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A Consumption and Investment Problem

In this appendix, we discuss how to solve the households” consumption and investment
problem. Section A.1 states the problem recursively. Section A.2 explains how we solve
the model numerically. Finally, Section A.3 provides computational details.

A.1 Recursive Formulation

We now state the households” problem recursively in a way that lends itself to numer-
ical implementation. Relative to Section 1.D, it is more convenient to keep track of the
number of credit installments already paid since the last adjustment (¢) instead of the
stock of oustanding credit (b) itself.! All prices are expressed relative to the non-durable
good, anticipating our general equilibrium analysis in Section IV.C. Households are in-
dexed by four idiosyncratic states: their stock of durables d, their cash-on-hand m, their
outstanding credit b, and the permanent component of their income process w. In addi-
tion, they draw two transitory shocks or innovations: a transitory income shock ¢ and,
subsequently, a utility cost € of adjusting their stock of durables. In the following, we let
y = (w, () denote the two components of the income process and x = (d,m, b, y) denote
the households’ characteristics that determine their adjustment, consumption, saving and
investment choices. We do not have to keep track of the transitory utility cost of adjust-
ment € since our formulation allows for closed form expressions when integrating over
that shock.

Continuation values. The continuation values {V; (-)} can be characterized recursively.?

1. Discrete choice. The household chooses whether to adjust its stock of durables or

not. The value associated with this discrete choice problem is
Vi(d,m & yie) = max { ;"™ (d,m, & y) — e, VP (dmey) ), (AD

where VtadjuSt (d,m,{,y) is the value of adjusting the stock of durables, V*° (d,m, ¢, y)
is the value of not adjusting, and € is a random utility cost which follows a logistic

distribution £ whose mean and variance are controlled by x > 0 and 2172 > 0,

' This formulation allows us to use a coarser grid for & than would be required if we kept track of b with
the same degree of numerical accuracy. As we explain below, the outstanding credit b can be backed out
using the current stock of durables d and the number of installments already paid ¢.

2 The terminal condition for V;,1 (-) in expression (A.14) is either an initial guess when solving for the
stationary equilibrium, or the stationary values without stimulus checks when solving for transitions.
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respectively. As usual with logistic shocks, the expected value V; (d,m, i, y) =
S Vi(d,m,E,y;e)dE (€) takes the form

adjust no
Vi (+) = nlog <exp (Vt " dmgy) _K> + exp (Vt t(d,m,ﬁ,y))) (A.2)

n U

and the adjustment hazard associated with this discrete choice problem is

djust
VeI (dm, g y) —x
exp ( 7

Si(d,m, i y) = g (A.3)
exp (m ’ <d;7m,c,y>—x) +exp ((dmiy))
The continuation values are given by
Vit (d,m, & y) = WP (P (d,m, &), w) (A4)

thot (d/mré(/Y) = Wtc( (1 - (1 _l) 5) d/mc (d,m,C,y),CJrl,w )I (A5)

where P (d,m,&,y) and #° (d,m,,y) denote the household’s cash-on-hand con-
ditional on adjusting its stock of durables or not. The household gets to choose a
new stock of durables if it decides to adjust, and undertakes the mandatory main-
taince otherwise by offsetting a share 1 of the depreciation. Cash-on-hand condi-

tional on adjusting or not is

iy (d,m, ¢, y) =i (d,m,&,y) + A7 (§)d
Tfig (d, m, g/ Y) = 1M1 (d, m, C/ Y) - Atc (C) d!

where 1i1; (d,m, ¢, y) is cash-on-hand before the adjustment decision and the terms
AP and A{ capture debt repayments and maintenance costs conditional on adjust-
ment or not. Cash-on-hand before the adjustment decision is

R 1+
e (d,,8,¥) = Ve () +
1-— ¢ R T
b % d t
-7 | — 1—-0)P d+ , (A.6
(o ts) a-0R© iy 09
where household’s income net of taxes is
Ve(y) = (1—n)exp (w+Q) Y™, (A7)



with 7; denoting the tax rate. The inflation rate 71; accounts for the fact that the
budget constraints are expressed in real terms, i.e., all prices are expressed relative
to the price of the non-durable good. Stimulus checks T; are expressed in nomi-
nal terms and deflated accordingly. The outstanding credit decreases by a share ¢
with every installment already paid ¢. The amount originally borrowed with credit
corresponds to the share 1 — 0 of the durable purchase that the household did not
pay down. The value of this purchase can be recovered using the current stock of
durables d after accounting for ¢ periods of depreciation and maintenance, as well
as the durable price

Pl
[Ty (1+ )

that prevailed when the household bought the durable deflated to express it in cur-

Pl () = (A8)

rent real terms. The term

_ ¢
8P (@) =1-0 8~ (1= Ly ) A=K @ (A9)

captures the net profit that the household makes when selling its old durable after
repaying its outstanding credit, per unit of durable 4 held. In turn,

AF(2)

(1= ) = (1—g)*"] a-0)F (g)) +10Pf (A.10)

captures the credit repayment on the principal, as well as the maintenance cost in-
curred when the household does not adjust its stock of durable. In the fully state-
dependent limit 7 — 0, the value (A.2) and the hazard (A.3) become

Vi (d,m, & y) = max { ViV (d,m, & y) — 6 VRO (dm 8, y) | (A11)
and

1 if VYN, m, & y) — x> VROt (dm, &
S (d,m,a,y){ e y) a y) (A.12)

0 otherwise

2. Durable adjustment. If the household decides to adjust its stock of durables, it



chooses how much durables to purchase
WP (m,w) = max WE (d,m', ¢, w) (A.13)
/,m/
st. 0PI +m' <m and & =0,

where m is cash-on-hand before the household purchases its new durables. Adjust-
ing the stock of durables resets the number of installments already paid to ¢’ = 0.
The continuation value WE reflects the subsequent optimal consumption-saving

choice that occurs in the same period given the remaining cash-on-hand n'.

