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Abstract

We explore the relationship between fluctuations in income risk and expenditures on durable goods.
First, we study the effect of fluctuations in income risk in a tractable partial equilibrium model of durable
expenditure decisions featuring non-convex adjustment costs. Non-convex adjustment costs imply that
households follow an Ss-type decision rule. In this setting, temporary increases in income risk raise
the option value of postponing purchases. With a mean-preserving income process calibrated to match
the US business cycle swings in income risk, the fall in durable expenditures upon entering a recession
is three times as large as in the same model without adjustment costs. Second, we investigate the
relationship empirically. Using micro level data from the Italian Household Survey of Income and Wealth,
we estimate the effect of fluctuations in unemployment risk on durable and non-durable expenditures.
We find that durables respond strongly to an increase in unemployment risk, while the effect is negligible
and statistically insignificant for non-durable expenditures. We also provide evidence using US time

series data.
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1 Introduction
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Figure 1: GDP and Expenditures on durable goods. HP-filtered quarterly data deflated with the GDP
deflator. Data has been downloaded from Federal Reserve Economic Data. Shaded areas denote NBER

recession dates.

Private expenditure on durable goods is one of the most volatile components of US GDP (Figure 1).!
For the sample period 1959-2015, expenditures on durable goods account for approximately 46 percent of
the business cycle variation in total consumption expenditures.? In the relationship between business cycle
dynamics and aggregate demand, durable expenditure is a first order component.

Why do durable expenditures exhibit these swings? The Michigan Surveys of Consumers have asked
households since 1960 whether it is a bad time to buy durables and what the reason for their answer is. In
Figure 2, we plot the share of households that have stated that it is a bad time to buy durables because
of ™uncertain future”, together with the responses ”can’t afford” and “interest rates are high”3 Although

interest rate fluctuations seem important for the cyclical swings before 1983, "uncertain future” is the most

IThroughout the paper, our definition of durable goods correspond to that in the NIPA, which excludes housing.
2The variance of the HP-filtered aggregate consumption expenditures excluding durable goods is 46 percent lower than the

variance of the HP-filtered aggregate consumption expenditures including durable goods.
3The fourth answer category, ”prices are high”, exhibits a pro-cyclical pattern.
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Figure 2: Share of households responding that it is a bad time to buy durables because of uncertainty.

commonly cited reason during the last three NBER recessions. For instance, the share of households that
stated uncertainty as a reason to not purchase durables increased by more than 20 percentage points at the
onset of the Great Recession.

We take this as motivation to study the impact of fluctuations in one particular form of uncertainty, labor
income risk, on durable expenditures. We do so in two steps. First, we simulate the response of durable
purchases to income risk shocks calibrated to match an average US recession. Second, we investigate the
relationship empirically, both at the micro and the macro level.

For the simulation exercises, we set up a tractable partial equilibrium model of durable expenditure deci-
sions featuring non-convex adjustment costs. Non-convex adjustment costs imply that households follow an
Ss-type decision rule and have an option value of postponing adjustments of their durable stock. Temporary
increases in income risk raise this option value, causing households to postpone their adjustment.

With this mechanism, we demonstrate that fluctuations in income risk can be a powerful source of
fluctuations in durables. We follow McKay (2015) in the calibration of an income process that matches the
business cycle swings in left-skewness documented in Guvenen et al. (2014). Even after adding unemployment

benefits and a realistically calibrated progressive tax system, entering a recession immediately produces a



fall in expenditures on durable goods of about 60 percent. This is about three times the response in the same
model without adjustment costs, where fluctuations in income risk only matter through the precautionary-
savings motive.

In the empirical investigations, we first use micro level data from the Italian Survey on Household
Incomes and Wealth to study the effect that fluctuations in unemployment risk have on durable and non-
durable expenditures. We estimate the probability of becoming unemployed using a set of factors extracted
from a rich set of covariates. From this measure, we extract the change in unemployment risk by exploiting
the panel structure of the data. In a probit regression of the extensive margin of durable purchases on
the change in unemployment risk, we find that a uniform increase in unemployment risk by one percentage
point translates to a (statistically significant) decrease of the number of durable purchases by 1.6 percentage
points. In contrast, a change in unemployment risk has a small (and statistically insignificant) effect on
non-durable consumption.

Second, we estimate augmented Euler equations on US data in the style of Campbell and Mankiw (1989),
using subjective beliefs about the future unemployment rate from the Michigan Survey as Consumers as a
measure of unemployment risk. This method has previously been employed by Carroll and Dunn (1997),
but we benefit from being able to use 20 more years of data. In competition with the real interest rate
and expected aggregate income, it is only fluctuations in unemployment expectations that significantly
predict fluctuations in expenditure on durable goods. In contrast, for non-durable expenditure the effect of
unemployment expectations is negligible and statistically insignificant.

Although preliminary, the empirical results suggest that fluctuations in income risk are important for
consumption dynamics beyond what a precautionary-savings logic would imply. If precautionary savings
were the dominant reason why households respond to fluctuations in income risk, we would expect that
non-durable consumption would also be affected by fluctuations in income risk. Instead, we find that non-
durable consumption is insensitive to fluctuations in income risk. These results reinforce the findings from the
simulation exercise, which show that expenditures on durable goods react much stronger than expenditures
on non-durable goods to fluctuations in income risk.

In connection with the model simulations, we also study the state dependency of the aggregate marginal
propensity to consume (MPC). A recent and growing literature has highlighted that the aggregate MPC is
a key statistic in the transmission of monetary and fiscal policy, as it determines the consumption response
to the income effects that these policies may generate (Kaplan and Violante, 2014, Auclert, 2015, McKay,
2015, Berger and Vavra, 2014, 2015, Carroll et al., 2015). We find that in response to a recession shock, the
aggregate MPC for durables (total consumption) falls by 50 (30) percent. This result is again due to the
increased option value of postponing durable adjustments, which places more households inside an ”inactivity

region” where they are unresponsive to small changes in transitory income.



1.1 Related literature

The hypothesis that fluctuations in income risk, through altering the option value of postponing purchases,
provide a source of fluctuations in durable expenditures is old. An early discussion is found in Mishkin
(1976). Hassler (1996) provides a theoretical analysis of the mechanism in a stylized model, and shows that
temporary increases in income risk, in comparison with permanent increases, cause a much larger widening
of the Ss-bands. Though not focusing on business cycle dynamics nor changes in income risk, Bertola et al.
(2005) study the link between subjective income risk and durable adjustment in Italian survey data. The
most immediate predecessor to our analysis is Carroll and Dunn (1997), who also aim to quantify the effect
of fluctuations in uncertainty on durable purchases, but in a more rudimentary model. They also estimate
augmented Campbell-Mankiw regressions, which form the departure point for our analysis in Section 6.3.

Non-convex adjustment costs and Ss-bands are also prominent in the firm investment literature. Early
accounts of the link between investment adjustments and uncertainty are found in Bernanke (1983), Romer
(1990), Bertola and Caballero (1994), Abel and Eberly (1996) and Caballero and Engel (1999). More recently,
the literature has also focused on stochastic variation in uncertainty, e.g. Bloom (2009), Ferndndez-Villaverde
et al. (2011), Bachmann and Bayer (2014) and Bloom et al. (2014), which directly links to our analysis.

Fluctuations in income risk can also cause fluctuations in consumption expenditures through altering
the target level of precautionary savings. Although not directly targeted to explain fluctuations in durable
expenditures, the precautionary-savings effect should be compared to the real-option effect that we emphasize
in this paper. A recent contribution on the precautionary-savings effect can be found in McKay (2015).

In addition, although not focusing on fluctuations in income risk, two recent contributions on consumption
dynamics under non-convex adjustment costs are complimentary to our analysis. Kaplan and Violante (2014)
show that non-convex adjustment costs can create an amplification of the responsiveness of non-durable
consumption expenditures to income shocks, through the creation of 'wealthy hand-to-mouth’ households.
Berger and Vavra (2015) calibrate a similar model of consumption expenditure to ours, and show that
the aggregate marginal propensity to consume durables falls in response to negative income (first moment)

shocks.

2 Model

We set up a model for durable consumption decisions under fluctuating income risk. Households receive
income exogenously, and allocate resources between non-durable consumption, durables and a liquid asset.
The liquid asset pays interest and the durable stock depreciates. The stock of durable consumption goods
can only be adjusted if incurring a fixed cost. The income process will depend on the aggregate state; in

recessions income risk will be higher than in expansions.



Before turning to the household problem, we describe the evolution of the exogenous aggregate and

idiosyncratic states.

2.1 The aggregate state

The aggregate state captures whether the economy is in an expansion or in a recession. Denote the aggregate

state by s; = {e,r}.* We assume the following process:

st41 ~ F(st) (1)
where F' is a Markov process governed by the transition matrix

ee 1- ee
Ty = P Pee ). (2)

1- DPrr Drr

2.2 Exogenous idiosyncratic states

The household’s income process follows McKay (2015). It is generated by the composite of two processes: one
for employment status n; and one for the evolution of labor income Y;. In every period, the household draws
its employment status, em or un, conditional on its status the previous period and the current aggregate
state. Denote the job finding probability by A(s;) and separation rate by ((s;).

