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Introduction

The paper argues that microeconomic durable frictions lead to
sluggish macro responses during recessions.

I Durable adjustment is infrequent. Households are unlikely to
adjust their durable holdings during recessions.



Introduction

Durable adjustment is defined by the authors as a self-reported
house or vehicle sale together with a 20 percent change in the
reported value for the durable stock. The authors justify this
definition by saying that

I Combining these is likely to reduce spurious adjustments due
to measurement error.

I Some house sales are likely to be the results of idiosyncratic
moves across location which may not lead to any substantial
adjustment in the size of the stock.

I Self-reported adjustment indicators are taken every 3 years
while the sample is taken every 2 years meaning some
adjustment may be counted twice.

I The 20 percent threshold is chosen because the median
change in reported durable stock conditional on self-reported
adjustment is 40 percent while the median is 4 percent
conditional on no adjustment.



Introduction

Figure 1 shows the frequency of durable adjustment.

I Data is from PSID.

I Frequencies are annual.

I The figure uses a broad measure of durables beyond 1999.
This broad measure includes housing and vehicles.

I Shaded areas indicate periods of recessions.
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Introduction

Table 4 reports the results for a panel logit regression of the
probability of durable adjustment on recession indicators.
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Introduction

I Recessions lead to a decline in the probability of broad durable
adjustment and a decline in the probability of of
buying/selling a house.

I The authors also find that an increase in state unemployment
lowers the probability of broad durable adjustment. (Output
not reported.)



Introduction

Figure 2 shows measures of durable sales (housing and vehicles
turnover rate) in a year divided by initial stocks.
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I Both new and used durable purchases are procyclical.

I Lumpy durable adjustment at the household level causes
aggregate durable expenditures to become less responsive to
shocks or unanticipated policy changes during recessions.

I Why?



The Model

Baseline model for estimation. Households maximize:
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The Model

Where

I c is household i’s consumption.

I d is durable stock.

I a is liquid assets.

I β is the quarterly discount factor.

I υ is the relative weight on non-durable consumption .

I w is wage.

I r is the interest rate.

I h is a household’s fixed hours of work.

I η is a shock to idiosyncratic labor earnings.

I τ is a proportional payroll tax.

I δd is the depreciation rate of durables.



The Model

A(d , d−1) is the fixed adjustment cost that households face when
adjusting their durable stock. It is assumed to take the form

A(d , d−1) =

{
0 if d = [1− δd(1− χ)]d−1,

F d(1− δd)d−1 + F twhηit else.

where χ is a “required maintenance” parameter between 0 and 1.

I χ represents the fact that some maintenance is required to
continue enjoying the flows from durable consumption. For
example, think of changing the oil of your car every few
months.

I If households have to pay a fixed cost of adjustment, then
they lose a fixed fraction of the value of their durable stock
(F d(1− δd)d−1) and face a time cost for adjusting (F twhηit).



Aside on Dynamic Programming

Suppose you want to solve the following:

max
{ut}∞t=0

∞∑
t=0

βtr(xt , ut)

subject to the following constraint:

xt+1 =g(xt , ut)

where an initial value x0 is given, r(xt , ut) is concave and the set
{(xt+1, xt)|xt+1 ≤ g(xt , ut) ∈ Rk} is convex and compact.



Aside on Dynamic Programming

I xt is a state variable. It describes the state of the system at
any point in time.

I ut is a control variable. It is chosen by the decision maker.

I xt+1 = g(xt , ut) is the transition equation. It is an
inter-temporal constraint that links the state variable with
control variables.



Aside on Dynamic Programming

I The goal is to find the optimal policy function h(xt) that
maps the state xt into the control ut so that the sequence of
controls, {ut}∞t=0, generated by iterating

ut = h(xt)

and

xt+1 =g(xt , ut)

starting from the initial condition solves the original problem.

I h(xt) must be time consistent. As time goes on, there should
be no incentive to deviate from the original plan.



Aside on Dynamic Programming

To solve for h(xt), we need to know the function V (x) that
expresses the optimal value of the original problem, starting from
any point in time. This function is the value function, given by:

V (x0) = max
{ut}∞t=0

∞∑
t=0

βtr(xt , ut)

subject to the following constraint:

xt+1 = g(xt , ut)



Aside on Dynamic Programming

I We will not know what this is until we actually solve the
model.