3. Consumption-saving. Finally, the household chooses how much to consume and

save in liquid asset

WE (d,m, &) = max (e,d) + B [ [ Vi (dm',&,0,8') T (d2') T (d's o)
c,m
(A.14)
st. Plc+m' <m and m' >0,

where m is the household’s real cash-on-hand before it chooses non-durable con-
sumption ¢, and m’ is cash-on-hand for next period.

A.2 Solving Households’ Problem
We proceed as follows to solve numerically for the value functions defined above:

1. Guess. Fix a value

Vi (d,m, & w) = / / Ve (d,m, &0, 0') T (d7') Ty (do; w) (A.15)
for the terminal period.
2. Consumption-saving. Fix the states (d,{,w). If the household’s borrowing con-

straint m’ > 0 is not binding, a necessary condition for an optimum to (A.14) is

uc (c,d) = BP{on Vi, (d,m', ¢, w), (A.16)

together with the budget constraint ¢ = (m —m') /Pf. This condition is not suf-



ficient, however, since the problem is typically non-convex.>* To recover policy
functions, i.e., maps m — (c,m’), we proceed as follows. We first obtain a map
m’ — m using the condition above and the endogenous grid method (EGM) of Car-
roll (2006). The generalized inverse of this map (as a function of m) might contain
several points for m’ since the problem is non-convex. We proceed as Druedahl
and Jorgensen (2017) and split the map m’ — m into monotonic segments, i.e., ei-
ther increasing or decreasing. Fixing some m on the grid of interest, we interpolate
linearly the value of m’ at m using each segment and add max {m’,0} to the set
of candidates.” We also add the borrowing constraint m’ = 0 to this set of candi-
dates. The consumptions associated with these candidates are given by the budget
constraint above. The optimum is found by comparing the values of the objective
(A.14) associated with each candidate. The policy function m +— m’ is given by the
candidate that provides the highest value of the objective, and m > c is obtained
using the budget constraint. Using the resulting policy function ;] (-), we compute
the value WfC (d, m, ¢, w) using (A.14), and the marginal values

QuWE (d,m, & w) = uy ((m—mj () /Pf,d) + BagVig (d,m (1), & w) (A7)
OmWE (d,m, & w) =1/Pfuc ((m—mj () /Pf,d) (A.18)

for the durable and the liquid assets. We then repeat this procedure for all states

(d,¢, w).

3. Durable adjustment. Fix the state w. A necessary condition for an optimum to
(A13)is

dWE (d',m', &, w) — OPfI,WE (d,m', &, w) =0 (A.19)

3 The reason is that the continuation value involves the upper envelope (A.1). Random utility costs of
adjustment, i.e., the smooth hazard (A.3), can make continuation values smooth (with no kinks) but not
necessarily concave.

Condition (A.16) is necessary for an optimum. The argument is similar to the one in Clausen and Strub
(2012). Consider a simplified version of the problem of interest: max, f (¢) + G (—c) with f (-) and G (+)
smooth except for a convex kink in G (-) at —¢ € R corresponding to a discrete choice. Suppose by
contradiction that the optimizer is ¢. By optimality, /' (¢) > G/, (—¢) and f’ (¢) < G’ (—¢). However,
G/ (—¢) > G_ (—¢) since G (-) admits a convex kink at —¢. This leads to the desired contradiction.
Therefore, the optimizer cannot be the point where the kink occurs, and condition (A.16) is necessary.
The argument generalizes to multiple kinks and multiple assets.

An alternative approach is to focus only on the couples (m(, m}) such that m lies in the corresponding
interval (mg, m ). In principle, this approach might miss the correct value of m’ if the grid for liquid asset
is too coarse. Our approach does not suffer from this problem, but it requires considering a few more
candidates for m’.



with ¢ = 0and
m' = m — 0Pd’ (A.20)

Again, (A.19) is typically not sufficient for an optimum.® We therefore define a set
of candidates d’ that satisfy (A.19). We compute the value (A.13) for each candidate.
The policy function m — d’ is given by the candidate that provides the highest
value of the objective. In turn, the policy function m +— m’ is given by the budget
constraint above. We compute the value WP (m, w) using (A.13), and the marginal
value

WP (m,w) = 3 WE (di (1), my (-), ¢, w) (A21)

with ¢’ = 0. We then repeat this procedure for all states w.

4. Continuation values. Compute the values VtadjuSt (d,m,¢,y) and V°t(d,m,¢,y)
using (A.4)—(A.5) and the marginal values

3V (A m, & y) =4 —rt _lze §1—9 pe AP ImWP (-
Vi ,m,8,Y) "\ TTa—gs (1=0) P (5) +Ar (§) p 9mWy (1)
(A.22)

Vi (d,m, ¢, y) = (1— (1 1)) 3 Wy ()

_ ¢ R
- {rf1 (oatys) 0-00 @ +af <¢>} 9 IE ()
(A.23)

for the durable stock, with AP () and A¢ (&) defined by (A.9)~(A.10), and

9 Vadjust (d m, & ): 1—{-7’?:18 WD ()
mbVyg 7 7 /y 1+7Tt m t
1+
a Vnot d — i—la WC .
mVe (d,m, g, y) 1+ o ()

for the liquid asset.

