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Abstract

We show that infrequent and large durable purchases are key to understand
the average and distributional welfare consequences of episodes of persistent
price increases, such as those induced by supply chain disruptions or tariffs.
Households’” spending is much more concentrated over time when purchases
are lumpy. As a result, some households incur disproportionately large losses
when relative prices are high. At the same time, durable purchases are more
substitutable intertemporally, which could potentially soften the blow of such
price increases. We use a state-of-the-art model of households spending to
quantify the net effect between these two forces and investigate how welfare
losses depend on the persistence of price increases. We find that increases
in durable prices not only reduce average welfare more than comparable in-
creases in non-durable prices, but also induce a thick tail of welfare losses
concentrated amongst households who could not wait out the price increases.
This heterogeneity across households depends on the duration of the episode:
more transitory price increases result in thicker tails. As an application, we
conclude the paper by studying the welfare consequences of recent tariffs
changes in general equilibrium.

“Martin Beraja: maberaja@berkeley.edu. Nathan Zorzi: nathan.g.zorzi@dartmouth.edu.


mailto:maberaja@berkeley.edu
mailto:nathan.g.zorzi@dartmouth.edu

1 Introduction

Durable prices increased sharply in the aftermath of the COVID-19 pandemic.
Supply chain disruptions and production bottlenecks raised the effective cost of
purchasing cars, furniture, appliances and other consumer durables to levels not
seen in decades. Now, the US economy faces the prospect of another episode of
high durable prices — this time due heightened trade tensions and tariffs.

Durable purchases tend to be large, making such price increases particularly
salient to households. Should policymarkers be specifically concerned about price
increases affecting large durables? In this paper, we argue that they should: in-
frequent and large durable purchases are key to understand and quantify the wel-
fare consequences of episodes of persistent price increases, such as those induced
by supply chain disruptions or tariffs. In particular, existing models that abstract
from durable purchases underestimate substantially not only the average welfare
costs of these episodes but also their heterogeneity in the population.

When making these points, we recognize that durable purchases are specific in
two respects. First, they tend to be lumpy: households typically make infrequent
but large adjustments to their durable stock. In a given year, some households
might spend as much as their entire annual income on large items purchased with
credit. For instance, the average price of a new car in the US is comparable to
average households income and is typically financed with a car loan repaid over
several years. This lumpiness means that these welfare costs are unevenly dis-
tributed across households and concentrated among the unfortunate few whose
timing of durable replacement coincides with periods of high prices.

Second, durable spending is special in that households can substitute it in-
tertemporally. They can strategically delay purchasing durables such as vehicles
or household appliances. This flexibility allows consumers to temporarily buffer
themselves against high prices by relying on their existing stock of durables, ef-
fectively smoothing consumption and spending decisions over time. However,
households’ flexibility in timing their durable purchases is constrained by depre-
ciation and operational needs. If durable prices remain high for a sufficiently long
period of time, more and more households must bite the bullet and pay higher
prices.

These two properties of durable spending have opposite effects when it comes



to the welfare consequences of higher durable prices. On the one hand, lumpy pur-
chases means that some households will suffer large losses. This prospect raises
the average welfare cost when households are risk averse. On the other hand,
households’ ability to substitute intertemporally can potentially soften the blow of
higher prices if they are sufficiently transitory.

We resolve quantitatively the tension between these forces and investigate how
the welfare consequences of higher durable prices vary as the disruption becomes
more persistent. To do so, we build on the work of Beraja and Zorzi (2024), who de-
velop a state-of-the-art quantitative model of household spending specifically de-
signed to capture many features of households durable and non-durable spending.
Our model accounts for the lumpy nature of durable adjustment while allowing
for a flexible degree of time dependence that constrains households’ ability to shift
their durable spending intertemporally. Our model matches a large number of mi-
croeconomic moments, including the average adjustment frequency of durables,
the short-run elasticity of durable spending to price changes, the average marginal
propensity to spend on durables and non-durables and its distribution in the pop-
ulation.

We find that increases in durable prices not only reduce households” welfare
more than comparable increases in non-durable prices. They also induce a thick
tail of welfare losses driven by households who could not wait out the price in-
creases. Many households experience losses more than three times as large as the
average. The thickness of these tails depends on the duration of the price disrup-
tion: the longer the price increase, the thiner the tails as more and more households
have to bite the bullet and consent to paying higher prices. These findings contrast
sharply with those obtained in traditional models of non-durable consumption
alone.

In the second part the paper, we embed our model into an open-economy gen-
eral equilibrium model to assess the welfare consequences of recent tariff changes.
In particular, we explore how these costs are expected to grow as tariffs stay in
place for longer — giving us a sense of how much bargaining power the govern-
ment retains as the negotiations unfold. While our general equilibrium model is up
and running, we are still in the process of generating and exporting these results
and will add them soon to this draft.

Our analysis speaks to the broader literature on lumpy adjustments in durable



goods. Berger and Vavra (2015) introduced the canonical model of lumpy durables
with incomplete markets. This model has served as a foundational framework for
subsequent studies exploring the effect of monetary policy (McKay and Wieland,
2021), the response to credit shocks (Gavazza and Lanteri, 2021), and the effec-
tiveness of purchase subsidies (Berger et al., 2023). Our contribution expands this
literature by focusing explicitly on the welfare implications of lumpy adjustments
following durable price changes and by emphasizing the role of duration in shap-
ing the severity of welfare losses.

