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Abstract

We study a unique episode of the transition to dominant currency pricing: the “dollarisation”

of UK exports following the 2016 Brexit referendum. After the pound’s 2016 depreciation,

the share of non-EU UK exports invoiced in the domestic currency fell by over 20 percentage

points, with increases in invoicing in local currency, the euro, and the US dollar. By 2019,

the US dollar had become the primary invoicing currency for non-EU exports, reflecting

its established role in UK imports. Using transaction-level UK trade data and in line with

the predictions of an analytical theoretical model, we show that significant, lasting shifts

in currency risk can drive aggregate changes in invoicing practices. We find evidence for

a “speculative currency switching” channel, where firms switch to currencies with higher

expected returns, regardless of hedging needs or factors like strategic complementarities and

market power. Finally, we estimate that this shift has important aggregate effects: a US

dollar appreciation now reduces demand for UK exports by twice as much as before this

transition.
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1 Introduction

What determines the currency of invoicing of international trade? This is a defining question

in international macroeconomics. The fact that a large share of international transactions are

denominated in US dollars is central to the understanding of the international propagation of

shocks and the international financial system (Gopinath et al., 2010). This dollar Dominant

Currency Paradigm (DCP) is underpinned by network effects and is consistent with remark-

ably stable patterns in invoicing currency choices (Boz et al., 2022). However, we know that

discontinuities in the role of international currencies have occurred in the past. Our paper

empirically contributes to the key question of which forces can generate changes in dominant

currency equilibria. We offer three contributions.

First, we document, using transaction-level data, a unique episode of rapid aggregate shift

in export pricing patterns in a large developed economy: the dollarisation of UK exports in the

aftermath of the 2016 Brexit referendum. In the aftermath of the June 2016 Brexit referendum

and the subsequent depreciation of the pound, the share of non-EU UK exports invoiced in

pounds started to sharply decrease. It went from about 55% in 2015 to 35% in 2022. At the

same time, as shown in Figure 1, US dollar (USD) invoicing has surged from around one third to

nearly 55%.1 While euro (EUR) and local currency pricing (LCP) have also increased (Figure

1), the majority of extra-EU UK exports is now invoiced in USD, the dominant vehicle currency

of international trade (Boz et al., 2022): a dominant currency pricing transition.

Second, guided by a simple theoretical framework, we provide causal evidence that large

foreign-exchange shocks can endogenously determine invoicing currency decisions. Firstly and

in line with the literature we find that dynamic operational hedging considerations matter. If a

firm imports many inputs denominated in a particular currency, it is more likely to switch in-

voicing of its exports to the same currency, providing a natural hedge against domestic currency

fluctuations. We then identify a new speculative currency switching channel, whereby firms can

change the invoicing of their receivables instead of increasing the quoted price when the do-

mestic currency is expected to depreciate. This regardless of their hedging needs to cover or

other established drivers of invoicing decisions, such as strategic complementarities and market

power.

Finally, we show that the aggregate macroeconomics impact of this Dominant Currency

Pricing Transition: a US dollar appreciation under DCP (after 2016) depresses medium and

long-rundemand for exports by twice more than under producer currency pricing (i.e. before

2016).

The conditions under which new equilibria in the use of international currencies might

emerge are a key but relatively unexplored question in the DCP literature (Gopinath & Itskhoki,

2022) and one that is increasingly relevant as questions are raised on the sustainability of current

levels of Dollar dominance in a more multi-polar world (Frankel, 2023).

Our study provides a unique empirical setting to study aggregate changes in international

1We also report headline results excluding the US as a non-EU destination to control for the fact that the
USD is a producer rather than vehicle currency for that country. The invoicing change is similarly large when
we exclude exports to the US: the GBP value share of UK exports to non-EU non-US countries has fallen from
about 63% before 2015 to 38% by 2022, with USD invoicing increasing from one third to 45% (Figure 1).
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(a) Including exports to US. (b) Excluding exports to US.

Figure 1: Currency shares of UK non-EU exports.

