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1 Introduction

Studies of the macroeconomic effects of tariffs often assume a single uniform tariff. In the

data, however, tariffs vary significantly not only over time but also across goods. In any

given period, policymakers select some product lines and change their dutiability status,

leave the tariffs of other dutiable product lines unchanged, raise tariffs on some dutiable

goods, and lower tariffs on others. How is this pattern reflected in the distribution of import

tariffs across goods and over time? What are the macroeconomic effects of this form of tariff

adjustment? And what are the consequences of eliminating tariff dispersion through tariff

harmonization?

To address these questions, we begin by analyzing tariff movements in a panel of U.S.

imports of goods and customs duties at a quarterly frequency from 1990:Q1 to 2026:Q1 at the

HTS 6-digit product level. We document four features of U.S. tariff policy. First, on average,

about 75 percent of imports are dutiable. Second, in a typical quarter, about 60 percent of

dutiable product lines experience no change in their tariff rates. Third, conditional on being

dutiable, a tariff spell lasts an average of four quarters. Fourth, among dutiable product lines

whose tariff rates do change, roughly half experience increases and half decreases. Taken

together, these patterns point to a staggered process of tariff adjustment.

Motivated by these empirical regularities, we develop a model of staggered import tariff

setting. In each period, the government resets the import tariff on a randomly selected

fraction 1 − θ of goods, while the remaining fraction θ retain their previous-period tariffs.

The reset tariff follows an exogenous stochastic process. We show that tariff staggering alters

the law of motion of the cross-sectional mean tariff, the variable whose macroeconomic effects

are typically studied in the related literature. Specifically, staggering raises the order of its

autoregressive representation by one. Thus, if the reset tariff follows an AR(1) process with

persistence ρ, the cross-sectional mean tariff follows an AR(2) process with first-lag coefficient

θ+ρ and second-lag coefficient −θρ. By contrast, absent staggering, the cross-sectional mean

tariff coincides with the reset tariff and therefore follows the same AR(1) process.

We then test the empirical implications of this prediction. We show that in U.S. data,

the preferred autoregressive representation of the reset tariff rate is an AR(1) process. Tariff

staggering then implies that the mean tariff rate should follow an AR(2) process. We test this

prediction and establish that the preferred autoregressive representation for the mean tariff

is indeed AR(2). Furthermore, we show that the hypothesis that the estimated coefficients

of this AR(2) process are equal to the coefficients predicted by the staggering model cannot

be rejected at conventional confidence levels. These findings imply that studies that abstract

from tariff staggering and represent tariff policy with a single uniform rate should specify
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that rate as an AR(2), rather than the commonly assumed AR(1), if they are to capture

equilibrium dynamics. This result is important because, as we show in this paper, the

assumed tariff process materially affects the transmission of tariff shocks.

We embed tariff staggering in a dynamic open economy model. We keep the scale of the

model small, but make an effort to ensure that imports enter the economy in a roundabout

way, to reflect the fact that imports serve as inputs at all stages of the production process

from the most upstream level down to final absorption.

The economy features an import sector consisting of a continuum of importers, each

of which combines a variety of imported material with a corresponding variety of labor

to produce a differentiated import good. This stage of production captures the labor ser-

vices required to make imported materials suitable for use in domestic production or final

consumption, such as customs clearance, transportation, and distribution. A competitive

firm then combines the differentiated import goods into a composite import good, which it

sells to final-good producers and consumers. Final-good firms operate in two sectors: one

produces a nontradable good sold only domestically, and the other produces an exportable

good sold only in foreign markets. Households consume the composite import good and the

nontradable good and supply differentiated labor to all three sectors.

We shows that tariff staggering and the additional propagation mechanism it invokes

produces hump-shaped responses in endogenous variables, with important implications for

forecasts at business-cycle horizons. For example, following a tariff increase that improves

the trade balance on impact, a model that ignores staggering predicts a deterioration at

every subsequent horizon, whereas a model that incorporates staggering predicts further

improvements over the next several quarters.

Tariff staggering also has important implications for the macroeconomic effects of reforms

that permanently reduce the mean tariff. A classic result in open-economy macroeconomics,

emphasized by Razin and Svensson (1983) and Calvo (1987), is that, unlike a temporary

tariff cut, a permanent tariff cut has no effect on the trade balance, even though it may

increase both imports and exports and thereby make the economy more open to trade. The

intuition is that a permanent tariff cut lowers the relative price of imports by the same

amount today and in the future, leaving intertemporal relative prices unchanged. Optimiz-

ing households therefore have no incentive to reallocate domestic absorption across time.

Under tariff staggering, by contrast, a permanent reduction in the reset tariff is incorporated

only gradually into the mean tariff. Because imports are expected to become progressively

cheaper, households postpone imported purchases, generating an anticipatory effect on the

trade balance. In particular, we show that a permanent tariff cut initially improves the trade

balance as agents anticipate that an increasing number of product lines will face lower tariffs
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over time.

The proposed tariff-staggering model provides a convenient framework for studying the

quantitative effects of tariff harmonization. This is important because tariff reforms typically

involve reductions not only in the mean tariff but also in the cross-sectional dispersion of

tariffs. An important question in international economics is how tariff harmonization, that is,

a reduction in dispersion that leaves the mean tariff unchanged, affects imports, exports, the

current account, and the domestic economy. As we demonstrate, inherited tariff dispersion

has first-order effects. To illustrate this result, we consider a reform that eliminates the tariff

dispersion observed in the United States in 2025:Q2, the quarter of the so-called Liberation

Day tariff increases, while preserving its cross-sectional mean. We find that, despite leaving

the mean tariff unchanged, harmonization has effects similar to those set in motion by a

transitory cut in the tariff rate in an economy without staggering. The intuition is that, when

tariffs are dispersed, importers shift purchases toward goods subject to below-average tariffs,

making the effective tariff lower than the mean tariff. As dispersion gradually disappears

under harmonization, these opportunities diminish, raising the effective tariff toward the

uniform-tariff level. Consequently, during the transition, the effective tariff is below its

post-harmonization steady-state level. Imports, exports, and domestic absorption therefore

converge to their steady-state levels from above, while the trade balance converges from

below. there is a key distinction between tariff harmonization in the presence of staggering

and a transitory tariff cut in a uniform-tariff economy. This is because tariff dispersion

introduces a cross-sectional misallocation of imports and labor that is welfare decreasing

and, by construction, absent in the uniform-tariff economy.

The present investigation relates to three strands of research in macroeconomics and in-

ternational economics. First, our formulation of tariff policy draws on the literature on stag-

gered price adjustment, particularly the models of price setting developed by Calvo (1983),

Yun (1996), and Woodford (2003), and the large literature that followed. Our analysis of

tariff harmonization is related to Yun (2005), who studies optimal monetary policy in a New

Keynesian model with relative price dispersion. Beyond the fact that our analysis concerns

tariffs rather than nominal prices, the source of staggering also differs. In New Keynesian

models, staggered price adjustment reflects frictions faced by private firms. In our setting,

staggered tariff adjustment may instead reflect political and administrative constraints faced

by policymakers. Following a change in trade-policy objectives, governments may find it

difficult to replace the inherited tariff schedule all at once and may therefore implement

reforms progressively across product lines. We do not model these constraints explicitly but

interpret them as a possible source of the staggered tariff adjustment documented in the

data.
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Second, the paper relates to the international-trade literature that seeks to summarize a

dispersed tariff structure with a uniform tariff under a specified metric. In particular, it is

connected to work on trade restrictiveness indices (TRI) that characterizes, approximates,

and measures welfare-equivalent uniform tariffs (Anderson and Neary, 1994; Feenstra, 1995;

Kee, Nicita, and Olarreaga, 2009; and Irwin, 2010). We complement this literature by pro-

viding a model of how the type of tariff dispersion observed in the data can arise and evolve,

embedding this mechanism in a dynamic general-equilibrium framework, and studying its

implications for macroeconomic adjustment.

Third, we contribute to the growing literature on the measurement and macroeconomic

effects of tariff shocks. Recent work constructs measures of tariff shocks suitable for aggregate

time-series analysis (Boer and Rieth, 2024; den Besten et al., 2026; Schmitt-Grohé and Uribe,

2025, 2026). In the present study, we show that tariff staggering creates a macroeconomically

meaningful distinction between innovations to tariff policy, represented by the reset tariff in

our model, and movements in the cross-sectional mean tariff.

The dynamic effects of tariff harmonization in general equilibrium has been less stud-

ied. Alessandria and Avila (2023) examine Colombia’s 1989–1993 tariff liberalization, which

included a reduction in tariff dispersion, through the lens of a dynamic model with export

frictions. Our approach contributes by showing that the proposed tariff staggering frame-

work permits the analysis of the effects of reforms that alter tariff dispersion to be studied

using first-order perturbation methods.

Finally, the paper contributes to the rapidly growing literature on the short-run effects

of tariff shocks and their implications for monetary policy (Amiti et al., 2024; Auclert et al.,

2025; Auray et al., 2022, 2024; Barattieri et al., 2021; Bergin and Corsetti, 2023; Bianchi

and Coulibaly, 2025; Costinot and Werning, 2025; Cuba-Borda et al., 2025; Erceg et al.,

2023; Ferrante et al., 2026; Itskhoki and Mukhin, 2025; Werning et al., 2025). Much of this

literature represents tariff policy using a single aggregate tariff rate. Our analysis comple-

ments this approach by examining the implications of allowing movements in the mean tariff

to reflect, in part, changes in the cross-sectional distribution of tariffs.