Our work complements recent studies that highlight significant and heteroge-
nous welfare costs of price increases. Del Canto et al. (2023) emphasize infla-
tion’s regressive effects, which disproportionately burdens lower-income house-
holds due to their consumption patterns and limited assets. Guerreiro et al. (2024)
show that inflation erodes workers real wages, inducing costly conflict with em-
ployers. Afrouzi et al. (2024) provides a theory of how inflation-driven real wage
declines lead to increased job-to-job transitions, causing substantial and uneven
welfare losses. Our general equilibrium exercise also connects to a literature that
studies the inflationary response to higher tariffs and the significant economic costs
that they induce. Both Amiti et al. (2019) and Fajgelbaum et al. (2020) document
that tariffs introduced by the Trump administration during 2018 have fallen on do-
mestic consumers and importers, implying a substantial reduction in aggregate US
real income.

The remainder of the paper is structured as follows. Section 2 presents our
spending block. Section 3 discusses its calibration. Section 4 quantifies the welfare
implications of increases in durable and non-durable prices. Section 5 presents a

general equilibrium application of our model to tariffs.

2 Model

We use the state-of-the-art model of durable and non-durable spending of Beraja
and Zorzi (2024). For completeness, we summarize the setup below and formulate
the problem recursively in Appendix A. Households consume non-durables and
invest in durables, and they face uninsured earnings risk. Time is discrete, and

there is no aggregate uncertainty. Periods are indexed by t > 0.



2.1 Goods and Preferences

Households consume c¢; > 0, and invest in durables d; > 0. Their utility is
Z/{t =u (Ct,dt) + ‘B]Et [ut—H] ,

where B € (0,1) is the discount factor between periods. Inter- and intra-temporal

preferences are

1 1-0 1y I ﬁ
u(c,d) = 1—U(c,d) and U(c,d) = {1936 v dvd ] )

where ¢ is the inverse elasticity of inter-temporal substitution, v is the elasticity
of intra-temporal substitution, and consumption weights satisty 9. +¢; = 1. In
every period, each household is subject to random disutility cost € if it adjusts its
stock of durables. These disutility shocks are idiosyncratic, independent over time,
and distributed according to a logistic distribution £.! The mean and variance of
this distribution are controlled by ¥ > 0 and 7? > 0, respectively.? Households
therefore compare the value of adjusting net of this disutility cost to the value of

holding on to the existing stock of durables

V; = max {VtadeSt —€, Vtmt} (1)

where Vtadjust and V"' are the idiosyncratic values of adjusting and non adjusting,

respectively. This discrete choice problem yields a smooth adjustment hazard (or

adjust
S0 — exp <_Vt : W(X)_K> .
A VP () —x V)
exp| ——— | Texp (T)

This specification is common in the literature, as discussed in our introduction. Additional refer-
ences in the context of automobile demand include Rust (1985), Copeland (2014) and Gillingham
et al. (2022).

The literature typically normalizes the mean of these shocks to zero (Artug et al., 2010). By letting
the mean and variance be unrestricted, we introduce one extra degree of freedom which allows
us to match the micro-level evidence (Section 3).

probability)




2.2 Investment, Saving, and Down Payment

A household’s durable stock depreciates at rate § and requires a mandatory main-
tenance rate : between adjustments sod; = (1 — (1 — 1) §) d;_1 when the household
does not adjust (Berger and Vavra, 2015). Households also save in a liquid asset
m > 0 (i.e., cash, deposits) which interest rate 7}". They use this liquid asset to pur-
chase non-durables and to make a down payment 6 as a share of the value of their
durable purchase.®> They finance the rest of their durable purchases through illig-
uid debt by > 0 (i.e., car loans, furniture and appliance installments) that carries
an interest rate r > r".4 In every period, households pay the interest rate on this
credit and repay the principal at a constant rate ¢ € (0,1) as in Laibson et al. (2024).
They prepay these loans in full when purchasing a new durable. The assumption
that loans are illiquid is realistic: while refinancing is common for housing, it is

virtually nonexistent for consumer durables which we focus on.’

2.3 Prices

Households purchase durables at price P?.° We parametrize the pass-through
from changes in purchasing prices APY onto trade-in prices APtd’trade for the same
durable by A > 0. This parameter captures the fact that the trade-in price of certain
large durables is either determined at the time of the previous purchase (e.g., for

leased cars) or is adjusted more slowly by retailers than the price AP at which the

3 Down payments are an important feature of durable goods purchases (Argyle et al., 2020) and

are key to understand the response of durables to shocks (Luengo-Prado, 2006). In practice, the
vast majority of down payments on cars does not exceed the minimum level required (Adams
et al., 2009; Einav et al., 2012). Other types of durables can often be financed through buy-now-
pay-later plans that typically require a small down payment.. Our calibration of 8 will account
for all these categories.

In contrast, the standard formulation with a loan-to-value constraint (Luengo-Prado, 2006;
Berger and Vavra, 2015; McKay and Wieland, 2021) does not make a distinction between lig-
uid asset and illiquid credit. This standard formulation presumes that households can refinance
continuously and extract equity from their durables. This is counterfactual in the context of con-
sumer durables which typically results in implausibly small MPXs (McKay and Wieland, 2021)
particularly for non-durables.

