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Abstract

Expenditure-switching is the main channel through which exchange rates transmit
to the real economy. Conventional wisdom holds that this channel’s strength is increas-
ing in exchange rate pass-through into prices: assuming the import demand elasticity is
independent of pass-through, larger effects of exchange rates on prices yield larger sub-
stitution of spending between domestic and foreign goods. In this paper, I show that
this conventional wisdom does not hold. Using confidential US micro-data and a panel-
data local projection technique, I show that quantity-exchange rate elasticities are sim-
ilar across high and low pass-through environments. In essence, low pass-through is
subject to a larger import demand elasticity than is high pass-through. I then propose
an extension of a standard small open economy New Keynesian model by adding a
layer of import buying (retail) firms, in which both exporting and importing firms are
subject to price rigidities. I show empirically and theoretically that the “import buyer
rigidity” dampens overall adjustment, but less so under low pass-through because in
this case the pass-through is more persistent. The model thus accounts for why the
quantity-exchange rate elasticities are similar across pricing regimes. I conclude by
exploring the implications of this framework for monetary and exchange rate policy,
actually finding a stronger expenditure-switching channel under low pass-through. JEL
Codes: F41.
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“If countries’ imports are priced in local currencies... exchange rate changes become
powerless to alter the relative prices...the important allocative role of flexible exchange
rates in [classical] models evaporates... The exchange rate has no expenditure-switching

power, so exchange rate pessimism is justified.”

— Maurice Obstfeld (2002)

1 Introduction

The key way exchange rates transmit to the real economy begins with exchange rate
price pass-through: how exchange rates influence trade prices (defined as import prices, i.e.
the price paid by the importer). Given pass-through, exchange rate variation then leads
to expenditure-switching, meaning that the relative demand for home versus foreign goods
changes. The exchange rate thus has an allocative role in real activity. Conventional wisdom,
as described by the above quote by Obstfeld| (2002), is that low pass-through, perhaps due
to exports priced in local (importer) currency to start with, mutes the expenditure-switching
channel relative to the high pass-through benchmark.

Contrary to this conventional wisdom, in this paper I present evidence that differences in
quantity-exchange rate elasticities are substantially smaller than differences in pass-through.
The import demand elasticity — the elasticity of trade quantities with respect to import
prices — is higher under low pass-through, implying the aforementioned quantity-exchange
rate effects. In contrast, underlying the conventional wisdom is that the import demand
elasticity should be independent of pass-through.

To explain the result, I add to a small open economy New Keynesian model a layer
of importing firms which intermediate between foreign exporters and households. These
“import buyer” firms have sticky prices which both dampen overall adjustment across all
levels of pass-through, but less under low pass-through, which explains the empirical facts.
This is because the import buyer rigidity also causes dependence of retail prices upon the
future path of marginal costs. Import buyers thus adjust their import demand relatively
more when facing more persistent pass-through of exchange rates into trade prices. Though
pass-through is decreasing in the exporter’s trade price rigidity, pass-through persistence is
increasing in the trade price rigidity. This is because sticky trade prices take longer to fully
adjust to exchange rate shocks than do flexible trade prices. Thus, as it is more persistent,
low exchange rate pass-through into trade prices induces a larger import demand elasticity

than high exchange rate pass—throughE]

1Section contains a detailed explanation of this mechanism including how the import demand elasticity
depends upon exchange rate pass-through.



Through quantitative simulations of the model, I actually find a relatively stronger
expenditure-switching channel under low pass-through, implying a new perspective on mon-
etary and exchange rate policies. As a result of the relatively stronger quantity elasticities,
the real GDP response to monetary policy is actually stronger under low pass-through. Ac-
cordingly, exchange rate policy has a new role: to correct the greater demand-side inefficiency
under high pass-through.

In the empirical analysis I leverage US firm-level trade data, specifically the Census
Bureau Longitudinal Firm Trade Transactions Database (LFTTD). The data contain the
universe of US exporting and US importing firms. The advantage of this dataset is that
essentially all US trade is rigid in dollars, so that there is high pass-through to trade prices
in US exports and low pass-through to trade prices in US imports (Gopinath and Rigobon
(2008))). The variation is summarized as the classical currency pricing regimes, producer
currency pricing (PCP, price set in exporter currency, i.e. US exports) and local currency
pricing (LCP, price set in importer currency, i.e. US imports). PCP is canonically a high
pass-through environment (zero trade price rigidity) and LCP is canonically a low pass-
through environment (high trade price rigidity). Accordingly, the variation is useful for
comparing high and low pass-through. Finally, as opposed to aggregate data, the LFTTD
firm-level data allows me to identify the exact import quantity or price faced by a firm
purchasing a product from a given country, rather than a sum or average. It also allows me
to control for firm-specific trends.

My strategy to identify exchange rate-based elasticities, both for trade prices and trade
quantities, involves combining macroeconometric local projections and panel-data techniques.
[ follow Jorda (2005) and more recently an application to tariffs, by Boehm et al.| (2023)).
This strategy is attractive because it enables me to address endogeneity in identifying the
effect of the exchange rate and also provides a clear interpretation applicable to studying
implications for expenditure-switching. To address endogeneity, I first leverage the feature
that conditioning on firm, country, product, and time-varying factors helps address observ-
able bias in the local projection. Given the panel-data controls and fixed effects, leveraging
a contemporaneous exchange rate shock as an instrument for longer-run changes (a local
projection instrument) then helps address remaining simultaneity due to independence from
future shocks. Applying local projections provides a clear interpretation of the resulting
elasticities both suitable to identifying expenditure-switching and useful for general open-
economy models, as the strategy captures the total influence of a single exchange rate shock.
As I discuss in Section [} this approach provides advantages over the traditional method of
identifying pass-through (see e.g. Burstein and Gopinath! (2014))).

Applying this method, I find that quantity-exchange rate elasticities do not reflect the



pass-through differences between US imports and US exports, in contrast to conventional
wisdom. The result can be summarized in general form as reflecting heterogeneity in the
import demand elasticity, particularly that it is higher when pass-through is low. Next, I
demonstrate that pass-through is more persistent when it is low. I then show that the rigidity
of the importing firm — “import buyer rigidities” — attenuates more of the high pass-through
elasticity than the low pass-through elasticity.

A series of robustness checks supports my interpretation of the results. First, the import
demand elasticity heterogeneity result is robust across a range of regression specifications.
It is larger in the low pass-through environment under a range of designs that vary the
control set. The results are also not driven by the underlying exchange rate variation and
are independent of time horizon. Second, the import buyer rigidity result is not sensitive to
definition of variable construction or driven by underlying variation. I also provide evidence
that the role of the import buyer rigidity is related to pass-through persistence. Although
the rigidity does not meaningfully attenuate LCP exchange rate-based elasticities, it sub-
stantially attenuates the tariff-based elasticities in US imports similarly to those of high
pass-through exchange rates.

I also consider concerns that the results could be driven by regression specification asym-
metry, and simulate potential bias, showing it does not influence the results. Another concern
could be that US imports and exports are subject to different underlying demand: I again
leverage tariffs as a control shock, showing that tariffs across US exports and imports face
similar demand elasticities, ruling out differential fundamental demand. Another concern is
that US imports and exports contain different products, so I show that restricting to the
same product set does not change the results. Finally, exchange rate hedging could dispro-
portionately influence US imports or exports, so I include a control for it in an alternative
specification, finding the results are robust to the control.

The paper then presents a variant of an open-economy New Keynesian model with trade
in intermediates as well as import buyers described earlier. Households consume a CES
aggregate of a domestic composite and a foreign composite. Domestic manufacturers produce
the domestic composite. The foreign composite is produced by domestic import buyers who
obtain intermediates from foreign exporters. Importantly, households’ substitution between
domestic and foreign goods depends on the import buyer’s price and not the trade price. As
described earlier, there are also pricing frictions that enhance the sensitivity of import buyers’
prices to persistent movements in trade prices. The import buyer rigidity causes the import
buyer to respond only partially to any trade price change, but also to adjust depending on
the expected path of trade prices. Accordingly, the import buyer adjusts demand more for

more persistent trade price pass-through. This pass-through persistence is increasing in the



exporter’s trade price rigidity, which captures the degree of LCP (in the limiting case of
no rigidity approximates PCP) and is accordingly inversely related to pass-through. In the
framework, the import demand elasticity is higher for low pass-through (LCP) than high
pass-through (PCP) and the import buyer rigidity generates the import demand elasticity
heterogeneity.

Calibrating the model using literature parameter estimates and observations from data,
I find that the model can match the import demand elasticity heterogeneity originally de-
scribed above. The model can also match the empirical heterogeneity according to the import
buyer rigidity. Importantly, the form of pass-through persistence in the model matches its
equivalent in the data. Also, predicting the import demand elasticity using pass-through
persistence is consistent with the estimates observed in data.

Armed with this evidence that the model fits the data well, I consider the general equilib-
rium implications of this framework. Quantifying the general equilibrium model then lends
insights into how pass-through shapes the expenditure-switching channel, and in particular
the roles of currency choice, monetary policy, and exchange rate policy. Though all effects
are weaker relative to the case without import buyer rigidities, I find the low pass-through en-
vironment of LCP has a stronger expenditure-switching channel than the high pass-through
environment of PCP. As a result, LCP has a stronger real GDP effect from monetary policy.
This is because under LCP, compared to PCP, substitution effects are significantly amplified
relative to price effects. This is the opposite of the conventional wisdom, which expects sub-
stantially larger substitution under PCP. Lastly, I consider the role of exchange rate policy.
This framework demonstrates a new demand-side inefficiency which is greater under PCP, a
new possible motivation for exchange rate policy.

The next section summarizes related literature, then Section [3] discusses the data and
Section {| the design. Section [5| presents the main elasticity estimates, mechanisms, and
robustness. I rationalize the estimates in the framework in Section [6] Section [7] explores the
quantitative validity and implications of the model, and the paper finishes with concluding

remarks in Section [§

2 Related Literature

This paper first relates to a literature identifying price pass-through of exchange rates.
Low pass-through has been identified and explored in work such as Campa and Goldberg
(2005)), (Goldberg and Hellerstein| (2008), Nakamura and Zerom! (2010)), Amiti et al.| (2014),
and |Amiti et al.| (2019a). In US data, papers such as|Gopinath and Rigobon (2008)), |Gopinath
et al. (2010), and Gopinath and Itskhoki (2010) have established the dynamics of pass-



through under the canonical LCP and PCP currency pricing regimes. One canonical finding
is low pass-through in the LCP environment of US imports and high pass-through in the
PCP environment of US exports. I find consistent estimates using a new dataset, LFTTD,
and a new methodology to identify pass-through.

There is also a small literature identifying quantity effects of exchange rates, containing
substantially less work than the literature of price pass-through. Important exceptions are
De Gregorio et al.| (2024)) and Amiti et al.| (2022). The former estimates quantity effects of
exchange rates with Chilean data, leveraging a regression specification symmetric to that
of the aforementioned pass-through literature. Though De Gregorio et al. (2024) focuses
on currency choice dynamics and has a different conclusion, our analyses are consistent
in different settings. |Amiti et al.| (2022) estimate quantity dynamics of exchange rates
aggregating across sticky-price determinants of pass-through. The authors highlight that
their analysis is suggestive of quantity adjustment frictions. My paper differs from this
literature in the following ways. First, I use a new methodology for estimating the effects of
exchange rate movements applying local projection methods to panel data following |Jorda
(2005)). The methodology has a clearer application to expenditure-switching given I identify
a total effect of exchange rates as opposed to a partial effect. There are also advantages in the
identification that I discuss later, which requires weaker assumptions than the conventional
method. Second, I develop a new mechanism to explain the results in the context of a small
open economy New Keynesian model, and perform a set of policy experiments.

My analysis relates to the so-called Exchange Rate Disconnect. The Exchange Rate Dis-
connect consists of a number of underlying puzzles, including that exchange rates appear
uncorrelated with macroeconomic fundamentals (Meese and Rogoff| (1983) and |Backus and
Smith (1993))). Some analysis has found that exchange rates have smaller effects on real
activity than other cost shocks, supporting the Exchange Rate Disconnect (Fitzgerald and
Haller| (2018)), Fontagné et al.| (2018)). Together that body of work contributes to the “Inter-
national Elasticity Puzzle” (Ruhl (2008)), that in order to match data exchange rate-based
import demand elasticities may be smaller than those based on other shocks (e.g. tariffs).
That analysis could imply a generally limited role for expenditure-switching, confounding
the relationship with pass-through. Relative to this “shock heterogeneity” puzzle, this paper
microfounds the general heterogeneity and provides a new source for it (trade price rigidities).

This paper revisits the original literature on exchange rate pass-through and expenditure-
switching, adding elements of subsequent analysis to reach a new conclusion. In the workhorse
model |Gali and Monacelli (2005)), expenditure-switching is a key vehicle of monetary trans-
mission. In that framework and in many open-economy models since, the import demand

elasticity is independent of pass-through. For example, the elasticity is uniform with respect



to pass-through in recent research such as Gopinath et al.| (2020), |(Camara et al. (2024)),
and (Guo et al.| (2023). As a result, in this type of standard framework, lower pass-through
generates less expenditure-switching. In this paper, import buyer rigidities empirically and
theoretically generate heterogeneity in the import demand elasticity. This import buyer
rigidity is the firm-to-firm trade analog of the forward-looking household demand (“sluggish
demand”) in |Auclert et al. (2024), which generates demand heterogeneity with respect to
shock persistence.

The paper is also related to work studying how layers of frictions contribute to open-
economy dynamics. The import buyer mechanism in this paper is related to the role of
retailers in intermediating trade transactions. For example, Corsetti and Dedola (2005))
consider how wedges in consumer versus import prices via retailers can dampen the real
response to exchange rate fluctuations. Burstein et al.| (2003) demonstrate how distribution
costs improve fit of real exchange rate dynamics. Both |Auer et al. (2021) and [Cavallo et al.
(2021)) find incomplete pass-through of border (i.e. trade) prices to retail prices. The model
in this paper is consistent with their identified border and retail price responses.

Finally, the supply-side (pricing) inefficiency of LCP has been well established. For
example, Devereux and Engel (2003) highlight this inefficiency of LCP, arguing in favor of
exchange rate management for that case and a freely floating exchange rate under PCP. In
contrast, the analysis in this paper presents a demand-side inefficiency which is larger for
PCP than LCP.

3 Data

This section contains a description of the data used in the main analysis. In all estimation,
[ leverage data from the Longitudinal Firm Trade Transactions Database (LETTD). The data
is for US firms, and contains both US export and US import transactions. The data provide
quantity, value, and prices for each firm-country partner-product-month transaction. The
first of the variables is a crucial advantage of this dataset: it enables linking price information
with quantities. The quantity variable is the number of units imported, and I construct the
price as the price paid at the border in the currency of the importing country. The price is
directly measured as trade values in importer currency divided by trade quantities. I extract
the exchange rate data from Bloomberg.

The estimation leverages a series of controls, and in Section [4]I describe the role of these
controls more precisely. They include producer price index (PPI) and real gross domestic
product (real GDP) from the International Monetary Fund (IMF) International Financial
Statistics (IFS), at the country-month and country-quarter level, respectively. They also



include tariffs, which are observable at the partner country-product-month level for both
US imports and US exports from Fajgelbaum et al.| (2019), which originally draws from the
Census. Due to availability, the sample is monthly and ranges from 2013 January through
2019 April.

Nearly all of US trade is rigid in US dollars: there is LCP in US imports and PCP in
US exports (Gopinath and Rigobon| (2008))). In other words, the price is sticky in importer
currency for US imports and in exporter currency for US exports. Accordingly, by compar-
ing US imports and exports, we naturally vary the nature of the trade price rigidity with
respect to the exchange rate. To consider the import buyer rigidities I link the firm-industry
information from the Longitudinal Business Database (LBD), LFTTD, and Nakamura and
Steinsson| (2008) price stickiness dataf]

For a robustness check regarding underlying demand composition of the import buyer
rigidity 1 leverage sector-level trade elasticities from |Caliendo and Parro (2014).@ For a
robustness check regarding exchange rate hedging, I leverage data from Bank of International
Settlements (BIS) Triennial Central Bank Survey.

In the Appendix I show that the US export and US import samples are generally balanced
in terms of average quantity change and exchange a rate change. There is a discrepancy for
the average price change, with US exports having a larger average foreign import price change
than US imports. This is mechanical: note by definition of PCP the price paid by foreigners
for US goods is directly subject to the dollar exchange rate, amplifying benchmark price

fluctuations.

4 Empirical Method

In this section I describe the econometric framework used in this paper to identify ex-
change rate-based elasticities. To do so, I first define the import demand elasticity, the
metric for how quantity effects of exchange rates follow from pass-through, as a function
of a general data generating process. The elasticity is composed of price pass-through and
quantity-exchange rate elasticities. I discuss conditions under which heterogeneity in the
import demand elasticity can arise and standard endogeneity concerns. A description of
this paper’s methodology follows, including how it properly identifies the three elasticities
and addresses endogeneity concerns. Finally, I discuss identifying assumptions and mention

supplementary designs, the latter of which will be expanded upon in Section

2The price stickiness data were accessed via the replication package of |[Fajgelbaum et al.| (2019).
3The trade elasticity data were accessed via the replication package of [Fajgelbaum et al.| (2019).



4.1 Data Generating Process

Consider the following data generating process to define the import demand elasticity.
The process first consists of a pass-through equation in which the log trade price p; depends

on a general log shock. Henceforth, lowercases denote logs.
Ap; = vAshock; + V. (1)

In Equation [I] pass-through v is the total derivative of Ap, with respect to Ashock;. The total
derivative is necessary to capture all channels through which the shock (i.e. the exchange
rate) determines prices. Assuming the shock only influences log quantities Ag; via prices,
then the following equation

Aq; = yAshock; + € (2)

implies the import demand elasticity

g =n/v. (3)

The import demand elasticity & is the total derivative of quantities with respect to prices,
when the price change is from the shock. The total derivative is again desired to capture all
channels through which changes in relative prices induce substitution.

Traditionally it is assumed that, apart from any endogeneity concerns which I discuss
shortly, the shock is uncorrelated with model error, i.e. the demand curve is Aq, = o Ap;+¢7
where Cov(vAshock;,e7) = 0. Then, the import demand elasticity ¢ = o is independent
of pass-through v. However, if import demand depends on the path of prices then ¢ will
depend on both the shock and on pass-through. In that case, the fitted value (vAshock;) is
correlated with the model error via p;. The resulting heterogeneity with respect to shock;
relates to results on the International Elasticity Puzzle. Namely, a tariff or exchange rate
shock will face different import demand elasticities because they are differentially correlated
with the price path due to different persistences (Auclert et al.| (2024)). The innovation
in this setup is that the pass-through elasticity v is a characteristic of the price path and
therefore generates a new source of heterogeneity in 6. The price path is correlated with the
pass-through rate (such as via sticky prices) so that differences in v also imply differences in
o

Henceforth consider the case of the shock equal to the log exchange rate, i.e. shock; = e;.

There is then a classical endogeneity concern in this framework. Let o; be a general outcome,



e.g. {q,pi}. A general form of Equations (1| and [2 is
Aoy = aAe; + Ay + €74 (4)

Here, prices and quantities are determined by the exchange rate and right-hand-side shocks
(such as demand and supply) v;. As the total derivative is desired, direct omitted variables
bias via standard supply or demand channels is not a concern. However, there is a standard
simultaneity concern due to codetermination of exchange rates, outcomes, and right-hand-

side (supply and demand) factors:
Aet = angt + CQA/Ut + €gvt. (5)

The resulting exchange rate-based elasticities will be biased proportionally to the simultane-
ity due to as # 0 and (5 # 0.

The traditional pass-through specification (Burstein and Gopinath (2014])), which is to
regress the outcome on current and lag exchange rate shocks and controls, also suffers from
this bias. In that specification, the contemporaneous shock has the bias of OLS, and bias
accumulates (though at a decaying rate) with each lag. Additionally, the resulting elasticities
are partial derivatives which do not capture the full set of channels through which the
exchange rate could generate expenditure-switching. In the Appendix I develop this analysis
regarding the conventional specification further.