The remainder of the paper is organized as follows. Section 2 presents empirical evidence

on tariff staggering. Section 3 develops a model of staggered tariff adjustment, shows how

it affects the laws of motion of the cross-sectional mean tariff, and estimates the time paths

and laws of motion of the variables governing U.S. import tariff policy. Section 4 embeds

this tariff process in a dynamic general equilibrium model of an open economy. Section 5

studies the macroeconomic effects of transitory and permanent tariff changes. Section 6

studies tariff harmonization. Section 7 concludes.
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2 Evidence on Tariff Staggering

We use data on U.S. imports of goods and customs duties at a quarterly frequency from

1990:Q1 to 2026:Q1 at the HTS 6-digit product level. We obtain the data from USITC

DataWeb (U.S. International Trade Commission, 2026) and use Harmonized System corre-

spondence tables from the United Nations Statistics Division (2026) to track product codes

across revisions of the classification. Appendix A provides more details on the construction

of the data we use. We impose a balanced panel. This results in a panel containing 4,022

import goods each quarter. The data covers 92 percent of imports on average and at least

88 percent in each quarter. It also represents 97 percent of total duties on average and at

least 91 percent of duties in each quarter.

We measure the import tariff rate of product i in period t, as the ratio of custom duties

to imports. Formally, letting mit denote the value of imports of product i in period t and

dit duties on product i in period t, the import tariff rate on good i in period t, denoted τit,

is given by

τit =
dit

mit
.

Let τt denote the cross-sectional mean tariff in period t. We construct a fixed-weight

measure of the mean tariff as

τt =
∑

i

ωiτit, (1)

where ωi is the 2006 import share of product i, that is, ωi = 1
4

∑4
j=1 mi2006:Qj/m2006:Qj, where

mi2006:Qj denotes imports of good i in 2006:Qj and m2006:Qj =
∑

imi2006:Qj, for j = 1, . . . , 4,

denotes total imports in 2006:Qj. We use 2006 import shares as fixed weights because 2006

is near the midpoint of the sample, is unaffected by either the global financial crisis or the

COVID-19 pandemic, and falls within a period of comparatively stable U.S. tariff policy.

We also construct the cross-sectional mean tariff conditional on the good being dutiable.

Specifically, let τ d
t denote the fixed-weight cross-sectional mean tariff rate on dutiable goods

in period t, again using 2006 import shares as weights. Then τ d
t is given by

τ d
t =

∑

i

ωi

ωt
τit I(τit > 0), (2)

where ωt =
∑

i ωiI(τit > 0) is the sum of 2006 import shares of goods that are dutiable in

period t, and I(·) is an indicator function.

Figure 1 displays the cross-sectional mean tariff rates τt and τ d
t , over the period 1990:Q1

to 2026:Q1. Over this period, the mean of τt is 2.3 percent, and the mean of τ d
t is 2.9

percent. The sample spans periods of trade liberalization, relatively stable tariffs, and a
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Figure 1: Cross-Sectional Mean Tariff Rates: United States, 1990:Q1 to 2026:Q1
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Notes. The cross-sectional fixed-weight mean tariff rates, τt and τd

t , are calculated using the formulas given
in (1) and (2). The data are a balanced quarterly panel constructed by the authors from product-level
data on imports and import duties obtained from USITC DataWeb, together with Harmonized System
correspondence tables from the United Nations Statistics Division. The panel contains 4,022 product lines
at the HTS 6-digit level and spans the period 1990:Q1 to 2026:Q1.

return to protectionism. At the beginning of the sample, τt stood at about 3.5 percent.

As a consequence of a number of trade agreements, especially NAFTA and the Uruguay

Rounds, τt declines, reaching about 1.5 percent by the late 1990s. It stays at approximately

that level until 2018, when the first Trump administration shifts U.S. trade policy toward

protectionism. Between 2018 and 2019, τt rises to close to 3 percent and remains near that

level during much of the Biden administration. The second Trump administration intensifies

protectionist measures, raising τt dramatically to above 10 percent starting in 2025:Q2, with

a peak of 12.5 percent at the end of 2025. The tariff rate on dutiable goods, τ d
t , displays a

similar pattern, with, of course, a higher mean level.

We now look under the hood, to see how changes in the mean tariff are distributed

across individual product lines. We define the dutiable share as the share of imports of

goods subject to a positive import tariff rate. We continue to use 2006 import shares as

weights. Letting st denote the dutiable share in period t, we have that

st =
∑

i

ωiI(τit > 0). (3)

Figure 2 displays the dutiable share, st, over the period 1990:Q1 to 2026:Q1. It shows

that in a typical quarter the majority of imports are subject to import duties. On average

across time 75 percent of imports are dutiable. At the beginning of the sample, the dutiable
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Figure 2: The Share of Dutiable Goods: United States, 1990:Q1 to 2026:Q1
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Notes. The dutiable share, st, is the share of goods subject to a positive import tariff and is calculated using
the formula given in equation (3). The data to calculate st is described in the notes to Figure 1.

share was close to 90 percent, but then, in line with the broader process of U.S. trade

liberalization described above, declined steadily over the following 15 years. By 2004, the

dutiable share had fallen below 65 percent and remained at that level until 2017. As the

United States returned to protectionist trade policy in 2018, the dutiable share rose sharply.

The first Trump administration imposed tariffs on a large number of previously duty-free

goods bringing the dutiable share back to 90 percent, the value observed at the beginning

of the sample. The second Trump administration brought the dutiable share even higher to

95 percent, leaving just 5 percent of U.S. imports duty free.

Viewed jointly, Figures 1 and 2 suggest that the 1990s were a period of trade liberalization

along both the intensive and extensive margins of tariff policy: the average tariff conditional

on dutiability and the dutiable share both declined significantly. From roughly 2004 to 2017,

tariff policy was comparatively stable, with a low average tariff and a large share of imports

entering duty free. The tariff increases introduced by the first Trump administration in

2018 operated through both margins. The tariff increases introduced by the second Trump

administration in 2025 operated primarily through the intensive margin: tariff rates rose

sharply, while the dutiable share increased only modestly, almost by necessity, as it was

already close to one hundred percent.

2.1 Tariff Adjustment Across Product Lines

We now analyze the observed behavior of tariffs within the group of dutiable goods. Figure 3

displays the time paths of the shares of tariff increases, tariff cuts, and no tariff changes

among dutiable goods. Because τit is constructed from data on duties and imports, it may
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Figure 3: Shares of Dutiable Product Lines with Tariff Decreases, Increases, and No Changes:
United States, 1990:Q1 to 2026:Q1

1990 1995 2000 2005 2010 2015 2020 2025
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Notes. See notes to Figure 1.

be affected by measurement error or by changes in the composition of imports, either across

products within a product line or across source countries for a given individual product.

We therefore need to take a stand on what constitutes a tariff change, that is, on when

τit 6= τi,t−1. We classify a tariff movement as a change if its absolute value is at least 0.1

percentage points. A smaller movement is also classified as a tariff change if it involves a

change in dutiability status, that is, a movement from zero to a positive tariff or from a

positive tariff to zero. Individual product lines are weighted by their 2006 import shares.

Among all dutiable product lines, around 20 percent experience tariff increases from one

quarter to the next, 20 percent experience tariff cuts, and 60 percent remain unchanged.

Figure 3 shows that the fluidity of tariff rates within the dutiable set is not confined to par-

ticular episodes, but is present throughout the sample. In most quarters, the set of product

lines experiencing tariff increases, the set experiencing tariff cuts, and the set experiencing

no tariff changes are all quantitatively relevant. Thus, in a given period, the government

does not simply adjust all tariffs in the same direction, but instead tends to increase some

tariffs, decrease others, and leave still others unchanged.

The tariff cuts of the period 1994–2000 and the tariff hike of the first Trump administra-

tion are noteworthy. During the first of these two periods, the average tariff fell, triggered

by the cuts under NAFTA and the Uruguay Round. Understandably, as is evident in Fig-
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Table 1: Average Number and Duration of Tariff Spells

Unconditional
Conditional on

Dutiable
Conditional on

Duty Free
Average number of spells 46 45 1
Average duration (quarters) 5 4 41

Notes. Weighed averages using import shares of 2006. U.S. quarterly data from 1990:Q1 to 2026:Q1.

ure 3, the share of tariff cuts increased.1 However, the shares of tariff increases and of no

tariff changes continued to be sizable. Similarly, during the first Trump administration, the

average tariff increased, and, as a result, there was an uptick in the share of product lines

with tariff increases. Yet, the share of tariff cuts also increased during this episode. The

share of product lines with no tariff change fell, of course, but remained sizable.

2.2 Tariff Spells and Duration

Table 1 reports the weighted average number and duration of complete tariff spells, both

unconditionally and conditional on dutiability status. A tariff spell is defined as an interval

during which the tariff rate on a particular product line remains unchanged.2 Over the

sample period, 1990:Q1–2026:Q1, the weighted average number of spells is 46 per product

line, and their average duration is 5 quarters. Most spells occur while products are dutiable:

Conditional on being dutiable, the average number of spells is 45 per product line, with an

average duration of 4 quarters. Duty-free spells are much rarer but substantially longer. The

average product line experiences only 1 duty-free spell, but this spell lasts an average of 41

quarters.

