95% confidence interval construct using robust standard errors. Skewness
measured using Kelley’s measure of skewness.
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E.1 Response of Income Risk to Macroeconomic Shocks

In this section, I construct measures of hours and wage growth at a quarterly frequency and

then estimate the responsiveness of the skewness of these distributions to monetary policy

shocks, identified as in Christina D Romer and David H Romer (2004)29, and excess bond

premium (EBP) shocks, identified using by Simon Gilchrist and Egon Zakraǰsek (2012).

Figure 14 plots the quarterly estimates of the skewness of hours and wage growth. Due to

the small sample size, I use the Kelley skewness measure30.

In both cases, I use a local projection approach31 to estimate the effect of the shocks on the

skewness of the wage and hours growth distributions at different horizons:

Yt`h “ αh ` ψhpLqXt´1 ` βhεt ` ζt`h (E.3)

where εt is the identified shock at time t, Xt´1 is a vector of control variables and Yt`h is the

variable of interest at period t` h.

Figure 15a shows the estimated response of the federal funds rate, the unemployment rate,

and the skewness of the wage growth and hours growth distributions to a monetary policy

shock, and Figure 15b shows the estimated responses to an excess bond premium shock. In

both cases, the skewness of the wage growth distribution is unaffected by the shock, while

the skewness of the hours growth distribution moves pro-cyclically. This provides further

evidence that the income growth distribution is endogenous to macroeconomic shocks, and

that this endogeneity is driven by unemployment risk.

F Solving the 2-asset Model

F.1 Solving the Household Problem

Solving equation 4.1 numerically involves a significantly higher computational burden than

the corresponding problem when the household does not adjust their illiquid asset hold-

29Extended to 2008 by Olivier Coibion, Yuriy Gorodnichenko, Lorenz Kueng and John Silvia (2017).
30Kelley Skewness is equal to ((P90 - P50) - (P50 - P10))/(P90 - P10) where P90/P50/P10 are the

90th/50th/10th percentiles of the distribution. This measure of skewness that is robust to outliers and is
bounded by -1 and 1.

31As in Òscar Jordà (2005).
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ings, as the household has a two-dimensional maximization problem (rather than a one-

dimensional problem that can easily be solved using the golden-section search method).

A robust but slow method for solving equation 4.1 is a nested golden-section search algorithm,

in which the maximization over one asset is done in an outer loop, and the maximization

over the other asset is done in an inner loop. However, this method is too slow for calculating

the response of the economy to aggregate shocks, which requires solving a modified version

of equation 4.1 for a large number of periods, multiple times.

A faster method is to break equation 4.1 down into two simpler problems. Specifically, I

first solve the problem for households that choose not to adjust their illiquid asset holdings,

shown in equation 4.4.

It is then possible to solve the full problem in equation 4.1 by solving the following one-

dimensional maximization:

V A
t pb, k, z, eq “ max

k1
V NA
t pb˚, k1, z, eq (F.1)

subject to

b˚ “
Rb
tpbqb`R

k
t pk ´ k

1q

Rb
tpb

˚q

To see why this works, consider the budget constraint of the problem given by V NA
t pb˚, k1, z, eq:

k1 ` b1 ` c “ 1te “ 1uwtzp1´ τq ` 1te “ 0uwtφpzqp1´ τq ` Tt `R
b
tpbqb

˚
`Rk

t k
1 (F.2)

Now, substitute in the value of b˚ given in equation F.1:

k1 ` b1 ` c “ 1te “ 1uwtzp1´ τq ` 1te “ 0uwtφpzqp1´ τq ` Tt `R
b
tpb

˚
qb˚ `Rk

t k
1

“ 1te “ 1uwtzp1´ τq ` 1te “ 0uwtφpzqp1´ τq ` Tt `R
b
tpbqb`R

k
t pk ´ k

1
q `Rk

t k
1

“ 1te “ 1uwtzp1´ τq ` 1te “ 0uwtφpzqp1´ τq ` Tt `R
b
tpbqb`R

k
t k

Thus, the problem in equation F.1 satisfies the household’s budget constraint, regardless of

the choice of k1. The adjustment to liquid asset holdings in b˚ takes into account all effects of

the capital adjustment on the household’s budget constraint. As equation 4.4 and equation

F.1 are relatively simple one-dimensional maximization problems, this significantly increase
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the speed of solving the full problem in equation 4.1.