5. Discrete choice. Compute the value Vs (d,m,§,y) using (A.2) and the marginal val-
ues

9V (d,m, &,y) = S (d,m, & y) 0.V, (d,m, E,y)
+ (1= 8 (d,m, ¢ y)| 0V (d,m,¢,y) (A.24)

6 The solution is necessarily interior, however, since &’ = 0 cannot be optimal due to Inada conditions.



for the durable stock and the liquid asset z € {d,m}, where S; is the adjustment
hazard (A.3).

6. Update. Compute the expected utility

Vi (d,m, € w) = / / Vi (d,m, & @', {) T7 (d2) T (do'; @) , (A.25)

Similarly, compute the marginal utilities

Vi (d,m,,w) = //ant (d,m, g, ', {")T7 (A7) T (do'; w) (A.26)

for the durable stock and the liquid asset z € {d,m}. Finally, iterate on Steps 2—6
until convergence when solving for the stationary equilibrium, or until t = 0 when

solving for transitions.

A.3 Computational Details

Numerical parameters. We use two grids with 120 exponentially-spaced points each for the
stock of durables d and the liquid asset m. We use a grid with 7 unevenly-spaced points
for the number of installments already paid.” We discretize the persistent component of
the income process w on a 7-point grid using the method of Rouwenhorst (1995), and we
discretize the transitory component ¢ on a 3-point grid using a standard Gauss-Hermite
quadrature. The model therefore features approximately 2.12 million idiosyncratic states.
We use stochastic simulations that allow us to track the same households over time, which
is necessary to compute several moments that we are interested in. When simulating the
model, we use the policy functions (Section A.2) together with the income process I';
and I', and we randomly assign households between adjustment and no adjustment ac-
cording the hazard (A.3). The hazard and the policy functions are interpolated linearly
between grid points. In particular, the number of installments paid is not restricted to fall
on the corresponding grid.® We simulate 13,000 households over 1,200 quarters after a
burn period of 400 quarters. This collection of households’ states constitutes the station-

ary distribution that we use to compute the MPX, for instance.

Smoothing the responses. In Sections II-IV, we compare the properties of our model to a

purely state-dependent version of our model with # — 0. To obtain slightly smoother

7 We truncate that grid at 15 years, at which point we assume that households repay their minuscule
outstanding credit in full.
8 The persistent component of the income process must lie on its corresponding grid, however.
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responses, we suppose that the adjustment cost actually follows a logistic distribution
with location parameter x and a very small scale parameter # = 0.001, which is more

than two orders of magnitudes smaller compared to 17 ~ 0.32 in our model.

B Quantitative Results

B.1 Additional Figures

Figure A.1: Unconditional distribution of MPXs on non-durables
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Notes: This figure plots the unconditional distribution of quarterly MPXs on non-durables out of $500 in
our model (in red) and in the two-asset model of non-durable spending (in gray).
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Figure A.2: MPX heterogeneity
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Notes: The left panel plots the quarterly total MPX in our model for each quartile of the distribution of
lagged non-durable consumption. The right panel plots the same for the distribution of current income.

Figure A.3: Intertemporal MPXs (alternative calibrations)
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Notes: The left panel plots the intertemporal MPXs on durables out of $500 in our model (in red) and in
four alternative calibrations with more liquidity (39% of average annual income instead of 26%), a higher
elasticity of intertemporal substitution (¢ = 1.5 instead of o = 2), a lower frequency of adjustment (30%
instead of 38%), and a smaller required down payment (6§ = 30% instead of & = 41%). All parameters
are re-calibrated to match the other targets discussed in Section II.B. The right panel plots the same for
non-durables.
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Figure A.4: Aggregate conditions

MPX on durables

‘Low rm ’ A\
v —~
v 1659 2
17% %3
v g
.=
)
3,
b
16% 160% &
4 =
—4— Qur model z
—— State-dependent b
High »™ &
15% ¢ . o o =

‘ ‘ ‘ 055%
-8% -4% 0% 4% 8%

Aggregate income change

MPX on non-durables

8% r

-8% -4% 0% 4% 8%
Aggregate income change

Notes: This figure plots the quarterly MPX on durables and non-durables out of $500 at various points of
the business cycle (in red). We assume that the economy experiences three quarters of constant expansion
(or contraction), followed by a linear mean-reversion over eight quarters. We compute the MPX in response

to an unanticipated check sent in the third quarter.

The left panel plots the MPX on durables. The left axis

corresponds to our model, and the right axis to a purely state-dependent version with # — 0. In turn, the

right panel plots the MPX on non-durables.

Figure A.5: State- vs. time-dependent adjustments
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Notes: This figure plots our state-dependence index SD given by expression (7) as a function of the scale
parameter 7. All other parameters are re-calibrated to match the targets discussed in Section II.B. We com-
pute this index at the quarterly frequency (solid curve) and annual frequency (dashed curve). The vertical

dashed line indicates our calibrated value 7 ~ 0.32.
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Figure A.6: Size-dependence in the MPX in the purely state-dependent model
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Notes: The left panel plots the MPX on durables in the purely state-dependent model with 7 — 0, both

at the quarterly frequency (solid curve) and annual frequency (dashed curve), as a function of the size of
stimulus checks. The right panel plots the same for non-durables.