Taken together, the empirical evidence presented here suggests three relevant features

of U.S. tariff policy. First, conditional on being dutiable, tariff rates are fluid: in a typical

quarter, substantial fractions of product lines experience tariff increases, tariff cuts, or no

change. Second, the majority of product lines is dutiable in any given quarter. Third, a

positive tariff remains in place for about one year, on average, before being reset, whereas a

duty-free product line retains a zero tariff for about ten years.

These patterns motivate modeling tariff policy as a staggered process in which tariff

adjustments occur asynchronously across product lines and in both directions.

1The ups and downs in the share of tariff cuts between 1994 and 2000 are likely related to the staged
implementation of tariff reductions under NAFTA and the Uruguay Round commitments, many of which
took effect at the beginning of calendar years.

2The initial and terminal spells are excluded because their durations are censored.
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3 Staggered Tariff Adjustment

Motivated by the evidence in section 2, we propose a model with staggered tariff policy

inspired by formulations of price setting in the tradition of Calvo (1983). This section

develops the tariff-setting mechanism, characterizes the dynamics of the cross-sectional mean

tariff, and disciplines the tariff process using U.S. data.

3.1 A Model of Tariff Staggering

The government sets import tariffs in a staggered fashion. For simplicity, we focus on the

case in which all import goods are dutiable. In the notation of section 2, this assumption

implies that st = 1 for all t. We assume that in each period, a randomly selected fraction θ

of imported-good varieties retains its previous tariff, τit−1, while the remaining fraction 1− θ

is assigned a newly set tariff, denoted τ̃t, which is assumed to follow an exogenous stochastic

process.

For any real number k, let

Tt(k) ≡

∫ 1

0

(1 + τit)
k di

denote the kth cross-sectional moment of the gross tariff, 1 + τit. Staggered tariff setting

implies the recursive law of motion for Tt(k)

Tt(k) = θTt−1(k) + (1 − θ)(1 + τ̃t)
k. (4)

The cross-sectional mean of gross import tariffs, denoted 1 + τt, satisfies 1 + τt ≡ Tt(1) and

thus volves according to

1 + τt = θ(1 + τt−1) + (1 − θ)(1 + τ̃t). (5)

For or a given autoregressive process for the reset tariff τ̃t, tariff staggering raises the

autoregressive order of the mean tariff τt by one. To see this, suppose that the reset tariff

follows the AR(1) process

τ̃t − τ̃ = ρeτ (τ̃t−1 − τ̃) + σeτ ε
eτ
t , (6)

where εeτ
t distributes i.i.d. N (0, 1), and ρeτ ∈ [0, 1), σeτ > 0, and τ̃ > 0 are parameters. Then,

combining this expression with equation (5), which links the reset tariff with the mean tariff,

gives

τt − τ̃ = (θ + ρeτ )(τt−1 − τ̃) − θρeτ (τt−2 − τ̃ ) + (1 − θ)σeτε
eτ
t . (7)
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Thus, when the reset tariff τ̃t follows an AR(1) process, the cross-sectional mean tariff, τt,

follows an AR(2) process. If θ > 0, ρeτ ∈ (0, 1), and θ+ ρeτ > 1, which, as we will see shortly,

is the case of greatest empirical interest, the response of the cross-sectional mean tariff to a

τ̃t shock is hump-shaped.

3.2 Estimating the Tariff-Staggering Process

We now take the predicted relationship between the reset tariff and the cross-sectional mean

tariff to the data and show that, among the autoregressive specifications, an AR(1) process

for the reset tariff and an AR(2) process for the cross-sectional mean tariff are the most

empirically relevant ones. This result is important because, as explained above, the dynamics

of the cross-sectional mean tariff shape the aggregate effects of tariff shocks, and because the

vast majority of quantitative studies of the macroeconomic effects of tariff shocks assume a

uniform tariff governed by an AR(1) process.

We begin by calibrating θ, the parameter governing the degree of tariff inertia. According

to the model of tariff staggering presented above, the expected duration of any tariff τit is

given by (1 − θ)
∑

∞

j=1 jθ
j−1 = 1/(1 − θ) quarters. In section 2, we showed that the average

duration of tariffs on dutiable goods is 4 quarters (see Table 1). The implied value of θ is

therefore 0.75.3

With the observed time series of the average tariff for dutiable goods and an estimate

for θ in hand, we can back out the time series of the reset tariff rate τ̃t using equilibrium

condition (5). The formula is

τ̃t =
τt − θτt−1

1 − θ
.

In the context of the present model of tariff staggering, the empirically relevant measure of

τt is the tariff rate on dutiable goods, which in the empirical analysis of section 2 is denoted

τ d
t and is plotted in Figure 1.

Assuming an autoregressive process for τ̃t, we test its order. In Appendix B, we compare

AR(0), AR(1), and AR(2) specifications using the AIC, the BIC, and nested F -tests. All

three procedures select the AR(1) specification. The estimated autoregressive coefficient of

3One might be tempted to compare the fraction of dutiable product lines with unchanged tariffs, about
0.60 in Figure 3, with the value of θ = 0.75 implied by the average spell duration of four quarters reported in
Table 1, and conclude that the two findings are inconsistent. However, they need not be. If the probability
of tariff adjustment differs across product lines, the average expected spell duration is E[1/(1 − θi)], where
θi denotes the probability that the tariff on product line i remains unchanged. By Jensen’s inequality,
E[1/(1 − θi)] ≥ 1/(1 − E[θi]), with strict inequality if adjustment probabilities differ across product lines.
Thus, an average fraction of unchanged tariffs of 0.60 implies a lower bound on the average expected spell
duration of 1/(1− 0.60) = 2.5 quarters, but is entirely consistent with an average duration of four quarters.
Nevertheless, a model with a common adjustment probability θ = 0.75 cannot reproduce both empirical
findings exactly.
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the AR(1) specification is 0.62, and the estimated standard deviation of the innovation is

2.3. Accordingly, we set ρeτ = 0.62 and σeτ = 2.3, with tariffs expressed in percentage points.

Given that the reset tariff τ̃t is estimated to follow an AR(1) process, the tariff staggering

model predicts that the cross-sectional mean tariff, τt, should follow an AR(2) process. We

now test this prediction using the time series τ d
t . In Appendix B, we compare four specifi-

cations for the autoregressive representation of τt, AR(0), AR(1), AR(2), and AR(3), using

the AIC, the BIC, and nested F -tests. All three procedures favor the AR(2) specification,

lending support to the model’s prediction.

The estimated coefficients on the first and second lags of the AR(2) process of τt are 1.395

and −0.511, respectively. Their theoretical counterparts are θ + ρeτ = 0.75 + 0.62 = 1.37

and −θρeτ = −0.75 × 0.62 = −0.465. In Appendix B, we show that the hypotheses that the

estimated coefficients of the AR(2) process equal their theoretical counterparts cannot be

rejected at conventional significance levels, either individually or jointly.

These results imply that models that abstract from tariff staggering should specify the

assumed uniform import tariff as an AR(2) process, rather than follow the common practice

of using an AR(1) specification, if they are to capture equilibrium dynamics accurately up

to first order.

4 Tariff Staggering in General-Equilibrium

We now embed the staggered tariff model developed in section 3 in a dynamic open economy

model. Following a common practice in the recent related literature, we assume that the

economy is small to isolate the domestic transmission of tariff policy shocks (Auclert, Rognlie,

and Straub, 2025; Bianchi and Coulibaly, 2025; Monacelli, 2025; and Werning, Lorenzoni,

and Guerrieri, 2025). This assumption should be interpreted as holding foreign prices and

interest rates fixed, rather than as a literal characterization of the size of the U.S. economy.

Consequently, the analysis abstracts from terms-of-trade effects, foreign retaliation, and

feedback through world interest rates.

The economy features three sectors. The first, called the import sector, consists of a

continuum of importers that combine labor with imported materials to produce differentiated

import goods. A competitive firm in this sector combines the differentiated import goods

into a composite import good. The second sector produces exportable goods, and the third

produces nontradable goods. Firms in the latter two sectors use labor and the composite

import good as inputs. Households consume the composite import good and the nontradable

good and supply labor to each of the three sectors.
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4.1 The Import Sector

Each period t ≥ 0, there is a continuum of importers indexed by i ∈ [0, 1]. Importer i

combines labor of variety i, denoted hm
it , with imported material of variety i, denoted mit, to

produce a differentiated import good, denoted zit. This formulation captures the idea that

imported materials may not be directly usable in domestic production. Rather, making them

available as productive inputs may require domestic labor services associated with activities

such as customs clearance, transportation, warehousing, handling, processing, assembly, and

distribution. The production technology is

zit = eam
t (hm

it )
α(mit)

1−α,

where am
t is an exogenous sector-specific productivity shock, and α ∈ (0, 1) is a parameter.

Importers behave competitively. Their demands for labor and imported materials satisfy

α
pz

itzit

hm
it

= wm
it (8)

and

(1 − α)
pz

itzit

mit
= pm

it , (9)

where pz
it denotes the relative price of import good i, wm

it denotes the wage paid to labor of

variety i, and pm
it denotes the domestic price of imported material of variety i. All prices and

wages are expressed in units of the exportable good. In equilibrium, these firms make zero

profits and price at marginal cost,

pz
it = Ae−am

t (wm
it )

α(pm
it )

1−α, (10)

where A ≡ α−α(1 − α)−(1−α).