I If we knew V (x0), then h(x) can be computed for each x by
solving

max
u
{r(x , u) + βV (x̃)}

subject to the following constraint:

x̃ = g(x , u)

and x given.



Aside on Dynamic Programming

So now we must solve for the optimal policy function and the
optimal value function. This can be done by solving the following
Bellman equation that links the two:

V (x) = max
u
{r(x , u) + βV [g(x , u)]}

where the maximizer of this equation solves

V (x) = max
u
{r [x , h(x)] + βV [g(x , h(x))]}



Aside on Dynamic Programming

Methods of solving the Bellman equation:

1. Undetermined Coefficients (Guess and Verify): Guess the
functional form of the solution and solve for the missing
coefficients.

2. Value function iteration: Iterate V starting from V0 = 0 until
the sequence of value functions converges.

3. Howard’s improvement algorithm: Iterate the policy function.

4. Write a code in MATLAB or some other program. (The paper
does this.)



The Model

The infinite horizon problem from the paper can then be recast
recursively as

V (a−1, d−1, η) = max [V adjust(a−1, d−1, η),V nonadjust(a−1, d−1, η)]

where

V adjust(a−1, d−1, η) = max
c,d ,a

(cυd1−υ)1−γ

1− γ
+ βEεV (a, d , η′)

s.t.

c =whη(1− τ) + (1 + r)a−1 + d−1(1− δd)

− d − a− F d(1− δd)d−1 − F iwhη

a >− (1− θ)d

logη′ =ρη logη + ε with ε ∼ N(0, ση)



The Model

V nonadjust(a−1, d−1, η) = max
c,d ,a

(cυd1−υ)1−γ

1− γ
+

βEεV (a, d−1(1− δd(1− χ)), η′)

s.t.

c =whη(1− τ) + (1 + r)a−1 − δdχd−1 − a

a >− (1− θ)d

logη′ =ρη logη + ε with ε ∼ N(0, ση)



Calibration of Parameters

A subset of parameters in the model are calibrated based to fit the
data and are based on “reliable external evidence”.

r = 0.0125 β = 0.98

γ = 2 w = 1

h =
1

3
τ = 0.05

ρη = 0.975 ση = 0.1



Calibration of Parameters

The depreciation rate is calibrated to mach data from BEA,
weighted by the relative size of the housing and consumer demand
shocks.

δd = δBEAH

HBEA

HBEA + CDBEA
+ δBEACD

CDBEA

HBEA + CDBEA
= 0.018



Calibration of Parameters

Durables provide direct utility to households and serve as collateral
against which households can borrow. Set

θ = 1

to prevent households from using durables as collateral.



Calibration of Parameters

Why set θ = 1?

I When θ < 1, and there are no adjustment costs on a,
households can costlessly adjust their durable equity.

I If collateral constraint become looser during expansions, this
might amplify the results since when down-payments are low,
households can quickly adjust their durable holdings in
response to shocks.

I Conversely, if down-payments are high, households must save
more liquid assets before increasing their durable holdings.



Estimation of Remaining Parameters

The remaining parameters,

I F d - the proportional fixed cost of adjustment

I F i - the time cost of adjustment

I υ - the durable weight in utility

I χ - the required maintenance parameter

I σε - the measurement error parameter that allows all variables
in the model and data to be reported with some error.

are estimated using indirect inference.



Estimation of Remaining Parameters

I Assume that the reported value of a variable Ẑ is the true
value Z plus some percentage measurement error:
Ẑ = Z (1 + ε̂) with ε̂ ∼ iidN(0, σε).

I Define the gap

x = logd∗ − log(d−1)

where d∗ is the choice of d that solves the maximization
problem in V adjust .



Estimation of Remaining Parameters

I x measures the difference between the stock of durables that a
household inherits at the start of a period and the stock of
durables that a household would choose if it adjusted today.

I The stock of durables today may or may not be equal to d∗

because households face adjustment costs.