Source: HMRC administrative datasets, UK non-EU exports, 2010–2022.

trade pricing paradigms, using granular firm-level data. Although we know from history that

abrupt shifts in the international monetary system can occur (Eichengreen et al., 2018; Vicquéry,

2022), transitions such as the one we study in this paper have been remarkably rare in recent

decades. The stability of aggregate invoicing patterns is apparent in the cross-country dataset

compiled by Boz et al. (2022) and, a fortiori, in the existing firm-level data studies focusing

on a selected group of countries. As an example, the transition we study is faster and either

larger or comparable in magnitude to the one experienced by Eastern European countries that

shifted their invoicing from dollars to euros as part of EU accession in the early 2000s (Mehl &

Mlikota, 2023).

Why did this Dominant Currency Pricing Transition materialise? Two remarkable features

set apart our empirical setting.

First, pre-Brexit UK trade invoicing exhibited remarkably high levels of producer currency

pricing on the exports side, while imports were largely invoiced in US dollars: UK firms were

running an operational USD-short position. Second, the unexpected result of the EU referendum

resulted in a “currency crash”2 of a magnitude that is unusual for a large advanced economy.

We document, relying on text-based analysis, that it permanently increased currency risk as

perceived by UK firms.

At the firm level, the interaction between the pre-Brexit lack of operational hedging with

the post-Brexit shock to UK currency risk, gave rise to a large revaluation of firms’ payables in

foreign currency, in line with a currency invoicing version of “original sin”. This drove a desire

to increase dollar receivables and absorb the currency mismatch.

However, we document how the change in invoicing patterns was also driven by firms with

little or no exposure to a (USD) payables revaluation. As the pound starts to be durably

perceived as a “soft” currency, this is consistent with firms choosing to invoice their foreign

receivables in currencies with positive expected returns in pound (i.e. for which the opportunity

cost of continuing invoicing in pounds is higher).

2Consistent with the definition by Reinhart and Rogoff (2008).
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We find strong evidence in favour of this novel “speculative invoicing” channel, whereby

firms decrease pound invoicing more towards destinations with higher local currency appreciat-

ing potential. We show this channel responds to typical asset allocation risk factors, such as FX

“momentum” and “value” (i.e. appreciating potential according to professional forecasters).

Finally, we document how this large transition in aggregate invoicing patterns has important

macroeconomic consequences for export pass-through (ERPT) and the allocative effects of price

rigidities. UK exports exhibit significantly higher elasticity to USD exchange rate movements

after the Brexit referendum, with a US dollar appreciation estimated to depress demand for

exports by twice as much than before this transition.

Related literature. This paper draws on and contributes to four main strands of the litera-

ture.

First, our study follows a flourishing literature on currency invoicing decisions and exchange-

rate pass-through using disaggregated microdata (Auer et al., 2021; Barbiero, 2022; Chen et

al., 2022; Chung, 2016; Crowley et al., 2022; Devereux et al., 2017; Goldberg & Tille, 2016).

A distinguishing feature of our data setting is the presence of a large aggregate transition

in invoicing patterns, driven by a large exogenous shock. This allows us to investigate the

dynamics of currency invoicing choice. Previous studies, constrained by the remarkably stable

nature of aggregate invoicing patterns they observe, looked at determinants of currency invoicing

in a static framework. As a prominent example, Amiti et al. (2022), looking at Belgian trade

micro-data, find evidence in favour of DCP being driven by strategic complementarities and the

willingness of firms to match the currency of their inputs. In their sample, switches in invoicing

represent only 2.6% of firm-product-destination-month observations over four years. Previous

studies relying on UK micro-data up to the Brexit referendum paint a similar picture. In their

analysis of ERPT around that event, Corsetti et al. (2022) report a slow-moving aggregate trend

towards more USD pricing.3

Closely related to our study, Crowley et al. (2022) analyse the firm-level determinants of

invoicing choice for UK exporters, looking at the pre-Brexit part of the sample we consider.

They highlight prior experience in the use of the dollar, as well as strategic complementarities,

as key determinants of DCP in the cross-section. Similarly to the empirical setting we examine,

the work of Auer et al. (2021) relies on a large exogenous movement in exchange rates. They

investigate the implications of invoicing in different currencies amid the de-pegging of the Swiss

franc in 2015, which led to a sharp appreciation. In contrast with our study, only 2.5% of

observations switch their invoicing pattern in the period considered. A study relying on the

same CHF appreciation episode and transaction data is Bonadio et al. (2020). Our key finding

that invoicing patterns can endogenously respond to foreign-exchange movements relates and

borrows from some of the tools used in Barbiero (2022) to study the cash-flow effects of currency

mismatches for French firms.