A competitive representative firm aggregates the differentiated import goods into a com-

posite import good, denoted zt, using the technology

zt =

[∫ 1

0

z
1−1/η
it di

]1/(1−1/η)

,

where η > 0 is a parameter. Profit maximization implies the following demand function for

import good i:

zit =

(
pz

it

pz
t

)
−η

zt, (11)
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with

pz
t =

[∫ 1

0

(pz
it)

1−η di

]1/(1−η)

. (12)

The variable pz
t satisfies pz

t zt =
∫ 1

0
pz

itzit di. The firm makes zero profits, so pz
t is the unit price

of the composite import good zt.

4.2 The Exportable and Nontradable Sectors

There is an exportable sector, denoted x, and a nontradable sector, denoted n. In each sector

s ∈ {x, n}, a representative firm uses labor, hs
t , and the composite import good, zs

t , denoting

the quantity of this good used in sector s, to produce a final good, ys
t , according to

ys
t = eas

tF s(hs
t , z

s
t ), (13)

where as
t is an exogenous sector-specific productivity shock, and F s is assumed to be in-

creasing, concave, and homogeneous of degree one. The first-order conditions for profit

maximization are

ps
te

as
tF s

1 (hs
t , z

s
t ) = ws

t (14)

and

ps
te

as
tF s

2 (hs
t , z

s
t ) = pz

t . (15)

Because F s is linearly homogeneous, these firms make zero profits in equilibrium.

4.3 Households

There is a continuum of identical households with preferences over consumption, ct, and

sector-specific labor, hx
t , h

n
t , and hm

t . The representative household’s lifetime utility function

is

E0

∞∑

t=0

βtU(ct, h
x
t , h

n
t , h

m
t ),

where β ∈ (0, 1) is the subjective discount factor, U is the period utility function, assumed

to be increasing in its first argument, decreasing in all other arguments, and concave, and

Et is the expectations operator conditional on information available in period t.

Labor employed in the import sector is a composite of the differentiated labor varieties,

hm
t =

[∫ 1

0

(hm
it )

1+1/ηh di

]1/(1+1/ηh)

,
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where ηh > 0 is a parameter. Conditional on hm
t , the household chooses the supply of each

labor variety to maximize labor income. The resulting variety-specific labor supply is

hm
it =

(
wm

it

wm
t

)ηh

hm
t , (16)

where

wm
t ≡

[∫ 1

0

(wm
it )

1+ηh di

]1/(1+ηh)

(17)

satisfies
∫ 1

0
wm

it h
m
it di = wm

t h
m
t . Thus, wm

t can be interpreted as the wage rate per unit of

composite labor supplied to the import sector.

The final consumption good, ct, is a linearly homogeneous composite of consumption of

the composite import good, denoted czt , and consumption of the nontradable good, denoted

cnt ,

ct = C(czt , c
n
t ). (18)

Given ct, the household chooses czt and cnt to minimize expenditure, pz
t c

z
t + pn

t c
n
t , subject to

(18). The optimality condition associated with this problem is

C1(c
z
t , c

n
t )

C2(czt , c
n
t )

=
pz

t

pn
t

, (19)

and the unit cost of consumption, denoted pc
t , satisfies

pc
tct = pz

t c
z
t + pn

t c
n
t . (20)

Households have access to an internationally traded bond that pays the real interest rate

rt, expressed in units of the exportable good, when held from period t to period t+ 1. They

also receive a lump-sum transfer gt from the government. Letting ft denote the household’s

debt position, its sequential budget constraint is

ft−1 + pc
tct = wx

t h
x
t + wn

t h
n
t + wm

t h
m
t + gt +

ft

1 + rt
. (21)

The household chooses processes for ct, h
x
t , h

n
t , h

m
t , and ft, to maximize its lifetime utility

function subject to the above sequential budget constraint and to a borrowing limit that

prevents it from engaging in Ponzi schemes. Letting βtλt denote the Lagrange multiplier

on this constraint, the first-order conditions associated with the household’s optimization

problem are

−
Uhx(ct, h

x
t , h

n
t , h

m
t )

Uc(ct, hx
t , h

n
t , h

m
t )

=
wx

t

pc
t

, (22)
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Uhx(ct, h
x
t , h

n
t , h

m
t )

Uhn(ct, hx
t , h

n
t , h

m
t )

=
wx

t

wn
t

, (23)

Uhx(ct, h
x
t , h

n
t , h

m
t )

Uhm(ct, h
x
t , h

n
t , h

m
t )

=
wx

t

wm
t

, (24)

Uc(ct, h
x
t , h

n
t , h

m
t ) = pc

tλt, (25)

and

λt = β(1 + rt)Etλt+1. (26)

4.4 The Government

The government imposes import tariffs τit on imported materialsmit and rebates the resulting

tariff revenue to households. Its period-by-period budget constraint is

∫ 1

0

τitp
m∗

it mit di = gt, (27)

where pm∗

it denotes the world price of imported material i in units of the exportable good.

Tariff rates follow the staggered adjustment process introduced in section 3.1.

4.5 Aggregation and Equilibrium

We normalize the world prices of imported materials and the world price of the exportable

good to one,

pm∗

it = px
t = 1.

We assume that the law of one price holds for all tradable goods. This implies, in particular,

that the domestic relative price of imported materials equals the corresponding gross tariff

rate,

pm
it = 1 + τit. (28)

In equilibrium, the relative price of the composite import good, pz
t , satisfies (see Ap-

pendix C.1 for a proof)

pz
t = Ae−am

t (wm
t )α

[
(1 + τt)Dt(ζ)

1
ζ

]1−α

, (29)

where, for any real k,

Dt(k) ≡
Tt(k)

(1 + τt)k
, (30)
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and

ζ ≡
(1 − η)(1 − α)(1 + ηh)

1 + ηh − α(1 − η)
< 1. (31)

The factor Dt(ζ) is a tariff dispersion term. In the absence of tariff dispersion, that is,

when τit = τt for all i, Dt(ζ) = 1, and the equation for the equilibrium price of pz
t is the

same as in an economy with a uniform tariff. As we show in Appendix C.2, for η > 0, we

have that the dispersion factor Dt(ζ)
1/ζ in equation (29) is less than one. The intuition for

Dt(ζ)
1/ζ < 1 is that when tariffs are cross-sectionally dispersed, importers favor varieties

with below-average tariffs, lowering the price of the composite import good relative to an

environment with a uniform tariff equal to the average tariff in the environment with tariff

dispersion. Put differently, because [(1 + τt)Dt(ζ)
1/ζ] < (1 + τt), tariff dispersion acts like a

reduction in the mean tariff.

The dispersion factor Dt(ζ)
1/ζ is strictly increasing in ζ in the presence of tariff dispersion.

Since ζ is decreasing in the elasticity of substitution η, the price-reducing effect of tariff

dispersion becomes stronger as imported varieties become more substitutable. Intuitively,

greater substitutability allows producers of the composite import good to shift more easily

toward varieties subject to lower tariffs, thereby reducing production costs. This relationship

is particularly transparent when α = 0, that is, when the production of zit takes only

imported materials as inputs, in which case ζ = 1 − η.

To find aggregate employment in the import sector, hm
t , multiply optimality condition (8)

by hm
it and then integrate the resulting expression over i. Then use the zero-profit condition

in the sector producing the composite import good, pz
t zt =

∫ 1

0
pz

itzitdi, and the fact that

wm
t h

m
t =

∫ 1

0
wm

it h
m
it di, to obtain

wm
t h

m
t

pz
t zt

= α, (32)

which says that the standard Cobb–Douglas labor-share condition holds in aggregate in the

import sector, despite wage dispersion.

Aggregate imports, mt, are defined as mt ≡
∫ 1

0
pm∗

it mit di =
∫ 1

0
mit di. In Appendix C.3,

we show that [
(1 + τt)

Dt(ζ)
Dt(ζ−1)

]
mt

pz
t zt

= (1 − α). (33)

Because in the absence of tariff dispersion, Dt(k) = 1 for any k, we have that in this case

equilibrium condition (33) has the interpretation that the cost share of imports is equal

to 1 − α. In Appendix C.4, we show that, in the presence of tariff dispersion, the factor

Dt(ζ)/Dt(ζ−1) < 1. Thus,
[
(1 + τt)

Dt(ζ)
Dt(ζ−1)

]
< (1+τt), or in words, given the cross-sectional

mean tariff τt, cross-sectional tariff dispersion acts like a reduction in the mean tariff.
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Market clearing for the composite import good and for nontradable goods requires, re-

spectively,

zt = zx
t + zn

t + czt (34)

and

yn
t = cnt . (35)

Combining the household’s budget constraint (21), the government’s budget constraint (27),

the market-clearing conditions (34) and (35), and the fact that all firms make zero profits,

yields the country’s resource constraint

ft−1 = yx
t −mt +

ft

1 + rt
. (36)

Finally, following Schmitt-Grohé and Uribe (2003), we assume that the country interest

rate, rt is the sum of an exogenous world interest rate, denoted r∗t and a debt elastic country

premium. Specifically, rt satisfies

1 + rt = 1 + r∗t + Γ(e−ft+f̄ − 1), (37)

where Γ > 0 and f̄ are parameters.