Figure A.7: Size-dependence in the annual MPX

A

—a— Durables
—v— Non-durables

> -

~ 2A non-dur.

= 34% |

A
$100 $1,000 $2,000 $37E)00

Stimulus check

Notes: This figure plots the annual MPX on durables (in red) and non-durables (in blue) in our model as a

function of the size of stimulus checks. We also plot the annual MPX in a two-asset model of non-durable
spending (in gray).
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Figure A.8: Size-dependence in the MPX (alternative calibrations)
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Notes: The left panel plots the quarterly MPX on durables as a function of the size of stimulus checks in
our model and in four alternative calibrations with more liquidity (39% of average annual income instead
of 26%), a higher elasticity of intertemporal substitution (¢ = 1.5 instead of ¢ = 2), a lower frequency of
adjustment (30% instead of 38%), and a smaller required down payment (8 = 30% instead of 8 = 41%). All
parameters are re-calibrated to match the other targets discussed in Section IL.B. The right panel plots the
same for non-durables.
Figure A.9: Aggregate conditions (sensitivity)
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Notes: This figure plots the quarterly MPX on durables and non-durables out of $500 at various points of the
business cycle, for various values of the scale parameter 7. All other parameters are re-calibrated to match
the targets discussed in Section II.B. We assume that the economy experiences three quarters of constant
expansion (or contraction), followed by a linear mean-reversion over eight quarters. We compute the MPX
in response to an unanticipated check sent in the third quarter. The left panel plots the response of durable
spending and the right panel plots the response of non-durable spending.
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Spending response

Figure A.10: Size-dependence in total spending (sensitivity)
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Notes: The left panel plots the total spending response over one quarter as a function of the size of stimulus
checks, for various values of the scale parameter #. All other parameters are re-calibrated to match the
targets discussed in Section II.B. The right panel plots the elasticity 7y defined in Section IV.B as a function
of 17.

B.2 Extensive and Intensive Margins

This appendix defines formally the extensive and intensive margins of adjustment that
we discuss in Section IV.A. The MPX on durables in Section L.E can be expressed as

:ffff{S(m—l—T,d,b,y)—S(m,d,b,y)}xx(m,d,b,y)xdy(m,d,b,y)
T

(. J/

. e .
Extensive margin

+ffff8(m,d,b,y) x {x(m+T,d,b,y) —x(m,d,b,y)} xdu(m,d,b,y) o
T

-~

Intensive margin

MPX? (T)

The extensive margin captures the change in the number of households who adjust in re-
sponse to stimulus checks, i.e., changes in the adjustment hazard S, holding fixed the
policy function x conditional on adjustment. In turn, the intensive margin captures the
response of the number of units and their size conditional on adjustment, i.e., changes in
the policy function, holding the hazard fixed. Finally, the residual “res” captures the non-
linear interaction between these two margins. The total effect corresponds to moving both
the hazard and the policy function to the left by the amount T in Figure 2 or, equivalently,
moving the distribution of liquid assets to the right; the extensive and intensive margins
correspond to moving only the hazard or the policy function, respectively; and the non-
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linear residual picks up the difference. Through the lens of the model, the purchase of an
additional unit of durable (e.g., a computer or an appliance) is counted in the extensive
margin if the household had decided not to purchase any other durable absent stimulus
check; otherwise, it is counted in the intensive margin.

The left panel of Figure A.11 implements this decomposition in our model. The right
panel does the same in the purely state-dependent model with # — 0. Starting with the
latter, the extensive margin is extremely strong and accounts for most of the response in
durable spending. As expected, the intensive margin declines with the size of checks due
to the usual precautionary savings motive. Perhaps surprisingly, the extensive margin
also declines with the size of checks. By definition, it captures two effects as checks get
larger: more households decide to adjust their stock of durables but less and less so in
proportion to the size of checks (Figure A.12); and these marginal households are poorer
and hence x (m* (d,b,y) — T,d,b,y) is smaller for them, where m* (d,b,y) still denotes
the adjustment threshold in the purely state-dependent model.” Finally, the non-linear
residual captures a selection effect: because they are poorer, the marginal households
who adjust have a larger marginal propensity to spend than those who had adjusted
so far, and they bring the average MPX up. The increase in the non-linear residual is
sufficiently strong that it dominates in the purely state-dependent model and the MPX
on durables rises with the size of checks. Our model dampens the extensive margin of
adjustment and hence softens this increase in the residual. The MPX declines slowly with
the size of checks as a result.

C Alternative Models

This appendix describes the two alternative models that we discuss in the paper.

C.1 Two-Asset Model of Non-Durable Spending

In Sections III-IV, we compare the predictions of our model to those of a two-asset model
of non-durable spending similar to Kaplan and Violante (2022). This appendix states the

households’ problem recursively and discusses the calibration. Households are indexed

 How many households decide to adjust at the extensive margin depends on several factors, including
the shape of the density of the distribution of liquid assets m conditional on (d,b,y), the distribution
of these three states, and how far the adjustment threshold m* (d,b,y) is from the lower bound m = 0
for each of these states. In particular, the extensive margin decreases with the size of checks if most
households that adjust in response to small checks have a small threshold m* (d,b,y), e.g., if there are
many hand-to-mouth households that wish to replace their old durables.