The evolution of labor income Y; follows from the realizations of two shocks: 7, a shock to permanent

income Z;, and €, a transitory shock to total income:

Y = Ziey, (3)

Zy = Zs_1M. (4)

€ is i.i.d. across time and agents while 7, depends on the aggregate state of the economy s;. When
sy = e, ny will be drawn from the expansionary distribution, while when s; = r, 1, will be drawn from the

recessionary distribution:
ne = 1(st = e)nee + (st = 7)Ner- (5)

The distributions of 7,1 and €; will be calibrated to match the state-dependent income risks documented
by Guvenen et al. (2014). The distributional assumptions will be discussed in more detail in Section 3.

If employed, the household supplies Y; units of labor in return for a real wage normalized to unity. On
top, it pays income taxes/receives transfers. Following Heathcote et al. (2014), let the net tax payment
of an employed individual with earnings ¥ be Y — (1 — 7)Y'~%" where 7 and b¥ control the average level

and progressivity of the tax system respectively. Note that for incomes less than (1 — 7)'/*" the household

4Since we only allow for two aggregate states, a recession in our model should be interpreted as an “average” US recession.



receives a transfer. If unemployed, the household receives an unemployment insurance, which is a fraction

b* of its after-tax labor income (1 — 7)Y1=".

2.3 The household problem

Households have CRRA preferences over a Cobb-Douglas aggregate of non-durables C; and durables D;.
They have a subjective discount factor 5. We assume a mortality rate of w to maintain stationarity in the
model. The effective discount factor is thus B = (1 — w)f. Households can purchase the goods at a unitary
relative price® and invest in a risk free liquid asset at a price g.

Adjusting the durable stock is associated with an adjustment cost A proportional to the current stock
of durables, A = hD;_,. This adjustment cost is meant to capture the costs associated with selling an
item and replacing it with a newer one, such as broker’s fees and losses from selling at a rebate price in
the second-hand market. It is also reasonable to assume that durable adjustment are associated with time
costs. However, using PSID data Berger and Vavra (2015) find that these are negligible when calibrating
the adjustment cost to match the size and frequency of durable adjustments. Hence, we ignore these costs
here.

Without an adjustment, the durable stock depreciates at rate 4. Finally, the household is subject to an
ad hoc borrowing constraint proportional to permanent income, b(1 — T)Ztl*by.

Formally, the households solve the problem
(CeDF )=

l1—0

max Ey Z Bt

Ct,Dy,By
s.t. Ot + Dt + tht =~ (1 - T)}/tl_by (nt + bu(l — 'flt)) + (1 - 5)Dt—1 + Bt_l - A(Dt—1)7 (6)

0 ifD,=(1-68)D;1,
A1) = b ™

hDy_y if Dy # (1—68)Dy_1,

B, >b(1—7)z}7Y, (8)

where the income process is summarized by

nep1 = G(Se41,m0), (9)
logY; =log Z;—1 + log €, (10)
log Z; = log Z;—1 + log 0y, (11)
logn: = I(s¢ = e)lognte + I(s¢ = r)log ner, (12)

5Under Cobb-Douglas utility, a constant relative price different than unity would just imply a rescaling of the decision

functions.



with

em with prob 1 —((s¢41), .
if ny, = em,
un with prob ((s41)
G(3t+17nt) = (13)
em  with prob A(sy11) .
if ny = un.
un  with prob 1 — A(s¢41)

2.4 Recursive formulation

The household problem can be recast into recursive form. Define Vy 4(+) as the value function conditional
on not adjusting D; and V4(-) as the value function conditional on adjusting D;. We can write the problem

conditional on not adjusting as

Vna(B,D;Z,e,n,s) = g%gu(C,D*) +BEV(B',D"; Z' € ,n',s) (14)
s.t. D'=(1-6)D*,
D* =D,
B' = B*,

C+¢B =1 -7V (n+b*(1—n))+ B,
B*>b(1—7)Z2'7",
Y = Ze,

and, while not stated, also subject to the laws of motion for the state variables Z, n and s. We can write

the problem conditional on adjusting as

Va(B.D;Z.e,n,s) = max u(C,D")+ BEV(B',D';Z' ¢ n' s (15)
s.t. D' = (1-06)D",
BI — B*,

C+D*+¢B*<(1—-71)Y'"""(n+b*(1-n))+ D+ B—hD,
B* >b(1—71)2'7",
Y = Ze,

and, while not stated, also subject to the law of motions for the state variables Z, n and s. The unconditional

value is
V(B,D;Z,e,n,s) =max{Vna(B,D;Z e,n,s),Va(B,D; Z,e,n,s)}. (16)

Given this formulation, a solution to the household problem is a collection of policy functions g A N A

and a value function Vi 4 that solves (14), policy functions g2, ga, g5, a value function V4 that solves (15),

and a value function V' that solves (16).



2.5 Eliminating 7 as state variable

We can eliminate Z as a state variable by normalizing all variables by (1 — 7)Z'~*". Moreover, € and b
only enters the problem through a sufficient state variable a = b + ¢!~ (n + b%(1 — n)), which we call

‘cash-on-hand’. For a detailed derivation, see Appendix A. The recursive formulation of the problem reduces

to:
owaladins) = maxue,d) + B8 ()00 (o ZO7b 4V ! bt (1 =), (1= 8~ d) |(17)
s.t. c+gb* =a
b*>b
valasdin,s) = mas uled®) 4 BB [(f) 00Dy (=04 o (1), (1 el
s.t. c+agb*+d* =a+d—hd
b*>b
v(a,d;n,s) = max{vya(a,d;n,s),va(a,d;n,s)} (19)

We solve the model by value function iteration. In Appendix B, we describe the computational procedure

in more detail.

3 Calibration

In this section we describe the calibration for the income process and our choice of parameters for preferences,

adjustment costs etc.

3.1 The process for the aggregate state

The calibration of the idiosyncratic labor income process matches the data moments from Guvenen et al.
(2014). To be consistent, we will throughout build our calibration on data from their sample period, which
is 1978-2011. For the calibration of the transition probabilities of the aggregate state, we also use their
indicators of recession and expansion years.® The transition probabilities for the aggregate state are set
to match two features of these indicators: First, the average time spent in a recession was approximately
18%. Second, the average duration of recessions was approximately 2 years. Table 1 shows the resulting

parameters.

6Guvenen et al. (2014)’s indicators are based on the NBER classification, but are aggregated to the yearly frequency and
treat the period 1980-1983 as a single recession.



Parameter | Value ‘ Motivation
Dee 0.973 18 % of time spent in recession
Drr 0.875 | Average recession duration of 2 years

Table 1: Parameters describing the transition probabilities of the aggregate state

3.2 The process for employment status

The separation and job finding rates are calibrated to match the short term and total unemployment rates

for recessions and expansions respectively. Specifically, following McKay (2015), we posit the relationships

uy G(1—ue—1) (20)

Ut — U; = (1 — )\t)ut_l (21)

where u;, uj are defined as the total and short term (duration less than 15 weeks) unemployment rate. We
then recover (¢, A\; for each quarter in the sample period 1978-2011. To find the average separation and job
finding rates for recessions and expansions, we regress (¢, A\s on a recession indicator dummy and a linear
time trend. To be consistent with the calibration of aggregate state transition probabilities, we use the
recession indicators described in the previous subsection, although the quarterly labor market data allows
for a refinement. The resulting values are shown in Table 2. We found that there was virtually no difference
in the job finding rates between recessions and expansions, so we have set both their values to the sample
mean.

We note that this calibration differs from Shimer (2012), who finds that the hiring rate is more procyclical
than the job separation rate in monthly US data. The discrepancy is likely due to time aggregation as many
unemployment spells are much shorter than a quarter. Since we are interested in the effects that labor market
outcomes have on income and not employment status per se, the quarter frequency measure is the relevant
measure for our purposes (although we by construction overstate the severity of becoming unemployed since

the household is unemployed for at least a full quarter).

Parameter Description Value
Ae) Job finding rate, expansion | 0.319
A(r) Job finding rate, recession | 0.319
C(e) Separation rate, expansion | 0.021
¢(r) Separation rate, recession | 0.030

Table 2: Parameters describing the transition probabilities of the employment status

10



3.3 The process for idiosyncratic labor income

Our calibration of the idiosyncratic labor income process draws directly from McKay (2015), who successfully
matches a number of the key features of the cyclicality of income risks documented by Guvenen et al. (2014).
In particular, this calibration captures the differences in the 10th, 50th and 90th percentile of income changes

on three and five year horizons well. If anything, it slightly understates the volatility of Kelley’s skewness,

(P90—P50)—(P50—P10) 7
defined as F96—Pi0 .