We are now ready to define a competitive equilibrium.

Definition 1 (Competitive Equilibrium) A competitive equilibrium is a set of processes

yx
t , y

n
t , hx

t , h
n
t , z

x
t , z

n
t , wx

t , w
n
t , pn

t , p
z
t , p

c
t , ct, c

z
t , c

n
t , h

m
t , wm

t , mt, ft, λt, zt, rt, τt, and

Tt(k) and Dt(k), for k ∈ {ζ, ζ − 1}, satisfying (5), (18)–(20), (22)–(26), (29), (32)–(37);

(13)–(15), for s = x, n; and (4) and (30), for k = ζ, ζ − 1, given the exogenous processes

as
t , s = x, n,m, r∗t , and τ̃t, the normalization px

t = 1, the initial debt position f−1, and the

initial tariff moments τ−1 and T−1(k), for k = ζ, ζ − 1.

To characterize the dynamics implied by the tariff staggering model, we adopt a numerical

approach.

4.6 Functional Forms

We adopt the following functional forms for preferences, production technologies, and ag-

gregation technologies: The assumed period utility function is CRRA in consumption and

isoelastic in sectoral labor,

U(c, hx, hn, hm) =
c1−κ − 1

1 − κ
−
ψx(h

x)1+υ

1 + υ
−
ψn(h

n)1+υ

1 + υ
−
ψm(hm)1+υ

1 + υ
,
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Table 2: Structural Parameters

Parameter Value Description
α 0.15 Labor share, imports
αx 0.80 Labor share, exports
αn 0.94 Labor share, nontradables
β 1.04−1/4 Discount factor
κ 2 Risk aversion
υ 1 Inverse labor-supply elasticity
ψx 8.79 Labor weight, exports
ψn 3.63 Labor weight, nontradables
ψm 2.49 Labor weight, imports
ξ 0.10 Import consumption share
η 1.63 Import-variety elasticity
ηh 6 Labor-variety elasticity
Γ 0.0001 Debt-premium elasticity
f̄ −2.45 Steady-state external debt
r∗ 1.041/4 − 1 World interest rate
θ 0.75 Tariff inertia
τ̃ 0.029 Steady-state reset tariff
ρeτ 0.62 Reset-tariff persistence
σeτ 0.023 Reset-tariff volatility

Note. The time unit is one quarter.

where κ, υ, and ψs > 0, for s = x, n,m are parameters. The consumption aggregator takes

the Cobb-Douglas form

C(cz, cn) = (cz)ξ(cn)1−ξ,

with ξ ∈ (0, 1). The production functions F s for s = x, n are both Cobb-Douglas,

F s(hs, zs) = (hs)αs(zs)1−αs ,

with αs ∈ (0, 1).

4.7 Calibration

Table 2 summarizes the calibration of the model. We set the time unit to one quarter. We

denote the steady-state value of a variable by removing its time subscript.

The parameters governing the tariff process are taken from the estimation performed in

section 3. In particular, we set θ = 0.75, ρeτ = 0.62, and σeτ = 0.023. We set the steady-state
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import tariff and reset tariff to 2.9 percent, τ = τ̃ = 0.029 to match the mean tariff observed

in our sample.

We set employment in the nontradable sector to 70 percent of total employment, hn/h =

0.7, where h ≡ hn + hm + hx. We divide the remaining employment equally between the

exportable and import sectors, setting hx/h = hm/h = 0.15. These values reflect the greater

labor intensity of the nontradable sector relative to the exportable and import sectors. We set

expenditure on the composite import good to 10 percent of total consumption expenditure,

pzcz/(pncn + pzcz) = 0.1, a value consistent with estimates for the United States.

To calibrate the sectoral production functions, we use estimates from Goldberg and

Campa (2010). They report that imported inputs account for 3 percent of the total cost

of producing nontradable goods in the United States and 10 percent of the total cost of

producing tradable goods. We double these shares to account for the fact that our model

abstracts from capital and domestic intermediate inputs. The resulting parameter values are

αn = 0.94 and αx = 0.80. There is less direct evidence on the labor intensity of the domestic

processing and distribution activities that transform imported materials into usable import

goods.

There is less direct evidence on the labor intensity of the domestic processing and dis-

tribution activities that transform imported materials into usable import goods. We set

α = 0.15, a relatively small value reflecting the view that most of the cost of a usable import

good is embodied in the imported materials themselves.

We assume that the steady-state value of the world interest rate is 4 percent per year,

r∗ = 1.041/4 − 1. We also assume that the subjective discount factor equals the steady-state

world market discount factor, β = 1/(1 + r∗).

We set the elasticity of substitution across labor types in the import sector, ηh, to 6,

consistent with the firm-level labor-supply elasticity estimated by Lamadon, Mogstad, and

Setzler (2022) in U.S. administrative data.

To calibrate the elasticity of substitution across import varieties in the production of

the composite import good, η, we first derive the price elasticity of variety-specific imports,

mit, holding aggregate variables constant, which we denote εm ≡ −∂ lnmit/∂ ln(1 + τit). In

Appendix D, we show that

εm = 1 − ζ, (38)

where ζ is a decreasing function of η, as can be seen from equation (31). Thus, the more

substitutable are the differentiated import goods, zit, in the production of the composite

import good, zt, the more responsive are imports of the corresponding materials, mit, to

changes in their tariffs. Fajgelbaum et al. (2020) use granular U.S. data on imports and

import tariffs for 2018 to estimate a nested import-demand system. They obtain an elasticity
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of substitution across imported goods of 1.53, which we interpret as the empirical counterpart

of εm. Accordingly, we set εm = 1.53. Equations (31) and (38) then imply η = 1.63.

We set the inverse of the intertemporal elasticity of consumption substitution, κ, to 2,

and the inverse of the Frisch elasticities of the sectoral labor supplies, υ, to one. These are

standard values in the related literature.

To determine the level of net external debt in the steady-state, f̄ , we target a steady-

state trade-balance-to-output ratio, (yx −m)/(pcc+ yx −m), of -3 percent, which is in line

with the mean observed in the United States over the period 1990:Q1 to 2026:Q1. Finally,

following Schmitt-Grohé and Uribe (2003), we set the debt elasticity of the country premium

to 0.0001, a small value that ensures the stationarity of the net external debt in equilibrium.

5 Macroeconomic Effects of Tariff Staggering

We established in section 3 that tariff staggering alters the dynamic properties of the cross-

sectional mean tariff, τt. In this section, we show that tariff staggering affects the response

to tariff shocks of all macroeconomic variables of interest. To this end, we approximate the

equilibrium dynamics up to first-order.4

5.1 A Transitory Tariff Shock

Consider a tariff shock of the magnitude observed in the United States in the second quarter

of 2025, when the Trump administration implemented sweeping tariff reforms. We recover

the reset-tariff innovation, σeτ ε
eτ
t , from the reset-tariff series computed in section 3, using the

AR(1) specification in equation (6) and the estimated persistence parameter, ρeτ . In 2025:Q2,

this innovation was 26.3 percentage points, that is σeτ ε
eτ
t = 0.263 for t = 2025.25. Figure 4

displays the impulse responses to an innovation of this magnitude in τ̃t.

The shock generates hump-shaped responses in the cross-sectional mean tariff, τt, and

in all endogenous variables. Because of tariff staggering, the innovation of 26.3 percentage

points in τ̃t initially applies to only a fraction 1− θ of tariffs, so the mean tariff increases by

only (1− θ)× 26.3 = 6.6 percentage points on impact. Thereafter, the mean tariff continues

to rise as long as the reset tariff exceeds the previous quarter’s mean. This rising phase

eventually ends because the reset tariff declines monotonically, falling below the mean in

finite time. Figure 4 shows that τt peaks at 9.3 percentage points above its steady-state level

4Up to first-order, the tariff dispersion terms Dt(k) for k = ζ, ζ − 1, are zero unconditionally, so tariff
staggering affects the equilibrium dynamics exclusively through its effect on the mean tariff, τt. Inherited
tariff dispersion has transitory first-order effects. We study these effects in section 6 in the context of tariff
harmonization.
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Figure 4: Impulse Responses to a Positive Tariff Shock
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Note. The innovation is a 26.3-percentage-point increase in τ̃t.
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two quarters after the shock. Beginning in quarter 3, the reset tariff remains below the mean

tariff, causing the latter to decline gradually toward its steady-state level.

Staggering also increases the persistence of the mean tariff. Recall that in the absence of

staggering (θ = 0), the mean tariff equals the reset tariff (τt = τ̃t) and therefore inherits its

persistence. With staggering (θ > 0), the mean tariff adjusts more slowly. This is evident in

Figure 4: after 8 quarters, the reset tariff, τ̃t, is close to its steady-state level, whereas the

mean tariff, τt, remains more than 3 percentage points above its steady-state level.

The tariff shock makes the country more expensive relative to the rest of the world (i.e.,

it causes an appreciation of the real exchange rate). This is shown in the top right panel

of Figure 4, which displays the price of the consumption good relative to world prices. The

real exchange rate appreciates by 1.3 percent on impact and then continues to appreciate for

a couple of quarters, before returning gradually to its pre-shock level. The reason why the

response of pc
t mimics the response of τt is that the production of consumption goods uses

imported materials, so the tariff changes are passed through to consumption prices.