In line with previous literature, we also investigate the macroeconomic implications of

invoicing in different currencies for export prices and quantities. Amiti et al. (2022) found a

causal relationship between currency invoicing, prices and quantities of exports. We confirm in

3We show the pre-2016 trend towards USD pricing for export invoicing is entirely due to trade flows towards
the US, while the share of USD invoicing towards non-EU, non-US destinations remained stable until 2016.

3



our study that changes in prices are allocative, but additionally show that, as the composition

of the basket of invoicing currencies changes, aggregate quantities elasticity also changes. This

is all but a forgone result given the ambiguous effect of dollarisation on price rigidities, as

highlighted by McLeay and Tenreyro (2024).

Second, our study relates to the literature on endogenous currency choice. Mukhin (2022)

provides a general equilibrium model of the international price system where dominant curren-

cies arise endogenously as a result of input-output linkages, and variances and covariances of

exchange rates. Furthermore, Amiti et al. (2022) draw on previous contributions from Engel

(2006) and Gopinath et al. (2010) to provide a static framework for studying determinants of

currency of invoicing.

Third, our study follows a large literature on “original sin” (Eichengreen & Hausmann,

1999) and the role of foreign-exchange mismatches and in international borrowing. The effect

of currency mismatches in international trade has received comparatively less attention but

recent contributions have examined the role of valuation effects (Barbiero, 2022) and the extent

to which firms involved in international trade are able to rely on derivative instruments to

hedge their currency risk (Alfaro et al., 2023; Berthou et al., 2022; Lyonnet et al., 2022). We

further link to this literature connecting trade and corporate finance with our novel channel

of endogenous invoicing driven by exports’ speculative motives regarding their receivables in

foreign currencies, and responding to typical asset allocation risk factors, such as FX momentum

(Aloosh & Bekaert, 2022; Menkhoff et al., 2012; Zhang, 2022).

Finally, our paper speaks to the literature concerned with discontinuities in the interna-

tional monetary system. An important body of historical work (Chiţu et al., 2014; Eichengreen

& Flandreau, 2009; Vicquéry, 2022) has highlighted how shifts in past patterns of dominant

currencies have not been gradual nor rare. As summarised by Eichengreen et al. (2018), network

externalities have not prevented rapid shifts in dominant currency status in the past, nor can

explain the transition from pound to dollar dominance that occurred as soon as the interwar

period. This historical literature has inspired several theoretical frameworks, focusing on mul-

tiple equilibria in the international monetary system (Farhi & Maggiori, 2018; Krugman, 1980;

Rey, 2001) or certain historical features of the global safe asset issuer (Arvai & Coimbra, 2023;

Coppola et al., 2023). Our paper also relates to a debate on whether the euro or the renminbi

might play a more prominent role in the future, and which policies are more likely to foster their

use as vehicle currencies (Bahaj & Reis, 2022; Ito & Kawai, 2016). Recent geopolitical events

have in particular raised the prospects of moves towards de-dollarisation of sanctioned countries,

which Berthou (2023) and Chupilkin et al. (2023) find some evidence of looking at invoicing mi-

crodata. Closely related to our paper, Mehl and Mlikota (2023) consider rare episodes, related

to the EU enlargement process in the early 2000s, of aggregate invoicing transitions from the

dollar to the euro, and evaluate theoretical predictions on the relevant channels of dominant

currency transition. In contrast to our study, they rely on cross-country evidence at the annual

frequency.

The rest of the paper is organised as follows. Section 2 presents our data, while Section 3

highlights the unique features and novel facts on the Brexit 2016 depreciation, firm-level FX

risk and currency management. Then in Section 4 we describe a simple analytical theoretical
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model guiding our analysis. Section 5 documents the new channel of speculative invoicing

and the role played by other channels established in the literature. In Section 6, we explore

the question of aggregate ERPT using both empirical specifications described above. Finally,

Section 7 concludes.

2 Data

In this section we describe our data. Our main source is transaction-level customs declaration of

export and import flows for the UK, combined with firm-level information on tax returns from

HMRC, as well as balance sheet and capital structure data from FAME-BvD and Capital IQ,

respectively. We also collect aggregate product-country trade series from UN Comtrade, realised

bilateral exchange rates from the BIS and exchange rate forecasts from Consensus Economics.