[To do: Comparison calibration following Storesletten et al. (2004)]

2

2). To be able to generate procyclical skewness as documented

In each period, € is drawn from N(0,0
by Guvenen et al. (2014), n; is drawn from a mixture of three normals, where the mean of the two outer

distributions depend on the aggregate state. Specifically, we assume that in each period

N(p1,4,01) with prob p
logne ~ ¢ N(p24,02) with prob po (22)
N(ps3,t,03) with prob p3

The time-varying means of the process evolve according to

Bie = ¢ (23)
Mot = [+ p2— ¢ (24)
M3t = e+ p3 — Ty (25)

where [i; is normalized so that E(e”) = 1 in all periods. Notice that the aggregate state influences the
income process through shifting the mean of the left and right tail of the n distribution uniformly.

We take the parameter values po, us, 01, 02, 03, p1, P2, p3 directly from McKay (2015). The main difference
between McKay’s and our process lies in the dependence of x; on the aggregate state, for which we assume
a two-state structure whereas McKay (2015) uses a continuous support.® McKay (2015) assumes that it
is a linear combination of four variables: The ratio of short-term unemployed to the labor force, the same
ratio of long-term unemployed, an index of average weekly hours and the labor force participation rate. Its
factor loadings are jointly calibrated with the other parameters to generate the fluctuations in left-skewness
documented by Guvenen et al. (2014). We only allow the aggregate state to take two values, and therefore
take approximate average values for z; found by McKay (2015) in recessions and expansions respectively.
That is, we assume that x; = x(s¢). Table 3 shows all the parameter values for the idiosyncratic income

process.

"Kelley’s skewness is the measure of downward risk preferred by Guvenen et al. (2014), due to its lesser dependence on

extreme observation compared to the sample skewness measure.
80ur process also differs in that households learn which distribution 7; is drawn from in the same period as the shocks are

realized, whereas McKay (2015) assumes that the distribution is known one period in advance. We do not see that choosing

one assumption over the other will significantly affect our results.

11



Parameter Description value
z(s=e) Distribution shifter in expansion 0
x(s=r) Distribution shifter in recesion 0.25

D1 Weight of center of n distribution 0.8948
P2 Weight of right tail of n distribution | 0.0526
D3 Weight of left tail of n distribution 0.0526
1o Mean of right tail of n distribution 0.355
13 Mean of left tail of n distribution -0.298
o1 St. dev. of mean of n distribution 0.0143
09 St. dev. of right tail of n distribution | 0.1041
o3 St. dev. of left tail of n distribution | 0.1041
O St. dev. of € distribution 0.1580

Table 3: Parameters describing the idiosyncratic income process

3.4 Taxes and transfers

We take the parameters for the tax and transfer system directly from McKay (2015), who in turn uses

numbers from Heathcote et al. (2014) and Martin (1996). They are summarized in Table 4.

Parameter Description value
bv Replacement rate of Ul 0.3
bY Tax-and-transfer progressivity | 0.151

Table 4: Parameters describing taxes and transfers

3.5 Preferences, adjustment costs etc.

Preferences are described by non-durable Cobb-Douglas weight «, risk aversion (or equivalently, the inverse of
the intertemporal elasiticity of substitution) o and the discount factor 8. The durable consumption decision
has two governing parameters, the size of the proportional adjustment cost h and the depreciation rate §.
The liquid asset market is described by the borrowing constraint b and price g. In addition, households die
at rate w. All parameter values are shown in Table 5.

We set 0 = 2. As the model is calibrated to quarterly income data, we set the discount factor to 5 = 0.97.

The mortality rate is set to w = 0.005, which implies an average working lifetime of 50 years.

12



The quarterly depreciation rate of durables is set to 0.175/4 = 0.044, which is an approximate average
of BEA estimates of depreciation rates for durable goods.

The fixed cost h and the Cobb-Douglas parameter « are calibrated to match a yearly adjustment rate
of 14 percent (Bertola et al. (2005)) and a durable goods share of total consumption expenditures of 8.3
percent (average of NIPA 1978-2011).

The borrowing constraint is set to the natural borrowing limit, which is b = 0 given the full support of
the random walk in permanent income. We set g, the price of the risk free liquid asset, to 1.01, corresponding

to a yearly risk free interest rate of 4 percent.

Parameter | Value
B 0.97
o 0.88
o 2
w 0.005
0 0.044
h 0.22
q 1.01
b 0

Table 5: Parameters describing preferences and durable adjustment

4 Intuition

Before we present the quantitative results from our model, let us first describe the qualitative properties of
our model. The intuition is depicted in Figure 3. We stress that the intuition provided here is not exact.
In our full model, the state space has three dimensions (durable goods holdings, liquid asset holdings and
permanent income) which can be reduced to a two-dimensional representation (durable goods holdings over
permanent income and liquid asset holdings over permanent income). Here, we will consider a thought
experiment in a one-dimensional state representation.

If we ignore the portfolio choice between liquid assets and durable goods, the households in our model will
roughly behave as if according to an Ss-rule for durables normalized by total wealth (the sum of permanent
income and liquid assets). That is, they will have a lower threshold and an upper threshold for D/W := d.
Once they reach a threshold, they will incur the fixed cost and readjust their holding of durables to a target

ratio d*. We think of the regions outside these thresholds as “activity regions”, and the region inside these

13



Before On impact After

Il No adjustment Il No adjustment
I Adjustment I Adjustment
Adjustment region EE=H Former adjustment

Adjustment region
Former adjustment region

I No adjustment
B Adjustment
Adjustment region

Durables/Wealth Durables/Wealth Durables/Wealth

Figure 3: The Ss intuition behind the fall in durable purchases and MPC for durables. To the left is the
distribution of households, and the adjustment regions prior to the increased uncertainty. In the middle, the
distribution of households is the same as in the left figure, but the adjustment regions have moved due to the
heightened uncertainty. To the right, the distribution of households has evolved under higher uncertainty so

the frequency of adjustment has more or less returned to its prior level.

thresholds as the ”inactivity region”.

The distribution of households will peak at the reset ratio d*. Some households will see their permanent
income decline and therefore their durable-to-wealth ratio increase over time, while some households will see
their permanent income increase and durable-to-wealth ratio decrease over time. However, since the stock
of durable goods depreciates, the durable-to-wealth ratio drifts to the left in the absence of income shocks.
Therefore, the distribution of household durable holdings will have more mass to the left of d*, as depicted
in the leftward picture in Figure 3.

When the economy enters a period of temporary higher income risk, the inactivity region widens, as
depicted in the middle picture in Figure 3. Since the heightened income risk is temporary, the households
have an incentive to 'wait-and-see’ whether they will be hit by a large shock or not, before they adjust their
durables. Put another way, when income risk rises, the probability of being in the activity region tomorrow
increases, in which the household incurs the fixed cost and adjust. As a response, the willingness to adjust
today declines, since by doing so the household decreases the probability of incurring multiple fixed costs.

In the short run, the distribution of households is essentially fixed, and as a result the share of households
adjusting will fall when the inactivity region widens. Since, due to depreciation, there are more households

upgrading than downgrading, net durable expenditures will temporarily fall.

14



After the initial response, the distribution of households will resettle inside the wider thresholds, as
depicted in the right picture in Figure 3 and the fall in durable expenditures will more or less disappear.
When the economy exits the recession, the logic works in reverse and durable expenditures will be temporarily

higher.

5 Results

In this section, we present the results under the calibration described in Section 3.

5.1 Inactivity regions and policy functions

5.1.1 Inactivity regions

Employed
Inactivity region, expansion
: Extended inactivity region, recession
. Adjustment region

16

14

o=

12

Durable goods
[} ©

IS

N

2 4 6 8 10 12 14

Financial wealth

Figure 4: The inactivity regions for the employed in the expansionary and recessionary state.
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In Figure 4, we show the inactivity regions for employed in both the expansionary and the recessionary
state. The z axis is liquid assets normalized by permanent income, a, while the y axis is durables normalized
by permanent income, d (i.e., the figure shows the endogenous state variables to the normalized problem (17)-
(19)). Notice that the inactivity region widens in the recession. Due to heightened uncertainty, households
at the margin of adjustment now decide to postpone, as described in Section 4. In equilibrium, households
rarely downgrade their durable holdings, and instead rely on depreciation when their durable holdings are
higher than they would prefer if adjustment were flexible (see the discussion of the distribution of households

in subsection 5.2).

5.1.2 Policy functions

16 T Ll Ll T 1

14

12

10

Durable goods
o0}

0 \I\\I\\I\\Y\\\\\\\I\\
2 4 6 8 10 12 14 16

Financial wealth

Figure 5: Decision functions for employed in the expansionary state.

In Figure 5, we show the policy functions for an employed households in an expansion. The arrows indicate
in which direction the endogenous state (the pair of normalized liquid assets and normalized durables) would
evolve if the income shocks in the next periods were both realized at their mean of 1. To make the figure
interpretable, the arrows are not drawn to scale. The arrows from the adjustment regions understate the
magnitude of the adjustment in comparison with the arrows in the inactivity region.

From Figure 5, we can see the basic buffer stock savings logic of Carroll (1997), but with lumpy adjust-
ments in durables. Inside the inactivity region, with lower normalized liquid assets the households save more

(the rightward drift in the left part of the figure). With higher normalized liquid assets, the households

16



save less. As the durables depreciate (the downward drift in the inactivity region), households will enter the
adjustment region, incur the fixed cost and substitute liquid assets for durable goods. The "target wealth”
(in liquid assets and durables) is found where the arrows of the adjustment region point in the opposite

direction of the arrows of the inactivity region.