The tariff increase generates a contraction in imports of about 6 percent on impact. The

decline is due to two factors. First, the tariff makes imports more expensive so firms sub-

stitute labor for imported materials and households substitute nontraded goods for import

goods. Second, because the tariff hike is transitory, it pays for economic agents to postpone

purchases of imported goods. Imports continue to fall after the shock, because the mean

tariff continues to increase making imported goods increasingly more expensive. Imports

reach a trough two quarters after the shock, at which point they are 9 percent below steady

state. Exports also fall, as imported materials used in the production of exportable goods

become more expensive as a result of the higher tariff.

The trade balance improves by about half a percentage point of steady-state GDP on

impact. The improvement in the trade balance is due to the fact that agents expect the

increase in the tariff to be transitory and thus find it optimal to postpone the net absorption

of traded goods.

The tariff increase lowers consumption spending (bottom left panel). Because consump-

tion goods are produced in part with imported inputs, which are temporarily expensive due

to the tariff increase, households substitute intertemporally away from current consumption

spending.

As is well known, the response of GDP to a transitory tariff increase depends on the

balance between two forces: a contractionary intertemporal-substitution effect and an ex-

pansionary expenditure-switching effect. Their relative strengths is governed by the intertem-

poral and intratemporal elasticities of substitution in consumption, which in our calibration

equal 1/2 and 1, respectively. Under this calibration, the expenditure-switching effect dom-
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inates quantitatively. The bottom middle and right panels of Figure 4 show the impulse

responses of gross domestic product at world prices, pc
tct + yx

t −mt, and at consumer prices,

(pc
tct + yx

t −mt)/p
c
t . By both measures, output expands after the tariff increase.

The intuition is as follows. The transitory increase in tariffs causes households to post-

pone absorption, which tends to depress output (the intertemporal substitution effect). It

also induces households to substitute away from imported goods and toward nontraded

goods, which tends to boost aggregate activity (the expenditure switching effect). As ex-

plained above, in the present calibration the latter effect dominates. The predicted increase

in output is thus dictated by what happens with value added in the nontraded sector, which

is the most labor intensive sector in the economy. The increase in tariffs induces firms to

substitute away from imported materials and towards labor. In turn, the increased demand

for labor pushes the wage in the nontraded sector up. Both of these effects cause labor

income in the nontraded sector, which accounts for the bulk of value added in this economy,

to go up.

5.2 A Permanent Tariff Increase

Tariff shocks are typically a mix of transitory and permanent components. We just considered

a transitory shock. We now study the economy’s adjustment to a permanent increase in the

reset tariff. Specifically, we consider a permanent increase in the reset tariff τ̃t from its

original steady state of 2.9 percent to 10.5 percent, which is the cross-sectional mean tariff

observed in the second quarter of 2025. The shock takes place in period 0. The new steady-

state tariff level is, of course, also 10.5 percent.

Figure 5 depicts the equilibrium dynamics unleashed by this tariff shock. All variables

are expressed in deviations from the low-tariff steady state. The cross-sectional mean tariff

rate τt increases gradually from its initial value of 2.9 percent to its long-run value of 10.5

percent. The reason is that even though the reset tariff is constant and equal to 10.5

percent, it is applied to a random fraction 1 − θ of product lines each quarter, causing a

gradual adjustment in the cross-sectional mean tariff. This sluggish increase in the mean

tariff introduces an anticipatory effect that households take into account in their spending

decisions, as we analyze next.

The increase in tariffs raises the price of imported materials faced by importers, causing

a fall in imports. The long-run decline in imports is about 5 percent. Exporters use the

imported composite good as an intermediate input, which is now increasingly more expensive.

As a result, they become less competitive in international markets, and exports fall gradually

to a lower steady-state level. The decline in exports is significant, about 6 percent.
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Figure 5: A Permanent Tariff Increase

-4 0 4 8 12

p
p
d
ev

fr
om

ss

0

2

4

6

Reset import tariff, τ̃t

-4 0 4 8 12

p
p
d
ev

fr
om

ss

0

2

4

6

Mean import tariff, τt

-4 0 4 8 12

%
d
ev

fr
om

ss

0

2

4
Real exchange rate, pct

-4 0 4 8 12

%
d
ev

fr
om

ss

-4

-2

0
Imports, mt

-4 0 4 8 12

%
d
ev

fr
om

ss

-6

-4

-2

0
Exports, yxt

-4 0 4 8 12

%
o
f
ss

G
D
P

-0.4

-0.2

0
Trade balance, tbt

-4 0 4 8 12

%
d
ev

fr
om

ss

-0.4

-0.2

0

0.2
Consumption, ct

-4 0 4 8 12

%
d
ev

fr
om

ss

0

2

4
GDP at world prices

-4 0 4 8 12

%
d
ev

fr
om

ss

-0.3

-0.2

-0.1

0
GDP at consumer prices

θ =0.75 θ = 0

Notes. The figure depicts the adjustment to a permanent increase in τ̃t from 2.9 percent to 10.5 percent
taking place in period 0. Variables are expressed in deviations from their low-tariff steady state levels.
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The central result of this experiment concerns the trade balance. Tariff staggering breaks

the Razin–Svensson result that a permanent tariff increase leaves the trade balance un-

changed. With staggering, forward-looking households anticipate that the mean tariff, and

hence the relative price of imports, will continue to rise, giving them an incentive to front-

load absorption. The trade balance consequently deteriorates on impact and then gradually

returns to its steady-state level as the mean tariff approaches its new long-run value. By

contrast, when tariff staggering is absent (θ = 0), the cross-sectional mean tariff (and thus

the relative price of imports) jumps immediately to its new permanent level. There is then

no change in the relative price of imports between the present and the future, so house-

holds have no incentive to shift absorption across time. The trade balance therefore remains

unchanged, as in Razin and Svensson (1983).

Consumption initially increases, as households frontload expenditure on imported goods,

but then falls gradually to a lower steady-state level.

The response of GDP depends on the price at which it is measured. GDP measured at

world prices expands, both during the transition and in the new steady state. In the long

run, there is no intertemporal-substitution effect because the tariff is constant. The long-

run increase in GDP at world prices therefore reflects the expenditure-switching effect: the

higher relative price of imports induces substitution away from imported goods and toward

nontradable goods, increasing activity in the labor-intensive nontradable sector.

By contrast, GDP measured at consumer prices falls. The permanent tariff increase

raises the price of the domestic consumption basket relative to world prices, generating a

sizable real appreciation. Deflating GDP by this higher consumer price more than offsets the

increase in GDP measured at world prices, so GDP measured at consumer prices declines.

6 Tariff Harmonization

Tariff reforms often involve not only a reduction in the average tariff, but also a reduction in

the dispersion of import tariffs across product lines. Two cases in point are Colombia’s trade

reform of 1989–1993, which reduced the cross-sectional standard deviation of import tariffs

by about two thirds (see Alessandria and Avila, 2023), and the U.S. trade liberalization of

the 1990s, which, through a series of trade agreements, reduced the cross-sectional standard

deviation of import tariffs by about one fourth (see Schmitt-Grohé and Uribe, 2026).

In this section, we characterize the effects of tariff harmonization predicted by the tariff-

staggering model. This characterization is facilitated by the fact that in this framework

inherited cross-sectional tariff dispersion has first-order effects on macroeconomic aggregates.
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To see this, log-linearize equation (4) around the steady state to obtain

T̂t(k) = θT̂t−1(k) + (1 − θ)k̂̃τ t,

where T̂t(k) ≡ lnTt(k)−k ln(1+ τ̃ ) and ̂̃τ t ≡ ln (1 + τ̃t)− ln (1 + τ̃) denote the log-deviations

of Tt(k) and 1 + τ̃t from their steady-state values. Since 1 + τt = Tt(1), we have that

τ̂t = θτ̂t−1 + (1 − θ)̂̃τ t,

where τ̂t ≡ ln(1 + τt) − ln(1 + τ̃ ) denotes the log-deviation of 1 + τt from its steady-state

value. Subtracting k times the second expression from the first expression gives

T̂t(k) − kτ̂t = θ[T̂t−1(k) − kτ̂t−1].

From the definition of the tariff dispersion factor of order k given in (30), we have that

T̂t(k) − kτ̂t = D̂t(k), where D̂t(k) is the log-deviation of Dt(k) from steady state. Thus, we

can write the above expression as

D̂t(k) = θD̂t−1(k).

This expression says that up to first order, the tariff dispersion factor follows a deterministic

path converging back to its steady state value of one. It follows that in the absence of

inherited tariff dispersion, D̂−1(k) = 0, tariff dispersion has no effect up to first order.

However, a nondegenerate initial tariff distribution, D̂−1(k) 6= 0, will in general cause

transitional dynamics up to first order. This type of dynamics are the focus of the present

analysis. This property of the model allows us, using the same computational tools employed

thus far, to characterize the dynamics of an economy that starts from an empirically plausible

cross-sectional distribution of import tariffs and converges to a steady state with a uniform

tariff. We refer to this experiment as tariff harmonization.

The tariff harmonization experiment we study here asks what are the predicted effects

of removing the tariff dispersion observed after the tariff hike of 2025:Q2 (Liberation Day).