Due to nominal rigidities it’s argued that prices are less correlated with right-hand-side
shocks: prices are subject to nominal rigidities, which are less correlated with exchange rates
than general demand shocks. Accordingly, it’s argued that the standard method is reasonable
for price pass-through but is challenged with regard to identifying quantity elasticities. In
regards to endogeneity, Gopinath and Itskhoki| (2022) explain that “[the] issue of endogeneity
of the exchange rate is a bigger concern for the response of imports and exports to exchange
rates than it is for prices. This is because quantity responses depend on the level of demand
besides the relative price of imports and this can vary depending on the shock driving the
exchange rate changes... That is, a decline in imports may reflect an overall decline in

demand for certain goods in a country rather than an increase in the price of imports.”

4.2 Estimation Procedure

To address concerns of interpretation and endogeneity, I propose to estimate panel-data-
time-series-identified elasticities a la |Boehm et al. (2023). Like a tariff, the time series of

exchange rates tends to have an autocorrelative structure. In particular, the exchange rate

10



can be approximated in an AR(1) form, with a persistence parameter less than but close to
unityﬁ Accordingly, as with tariffs in [Boehm et al. (2023) I leverage the contemporaneous
exchange rate shock as an instrument for longer-run exchange rate changes.

The strategy involves two steps. Conditioning the contemporaneous exchange rate on a
series of controls, fixed effects, and lags helps address simultaneity bias from right-hand-side
shocks. Then, the local projection addresses outcome simultaneity and remaining unobserv-
able bias, which I prove shortly.

The estimating equations are as follows.

Ap% = VAoejt + 5ant + fnt + €, (6)

AQZ; = ’onejt + Bant + gnt + g, (7)
and

Aejy = pAoejt + BeXnt + &nt + €. (8)

Here, t refers to month, n is the unit of observation, and j is partner country. In this setting
n = {f,h,j} where f refers to (US) firm, h is HS-10 product, and j is again partner country.
X, and &,; are the full sets of controls and fixed effects respectively. They include a range
of factors which each capture a subset of components {f, h,j} of the n cell.

The pass-through elasticity is given by the instrumental variables estimates v/p and the
quantity elasticity by 7v/p. Assuming the exchange rate only influences quantities via prices,
the import demand elasticity is the instrumental variables estimate & = /v. All three
elasticities particularly leverage variation precisely originating from the single shock, the
exchange rate local projectionﬁ This estimation structure is particularly useful to capture
expenditure-switching effects from monetary or exchange rate policy. In such cases, the shock
to be studied has a specific source (i.e. a monetary policy shock). Also, the controls are
contemporary and lagged with respect to the local projection, i.e. they are not contemporary
to the longer-run outcome. Therefore, as the local projection does not impose restrictions,

the specification approximates a total derivative.ﬁﬂ Accordingly, the resulting elasticities do

4In Section I report an estimate of the average monthly persistence parameter equal to 0.96.

5For comparison, an OLS representation of an elasticity averages across all consecutive fluctuations in
the sample horizon, and accordingly confounds the desired exchange rate effect with the effect of the average
pattern of data. The pattern of data is the shape of the exchange rate movement, i.e. how the exchange
rate moves from appreciating to depreciating and vice versa; these patterns are extremely noisy and unique
to individual series.

6The specification only approximates rather than explicitly captures a total derivative because of the
inclusion of US firm trends and controls contemporaneous to the local projection. There is a trade-off in
terms of interpretation and bias. The proposed specification improves in capturing a total derivative relative
to models which directly control for the right-hand-side shocks Aw;.

"An alternative to a local projection would be to use a VAR. However, as shown by |Li et al|(2024) and

11



not rule out any channels by controlling for them contemporaneously.

The first step of the endogeneity solution is as follows. The set of included fixed effects
and controls address observable simultaneity of right-hand-side shocks v;. I include a firm-
country-sector fixed effect which enables estimation within invariant demand and supply
factors. Then, a firm-product-month fixed effect addresses both aggregate US trends, which
have a large influence on the overall dollar exchange rate, and also demand shocks in US
imports and supply shocks in US exports. To supplement the asymmetry, the specifica-
tion includes current and 11 lags of PPI, GDP, and tariff monthly shocks as controls. The
lag controls in total address a year of previous trends. These controls follow recommenda-
tions from the international macroeconomics and macroeconomic literature (Gopinath and
[tskhoki| (2022) and |Ramey| (2016))). In this setting, they address the “missing” demand (sup-
ply) shocks in US exports (imports) by addressing partner-country factors. I also include
11 lags of the monthly exchange rate shock following Ramey| (2016) to address confounding
trends in the shock. Also, note that there is an asymmetry in which the fixed effects in
US imports enable identifying an elasticity holding fixed the CES price index, whereas they
cannot capture the same in US exports. The Appendix contains a bias simulation which
shows this specification asymmetry does not drive the results.

Given the control set, the second step of the endogeneity solution is that the local projec-
tion instrument further addresses endogeneity concerns. In the language of the example in
this section, the local projection can be assumed to be (i) independent of correlated shocks
vy originating after time ¢. It is also plausibly (ii) not caused by shocks to the outcome o,
originating after time t. To see this, note a modified codetermining equation, which relative

to Equation [5| includes the local projection:
Aoet = OégAOt + CgAUt + 6;,# (9)

Given Equation b the simultaneity is attenuated proportionally to the autodecay of the
confounding terms. In particular, the simultaneity bias terms in the local projection speci-
fication a9 and ¢ can be written as a function of the OLS counterparts, down-weighted by
the autodecay in o; and v; respectively.

Ago Agv
ay = 042%0:; (=0 on;~ (10)

In all analysis I evaluate a 10-month horizon, i.e. for log variable z Az, = 24110 — 2¢-1,

using a contemporaneous local projection, i.e. Agz; = z; — 2z;_1, as the instrument. More

Montiel Olea et al.| (2024)) VAR analysis can suffer from additional bias relative to local projections.
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generally, define Ay = 2z, — 2,1 and v, v, and p; as estimated over the k-horizon. This
choice takes into account the propagation horizon of standard shocks (such as monetary
policy) and feasibility within this framework. A 10 month projection captures the medium-
term, which is a useful benchmark over which to consider policy implications. Also, at
horizons beyond the 10 month projection it is difficult to precisely identify exchange rate
effects in US imports with the proposed contemporaneous shock instrument due to the
nature of LCP. Namely, because pass-through is low under LCP, it is difficult to identify a
strong first-stage at longer time horizons. Also, due to data availability there is not sufficient
variation to identify tariffs, which serve as a placebo experiment, beyond 10 months. I focus
on k = 10 in the main analysis but consider other k horizons for robustness. Shorter horizons
(k < 10), which I will report for robustness, are less useful for exploring the impact of shocks

such as monetary policy. I also report longer horizons (k > 10) for robustness.

4.3 Identifying Assumptions

I make the following assumptions such that the proposed specification generates valid
price- and quantity-exchange rate (and quantity-price) elasticities. First, the set of controls
are not correlated with the error term such that they introduce new omitted variables bias.
Second, conditional on these controls, the contemporaneous exchange rate shock is not driven
by separate shocks driving future changes in trade quantities (and prices) after time t¢.
Third, conditional on these controls the contemporaneous exchange rate shock only affects
the longer-horizon quantity (and price) change via its own longer-horizon change. A fourth
assumption is required for the quantity-price estimation, that the contemporaneous exchange
rate shock only affects the longer-horizon quantity change via the longer-horizon price change.
A final assumption is that the contemporaneous shock has a valid first-stage.

In Section [5] I run a series of robustness checks to address threats to the credibility and
interpretation of the estimates. I directly test the initial assumption regarding the validity
of the controls by varying the control set. The section will report a range of alternative
specifications. The second assumption, regarding the independence of the instrument from
future shocks, is addressed by incorporating lags on the right-hand-side. I also test adding
and removing lag shocks and outcomes. It is difficult to concretely estimate threats to the
exclusion restriction (the third and fourth assumptions), but I consider one alternative (the
financial channel). Finally, I measure the strength of the first-stage. The contemporane-
ous shock instrument is strong at the 10-month horizon. I also note for which alternative
specifications the first-stage weakens. As discussed earlier, I also include simulations in the

Appendix showing that specification asymmetry does not explain the results. Moreover, I
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present the underlying exchange rate variation; it does not confound the estimates. Lastly,

I show that the results are consistent across a range of estimation horizons.

5 Empirical Results

5.1 Pass-through, Quantity, and Import Demand Elasticities

In this section I present estimates of pass-through, quantity, and import demand elas-
ticities with respect to exchange rates. I first show stark differences in pass-through magni-
tudes across US imports (LCP) and US exports (PCP). Despite the pass-through difference,
quantity effects of exchange rates across the two environments are approximately equal. Ac-
cordingly, the low pass-through environment of LCP is subject to a greater import demand
elasticity than the high pass-through environment of PCP. Sections contain the
price, quantity, and import demand elasticity estimates. I also conduct a series of sensitivity
checks. Section presents a mechanism: the importance of heterogeneous pass-through
persistence due to sticky-price importers (import buyer rigidities), and rules out alternatives.

Section [6] follows and develops a consistent theoretical framework.

5.1.1 Elasticity of Prices with respect to Exchange Rates

P
between Equations[6land [l In all analyses in Section[5.1]I fix controls as described in Section
except where otherwise indicated. Table[l| contains the pass-through results comparing US

I estimate the pass-through elasticity % using the instrumental-variables relationship

exports to US imports.

Consistent with |Gopinath and Rigobon| (2008) and |Gopinath et al.| (2010) I find that
pass-through is approximately complete (i.e. a coefficient % = 1) in the PCP environment of
US exports. That is, the foreign importer pays the full bilateral exchange rate as it fluctuates.
Also consistent, I find that pass-through is substantially lower in the LCP environment of
US imports, meaning that US importing firms tend not to pay the full exchange rate increase
even after 10 months. Moreover, the point estimates also match the robust earlier work on
pass-through. For example, |Gopinath and Rigobon| (2008)) find that US exports are PCP
(prices set in exporter currency) and US imports are LCP (prices set in importer currency).
Then, |Gopinath et al.| (2010) finds that the average 10-month pass-through elasticity in US
imports is approximately 30%, and is approximately 100% for PCP. The results in Table
are exactly consistent with these numbers, despite being estimated in different data with a
different regression specification. Accordingly, this analysis serves as a literature-consistent

benchmark of high versus low pass-through from which this paper’s methodology can derive
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Table 1: Pass-through

(1) (2)

US Exports US Imports
“PCP” “LCP”
v/p 0.9859*** 0.3111**
(0.08931) (0.06304 )
Firm-product-time Y Y
Firm-partner-sector Y Y
PPI, GDP, Tariff Y Y
Lag Controls (11) Y Y
N 800000 1958000

Note: Price-exchange rate “pass-through” elasticities ¥; 10 month exchange rate projection instrumented

with the contemporaneous exchange rate shock. Equation [6]is the reduced form and Equation [§]is the first
stage. All standard errors clustered by HS product and partner country. The analysis is constructed with
confidential US Longitudinal Firm Trade Transactions Database (LFTTD) for US exports and US imports.
All first-stage F-statistics reflect a strong first stage. Any views expressed are those of the authors and not
those of the U.S. Census Bureau. The Census Bureau has reviewed this data product to ensure appropriate
access, use, and disclosure avoidance protection of the confidential source data used to produce this product.
This research was performed at a Federal Statistical Research Data Center under FSRDC Project Number
2874. (CBDRB-FY24-P2874-R11330). This is a part of clearance request #11330. * p < 0.1, ** p < 0.05,
*p < 0.01.

the quantity effects of exchange rates.

In Appendix Table [§]I present a series of alternative specifications which yield consistent
results to those in Table[Il Section [(.1.3] contains a detailed discussion of these alternative
specifications. In the next Section [5.1.2] T show the corresponding quantity-exchange rate

elasticities, then discuss the import demand elasticity and specification robustness in Section

b.I3

5.1.2 Elasticity of Quantities with respect to Exchange Rates

Next, I consider how quantity effects of exchange rates interact with the above pass-
through variation. I estimate the quantity-exchange rate elasticity % using the instrumental-
variables relationship between Equations [7] and

Table [2] presents these results. I find that despite the pass-through differences seen in
Table [T, US imports and exports have approximately equal quantity effects of exchange
rates. The point estimate in US imports is actually slightly larger than that of exports,
but this distinction is imprecise and I cannot reject with even 90% confidence that the two

reduced-form elasticities are identical.
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Table 2: Quantity-Exchange Rate Elasticity

(1) (2)

US Exports US Imports
“PCP” “LCP”
v/p -0.3936** -0.5321**
(0.1777) (0.2189)
Firm-product-time Y Y
Firm-partner-sector Y Y
PPI, GDP, Tariff Y Y
Lag Controls (11) Y Y
N 800000 1958000
Note: Quantity-exchange rate elasticities Z; 10 month exchange rate projection instrumented with the

contemporaneous exchange rate shock. Equagion is the reduced form and Equation [§]is the first stage. All
standard errors clustered by HS product and partner country. The analysis is constructed with confidential
US Longitudinal Firm Trade Transactions Database (LFTTD) for US exports and imports. All first-stage
F-statistics reflect a strong first stage. Any views expressed are those of the authors and not those of the
U.S. Census Bureau. The Census Bureau has reviewed this data product to ensure appropriate access,
use, and disclosure avoidance protection of the confidential source data used to produce this product. This
research was performed at a Federal Statistical Research Data Center under FSRDC Project Number 2874.
(CBDRB-FY24-P2874-R11330). This is a part of clearance request #11330. * p < 0.1, ** p < 0.05, ***
p < 0.01.

This result is surprising in light of conventional wisdom, which had assumed quantity
effects depend linearly on pass-through. The result that quantity effects are no smaller under
a LCP regime (US imports) runs contrary to that thought. It implies that the relationship
between quantities and prices is stronger under low exchange rate pass-through than high
pass-through. The focus of this empirical section is to both confirm and also explain this
result.

Appendix Table [J] contains a series of alternative specifications which generate results
consistent with this result from Table [2l T describe the details of these specifications in the
following Section The remainder of Section [f] establishes the exact import demand
elasticity and sensitivity. It then considers mechanisms: I present descriptive evidence re-
garding the persistence of pass-through, and demonstrate that forward-looking importers
(via import buyer rigidities) can explain the quantity-exchange rate and import demand

elasticity results, rather than alternative explanations.
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5.1.3 Import Demand Elasticity and Specification Robustness

Given the pass-through estimates and the estimated quantity-exchange rate elasticities,
under low pass-through (LCP, US imports) there is a higher implied quantity-price “import
demand” elasticity than under high pass-through (PCP, US exports). The import demand
elasticity captures how importing agents adjust quantity demand in response to a price
change, and the analysis showed that demand is more elastic under low pass-through. The
result contrasts the standard uniformity assumption.

To confirm the implied import demand elasticities, I estimate the instrumental-variables
relationship between Equations [6] and [7} identifying ¢ = —2. Here the contemporaneous
exchange rate shock serves as an instrument for the 10-month price change in the 10-month
quantity-price elasticity estimation. The controls and fixed effects remain the same as in the
previous sections.

The quantity-price elasticity (from the exchange rate) is substantially larger under the low
pass-through (LCP) setting of US imports than the high pass-through (PCP) setting of US
exports. Column 4 of Table |3| contains the estimates using the main specification described
in Section [4 In the subsequent analysis in this paper, I explore robustness, mechanisms,
and implications of this result.

To assess the robustness of the import demand elasticity heterogeneity result, Table
contains a series of alternative specifications. The main results are not sensitive to as-
sumptions. Table [3| reports the specification and denotes that the import demand elasticity
(import quantity-price elasticity) is always larger in US imports relative to exports.

In Table[3] Column 1 begins with a sparse specification of controls including only exchange
rate lags, a firm-product-time fixed effect, and a firm-country-sector fixed effect. The table
indicates that the main result is robust in this specification. Note that lags of the shock
(exchange rate) are standard controls to identify local projections (Ramey| (2016)) because
they better extract a “surprise” in the shock variable. In particular, conditional on lag shocks
the contemporaneous shock is more likely to be independent of shocks between t and ¢ + 10.
The baseline set of fixed effects enable within-firm-product analysis and also separate the
identified coefficient from time trends and partner-country-specific factors. These minimal
controls are a step to address error-term factors such as exchange rate fundamentals and
trends or aggregate demand and supply shocks.

Note the fixed effects identify demand factors in US imports and supply factors in US
exports, but do not address demand and supply shocks in the trading partner country. The
set of controls subsequently added relative to Column 1 in Table|3|address additional omitted
variables bias from these relationship-specific demand and supply shocks. In Column 2 I add

a control for the “missing” factors (supply in imports, and demand in exports). Namely, I add
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Table 3: Import Demand Elasticity

(1) (2) (3) (4) (5) (6)

Exports “PCP” -0.3771* -0.4256™ -0.4002** -0.3993** -0.3682** -0.3673**
(0.1385)  (0.172)  (0.1537) (0.1534) (0.1555) (0.1487)
N 1041000 863000 800000 800000 817000 800000
Imports “LCP” -1.02 -1.323 -1.959*  -1.711™ -1.847*  -1.317"
(1.441)  (1.29)  (0.7453) (0.7417) (0.7346) (0.7511)
N 2347000 2211000 1958000 1958000 1997000 1958000
FE Y Y Y Y Y Y
Exchange Rate Lags (11) Y Y Y Y Y Y
Demand, Supply (12) N Y Y Y Y Y
PPI, GDP (12) N N Y Y Y Y
Tariffs (12) N N N Y Y Y
Lags Only (11) Y
Lags Outcome (11) Y

Note: Import demand (quantity-price) elasticity — = ; 10-month price projection instrumented with the
contemporaneous exchange rate shock. Estimated for US imports relative to US exports. All standard errors
clustered by HS product and partner country. Equation[7]is the reduced form and Equation[6]is the first stage.
Column 1 includes a time fixed effect, 11 lags (corresponding to a year of changes) of exchange rate shocks,
a firm-product-time fixed effect, and a firm-country-sector fixed effect. Column 2 adds a country PPI shock
control (contemporaneous and 11 lags) in US imports and a country GDP shock control (contemporaneous
and 11 lags) in US exports. Column 3 adds GDP for US imports and PPI for US exports. Column 4
adds tariff shocks (contemporaneous and 11 lags) and corresponds to the full specification in Equations
[6] and [7] and Tables [I] and Column 5 removes contemporaneous controls from the full instrumental-
variables specification implied by Equations [6] and Column 6 adds lags of log quantities to the full
specification. All coefficients reflect a strong first-stage except Column 1 for US imports, which is weakly
identified (Kleibergen-Paap F-statistic = 7.787). Any views expressed are those of the authors and not those
of the U.S. Census Bureau. The Census Bureau has reviewed this data product to ensure appropriate access,
use, and disclosure avoidance protection of the confidential source data used to produce this product. This
research was performed at a Federal Statistical Research Data Center under FSRDC Project Number 2874.
(CBDRB-FY24-P2874-R11330, CBDRB-FY24-P2874-R11608, and CBDRB-FY24-P2874-R11645). This is
a part of clearance requests #11330, #11608, and #11645. * p < 0.1, ** p < 0.05, *** p < 0.01.

a PPI control in the import estimation and a GDP control in the export estimation. Column
3 adds the counterpart. Column 4 adds the tariff control, and is the exact instrumental-
variables combination of Tables [I] and 2] The main novel fact of the paper — that the US
import quantity-price (instrumented with exchange rates) elasticity is larger than that of US
exports — is consistent with these sparser specifications.

Furthermore, Columns 5 and 6 consider alternative specifications. Column 5 removes
contemporaneous controls in order to fix the controls prior to the estimation horizon and
with the objective of approximating more closely a total derivative. Column 6, relative to the

benchmark specification, adds lag outcome (quantity) controls to further address concerns
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about simultaneity bias. The import demand elasticity heterogeneity is also consistent with
these alternative specifications.

The Appendix contains the specification robustness for Tables [1| (Appendix Table|8) and
(Appendix Table E[) The results from the previous subsections are also consistent across

alternative specifications.

5.1.4 Exchange Rate Variation

In this subsection I consider whether the nature of the exchange rate variation leveraged
in the previous subsections could bias the results. This could be the case if exchange rates
in US imports are more persistent than those in US exports. If the exchange rate is more
persistent in US imports, that could generate larger demand elasticities independent of pass-
through. In this subsection I show this is not the case.

In the Appendix I present a series of exhibits demonstrating the exchange rate variation
employed in the analysis in this section. I consider the nature of exchange rate variation
employed in the main analysis, as well as which components of the specification determine
the nature of the variation.