F.2 Solving for the Steady-State of the Model

Since I assume that the equilibrium real interest rate is 1% on an annual basis, and that the

steady-state unemployment rate must be 6%, the algorithm for finding the steady-state is

as follows:

1. Guess the equilibrium level of capital, K.

2. The equilibrium unemployment rate implies an equilibrium labor-market tightness,

θ, and value of h. Find the steady-state wage that is consistent with this using the

steady-state FOC for the labor agency:

β

ˆ

h´ w̄ `
c

qpθq
p1´ sq

˙

“
c

qpθq
(F.3)

(Taking into account the calibrated relationship between c and w̄.)

3. Given this wage and the job-finding probability, solve the household’s problem.

4. Use non-stochastic simulation to find the equilibrium distribution of households.

5. Update the guess of K and return to Step 2.

F.3 Solving the Response to an Aggregate Shock

In Section 4, I solve the response of the model to an unanticipated aggregate productivity

shock. The algorithm for solving for the equilibrium path in response to this shock is

described below:

1. Guess paths for the real interest rate and capital stock: trbtu
T
t“1 and tKtu

T
t“1 (where T

is large enough that the economy has returned to the steady-state).

2. Use the Taylor rule and Fisher relation to find the implied path of inflation and the

nominal interest rate.

3. Guess a path of employment
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(a) Given the path of employment, calculate the path output using the production

function.

(b) Using output and inflation, calculate the path of the mark-up using the New

Keynesian Phillips curve.

(c) Using the path of the mark-up, calculate the path of wages.

(d) Using the path of wages, calculate the path of the job-finding rate from the labor

agency’s Euler equation. Update the guess of the path of employment and return

to step 3(a).

4. Given the implied paths of the job-finding rate, wage, the real interest rate, and the

return on capital, solve the household’s problem backwards from t “ T ´ 1 to 1.

5. Simulate the household distribution forwards from t “ 1 to T .

6. Use the implied paths of liquid asset holdings, tBhuTt“1, and capital holdings, tKh
t u

T
t“1,

to update the guessed path of the real interest rate and capital stock and return to

step 2.

F.4 Consumption-Equivalent Size of Adjustment Costs

In this section, I calculate the consumption-equivalent size of the illiquid asset adjustment

costs in the steady-state of the model. A household that pays adjustment cost χ and has con-

sumption C would be willing to lower their consumption to C˚ which satisfies the following

equation in order to avoid the adjustment cost:

C˚p1´γq ´ 1

1´ γ
“
C1´γ ´ 1

1´ γ
´ χ (F.4)

Solving for C˚:

C˚ “
“

C1´γ
´ p1´ γqχ

‰
1

1´γ (F.5)

In the calibrated version of the model, γ “ 2, so this simplifies to:

57



C˚ “
1

C´1 ` χ
(F.6)

As the adjustment costs are random, the average level of C˚ for a household with consump-

tion C whose maximum adjustment cost is χ˚ is as follows:

C˚ “
1

χ̄

ż χ˚

0

1

C´1 ` χ
dχ`

1

χ̄

ż χ̄

χ˚

1

C´1
dχ (F.7)

“
1

χ̄

“

logpC´1
` χ˚q ´ logpC´1

q
‰

` C
χ̄´ χ˚

χ̄

Integrating across households, the total size of adjustment costs in terms of consumption is
ş

pC ´ C˚qdµ, which is equal to 1.2% of total consumption or 0.9% of total output.