To isolate the effects of tariff harmonization, the counterfactual experiment we consider is

as follows. We assume that the reset tariff, τ̃t, and the mean tariff, τt, are both constant at

10.5 percent, the tariff level observed in 2025:Q2, that is, τ̃t = τt = τt−1 = 0.105, for t ≥ 0.

By equilibrium condition (5), the mean tariff then remains at its steady state value during

the entire transition. We set the initial tariff dispersion measures, T−1(ζ) and T−1(ζ − 1) at

the values observed in 2025:Q2, which we compute from our panel of import tariffs at the
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HTS 6-digit level.

Figure 6 displays the model’s predicted dynamics following this tariff harmonization

experiment. By construction, both the reset tariff and the mean tariff remain at their

steady-state values throughout the transition.

The bottom row of the figure displays the dynamics of the two tariff dispersion wedges,

Dt(ζ)
1/ζ and Dt(ζ)/Dt(ζ − 1). Both wedges lie below their common steady-state value of

one at the start of the tariff harmonization and then converge monotonically to one. The

elimination of tariff dispersion is qualitatively similar to that of transitory cut in the tariff

rate in an economy without tariff staggering. Intuitively, dispersion induces importers to

shift purchases toward goods subject to tariffs below the mean. The effective tariff they pay

is therefore lower than the mean tariff. As dispersion gradually disappears under harmo-

nization, these opportunities diminish, raising the effective tariff paid by importers.

Thus, when harmonization is announced, economic agents understand that the effec-

tive tariff, inclusive of the dispersion wedge, is temporarily below its long-run level. This

means the domestic price of imports is below its long-run level initially and along the entire

transition. The temporarily lower price of imported goods induces agents to substitute in-

tertemporarily and increase imports above their long-run level. Throughout the transition,

exporters face costs of imported materials below those that will prevail in the long run. For

this reason, exports converge to their long-run level from above.

Domestic absorption, which in the model is given by consumption, converges from above

to its uniform-tariff steady state. This is because households take advantage that along

the transition the price of consumption is lower than in the uniform-tariff steady state. By

contrast, domestic value added converges from below to its long-run level. This is because

labor income, the main component of value added, is lower than in the long run, as firms

rely more heavily on the temporarily cheaper imported materials as factor inputs.

The analogy between harmonization and a temporary reduction in the tariff rate in an

economy without staggering has its limits. In the staggering economy, tariff dispersion intro-

duces a cross-sectional misallocation of import and labor inputs, which is welfare decreasing.

This sorce of misallocaiton is, by construction, absent in an economy with a unifom tariff.

7 Conclusion

We document that U.S. import tariff policy exhibits substantial staggering: in a typical

quarter, some goods are duty free, while among dutiable goods some tariffs increase, some

decrease, and others remain unchanged. Motivated by these facts, we develop a model of

staggered tariff setting and embed it in a dynamic open-economy framework.
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Figure 6: Macroeconomic Effects of Tariff Harmonization
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Notes. The figure displays deviations from the uniform-tariff (no-dispersion) steady state. The initial degree
of tariff dispersion is calibrated to match the cross-sectional tariff dispersion observed in the United States
in 2025:Q2. The cross-sectional mean tariff is kept constant throughout the transition at the level observed
in 2025:Q2.
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Tariff staggering materially affects the propagation of tariff shocks. It generates hump-

shaped macroeconomic responses even when the reset tariff follows an AR(1) process. It also

causes the Razin–Svensson neutrality result to break down: because a permanent change

in the reset tariff is incorporated only gradually into the mean tariff, it creates a built-in

anticipation effect on the trade balance.

Finally, we show that reductions in tariff dispersion have real effects even up to first order,

making the framework suitable for studying tariff harmonization. We find that dynamics

set in motion by eliminating tariff dispersion are akin to those following a transitory tariff

cut in an economy without staggering. This is because tariff dispersion induces importers

to shift purchases toward goods subject to below-mean tariffs, lowering the effective tariff

relative to the mean. Thus, along the transition to a uniform tariff, imports, exports, and

domestic absoprtion converge from above to their long-run no-dispersion levels.

Taken together, these results underscore the importance of accounting for the cross-

sectional distribution of tariffs when evaluating the macroeconomic consequences of tariff

policy.

30



Appendix

A Data Sources and Construction

The data consist of monthly observations on U.S. imports for consumption and calculated

import duties obtained from the U.S. International Trade Commission (USITC) and accessed

on June 20, 2026. In U.S. trade statistics, “imports for consumption” refers to merchandise

that has cleared Customs for entry into the U.S. market; it does not imply that the imported

goods are used for final consumption. Import values are measured at customs value.

The data are organized at the six-digit Harmonized Tariff Schedule (HTS) product level

and cover the period 1990:M1–2026:M3. We aggregate the monthly observations to quarterly

frequency by summing imports and duties within each product and quarter. Thus, letting

mit and dit denote quarterly imports and duties for product i, the product-level tariff rate is

τit =
dit

mit
.

We use concordances from United Nations Statistics to track product codes across revisions

of the Harmonized System classification and impose a balanced-panel requirement. The

resulting panel contains 4,022 product lines in every quarter from 1990:Q1 through 2026:Q1.

All products are assigned fixed weights based on their import shares in 2006:

ωi =
mi,2006∑
j mj,2006

,

wheremi,2006 denotes total imports of product i during 2006. These weights are used through-

out the empirical analysis. In particular, the fixed-weight mean tariff, the mean tariff con-

ditional on being dutiable, and the dutiable share are constructed according to (1), (2), and

(3), respectively. The two mean-tariff series displayed in Figure 1 are seasonally adjusted.

Because tariff rates are calculated from observed duties and imports, small changes may

reflect measurement error. We therefore classify a quarter-to-quarter tariff movement as a

change only if

|τit − τi,t−1| ≥ 0.001,

that is, if the change is at least 0.1 percentage points in absolute value. Among products

that are dutiable in quarter t, tariff increases, tariff cuts, and unchanged tariffs are defined,

respectively, by τit−τi,t−1 ≥ 0.001, τit−τi,t−1 ≤ −0.001, and |τit − τi,t−1| < 0.001. The shares

displayed in Figure 3 are calculated using the fixed weights ωi, renormalized over products

that are dutiable in quarter t.
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B Testing the AR orders of τt and τ̃t

This appendix provides statistical tests of the autoregressive orders of the cross-sectional

mean tariff, τt, and of the reset tariff, τ̃t. It also tests the hypothesis that the estimated

coefficients of the autoregressive process for τt are equal to their theoretical counterparts

evaluated at their calibrated values. Finally, the appendix also provides estimates of the

autoregressive coefficient and the standard deviation of the innovation of the reset tariff τ̃t,

which are inputs in the calibration of the model.

B.1 Testing the AR Order of τ̃t

Using the 144 quarterly observations and a common effective sample, we obtain

Model Selection for τ̃t: Information Criteria

Model Estimated equation AIC BIC

AR(0) τ̃t = 3.043 + σeτ εt 712.49 715.44

AR(1) τ̃t = 1.165 + 0.6196τ̃t−1 + σeτεt 646.06 651.97

AR(2) τ̃t = 1.165 + 0.6196τ̃t−1 − 0.0006τ̃t−2 + σeτεt 648.06 656.93

The nested tests are

Model Selection for τ̃t : Nested Tests

Null hypothesis F -statistic p-value

AR(0) against AR(1) 86.67 < 10−15

AR(1) against AR(2) 0.00004 0.995

Thus, both information criteria and the nested tests select AR(1). The Ljung–Box p-values

at horizons 4, 8, and 12 are 0.42, 0.86, and 0.98, indicating no residual serial correlation.

The preferred process is then

τ̃t − τ̃ = 0.6196 (τ̃t−1 − τ̃ ) + 2.32εeτ
t .

with τ̃t being expressed in percentage points. Thus, we calibrate ρeτ = 0.62 and σeτ = 2.33.
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B.2 Testing the AR Order of τt

To compare the specifications on a common basis, we estimate AR processes of orders 0

through 3 using the sample for which three lags are available. The results are

Model Selection for τ d
t : Information Criteria

Model Estimated equation AIC BIC

AR(0) τ d
t = 2.882 + εt 535.50 538.45

AR(1) τ d
t = −0.003 + 1.020τ d

t−1 + εt 273.67 279.57

AR(2)
τ d
t = 0.346 + 1.395τ d

t−1

− 0.511τ d
t−2 + εt

253.35 262.19

AR(3)
τ d
t = 0.430 + 1.379τ d

t−1 − 0.436τ d
t−2

− 0.091τ d
t−3 + εt

254.80 266.59

The nested tests yield

Model Selection for τ d
t : Nested Tests

Null hypothesis F -statistic p-value

AR(0) against AR(1) 763.93 < 10−57

AR(1) against AR(2) 23.67 3.07 × 10−6

AR(2) against AR(3) 0.53 0.466

Both information criteria select the AR(2) specification. The nested tests reject AR(0) in

favor of AR(1) and AR(1) in favor of AR(2), but do not reject AR(2) in favor of AR(3).

The Ljung–Box p-values, adjusted for the number of estimated autoregressive coefficients,

at horizons 4, 8, and 12 are 0.192 , 0.749, and 0.966 suggesting that the AR(2) specification

removes the residual serial correlation.