5.2 Impulse response functions — an income risk shock

25
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= = IRF, behavioral
IRF, mechanical

0.0

Figure 6: The response of aggregate expenditures on durables in response to a two-year recession. The

recession begins in period 16 and lasts for 8 quarters.

Having explored the decision functions above, we now turn to the quantitative effects of a recession on
durable purchases and savings. We conduct the following experiment: Let the economy run for a long time
and settle, then force a recession that lasts for 2 years (the agents do not know the length of the recession
ex ante). Repeat this experiment many times and plot the average response of aggregate variables.”

We want to stress that the analysis here is of a recessionary shock that has no effect through TFP,

but only on the distribution of income shocks, including unemployment shocks. Aggregate income will

9We let the economy run for 500 periods, followed by an 8 period of recession and an additional 24 periods where the

economy evolves according to the postulated probabilities. This experiment is simulated 2000 times with 2000 households.
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fall gradually, due to the rise in unemployment, but the effect is small. Steady state unemployment in a
permanent expansion is 6.1 percent and steady state unemployment in a permanent recession is 8.5 percent,
the gradual fall in income levels out at (8.5 — 6.1)(1 — b,,) = 1.7 percent.

In Figure 6, we plot the response of durable expenditures to a recession shock. Notice that purchases fall
dramatically on impact and remain below trend for two quarters. When the economy exits the recession,
there is a large rebound effect when many households purchase durables at the same time. The effect of the
heightened income risk on durable expenditures is large, a fall of approximately 60 percent followed by a
rebound of about 125 percent.

The results thus suggests that fluctuations in income risk can generate large swings in durable purchases.
In our simulation, the swings are even much too large, compared with the US data in Figure 1. This
discrepancy is likely due to two modelling simplifications. First, all households switch from an expansionary
to a recessionary income process at the same time. In reality, the switch from the expansionary to the
recessionary state is more gradual, occurring in some industries and regions earlier than in others. Second,
households in the model only adjust their durable holdings in response to suboptimal durables stock-to-
permanent income and/or suboptimal cash-on-hand-to-permanent income ratio. Since few households adjust
in each period, and all of the adjusting households are driven by changes in these two ratios, aggregate
expenditures respond too strongly to changes in the income process. In reality, there are many other reasons
why households adjust their stock of durable goods. An change in household size may require the household
to purchase a new vehicle, or a change in taste for durables may occur. Arguably, a large share of adjustments
in durables are not driven by considerations related to the durables stock-to-permanent-income nor the cash-
on-hand-to-permanent-income ratio, and therefore our estimate of the response of durable expenditures is
exaggerated.

For completeness, we plot the response of non-durable consumption in Figure 7. Non-durable consump-
tion falls on impact by 1.5 % due to an increased precautionary-savings motive. We discuss how to disentangle

the real options effect and precautionary savings effect more below.

5.3 Decomposing the IRF into mechanical and behavioral responses

We have argued that the reason for the fall in durable expenditures is that households change their behavior
by postponing their adjustments. To confirm this, we do two alternative experiments, which are shown
alongside the main IRF in Figures 6 and 7. In the first alternative experiment, we feed in the shocks of
a recession, but let the households behave as if they were in an expansion (they are aware of their own
idiosyncratic state, including employment, but not of the fact that the economy is in a recession). We call
the impulse responses under this experiment 'mechanical’. In the second alternative experiment, we do the

reverse. That is, we feed in the shocks of an expansion, but let the households behave as if they were in a
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Figure 7: The response of non-durable consumption to a two-year recession. The recession begins in period

16 and lasts for 8 quarters.

recession. We call this ’behavioral’. In Figures 6 and 7, we see that the impulse response functions are largely
driven by the behavioral effect, which confirms the argument we have outlined above. The perceived ex ante
risk is more important for the aggregate expenditure response in this setting than the ex post realization of
the income shocks.

We also note that the impulse response functions are roughly the sums of the behavioral and mechanical

effects, suggesting that there are no strong interaction effects between the mechanical and behavioral effects.

5.4 Impulse response functions without adjustment costs

There are two conceptually distinct reasons why durable purchases may fall and savings in liquid wealth
increase when income risk increases. The first is the real-option effect due to the fixed adjustment costs. The
second is the precautionary-savings effect, where higher income risk motivates households to hold a higher
buffer stock of liquid wealth. To isolate the precautionary-savings effect, we do the same recession shock

experiment in a model with one minor adjustment compared to our baseline model, namely that holdings of

durables can be adjusted costlessly (h = 0). All other parameters are held constant.
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Figure 8: The response of aggregate expenditures on durables in response to a two-year recession, with

flexible adjustment. The recession begins in period 16 and lasts for 8 quarters.

In Figure 8, we plot the response of durable expenditures for the flexible adjustment model. The fall on
impact of durables is approximately 20 percent compared with approximately 60 percent in the model with
adjustment costs. The rebound effect is much weaker (35 percent rather than 125 percent).

In Figure 9), we plot the response of non-durable consumption for the flexible adjustment model. The
fall in non-durable consumption on impact (2%) is slightly larger than in the model with adjustment costs

(1.5%).

5.5 Time-varying MPC

We now turn to how the aggregate marginal propensity to consume (MPC) both non-durables and durables
vary over the business cycle. The aggregate MPC is a key statistic for evaluating the consumption response
to various stabilization policies, as recently discussed in e.g. Auclert (2015), Kaplan and Violante (2014),
Berger and Vavra (2015), McKay and Reis (2015). In our model, the aggregate MPC will decline in response
to a recession shock for two reasons: (1) fewer households are within the adjustment region (and adjusting

at the margin) and (2) the density of households at the thresholds is lower so the extensive margin response
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Figure 9: The response of non-durable consumption to a two-year recession, with flexible adjustment. The

recession begins in period 16 and lasts for 8 quarters.

to lump sum transfers is smaller. In this section, we quantify the overall effect.

In Figure 10, we show how the one quarter marginal propensities to consume for durables and non-
durables evolve before, during and after a recession shock. When the recession shock hits, the marginal
propensity to consume for durables fall temporarily, from roughly 12 to 7 percent. After the initial impact,
the MPC is slightly lower than in an expansion, and when the economy leaves the high uncertainty recession,
marginal propensity to consume durables is temporarily higher.

For non-durables, marginal propensity to consume actually increases when uncertainty increases. This is
a standard finding: Increased uncertainty makes the consumption function more concave causing marginal
propensity to consume to increase (Kimball (1990)). The quantitative magnitude, however, is much smaller
than the magnitude for durable purchases.

In sum, the total marginal propensity to consume falls when entering a recession. This could have
important policy implications. Monetary policy and fiscal transfers have a larger effect on aggregate demand
and so aggregate income when the MPC is higher. The implication from our model is thus that such

stabilizing policies can be less effective when entering a recession. The flip side is that monetary and fiscal
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Figure 10: The response of average marginal propensity to consume durables and non-durables. The average
MPC is the unweighted average response to a small lump sum transfer, while the weighted average MPC is
weighted by permanent income. Conceptually, the two correspond to a uniform lump sum tax rebate and a

proportional tax rebate. The recession begins in period 16 and lasts for 8 quarters.

policy are likely more powerful when exiting a recession.

6 Empirical evidence

In this section, we provide evidence for the hypothesis that income risk is a major determinant of fluctuations
in durable expenditures. We employ two different methods on two different datasets. First, we use Italian
survey data to construct a measure of unemployment risk that can be linked to durable purchases at the
household level. Second, we use aggregate US data to estimate Euler equations augmented with a measure
of subjective expectations about changes in the aggregate unemployment rate, similarly to Carroll and Dunn
(1997).

Common to both methods is that we study the link between fluctuations in income risk and durable

purchases, corresponding to the simulation exercises in Section 5. This should be viewed in contrast to
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studies that have studied the link between the level of income risk and durable purchases, such as Foote
et al. (2000), Benito (2006) and Bertola et al. (2005). The distinction is important, as previous literature
(e.g. Hassler (1996)) have shown that the permanent level of income risk has a much smaller effect on durable
purchases compared to fluctuations in income risk under Ss-type behavior.

Also common to both methods is that we compare the results for durable purchases with non-durable
purchases. In our model, fluctuations in income risk affect consumption expenditures both through raising
the option value of postponing durable purchases and through raising the target level of precautionary
wealth. It is only the latter, however, that would predict a fall in non-durable purchases. By comparing the

results for the two goods classes, we can possibly distinguish the two mechanisms.

6.1 Evidence from Italian survey data

In this section, we study the effects of fluctuations in income risk on durable and non-durable expenditures

at the micro level.

6.2 Data

We use data from the Italian Survey of Household Income and Wealth (SHIW). The SHIW is a biannual
representative household survey of approximately 8000 Italian households in each wave. Half of the sample
is part of a rotating panel. We use data from the survey waves 2002, 2004, 2006, 2008, 2010 and 2012.
Individual variables such as employment, education and age refer to the household heads, which is the
household member with highest income.