In particular, prepayments on car loans — the largest component of households’ debt excluding
mortagages and students loans — are mostly unresponsive to shocks (Heitfield and Sabarwal,
2004; Ganong et al., 2024; Grunewald et al., 2023; Katcher et al., 2024). Buy-now-pay-later plans
provide little incentives to prepay since they often carry no interest rate if they are repaid on
time.

There is no distinction between new and used durables.



durable is resold on the secondary market (e.g., used cars, electronics, furniture,

appliances, etc.).” The price of the non-durable good is denoted by Pf.

2.4 Income Process
Income process. Households’ labor earnings are exp (y;) Y™"® where y; is their log-
productivity and Y'"® = 1 is aggregate income. Log-productivity is

Y = wi + ¢

which w; is a persistent component and (; is a transitory component. The persis-

tent component follows an autoregressive process
Wt = pWi-1 + et

with persistence p € (0,1) and innovations ¢; ~ N (0,02) with 02 > 0. Indepe-
dently, the transitory innovations are given by {; ~ N (O, (75) with ag > 0. We
denote the transition kernel for the persistent component by T, (dw'; w) and the
distribution for the transitory component by I'; (d¢"). Finally, households’ income

after taxes and benefits is
YVi=(1—1)exp (wr+ ) yinc

where T > 0 is the tax rate.

3 Calibration

We interpret durables as consumer durables (cars, appliances, furniture) and ab-
stract from housing purchases. Each period in the model is a quarter. The cali-
bration strategy follows Beraja and Zorzi (2024). We summarize it briefly for com-

pleteness. Tables 1 and 2 summarize the parametrization.

7 The parameter A captures the pass-through from AP¢ onto APtd trade practice, there might be
a level difference between these prices too due to intermediation fees. This level difference is not
separately identified from the first moment of the distribution of preference shifters «.



Table 1: External calibration

Parameter Description Value Source / Target
Preferences
o Inverse EIS 2 Berger and Vavra (2015)
v CES parameter 1 Long-run price elasticity
Durables
) Depreciation rate ~ 6.24% NIPA
Financial assets
0 Down payment 41% See text
0 Repayment rate 6.88% See text
' Return on cash 1% Real annual Fed funds rate
b — Borrowing spread 1.54%/4 See text
Earnings
1Y Persistence 0.9898 Krueger et al. (2016)
Ow Volatility (persist.) 0.1015 Krueger et al. (2016)
o7 Volatility (transit.) 0.10 Guvenen and Smith (2014)
T Tax rate 0.3 Marginal tax rate of 30%

Notes: The sources and targets are described in more details in Section 3.1.

Table 2: Internal Calibration

Param. Description State-dep. Our model Target Value
B Discount factor 0.9719 0.9711 Liquid. / A inc. 26%
% Non-dur. pref. 0.7766 0.7656 d / c spending 24%
L Maintenance 0.1133 0.1169 Mainten. ratio 12%
K Location param. 0.1401 0.8824 Adjust. frequ. (A) 38%
n Scale param. 0 0.3157 MPX (Q) 28%

Notes: The purely state-dependent model is a version of our model with 7 — 0. We calibrate
7 = 0.32 in our model as we discuss in Section 3.2. All other targets are matched exactly. The
sources are described in Section 3.2.



3.1 External Calibration

We start by calibrating externally some parameters that are either standard in the
literature or measured in the data.

Preferences and depreciation. The inverse elasticity of intertemporal substitution is
o = 2, which is usual in the literature on durables (Berger and Vavra, 2015; Guerri-
eri and Lorenzoni, 2017). We choose an elasticity of substitution between durables
and non-durables of v — 1 to obtain a unitary long-run price elasticity for cars
(Berry et al., 2004; Orchard et al., 2022). We pick the quarterly depreciation rate
¢ to obtain an effective annualized depreciation of 20.3% (BEA) after mandatory

maintenance.

Down payment requirement. We assume that the down payment for cars of 15%
which is a standard value (roughly 10% for new cars and 20% for used cars). The
down payment share is harded to measure for other durable expenses that involve
some form of illiquid consumer credit (buy-now-pay-later, retail credit). The rea-
son is that these credits are issued by a variety of financial providers, sometimes by
the stores directly, etc. The overall volume of such credit originated every year is
roughly $250bn (Flagg et al., 2024, Capital One, 2024). This figure is much smaller
than the $655bn or so in auto loans originated every year (Federal Reserve Bank of
New York, 2025). Comparing the ratio of consumer credit to auto loans originated
with the ratio of spending on those categories in the CEX, we conclude that house-
holds pay down about 68% of their expenses on consumer durables other than cars
and repay the rest over time. Overall, we obtain an average down payment share
of roughly 0 = 41%.