14



MPX on durables

Figure A.11: Extensive and intensive margins
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Notes: The left panel decomposes the quarterly MPX on durables in our model into its extensive and inten-
sive margins and a non-linear residual as as a function of the size of stimulus checks. The right panel does
the same for the purely state-dependent model with # — 0.

Figure A.12: Response of the share of adjustments (quarterly)
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Notes: This figure plots the response of the share of households who adjust their stock of durables in the
quarter when they receive a stimulus check as a function of the size of this check. The red curve is our
model. The green curve is the purely state-dependent model with 7 — 0.
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by four idiosyncratic states x = (b, m, y), i.e., their stock of illiquid financial asset b, their
holdings of liquid asset m, and the two components of their income process y = (w, ).

Continuation values. The continuation values {V; (-)} can be characterized recursively.

1. Discrete choice. The household chooses whether to adjust its stock of illiquid asset
or not. The value associated with the discrete choice problem is

— djust [ . b
Vi (x) = max {Vta s (mt (b,m,y) + T ﬂt,w> — K,
b

VPO ——, 1y (b,m,y), A27
P (pm bmy) @) b a2
where V24ust js the continuation value of adjusting the stock of illiquid assets, V"t
is the continuation value of not adjusting, and x > 0 is the adjustment cost. Cash-

on-hand before the adjustment decision is

m b
T+7", i1 T:

b+ A28
14 T+m T (1+ 7s) (A.28)

on (b,m,y) =V (Y) +

where earnings ); (y) are given by expression (A.7), r}" ; is the return on the liquid
asset, ”?—1 is the return on the illiquid asset, and 7; is inflation. As in our model,
stimulus checks T; are expressed in nominal terms and deflated accordingly.

2. Illiquid asset adjustment. If the household decides to adjust its stock of illiquid
assets, it chooses its new stock

Vtadjust (m,w) = max Vot (v, m', w) (A.29)

st.bV+m' <m, b >0,

where m is real cash-on-hand before the household chooses its new stock of illiquid
assets. The continuation value V°! reflects the subsequent optimal consumption-

saving choice that occurs in the same period given the remaining cash-on-hand m’.

3. Consumption-saving. If the household decides not to adjust its stock of illiquid

asset, it chooses how much to consume and save in liquid asset

Vi (b,m, w) = maxu (c) + p / / Visr (b, &, ') T (A7) Ty (de'; ) (A.30)

cm!

st.c+m' <m,m >0,
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where m is the household’s cash-on-hand before it chooses non-durable consump-

tion ¢, and m’ is cash-on-hand for next period.

Calibration. The calibration strategy follows Kaplan and Violante (2022) closely. We set
u(c) =1/ (1 —0)c'~7 with inverse elasticity of intertemporal substitution ¢ = 2, as in
our model. We set the (real) return on cash to —2% per year as in Kaplan and Violante
(2022). We discipline internally three parameters: the discount factor (f); the excess re-
turn on the illiquid asset (Ar = ¥ — r/"); and the adjustment cost (k). We calibrate these
parameters to match an average stock of liquid assets of 26% as a share of average annual
income as in our model, a share of total hand-to-mouth households of 41%, and a share of
poor hand-to-mouths with zero holdings of b of 14% as in Kaplan and Violante (2022). To
obtain slightly smoother responses, we suppose that the adjustment cost actually follows

a logistic distribution with location parameter x and a very small scale parameter.

Alternative formulation. The formulation above assumes that the return on the illiquid
asset is paid to the liquid asset, as in Bayer et al. (2019) and Auclert et al. (2021). In this
case, the return can be interpreted as dividends on stocks, interest rates on bonds, rental
income on properties, returns on private equity, payments on annuities, etc. Alternatively,
the return on the illiquid asset can be paid to the illiquid asset itself, as in Kaplan and
Violante (2014) and Kaplan et al. (2018). In this case, the return can be interpreted as
capital gains, house price appreciation, etc. Alves et al. (2020) explore how these two
formulations differ in response to monetary policy shocks. Auclert et al. (2020) allow for
a hybrid formulation.

We show below that the main properties that we focus on are unchanged in the al-
ternative scenario where the return on the illiquid asset is paid to the illiquid asset itself.
Figure A.13 plots the unconditional distribution of MPXs in our model (red) and in the
alternative model of non-durable spending (in grey). The conclusions are the same as
in Section III.A: the model of non-durable spending lacks large and lumpy durable pur-
chases which generate more dispersion in the right tail. In particular, “scaling up” the
responses from the model of non-durable spending would generate a significant mass of
households with an MPX close to 45% or so, which is not the case in our model. In turn,
Figure A.14 plots the intertemporal MPXs on durables (in red) and non-durables (in blue)
in our model and in the alternative model of non-durable spending (in grey). Again, the
conclusions are the same as in Section III.B: the MPX on durables declines much faster
over time compared to the model of non-durable spending. Finally, Figure A.15 plots the
size-dependence in the MPX on durables (in red) and non-durables (in blue) in our model

and in the alternative model of non-durable spending (in grey). Once more, the conclu-
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sions are the same as in Section IV.A: the MPX declines faster in the model of non-durable
spending compared to our model.

Figure A.13: Unconditional distribution of MPXs
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Notes: This figure plots the unconditional distribution of quarterly MPXs out of $500 in our model (in red)
and in the two-asset model of non-durable spending where the return on the illiquid asset is paid to the
illiquid asset itself (in gray). The height of the rightmost bar indicates the mass of households in the tail
that is truncated on the plot.