G Robustness

In this section, I undertake a number of robustness exercises. I show that the main results

of the paper are robust to a wide range of values of the wage elasticity εw, that amplification

is also present in response to a monetary policy shock, and that amplification relies on

price stickiness. I also show that unemployment insurance is a somewhat less effective

automatic stabilizer if the lump-sum transfer adjusts to balance the government’s budget

constraint (rather than government spending) but that unemployment insurance would be

even more effective than in the baseline model if all unemployed agents received benefits

(rather than only 45%, as in the data). Finally, I show that if the illiquid asset is housing,

rather than physical capital, the model still displays significant amplification through the

flight-to-liquidity mechanism.

G.1 Additional IRFs

Figure 16 provides the impulse response functions for additional variables for the experiment

considered in Section 6.
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Figure 16: Response to an Aggregate Productivity Shock
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Figure 17: Robustness to different values of εw
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G.2 Wage Elasticity

Due to the complexity of the household problem, it is not possible to use a bargaining

solution to determine the equilibrium wage in the models used in this paper. Consequently,

I use a wage rule whereby the wage that households receive responds with elasticity εw to

the wage that the labor agency receives from the intermediate good producers.

For the calibration in the main paper, I set εw to 0.45 (based on the elasticity of real wages to

labor productivity documented by Hagedorn and Manovskii (2008)). In this section, I show

that the main result of the paper, that unemployment risk significantly amplifies aggregate

shocks in the two-asset model, is robust to a wide range of values of εw.

Figure 17 plots the response of unemployment to the aggregate productivity shock when

εw is set to either 0.2 or 0.6. When the wage that households receive is more flexible, the

overall effect of the shock is smaller, as the labor agency are able to pass through more of the

decline in wages to households, and consequently the decline in vacancy posting is lessened.

However, the amplification that comes from unemployment risk remains: in both cases,

the response of unemployment is significantly larger in the model without unemployment

insurance when compared to the model with unemployment insurance.

60



G.3 Monetary Policy Shock

Figure 18 plots the response of the three versions of the model to a contractionary monetary

policy shock. With this shock, the Taylor rule becomes:

it`1 “ r̄b ` ψ logpΠtq ` εm,t (G.1)

εm,t`1 “ ρmεm,t

The shock is a 10bp annualized contractionary monetary policy shock (εm,0 “ 0.00025), with

persistence ρm “ 0.85. The amplification caused by idiosyncratic unemployment risk (and

the role of unemployment insurance in dampening aggregate volatility) is similar to that

seen in Figure 5. This confirms that the presence of idiosyncratic unemployment risk will

amplify any aggregate shock which has an effect on the unemployment rate.

G.4 Flexible Prices

Figure 19 plots the response of the three versions of the model in an economy with flexible

prices. If prices are flexible, the effect of the decline in aggregate demand initiated by the

rise in unemployment risk is accommodated entirely in prices rather than quantities, and

the feedback loop between unemployment risk and aggregate demand is neutralized. Con-

sequently, price rigidity is required for idiosyncratic unemployment risk to lead to business

cycle amplification in this model.

G.5 Adjusting Tt Not Gt

In the experiments considered in Section 6, I assume that government spending adjusts to

balance the governments budget constraint each period. In this section, I assume instead

that government spending is held constant at its steady-state level, and that the lump-

sum transfer adjusts. Figure 20 plots the response of the three versions of the model to

the aggregate productivity shock under this assumption. By comparing the versions of

the model with no unemployment insurance and no unemployment risk, it is clear that

the overall degree of amplification is broadly unchanged under this assumption. However,

unemployment insurance is now slightly less effective at reducing the amplification caused
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Figure 18: Response to a Monetary Policy Shock
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Figure 19: Aggregate Productivity Shock with Flexible Prices
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Figure 20: Aggregate Productivity Shock when Tt Adjusts
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by the flight-to-liquidity mechanism. This occurs as the extra spending on unemployment

insurance in response to a rise in unemployment risk is now financed by reducing the lump-

sum transfer, rather than by reducing government spending. Consequently, unemployment

insurance only redistributes total household income, and no longer supports the level of total

household income.