In Appendix Figure [7]I show that in raw data (i.e. not restricted to controls) with only a
time fixed effect and 11 exchange rate lags, the exchange rate approximates a random walk
virtually identically in US imports and US exports. Then, employing the main specification
described in Section [] with controls and fixed effects, the exchange rate approximates an
AR(1) with persistence less than unity in both US imports and US exports. Note that this
variation is more persistent in US exports than it is in US imports. The exchange rate
variation is less persistent in US imports because on the demand-side the US firm-product-
time fixed effect explains more of the persistent component of the exchange rate than it does
on the supply—sideﬁ

Potential bias induced by this heterogeneity does not favor the heterogeneity in the
demand elasticities observed in this section and is thus not a concern for this analysis. The
variation for US exports is more persistent, which could plausibly increase demand effects,

but I observe a lower import demand elasticity in US exports. Accordingly, the nature of

8In the Appendix I further explore why the variation differs. I show that in the sample with controls
(PPI, GDP, tariffs) the exchange rate approximates a random walk in a specification with only a time fixed
effect and 11 exchange rate shock lags. Adding a country fixed effect lowers the persistence away from a
random walk, symmetrically in both US imports and exports. Indeed, I can measure in aggregate data at
the country-level an average monthly exchange rate persistence of 0.96. Crucially, adding a firm-product-
time fixed effect strips away a persistent component for US imports but not US exports, generating the
heterogeneity in exchange rate variation observed for the regression sample in Appendix Figure 7] For the
sample of countries with available PPI, GDP, and tariff data, which implicitly drops smaller countries which
may be pegged to the US dollar, US firms explain a large share of the persistent component of the bilateral
exchange rate more so on the demand-side than on the supply-side.
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the exchange rate variation does not confound the observed heterogeneity in import demand

elasticities.

5.1.5 Dynamics

Next, I consider sensitivity to the horizon choice in the Appendix. In Appendix Figure
I show that the economic takeaway from Table [1| (that US exports have higher pass-through
than US imports) is not horizon-specific. Recall 10 months was chosen as an example to
balance autoregressive local-projection instrument power with the time incidence of shocks
such as monetary policy. In Appendix Figure [11]T also report elasticity estimates up through
24 months; the economic result regarding pass-through heterogeneity remains consistent.
Both figures also report the corresponding local projections of the k—horizon price on the
contemporaneous exchange rate shock. I do so to capture effects of exchange rates at both
the same horizon (elasticity) and from the original shock (local projection). Reporting both
is also useful to decompose the relationship between the price, quantity, and quantity-price
estimates.

As with the previous analysis on prices, Appendix Figure [9] shows the quantity-exchange
rate elasticity results from Table [2] display similar patterns for 1 through 10 month estimation
horizons. Appendix Figure [12] illustrates that this is also true, though noisier, through 24
months.

Finally, as with the price- and quantity-exchange rate regressions, in Appendix Figure
I report the dynamics of the import demand elasticity. I report the Column 4 specification
from Table |3| for 1 through 10 month analysis horizons. The heterogeneity I find over time
— that the low pass-through environment of US imports is consistently subject to a larger
import demand elasticity than the high pass-through environment of US exports — is implied

by the earlier figures but is useful to visualize.

5.2 Mechanisms

The previous section presented pass-through, quantity, and import demand elasticities
which are altogether puzzling in light of conventional wisdom. Despite pass-through differ-
ences across US imports and US exports, quantity effects of exchange rates are approximately
equal. The analysis implies that low pass-through is subject to a larger import demand
(quantity-price) elasticity than high pass-through.

In this section, I consider potential explanations for that result. I first show that pass-
through is more persistent under low pass-through (LCP) than high pass-through (PCP).
Motivated by this evidence, I then show that import buyer rigidities, the price stickiness of
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the importing firm, intersects with the pass-through heterogeneity to explain the quantity-
exchange rate and import demand elasticity results. I then rule out alternatives, including

underlying demand, product composition, and exchange rate hedging.

5.2.1 Descriptive Pass-through Persistence Heterogeneity

I present descriptive facts regarding pass-through persistence which I later formalize in
the model in Section [f] Consider the long-run exchange rate local projection into trade
prices, in Figure . Over time, pass-through decays in an approximate AR(1) form for the
high pass-through environment of PCP in US exports. In contrast, pass-through is more
persistent (i.e. does not fall over time) in the low pass-through environment of LCP in US

imports.

Figure 1: Exchange Rate Pass-through Persistence Variation

Price-Exchange Rate Local Projection

1.5

Price-ER Local Projection

T T T T T T T T T T T T T T T T T T T T T T T
01234567 8 9101112131415161718192021222324
k Month

US Imports US Exports ‘

Note: Price-exchange rate local projection v, (Equation @) estimated for k = 1, ...,24 horizon changes. US
exports plotted in red and US imports plotted in blue. 95% confidence intervals reported. All standard
errors clustered by HS product and partner country. Any views expressed are those of the authors and not
those of the U.S. Census Bureau. The Census Bureau has reviewed this data product to ensure appropriate
access, use, and disclosure avoidance protection of the confidential source data used to produce this product.
This research was performed at a Federal Statistical Research Data Center under FSRDC Project Number
2874. (CBDRB-FY24-P2874-R11330). This is a part of clearance request #11330.

This paper considers the variation presented in Figure[1] as a new source of heterogeneity
in the import demand elasticity. This distinction in pass-through persistence is similar to
the shock persistence distinction of of tariffs (permanent) versus exchange rates (transitory)
which yields different demand responses in, for example, [Fitzgerald and Haller| (2018)) and
Auclert et al.| (2024)). In particular, the persistence of low pass-through under LCP could

amplify demand effects in the face of forward-looking importers. On the other hand, lower
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pass-through persistence under PCP may attenuate demand effects in that case. The next

sections will present evidence consistent with this intuition, then rule out alternatives.

5.2.2 Import Buyer Rigidities

In this section, I consider how a demand-side friction — the price rigidity of the importing
firm — interacts with the pass-through variation presented in the previous sections. I discuss
how I construct this “import buyer rigidity” and present results illustrating that this fric-
tion interacts with pass-through to explain the quantity-exchange rate and import demand

elasticity results.
Import Buyer Rigidity — Benchmark.

I construct the general importing firm’s price rigidity — the import buyer rigidity — by
linking the LBD, LFTTD, and price rigidity information from Nakamura and Steinsson
(2008). The LBD links the Census Bureau firm from the LETTD data to the plant-level
establishment level data which contains information on output industry composition of each
purchasing firm. I then construct for each LFTTD importing firm its own employment cor-
responding to each NAICS-4 code it produces in. I then merge at the NAICS-4 level monthly
price stickiness data from Nakamura and Steinsson (2008)@ I construct the import buyer
rigidity for each US importing firm as its employment-weighted price stickiness averaged
across each industry it produces in. Denote the import buyer rigidity as k,; from that
data, I compute x, as one minus the price flexibility variable from [Nakamura and Steinsson
(QOOS)B In the public dataset, the average monthly x, = 0.82, and of the US importing
firms in the LF'TTD dataset the approximate average monthly x, = 0.9. As a final step, I
compute the employment-weighted average import buyer rigidity faced by each US imported
HS-10 product. Accordingly, this measure can then also be applied to US exports, as it
is a general product (rather than specific firm) characteristic. The advantage of this data
structure is that the rigidity is aggregated across importing firms and their sub-industries.
This aggregation smooths across potential spurious idiosyncratic shocks.

To ascertain the role of the import buyer rigidity, I estimate the quantity-exchange rate
elasticity % split by above- and below-median import buyer rigidity, in US imports and US
exports. In Table [ I find heterogeneity with respect to the import buyer rigidity for US

9The price stickiness data were accessed via the replication package of [Fajgelbaum et al.| (2019).

107 drop agriculture-sector plants (NAICS 111) because prices are very flexible (x, = 0.15 but final demand
and supply elasticities are acutely inelastic for independent reasons (Roberts and Schlenker| (2013)). This
correlation confounds the import demand elasticity heterogeneity identification due to fundamental demand
structure, e.g. for reasons independent of the mechanism.

' The price flexibility variable is written as a percent out of one hundred, so I scale accordingly.
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exports but not US imports[] Note in Appendix Table [13] that I do not find a significant

Table 4: Quantity-Exchange Rate Elasticity (Heterogeneous Effects)

(1) (2)

US Exports US Imports
“PCP” “LCP”
Low Buyer Rigidity -0.6241** -0.6197*
(0.2016) (0.2758)
High Buyer Rigidity -0.2092 -0.5793*
(0.2282) (0.1795)
Difference 0.415* 0.04047
(0.231) (0.2138)
Firm-product-time Y Y
Firm-partner-sector Y Y
PPI, GDP, Tariff Y Y
Lag Controls (11) Y Y
N 505000 1957000

Note: Quantity-exchange rate elasticities %; 10 month exchange rate projection instrumented with the
contemporaneous exchange rate shock. Equation [7]is the reduced form and Equation [§] is the first stage.
The exchange rate is interacted with indicators for below- and above-median import buyer rigidity faced
on average by each traded product. The table reports the quantity-exchange rate elasticities for the two
bins as well as the statistical difference between the two. The analysis is constructed with confidential
US Longitudinal Firm Trade Transactions Database (LFTTD) for US exports and imports. All first-stage
F-statistics reflect a strong first stage. Any views expressed are those of the authors and not those of the
U.S. Census Bureau. The Census Bureau has reviewed this data product to ensure appropriate access,
use, and disclosure avoidance protection of the confidential source data used to produce this product. This
research was performed at a Federal Statistical Research Data Center under FSRDC Project Number 2874.
(CBDRB-FY24-P2874-R11645). This is a part of clearance request #11645. * p < 0.1, ** p < 0.05, ***
p < 0.01.

effect of the import buyer rigidity on pass-through elasticities %. Thus, a potential explana-
tion for the discrepancy in quantity-price elasticities in US imports relative to US exports
is that import buyer rigidities attenuate the quantity-exchange rate effects under PCP but
not LCP.

Next, is the estimate consistent across alternative specifications? And moreover, are the
results from Section indeed driven by the intersection of the import buyer rigidity with
pass-through persistence? To address the first question, I consider the following alternative

analyses. I then conduct a series of tests to provide evidence for the second question.

Import Buyer Rigidity — Robustness: Specification.

12Note the sample sizes are smaller than Table [2| due to availability of the import buyer rigidity data.
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I consider five alternative measures of the import buyer rigidity to explore the sensitivity
of the observed effects. In Appendix Table[I4]I first consider four alternative constructions of
the measure. That table shows the analysis is robust to constructing the import buyer rigidity
using an input-output table rather than the structure of the LFTTD data, using quantity
weights rather than employment weights to aggregate across firms and within products, and
adjusting the cutoffs to determine the high-versus-low bins. In Appendix Table[15]I show that
controlling for a continuous measure of the import buyer rigidity implies an import demand
elasticity of ¢ = 2.922 in US exports, consistent with standard values for a tariff-based trade
elasticity (i.e. [Boehm et al| (2023))[F]

Import Buyer Rigidity — Robustness: Tariffs.

Next, I consider whether the import buyer rigidity estimates could plausibly be explained
by the intersection with currency choice (the intersection of import buyer and trade price
rigidities, which the model in Section@will propose). I consider two tests: how tariffs interact
with the import buyer rigidity, and the relationship between the import buyer rigidity and
the final demand elasticity.

The tariff is automatically paid in full at the border by the importer unless the exporter
lowers prices. |Amiti et al.| (2019b) and |[Fajgelbaum et al. (2019) find that this is particularly
sharp in the US, with (similar to PCP) complete pass-through of the 2018 tariff escalation.
In particular, the US import price is not fixed with respect to tariff costs (the way it is fixed
in dollars), i.e. the tariffs certainly do not enter prices a la LCP. Therefore, a test whether
LCP explains the lack of effect of the import buyer rigidity in US imports is to explore
whether US import tariffs are materially impacted by import buyer rigidities. If they are,
that is suggestive of the role of LCP in US imports for exchange rates.

Appendix Table estimates the effect of the import buyer rigidity in US imports for
tariffs. Indeed, in US imports the tariff-based demand elasticity is substantially influenced
by the import buyer rigidity. Increasing the average monthly import buyer rigidity from
0.8002 to 0.9448 attenuates the quantity-tariff elasticity by a factor of 2 or 4 depending on
measure used. In Appendix Figure [I3] I show this result is consistent over time, and also
controlling for price changes. Note that I do not have instrument power in the quantity-price

estimation beyond 5 months[t]

Import Buyer Rigidity — Robustness: Spurious Correlation.

13T do not have sufficient variation to report the analogous value in US imports.

14 As tariffs are imported on fewer products and are more sensitive to noise in the measure, I report both
the original US importing firm import buyer rigidity and the product aggregated version. The analysis is
consistent with both versions.
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An additional concern is that the import buyer rigidity comparative static is descriptive,
so there could be spurious correlation between the firm’s price rigidity and, for example,
the demand for its own goods. Splitting the sample based on sector-level heterogeneity
implies that I am restricting analysis based on product characteristics, which may influence
the estimates. Confounding factors could lead to an underestimate or overestimate of the
true parameter. On the latter, I am measuring a firm’s x, as a function of its industry
mix rigidity, which is less likely to generate endogeneity bias with firms’ choice of rigidity. I
show in Appendix Figure[14|that sector-level stickiness from [Nakamura and Steinsson| (2008))
is not systematically correlated with the estimated |Caliendo and Parro| (2014]) sector-level

demand elasticities[™]

5.2.3 Alternative Interpretations

In this subsection I consider alternative interpretations of the main estimates in Section
b.1] The elasticities could instead be driven by different underlying demand characteristics
or product composition of US exports versus imports. Or, exchange rate hedging could
play a differential role. Namely, the relationship between the Section [5.1] results may be
independent of currency choice, and actually just specific to US data. In this section I
explore such alternatives[”

I proceed to address these concerns. As in the case of the import buyer rigidity, I again
leverage tariffs as a control shock, in this case for a demand benchmark. Second, I restrict

to identical products in US imports versus exports. Third, I control for hedging.
Underlying Demand Elasticities.

If differing underlying demand elasticities are driving the quantity estimates, there should
be a similar discrepancy in tariffs. If instead currency choice is driving the exchange rate
elasticity discrepancy in the US, there should be no difference in tariffs’ effects on quantities
in US exports versus imports, as they enter prices symmetrically across both samples.

I test this by estimating the import demand elasticity but using tariffs as the shock instead

of exchange rates. Note that the tariff varies at the country-product level, so following

15T again leverage price stickiness data from Nakamura and Steinsson| (2008), but incorporate demand
elasticity data from |Caliendo and Parro| (2014), and input-output table data from [Acemoglu et al. (2016).
The price stickiness and demand elasticity data were accessed via the replication package for [Fajgelbaum
et al.| (2019). I crosswalked the data from NAICS to SIC and SIC87DD using crosswalks from |Autor et al.
[2013).

°T also note that recent work by [De Gregorio et al.|(2024) implies a similar result regarding LCP versus
PCP for Chilean exports to a range of destinations. In particular, their point estimates for LCP destinations
excluding the US are consistent with the result in Table [3] Additionally, their pooled estimates also imply
that the PCP demand elasticity is lower than that of LCP.
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Fajgelbaum et al.| (2019) identification requires addressing country-specific trends with a
country-time fixed effect. I then compare the quantity-price elasticity discrepancy in imports
versus exports for exchange rates relative to tariff in Appendix Figure I report for
k =1,...,10 month horizon changes for robustness, noting that at longer horizons the data
lack appropriate tariff variation.

I find that tariff effects on quantities, holding prices constant, are approximately equal
across US exports and US imports, i.e. the ratio of the elasticity in US imports to that
of US exports is approximately 1. Any deviations are still substantially below that of the

corresponding ratio for exchange rate-based elasticity.
Product Composition.

Another concern with the main estimation of elasticity heterogeneity is that it requires
separate sampling, particularly comparing US imports to US exports. The US imports and
exports different products, so the heterogeneity in quantity-price elasticities could reflect
distinct product-specific characteristics. Accordingly, I restrict the samples to the HS-10
products which are both imported and exported by the US. The result holds with this
restriction. I report the results from this analysis in Appendix Tables [17] and

Note that when restricting the sample, Census Bureau restrictions mandate that I can
only report the £k = 4 rather than £ = 10 horizon. However, Figure illustrates that
the benchmark result holds in the & = 4 horizon. Furthermore, I also report in Appendix
Table an interaction specification demonstrating in the & = 10 horizon that products
which are present in both US exports and imports versus excluded from one or the other
behave no differently in terms of import demand elasticities. In other words, the differences
in estimated elasticities across US imports and exports is not driven by different product

composition.
Exchange Rate Hedging.

Finally, I assess whether exchange rate hedging plays a role in the quantity demand
elasticity estimation. A concern is that systematically different patterns in exchange rate
hedging could drive the earlier results. Furthermore, econometrically, hedging is a threat
to the exclusion restriction in the instrumental variables estimation, because the exchange
rate may affect quantities and prices via firms’ financial positions. To test this, I draw from
hedging data obtained from the Bank for International Settlements (BIS) Triennial Central
Bank Survey, and test whether there is such a systematic correlation.

I leverage a range of dollar hedging data by currency: forward contracts and all contracts

net of spot, in total and for nonfinancials only. I extract the data at the start of my
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sample, the year 2013. I weight each measure by a country’s total trade volume. I control
for these variables by interacting them with the independent variable in turn in the main
specifications. Note again due to restrictions on instrument power I report both the k = 4
horizon and k£ = 10 horizon, and that the analysis has a strong first-stage in the former but
not the latter. Appendix Table [19] contains the estimates, and I do not find any estimate
adjustment from the hedging control.

This section has shown that quantity effects of exchange rates are equal across the high
pass-through environment of PCP in US exports and the low pass-through environment of
LCP in US imports. The higher import demand elasticity under LCP relative to PCP is
particularly related to the interaction of currency choice and import buyer rigidities. The
model in the next section introduces these import buyer rigidities into a small open economy

New Keynesian framework, which will replicate the empirical results.

6 Model

The framework is a variant of a small open economy New Keynesian model a la (Gali
and Monacelli (2005). There are two main differences. First, trade is in intermediate goods
instead of final goods. Second, the import process has two stages due to the addition of
a second type of firm, import buyers, who intermediate the flow of goods between foreign
exporters and domestic households.

Households consume a domestic consumption composite C' that is a CES aggregate of a
domestic consumption composite C* and a foreign composite C". Domestic manufacturers
produce C” using labor. The foreign composite C" is produced in two stages. First, im-
port buyers obtain an imported intermediate composite from foreign exporters. The import
buyers then use this good as input to produce the foreign consumption good. Figure [2] illus-
trates this process. Note that demand for C" relative to C" will depend on the behavior of
exchange rates.

Manufacturers are monopolistically competitive and there are two types. The first type
produces domestic consumption goods as discussed; the second type produces intermediate
goods for sale abroad @™*. Import buyers are also monopolistically competitive. As noted,
they buy the composite output from foreign exporters Q™. For all firms, nominal prices
are sticky as in Calvo; I let the degree of rigidity vary by firm type and by currency pricing
regime. In each period, a firm adjusts its price with i.i.d. probability 1— k, where x measures
the degree of price rigidity and is dependent on firm type.

The interaction of the import buyers’ price stickiness with that of exporters will lead to an

import buyer mechanism determining the import demand elasticity. I show that due to the
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import buyer rigidity, despite lowering pass-through, stickier trade prices lead to a stronger
demand response. The framework lends itself to considering different currency invoicing
regimes, particularly which generate heterogeneous pass-through patterns. In particular,
a trade price rigidity of x,, = 0 corresponds to producer currency pricing (PCP) when
the exchange rate is the only marginal cost shock. As is standard for PCP, in that case
the exchange rate enters import (trade) prices with high pass-through, fully and flexibly.
Increasing k,, increases the degree of local currency pricing (LCP), lowering the pass-through
rate but increasing persistence.

In the next section I present the environment for households, import buyers, and manufac-
turers. It is symmetric for the foreign sectors. To illustrate how the import buyer mechanism
works, I first solve a partial equilibrium version of the model that restricts attention to the
import process. I then turn to general equilibrium simulations of this framework in Section
that are designed to derive expenditure-switching effects for the domestic country due to

trade with foreign. Aggregate foreign variables are indexed with an asterisk.