Durable consumption expenditures consists of transportation vehicles, jewelry and household equipment
such as furniture and electronic devices.

A descriptive table of all numerical variables used in the analysis is found in Table 6.

6.2.1 Constructing a measure of income risk

As a measure of income risk, we use the estimated probability that an employed household head will be
unemployed in a given year. This proxy have been used extensively in previous studies of the effects of income
risk in the consumption-savings literature, e.g. Carroll et al. (2003), Benito (2006) and Foote et al. (2000).
As emphasized in Carroll et al. (2003), experiencing an unemployment spell is likely a major disruption to
the household income stream over which the household generally has little influence, and therefore it has a
good chance of capturing exogenous fluctuations in income risk. One concern is that an increased probability
of becoming unemployed also affects the expected level of future income, which should have a separate effect
on consumption expenditures through changing the level of permanent income. However, to the extent that

fluctuations in unemployment risks are not too large, the effect on permanent income should be small.

23



Table 6: Descriptive statistics: SHIW sample

Mean Std. Deviation Minimum Maximum

Age 46.35 9.05 17.0 75.0
log(non-durable consumption)  10.07 0.42 8.46 11.98
Durable purchase 0.48 0.5 0.0 1.0
log(income) 10.43 0.49 6.53 12.44
log(wealth) 11.56 1.62 2.89 17.17
log(deposits) 8.83 1.19 0.69 14.43
Household size 3.12 1.19 1.0 9.0
Sex 0.25 0.43 0.0 1.0
Deltaurisk 0.0 0.02 -0.21 0.2

We estimate the change in the probability of becoming unemployed by exploiting the panel structure of
the data. With the panel sample, we construct the measure in two steps. First, we estimate the probability
of becoming unemployed for each wave. Second, we compute the change in the probability of becoming
unemployed between two consecutive waves.

In the first step, we estimate the unemployment probability with a probit model, using a rich set of
household characteristics. Because such an exercise very soon run in to the problem of overfitting, we do
not estimate the probability by directly regressing on the household characteristic variables. Instead, we
extract a limited number of factors from the set of household characteristics, and project the households on
the space spanned by these factors. We construct these factors using the entire sample, and not only the
panel.

The household characteristics variables that we use are mainly categorical. We therefore extract the
factors using multiple correspondence analysis (MCA). This method is similar to principal component anal-
ysis, but adapted to suit categorical variables. MCA was popularized in the social sciences by Bourdieu
(1984), for a detailed textbook description see Greenacre and Blasius (2006). The variables entering the

» o » o ” N » o » o

factor analysis are "age group”, "gender”, "marital status”, "education”, ”family size”, "region”, city size”,
"district”, "profession”, ”industry”, "income quintile” and ”wealth quintile”.

Our approach is similar in spirit to Carroll et al. (2003) and Benito (2006), who also estimate unem-
ployment probabilities using household characteristics to study its effect on precautionary wealth and con-
sumption expenditures respectively. Beside our focus on durable expenditures and our usage of a different

dataset, we differ in two aspects.

First, both these studies estimate the level of unemployment risk rather then the change in unemployment
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risk. In terms of identification, these studies face the problem of not being able to control for all individual
characteristics, which might bias their estimates. In contrast, by estimating the change in unemployment
risk, we do not need to worry about omitted individual fixed effects. This advantage is best illustrated by an
example. If using occupation to predict unemployment risk, one concern is that the choice of occupation is
endogenous to risk preferences. Hence, the estimated unemployment risk can not be treated as exogenous.
In contrast, when predicting the change in unemployment risk, such an effect is differenced out.

Second, both these studies construct estimates by using the household characteristics variables directly.
To our knowledge, ours is the first study to use the factor estimation design for predicting unemployment

risk.

6.2.2 Model specifications

We seek to estimate the effect of increase in unemployment risk on durable and non-durable consumption
expenditures. For non-durable consumption, our left-hand-side variable is log of expenditures, and we
estimate the effect by standard OLS. This specification cannot be used for durable goods since purchases are
infrequent. Instead, we estimate the effect on the probability that a purchase will happen, i.e. the extensive
margin of purchases, using a probit model.

In our basic specification, we control for the stock of durables (by quintile dummies for total value of
durables normalized by household income), family characteristics (household head age group, household size,
region, and a coarse measure of region) as well as year fixed effects. In our extended specifications, we also

include fixed effects for district, education, profession and industry.

6.2.3 Results

We start analyzing the results for durable purchases, which are shown in Table 7. In all specifications,
a change in unemployment risk has a large effect on the probability of making a durable expenditure.
The average marginal effect of a one percentage point increase in unemployment risk is a decrease of the
probability of a durable purchase by 0.8 percentage points. To make this number interpretable, we note
from Table 6 that the average probability of a durable purchase in the sample is 0.48. Hence, the estimated
effect of a uniform one percentage point increase in unemployment risk for all households is a 0.8/0.5 = 1.6
percent fall in the aggregate number of durable purchases.

Apart from the effect of unemployment risk, we note that a larger durable stock compared to current
income reduces the probability of purchasing durables in a monotonic fashion, which is consistent with
the model that we proposed in Section 2. Current income is positively correlated with the probability of
purchasing durables, which is also consistent with our model to the extent that this captures the effect of a

transitory income shock. We also see that the level of deposits is positively correlated with the expenditure
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probability, but the effect is small.

The results for non-durable consumption expenditures are shown in Table 8. In sharp contrast to the
result for durable expenditures, unemployment risk has essentially no effect on consumption expenditures.
The main determinant of non-durable consumption expenditures is current income. The coefficient is large,
but difficult to interpret given that this variable can both capture transitory as well as permanent income.
Non-durable consumption is slightly higher, all else equal, if the household owns a large durable stock.

The results suggest that fluctuations in unemployment risk are a major determinant of durable expen-
ditures but not of non-durable expenditures. Fluctuations in income risk thus seem to affect household
purchasing decisions mainly through raising the option value of postponing durable purchases, rather than

through raising the precautionary motive to save.

6.2.4 Robustness

In Appendix D we show that the results are robust to estimating the effect of unemployment risk on durable

expenditures with logit and OLS rather than probit.

6.3 Evidence from US aggregate data

In this section, we provide evidence on the link between fluctuations in durable expenditures and income
risk using US time series data. Our method is to estimate Euler equations in the style of Campbell and
Mankiw (1989), augmented with a control for income risk constructed with data from the Michigan Survey
of Consumers. This method has previously been employed by Carroll and Dunn (1997). The main difference
is that we benefit from having access to approximately 20 more years of data.

Denote the log of aggregate expenditure on non-durable goods with C; and the log of aggregate expen-

diture on durable goods with X;. We estimate augmented log-linearized Euler equations of the form,

k
AC, = v+ viPu+e, (26)
i=1
k
AX, = v+ Y vPu+te, (27)

i=1
where P; € P and P is a set of predictor variables. When P includes income growth AY;, and possibly the
real interest rate Ry, estimating equation (26) can be used to test the hypothesis that the economy has some
fixed share of hand-to-mouth households, as done by Campbell and Mankiw (1989). We will depart from
Campbell and Mankiw (1989)’s specification and jointly test whether expenditure growth is significantly

affected by both income growth and income uncertainty growth, denoted by AU;. Our baseline specification
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Table 7: Probit model of probability of making a durable purchase, average marginal effects.

Basic Extended 1 Extended 2 Extended 3

A(unemployment risk) -0.73%* -0.79%* -0.85%* -0.82%*
(0.34) (0.34) (0.34) (0.34)
Durable stock, Q2 -0.07%%* -0.07H4* -0.07%%* -0.07***
(0.02) (0.02) (0.02) (0.02)
Durable stock, Q3 -0.11%** -0.12%%* S0 11 -0.12%**
(0.02) (0.02) (0.02) (0.02)
Durable stock, Q4 -0.12%%* -0.13%%* -0.12%%* -0.13%%*
(0.02) (0.02) (0.02) (0.02)
Durable stock, Q5 -0.12%%* -0.14%%* -0.12%%* -0.13%%*
(0.02) (0.02) (0.02) (0.02)
log(deposits) 0.03%** 0.02%* 0.03%** 0.02%%*
(0.01) (0.01) (0.01) (0.01)
log(income) 0.15%** 0.13%#* 0.13%** 0.12%%*
(0.02) (0.02) (0.02) (0.02)
log(wealth) -0.01* -0.01* -0.01* -0.01*
(0.00) (0.00) (0.00) (0.00)
Year FE Yes Yes Yes Yes
City size+Region FE Yes Yes Yes Yes
Age group FE, Family size Yes Yes Yes Yes
Education FE No Yes Yes Yes
Gender+Marital FE No Yes Yes Yes
Profession FE No Yes Yes Yes
Industry FE No No Yes Yes
District FE No Yes No Yes
N 7283 7283 7281 7281
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Table 8: OLS model of log(non-durable consumption)