Financial assets. We assume that auto loans are repaid with a half-life of 3 years
(since the typical car loan has a duration of 6 years) and that illiquid consumer
credit contracted to purchase other durables (buy-now-pay-later and retail credit
which come with installment plans) are repaid with a shorter half-life of 6 months
(this type of credit often has a duration of 12 months for electronics and furniture).
Households hold about $1.7tn in auto loans (Haughwout et al., 2025) and $250bn in
buy-now-pay-later and retail credit (Flagg et al., 2024; Capital One, 2024). Putting
this information together implies that the average (exponential) repayment rate is

8



about ¢ = 25% per year. We set the real return on the liquid asset to " = 1%
per year. The average interest on auto loans is 4.77% in nominal terms or roughly
2.77% in real terms. In turn, buy-now-pay-later plans or retail credit often come
with little to no interest rate if the credit is repaid on time. We weight these interest
rates using the respective share of credit originated (see above) to obtain an inter-
est spread on credit r’ — 7™ of 1.54% in annualized terms.

Income process. We assume that the persistence of the annual component is 0.96
annually and that the variance of the innovations is 0.04 annually (Blundell et
al., 2008a; Krueger et al., 2016; Kaplan and Violante, 2022). It is well-know that,
empirically, the transitory component soaks measurement error which should not
affect households” behavior. Guvenen and Smith (2014) address this issue and
estimate the standard deviation of the transitory income shocks that is consistent
with households’ consumption response response to income shocks. They obtain a
standard deviation of 0.10, which is about half the conventional estimates (mean-
ing that measurement errors account for the remaining 50%). We convert these
annual estimates into quarterly ones using the approach of Krueger et al. (2016).
Finally, we set the marginal tax rate to T = 30% which is standard in the literature.

3.2 Internal Calibration

We calibrate five parameters internally: (i) the discount factor f; (ii) the relative
weight on non-durables 9; (iii) the maintenance rate ¢; (iv) the location parameter
for preference shocks «; and (v) the scale parameter for preference shocks 7. We
choose the discount factor to match an average stock of liquid asset holdings m
of 26% of average annual income (Kaplan et al., 2018). We calibrate the relative
weight on non-durables to target a ratio of durables to non-durable expenditures
x/c = 0.26 based on CEX data.® We set the maintenance rate to obtain a ratio of
maintenance spending to gross investment of 32.6% as in the CEX for cars, which
is similar to the value used in McKay and Wieland (2021, 2022). The location pa-

8 As discussed, we exclude housing from both durables and non-durables. Durable spending in
the CEX consists of: household furnishings and equipment; vehicle purchases; maintenance and
repairs on vehicles; audio and visual equipment and services; and other entertainment supplies,
equipment and services. Non-durable spending consists of total spending minus the categories
above and housing.



rameter x controls the position of the hazard and we pick it to match an annual
frequency of adjustment of roughly 25%. In turn, the scale parameter 1 controls
the shape of the hazard, i.e., whether it is flat as in purely time-dependent mod-
els or sharply increasing as in purely state-dependent models. As in Beraja and
Zorzi (2024), we calibrate the scale parameter by match a quarterly total MPX of
28%, which results in 77 = 0.32. This value lies between the estimates of Borusyak
et al. (2024) and Boehm et al. (2025) and coincides with the preferred estimate in
Orchard et al. (2022). We leave the MPX on durables as an untargeted moment
since there is more empirical uncertainty about the exact split between durables
and non-durables.” We obtain a quarterly MPX of 16% on durables and 12% on

non-durables.

3.3 A Benchmark With Non-Durables Only

The next section compares the results in our model with a two-asset model of non-
durables consumption based on Kaplan et al. (2018). Importantly, we calibrate
the non-durables model with the same elasticity of intertemporal substitution and
interest rate as in our model, and calibrate the discount factor to match the same

share of hand-to-mouth households too.

4 Welfare Losses from Price Increases

In this section, we establish three quantitative results. First, an increase in durable
prices generates welfare losses that are substantially larger relative to comparable
increase in non-durable prices. Second, the distribution of welfare losses has a
much thicker tail when spending is lumpy — many households experience losses
more than three times as large as the average. Third, these tails become thinner
as the duration of price changes increases and more and more households have to
bite the bullet and consent to paying higher prices. The findings contrast sharply

with those obtained in traditional models of non-durable consumption alone.

9 For instance, Orchard et al. (2025) find a smaller response of durables following the 2001 tax
rebate, whereas Orchard et al. (2022) find a stronger response.
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4.1 The Contribution of Durables

Figure 1: Welfare Changes

Comparing to a model of non-durables Contribution of durables in our model
5% ‘ | | 5% ‘ ‘ | |
Our model I I Durables I I
2A non-dur. : : Non-durables : :
4% [ 1 I 4% [ 1 1
1 1 1 ]
1 1 1 1
3% | : : 5 3% | : :
1 I g 1 1
1 1 =] 1 1
o 1 1 qc; 1 ]
2y : | = 2 : :
() 1 1 1
[} 1 1 1
1%+ | I . 1%+ 1 i
() 1 1 1
[} 1 1 1
() ] 1 1

0% . I i | |I I | ’ (1l 0% . . NI W .

-2.5% -2% -1.5% -1% -5% -4% -3% -2% -1%
Welfare change Welfare change (norm.)