Figure A.14: Intertemporal MPXs on durables and non-durables
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Notes: This figure plots the intertemporal MPXs on durables (in red) and non-durables (in blue) out of $500
in our model. We consider both the dynamic effect in periods s > 0 following an unanticipated shock in
t = 0 and the anticipatory effect in periods s < 0 from an anticipated shock in t = 0. We report the same
intertemporal MPXs in the two-asset model of non-durable spending where the return on the illiquid asset
is paid to the illiquid asset itself (in gray).
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Figure A.15: Size-dependence in the MPX
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Notes: This figure plots the quarterly MPX on durables (in red) and non-durables (in blue) in our model
as a function of the size of stimulus checks. We also plot the quarterly MPX in the two-asset model of
non-durable spending where the return on the illiquid asset is paid to the illiquid asset itself (in gray).

C.2 Calvo-Plus Model

In Section III.F, we discuss a Calvo-Plus variant of our model. Our calibration of this
model follows McKay and Wieland (2021) who introduce exogenous adjustments to dampen
the elasticity of durable spending to changes in interest rates (or the user cost). Accord-
ingly, we choose the probability of free adjustments to dampen the user cost elasticity and
match the same short-run price elasticity of durable purchases as in our model (Figure 6).
All other parameters are re-calibrated to match the targets discussed in Section II.B.

We start by computing the size-dependence index (7) using this Calvo-Plus variant.
The model behaves essentially as a purely time-dependent model with a flat adjustment
hazard, i.e., a standard Calvo model where adjustments are purely exogenous. Indeed,
the state-dependence index is 2.3% at the annual level, which is much lower than in our
model (28%). The reason is that the Calvo-Plus model requires a large share of exoge-
nous adjustments to dampen the otherwise large price elasticity induced by the deter-
ministic fixed cost (Section III.C). The left panel of Figure A.16 shows that this extreme
form of time-dependence implies that the frequency of adjustments is virtually acyclical,
whereas it is clearly procyclical in the data and in our model (Section III.D). The right
panel shows that this strong time-dependence has a meaningful effect on the MPX on
durables.!” The response is more muted on impact, and much more persistent over time
relative to our model. Overall, the annual MPX on durables is 31% in the Calvo-Plus

variant, and roughly 1/3 larger in our model (42%).

10 The MPX on non-durables is comparable to our model so we omit it for concision.
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Frequency of adjustment

Figure A.16: Calvo-Plus model
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Notes: The left panel plots the frequency of durable adjustment in our model at various points of the busi-
ness cycle (in red). We assume that the economy experiences three quarters of constant expansion (or con-
traction), followed by a linear mean-reversion over eight quarters. We report the frequency of adjustment
in the third quarter and annualize this frequency by scaling it so that it is equal to its annual counterpart
when there is no aggregate shock. We also plot this frequency in the Calvo-Plus model (in purple). The
right panel plots the intertemporal MPXs in our model on durables (in red). We consider both the dynamic
effect in periods s > 0 following an unanticipated shock in ¢t = 0 and the anticipatory effect in periods s < 0
from an anticipated shock in t = 0. We report the same intertemporal MPXs on durables in the Calvo-Plus

model (in purple).

Next, we inspect the distribution of net investment rates in steady state in these two
models. Households are constantly subject to idiosyncratic income shocks and adjust
their stock of durables as a result. Some of these shocks are much larger than typical
stimulus checks — some even amount to several thousand dollars.!! The distribution of
net investment rates conditional on adjustment reflects the distance between households’
current stock of durables and their ideal stock, as well as their propensity to adjust in
response to these shocks. As such, this distribution is informative about the shape of the
adjustment hazard and the underlying distribution of utility costs.

Figure A.17 shows the distribution of net investment rates in our model and in the
Calvo-Plus variant. As usual, this distribution is standardized (Alvarez et al., 2016). That
is, we substract its mean and divide by its standard deviation excluding the top and
bottom 1% extreme values. This explains why the mode, which corresponds to small
adjustments, can take a negative value. For comparison, we also report the empirical
distribution of net investment rates that we measure between consecutive PSID waves

! For instance, the transitory component of our income process has a standard deviation of 10% (Section
II.A). We assume that mean annual income is $67,000 in steady state as in Kaplan and Violante (2022).
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Figure A.17: Distribution of net investment rates
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Notes: The left panel plots the distribution of net investment rates across two consecutive PSID waves
between which households adjusted their stock of durables. The distribution is standardized as in Alvarez
et al. (2016), i.e., we substract its mean and divide by its standard deviation excluding the top and bottom
1% extreme values. The red histogram is our calibrated model (3 ~ 0.32). The black histogram plots the
empirical distribution for cars that we measure in the PSID. The right panel plots the same for the Calvo-
Plus variant.

conditional on adjustment. We compute this distribution for vehicles, which is the only
durable stock other than housing that is observed in the PSID. We provide empirical de-
tails in Supplemental Appendix D. Our model fits this empirical distribution relatively
closely. It produces a hump as in the data; and it matches the tails of the distribution quite
well — an important moment in models with lumpy adjustment (Alvarez et al., 2016). In
contrast, the Calvo-Plus variant produces a larger share of small adjustments, i.e., there
is more mass around the mode, and a shorter left tail where households downsize their

stock of durables.