Basic Extended 1 Extended 2 Extended 3
A(unemployment risk) -0.07 -0.01 -0.04 -0.04
(0.17) (0.17) (0.17) (0.17)
Durable stock, Q2 0.01 0.01 0.01 0.01
(0.01) (0.01) (0.01) (0.01)
Durable stock, Q3 0.03*** 0.02** 0.02* 0.02**
(0.01) (0.01) (0.01) (0.01)
Durable stock, Q4 0.04%** 0.03*** 0.03*** 0.03***
(0.01) (0.01) (0.01) (0.01)
Durable stock, Q5 0.06*** 0.04*** 0.04*** 0.04***
(0.01) (0.01) (0.01) (0.01)
log(deposits) -0.01%%*  _0.01%** -0.01%** -0.017%**
(0.00) (0.00) (0.00) (0.00)
log(income) 0.59%** 0.55%** 0.55%** 0.55%**
(0.01) (0.01) (0.01) (0.01)
log(wealth) 0.02%** 0.02%** 0.02%** 0.02%**
(0.00) (0.00) (0.00) (0.00)
Year FE Yes Yes Yes Yes
City size+Region FE Yes Yes Yes Yes
Age group FE, Family size Yes Yes Yes Yes
Education FE No Yes Yes Yes
Gender+Marital FE No Yes Yes Yes
Profession FE No Yes Yes Yes
Industry FE No No Yes Yes
District FE No Yes No Yes
R2 0.67 0.68 0.68 0.68
N 7283 7283 7281 7281
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is

AC; = o +mRi—1 +7RAY; +3AU + & (28)

AXy = yo+mRi—1 +7AY: + AU + €. (29)

6.3.1 Implementation

To implement (28) and (29), we need to correct for two well-known issues in these types of regressions. First,
while we typically want to think about household expenditure decisions being made at a high frequency, data
on (Y, X; are only available at a monthly or quarterly frequency. It is well-known that this time-aggregation

problem produces an MA(1) error term (for a formal treatment, see Working (1960)):
€ = Vs + Klp_1. (30)

We will therefore estimate the relationships with maximum likelihood under the assumption of an MA(1)
error term. We also note that the relationship (29) should include an MA(1) error term for an independent
reason. The Euler equation applies to the consumption growth rate and not to the expenditure growth
rate, which differs from each other whenever the depreciation rate is less than 100 percent between the
measurement periods. As shown in Mankiw (1982), translating the Euler equation to correspond to the
expenditure growth rate of durable consumption produces an MA(1) term.

Second, if there are omitted variables and/or general equilibrium feedback effects, we cannot interpret
vo and 3 as the effect of income growth and income risk on expenditure growth. To overcome this, we
will instrument AY; and AU; with information available at ¢ — 1. We use a similar set of instruments as
Carroll and Dunn (1997): Three lags of total consumption expenditure growth, three lags of income growth,
three lags of income risk growth, one lag of the change in the 3-month T-bill interest rate, one lag of the
unemployment rate, one lag of the change of the S&P 500 index and one lag of the consumption/income

ratio.

6.3.2 Data

We estimate (28) and (29) using quarterly US data from 1960:Q4 to 2014:Q4. All variables but AU; and Ry
are standard and retrieved from the Federal Reserve Economic Data.

For the income risk growth variable AU; we use a measure of changes in subjective unemployment
expectations constructed from data by the Michigan Survey of Consumers (MSC). The MSC surveys a
minimum of 500 households each month (each quarter before 1978) on approximately 50 questions, most
of them concerning their beliefs about the US economy. Specifically, households are asked the following
question: “How about people out of work during the coming 12 months - do you think that there will be more

unemployment than now, about the same, or less?”. As a measure of the change in income uncertainty, we
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Figure 11: The time evolution of our income risk measure AUF;. Shaded areas denote NBER recession

dates.

follow Carroll and Dunn (1997) and use the fraction of households answering "more” less of the fraction of
households answering ”less”. We denote this variable with AUE;. In Figure 11, we show how this variable
fluctuates over time.

The variable AUE; should capture fluctuations in idiosyncratic income risk given two premises. The
first is that a sufficiently large fraction of US households faces an income process which is significantly
correlated with the aggregate unemployment rate, so that expectations about the future unemployment rate
is informative about the likelihood of negative income shocks at the micro level. We have not been able to
test this, but it would be surprising if this were not the case. The second premise is that the regression
includes a control for the expected aggregate income growth, so that AU E; captures fluctuations in income
risk rather than fluctuations in expected income.

We construct the measure of the real interest rate R; by subtracting a measure of expected inflation rate
from the 3-month T-bill interest rate. The measure of expected inflation rate we use is the inflation rate

predicted by the same set of variables as we use as instruments for income and income risk growth.
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6.3.3 Results

We present the results in Table 9, corresponding to the non-durable expenditures regression (28), and Table
10, corresponding to the durable expenditures regression (29). Alongside our preferred estimation method
using maximum likelihood under the assumption of an MA(1) error term, we also present the results from
estimating the relationships with standard OLS for comparison.

As can be seen from Table 9, without controlling for the change in unemployment expectations, the coef-
ficient of expected income growth on non-durable expenditure growth is positive and statistically significant,
with a coefficient around 0.5. This is close to the estimate in Campbell and Mankiw (1989). As we add
the change in unemployment expectations, the coefficient on income growth is still large and positive but no
longer significant. The coefficient on unemployment expectations is negative but statistically insignificant.

The results for durable expenditure growth are different. It is still true that without controlling for the
change in unemployment expectations, the coefficient of expected income growth on durable expenditure
growth is positive and statistically significant. The point estimate is about 2, which is four times larger
than the corresponding coefficient for non-durable expenditure growth. However, when controlling for the
change in unemployment expectations, this point estimate drops to around 0.2 and loses all significance. The
coefficient on unemployment expectations is negative and, in contrast, statistically significant. To understand
the magnitude of the point estimate —0.06, we can compare it to the fluctuations in AU FE; from Figure 11.
As an example, we see that from peak to trough during and shortly after the recessions 1980-1983, AU E,
dropped from close to 0.6 to —0.2, implying a predicted increase in durable expenditure of close to 5 per
cent. The results are not significantly affected by controlling for the real interest rate.

In line with the findings from the Italian micro data, these results suggest that fluctuations in income risk
are an important determinant of fluctuations in durable expenditures, while not for non-durable expenditures.
We interpret this evidence as supportive of the hypothesis that income risk mainly affects consumption
expenditures through raising the option value of postponing durable purchases and not through altering the
target level of precautionary savings.

Our results should be compared with those of Carroll and Dunn (1997). Similar to us, they find that the
change in unemployment expectations AU E; has a negative effect on durable expenditures, but in contrast,
they also find that income growth has a statistically significant negative effect (although small in comparison
to the effect of AUE;). In addition, they also find that unemployment expectations have a significant effect
on non-durable expenditure growth.

The difference could possibly be explained by the fact that our sample includes data for the period 1994-
2014, which was not available to them, or that they use a somewhat different specification which includes
measures of annuity income. At this stage, we have investigated the first of these possibilities (we seek to

investigate the second going forward). Table 11 and Table 12 show the regression results using the sample
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MA(1)I MA(1)II MA(1)III OLSI OLSII OLSIII
AY, 0.52%%* 0.31 0.28 0.58%FF  (.53%  0.52%
(0.16) (0.32) (0.33) (0.14)  (0.29)  (0.29)
AUE, -0.01 -0.01 20.00  -0.00
(0.01) (0.01) (0.01)  (0.01)
Ry, 0.02 0.01
(0.04) (0.03)
Intercept  0.00 0.00 0.00 0.00 0.00 0.00
(0.00) (0.00) (0.00) (0.00)  (0.00)  (0.00)
MA(1) 0.14* 0.15%* 0.16**
(0.07) (0.08) (0.08)
N 213 213 212 213 213 212

errors are showed in parenthesis. Sample 1960:Q4 to 2014:Q4

Table 9: Regression of non-durable expenditure growth on income growth and income risk growth. Standard

MA(1)T MA(1)II MA(1)III OLSI OLSI OLS III
AY, 2,047 0.27 0.21 LE5®E 074 -0.80
(0.31) (0.70) (0.71) (0.39)  (0.76)  (0.78)
AUE, 0.06%FF  -0.06%** S0.08%FF -0, 08%F*
(0.02) (0.02) (0.02)  (0.02)
R4 0.09 0.11
(0.07) (0.09)
Intercept -0.01%%*  0.01% 0.01 20.00  0.03%%F  (.02%
(0.00) (0.01) (0.01) (0.00)  (0.01)  (0.01)
MA(1)  -0.27%%F  _0.24%%F 0 24%%
(0.07) (0.07) (0.07)
N 213 213 212 213 213 212

Table 10: Regression of durable expenditure growth on income growth and income risk growth. Standard

errors are showed in parenthesis. Sample 1960:Q4 to 2014:Q4
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MA(1)T MA(1)II MA(1)III OLSI OLSII OLSIII

AY; 0.34%* 0.11 0.12 0.39%** 0.22 0.24
(0.14)  (0.25) 025  (0.13)  (0.24)  (0.24)
AUE; -0.01 -0.01 -0.01 -0.01
(0.01) (0.01) (0.01)  (0.01)
Ry -0.04 -0.05
(0.04) (0.03)
Intercept 0.00* 0.01* 0.01* 0.00 0.00 0.00
(0.00)  (0.00) (0.00)  (0.00)  (0.00)  (0.00)
MA(1) 0.15%  0.17%* 0.16*
0.08)  (0.08) (0.08)
N 121 121 120 121 121 120

Table 11: Regression of non-durable expenditure growth on income growth and income risk growth. Standard

errors are showed in parenthesis. Sample 1963:Q3 to 1994:Q3, as used in Carroll and Dunn (1997)

period used by Carroll and Dunn (1997): 1963:3-1994:3. For this sample, no variable is significant neither in
the regression for durable nor for non-durable expenditure growth. The point estimates are neither consistent
with our baseline results nor with those in Carroll and Dunn (1997). Although difficult to interpret, we can
dismiss that it is the choice of sample period that explains the difference between our and Carroll and Dunn
(1997)’s results.