Notes: The left panel plots the distribution of welfare losses in our model (in red) and in a two-
asset model of non-durables (in grey) following a 10% increase in (all). The price change mean
reverts with a half-life of 1 year, according to an AR(1) process. Welfare changes are computed
in consumption equivalent terms. The right panel plots the distribution of welfare losses in our
model following a 10% increase in the price of durables only (in red) or non-durables only (in
blue). The price change mean reverts with a half-life of 1 year, according to an AR(1) process.
Welfare changes are computed in consumption-equivalent terms and normalized by the share of
steady state spending on either durables or non-durables.

The left panel of Figure 1 illustrates the distribution across welfare changes (in
consumption equivalent terms) of a 10% increase in both durable and non-durable
goods prices simultaneously increase. The price changes mean revert with a half-
life of 1 year. The figure shows that both the average loss and heterogeneity in
losses are larger in our model compared to the non-durables model. Notably, while
the non-durables model predicts relatively moderate and uniform impacts on wel-
fare, our model highlights substantial heterogeneity, identifying a pronounced
long-left tail of households who suffer notably large welfare losses.

In turn, the right panel of Figure 1 decomposes the welfare changes in our
model into the contributions from durable and non-durable price increases sepa-
rately, each normalized by their steady-state spending shares. This decomposition
confirms that increases in durable prices carry larger welfare costs on average than

comparable increases in non-durable prices. The figure also confirms that the in-

11



crease in durable prices is primarily responsible for the pronounced long-left tail
observed in Figure 1.

These results imply that policymakers should be particularly concerned about
durable price changes. When trying to address supply chain bottlenecks or when
deciding which tariffs to raise, the government prioritize alleviating the price pres-
sure from durable industries compared to non-durable industries of the same size.

4.2 The Role of Large Durable Expenses

Figure 2 investigates the source of the pronounced long-left tail of welfare losses
identified earlier, attributing it primarily to households planning large, or "big
ticket," durable good purchases. By comparing a household with no intended
durable purchase (expected durable spending x = 0) against one intending to
make a large durable purchase (large and positive x) in the very first period, we
tind that the latter suffers approximately a 1.5 percentage point greater welfare
loss.!? Quantitatively, this behavior explains the substantial thickness of the wel-
tare loss distribution tail observed in Figure 1.

Figure 2 also explores how the pass-through A to trade-in prices affects the
heterogeneity in these welfare losses. Our benchmark calibration with A = 30%
corresponds to the orange curve. We consider alternative scenarios with A = 0%
(the trade-in price is fixed, in red) and A = 100% (there is full pass-through, in
green). The higher A, the larger the trade-in price will be following an increase
in P#. Households can leverage up these higher trade-in prices since they only
need to pay down a share 6 of their durable purchases. Following an increase
AP? in durable prices, households can thus extract (A/6 — 1) AP? in equity. Our
benchmark calibration ensures that this term is relatively small, i.e., households do
not rush to sell their old durables and purchase new ones when AP? > 0.

The different scenarios that we consider make very little difference for the het-
erogeneity in welfare losses among households with x > 0 who plan on purchas-
ing durables. They have different implications, however, for households with

x < 0 who plan on selling durables. The higher the pass-through onto trade-in

10 Even the first household experiences a welfare loss since it will need to purchase a new durable
at some point in the future. To facilitate the comparison, Figure 2 expresses welfare changes in
deviations from the one experienced by this household.
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Figure 2: The Role of Large Durable Expenses
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Notes: This figure plots welfare changes as a function of expected durable spending S (x) x x8%P (x)
before the shock, where x8%P (x) denotes investment conditional on adjustment. To account for
differences in income and wealth across households, we normalize expected durable spending by
non-durable consumption c (x) before the shock. In the benchmark scenario (in orange), the pass-
through to trade-in prices is A = 30%. We consider alternative scenarios with no pass-through
(A = 0%, in red) and full pass-through (A = 100%, in green). Welfare changes are computed
following a 10% increase in the price of durables only (in red) or non-durables only (in blue). The
price change mean reverts with a half-life of 1 year. To facilitate the comparison across the three
scenarios, we normalize welfare changes to 0 when expected (normalized) durable spending is
zero. The grey bars correspond to the distribution of (normalized) durable spending before the
shock.

prices, the more equity they can extract and hence the lower the welfare losses —
some of these households even benefit from higher prices despite having to repur-
chase a more expensive one. That said, this possibility seems more relevant for
assets like housing rather than typical consumer durables (e.g., toys, appliances,

books, cars).

4.3 Duration and Welfare

Figure 3 plots the distribution of welfare losses as we vary the persistence of the
price increase for durables from a half-life 1 quarter to 4 years. The rightmost dis-
tribution (in blue), corresponding to the shortest duration, shows relatively smaller
welfare losses clustered near zero. As the duration increases, the distribution shifts

to the left since households are confronted with higher prices for longer. However,
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Figure 3: Persistence of Price Increase
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Notes: This figure plots the distribution of welfare losses in our model following a 10% increase in
the price of durables. Each distribution represents a price change that mean reverts with a different
half-life, according to an AR(1) process. Welfare changes are computed in consumption-equivalent
terms.

the incidence is uneven across the distribution — the welfare losses are not multi-
plied uniformly by the same factor. Instead, the distribution becomes less skewed
as exhibits less excess kurtosis (or thiner tails) as the duration of the price change
increases. Put it differently, welfare become proportionately less heterogenous as
the price change persists for longer. This result is intuitive: most households can
substitute intertemporally when the price hike is temporary, with only a few unfor-
tunate households who cannot avoid adjusting their durables; as the price change
becomes permanent, households cannot avoid it by substituting intertemporally,
they bite the bullet and consent to paying the higher price, therefore incurring a

welfare loss.