Figure 2: Overview of Import Process

Foreign (F) Home (H)

P’
Calvo &,

CES o

Manufacturer : Import Buyer Household

6.1 Environment

Households.

Domestic consumption C; is a CES aggregate of domestic and foreign manufactured com-

posites, C* and C7, with elasticity of substitution o and domestic good share h:

o—1

o= (en™ +a-mien=) " )
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The aggregate price index P, is given by

1—-0o

P = <h(Pth)1_U +(1— h)(P[)l‘") : (12)

The parameter o is the frictionless CES elasticity. In the model, I will show how this elasticity
is distorted, and accordingly influenced by pass-through, in the import process.
The household’s per-period utility function is a function of consumption C;, labor used

to produce domestic goods N/*, and labor used to produce goods to export abroad N/™*. It

ey _ (GO (NI 4 ()9
(o N Ny = (0 (BEZ G, (13

with w as household relative risk aversion and ¢ is the inverse Frisch labor supply elasticity.

is given by

As in |Gopinath et al.| (2020)), international financial markets are incomplete but there is
full domestic risk-sharing. Households have access to domestic state-contingent bonds By(s’)
and a foreign nominal bond Bf. Each state-contingent bond has price @Q;(s’) that pays one
unit of domestic currency in period t + 1 and state s’ € S. The foreign nominal bond has
price of unity in foreign currency at time ¢ and pays the gross nominal interest rate 14} in
period t+ 1. Define ¢; as units of domestic currency per one unit of foreign currency. Denote
the wage in the domestic sector as W/* and the wage in the export sector W/, Also let
IT; denote per-period profits of all domestic firms. Then the per-period budget constraint is

given by
PCiteBi+ S Qus) B (s') < WENIL W™ Ni™ T4 2, 00 (1437) B+ Y Bi(s). (14)
s'eS s'eS
I allow for frictions in international borrowing. W} denotes an i.i.d. shock to the cost of
foreign borrowingm

Import Buyers.

The foreign-good composite C} is a CES aggregate of differentiated products @)}, produced
by monopolistically competitive import buyers indexed by ¢, and given the substitution

elasticity o,.

or

- (T )" (15)

The price index P} will prove to be key for the import buyer mechanism. As I describe

17See [Itskhoki and Mukhin| (2021) for the microfoundation of the UIP deviation. That analysis is beyond
the scope of this paper.
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shortly, P/ is determined by price-setting by individual import buyers that take into account
the current and expected path of import prices.
Domestic import buyer buyer ¢ produces goods ()}, using an imported intermediate com-

posite Q)" according to the following linear technology:
i=ATQ, (16)

where Q7" is the amount of the imported composite used by firm ZE A" is a common
productivity factor. Q}" is a composite of imported foreign intermediates produced by mo-
nopolistically competitive foreign exporters subject to substitution elasticity o,,. Let Q7 be

the intermediate good sold by foreign exporter j. Then

Im

Q= (Z( ’”)) (17)

J

Let P} be the price of the domestic import buyer i’s output and P/™ the price of the
intermediate input composite Total period profits by a domestic import buyer II}, are given
by

IL, = P Q5 — Pthjsm- (18)
As noted earlier, import buyer prices are sticky as in Calvo. Each period, a fraction of firms

1 — Kk, adjust price while fraction s, holds price fixed and just produce to meet demand.
Manufacturing Firms.

There are two types of monopolistically competitive manufacturing firms: manufacturers
which sell domestically and exporters. Both types of firm chooses inputs to minimize costs.
The domestic-good composite CI is a CES aggregate of differentiated products Q% produced
by domestic manufacturers indexed by 7, subject to substitution elasticity oy.
on-1\ 7T
o= (S )" 9)

)

Domestic manufacturers ¢ produce with the following linear technology using labor:

h—aAhph (20)

8Having import buyers use the composite export good as opposed to an individual good simplifies the
aggregation. The reason is that the price of the composite is the same for all import buyers.
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Foreign exporters produce with a similar linear technology:
o= A"LY. (21)

Domestic manufacturers’ profits are given as a function of their output price P? and their
sector wage W}
Iy = P Qi — Wi' Ly, (22)

Foreign exporters’ profits are given as a function of their output price Pj;' and their foreign

sector wage W/™.
m

m [)jt m mym
Hjt = T Wit T Wi th' (23)

€t
The identities are symmetric, and denoted with a *, for firms which sell to foreign. Finally,
as noted earlier manufacturers have sticky prices as in Calvo. Importantly, import demand
will depend not only on the stickiness of exporters’ prices but also on the stickiness of import

buyers’, as I describe below.
Pricing Conditions.

Note that in equilibrium, quantities produced are equal to the supply of consumption goods,
i.e. for firm type g = {r, h,r*, hx}, Qf = C{. Recall Q™ (and implicitly Q™) is defined by
Equation . Henceforth define firm type g = {r, h, m, r*, hx, m+}. From the cost minimiza-
tion problems of households and import buyers, we obtain the following demand functions

for each firm [ € {i,j} (domestic or foreign) within group g.

g\ —Og
Q= (ﬁ—) Q! (24)

All firms within each group g are identical, so reset prices P/ for firm [ € {i,j} producing

goods of type g satisfy
mazx py Z ﬁsjt(ﬁ)t,s"izit (Plnglqt+s - MCtg+s) ) (25>
s=t

subject to Equation . O = ,Bs_tgs—::& is the stochastic discount factor between periods
+ B
t and s given the structure of preferences. MC{ represents the marginal cost firm g.

By the law of large numbers, the price indices of firm type g, P/, are given by

_1

j - ((1 — kg)(P)) 7 + mg(Ptgl)l‘”g) o (26)
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They depend on the reset price in each sector along with the lag price index, as well as the

relative rigidity.
Closing the Model.

Real net exports in domestic currency are given by the domestic currency value of exports
abroad minus the domestic currency value of imports, normalized by the domestic price

index.

1
NX,; = o (etPtm* P — P{”QI"), (27)
t

where Q7" and Q" are aggregate exports and imports respectively. Real gross domestic

product is given by

I assume the supply of the state-contingent domestic bonds is zero in equilibrium:
By(s') =0,Vs' € S. (29)

To ensure that the behavior of net foreign assets is stationary, following Schmitt-Grohe and

Uribe (2003) I assume the foreign interest rate depends on B?f as follows:

*

it = 64 Ulenp(— 25— 1), (30)

t

1
1-
Finally, the nominal interest rate i, is set according to the following standard Taylor rule

where § = 1 is the steady state foreign interest rate.

that relates it to the behavior of inflation 7;, the steady state interest rate ¢, and also allows

for interest rate smoothing governed by the parameter £. W! is an i.i.d. shock.

i — 0= (1= &) (-1 — 6) + &(om) + U}, (31)
[ assume first-order autogregressive processes for the two exogenous shocks W% and W¥.
Assumptions about the Foreign Economy.

The framework assumes foreign consumption C;, foreign manufacturers’ labor and wage N/*
and W/ and foreign exporters’ labor N/™ and wage W™ are taken as given. The framework
also allows for other unspecified types of firms in the foreign country so that the foreign price
level is not necessarily the foreign import buyer price index. Accordingly, I hold the foreign

aggregate price level P} fixed.
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6.2 Decentralized Equilibrium

In a decentralized equilibrium, households maximize the expected path of utility subject
to the budget constraint from Equation [14] Firms maximize expected profits described in
Equations [I8 22} and 23] Domestic goods and labor markets clear.

Euler Conditions.

Intertemporal optimization implies Euler conditions for domestic and foreign bonds. The

Euler condition for domestic bonds id™]

P
C; ¥ = BE; {Ct;i(l + mPt;]' (32)

The Euler conditions imply an uncovered interest parity (UIP) condition that relates the

change in the exchange rate to the interest rate differential.

P,
B |G+ i ] = B Catta+ i) (33

P g

+1 1
— Y,
t+1

t
Pt+1 &t

where (1+14;) = (3 s Qu(s')) ! is the inverse price of the domestic bond delivering one unit
of domestic currency in period ¢ + 1. Recall ¢; is units of domestic currency per one unit of
foreign, so 5’;1 denotes the expected exchange rate shock in units of foreign per one domestic.
A decrease in the domestic interest rate causes a domestic exchange rate depreciation. Note

the shock W} serves as an exogenous disturbance to the UIP condition.
By the above UIP condition, the exchange rate fluctuates due to an interest rate shock
() or a UIP shock (¥¥). The subsequent propagation to trade prices and quantities is

subject to the following demand and pricing conditions.
Labor Supply.
Labor supply for domestic manufacturers satisfies

Wil _

B = (GO (V)" (34

Labor supply for domestic exporters satisfies

th*
P,

19The condition for foreign bonds is given by

= (C*(N[™)°. (35)

—w —w % P € u
C,* = BE; Ct+1(1 + %)P L Cir il
t+1 €t
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Household Demand.

Household demand for the consumption aggregate C; is given by the Euler conditions and
the path of real interest rates and exchange rates. Household demand for the components
of the aggregate C" and C! are given by

P\ 7
Cl = h(—t) Ci, 36
t Pt t ( )

and

Cr = (1—h) <%>_Uct. (37)

Note that expenditure-switching depends partly on the substitution between the domestic

and foreign composites: the relationship between Equations and [37 The remaining

component depends on the export response, Q;"*.

Marginal Costs.

As shown earlier, pricing and pass-through depends on marginal cost, given by the following
equations for each sector. First, the nominal marginal cost of the import buyers is given by

Pm
MG} = . (38)

The nominal marginal cost of domestic manufacturers is given by

Wh
MC! = A—Z. (39)

The nominal marginal cost of domestic exporters is given by

W
MC™ = —L—. 40
t 5tAm* ( )
Finally, the nominal marginal cost of foreign exporters is given by
WT)’L
MO = gtAnj . (41)

Note that in foreign, MCr* and MCP* are symmetric.
Pricing Optimality.

The first-order condition for the optimal reset price again for group g = {r, m, h, r*, m*, hx}
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is given by
o

E, Z Or,s(kg)" QY (04 — 1) (Ptg - 1MC§) = 0. (42)
s=t

Og —

Now, henceforth lowercases represent logs. Log linearizing, we have

) = (1= Brg) B {) _(Brg)"(mcf, + 1)}, (43)

99
og—1

where p9 = ln( ) and is constant over time and sector. The price index is in turn given

by

g _

pi=(1~- ’iy)ﬁg + “gpf—l' (44)

Define the decentralized equilibrium as an allocation of prices such that Equations [11]-
[44] hold.

6.3 Import Demand Elasticity

In this section I provide an analytic example of the import demand elasticity & in the
context of a partial equilibrium solution of the model which restricts attention to the import
process. The example makes clear how the import demand elasticity ¢ depends on price-
setting by both foreign exporters and domestic import buyers. I assume the domestic wage
is fixed, and the exchange rate is exogenous and obeys an AR(1): e, = pe; 1 + 55@ I fix all
productivities A at unity. These assumptions do not change the economic interpretation of
the solution, rather generate a clear exposition of the demand elasticity formula. In Section
[7.3] T show the results also hold for the full general model.

In line with the empirical analysis in Section [5] I focus on the elasticity of trade prices

and quantities, p™ and ¢, with respect to exchange rates e;. Then define the exchange rate-

_ dg” [ dpi"
dey det

based import demand elasticity ¢ = the influence of an exchange rate-induced
change in import prices on import quantities. As the exchange rate equally influences all

import buyers and foreign exporters, this elasticity can be simply decomposed as

5 _da" Jdpy" _ o % dpy/dey ‘ (45)
det det F inal\D::nand ‘dpgn /__/det

Price Adjustment

dpy /dey

The solution for ¢ is thus a direct function of D
Dt /det

. Critically, the import buyer’s own-

20This autoregressive form of the exchange rate will approximately hold in the model simulations in Section
7.3} given the AR(1) form of the i.i.d shocks introduced in the previous section.
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price adjustment in response to exchange rate pass-through determines her imported input
adjustment. This insight will prove crucial in this framework determining the relationship
between the import quantity and import price responses to exchange rates. I now describe
what determines this adjustment.

I first solve for exchange rate pass-through into import (trade) prices, dp}*/de;. The

manufacturer’s optimal reset price is given by

A= (1= ) B3 (3”120 ). (46)

7=0

Given the AR(1) form of the exchange rate, the solution is

1— Bk,
Dy = —————eé4. A7
Dby 1 — Bl%mpet ( )
The import price index is given by
p;n = (1 - Km)ﬁ;n + ’fmp?ilv (48)
and exchange rate pass-through is
dp;n 1- B’im
— = (1 — k) ———e€;. 49
g ”)1—5%/)‘% (49)

The second step is to solve for the import buyer’s price’s response to the exchange rate,

%. The optimal import buyer reset price is given by

pi = (1= Br)EL> (Br,) (p"i) 3 (50)
=0
and the import buyer’s price index

p; = (1 - ’fr)p: + ’%rpg—l' (51>

The elasticity % is given by

dpy = dp
ey = (1~ r0) (L= BB (3202, (52

Combining Equations 5] 49} and 52, & can be written as an increasing function of pass-
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through persistence pi? = Et{%f}”“} / dpi . Namely:

0
5 =0o(l—r)(1—Bre) Y (Brr) ol (53)
k=0

Pass-through persistence pf'? is the persistence of the price change, when the price change
is driven by the exchange rate shock. The formula is equivalent to an autocorrelated form
of prices, where the lagged price is instrumented with the shock. Equation [53| shows that
the import demand elasticity & is increasing in pass-through persistence for , € (0,1). The
full derivation can be found in the Appendix.

The next step is to derive the form of pass-through persistence in order to obtain the
solution for the import demand elasticity . The local projection of the cost shock at time
t into prices at time t + k, as a function of the time ¢ pass-through, is given by

s=k

dE{p™ P
t{pt+k} _ Zpsﬁkfsdﬁ (54)

det m d@t .
s=0

The derivation is in the Appendix. By the laws of finite power sums, the solution to Equation

b4 which is the cost shock pass-through persistence, is given by

k+1 k+1
PT P — Ry
=—T 55
Pk D — o (55)

The solution for ¢ follows by substituting Equation [55| into Equation [53. The derivation
is in the Appendix, along with an alternative derivation directly from the pricing equations.
The analysis in this section will then in turn provide a theoretical form for the estimates
from Tables and 3] In particular, note that the theoretical counterpart to the estimated

. Then

the theoretical counterpart to the estimated quantity-exchange rate elasticity from Table [2}

v/ p = Cfiqcft = 0(2'2 In this framework, & as estimated in Table [3|is given by the following

exchange rate pass-through elasticity from Table v/p = Cilpt

Proposition 1.

Proposition 1 [Import Demand Elasticity|: The import demand elasticity 6 =

dgi” [ dpi" ..
det / det 15

1 — Bk,

G=oll=r) (1= Brrp)(1 = Bhirkim)

(56)
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Proposition 1 defines ¢ as estimated in Section The following Corollary 1 can also be
derived from the formulae in Proposition 1. It is the theoretical equivalent for the patterns
across high versus low pass-through in Tables [1] [2] 3] and

Corollary 1: The form of the import demand elasticity implies the following results:
(i) The import demand elasticity is increasing in trade price rigidity K,, when K, €
(0,1).

(ii) The deriwative of the import demand elasticity with respect to the import buyer

5
dkr

rigidity, <= is negative, and the absolute value of the derivative, |jT5T|, 15 decreasing

m Koy,

Corollary 1i matches the import demand elasticity & heterogeneity result in Table [3]
In particular, in the data LCP has a higher import demand elasticity than PCP. LCP,
by construction, has a higher x,, (k, > 0) than PCP (for which x,, = 0). Accordingly,
by Corollary 1i LCP has a higher import demand elasticity than PCP. It is proven by
differentiating the form of & from Proposition 1 with respect to k,,. Corollary 1ii generates
the import buyer rigidity mechanism result in Table [4] and, more broadly, as established in
the overall Section [5.2] It says that & is decreasing in x, but the absolute value of that
derivative is decreasing in k,,. Accordingly, the import buyer rigidity attenuates the import
demand elasticity but less so for higher values of k,,. The solution is thus consistent with
the empirical result that the import buyer rigidities attenuate the PCP elasticity more than
the LCP. Corollary 1ii is proven by differentiating & with respect to x,., then by computing

o
dk,

The import demand elasticity ¢ is higher for low pass-through because the low pass-

the derivative of

with respect to /{m

through is associated with a greater persistence of the price change. When the importer has
her own rigidities, she adjusts her import demand more for prices which are more persistent.
Accordingly, the conventional wisdom regarding how pass-through informs expenditure-
switching reverses in light of this framework and evidence.

To summarize the intuition of the derivation, recall that (i) the import demand elasticity
is increasing in pass-through persistence and note (ii) pass-through persistence is increasing
in K, (the conceptual analog of Figure|l|) and (iii) ,, only increases the import demand elas-

ticity via pass-through persistence. When the import buyer adjusts her own price sluggishly

21The formula in Proposition 1 contains additional supplementary predictions, which include but are not
limited to (i) The import demand elasticity is increasing in shock persistence p. (ii) The import demand
elasticity is increasing over time and is uniform as k — oo. (iii) The growth of the import demand elasticity
is decreasing in the trade price rigidity k., and shock persistence p. (iv) The difference in the import demand
elasticity with respect to the import buyer rigidity k. is hump-shaped over time, increasing in short-run and
going to zero as k — 0o. The Appendix contains corresponding tests.
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(k. € (0,1)) she adjusts her price more for more persistent import price changes (“pass-
through persistence”). This is because she does not adjust fully to contemporaneous shocks;
rather, she is forward-looking and accounts for the future path of the import price changes.
Then, when import prices are stickier (higher k,,), import price pass-through is lower but
also lasts longer. Accordingly, the import buyer adjusts her own price, and therefore import
quantities, relatively more for low pass-through.

Proposition 1 and Corollary 1 are new relative to earlier work, and draw from the previous
pass-through persistence derivation. Previous research had not considered the interaction
of import buyer rigidities with trade price rigidities. Accordingly, conventional wisdom (i.e.
Obstfeld (2002)) has assumed a uniform import demand elasticity & = o. Proposition 1,
Corollary 1, and the counterpart empirical analysis in this paper has found that the import
demand elasticity is not uniform because of import buyer rigidities.

The next section contains the quantitative estimation of the model.

7 Quantitative Analysis

7.1 Calibration

In this subsection I identify the underlying model parameters to calibrate the quantitative
simulations of the model. The exogenous parameters are {w, 5, Ky, Km, Khy Kmss Krsy 0, by @y py A 10}

In Table 5] I report monthly parameter values, which where appropriate can be converted
to longer-horizons (such as quarterly) as in the following example. Monthly exchange rate
persistence p converted to quarterly is p*, and so on.

First, I estimate in aggregate data that the quarterly average exchange rate AR(1) shock
persistence p = 0.89, implying a monthly value of 0.96. Following |Gopinath and Rigobon
(2008) I calibrate k,, = 0 for PCP and k,, = 0.9 for LCP (approximate 10-month price
rigidity). The average k, in LETTD data on importers is 0.9. Accordingly, I employ this
value in all calibration.

In all simulations I assume a standard ¢ = 5, drawn from classical analysis such as
Anderson and van Wincoop| (2004). Note that I use a larger value of o than is estimated
in \Boehm et al.| (2023). This is for two reasons. First, the findings in this paper show that
the import buyer rigidity mechanism attenuates previous estimates of the trade elasticity
plausibly beyond their finding of 2. Second, the elasticity they measure is a quantity-tariff
elasticity, not quantity-price; differential pass-through patterns (e.g. if pass-through is less
than unity) may affect their estimates. Also note that given classical trade models used

values of o between 10 and 15 (Ruhl (2008)) the choice of 0 = 5 is a compromise between
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older work and newer evidence. Finally, the qualitative takeaways of Sections and both
qualitative and quantitative results of do not depend on this parameter choice.[f_gl

[ assume h = 2/3 to approximate the world average import share from World Bank (2024)).
Finally, consistent with the small open economy assumption I hold fixed the foreign nominal
price level, consumption, labor, and nominal wage. The calibration includes standard values
of w=1, =099, ¢ =1, A =1, and ¢» = .000001. I later consider sensitivity on the

calibration and parameter assumptions.
Table 5: Calibration

(1) (2) (3)

Parameter Monthly Value Source

km (PCP) 0 Gopinath and Rigobon| (2008)
km (LCP) 0.9 Gopinath and Rigobon| (2008))
Ko 0 Gopinath and Rigobon| (2008))
Ko 0.9 Estimated (LFTTD)

Ko 0.9 Estimated (LFTTD)

Kh 0.9 Estimated (LFTTD)

w 1 Log Utility

B 0.99 Standard

o ) Anderson and van Wincoop, (2004))
[0) 1 Labor Supply Assumption

p 0.96 Estimated (Bloomberg)

A 1 Normalization

h 2/3 World Bank| (2024)

(0 0.000001 Gopinath et al.| (2020)

Note: This table presents the model calibration for counterfactual simulations. Column 1 reports the desired
parameter. Column 2 reports the monthly value. Column 3 reports the parameter source.