I If V adjust > V noadjust , then d = d∗. Otherwise,
d = d−1(1− δd(1− χ)).



Estimation of Remaining Parameters

I x is not observed directly in the data. Need to impute x using
the restrictions in the model.

I Construct a model-generated function Gm that maps variables
z which are observable in both the data and the model to x
which is only observable in the model: xm = Gm(zm).

I Using the same function on the data gives xd = Gm(zd).



Estimation of Remaining Parameters

Outline of whole estimation procedure

1. For a given set of parameters p, solve the model and compute
xm = Gm(zm).

2. Introduce measurement error and aggregate the model to the
same frequency as the PSID to compute model gaps with
sampling error: x̂m = Gm(ẑm).

3. Compute the imputed gaps in the PSID: x̂d = Gm(ẑd).

4. Compute the difference between model simulated hazards and
densities and those in the data:

Lp =

∫
[(f mp (x̂m)− f d(x̂d))2 + (hmp (x̂m)− hd(x̂d))2]dx

5. Repeat the first four steps with a different set of parameters
and minimize L.

6. Bootstrap the standard errors.



Estimation Results

Table 1 reports the point estimates of the parameters with
Bootstrapped 95% confidence intervals.
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Estimation Results

Figure 3 shows the distribution of gaps in the model, imputed gaps
in the data and bootstrapped 95% confidence intervals.
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Estimation Results

Figure 4 shows the adjustment hazard in the model and in the
data.



Estimation Results



Estimation Results

Figure 5 shows different slices of durable distribution in the joint
density of the model variables.



Estimation Results



Aggregate Income Shocks

I Introduce aggregate income shocks by assuming that

logytot = logη + logy

where η follows the same AR(1) process as before to match
the behavior of the HP filtered GDP from 1960 to 2013.

I The model is matched to US data by picking a sequence of
aggregate income shocks.

I Given these shocks, the impulse response of durable
expenditures to an additional impulse to aggregate income at
each date is computed.



Aggregate Income Shocks



Aggregate Income Shocks



Aggregate Income Shocks



Aggregate Income Shocks

I On average, the impulse response functions on impact in
recessions is only 54 percent of that in expansions.

I Significant amount of state-dependence.

I Impulse response functions of durable spending is procyclical
to aggregate income shocks.



Aggregate Wealth Shocks

I Introduce aggregate wealth shocks by assuming that

a′actual = a′choice ∗ ω′

logω′ = εω + ρw logω

I The shocks are calibrated to match the persistence and
standard deviation of HP filitered quarterly US capital stock.

I ρ = 0.95 and standard deviation is 0.003.



Aggregate Wealth Shocks



Aggregate Wealth Shocks

I Durable response is even more procyclical to aggregate wealth
shocks than to aggregate income shocks.

I The authors also find that if wealth shocks mainly affect the
rich, then the IRF becomes even more procyclical.



Policy Shocks

I Assume the set-up of the model when there are aggregate
income shocks.

I Compute the optimal response of households to a one time
unanticipated policy experiment at different points in the
business cycle.

I Policy shocks used are: a permanent decline in the interest
rate, a permanent decline in the payroll tax and a subsidy to
durable adjustment.



Policy Shocks



Importance of Fixed Costs

IRF of durable expenditures to aggregate shocks are procyclical.

I These are because of household-level nonlinearities induced by
fixed costs of durable adjustments.

Suppose there are no fixed costs to adjustments.



Importance of Fixed Costs



Importance of Fixed Costs

The IRF with no fixed costs are countercyclical.

I This is because households that are more constrained have a
larger marginal propensity to consume out of income shocks.

I Inconsistent with the data.



The Role of the Cross Section

Why do fixed costs of adjustment induce a procyclical IRF?

I The more households choose to adjust their durable holdings,
the more responsive aggregate durable investment.

IRF impact
t = lim

∆d∗→0

∆ID

∆d∗
=

∫
ht(x)ft(x)dx +

∫
xhit(x)ft(x)dx



The Role of the Cross Section
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The Role of the Cross Section



General Equilibrium

I The literature suggests that general equilibrium can undo the
results found in partial equilibrium.