4.4 The Response of Spending

The partial equilibrium analysis that we presented so far likely underestimates
the true welfare costs of price changes for durables. The reason is that increases
in durable prices lead to a sharper contraction of aggregate demand relative to
comparable increases in non-durable spending, as illustrated by Figure 4. This

would amplify welfare losses in general equilibrium where the larger decline in
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aggregate spending translates into a larger decline in incomes. This observation
motivates our general equilibrium analysis in the next section, in which we attempt

to estimate accurately assess the welfare implications of recent tariffs hikes.

Figure 4: Spending Changes
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Notes: This figure plots the distribution of spending changes in our model following a 10% increase
in the price of durables only (in red) or non-durables only (in blue). The price change mean reverts
with a half-life of 1 year. Spending changes are normalized by the share of steady state spending
on either durables or non-durables.

5 A General Equilibrium Application to Tariffs

In the rest of this paper, we use our model to evaluate the effect of tariffs increases
in general equilibrium, motivated by the recent hikes following “Liberation Day.”
We extend the heterogeneous-agent New-Keynesian model setup of Beraja and
Zorzi (2024) to an open-economy and introduce tariffs on imported goods.!! Our
model accounts for endogeneous changes in incomes and prices in response to
these tariffs changes. We describe the the environment in Section 5.1 and the pa-
rameterization in Section 5.2. We quantify the general equilibrium response of
welfare in Section 5.3. We provide more details in Appendix B.

1 The revised version of that paper assumes a closed economy.
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5.1 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 intermediate for producing the investment good. 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 with non-durables (as in McKay and
Wieland, 2021).

Households. The household block of the economy is identical to the one introduced
in Section 2. The only difference is that we allow for inflation and relative price
movements between durables and non-durables over time, as well as imports and
exports of goods.

Households import part of their non-durable and investment goods. Account-
ing for imports is important to quantify the effect of stimulus checks accurately, as
part of the extra spending from checks leaks abroad. This is especially important
for durables for which the import share in US expenditures is roughly one fourth.

Non-durable consumption c¢; and investment x; are given by

4 p

p—1 | P71 p—1] P T

=1 Y, ((x]‘?)ﬁ (c]t)T and x;=| ) (af)ﬁ (ch)T , (3

je{H F} je{H F}

where ¢! and ¢! are the consumptions of the home and foreign non-durable goods,
respectively, and the weights af; + 4% = 1 capture the corresponding spending
shares.!? The terms x{ and ocf are defined similarly for investment in durables.
In the following, we let Pf and P? denote the price of the consumption and in-
vestment baskets (3) expressed in terms of the home non-durable good. All other
prices and real quantities are also expressed in terms of that good (Appendix B.1).

The demands from the rest of the world are similar to (3). Total consumption
of non-durables c; and investment in durables x} in the rest of the world are con-
stant and equal to the steady state levels at home, so there are no net imports in
steady state. However, countries can run a current account surplus or deficit af-

ter an aggregate shock. Domestic and foreign prices are normalized to 1 initially.

12'We will contrast the responses in closed (a% = (X‘Z- = 0) and open (a%, adp > () economies.
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Domestic prices respond to an aggregate shock, while foreign nominal prices are
fixed throughout. Finally, the nominal exchange rate is pinned down by purchas-
ing power parity in the long-run, and uncovered interest rate parity during the

transition (Appendix B.1).

Tariffs. The government can levy tariffs 7/ and 7¢ on imported durable and non-
durable goods, respectively. Accordingly, the home price indices are

1
1—

P = [ () o+ (1) (1 7)) ] 7, @

for each good z € {c,d}, where 77 is the tariff levied on each good, ¢ is the real
exchange rate and pf is the price of the domestic good relative to the non-durable
one, and where are using the fact that the nominal prices of foreign goods are nor-
malized to 1.

Price setting. A firm produces non-durables using labor. Inflation in the price of
the non-durable good (71;) is given by a Phillips curve

Ydom
m; = klog W + By, )

t

where Y3°™ is the aggregate demand for the non-durable good, Y7 ot s potential

output in that sector, and x > 0 is the slope of the Phillips curve.'?

A firm can produce F (M) = AOM%@ units of the investment good using M
units of non-durables as in McKay and Wieland (2021, 2022), where 1/ > 0 gov-
erns the decreasing returns in production (and hence the inverse supply elasticity)
and Ap > 0 is productivity. Profit maximization implies that, in equilibrium, the
relative price of the investment good is

1/¢
Xdom
d t
Pt = (Xpotent> ’ (6)
t

13 See McKay and Wieland (2021) for a microfoundation. 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.
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where X{°™ is the aggregate demand for durables produced domestically and

XfOtent is potential output in that sector.