G.6 Expanding Unemployment Insurance Recipiency

I now consider the impact of raising the unemployment insurance recipiency rate from the

baseline level. Figure 21 compares the response to the aggregate productivity shock in the

model with no unemployment insurance, with unemployment insurance and ξ “ 0.45 (the

baseline calibration), and with unemployment insurance and ξ “ 1.

When ξ “ 1, there is no longer any chance that households become unemployed and re-

ceive no unemployment insurance. This reduction in tail-risk further dampens the flight-

to-liquidity and the feedback loop between unemployment risk and aggregate demand. The

model implies that increasing the recipiency rate of unemployment insurance from current

levels could significantly reduce business cycle volatility. In fact, the response of the economy

to aggregate shocks when ξ “ 1 is quantitatively similar to the version of the model with no

idiosyncratic unemployment risk studied in Figure 5. Thus, the two-asset model predicts that

ensuring that all unemployed individuals receive unemployment insurance would be sufficient

to remove the amplification of aggregate shocks that occurs through the flight-to-liquidity

mechanism.

G.7 Housing As the Illiquid Asset

In this section, I show that the main results of the paper are robust to interpreting the illiquid

asset as housing rather than physical capital. The removal of physical capital changes the

intermediate good producer problem, as in Section 7. I assume that households receive utility

from consumption of the final good and from housing services according to the following

utility function:

Upc, hq “
pcηh1´ηq1´γ ´ 1

1´ γ
(G.2)
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Figure 21: Effect of Increasing Unemployment Insurance Recipi-
ency
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Owner-occupied housing provides a flow of housing services, net of depreciation, equal to r̃h “

rh ´ δ. Households are also able to purchase rental housing, ch. Consequently, consumption

of housing services is equal to h “ r̃hk ` ch. The problem for a household that chooses to

adjust their illiquid asset holdings is now:

V A
t pb, k, z, eq “ max

c,h,b1,k1

pcηh1´ηq1´γ

1´ γ
` βEe1,z1Vt`1pb

1, k1, z1, e1q (G.3)

subject to

k1 ` b1 ` c` ch “ 1te “ 1uwtzp1´ τq ` 1te “ 0uwtφpzqp1´ τq `R
b
tpbqb` k ` Tt

h “ r̃hk ` ch

b1 ě ´b

k1 ě 0

z1 “ Γpzq

The goods market clearing condition is:

Yt “ Ct ` C
h
t ` It `Gt `Θt ` κ

ż

maxt´b, 0u dµt ` cVt

where Ch
t is the aggregate consumption of rental housing and It is now residential investment.

When solving the model, there is one fewer market clearing condition, as there is no longer

a market for physical capital. Consequently, the algorithm to solve the model is similar to

that used for the one-asset model32.

I recalibrate the model as in Section 7. I assume that r̃k is equal to the steady-state level

of rk in the two-asset model in Section 4. I lower β to 0.97 and χ̄ to 1.5 in order to target

the total levels of liquid and illiquid assets relative to GDP. I assume a depreciation rate on

housing of 1.5% per year, as in Greg Kaplan, Kurt Mitman and Giovanni L Violante (2017).

Figure 22 shows the response of the economy to the same shock considered in Section 6.

The main results are unchanged if the illiquid asset is housing rather than physical capital:

a rise in unemployment risk leads to a flight to liquidity and a decline in investment. The

only change is that the decline in investment is in housing rather than in physical capital.

The amplification that this mechanism provides is roughly unchanged.

32The treatment of housing in this version of the model is the same as in the NBER working paper version
of Kaplan, Moll and Violante (2018).
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Figure 22: Aggregate Productivity Shock with Illiquid Housing
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