I For this paper, the set up is similar to the partial equilibrium
model but with endogenous wages and interest rates.



General Equilibrium

A representative firm rents capital and labor and its FOCs give

wt = (1− α)ZtK
α
t H

1−α

rt = αZtK
α−1
t H1−α − δk



General Equilibrium

Since the interest rate is now endogenous, β is chosen so that
r = 0.0125. Other parameters have also been changed or added to
match HP filtered US TFP data.

δk = 0.022 α = 0.3

ρZ = 0.85 σZ = 0.008

where in equilibrium

Kt =

∫
ait−1 Dt =

∫
d i
t

Ct =

∫
c it At =

∫
A(d i , d i

−1)

H =

∫
hηit



General Equilibrium

The budget constraint is

Ct + Dt + Kt+1 + At = ZtK
α
t H

1−α + (1− δk)Kt + (1− δd)Dt−1

Aggregate productivity evolves as an AR process

log(Zt) = ρZ log(Zt−1) + ξt

Aggregate capital is a linear function of current aggregate capital

Kt+1 = γ0(Z ) + γ1(Z )Kt



General Equilibrium



General Equilibrium

I As with partial equilibrium, IRF is procyclical to TFP shocks
that correspond to US Solow Residuals.

I TFP shocks that raise household wealth and income raise
durable responsiveness.



General Equilibrium

Why are the effects in partial equilibrium not undone by general
equilibrium like the literature says?

I Households have two sources of savings in this model: liquid
and illiquid assets.

I With multiple sources of savings, large changes in the
behavior of the component of savings do not necessarily imply
that households must violate consumption smoothing.



Geographical Evidence

I The structural model shows that durable spending responds
less economics shocks during recessions than booms.

I Use cross sectional geographic variation (MSA-level) to verify.

I Identify local demand shocks similar to Mian and Sufi.

I Use Saiz’ housing supply elasticity to instrument.

I Cluster the standard errors by state.



Geographical Evidence

Base model has the following Least Squares specification:

First stage

∆logHPi ,t =ω + η1Elasticityi ×∆Ui ,t + η2Elasticityi+

η3∆Ui ,t + ΨXi + εi ,t

∆logHPi ,t ×∆Ui ,t =ψ + λ1Elasticityi ×∆Ui ,t + λ2Elasticityi+

λ3∆Ui ,t + ΠXi + ξi ,t

Second stage

∆logAutosalesi ,t =αIV + βIV1 ̂∆logHPi ,t ×∆Ui ,t+

βIV2 ∆logĤP i ,t + βIV3 ∆Ui ,t + ΛXi + εi ,t



Geographical Evidence



Geographical Evidence

The coefficient on ∆logHPi ,t ×∆Ui ,t is negative and significant.

I Auto spending responds less to wealth shocks in recessions
than in booms.

I Supports previous results.

I Robust to other specifications.



Rental Markets
Now allow households to rent durables. The value function is then

V (a−1, d−1, η) = max [V adjust(a−1, d−1, η),V nonadjust(a−1, d−1, η),

V rent(a−1, d−1, η)]

where

V rent(a−1, d−1, η) = max
c,d ,a

(cυd1−υ)1−γ

1− γ
+ βEεV (a, d , η′)

s.t.

c =whη(1− τ) + (1 + r)a−1 + d−1(1− δd)

− d − a− f d(1− δd)d−1 − f twhη

a >− (1− θ)d

logη′ =ρη logη + ε with ε ∼ N(0, ση)



Rental Markets



Rental Markets



Collateralized Borrowing

Now allow households to borrow against their durables.

I In the original model, θ = 1. Households could not use
durables as collateral.

I Now let θ < 1. Households can put up durables as collateral.
Specifically, set θ = 0.2.



Collateralized Borrowing



Collateralized Borrowing



Conclusions

I Household level durable adjustment frictions matter for
aggregate dynamics.

I The elasticity of aggregate durable expenditures to shocks
that affect aggregate durable demand falls during recessions.



Ideas for Research

I Study the consumption dynamics of other countries during
recessions. How would the results change for a less developed
country?

I Study employment dynamics and/or firm investment during
recessions and the implications on policy.
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