Policy. The government imposes tariffs on imported goods. The government’s
flow budget constraint is

1-|—7’t

Bf + PfG = ——
¢ T 5 Gy 1+

BY [+ Mi+Ti+3%y (7)
where B? are real asset holdings, G; is government spending on non-durables,
M ; are revenues from tariffs, 7t = [ (yY{"® — ¢ (yY")1"¥1) dy;_ are the rev-
enues from progressive income taxation (Heathcote et al., 2017) with Y denot-
ing households’ aggregate real income, ¥ are credit payments from households.*
Real spending is constant G; = G > 0. Monetary policy follows a standard rule
rit = max {r" + ¢y, v} where 1™ is the steady state interest rate on the liquid
asset, ¢r7 is the coefficient on inflation, and r is the effective lower bound.!®

Outputs and incomes. Market clearing requires that the amounts spent on the non-
durable and durable goods equal the value of the production in these sectors

B (Coot Go) + F1 (Xfom) 4 Nxes! = yom, ®)

and
PIX; + piI + NX{re! = pixgom, 9)

where C; and X; are the households” aggregate demands for the non-durable and
investment good, respectively, F -1 (Xfom) is the demand for intermediates used
to produce X9°™ units of the investment good, NX™@ and NX¢™! are real net
exports (Appendix B.1), and Y°™ and X9°™ are the sectoral outputs. Households’
aggregate income before interest and tax payments is Yti“C = Ytdom + Div;, where

14 Instead of assuming that the government claims ¥, we could have introduced a separate finan-
cial sector. We assume that the government spends G; on domestic and foreign varieties using
the same aggregator (3) as the households.

15 We assume that the Taylor coefficient on the output gap is zero, as in Auclert et al. (2021). We also
assume that monetary policy responds to inflation in non-durables 71;, as in McKay and Wieland
(2021), since this is the only good produced with labor. We have experimented with a version
where the Taylor rule depends on CPI (or PPI inflation) instead of non-durable inflation 7;, and
obtained similar results.
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Ydom are the payments from the firm producing the non-durable good and Div;
are the dividends disbursed by the firm producing the investment good.'® Finally,
households’ real net income before interest payments is E'®t (x) = (1 — 7) yYi",where

y are idiosyncratic income shocks, and ¢ ; and ¢; parametrize the tax schedule.

5.2 Parametrization

As in our baseline calibration (Section 3), the real interest rate is ¥ = 1% in the
stationary equilibrium, aggregate income is Y{"® = 1, the government maintains a
constant ratio of debt to annual aggregate income of 26%, and the tax intercept
ensures that the marginal tax rate is 30% in the long-run. Households import 23%
of their durable spending at the steady state, and 9% of their non-durable spending
(Hale et al., 2019). We set the elasticity of substitution between home and foreign
varieties to p — 1. This value lies between the short-run and long-run estimates
of Boehm et al. (2023). We normalize the productivity Ag in the sector producing
the investment good so the relative price of durables is p? = 1 at the initial steady
state. The slope of the Phillips curve is k¥ = 0.0031 based on the evidence of Hazell
et al. (2022).!7 For now, we focus on the case { — +oco where the relative price of
durables is acyclical. The Taylor coefficient on inflation is ¢r7 = 1.5. The effective
lower bound on the interest rate is 3 percentage points lower than the steady state
(real) interest rate ™, assuming a 3% nominal return on the liquid asset. Therefore,
we set the effective lower bound to r = —2%. The government issues debt, and
repays it slowly by raising the tax intercept 1y ; uniformly over 15 years and letting

it decay to its long-run value ¥y over the next 5 years.

5.3 Welfare Losses from Tariffs

Coming soon

16 Households claim the revenue of the firm producing non-durables. We do not make a distinction
between the wage bill and profits of that firm for the reasons discussed in footnote 13.

17 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.
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Online Appendix

A Recursive Formulation

We now state the household’s problem recursively. At the begining of the period,
households are indexed by six idiosyncratic states x = (d, m, b, y), i.e., their stock
of durables d, their cash-on-hand m, their outstanding credit b, and the three com-
ponents of income y = (&, w, ().

The household first chooses whether to adjust its stock of durables or not. The

value associated to the discrete choice problem is
Vi (x; €) = max {VtadjuSt (x) — ¢, Vot (x)} ,

where %adeSt (x) and V"°! (x) are the value of adjusting and not adjusting the stock
of durables, respectively, and € is a random disutility cost of adjustment. These
taste shocks € are independent over time and distributed according to a logistic
distribution £.'® The mean and variance of this distribution are controlled by
x > 0and 5> > 0, respectively.!” This discrete choice problem yields a smooth
adjustment hazard (or probability)

( Vtadjust(x) K)

exp (=5 —

S = . . 10

e Ve ) v o
exp ) Texp (T)

18 This specification is common in the literature, as discussed in our introduction. Additional refer-
ences in the context of automobile demand include Rust (1985), Copeland (2014) and Gillingham
et al. (2022).

19 The literature typically normalizes the mean of these shocks to zero (Artug et al., 2010). By letting
the mean and variance be unrestricted, we introduce one extra degree of freedom which allows
us to match the micro-level evidence (Section 3). Random monetary fixed costs of adjustment
also produce a smooth hazard, although they do not have a clear economic interpretation in the
context of consumer durables.