7.2 Goodness-of-Fit
7.2.1 Main Results

In this section I consider how well the form of & from Proposition 1 matches the data. I
calibrate with the parameter values from Table 5] Because the data are static in the short-
run (Figures[8] [0} and[10]) I hold fixed the monthly parameter values extracted and described

in the previous subsection.

22As an addendum, even in the short-run recent papers such as [Fajgelbaum et al.|(2019) have found larger
elasticities.
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Panel A compares the estimated & to the model value. Panel B reports the model-implied
effect of reducing the import buyer rigidity as compared to the results from Table[dl In that
counterfactual I consider the effect of changing 10-month versions of «,., but report alternative

counterfactuals in the table notes. The model matches the data well. In particular, with
Table 6: Goodness-of-Fit
1) (2) (3)

Result Data  Model
Panel A: Import Demand Elasticity ¢ (Table

US Exports (High pass-through; “PCP”| k,, = 0) -0.3993 -0.3768
US Imports (Low pass-through; “LCP”, &, = 0.9) -1.711  -1.9021
Panel B: Heterogeneity of Quantity-ER Elasticities (Table

US Exports (High pass-through; “PCP”, k,, = 0) 66.66% 57.81%
US Imports (Low pass-through; “LCP”, k,,, = 0.9) 6.53%  17.33%

Note: Table testing goodness-of-fit of model with respect to estimates from Section [5} Panel A reports the
import demand elasticity & in the data compared to the model. Panel B reports the amount that the import
buyer rigidity k, explains of the result in the data (in Table [4] the “difference” as a fraction of the low-
import-buyer-rigidity estimate) versus the model. Panel A uses monthly calibration and Panel B accounts
for falling #,. over the 10-month horizon (i.e. comparing the 10 month counterparts: (x,)!® = 0.95!% = 0.6
and (k)% = 0.81% = 0.1). Not accounting for the falling values (i.e. comparing %, = 0.95 to k, = 0.8)
would imply in Column 3 a model explanatory power of 82.32% and 66.82% for US exports and US imports
respectively. The average effect of a 15 percentage point change in k, in the model is 36.47% for US exports
and 18.06% for US imports. Counterfactual analysis of the data using monthly calibration implies the critical
value of kK, = 0.5 to equate & across US exports and imports. In the model, k, = 0 is the critical value.
Any views expressed are those of the authors and not those of the U.S. Census Bureau. The Census Bureau
has reviewed this data product to ensure appropriate access, use, and disclosure avoidance protection of the
confidential source data used to produce this product. This research was performed at a Federal Statistical
Research Data Center under FSRDC Project Number 2874. (CBDRB-FY24-P2874-R11645). This is a part
of clearance requests #11330 and #11645.

this calibration it approximates the import demand elasticities for both US imports and US
exports within the respective confidence intervals of all estimated parameters. Note that the
qualitative results are independent of calibration.

Moreover, note that the model improves relative to the standard x, = 0. Namely, this
model better-matches point estimates and the differences across high and low «,,. For k, = 0,
the import demand elasticity is uniform and equal to the CES elasticity, i.e. ¢ =0 =5 (as
calibrated and independent of k,,). Accordingly, regardless of directly matching exact point
estimates this model improves relative to the standard.

However, the model understates the empirical magnitude of Corollary 1ii, i.e. that |%
is decreasing in &,,. Namely, in the model values of ¢ as a function of both high and low

values of k,, are significantly decreasing in x,. In the data there is little effect for the former.
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However, the model across all calibrations captures that x, has a larger effect on US exports
than it does on US imports. Recall it is set to zero in the standard model.

Whether the model exacts empirical point estimates is dependent on calibration. How-
ever, the selected calibration is reasonably consistent given literature and estimated param-

eter values. Perhaps additional modifications to the model assumptions could improve fit.

7.2.2 Pass-through Persistence

In this subsection I consider how well the form of pass-through persistence in the model
matches the empirical counterpart. The model well-matches the estimated &, but the form
of pass-through persistence should also match in data if it is indeed the correct mechanism.
Is the model prediction that pass-through persistence is larger for LCP than PCP true in
data? In this section, I show that the answer is yes.

In Figure [3| T report the estimated pass-through persistence pf 7 relative to the model-
implied values. Pass-through persistence can simply be calculated as p'T = l”,—’;, k > 0, where
v, and vy are identified by the form of Equation [6]

Note that the relationship is not necessarily linear; the form is in Section [6] If p > 0 and
Km > 0 it is hump-shaped, whereas there is no hump if either are zero. For some level of
price stickiness, as shown earlier the exchange rate is not fully passed-on into trade prices
at time ¢t. Over time, more firms adjust their prices with respect to the exchange rate, and
average pass-through increases. With some degree of exchange rate persistence, the time ¢
exchange rate shock is correlated with the longer-horizon shocks. Accordingly, for some time
the coefficient on the ¢ 4+ k local projection of the ¢ exchange rate shock may be larger than
the contemporaneous pass-through, generating the hump shape. Figure |3| matches these
predictions. The dashed lines contain the model predictions, and the solid lines contain
data; blue represent LCP (i.e. Kk, > 0, US imports), and red represents PCP (i.e. k,, = 0,
US exports). The data well-reflect the model in two regards. First, they indicate that LCP
is more pass-through persistent than PCP. Note that the area under the curves enter the
import demand elasticity formula; it is thus clear in that lens how LCP would have a larger
import demand elasticity.

Second, the data approximately (though not perfectly) reflect the model’s predictions
regarding the shape of aggregate pass-through persistence. Particularly, they capture the
hump-shape for LCP relative to the consistent decay of PCP. However, the figure does not
as well approximate the magnitude of the former’s object. Note the model abstracts from

wages, which may bias the simulated estimate of pass-through persistence upward for LCPE

23Note that computing the import demand elasticity & as a function of pass-through persistence matches
the qualitative empirical result, but better matches the empirical point estimates of & with a slightly lower
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Figure 3: Pass-through Persistence

Pass-through Persistence: k,, =0 (PCP) Vs Kk, = 0.9 (LCP)
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Note: This figure plots pass-through persistence as predicted by the model (dashed lines) and estimated in
data (solid lines). The blue lines reflect k., = 0.9 monthly in simulation and US imports in estimation, and
the red lines reflect x,, = 0 in simulation and US exports in estimation. Any views expressed are those of
the authors and not those of the U.S. Census Bureau. The Census Bureau has reviewed this data product
to ensure appropriate access, use, and disclosure avoidance protection of the confidential source data used
to produce this product. This research was performed at a Federal Statistical Research Data Center under
FSRDC Project Number 2874. (CBDRB-FY24-P2874-R11330). This is a part of clearance request #11330.

In summary of this section, the model’s pass-through persistence prediction matches the
data. The qualitative predictions are exactly consistent. The model predicts that changing
currency rigidities (PCP or LCP) while also changes the level of pass-through, also changes
the persistence of pass-through. As a result, LCP is subject to a larger import demand
elasticity than PCP. It is also a further strength of the model that it can approximate the

quantitative shape of pass-through persistence in data.

7.3 Counterfactuals

In this section, I consider the general equilibrium implications of the paper’s mechanism.
Namely, how does the introduction of the import buyer rigidity change shock propagation
for LCP relative to PCP? What are the welfare gains of switching currency invoicing regime
in light of this new mechanism? US trade is PCP exports and LCP imports — how is
expenditure-switching “different” for the US relative to an all-PCP economy, and also relative
to conventional wisdom?

I first focus on the effectiveness of monetary policy, i.e. a negative shock to the Taylor

rule for the domestic interest rate i; via the exogenous Wi. Expenditure-switching is the

K = 0.82 (rather than 0.9) more closely following Nakamura and Steinsson| (2008)).
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classical mechanism via which an interest rate-induced exchange rate fluctuation influences
the macroeconomy. Recall the conventional wisdom is that relative to PCP, LCP mutes real
GDP gains from monetary policy via a weaker expenditure-switching channel. The analysis
in the following Section tests how the paper’s import buyer rigidity mechanism changes
this conventional wisdom. Namely, I show that via this mechanism real GDP gains from
expansionary monetary policy are greater under LCP than PCP.

After having explored robustness of the monetary policy result, the quantitative model
can then generate a new insight regarding the nature of exchange rate policy. Classical
thinking (i.e. Devereux and Engel (2003)) argued that given the pricing inefficiency the
exchange rate should be managed under LCP but a free float under PCP. This paper has
shown a new source of quantity-inefficiency which is greater for PCP than LCP. Accordingly,
the classical justification for managing the exchange rate under LCP reverses.

I consider counterfactuals adjusting k., between 0 (PCP when considering exchange rate
shocks) and 0.9 (consistent with the estimated monthly value in Section for LCP); for
k. = 0.9 versus k, = 0. [ experiment with different interest rate shock persistences to
approximate smoothing in a Taylor rule. In the following results I focus on a calibrated

persistence of 0.5, but the analysis is not sensitive to that choice.

7.3.1 Monetary Policy

I focus on the impact of k,, on the propagation of monetary policy. Recall the US has LCP
imports (k,, positive) and PCP exports (k,, = 0), so I consider the counterfactual of changing
imports to PCP given the model mechanism ¥ I consider outcomes: expenditure-switching
and real GDP, with respect to the exchange rate changeF_gl I define expenditure-switching
as share of spending on domestic goods (domestic consumption plus net exports) divided
by total spending (domestic consumption plus exports). Recall domestic consumption in-
cludes imported inputs, so the numerator (including net exports) captures only spending on
domestic goods. I show later that the result is not sensitive to definition. I then show the
resulting implications for real GDP as GDP; defined in Section [6]

Each figure line reports the effect of the shock for LCP minus the effect of the shock for
PCP, given high k, (blue) versus low r, (red). The difference-in-difference counterfactual
structure helps control for the income effects in this framework.

Conventional wisdom says that the expenditure-switching channel and real GDP response

of monetary policy is weaker under LCP (low pass-through) than PCP (high pass-through).

241 hold the domestic component of marginal costs rigid such that &, = 0 directly corresponds to PCP.
2’Normalizing by the exchange rate fluctuation allows for a relative comparison in terms of magnitude,
but the results are not sensitive to the normalization.
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Figure 4: US Monetary Policy Counterfactual
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Note: This figure simulates the propagation of a domestic interest rate cut on expenditure-switching (left)
and real GDP (right), normalized by the exchange rate fluctuation. The blue lines represent the calibration
of K, = 0.9 (new mechanism) and the red lines x, = 0 (approximation to standard model). All lines plot the
effect for Ky, = 0.9 (LCP) minus the effect for «,,, = 0 (PCP).

I find the opposite. I show that in this framework (k, = 0.9) expenditure-switching and
real GDP effects of monetary policy are amplified under LCP relative to PCP. Lowering
K, to approximate a standard model generates conventional wisdom’s opposite result, as
substitution is large under PCP. Increasing k, mutes overall adjustment relative to the
frictionless benchmark, but much more so for PCP@ Compared to PCP, given k,, under

LCP there is greater substitution relative to inflationary effects, generating the new result.

7.3.2 Robustness

In this section I consider sensitivity to the quantitative analysis. I test an alternative
shock (UIP), alternative calibrations, and alternative outcomes. First, the result is consistent
for a UIP shock. In this framework a pure UIP shock induces an exchange rate fluctuation
exogenous to the domestic economy. In this quantitative setting testing the propagation of
a UIP shock is equivalent to testing the exchange rate’s propagation.

It is also appropriate to consider further sensitivity to the calibration and assumptions
of the quantitative model. I consider a range of alternative assumptions and how they could
influence the main takeaway of this section. In particular, I consider the degree of openness

in the economy. I consider alternative assumptions on the underlying substitution elasticity

26T report the level effects in Appendix Figure Two things are of note to highlight. First, there
are strong income effects in this framework yielding overall negative effects of an expansionary shock on
expenditure-switching and real GDP. Recall the difference-in-difference structure “differences out” these
income effects. Second, introducing the import buyer rigidity s, strongly dampens expenditure-switching
under PCP, and only slightly dampens under LCP. This yields the results from Figure E}
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o and on the domestic manufacturer’s share h. The results are not sensitive to choice of o
or h.

Finally, I consider alternative outcomes. The result also applies to net exports and
alternative definitions of expenditure-switching. These definitions include the domestic ex-
penditure share excluding exports, domestic expenditure minus foreign expenditure as a
share of GDP, and total domestic expenditure.

In summary, the results are not sensitive to type of shock, reasonable calibration assump-
tions, or outcomes chosen. Given the robustness of the monetary policy results, I consider

implications for exchange rate policy in the next subsection.

7.3.3 Exchange Rate Policy

The previous section presented and tested sensitivity of expenditure-switching and real
GDP effects of monetary policy given the paper’s import buyer rigidity mechanism. I now
consider the role of exchange rate policy (managing the exchange rate with monetary policy).
Devereux and Engel (2003) argue that LCP presents a pricing inefficiency rendering monetary
policy less effective and justifying exchange rate management. Under PCP, there is no
inefficiency so the exchange rate can free float. The previous section showed that monetary
policy and other types of shocks are in fact more effective under LCP than PCP, as there
is actually less of an inefficiency in the former. In particular, the import buyer rigidity k.
introduces a wedge attenuating the import demand elasticity & relative to the CES elasticity
0. This wedge is larger under PCP than LCP: the PCP ¢ is further from o than the LCP
0 is. Therefore, this new demand-side inefficiency is larger under PCP than under LCP, so
the optimal role of exchange rate policy may actually be different given this framework.

To test this, I incorporate the log exchange rate e; into the Taylor rule. Under this
system, when the exchange rate depreciates the domestic interest rate increases to offset it.
Figure [5| reports the real GDP effects of a monetary policy shock, managing the exchange
rate under LCP versus PCP. In the left exhibit I replicate the classical analysis that there are
greater gains from exchange rate policy under LCP (blue line) than PCP (red line). In the
right exhibit, I show that given the import buyer rigidity mechanism there are now actually
relatively strong gains from managing the exchange rate under PCP.

As shown in the previous two subsections, the import buyer rigidity effect generates an
inefficiency that causes an amplification of the LCP exchange rate’s expenditure-switching
effect relative to that of PCP. Accordingly, in contrast to conventional wisdom there is a

greater role for exchange rate policy under PCP, not LCP.
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Figure 5: Exchange Rate Policy
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Note: This figure plots the simulation of the real GDP effects of a monetary policy shock when the exchange
rate enters the Taylor rule, minus the simulated effect with a freely floating exchange rate. GDP is normalized
by the size of the exchange rate fluctuation. The left figure plots the standard model approximation of x,. = 0.
The right figure plots the new mechanism, x,, = 0.9. The blue lines represent the calibration of x,, = 0.9
(LCP) and the red lines s, =0 (= PCP).

8 Conclusion

Conventional wisdom states that low exchange rate pass-through mutes the expenditure-
switching channel relative to the high pass-through benchmark. This paper studies the
relationship between exchange rate pass-through and expenditure-switching, generating a
conclusion contrary to the conventional wisdom. The analysis exploits dollar pricing in the
US, in which there is producer currency pricing (PCP) in exports yielding high pass-through
and local currency pricing (LCP) in imports yielding low pass-through. Leveraging confi-
dential US micro-data and a macroeconometric technique applied to panel data, I find that
the quantity-exchange rate elasticities across US imports and exports do not reflect the pass-
through differences. The main analysis, along with the sensitivity analysis, implies that low
pass-through is subject to a higher import demand (quantity-price) elasticity than high pass-
through. In contrast, the conventional wisdom requires that this elasticity is independent of
pass-through. The empirical analysis in this paper is evidence for the contrary.

I explain the results by adding a layer of importing firms with sticky prices, which I
refer to as import buyer rigidities, into a small open economy New Keynesian model. Given
import buyer rigidities, the importer responds only partially to trade price changes; the
import demand elasticity is always dampened relative to the frictionless household demand
parameter. However, because she adjusts depending on the path of trade prices, the importer
will respond relatively more when the trade price change is more persistent. Given that low

pass-through is more persistent than high pass-through, in contrast to conventional wisdom
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the import demand elasticity is relatively larger in response to low pass-through.

The model also well-approximates the estimated import demand elasticities and the em-
pirical role of the import buyer rigidity. In addition, in the empirical analysis I also provide
evidence for this mechanism, both import buyer rigidities and pass-through persistence. In
the latter case, I show both descriptive evidence that low pass-through is more persistent,
and also later verify the model’s form of pass-through persistence.

Given the empirical validity of the model, I consider its implications for monetary and ex-
change rate policies. Contrary to conventional wisdom, I find a weaker expenditure-switching
channel, and accordingly weaker real GDP effects of monetary policy, under high pass-
through. Given dampening, low pass-through improves the output-inflation tradeoff relative
to high pass-through. Moreover, this paper presents a new result regarding exchange rate
policy. I show that there is a greater role for managing the exchange rate under high pass-
through, rather than the traditionally considered low pass-through. This is because this
framework introduces a new demand-side inefficiency which distorts the propagation of high
pass-through more than that of low.

Future work could further consider how the import buyer rigidity might apply to the
incidence of tariffs, resolve the International Elasticity Puzzle, or provide new insights to
domestic adjustment. It would also be interesting to consider alternatives to the import
buyer rigidity that generate heterogeneity in quantity-price elasticities. One possibility would
be the sluggish demand mechanism in |Auclert et al.| (2024). In addition, this paper’s result
regarding exchange rate policy — that there is a greater distortion to correct under high
pass-through — could be further explored. In particular, it would be interesting consider the

general issue of optimal exchange rate policy given this demand-side inefficiency.

48



References

Acemoglu, Daron, David Autor, David Dorn, Gordon H. Hanson, and Brendan
Price, “Import Competition and the Great US Employment Sag of the 2000s,” Journal
of Labor Economics, 2016, 34 (S1), S141-S198.

Amiti, Mary, Oleg Itskhoki, and Jozef Konings, “Importers, Exporters, and Exchange
Rate Disconnect,” American Economic Review, July 2014, 104 (7), 1942-78.

_,_ sand _ | “International Shocks, Variable Markups, and Domestic Prices,” The Review
of Economic Studies, 02 2019, 86 (6), 2356-2402.

_, _,and _ , “Dominant Currencies: How Firms Choose Currency Invoicing and Why it
Matters*,” The Quarterly Journal of Economics, 01 2022, 187 (3), 1435-1493.

_ , Stephen J Redding, and David E Weinstein, “The impact of the 2018 tariffs on
prices and welfare,” Journal of Economic Perspectives, 2019, 33 (4), 187-210.

Anderson, James E. and Eric van Wincoop, “Trade Costs,” Journal of FEconomic
Literature, September 2004, 42 (3), 691-751.

Auclert, Adrien, Matthew Rognlie, Martin Souchier, and Ludwig Straub, “Ex-
change Rates and Monetary Policy with Heterogeneous Agents: Sizing up the Real Income

Channel,” Working paper, 2024.

Auer, Raphael, Ariel Burstein, and Sarah M Lein, “Exchange rates and prices:
evidence from the 2015 Swiss franc appreciation,” American Economic Review, 2021, 111
(2), 652-686.

Autor, David H., David Dorn, and Gordon H. Hanson, “The China Syndrome: Local
Labor Market Effects of Import Competition in the United States,” American Economic
Review, October 2013, 103 (6), 2121-68.

Backus, David K. and Gregor W. Smith, “Consumption and real exchange rates in
dynamic economies with non-traded goods,” Journal of International Economics, 1993,
35 (3), 297-316.

Boehm, Christoph E., Andrei A. Levchenko, and Nitya Pandalai-Nayar, “The
Long and Short (Run) of Trade Elasticities,” American Economic Review, April 2023, 113
(4), 861-905.