The preferred process is therefore

τ d
t = 0.346 + 1.395τ d

t−1 − 0.511τ d
t−2 + εt.

B.3 Testing the Parameter Restrictions Implied by the Theoreti-

cal Model

Consider a regression of τ d
t onto τ d

t−1 and τ d
t−2 and a constant. Let φ1 and φ2 denote the

coefficients on τ d
t−1 and τ d

t−2, respectively, in this unrestricted AR(2) specification. The
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theoretical model implies

φ1 = θ + ρeτ , φ2 = −θρeτ .

Our calibration sets θ = 0.75 and ρeτ = 0.62, implying

φ1 = 1.37, φ2 = −0.465.

We first test

H0 : φ1 = 1.37.

The OLS estimate of φ1 is 1.395 and its estimated standard eroor is 0.0844. The correspond-

ing t-statistic and p-value are 0.30 and 0.766. Thus, the null hypothesis that the estimated

coefficient equals its model-implied counterpart cannot be rejected at conventional signifi-

cance levels.

We next test

H0 : φ2 = −0.465.

The OLS estimate of φ2 is -0.511 and its standard error is 0.1049. The corresponding

t-statistic and p-value are -0.43 and 0.665. This restriction also cannot be rejected at con-

ventional significance levels.

Finally, a joint test of

H0 :





φ1 = 1.37,

φ2 = −0.465

yields F (2,138)=0.12, with a p-value of 0.883. Thus, the two parameter restrictions implied

by the theoretical model cannot be rejected either individually or jointly.

C Aggregation and Equilibrium

C.1 Derivation of Equilibrium Condition (29)

For convenience, we begin by reproducing equilibrium condition (29),

pz
t = Ae−am

t (wm
t )α

[
(1 + τt)Dt(ζ)

1
ζ

]1−α

, (29)

where, for any k ∈ R,

Dt(k) ≡
Tt(k)

(1 + τt)k
, (30)
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and

ζ ≡
(1 − η)(1 − α)(1 + ηh)

(1 + ηh − α(1 − η))
< 1.

Combine (8), (10), (11), and (16) to obtain

(wm
it )

1+ηh−α(1−η) ∝ (1 + τit)
(1−α)(1−η),

where proportionality here means up to a factor independent of i. Define γ ≡ 1+ηh−α(1−η)

and ϕ ≡ (1−α)(1−η)
γ

. It then follows from the above expression and from the definition of wm
t ,

equation (17), that relative wages are

wm
it

wm
t

=
(1 + τit)

ϕ

[
Tt(ζ)

]1/(1+ηh)
.

Using this expression and the law of one price, (28), to eliminate, respectively, wm
it and pm

it

from equation (10), the price of differentiated import good i, pz
it, can be written as

pz
it = Ae−am

t (wm
t )α
[
Tt(ζ)

]
−

α
1+ηh (1 + τit)

ζ/(1−η). (C.1)

Using (C.1) to eliminate pz
it from (12), yields

pz
t = Ae−am

t (wm
t )αTt(ζ)

−
α

1+ηh

[∫ 1

0

(1 + τit)
ζdi

] 1
1−η

= Ae−am
t (wm

t )αTt(ζ)
−

α
1+ηh Tt(ζ)

1
1−η

= Ae−am
t (wm

t )αTt(ζ)
−

α
1+ηh

+ 1
1−η

= Ae−am
t (wm

t )αTt(ζ)
(1−α)

ζ

= Ae−am
t (wm

t )α
[
Tt(ζ)

1
ζ

]1−α

= Ae−am
t (wm

t )α(1 + τt)
1−α

(
Tt(ζ)

1
ζ

1 + τt

)1−α

= Ae−am
t (wm

t )α
[
(1 + τt)Dt(ζ)

1
ζ

]1−α

,

where the second equality uses the definition of Tt(·) and the third equality uses ζ = ϕ(1+ηh).

The last equality is (29), which is what we had wanted to show.
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C.2 Proof that Dt(ζ)1/ζ < 1

Recall the assumptions ηh > 0 and α ∈ (0, 1). Recall also the definitions γ ≡ 1+ηh−α(1−η),

ϕ ≡ (1−α)(1−η)
γ

, and ζ ≡ ϕ(1 + ηh).

Assume first that η > 1. It follows that γ > 0, ϕ < 0, and ζ < 0. With ζ < 0, Jensen’s

inequality implies that ∫ 1

0

(1 + τit)
ζdi >

[∫ 1

0

(1 + τit)di

]ζ

.

Recall that 1 + τt ≡
∫ 1

0
(1 + τit)di and that Tt(ζ) ≡

∫ 1

0
(1 + τit)

ζdi. So we can write

Tt(ζ) > (1 + τt)
ζ ,

which implies that

Dt(ζ) ≡
Tt(ζ)

(1 + τt)ζ
> 1.

Elevating the left- and right-hand sides to the power 1/ζ < 0, it follows that Dt(ζ)
1/ζ < 1,

which is what we wanted to prove.

Now assume that 0 < η < 1. In this case ϕ, ζ > 0. With ζ > 0, Jensen’s inequality

implies that ∫ 1

0

(1 + τit)
ζdi <

[∫ 1

0

(1 + τit)di

]ζ

,

which in turn implies that

Tt(ζ) < (1 + τt)
ζ ,

or

Dt(ζ) =
Tt(ζ)

(1 + τt)ζ
< 1.

Elevating the left- and right-hand sides to the power 1/ζ > 0, it follows that Dt(ζ)
1/ζ < 1,

which is what we wanted to prove.

C.3 Derivation of Equilibrium Condition (33)

This appendix derives equilibrium condition (33), which we repeat here for convenience

(1 + τt)mt = (1 − α)pz
t zt
Dt(ζ − 1)

Dt(ζ)
. (33)
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Let mt ≡
∫ 1

0
mit di. Solve (9) for mit and use the law of one price, equation (28), to eliminate

pm
it , to obtain

(1 + τit)mit = (1 − α)pz
itzit.

Use (11) to eliminate zit from this expression. This yields

(1 + τit)mit = (1 − α)(pz
it)

1−η(pz
t )

ηzt.

Then use (C.1) to replace pz
it and rearrange terms to get

mit = (1 − α)(pz
t )

ηzt

(
Ae−am

t (wm
t )αTt(ζ)

−
α

1+ηh

)1−η

(1 + τit)
ζ−1.

Use this expression in the definition of mt

mt =

∫ 1

0

mitdi

= (1 − α)(pz
t )

ηzt

(
Ae−am

t (wm
t )αTt(ζ)

−
α

1+ηh

)1−η
∫ 1

0

(1 + τit)
ζ−1di

= (1 − α)(pz
t )

ηzt

(
Ae−am

t (wm
t )αTt(ζ)

−
α

1+ηh

)1−η

Tt(ζ − 1).

Use (29) to eliminate Ae−am
t (wm

t )α from the last expression and multiply both sides by 1+ τt

to obtain equation (33).

C.4 Proof that Dt(ζ − 1)/Dt(ζ) > 1

Let k = ζ < 1. Using the definition of Dt(k) given in (30), one can write

Dt(k − 1)

Dt(k)
=

(1 + τt)Tt(k − 1)

Tt(k)
.

Let Xi ≡ 1+τit and X̄ ≡
∫ 1

0
Xidi. Because τit ≥ 0, Xi, X̄ ≥ 1. Recall from above that k < 1

and therefore k − 1 < 0. Note that if Xi ≥ X̄, then Xk−1
i ≤ X̄k−1. And if Xi ≤ X̄, then

Xk−1
i ≥ X̄k−1. Thus we have

0 ≥ (Xi − X̄)(Xk−1
i − X̄k−1)

= Xk
i −XiX̄

k−1 − X̄Xk−1
i + X̄k.
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Integrating over varieties i, we obtain

0 ≥

∫ 1

0

Xk
i di− X̄

∫ 1

0

Xk−1
i di

X̄

∫ 1

0

Xk−1
i di ≥

∫ 1

0

Xk
i di

(1 + τt)Tt(k − 1) ≥ Tt(k)

(1 + τt)Tt(k − 1)

Tt(k)
≥ 1,

which is what we wished to show.

D Calibration of η

Let εm denote the tariff elasticity of imported-material demand, mit. Formally, it is defined

as

εm ≡ −
∂ lnmit

∂ ln(1 + τit)
,

where the partial derivative refers to holding all aggregate variables constant. To derive an

expression for εm in terms of structural parameters only, note that equation (C.1) implies

that
∂ ln pz

it

∂ ln(1 + τit)
= χ, (D.1)

where

χ ≡
(1 − α)(1 + ηh)

1 + ηh + α(η − 1)
. (D.2)

From (9) and (11) we have that

mit ∝ (pz
it)

1−η(1 + τit)
−1, (D.3)

where ∝ means up to aggregate variables and constant factors. From (D.1) and (D.3) it

readily follows that the tariff elasticity is given by

εm = 1 + χ(η − 1).

Using (D.2) to express χ in terms of structural parameters yields

εm = 1 +
(1 − α)(1 + ηh)(η − 1)

1 + ηh + α(η − 1)
= 1 − ζ, (D.4)
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which is equation (38) in the body of the paper. The second equality follows from equa-

tion (31). Note that when α = 0, so that imported materials do not require domestic labor,

εm = η.
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