When the household adjusts its stock of durables, its value is given by
Vi (x) = max u (c,d') + B [ Vir (&', U, y/se') dE (€) T (d2') T (de's0)
s.t. 0P + m' + ¢ < 1 (x) + (1 — 6) PPseondg —
m' >0,b =(1-6)pPd

i.e., the household decides how much to consume ¢ and how much durables to
purchase d’ subject to their budget constraint and borrowing constraint. Adjusting
the stock of durables resets the stock of outstanding credit to b’ = (1 — 6) Pdd’.
Cash-on-hand before adjustment, stimulus check and credit pre-payment is

iy (x) =(1—1)exp (a+w+) Y+ (1+7 ) m
—rv  xb, (11)

i.e., the household earns some income, pays taxes whose schedule is parametrized
by ¥o and ¢, receives a return on its holdings of liquid asset m, and pays an in-
terest rate rf on its debt. In addition to this cash-on-hand, the household sells its
stock of durables (1 — &) P#™9¢4 and prepays its oustanding credit b. The resale

price on the secondary market is
Ptd,trade =pf4 ) ( Ptd _ pd) )

where P is the steady state price of durables and A denotes the pass-through from
purchasing prices AP? to trade-in prices AP#™de,
When the household instead holds on to its existing stock of durables, its value

is given by

Vo (x) = max u (c,d’) + B / Vipr (d,m', 0,y €' ) dE (¢') Ty (A7) T (de'; w)

c,m’

s.t.m’ +c¢ < iy (x) + (b = b) + Ty — 16P?d
d=(1-(1-1)6)d
m>0,b=(1-¢)b

i.e., i.e., the household decides how much to consume ¢ and maintains its stock of



durable at cost t5Pfd. The household repays the principal on its credit at rate ¢.
Beraja and Zorzi (2024) explains how to solve this recursive problem numerically.

B General Equilibrium

In this appendix, we describe the general equilibrium setup in more details. Sec-
tion B.1 describes the price indices and the open economy features of our model

(net exports, the real exchange rate, etc.). Section B.2 discusses fiscal policy.

B.1 Price Indices, Trade Balance and Exchange Rate

This appendix provides the expressions for the price indices, the trade balance,

and the equilibrium exchange rate.

Price indices. We express the domestic prices and price indices, the exchange rate,
and the trade balance relative to the price of the domestic non-durable good.?’
The real exchange rate is the cost of acquiring a non-durable good from the for-
eign country. The price indices at home for the non-durable and investment goods
baskets are

1
i 1-p

1-p _
" and P = {ad (pf) +(1—ag)(e)F|
(12)
where ¢; is the real exchange rate and p? is the relative price of the domestic invest-

P = [met (1-ac) (er)' |

ment good, using the fact that the nominal prices of foreign goods are normalized

to 1 (Section 5.1). Similarly, the price indices abroad are

1

1 1-p]| 7=
P = [zxc + (1 —a) (1/et)1_9} " and Pi* = {zxd +(1—ay) (pf/et> ] '
(13)

Net exports and trade balance. Let

—p —-p
IMS = (1—a) (P—f) (Ci+G1) and IM{ = (1—ay) (%) X, (14)
t

20 Similarly, we express the foreign price indices (13) relative to the foreign non-durable good.



denote the quantities imported of the non-durable and investment good, respec-
tively, using the fact that the nominal prices of foreign goods are normalized to 1.
Similarly, let

f * * d _ pd/ef ’ *
S (C*+G*) and EX{=(1-—uay) EE X

EX{ = (1 —a.) <
(15)
denote the quantities exported, where consumption C*, government spending G*
and investment X* in the rest of the world are constant and equal to the steady
state levels at home, i.e., C* = C, G* = G and X* = X, so there are no net imports
initially. The quantity indices for net exports are NX; = EXj — IMj for the non-
durable and investment goods z € {c,d}. The quantity index for the trade balance
is TB; = NX§ 4+ NX/. Net exports in real terms are NXf’real = p;EXf — e IM for
the non-durable and investment goods z € {c,d}. Finally, the trade balance in real
terms is TB{* = NXx¢™eal - Nxd-real

Exchange rate. The nominal exchange rate satisfies uncovered interest parity. There-
fore, the real exchange rate follows

1+7r*

T (16)

et = (1+ 7m41) 17
:

where r* is the foreign interest rate, which is constant and equal to the steady state

level at home " = 1%. The terminal condition is lim;_,, e; = 1 by purchasing

power parity and using the fact that the foreign nominal price is normalized to 1.%!

B.2 Fiscal Policy

Budget constraint. The government’s budget constraint is

T: 1471
1—|—7'[t_ 1—|—7Tt

B + PG + B [+ M+ /rt exp (W + ) Y™du;, 1+ % (17)

where M, is the proceedings from tariffs. Instead of introducing passive financial

intermediaries, we suppose that the government claims the net payments on credit

21 We work with a finite horizon in our simulation and assume that e; = 1 after 20 years.



from households %,

Taxes. The tax rate is 7; = 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 5.2). The change T ensures that the government’s tax revenues are
equal to its spending in present discounted value. Therefore, the tax rate is

Yo Qe + 1f#Bg_l

T=7-V¥ +70 18
' tZt QY [exp (w + Q) Erdp_1 (18)
where T
Q=7 / exp (w +0) Eydpty_1 + My + 54 — —— — PFG, (19)
1+ mp
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