49



Burstein, Ariel and Gita Gopinath, “International Prices and Exchange Rates,” in
Gita Gopinath, Elhanan Helpman, and Kenneth Rogoff, eds., Handbook of International
Economics: Volume 4, Vol. 4 of Handbook of International Economics, jth ed., Elsevier,
2014, pp. 391-451.

Burstein, Ariel T, Joao C Neves, and Sergio Rebelo, “Distribution costs and real

exchange rate dynamics during exchange-rate-based stabilizations,” Journal of Monetary
Economics, 2003, 50 (6), 1189-1214.

Caliendo, Lorenzo and Fernando Parro, “Estimates of the Trade and Welfare Effects
of NAFTA,” The Review of Economic Studies, 11 2014, 82 (1), 1-44.

Camara, Santiago, Lawrence Christiano, and Husnu Dalgic, Working Paper, 2024.

Campa, José Manuel and Linda S. Goldberg, “Exchange Rate Pass-Through into
Import Prices,” The Review of Economics and Statistics, 11 2005, 87 (4), 679-690.

Cavallo, Alberto, Gita Gopinath, Brent Neiman, and Jenny Tang, “Tariff Pass-
Through at the Border and at the Store: Evidence from US Trade Policy,” American
Economic Review: Insights, March 2021, 3 (1), 19-34.

Corsetti, Giancarlo and Luca Dedola, “A macroeconomic model of international price

discrimination,” Journal of International Economics, 2005, 67 (1), 129-155.

De Gregorio, José, Pablo Garcia, Emiliano Luttini, and Marco Rojas, “From domi-
nant to producer currency pricing: Dynamics of Chilean exports,” Journal of International

Economics, 2024, 149, 103934. International Seminar on Macroeconomics, 2023.

Devereux, Michael B. and Charles Engel, “Monetary Policy in the Open Economy
Revisited: Price Setting and Exchange-Rate Flexibility,” The Review of Economic Studies,
2003, 7 (4), 765-783.

Fajgelbaum, Pablo D, Pinelopi K Goldberg, Patrick J Kennedy, and Amit K
Khandelwal, “The Return to Protectionism™,” The Quarterly Journal of Economics, 11
2019, 135 (1), 1-55.

Fitzgerald, Doireann and Stefanie Haller, “Exporters and shocks,” Journal of Inter-
national Economics, 2018, 113 (C), 154-171.

Fontagné, Lionel, Philippe Martin, and Gianluca Orefice, “The international elas-
ticity puzzle is worse than you think,” Journal of International Economics, 2018, 115 (C),
115-129.

50



Gali, Jordi and Tommaso Monacelli, “Monetary Policy and Exchange Rate Volatility
in a Small Open Economy,” The Review of Economic Studies, 2005, 72 (3), 707-734.

Goldberg, Pinelopi Koujianou and Rebecca Hellerstein, “A Structural Approach to
Explaining Incomplete Exchange-Rate Pass-Through and Pricing-to-Market,” American
Economic Review, May 2008, 98 (2), 423-29.

Gopinath, Gita and Oleg Itskhoki, “Frequency of Price Adjustment and Pass-through,”
Quarterly Journal of Economics, 2010, 125 (2), 675-727.

and _ , “Chapter 2 - Dominant Currency Paradigm: a Review,” in Gita Gopinath,
Elhanan Helpman, and Kenneth Rogoff, eds., Handbook of International Economics: In-
ternational Macroeconomics, Volume 6, Vol. 6 of Handbook of International Economics,
Elsevier, 2022, pp. 45-90.

_ and Roberto Rigobon, “Sticky Borders,” Quarterly Journal of Economics, 2008, 123
(2), 531-575.

_ , Emine Boz, Camila Casas, Federico J. Diez, Pierre-Olivier Gourinchas, and
Mikkel Plagborg-Mgller, “Dominant Currency Paradigm,” American Economic Re-
view, March 2020, 110 (3), 677-719.

_, Oleg Itskhoki, and Roberto Rigobon, “Currency Choice and Exchange Rate Pass-
Through,” American Economic Review, March 2010, 100 (1), 304-36.

Guo, Xing, Pablo Ottonello, and Diego J. Perez, “Monetary Policy and Redistribution

in Open Economies ,” Journal of Political Economy: Macroeconomics, 2023, 1 (1).

Itskhoki, Oleg and Dmitry Mukhin, “Exchange Rate Disconnect in General Equilib-
rium,” Journal of Political Economy, 2021, 129 (8), 2183-2232.

Li, Dake, Mikkel Plagborg-Mgller, and Christian K Wolf, “Local Projections vs.
VARs: Lessons From Thousands of DGPs,” 2024.

Maronoti, Bafundi, “Revisiting the International Role of the US Dollar,” BIS Quarterly
Review, December 2022. Accessed: 2024-10-07.

Meese, Richard A. and Kenneth Rogoff, “Empirical exchange rate models of the sev-
enties: Do they fit out of sample?,” Journal of International Economics, 1983, 14 (1),
3-24.

51



Nakamura, Emi and Dawit Zerom, “Accounting for Incomplete Pass-Through,” The
Review of Economic Studies, 07 2010, 77 (3), 1192-1230.

_ and Jén Steinsson, “Five Facts about Prices: A Reevaluation of Menu Cost Models*,”
The Quarterly Journal of Economics, 11 2008, 123 (4), 1415-1464.

Obstfeld, Maurice, “Exchange Rates and Adjustment: Perspectives from the New Open-

Economy Macroeconomics,” NBER Macroeconomics Annual, 2002, 17.

Olea, José Luis Montiel, Mikkel Plagborg-Mgller, Eric Qian, and Christian K
Wolf, “Double Robustness of Local Projections and Some Unpleasant VARithmetic,”
2024.

Oscar J orda, “Estimation and Inference of Impulse Responses by Local Projections,” Amer-
ican Economic Review, March 2005, 95 (1), 161-182.

Ramey, Valerie, “Macroeconomic Shocks and Their Propagation,” in “in,” Vol. 2, Elsevier,
2016, chapter Chapter 2, pp. 71-162.

Roberts, Michael J. and Wolfram Schlenker, “Identifying Supply and Demand Elastic-
ities of Agricultural Commodities: Implications for the US Ethanol Mandate,” American
Economic Review, October 2013, 103 (6), 2265-95.

Ruhl, Kim J., “The International Elasticity Puzzle,” Working Paper, 2008.
World Bank, “United States Trade Summary 2023,” 2023. Accessed: 2024-10-07.

_, “World All Products Exports and Imports,” 2024. Accessed: 2024-10-07.

52



A Empirical Appendix

A.1 Methodology
A.1.1 Conventional Pass-through Method

The conventional strategy in international macroeconomics pass-through literature is to
regress prices on the contemporaneous and lags of the exchange rate shock. The summation
of the coefficients of the lag terms represent the dynamic effect of the exchange rate on prices
or quantities. The advantage of such an approach is that it identifies the effect of a single
exchange rate shock over time. One can then analyze, for example, the pass-through rate of
a contemporaneous exchange rate shock into prices at future time horizons. The method is

given formally by

N N
A()Ot = Z aiAOet—s -+ Z CfAOUt—s + €1t (57)
s=0 s=0

The cumulative sum of Z];:o aj is interpreted as the k-horizon elasticity. Depending on
availability, controls typically include PPI, GDP, and fixed effects (depending on sample:
a mixture of firm, product, country, and time). This specification has been standard in
price pass-through estimation given Cov(p}*,v;) and &5 are thought to be low due to nom-
inal rigidities. Accordingly, there is a clear interpretation and small endogeneity concerns.
Equation [57] is more problematic for quantity estimation given Cov(¢}",v;) > Cov(p}*, v;)
and &4 > &h. T discuss how in the rest of this section.

There are two key problems with Equation [57} First, given the reduced-form nature of
the specification the structural interpretation is ambiguous. Second, there are significant en-
dogeneity concerns. On the first point, the interpretation of the k-horizon cumulative effect
is not directly “the k-horizon influence of the exchange rate on the outcome.” Rather, it is
“the k-horizon influence of the exchange rate on the outcome holding fixed correlated con-
temporaneous factors.” Using contemporaneous controls Zivzo Agvi_, results in elasticities
which not capture how the exchange rate influences trade prices or quantities via aggregate
price levels or aggregate demand channels.

The simultaneity bias of the exchange rate comes from simultaneity with the specified
outcome «; and correlation between confounding shocks, the outcome, and the exchange
rate, as in

Ager—s = a0 + GaAgv; + €5 4. (58)

For s = 0, the simultaneity with respect to the outcome Ago; is again a,. Then, for

s > 0, the simultaneity with respect to Ago; is proportional to the serial correlation in o:
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Ag0t—s
AoOt :

Additional simultaneity bias from imperfect controls depends on the serial correlation in

o5 X Qg

the corresponding shocks. Accordingly, the realized simultaneity bias for each lag s € 0, ..., N

18

AOOzt—s i ont ont—s
2 .

AV Agor Agvy

The endogeneity in the cumulative elasticity is the sum of the omitted variables and

(59)

a5 X Qg

simultaneity biases in each lag. This bias starts at the level as described in Section [4.1] and

accumulates (though likely at a decaying rate) with each lagm

A.1.2 Asymmetry Bias

Using an extension of the model from Section [0 where import buyers purchase a CES
aggregate of intermediates now asymmetrically influenced by the exchange rate, I plot the
bias due to asymmetry across US imports and US export estimation. The concern is that
while the firm-product-time fixed effect controls for the CES price index in US imports,
it cannot capture the foreign firm’s import price index in US exports. Using the model
structure I simulate the bias in the resulting coefficient.

I calibrate the red line to reflect the dollar’s share of world trade, and the blue line to
account for the US share of world trade. The red line may over-state the bias because it
also includes dominant currency (third-party) pricing and fully dollarized economies, and
the blue line may under-state as it only includes US trade. Within those bounds, however,
the bias cannot explain the import demand elasticity heterogeneity found in Section

Also note a few additional sources of robustness. First, in Table [3| adding and removing
controls does not meaningfully change the point estimate of the import demand elasticity.
These controls, such as GDP, PPI, and tariffs, are correlated with the importer’s price index,
suggesting bias from the importer’s price index is small. Moreover, in terms of asymmetry
note a specification with only a time fixed effect and exchange rate lags still yields sub-
stantial import demand elasticity heterogeneity (0.5131 for US imports versus 0.1701 for US
exports)ﬁ Finally, tariff-based import demand elasticities as discussed in Section are

270One solution to this problem would be to also include outcome lags as controls. The idea is that this
would address any correlation between the exchange rate lags Age;_s, s > 0 and contemporaneous outcome
Ago;. However, such a specification is not ideal either. First, it would be necessary to control for as many
lags of the outcome as lags of the exchange rate. This is plausible, but may be impractical. Furthermore,
the contemporaneous exchange rate shock (i.e. s = 0) is still biased. Also, it is then hard to compare pass-
through to import demand elasticities because they would be specified differently. Finally and importantly,
including outcome lags would not address imperfect controls. This is because the outcome lags address serial
correlation in the outcome, not the serial correlation in the correlated shocks.

28 Any views expressed are those of the authors and not those of the U.S. Census Bureau. The Census
Bureau has reviewed this data product to ensure appropriate access, use, and disclosure avoidance protection
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Figure 6: Asymmetric Specification: Bias Simulation
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Note: Figure |§| simulates the change in the import demand elasticity due to not accounting for the CES
price index. The red line calibrates for the world average import share to GDP (30%, from [World Bank
(2024)) multiplied by the share of world trade invoiced in dollars (50%, from Maronoti| (2022)). The blue
line calibrates for US exports’ share of world GDP which is approximately 4% (World Bank| (2023])).

much more similar across US exports and US imports despite the same asymmetry bias.
In summary, empirical sensitivity suggests that this bias is small, and model simulations
from Figure [6] show that even if it were large it would not be large enough to drive the

observed ¢ heterogeneity.

of the confidential source data used to produce this product. This research was performed at a Federal
Statistical Research Data Center under FSRDC Project Number 2874. (CBDRB-FY24-P2874-R11645).
This is a part of clearance request #11645
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A.2 Summary Statistics

Table 7: Summary Statistics

(1)

(2)

US Exports US Imports
Panel A: 10-Month Values
AOgm -0.07473 -0.0758
(1.417) (1.298)
Alopm 0.06568 0.008591
(0.9221) (0.008591)
Al 0.04452 -0.03315
(0.1061) (0.08591)
Panel B: Contemporaneous Exchange Rate Shock
Aogeji 0.004285 -0.003189
(0.02722) (0.02208)

Note: Summary statistics of monthly US export (left) and US import (right) samples. Means and standard
errors (parentheses) reported. Panel A reports 10-month constructed changes as described in the text, and
Panel B reports the contemporaneous exchange rate shock. The analysis is constructed with confidential
US Longitudinal Firm Trade Transactions Database (LFTTD) for US exports and US imports. All first-
stage F-statistics reflect a strong first stage. Any views expressed are those of the authors and not those of
the U.S. Census Bureau. The Census Bureau has reviewed this data product to ensure appropriate access,
use, and disclosure avoidance protection of the confidential source data used to produce this product. This
research was performed at a Federal Statistical Research Data Center under FSRDC Project Number 2874.

(CBDRB-FY24-P2874-R11330). This is a part of clearance requests #11330 and #11645.
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A.3 Estimation Appendix

A.3.1 Specification Robustness

Table 8: Exchange Rate Pass-through: Specification Robustness

(1) (2) (3) (4) () (6)

Exports “PCP” 0.9288"* 0.9659™* 0.9832** 0.9859**  0.974™*  0.9689***

(0.07378)  (0.0864) (0.08938) (0.08931) (0.08912) (0.08558)
N 1041000 863000 800000 800000 817000 800000
Imports “LCP” 0.2237* 0.2704** 0.285"* 0.3111"** 0.3306"** 0.2857***

(0.0672) (0.064760) (0.06205) (0.06304) (0.06646) (0.06357)
N 2347000 2211000 1958000 1958000 1997000 1958000
FE Y Y Y Y Y Y
Exchange Rate Lags (11) Y Y Y Y Y Y
Demand, Supply (12) N Y Y Y Y Y
PPI, GDP (12) N N Y Y Y %
Tariffs (12) N N N Y Y Y
Lags Only (11) Y

=

Lags Outcome (11)

Note: Price-exchange rate “pass-through” elasticities ¥; 10-month exchange rate projection instrumented

with the contemporaneous exchange rate shock. Estimated for US imports relative to US exports. All
standard errors clustered by HS product and partner country. Equation [6]is the reduced form and Equation
is the first stage. Column 1 includes a time fixed effect, 11 lags (corresponding to a year of changes)
of exchange rate shocks, a firm-product-time fixed effect, and a firm-country-sector fixed effect. Column
2 adds a country PPI shock control (contemporaneous and 11 lags) in US imports and a country GDP
shock control (contemporaneous and 11 lags) in US exports. Column 3 adds GDP for US imports and PPI
for US exports. Column 4 adds tariff shocks (contemporaneous and 11 lags) and corresponds to the full
specification in Equation [6] and [8| and Table [I] Column 5 removes contemporaneous controls from the full
instrumental-variables specification implied by Equations [6] and [§] Column 6 adds lags of log quantities to
the full specification. All coefficients reflect a strong first-stage. Any views expressed are those of the authors
and not those of the U.S. Census Bureau. The Census Bureau has reviewed this data product to ensure
appropriate access, use, and disclosure avoidance protection of the confidential source data used to produce
this product. This research was performed at a Federal Statistical Research Data Center under FSRDC
Project Number 2874. (CBDRB-FY24-P2874-R11330, CBDRB-FY24-P2874-R11608, CBDRB-FY24-P2874-
R11645, and CBDRB-FY24-P2874-R11894). This is a part of clearance requests #11330, #11608, #11645,
and #11894. * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 9: Quantity-Exchange Rate Elasticity: Specification Robustness

(1) (2) (3) (4) (5) (6)

Exports “PCP” -0.3502** -0.4111** -0.3935*" -0.3936*" -0.3586"* -0.3559**
(0.1487)  (0.1955) (0.1776) (0.1777) (0.1748)  0.1666
N 1041000 863000 800000 800000 817000 800000
Imports “LCP” -0.2282  -0.3577 -0.5581*" -0.5321"* -0.6105"" -0.3762*
(0.3028)  (0.3212) (0.2071) (0.2189) (0.2362)  (0.2096)
N 2347000 2211000 1958000 1958000 1997000 1958000
FE Y Y Y Y Y Y
Exchange Rate Lags (11) Y Y Y Y Y Y
Demand, Supply (12) N Y Y Y Y Y
PPI, GDP (12) N N Y Y Y Y
Tariffs (12) N N N Y Y Y
Lags Only (11) Y
Lags Outcome (11) Y
Note: Quantity-exchange rate elasticities Z; 10-month exchange rate projection instrumented with the

contemporaneous exchange rate shock. Estimated for US imports relative to US exports. All standard errors
clustered by HS product and partner country. Equation[7]is the reduced form and Equation 8]is the first stage.
Column 1 includes a time fixed effect, 11 lags (corresponding to a year of changes) of exchange rate shocks,
a firm-product-time fixed effect, and a firm-country-sector fixed effect. Column 2 adds a country PPI shock
control (contemporaneous and 11 lags) in US imports and a country GDP shock control (contemporaneous
and 11 lags) in US exports. Column 3 adds GDP for US imports and PPI for US exports. Column 4
adds tariff shocks (contemporaneous and 11 lags) and corresponds to the full specification in Equation
and |8 and Table Column 5 removes contemporaneous controls from the full instrumental-variables
specification implied by Equations [7] and Column 6 adds lags of log quantities to the full specification.
All coefficients reflect a strong first-stage. Any views expressed are those of the authors and not those of
the U.S. Census Bureau. The Census Bureau has reviewed this data product to ensure appropriate access,
use, and disclosure avoidance protection of the confidential source data used to produce this product. This
research was performed at a Federal Statistical Research Data Center under FSRDC Project Number 2874.
(CBDRB-FY24-P2874-R11330, CBDRB-FY24-P2874-R11608, CBDRB-FY24-P2874-R11645, and CBDRB-
FY24-P2874-R11894). This is a part of clearance requests #11330, #11608, #11645, and #11894. * p < 0.1,
* p < 0.05, *** p <0.01.