D Empirical Moments

In this appendix, we explain how we use the Panel Study of Income Dynamics (PSID)
to compute the frequency of adjustment for cars (Section II.B) and the distribution of net
investment rates for cars (Sections IIL.F and C.2) that we discuss in the paper.
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D.1 Durable Adjustments in the PSID

We restrict our sample to household heads or reference persons who are male, aged 21 or
older, and own at least one vehicle in at least three PSID waves between 1999 and 2019.
We use w to denote a bi-annual PSID wave. An adjustment (Adj,, = 1) occurs in two
cases. Either the number of vehicles owned by the household changes. Or the household
reports that the vehicle that was last purchased (vehicle “#1”) was acquired more recently
than the one reported in the previous wave Purchase!! > Purchase®! ;, and at most two

years before the interview date Purchase®! > t,, —2.12

D.2 Frequency of Adjustment for Cars

To compute the frequency of adjustment for cars, we start by estimating the empiri-
cal distribution 77, of the duration k between vehicle purchases. To do so, we compute
Duration,, = Purchase!) — Purchase! ; whenever an adjustment occurs (Adj,, = 1) and
the household reports the same number of cars or more than in the previous wave. In
turn, we set Duration,, = (Year;, — 1) — Purchase®' ; whenever an adjustment occurs
(Adj,, = 1) but the household reports fewer vehicles, with Year,, — 1 denoting the median
year between two consecutive PSID waves where the downward adjustment took place.
We restrict attention to the first purchase observed for a given household. The reason is
that subsequent purchases, if observed in the PSID’s relatively short time dimension, are
more likely to be of shorter duration which would bias our estimates. Focusing on the
tirst adjustment allows us to circumvent this issue. This procedure yields an empirical
probability distribution 7, over durations k = 1,2, ... expressed in years. The empirical
frequency of adjustment is the inverse of the average duration 1/ } ;- k7. We obtain
an annual frequency of adjustment for cars of 23% which is in line with the rest of the
literature (McKay and Wieland, 2021).

D.3 Distribution of Net Investment Rates for Cars

We measure the net investment rate conditional on adjustment as log (d5¢") — log (42t )

when Adj, = 1, where di¢' is the real value of the stock of vehicles net of liabilities

12 Households sometimes skip a PSID wave. In this case, we say that Adj,, = 1 if one of the two changes
explained above occurs since the previous wave where the household is observed. We also experimented
with a version where we restricted the sample to households who never skip a wave while they appear
in the PSID. This approach mechanically shortens the period over which households are observed. We
obtained very similar results in this case.
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reported by the household in a PSID wave.'® Lastly, we standardize the distribution of net
investment rates by de-meaning it and normalizing it by its standard deviation (Alvarez
et al., 2016). We trim the top and bottom 1% of the distribution when standardizing.

We discretize our model-simulated series into PSID waves and treat those identically
to the actual data. We divide time into years, as our model is set up quarterly. The value
of the stock of durables in the simulated PSID wave w is dr(,), where T (w) is the last

quarter in that wave. The value net of credit is

1_ ¢

t d b ¢ d

dnst = (11— 8) Py — (147 (W) (1-6) P (&) dra (A.31)
in the model, where the first term corresponds to the undepreciated value of the stock of
durables and the second term corresponds to the outstanding credit (Section A.1). Prices
and the return on credit are constant since we compute the distribution of net investment

rates in steady state.

E General Equilibrium

In this appendix, we describe the general equilibrium model that we use in Section IV.C.
Section E.1 presents the environment and Section E.2 discusses the parametrization. We
provide further details about fiscal policy in Supplemental Appendix E.3. Section E.4 dis-
cusses our numerical implementation. Finally, Section E.5 contains additional numerical

results.

E.1 Environment

The economy has two sectors: the first produces a non-durable good; and the second an
investment good. The non-durable good can be used for consumption or as an intermedi-
ate for producing the investment good. In turn, the investment good can be used to build
up the stock of durables. The non-durable good is produced with labor. The investment

good is produced exclusively with non-durables as in McKay and Wieland (2021).

Households. The household block of the economy is identical to the one introduced in Sec-
tion I in the main text and Section A.1 in this appendix.

13 We do not attempt to back out the gross value of the stock by using imperfect information on liabilities,
which would add another layer of measurement error. Instead, we directly compute the changes in the
stock net of liabilities and we treat the model-generated data identically. We deflate the nominal stocks
using the price indices for motor vehicles and parts from the Bureau of Economic Analysis (2019).
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Non-durable goods. A firm produces non-durables using labor. Inflation in the price of the
domestic non-durable good (71;) is given by a Phillips curve

dom

= Alog (Yty ) + Brti41, (A.32)

where Y™ is the aggregate demand for non-durables, Y is steady state output in that

sector, and A > 0 is the slope of the Phillips curve.'*

Investment goods. A firm can produce F (M) = AOMﬁ units of the investment good
using M units of non-durables as in McKay and Wieland (2021, 2022), where Ay > 0 is
the productivity and 1/x > 0 governs the decreasing returns in production and hence
the inverse supply elasticity. Profit maximization implies that, in equilibrium, the relative

price of the domestic investment good is

1/x
Xdom
p? < %) , (A.33)

where X{°™ js the aggregate demand for durables produced domestically, and X is steady

. .. . X .
state output in that sector. The productivity A is chosen so that X = (%) A(1)+X, which

ensures that the relative price of durables is equal to 1 in steady state.