In the Appendix, we estimate the sensitivity of our results to the choice of the sample period further. In
particular, we investigate if there is difference of using the sample before and after the 1980-1983 recession.
The motivation comes from Figure 2, which shows that it was only after 1983 that the response "uncertainty”
as reason for why it is bad time to buy durables became prominent. We find that all results from Table
9 and Table 10 go through for different sample period as long as the period 1983:Q4-2014:Q4 is included.
In contrast, for the sample period 1960:Q4-1983Q4, no variable is significant. These results are consistent
with the graph in Figure 2, suggesting that fluctuations in income risk became a much more important

determinant of fluctuations in expenditure growth after 1983.

7 Discussion

In this paper, we investigate whether business cycle fluctuations in income risk are an important determinant

of fluctuations in expenditure on durable goods. For that purpose, we have simulated income risk shocks in
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MA(1)T MA(1)II MA(1)III OLSI OLSII OLSIII

AY; 2.19%** 1.10 1.12 1.74%%% 0.28 0.27
(0.38)  (0.80) (0.81)  (0.51)  (0.92)  (0.94)
AUE; -0.04 -0.04 -0.06* -0.06*
(0.02) (0.02) (0.03)  (0.03)
Ry -0.01 -0.01
(0.09) (0.13)
Intercept  -0.01%** 0.00 0.00 -0.01 0.01 0.01
(0.00)  (0.01) (0.01)  (0.01)  (0.01)  (0.01)
MA(1)  -0.31%FF  0.20%%  _(.29%%*
0.08)  (0.08) (0.08)
R2 0.09 0.12 0.11
N 121 121 120 121 121 120

Table 12: Regression of durable expenditure growth on income growth and income risk growth. Standard

errors are showed in parenthesis. Sample 1963:Q3 to 1994:Q3, as used in Carroll and Dunn (1997)

a realistically calibrated model of household expenditure decisions, and investigated the impact of a change
in income risk using both micro and macro data.

For the simulation exercise, we have used a calibrated income process that matches the business cycle
fluctuations in variance and skewness for US data, and found that the aggregate partial equilibrium response
to a recession shock can be sizable. We have also shown that this effect is largely driven by the increased
option value of postponing durable purchases, and not by an increased precautionary savings motive. Indeed,
when the non-convex adjustment costs were removed from the model, the response of durable expenditures
decreased from 60 to 20 percent.

In the empirical section, we proxied fluctuations in income risk with fluctuations in the probability of
becoming unemployed, and investigated the link between fluctuations in unemployment risk and expenditures
on durable and non-durable growth using Italian micro data and US time series data. To the best of our
knowledge, this paper is the first to study empirically the relationship between changes in unemployment risk
and consumption expenditures, which is the test informed by our model simulations. Previous work, such
as Benito (2006), have studied the relationship between the level of unemployment risk and consumption.

Using Italian micro data, we found that durable expenditures respond strongly to changes in unemploy-
ment risk. A uniform increase in unemployment risk by one percentage point translates to a fall in durable

purchases by two percent. Non-durable expenditures do not seem to react at all to changes in unemployment
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risk. Using US aggregate data, we found that fluctuations in the expected unemployment rate is a significant
predictor of durable expenditure growth, while not for non-durable expenditure growth.

Although preliminary, the empirical results suggest that fluctuations in income risk are important for
consumption dynamics beyond what a precautionary-savings logic would imply. If precautionary savings
were the dominant reason why households respond to fluctuations in income risk, we would expect that
non-durable consumption would also be affected by fluctuations in income risk. Instead, we find that non-
durable consumption is insensitive to fluctuations in income risk. These results reinforce the findings from the
simulation exercise, which showed that expenditures on durable goods react much stronger than expenditures
on non-durable goods to fluctuations in income risk, through increasing the option value of postponing
purchases.

Our results may carry important implications for fiscal and monetary policy, through their implications
for the aggregate marginal propensity to consume (MPC). A recent and growing literature has highlighted
that the aggregate MPC is a key statistic in the transmission of monetary and fiscal policy, as it determines
the consumption response to the income effects that these policies may generate (Kaplan and Violante, 2014,
Auclert, 2015, McKay, 2015, Berger and Vavra, 2014, 2015, Carroll et al., 2015). If the main effect of an
increased income risk is an increased option value of postponing durable purchases, the aggregate marginal
propensity to consume falls in response to increased risk. In our calibrated model, we have showed that this
fall is sizable, amounting to fall of 30 percent in response to a recession shock. This may indicate that fiscal

policy is less effective in periods when income risks are high, e.g. in early stages of a recession.
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A State space reduction in the recursive formulation

We start from the recursive formulation of the household problem (14)-(15). Define v(b,d; n, s) = WV(Z, B,D;n

(1-7)

x x . _yl-vY
as well as b = (1—7)321479 c= (1_7)%1,1,“ d= Zl’?by, b* Zﬁby, d* = u—TJ)DW' Using that 8_73% =
e'=Y" | we can rewrite (14)-(15) as
vna(b,d;en,s) = r?%*xu(c’ a) + BE [(n/)(lfa)(lfby)v(b/’ d/; el,n/, S/)} (31)
1\ 1t
s.t. d = (1-9) (/) d*
n
d°=d

1 1—bY .
b= (n) b

c+qb* =b+ e (n4 041 —n))

b*>b
va(b,d;e,n,s) = Jmax u(e,d*) + BE [(n’)(lfg)(lfby)v(b’,d’; e,n, s')} (32)
st d'=(1-9) <1)1_by &
o

1 1-bY
= () v
c+d +gb* <b+d—hd+e " (n+b%(1—n))

b* > b

v(b,d;e,n, s) = max{vya(b,d;e,n,s),va(b,d;e,n,s)} (33)

From this formulation, define a = b+ €'~*"(n 4+ b%(1 — n)) and substitute the expressions for d’,b’ to find

(17)-(19).

B Computation

We solve the functional system of equations, and its associated decision functions, defined by (17)-(19) by
value function iteration with a convergence criterion of 1075, We conduct the computations in Python. We
use a mixture of linear (for the lower end) and exponential (for the upper end) grids for d and a, each with
a total number of 80 grid points. The value function iteration is in itself computationally demanding, and
so we employ three different methods to speed it up.

First, we use the Howard improvement algorithm. In practice, we let the value function iterate a couple
of rounds before we turn it on, we then run 60 Howard iterations in every value function iteration. We let
it run until the average error of the value function has stopped improving, after which we run the value

function iteration without Howard iterations in between.
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Second, conditional on adjusting, the value function only has one relevant state variable, a + (1 — h)d,
rather than the two states {a, d}. Hence, conditional on adjusting, we reduce the state space of the problem
to this single dimension.

Third, we make use of the Python Numba package, which can send functions using a selected set of
operations, to be compiled and executed in C. We use these for the computation of the expected value

function and bilinear interpolations.
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Figure 12: The inactivity regions for the unemployed in the expansionary and recessionary state.
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Table 13: Robustness: Estimating the probability of purchase with logit.

Basic Extended 1 Extended 2 Extended 3

C(durstockquint)[T.1.0]  -0.07***  -0.07*** -0.07*** -0.07***
(0.02)  (0.02)  (0.02)  (0.02)
C(durstockquint)[T.2.0] -0.11%*%* -Q.12%*%* Q. 11%*%* 0.12%%*
0.02)  (0.02)  (0.02)  (0.02)
C(durstockquint)[T.3.0] -0.12%**  _(.13*** (. 12%** (. 13%***
(0.02)  (0.02)  (0.02)  (0.02)
C(durstockquint)[T.4.0] -0.12%**  _Q.14%** (. 12%**  _(.13***
0.02)  (0.02)  (0.02)  (0.02)

Deltaurisk -0.68%* -0.78%*  -0.87**  -0.90**
(0.35)  (0.35)  (0.35)  (0.35)

logdeposits 0.03*%**  0.02%F*  (0.03%F*  (.02%**
(0.01)  (0.01)  (0.01)  (0.01)

logincome 0.15%** (. 13%F* (. 13%F (. 12%F*
0.02)  (0.02)  (0.02)  (0.02)

logwealth -0.01%* -0.01%* -0.01%* -0.01%*
(0.00)  (0.00)  (0.00)  (0.00)

Pseudo-R2 0.04 0.05 0.05 0.06

N 7283 7283 7281 7281

D Tables

D.1 Robustness of SHIW durable expenditures model

D.2 Robustness to sample period

In tables 15-21, we show the results when estimating the relationships (28) and (29) for the sample periods
1970:Q3 to 2014:Q4,1980:Q3 to 2014:Q4 and 1983:Q3 to 2014:Q4 (Post-Volcker period). As can been see by
comparing the coefficients with the Tables 9 and 10, our results are not significantly affected by the choice

of sample period.
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Table 14: Robustness

: Estimating the probability of purchase with OLS.