58



A.3.2 Exchange Rate Variation

Figure 7: Exchange Rate Local Projections

ER Local Projection ER Local Projection: Raw Data
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Note: Exchange rate autoregressive local projection coefficients py estimated for k& = 1,...,24 horizon

changes. The left reflects the full specification with controls from Equation [§] corresponding to analysis in
Tables [1| and 2] and Column 4 of Table [3] The right is a sparse specification in raw data (i.e. not restricted
to control availability) with only a time fixed effect and 11 exchange rate lag shock controls (corresponding
to a year of changes). US exports plotted in red and US imports plotted in blue. 95% confidence intervals
reported. All standard errors clustered by HS product and partner country. Any views expressed are those
of the authors and not those of the U.S. Census Bureau. The Census Bureau has reviewed this data product
to ensure appropriate access, use, and disclosure avoidance protection of the confidential source data used
to produce this product. This research was performed at a Federal Statistical Research Data Center under
FSRDC Project Number 2874. (CBDRB-FY24-P2874-11894). This is a part of clearance request #11894.
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Table 10: Exchange Rate Variation

(1) (2) (3) (4) (5) (6)

Exports “PCP” 1.083** 0.8114"* 1.135"* 0.9104"* 0.8256™* (0.8014***
(0.07755) (0.09101) (0.07417) (0.06585) (0.0676) (0.08698)
N 2075000 2075000 1045000 1045000 1041000 800000
Imports “LCP” 1.162**  0.916*  0.6944** 0.5359"* 0.4881*** (.4491***
(0.09024) (0.09943) (0.07103) (0.05755) (0.05297) (0.06527)
N 3905000 3905000 2349000 2349000 2347000 1958000
Exchange Rate Lags (11) Y Y Y Y Y Y
Time FE Y Y Y Y Y Y
Country FE N Y N Y Y Y
Firm-product-time FE N N Y Y Y Y
Firm-country-sector FE N N N N Y Y
Controls N N N N N Y

Note: Exchange rate local projections p: 10-month exchange rate projection regressed on the contempora-
neous exchange rate shock. Estimated for US imports relative to US exports. All standard errors clustered
by HS product and partner country. Equation [§] is the estimating equation. Column 1 includes a time
fixed effect and 11 lags (corresponding to a year of changes) of exchange rate shocks. Column 2 adds a
country fixed effect. Relative to Column 1, Column 3 includes a firm-product-time fixed effect. Column 4
adds a country fixed effect to the Column 3 specification. Column 5 adds a firm-country-sector fixed effect.
Column 6 corresponds to the full specification with firm-product-time and firm-country-sector fixed effects
and current and 11 lags of PPI, GDP, and tariff shock controls in Equation[§] Any views expressed are those
of the authors and not those of the U.S. Census Bureau. The Census Bureau has reviewed this data product
to ensure appropriate access, use, and disclosure avoidance protection of the confidential source data used to
produce this product. This research was performed at a Federal Statistical Research Data Center under FS-
RDC Project Number 2874. (CBDRB-FY24-P2874-R11330, CBDRB-FY24-P2874-R11608, CBDRB-FY24-
P2874-R11645, and CBDRB-FY24-P2874-R11894). This is a part of clearance requests #11330, #11608,
#11645, and #11894. * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 11: Exchange Rate Variation: Raw Data

(1)

(2)

(3)

Exports “PCP” 1.201*** 0.8956*** 0.5875**
(0.1193) (0.1373) (0.09859)
N 3322000 2577000 2572000
Imports “LCP” 1.258"** 0.8144** 0.5639***
(0.1112) (0.1263) (0.0963)
N 5052000 4063000 4061000
Exchange Rate Lags (11) Y Y Y
Time FE Y Y Y
Firm-product-time FE N Y Y
Firm-country-sector FE N N Y

Note: Exchange rate local projections p: 10-month exchange rate projection regressed on the contempo-
raneous exchange rate shock. Estimated for US imports relative to US exports, in the raw sample without
restricting to control availability. All standard errors clustered by HS product and partner country. Equa-
tion 8] is the estimating equation. Column 1 includes a time fixed effect and 11 lags (corresponding to a
year of changes) of exchange rate shocks. Column 2 includes a firm-product-time fixed effect. Column 3
adds a firm-country-sector fixed effect. Any views expressed are those of the authors and not those of the
U.S. Census Bureau. The Census Bureau has reviewed this data product to ensure appropriate access, use,
and disclosure avoidance protection of the confidential source data used to produce this product. This re-
search was performed at a Federal Statistical Research Data Center under FSRDC Project Number 2874.
(CBDRB-FY24-P2874-R11608, CBDRB-FY24-P2874-R11645, and CBDRB-FY24-P2874-R11894). This is

a part of clearance requests #11608, #11645, and #11894. * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 12: Import Demand Elasticity: Raw Data

(1) (2) (3)

Exports “PCP” -0.1701** 0.1338 0.2713
0.06014 (0.1605) (0.2522)
N 3322000 2577000 2572000
Imports “LCP” -0.5131 -1.427 -1.514
(0.5911) (1.371) (1.509)
N 5052000 4063000 4061000
Exchange Rate Lags (11) Y Y Y
Time FE Y Y Y
Firm-product-time FE N Y Y
Firm-country-sector FE N N Y

Note: Import demand (quantity-price) elasticity —& : T; 10-month price rate projection instrumented

with the contemporaneous exchange rate shock. Estimated for US imports relative to US exports, in the
raw sample without restricting to control availability. All standard errors clustered by HS product and
partner country. Equation [8] is the estimating equation. Column 1 includes a time fixed effect and 11
lags (corresponding to a year of changes) of exchange rate shocks. Column 2 includes a firm-product-time
fixed effect. Column 3 adds a firm-country-sector fixed effect. All coefficients reflect a strong first-stage
except Column 1 for US imports, which is weakly identified (Kleibergen-Paap F-statistic = 8.515). Any
views expressed are those of the authors and not those of the U.S. Census Bureau. The Census Bureau
has reviewed this data product to ensure appropriate access, use, and disclosure avoidance protection of the
confidential source data used to produce this product. This research was performed at a Federal Statistical
Research Data Center under FSRDC Project Number 2874. (CBDRB-FY24-P2874-R11608, and CBDRB-
FY24-P2874-R11645). This is a part of clearance requests #11608 and #11645. * p < 0.1, ** p < 0.05, ***
p < 0.01.
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A.3.3 Dynamics

Figure 8: Price Elasticities over Different Horizons
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Note: Price-exchange rate elasticity ”—’;(left) and price local projection vy (right) estimated for k =1, ..., 10
horizon changes. The left uses Equation [6]as the reduced form and Equation[§as the first stage, and the right
estimates Equation @ US exports plotted in red and US imports plotted in blue. 95% confidence intervals
reported. All standard errors clustered by HS product and partner country. Any views expressed are those
of the authors and not those of the U.S. Census Bureau. The Census Bureau has reviewed this data product
to ensure appropriate access, use, and disclosure avoidance protection of the confidential source data used
to produce this product. This research was performed at a Federal Statistical Research Data Center under
FSRDC Project Number 2874. (CBDRB-FY24-P2874-R11330). This is a part of clearance request #11330.
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Figure 9: Quantity Elasticities over Different Horizons
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Note: Quantity-exchange rate elasticity 2= (left) and quantity local projection -~ (right) estimated for
k = 1,...,10 horizon changes. The left uses Equation [7] as the reduced form and Equation [§] as the first
stage, and the right estimates Equation [7} US exports plotted in red and US imports plotted in blue.
95% confidence intervals reported. All standard errors clustered by HS product and partner country. Any
views expressed are those of the authors and not those of the U.S. Census Bureau. The Census Bureau
has reviewed this data product to ensure appropriate access, use, and disclosure avoidance protection of the
confidential source data used to produce this product. This research was performed at a Federal Statistical
Research Data Center under FSRDC Project Number 2874. (CBDRB-FY24-P2874-R11330). This is a part
of clearance request #11330.

Figure 10: Import Demand Elasticities over Different Horizons
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Note: Import demand (quantity-price) elasticities —&j, = Z—k estimated for k£ = 1,...,10 horizon changes.

Equation [7]is the reduced form and Equation [6]is the first stage. 95% confidence 1ntervals reported. Large
green dots represent k-horizon estimates which are distinct across US imports and US exports at the 5%
level, and small blue dots reflect the 10% distinction. Any views expressed are those of the authors and not
those of the U.S. Census Bureau. The Census Bureau has reviewed this data product to ensure appropriate
access, use, and disclosure avoidance protection of the confidential source data used to produce this product.
This research was performed at a Federal Statistical Research Data Center under FSRDC Project Number
2874. (CBDRB-FY24-P2874-R11330). This is a part of clearance request #11330.

64



A.3.4 Longer-Run Results

Figure 11: Price-Exchange Rate Dynamics - Longer-Run (24 Months)
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Note: Price-exchange rate elasticity % (left) and local projection v (right) estimated for k = 1,...,24
horizon changes. The left uses Equation [0] as the reduced form and Equation [§] as the first stage, and the
right estimates Equation @ US exports plotted in red and US imports plotted in blue. 95% confidence
intervals reported. All standard errors clustered by HS product and partner country. Any views expressed
are those of the authors and not those of the U.S. Census Bureau. The Census Bureau has reviewed this data
product to ensure appropriate access, use, and disclosure avoidance protection of the confidential source data
used to produce this product. This research was performed at a Federal Statistical Research Data Center
under FSRDC Project Number 2874. (CBDRB-FY24-P2874-R11330). This is a part of clearance request
#11330.
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Figure 12: Quantity-Exchange Rate Dynamics - Longer-Run (24 Months)
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Note: Quantity-exchange rate elasticity 7’“ (left), and local projection 7 (right) estimated for k =1, ...,24
horizon changes. The left uses Equation|[7] as the reduced form and Equation [§as the first stage, and the rlght
estimates Equation I US exports plotted in red and US imports plotted in blue. 95% confidence intervals
reported. All standard errors clustered by HS product and partner country. Any views expressed are those
of the authors and not those of the U.S. Census Bureau. The Census Bureau has reviewed this data product
to ensure appropriate access, use, and disclosure avoidance protection of the confidential source data used
to produce this product. This research was performed at a Federal Statistical Research Data Center under
FSRDC Project Number 2874. (CBDRB-FY24-P2874-R11330). This is a part of clearance request #11330.
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A.3.5 Import Buyer Rigidity Robustness

Prices.
Table 13: Import Buyer Rigidity: Prices
0 ®)
US Exports US Imports
“PCP” “LCP”
Low 0.9693*** 0.2928***
(0.09296) (0.06489)
High 0.9556*** 0.3954***
(0.167) (0.1005)
Difference -0.01366 0.1027
(0.1577) (0.09284)
Firm-product-time Y Y
Firm-partner-sector Y Y
PPI, GDP, Tariff Y Y
Lag Controls (11) Y Y
N 505000 1957000

Note: Price-exchange rate elasticities ”—i estimated for US exports and imports for £ = 10 month horizon

change; k = 10 month exchange rate changes instrumented with the contemporaneous exchange rate shock.
Equation [6]is the reduced form and Equation [§]is the first stage. The exchange rate is interacted with indica-
tors for below- and above-median import buyer rigidity faced on average by each traded product. The table
reports the quantity-exchange rate elasticities for the two bins as well as the statistical difference between
the two. All standard errors clustered by HS product and partner country. The analysis is constructed with
confidential US Longitudinal Firm Trade Transactions Database (LFTTD) for US exports and imports. All
first-stage F-statistics reflect a strong first stage. Any views expressed are those of the authors and not those
of the U.S. Census Bureau. The Census Bureau has reviewed this data product to ensure appropriate access,
use, and disclosure avoidance protection of the confidential source data used to produce this product. This
research was performed at a Federal Statistical Research Data Center under FSRDC Project Number 2874.
(CBDRB-FY24-P2874-R11645). This is a part of clearance request #11645. * p < 0.1, ** p < 0.05, ***
p < 0.01.
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Construction.

Table 14: Import Buyer Rigidity: Robustness on Construction

(1) (2)

US Exports US Imports
“PCP” “LCP”
Panel A: 10 Table
Low -0.4718* -0.5893**
(0.2025) (0.241)
High -0.203 -0.5605
(0.313) (0.3755)
N 432000 1350000
Panel B: Quantity Weights
Low -0.4887* -0.5595™*
(0.1867) (0.2463)
High -0.1373 -0.8101**
(0.3597) (0.1817)
N 505000 1957000
Panel C: Sample Median
Low -0.5978** -0.664™
(0.1853) (0.307)
High -0.3011 -0.5588***
(0.2357) (0.1849)
N 505000 1957000
Panel D: Sample Quartile
Low -0.6223*** -0.6744*
(0.1892) (0.3088)
High -0.1627 -0.5809***
(0.3139) (0.1761)
N 361000 1459000
Firm-product-time Y Y
Firm-partner-sector Y Y
PPI, GDP, Tariff Y Y
Lag Controls (11) Y Y

Note: Quantity-exchange rate elasticities 2= estimated for US exports and imports for kK = 10 month horizon
change; k = 10 month exchange rate changes instrumented with the contemporaneous exchange rate shock.
Equation [7]is the reduced form and Equation [§]is the first stage. The exchange rate is interacted with indi-
cators for below- and above-median import buyer rigidity. Panel A uses an input-output table construction.
Panel B uses the construction as in the text but weights with quantities rather than employment. Panel
C splits by the sample median. Panel D reports the difference between the top quartile and below-median
groups. All standard errors clustered by HS product and partner country. The analysis is constructed with
confidential US Longitudinal Firm Trade Transactions Database (LFTTD) for US exports and imports. All
first-stage F-statistics reflect a strong first stage. Any views expressed are those of the authors and not those
of the U.S. Census Bureau. The Census Bureau has reviewed this data product to ensure appropriate access,
use, and disclosure avoidance protection of the confidential source data used to produce this product. This
research was performed at a Federal Statistical Research Data Center under FSRDC Project Number 2874.
(CBDRB-FY24-P2874-R11645). This is a part of clearance request #11645. * p < 0.1, ** p < 0.05, ***
p < 0.01.
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Continuous.

Table 15: Import Demand Elasticity: Continuous Import Buyer Rigidity

US Exports

“PCP”
0% Rigidity -2.922*

(1.601)
100% - 0% 2.759

(1.824)
Firm-product-time FE Y
Firm-partner-sector FE Y
PPI, GDP, Tariff Y
Lag Controls (11) Y
N 505000

*p<0.1,* p<0.05 " p<0.01

Note: Quantity-price elasticities estimated for US exports and imports for £ = 10 month horizon change;
k = 10 month price change instrumented with the contemporaneous exchange rate shock. Equation [7]is the
reduced form and Equation [6]is the first stage. The price is interacted with the continuous import buyer
rigidity measure. The table reports both the uninteracted and the interaction terms. The analysis is
constructed with confidential US Longitudinal Firm Trade Transactions Database (LFTTD) for US
exports. All first-stage F-statistics reflect a strong first stage. Any views expressed are those of the authors
and not those of the U.S. Census Bureau. The Census Bureau has reviewed this data product to ensure
appropriate access, use, and disclosure avoidance protection of the confidential source data used to produce
this product. This research was performed at a Federal Statistical Research Data Center under FSRDC
Project Number 2874. (CBDRB-FY24-P2874-R11645). This is a part of clearance request #11645.
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Tariffs as Benchmark.

Table 16: Import Buyer Rigidity: Tariff-Based Elasticities, US Imports

(1) (2)

Low (0.8) High (0.95)
Firm-specific -3.068%* -0.7311
(1.597) (1.334 )
N 316000 684000
Product-specific -0.8139 -0.4486
(0.5867) (1.748)
N 2600000 565000
Firm-product-time Y Y
Firm-partner-sector Y Y
Partner-Time Y Y
Lag Controls (11) Y Y

Note: Quantity-tariff elasticity estimated for £ = 10 horizon, instrumented with the contemporaneous
tariff shock. Equation [7]is the reduced form and [§]is the first stage, but using tariffs as the shock instead of
exchange rates, and including a country-time fixed effect. The analysis is constructed with confidential US
Longitudinal Firm Trade Transactions Database (LFTTD) imports for monthly ™% = 0.8002 (left) and
monthly x™"9" = 0.9448 (right). The top row reports heterogeneity analysis using LFTTD firm-aggregated
bins, and the bottom row reports using product-aggregated bins. All first-stage F-statistics reflect a strong
first stage (reported in paper). Any views expressed are those of the authors and not those of the U.S.
Census Bureau. The Census Bureau has reviewed this data product to ensure appropriate access, use, and
disclosure avoidance protection of the confidential source data used to produce this product. This research
was performed at a Federal Statistical Research Data Center under FSRDC Project Number 2874. (CBDRB-
FY24-P2874-R11330 and CBDRB-FY24-P2874-R11645). This is a part of clearance requests #11330 and
#11645. * p < 0.1, ** p < 0.05, *** p < 0.01.
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Figure 13: Tariff-Based Elasticities by Import Buyer Rigidity, US Imports
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Note: Quantity-tariff (left, 2*) and tariff-based quantity-price elasticities (right, 1*) estimated for k =
1,...,10 horizons. Equation |Z|Dis the reduced form, [§ is the first stage in the left exhibit, and [f] is the first
stage in the right exhibit, but using tariffs as the shock instead of exchange rates, and including a country-
time fixed effect. The analysis is split by above- and below-median import buyer rigidity. The above-median
monthly import buyer rigidity is on average 0.8002 and the below-median monthly import buyer rigidity is on
average 0.9448. Any views expressed are those of the authors and not those of the U.S. Census Bureau. The
Census Bureau has reviewed this data product to ensure appropriate access, use, and disclosure avoidance
protection of the confidential source data used to produce this product. This research was performed at
a Federal Statistical Research Data Center under FSRDC Project Number 2874. (CBDRB-FY24-P2874-
R11330). This is a part of clearance request #11330.
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Demand Elasticity and Rigidity Correlation.

Figure 14: Import Buyer Rigidity and Final Demand FElasticity Correlation

Output Demand (o) vs Output Rigidity (k)
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Note: This binscatter figure plots output demand elasticities relative to output price rigidities. The figure
uses sector-level demand elasticities from [Caliendo and Parro| (2014) and information on price stickiness from
Nakamura and Steinsson| (2008). The price rigidity is a Calvo probability of holding prices constant, between
0 and 1; the demand elasticity is negative, so moving vertically upward in the graph implies a decrease in
demand elasticity. I drop Sector 3241 (Petroleum and Coal Products Manufacturing) because it is estimated
in Caliendo and Parro (2014) to have an outlier ¢ = —51.085 (the average otherwise is -5.23).
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A.3.6 Alternative Interpretations Appendix

Underlying Demand Elasticities.

Figure 15: Import/Export Ratio of Import Demand Elasticities

Imports/Export Elasticity: Tariffs and Exchange Rates
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Note: Import demand (quantity-price) elasticities Z—: estimated using contemporaneous exchange rate (blue
line) and tariff (red line) shocks as instruments respectively. Each point corresponds to the exchange rate- or
tariff-identified elasticity of US imports divided by that of US exports. The estimation horizon varies from
k =1,...,10, where k = 10 corresponds to the benchmark analysis in Table The estimating equations
correspond to Equation [7] as the reduced form and Equation [0] as the first stage. The red line uses those
equations but with tariffs as the shock and a country-time fixed effect. Coefficients are binned within two-
month groups. Any views expressed are those of the authors and not those of the U.S. Census Bureau. The
Census Bureau has reviewed this data product to ensure appropriate access, use, and disclosure avoidance
protection of the confidential source data used to produce this product. This research was performed at
a Federal Statistical Research Data Center under FSRDC Project Number 2874. (CBDRB-FY24-P2874-
R11330). This is a part of clearance request #11330.
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Product Composition.

Table 17: Product Sampling Robustness - Restricted Sample

(1) (2)

US Exports US Imports
“PCP” “LCP”
2 -0.1797 -1.924**
(0.142) (0.4142)
Firm-product-time Y Y
Firm-partner-sector Y Y
PPI, GDP, Tariff Y Y
Lag Controls (11) Y Y
N 541000 796000

Note: Sample restricted to only products present in both US imports and US exports. Import demand
(quantity-price) elasticity 2& estimated for & = 4 month horizon, instrumented with the contemporaneous
exchange rate shock. Equatlon [7 is the reduced form and Equation [6] is the first stage. The analysis is
constructed with confidential US Longitudinal Firm Trade Transactions Database (LFTTD) for US exports
and US imports. All first-stage F-statistics reflect a strong first stage . Any views expressed are those of
the authors and not those of the U.S. Census Bureau. The Census Bureau has reviewed this data product
to ensure appropriate access, use, and disclosure avoidance protection of the confidential source data used
to produce this product. This research was performed at a Federal Statistical Research Data Center under
FSRDC Project Number 2874. (CBDRB-FY24-P2874-R11330). This is a part of clearance request #11330.
*p<0.1, " p<0.05, ** p <0.01.
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Table 18: Product Sampling Robustness - Interaction

(1) (2)

US Exports US Imports
“PCP” “LCP”
Panel A: Prices
Sample only 1.015* 0.2952***
(0.1227) (0.07125)
Both effect -0.04537 0.0391
(0.1221) (0.06946)
Panel B: Quantities
Sample only -0.3427 -0.4774*
(0.2613) 0.208
Both effect -0.07925 -0.1347
(0.2141) (0.1513)
Firm-product-time Y Y
Firm-partner-sector Y Y
PPI, GDP, Tariff Y Y
Lag Controls (11) Y Y
N 800000 1958000

Note: Price-exchange rate and quantity-exchange rate elasticities Z—’“ and % estimated for £k = 10 month
horizon. 10-month exchange rate instrumented with the contemporaneous exchange rate. In Panel A,
Equation [0 is the reduced form and [§] is the first stage. In Panel B, Equation [7] is the reduced form and
is the first stage. In each specification there is an interaction term for whether the product is present in
both US imports and exports. The analysis is constructed with confidential US Longitudinal Firm Trade
Transactions Database (LFTTD) for US exports and US imports. All first-stage F-statistics reflect a strong
first stage . Any views expressed are those of the authors and not those of the U.S. Census Bureau. The
Census Bureau has reviewed this data product to ensure appropriate access, use, and disclosure avoidance
protection of the confidential source data used to produce this product. This research was performed at
a Federal Statistical Research Data Center under FSRDC Project Number 2874. (CBDRB-FY24-P2874-
R11645). This is a part of clearance request #11645. * p < 0.1, ** p < 0.05, *** p < 0.01.
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Exchange Rate Hedging.