Policy. The government sends nominal stimulus checks to eligible households in the first
period. We assume that households who earned less than $75,000 in the previous year
are eligible to receive a check. The size of the check decreases linearly with income after
that and reaches zero at $80,000."> The government’s flow budget constraint is

T; o 1+ 7’;”_1

BS + P°G; + =
T T T () 14

B 1+ Ti+%y, (A.34)

where B are real asset holdings, G; is government spending on non-durables, T; are
nominal stimulus checks, r}" is the return on the liquid asset, and 7; and X; are the tax

revenues and the credit payments from households (Appendix E.3). The government

14 This Phillips curve can result from sticky prices or wages. Distinguishing between the two would require
taking a stance on workers’ labor supply, which is not the focus of this paper.

15 This distribution of checks mimics the one observed in 2020-2021. Again, we assume that mean annual
income is $67,000 in steady state as in Kaplan and Violante (2022).
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maintains a constant ratio of debt to output at the stationary equilibrium. Its real spend-
ing Gy = G > 0 on domestic goods balances the budget (A.34) in steady state given 7;
and ¥;. In period t = 0, the government sends a one-time nominal stimulus check to
eligible households. These checks are deficit-financed. In later periods, the government
maintains a constant spending G and repays its new debt over time by raising the tax rate
T; as we explain in Section E.2.

Monetary policy follows a standard rule 7" = " 4 ¢ry71; where 1™ is the steady state
interest rate on the liquid asset and ¢y is the coefficient on inflation.

Aggregate income. Households” aggregate income before interest and tax payments is
Yine — pf (Cy + Gy) + PAX; (A.35)

where C; and X; are the households’ aggregate demands for the non-durable and invest-
ment good, respectively.

E.2 Parametrization

As in our baseline calibration (Section II), the real interest rate is " = 1% at the station-
ary equilibrium, the government maintains a constant ratio of debt to annual aggregate
income of 26%, and the tax rate T is 30% in the long-run. The slope of the Phillips curve is
A = 0.0031 based on the evidence of Hazell et al. (2022).1® We suppose that x = 1/0.049
as in McKay and Wieland (2021, 2022) so the relative price of durables is mildly procycli-
cal.'” The Taylor coefficient on inflation is ¢y = 1.5. Finally, the government finances
the stimulus checks by issuing debt, and repays it slowly by raising the tax intercept uni-

formly over 15 years and letting it decay to its long-run value over the next 5 years.

E.3 Fiscal Policy

Budget constraint. The government’s budget constraint is given by (A.34). The tax rev-

enues are

ﬁzn/////amw+@@mﬁ¢mgmgﬁﬁ (A.36)

16 Hazell et al. (2022) estimate that this slope is —0.0062 in terms of unemployment since 1980. The semi-
elasticity of unemployment with respect to output is roughly —0.5 over that period.

17 Empirically, the relative price of new consumer durables is relatively acyclical, even when using transac-
tion prices (Gavazza and Lanteri, 2021) as in CPI data (McKay and Wieland, 2021; Cantelmo and Melina,
2018).
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where y;_1 denotes the distribution of households” idiosyncratic states.”® The govern-

ment claims the net credit payments from households

zf_/////{rt = 1fl)5)§(1—0>ﬁﬁ(é)d
+ 8 () AP (x) + {1 =8 (x)} AF (x)} dp—1 (d,m, ¢, w,0),  (A37)

where x = (d,m, ¢, w, () denotes a household’s states and

_ 4
BP0 = (1o tyg) (-OR@d--0M 0 (A
_ ¢
A (x) = ¢ (1_1(1—_(1)[)(5) (1-6) P (&)d (A.39)

denote the net outflows of credit from households’ perspective in case of adjustment or no
adjustment, respectively.

Taxe rates. The tax rate is 77 = T + ¥;T, where T = 0.3 is the tax rate in steady state
and {¥;} takes the value 1 over 15 years and then decreases linearly to 0 over the next
5 years (Section E.2). The change T ensures that the government’s intertemporal budget
constraint holds, so

Yoo QsQ + T=LBS
=T (A.40)
Zs 0Qs¥s fffffexp (w+)dpus—1 (d,m, ¢, w, 7) Yine

where

Qt—r/////exp w+§ dpy— 1(dm§wC)thC

+ % — PGt — (A.41)
t s:O (1 + 7-[5)

and Q; = [T._; {(1+ 7s) / (L + 7™ )} is the stochastic discount factor.

18 As a reminder, it is equivalent to track households’ credit b or the number of installments that they have
already paid ¢ (Section A.1).
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IRF of demand for x (per capita)

E.4 Computational Details

We sample 200,000 households from the stationary distribution (Section A.3) and sim-
ulate them over a burn period of 400 quarters. We then solve for the transitions non-
linearly over 125 quarters, for each size of stimulus check. Given sequences of incomes,
interest rates, prices and tax rates, we iterate backwards on households’ values starting
from the steady state as described in Section A.2. We simulate households forward using
the associated policies. We then use the equilibrium conditions laid out above to update
the sequences of incomes, interest rates, prices and tax rates. We update these sequences
slowly using weights that decay over time according to vexp (—0.15¢) where f is mea-
sured in years and we use v = 0.6 for quantities and tax rates and v = 0.3 for prices. We

repeat this procedure until convergence.

E.5 Additional Results

Figure A.18: General equilibrium responses of sectoral demands to stimulus checks
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Notes: This figure plots the general equilibrium impulse responses of aggregate demands for each good,
per capita, over time following stimulus checks of various sizes sent in t = 0. The left panel corresponds to
durables, and the right panel corresponds to non-durables.
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