Basic Extended 1 Extended 2 Extended 3
C(durstockquint)[T.1.0]  -0.07***  -0.07*** -0.07HH* -0.07HH*
(0.02) (0.02) (0.02) (0.02)
C(durstockquint)[T.2.0]  -0.11*¥**  _(.12%** -0.17%* -0.12%%*
(0.02) (0.02) (0.02) (0.02)
C(durstockquint)[T.3.0] -0.12%¥**  _(.13%*** -0.12%H* -0.13%H*
(0.02) (0.02) (0.02) (0.02)
C(durstockquint)[T.4.0] -0.12%F*  -0.14%** -0.12%** -0.13%**
(0.02) (0.02) (0.02) (0.02)
Deltaurisk -0.66** -0.61* -0.72%* -0.70%**
(0.33) (0.33) (0.34) (0.34)
logdeposits 0.03*** 0.027%** 0.03%** 0.03%**
(0.01) (0.01) (0.01) (0.01)
logincome 0.14%** 0.12%** 0.13%** 0.12%**
(0.02) (0.02) (0.02) (0.02)
logwealth -0.01* -0.01* -0.01* -0.01*
(0.00) (0.00) (0.00) (0.00)
R2 0.06 0.08 0.07 0.08
N 7283 7283 7281 7281

41



MA(1)T MA(1)II MA(1)III OLSI OLSII OLSIII

AY, 0.46** 0.30 0.28 0.55%%%  0.56%  0.56*
(0.18) (0.34) (0.34) (0.16)  (0.29)  (0.29)
AUE, -0.01 -0.01 0.00 0.00
(0.01) (0.01) (0.01)  (0.01)
AR, 0.01 -0.00
(0.04) (0.04)
Intercept  0.00 0.00 0.00 0.00 0.00 0.00
(0.00) (0.00) (0.00) (0.00)  (0.00)  (0.00)
MA(1) 0.14* 0.16* 0.17*
(0.09) (0.09) (0.09)
N 173 173 172 173 173 172

Table 15: Regression of non-durable expenditure growth on income growth and income risk growth. Standard

errors are showed in parenthesis. Sample 1970:Q4 to 2014:Q4

MA(1)T MA(1)II MA(1)III OLSI OLSII OLSIII

AY, 0.62%* 0.28 0.17 0.71%%% (.49 0.44
(0.24) (0.41) (0.43) (0.21)  (0.36)  (0.38)
AUE, -0.01 -0.02 001 -0.01
(0.01) (0.01) (0.01)  (0.01)
AR, 0.02 0.00
(0.05) (0.05)
Intercept  0.00 0.01 0.01 0.00 0.00 0.00
(0.00) (0.00) (0.01) (0.00)  (0.00)  (0.00)
MA(1) 0.11 0.14 0.16
(0.11) (0.11) (0.12)
N 133 133 132 133 133 132

Table 16: Regression of non-durable expenditure growth on income growth and income risk growth. Standard

errors are showed in parenthesis. Sample 1980:Q4 to 2014:Q4

42



MA(1)T MA(1)II MA(1)III OLSI OLSII OLSIII

AY, 0.74%* 0.44 0.01 0.87%%% .58 0.24
(0.34) (0.44) (0.52) (0.29)  (0.41)  (0.50)
AUE, -0.01 -0.02 0.0l -0.02
(0.01) (0.02) (0.01)  (0.01)
AR, 4 0.10 0.07
(0.07) (0.06)
Intercept  0.00 0.00 0.01 0.00  0.00 0.01
(0.00) (0.01) (0.01) (0.00)  (0.00)  (0.01)
MA(1) 0.13 0.13 0.17
(0.12) (0.12) (0.11)
N 121 121 120 121 121 120

Table 17: Regression of non-durable expenditure growth on income growth and income risk growth. Standard

errors are showed in parenthesis. Sample 1983:Q4 to 2014:Q4

MA(1)T MA(1)II MA(1)III OLSI OLSII OLSIII

AY, 0.31%* 0.15 0.17 0.36%%* (.25 0.25
(0.14) (0.25) (0.25) (0.13)  (0.25)  (0.25)
AUE, -0.01 -0.01 0.00  -0.01
(0.01) (0.01) (0.01)  (0.01)
AR, -0.05 -0.06
(0.05) (0.04)
Intercept  0.00% 0.01 0.01% 0.00¥  0.00 0.00
(0.00) (0.00) (0.00) (0.00)  (0.00)  (0.00)
MA(1) 0.15 0.15* 0.14
(0.09) (0.09) (0.09)
R2 0.08 0.08 0.10

Table 18: Regression of non-durable expenditure growth on income growth and income risk growth. Standard

errors are showed in parenthesis. Sample 1960:Q4 to 1983:Q4
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MA(1)T MA(1)II MA(1)III OLSI OLSII OLSIII

AY, 1.99%%% 019 030 137 116 -1.20%
(0.36) (0.71) (0.70) (0.41)  (0.70)  (0.71)
AUE, -0.09%% _,09%** 011,11
(0.02) (0.02) (0.03)  (0.03)
AR,y 0.10 0.12
(0.07) (0.09)
Intercept -0.01%%%  0.02%* 0.02%* 0.00  0.03%FF  0.03%F*
(0.00) (0.01) (0.01) (0.00)  (0.01)  (0.01)
MA(1)  -0.26%%%  _0.21%F  .0.23%%*
(0.08) (0.09) (0.09)
N 173 173 172 173 173 172

Table 19: Regression of durable expenditure growth on income growth and income risk growth. Standard

errors are showed in parenthesis. Sample 1970:Q4 to 2014:Q4

MA(1)T MA(1)II MA(1)III OLSI OLSII OLSIII

AY, 1.73%%% 0.09 125 127FFF 065 -1.74%*
(0.42) (0.74) (0.77) 0.47)  (0.77)  (0.76)
AUE, S0.07FFF -0, 10%FF S0.08%HF (. 11HHF
(0.02) (0.02) (0.03)  (0.03)
AR, 0.24%% 0.27%%
(0.08) (0.09)
Intercept  -0.01 0.02%%  0.03%%%  -0.00  0.03¥%*  0.03%F*
(0.00) (0.01) (0.01) (0.00)  (0.01)  (0.01)
MA(1)  -0.22%%  -0.20%* -0.14
(0.09) (0.10) (0.09)
N 133 133 132 133 133 132

Table 20: Regression of durable expenditure growth on income growth and income risk growth. Standard

errors are showed in parenthesis. Sample 1980:Q4 to 2014:Q4
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MA(1)I MA(1)II MA(1)III OLSI OLSII OLSIII
AY, 1.90¥*  0.70 083 1.35%* 008  -1.54
(0.57) (0.80) (1.06)  (0.62) (0.84)  (1.02)
AUE, 0.05%F  -0.09%%* -0.06%%  -0.10%%*
(0.02) (0.03) (0.03)  (0.03)
AR,y 0.26%* 0.33%
(0.13) (0.13)
Intercept  -0.01% 0.01 0.02%%  -0.00  0.02%  0.03%**
(0.00) (0.01) (0.01)  (0.00) (0.01)  (0.01)
MA(1)  -0.21%%  -0.20%* -0.15
(0.10) (0.10) (0.10)
N 121 121 120 121 121 120

Table 21: Regression of durable expenditure growth on income growth and income risk growth. Standard

errors are showed in parenthesis. Sample 1983:Q4 to 2014:Q4

MA(1)I MA(1)II MA(1)III OLSI OLSII OLSIII
AY, 2.10%%* 0.98 1.00 1.84%%% 073 0.77
(0.39) (0.79) (0.80) (0.50)  (0.91)  (0.93)
AUE, -0.04 -0.04 0.05  -0.04
(0.03) (0.03) (0.03)  (0.03)
AR, 0.03 0.01
(0.11) (0.16)
Intercept  -0.01%* 0.01 0.00 0.0l 0.01 0.01
(0.00) (0.01) (0.01) (0.01)  (0.01)  (0.01)
MA(1)  -0.28%%%  _0.28%%F .0 28%Fx
(0.09) (0.09) (0.09)
N 89 89 88 89 89 88

Table 22: Regression of durable expenditure growth on income growth and income risk growth. Standard

errors are showed in parenthesis. Sample 1960:Q4 to 1983:Q4
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