Figure 16: Persistence Versus Exchange Rate Hedging
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Note: Scatterplots of four measures of exchange rate hedging relative to exchange rate persistence. The
data were extracted from the Bank of International Settlements (BIS) Triennial Central Bank Survey for the
year 2013 for 68 countries. The data reflect hedging activity of each currency and the US dollar. The top left
reflects forward contracts, the top right forward contracts for nonfinancial customers, bottom left all hedging
contracts, and bottom right all hedging contracts for nonfinancial customers. All measures are weighted by
total US exports to that country in the year 2013. The correlation between forward contracts and persistence
is 0.08 (persistence bins -0.01); nonfinancial forward contracts and persistence is 0.09 (persistence bins -0.02);
total contracts and persistence is 0.1 (persistence bins 0.04); and nonfinancial total contracts 0.1 (persistence
bins -0.02). The correlations range between -1 and 1, with values closer to zero reflecting lack of correlation.
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Table 19: Hedging Control

(1) (2)

US Exports US Imports

“PCP” “LCP”
Ve[V, k=4 -0.2471 -2.515*

(0.1614) (0.7833)
N 686000 1839000
Y&/ Vi, k=10 -0.3015 -2.061*

(0.235) (1.062)
N 642000 170400
Hedging Control Y Y
Firm-product-time Y Y
Firm-partner-sector Y Y
PPI, GDP, Tariff Y Y
Lag Controls (11) Y Y

Note:Import demand elasticity I* estimated for k = 4 horizon (top) and k = 10 horizon (bottom), instru-
mented with the contemporaneous exchange rate shock. Equation [7] is the reduced form and Equation [f]
is the first stage. All columns interact the price change with country hedging activity from the Bureau of
International Settlements (BIS). The analysis is constructed with confidential US Longitudinal Firm Trade
Transactions Database (LFTTD) for US exports and US imports. All first-stage F-statistics for the k = 4
horizon reflect a strong first stage but the k& = 10 horizon are weakly estimated (Kleibergen-Paap F-statistics
= 4.482 in imports and = 0.074 in exports). Any views expressed are those of the authors and not those
of the U.S. Census Bureau. The Census Bureau has reviewed this data product to ensure appropriate ac-
cess, use, and disclosure avoidance protection of the confidential source data used to produce this product.
This research was performed at a Federal Statistical Research Data Center under FSRDC Project Number
2874. (CBDRB-FY24-P2874-R11330 and CBDRB-FY24-P2874-R11645). This is a part of clearance requests

#11330 and #11645. * p < 0.1, ** p < 0.05, *** p < 0.01.
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B Theoretical Appendix

B.1 Supplementary Equilibrium Conditions

Price Indices.

P/ is the price index of the import buyer goods, given by

1
1—op

P () (60)

7

where P} is domestic import buyer firm ¢’s price at time ¢.

Pl is the price index of the domestic manufacturer goods, given by

1
l—op

P () (61)

i

where P! is domestic manufacturer firm i’s price at time ¢.
Finally, P is the price index of the foreign exporter goods, is symmetric across all import

buyers ¢, and is given by

= () (62

i
where P’ is foreign exporting firm j’s price at time ¢.

B.2 Derivation of Pass-through Persistence

Computing the effect of the shock on prices one period ahead, we can expand Equation
to find lagged cost shock pass-through is given by

dEp;"} 1 — Brim 1 — Br
=(1- m)T 5 m 1 - m)T 5
i O ey e L1 Sl 0K w7 e (63)
and in general form:

det det m det .

Then the local projection of the cost shock at time ¢ into prices at time t+ k&, as a function

of the time ¢ pass-through, is given by
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s=k

dEdp s bes
t{ t+k} Zp k— pt (65)

Equation [54] in the text.

B.3 Derivation of Import Demand Elasticity
B.3.1 Pass-through Persistence Method

The log reset price of the foreign exporter is given by
Py = (1= Brn) B L) (Brm) (er + p™ —a™)}. (66)
7=0

Given the AR(1) form of the exchange rate, it is equivalent to

The equation of motion for the imported input price is then

m 1 —5/437” m m m
P =(1 —ﬁm)<m€t+ﬂ —a )+/€mpt_1- (68)

Taking the domestic wage as given, the log reset price of the domestic import buyer-

importer is given by
= (1= Br)E{> (Brn) (0] + p" — a”)}, (69)
7=0

and the equation of motion for the import buyer’s price is

p; - (1 - ’ir)ﬁ: + K“rp;—l' (70)

Note that given Equations [69] and [70] the derivative of pj with respect to e, is given by

d g - ‘rdp;nT
d% =(1-r)(1 - ﬁmr)Et{;(ﬁnr) d—e:}- (71)
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Writing in the form of pass-through persistence, we have

dp; /dp;” dpm dpi"
sl 1—Br.)(1—k,)E =t 72
o / = (1= Br)(1 = ) Qj oy (72)

The import demand elasticity is then given by

. dgp /dpf - dp};., dpt
= - _— = 1 —_— r 1— r E r T 73
o= e T~ B B G T ()

Equation 53| in the main text. Substituting Equation |55|into Equation (Equation |53 in

the main text) yields the following solution:

R oo 7'-‘1-1 . H:n—i-l
0d=0(1—r)(1—Bk) Z Br,)" p——rﬁ ) (74)
T7=0 m

which simplifies to

7=0 P — Hm = Pm
then . .
&:g(l_,irxl_ﬁﬁr)(l—ﬁ/{,p(p p,{ ) — " (p /{,,; )) (76)

Combining fractions,

~ ( - Bﬁrﬂm) - ’im(l - Blirp)
o= o= )1 = om (LG o I ). 7
The expression simplifies to:
7= 0_(1 B I{T)(l - 5'%7”) <<1 - 5/€7‘p>(11 - 55rﬁm)>’ <78)

Equation [56[in the main text.

B.3.2 Calvo Method

An alternative to deriving the import demand elasticity is to solve via the Calvo equa-

tions. First, note the exchange rate price pass-through is given by

i _ (1- ,{m)(ﬂ)

dey B 1 — BEmp ' <79)
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Substituting this price pass-through into the import buyer’s Calvo pricing function from

Equation [43], the optimal reset price of the domestic import buyer firm can be rewritten as

1_6"1771

7y = (1=Br) B (Br,)T (Mr_ar+um_am+(1—/€m)(1 s

o) bl ) ). (50
Expanding, we have

1 — Bkm

Py = (1—BHT)Et{Z(BK/T)T (Mr—a“r,um—am+(1—/€m)(met+r)+ﬁm((1—f€m)( L= Dt
=0 m

———— €
1= Brpp t4r—11

1 — Bkm

M e o+ .. (81
1_ﬁ/€mpet+ 2t ( )

o (1=
The solution can be written as a finite sum within the infinite sum:

1— Bkm

= (1= Br)ELY (Bre)" Y kip™ (1= ko) Jei}. (82)

Substituting into Equation [51] and given the form of demand, the solution is equivalent to

that of the pass-through persistence derivation.

B.4 Derivation of Local Projection Instrument

In this section I derive the local projection instrument from the model in the main text.

The elasticity is identified simply by

- dg™ [dp}"
S = 83
? det det ( )

Note that evaluated for a k-horizon change it is equivalent to write

(&) _ ((dq?“>/<dp§”)> _ @ —q{'il/p?ik — Py (34)
k de; de; k Ct+k —€t—1/ Citk — €1

This follows because the numerator and denominator in Equation |83 do not depend on

the k£ horizon. Then, note I can multiply and divide by the “intermediary stage” of the local
projection of the t shock on to the ¢t + k shock, yielding

™o M e — e, = D €k — €4
5 — (Qt—i-k di—1 Ct+k tl)/(pt_l,-k Di—1 Ci+k t1)’w€_ (85)

Ci+k — €t—1 €t — €41 Ci+k — €—1 € — €41

Note that the “intermediary stage” is nonzero by the AR(1) assumption on the shock,
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implying the validity of the approach. The expression simplifies, implying the local projection

instrumental-variables estimator in the text:
5 — (Qﬁk - qgl)/(]ﬁlk - p?il) k. (86)
€ — €41 € — €41
C Quantitative Appendix

C.1 Goodness-of-Fit

Model Predictions.

Figure 17: Mechanism Verification - Import Buyer Rigidity
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Note: This figure measures the difference in the import demand elasticity ratio of LCP to PCP, varying the
import buyer rigidity k.. Note if LCP and PCP import demand elasticities are equal the ratio = 1 (orange
line). The blue line uses the model Equations [49| and [56] to extrapolate the effect of reducing &, given the
data estimates from Table [f] and Appendix Table [I3] The red and blue dots report the data ratio estimates
for high and low k.. respectively, and the black lines report the s, cutoffs to generate equal import demand
elasticities from the model (cutoff x, = 0) and data (cutoff x, = 0.5). Any views expressed are those of
the authors and not those of the U.S. Census Bureau. The Census Bureau has reviewed this data product
to ensure appropriate access, use, and disclosure avoidance protection of the confidential source data used
to produce this product. This research was performed at a Federal Statistical Research Data Center under
FSRDC Project Number 2874. (CBDRB-FY24-P2874-R11645). This is a part of clearance request #11645.

C.2 Overidentifying Tests of Model

The model from Section [6] contains a number of supplementary predictions. The pre-
dictions are less central to the main analysis but useful to test to verify the validity of the

model structure. They also help inform the scope of the model.
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C.2.1 Dynamics

This section focuses on the model’s prediction for import demand elasticity dynamics
under LCP (i.e. US imports) versus PCP (i.e. US exports). Validity of the import buyer
rigidity mechanism would imply that the two elasticities converge over time, because over
longer horizons the import buyer rigidity falls. Intuitively, a small fraction of firms may
adjust prices within one month, but a greater fraction will adjust over the course of a year.
Corollary 1 thus implies the dynamic growth rate of the import demand elasticity under
PCP (US exports) should be larger than that of LCP (US imports). At infinite horizons the

elasticities should converge to the true uniform underlying CES o.

Figure 18: Growth Rates, PCP vs. LCP
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Note: Import demand elasticity growth rates simulated (left) and estimated (right) for local currency
pricing (km,, = 0.9, US imports, blue) and producer currency pricing (x,, = 0, US exports, red). The
import demand elasticity is normalized by the first-period value, so subsequent points reflect growth from
the initial estimation horizon. Any views expressed are those of the authors and not those of the U.S.
Census Bureau. The Census Bureau has reviewed this data product to ensure appropriate access, use, and
disclosure avoidance protection of the confidential source data used to produce this product. This research
was performed at a Federal Statistical Research Data Center under FSRDC Project Number 2874. (CBDRB-
FY24-P2874-R11330). This is a part of clearance request #11330.

C.3 Shock Persistence

The model also has supplementary predictions for the role of shock persistence and its
dynamics in this framework. There are also implications for the dynamics of the import
buyer rigidity.

Shock persistence increases the elasticity estimates and amplifies the other results. This
is because it increases pass-through persistence; the intuition is that price changes from more

persistent shocks are relatively more permanent. Note also that the theoretical results are
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dependent on some autocorrelative structure of the exchange rate; without that, the results
would require a different framework.

To test this mechanism, I estimate the AR(1) coefficients of three shocks. I had previously
estimated the exchange rate quarterly p® = 0.89. I split the exchange rate into countries
with high (on average quarterly p®"9" = 0.924) or low (on average quarterly p® = 0.835)
persistence. I also estimate the AR(1) coefficient of the tariff and find p* = 1. T find that
the corresponding import demand elasticities estimated by these three shocks are exactly
increasing in the shock persistence. Figure [19| contains the estimates along with the model
predictions. The data closely approximates what the model predicts regarding persistence:

it increases demand effects.

Figure 19: Shock Persistence
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Note: This figure reports the relationship between shock persistence p and the import demand elasticity.
The left figure simulates the effect of increasing p holding «,, fixed at zero, relative to p = 1. The colored
points reflect data estimates from the right figure. The right figure plots the import demand elasticity for
below-median quarterly persistence exchange rates p®!°% = 0.835 (red), above-median quarterly persistence
exchange rates p®"9" = 0.924 (blue), and tariffs p* = 1 (green). The exchange rate estimates also report
95% confidence intervals, and the green dots indicate when the tariff is statistically distinct from the pooled
quarterly p = 0.89 elasticity. Any views expressed are those of the authors and not those of the U.S.
Census Bureau. The Census Bureau has reviewed this data product to ensure appropriate access, use, and
disclosure avoidance protection of the confidential source data used to produce this product. This research
was performed at a Federal Statistical Research Data Center under FSRDC Project Number 2874. (CBDRB-
FY24-P2874-R11330). This is a part of clearance request #11330.

The underlying driver of these effects is again pass-through persistence. If import buyers
did not have rigidities, all import demand elasticities would be equal. Given these rigidities,
import buyers do not adjust their prices fully on impact for import price changes and instead
take into account the current and future path of these input costs. Accordingly, they adjust
more when an import price change is more persistent because there is more bandwidth to

adjust to longer-lasting shocks. In Figure I report the pass-through persistence for p*"ih
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and p®°¥. T find that the general prediction holds: more persistent exchange rate shocks are

more pass-through persistent.

Figure 20: Pass-through Persistence, by Shock Persistence

Pass-through Persistence: p=0.924 Versus p=.835
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Note: This figure plots pass-through persistence as predicted by the model (dashed lines) and estimated in
data (solid lines). The blue lines reflect quarterly p®"9" = 0.924 and &,, = 0 in simulation and above-median
persistence exchange rates in US exports in estimation, and the red lines reflect quarterly p®!°* = 0.835
and K,, = 0 in simulation and below-median persistence exchange rates in US exports in estimation. Any
views expressed are those of the authors and not those of the U.S. Census Bureau. The Census Bureau
has reviewed this data product to ensure appropriate access, use, and disclosure avoidance protection of the
confidential source data used to produce this product. This research was performed at a Federal Statistical
Research Data Center under FSRDC Project Number 2874. (CBDRB-FY24-P2874-R11330). This is a part
of clearance request #11330.

Although the form of & predicts specific heterogeneity depending on underlying parame-
ters, this heterogeneity decays over time. This is because over time, the import buyer rigidity
falls. Intuitively, a small fraction of firms may adjust prices within one month, but a greater
fraction will adjust over the course of a year. Similar to the currency choice analysis in the
main text, import demand elasticities from less persistent shocks should grow at a higher rate
over time than more persistent shocks. Indeed, Figure 21| which reports the high-persistence

exchange rate relative to the full sample reflects that mechanism@

29Tt is difficult to materially identify long-run effects of low-persistence exchange rates.
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Figure 21: Growth Rates, Shock Persistence
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Note: Import demand elasticity growth rates simulated (left) and estimated (right) for high exchange rate
persistence (quarterly p®"9" = 0.924, blue) and average exchange rate persistence (quarterly p® = 0.89,
red). The import demand elasticity is normalized by the first-period value, so subsequent points reflect
growth from the initial estimation horizon. Any views expressed are those of the authors and not those of
the U.S. Census Bureau. The Census Bureau has reviewed this data product to ensure appropriate access,
use, and disclosure avoidance protection of the confidential source data used to produce this product. This
research was performed at a Federal Statistical Research Data Center under FSRDC Project Number 2874.
(CBDRB-FY24-P2874-R11330). This is a part of clearance request #11330.

C.3.1 Import Buyer Rigidity Dynamics

The next figure plots the dynamic effects of the import buyer rigidity as implied by the
model: the effect of the import buyer rigidity is hump-shaped over time. It increases in
the short-to-medium run and then falls as the estimation horizon k& — oo. The top left
exhibit reports the (approximate) infinite-horizon dynamics. The top right exhibit truncates
the x-axis to match the available data, which I only have a valid first-stage for six quarters
(eighteen month horizon). The bottom exhibit reports the data estimates from US exports.
The data approximately replicate the model’s prediction regarding the hump-shaped effect
over time.

The validity of this exercise suggests further validity of the model. It is also informative

of the scope of the import buyer rigidity effect.
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Figure 22: Growth Rates, Import Buyer Rigidity
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Note: Effect of increasing the monthly import buyer rigidity from x, = 0.8 to k,, = 0.95 over time. The
effect is defined as the estimated quantity elasticity for x,, = 0.8 minus that for x,, = 0.95. The effect plotted
is normalized by the first-period value. The left figure illustrates the dynamics over the (approximately)
infinite horizon and the right figure illustrates the dynamics over six quarters (eighteen months), the longest
horizon with a valid instrumental variables first-stage in data. The bottom figure reports the corresponding
US export data estimates. The estimation drops the bottom tercile of exchange rate persistence from the
sample. Any views expressed are those of the authors and not those of the U.S. Census Bureau. The
Census Bureau has reviewed this data product to ensure appropriate access, use, and disclosure avoidance
protection of the confidential source data used to produce this product. This research was performed at
a Federal Statistical Research Data Center under FSRDC Project Number 2874. (CBDRB-FY24-P2874-
R11645). This is a part of clearance request #11645.
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C.4 Counterfactual Appendix

C.4.1 Monetary Policy Level Effects

Figure 23: US Monetary Policy Counterfactual: Level Effects
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Note: This figure simulates the propagation of a domestic interest rate cut on expenditure-switching (top)
and real GDP (bottom), normalized by the exchange rate fluctuation. The right figures represent the
calibration of x, = 0.9 (new mechanism) and the left figures x, = 0 (approximation to standard model).
The blue plot the effect for x,,, = 0.9 (LCP) and the red lines for ,, = 0 (PCP).

C.4.2 Monetary Policy Counterfactual Sensitivity
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Figure 24: Counterfactual Sensitivity: CES Substitution
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Note: This figure simulates the propagation of a domestic interest rate cut on expenditure-switching (left)
and real GDP (right), normalized by the exchange rate fluctuation. ¢ = 3 (top) and o = 7 (bottom)
calibrated instead of o = 5. The blue lines represent the calibration of x, = 0.9 (new mechanism) and the
red lines k, = 0 (approximation to standard model). All lines plot the effect for £, = 0.9 (LCP) minus the

effect for k., =0 (PCP).
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Figure 25: Counterfactual Sensitivity: Domestic Consumption Share
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Note: This figure simulates the propagation of a domestic interest rate cut on expenditure-switching (left)
and real GDP (right), normalized by the exchange rate fluctuation. This figure calibrates domestic manu-
facturer’s retail share as h = 0.5 (top) and h = 0.9 (bottom) instead of h = 2/3. The blue lines represent
the calibration of x, = 0.9 (new mechanism) and the red lines x, = 0 (approximation to standard model).
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All lines plot the effect for ,, = 0.9 (LCP) minus the effect for ,, = 0 (PCP).
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Figure 26: Counterfactual Sensitivity: Alternative Shock (UIP)
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Note: This figure simulates the propagation of a UIP shock on expenditure-switching (left) and real GDP
(right), normalized by the exchange rate fluctuation. The blue lines represent the calibration of x, = 0.9
(new mechanism) and the red lines x, = 0 (approximation to standard model). All lines plot the effect for
Km = 0.9 (LCP) minus the effect for x,, = 0 (PCP).

Figure 27: Counterfactual Sensitivity: Net Exports
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Note: This figure simulates the propagation of a domestic interest rate cut on net exports, normalized by
the exchange rate fluctuation. The blue line represents the calibration of %, = 0.9 (new mechanism) and the

red line x, = 0 (approximation to standard model). All lines plot the effect for %, = 0.9 (LCP) minus the
effect for k,, =0 (PCP).
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Figure 28: Counterfactual Sensitivity: Expenditure-Switching Definition
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Note: This figure simulates the propagation of a domestic interest rate cut on expenditure-switching using
alternative definitions to the main text, normalized by the exchange rate fluctuation. The top left figure
reports the domestic expenditure share excluding exports. The top right figure reports the expenditure
difference, i.e. domestic expenditure minus foreign expenditure. The bottom left figure reports total domestic
expenditure (i.e. nominal GDP). The bottom right figure reports total expenditure on domestic goods. The
blue lines represent the calibration of £, = 0.9 (new mechanism) and the red lines k, = 0 (approximation to
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standard model). All lines plot the effect for x,,, = 0.9 (LCP) minus the effect for x,, =0 (PCP).