Customs data HMRC (His Majesty’s Revenue and Customs) collects data on the universe

of exports and imports recording the day (when the product enters or clears UK customs), the

UK trader identifier, Combined Nomenclature (CN) 8-digits product, country of destination or

origin, value in pound, quantity and, for non-EU transactions (from firms whose yearly exports

are above the threshold of £100,000), the currency of invoicing. These data on currency of

invoicing are available from January 2010 up to and including December 2022 (our latest data-

point available), thus spanning an interval of six years on either side of the 2016 EU referendum.

We follow Freeman et al. (2024) to set up and clean the dataset, in particular in aggregating

HMRC trader identifiers at the level of VAT units, so as to have a clearer interpretation of what

constitutes a “firm” in our data. Finally, since USD pricing considerations for exports towards

the US represent a “special” case, as USD pricing should be classified as local currency pricing

(LCP) for exports towards the US, we will always indicate and justify whether the empirical

analysis includes or not exports/imports to/from the US. We give further details on our dataset

in Appendix A.

VAT data The HMRC Value Added Tax (VAT) dataset sources information for all UK busi-

nesses with annual taxable turnover above a threshold directly from tax returns.4 For every

financial year, it includes details on VAT IDs’ total sales and purchases. From this dataset

we employ data on total firm-level output and inputs in 2015, the latest available pre-Brexit

financial year in 2015. We then use this information to calculate different measures of firm-level

exposure for our empirical analysis.

Balance sheets We match customs data with datasets including information on businesses’

balance sheets from two main sources: FAME-BvD and Capital IQ. The former dataset provides

detailed balance sheet data for UK firms. While the frequency of the observations is exclusively

annual, the coverage of the dataset is large, including a large sample of private businesses.

Furthermore, we source information on firm-level outstanding liabilities by currency and debt

instrument from S&P Capital IQ.

4This threshold was £77,000 in 2012-2013 and then was increased to £85,000 in 2019-2020.
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UN Comtrade dataset We retrieve data on HS6 product-origin-destination-month level

exports and imports from UN Comtrade to create firm-specific measures of exporter’s market

shares within destinations. To clean the raw data, we exclude re-exports, re-imports, and trade

with the UK. We then aggregate the data to the HS6 product-country-quarter level.

Exchange-rate data and forecast series We source bilateral spot daily exchange rates

against the US dollar from the BIS, and monthly forecast for a select number of currencies from

Consensus Economics.5 The latter is a widely recognized survey of professional forecasters of

exchange rates, including banks and market participants. It provides both short-term and long-

term exchange rate forecasts across multiple currency pairs, e.g. at 3 month and 1 year ahead,

which are the series we consider in our analysis. The Consensus Forecast dataset is particularly

valuable for its reflection of market participants’ expectations, which we assume are likely to be

a good proxy for and broadly capturing also the expectations of non-financial businesses such

as UK exporters and importers.

3 The Brexit currency crash and the permanent shift in firm-

level expectations

The context in which the UK dominant currency pricing transition unfolds presents two striking

features, in terms of pre-Brexit invoicing patterns and characteristics of the Brexit FX shocks.

In this section we examine them in turn and then highlight their implications for firm-level

foreign-exchange valuation effects.

3.1 The British Pound as an Invoicing Currency

Looking at the cross-country data compiled by Boz et al. (2022), shares of Producer Currency

Pricing (PCP) in exports are typically zero or very low, in line with the Dominant Currency

Paradigm. Only a selected group of countries seem to be able to invoice exports in their

domestic currency. This typically includes issuers of highly liquid, freely convertible currencies6.

As shown in Figure 2a, over 2010-2015 this was particularly true for Switzerland, the UK and

Japan, invoicing respectively 47%, 43% and 38% of their exports in their domestic currency. The

three countries were also clear outliers in terms of their net transactions in dollars, registering

a net deficit in USD denominated trade flows. In other words, exporters in Switzerland, the

UK and Japan were uniquely able to issue receivables in their own currencies, while running an

aggregate net short USD position from their operations.

5The economies whose currencies we have forecast data for are: Euro-Area, Argentina, Armenia, Australia,
Azerbaijan, Bangladesh, Belarus, Bolivia, Brazil, Canada, Chile, China, Colombia, Costa Rica, Denmark, Do-
minican Republic, Ecuador, Egypt, El Salvador, Georgia, Guatemala, Honduras, Hong Kong, India, Indone-
sia, Israel, Japan, Kazakhstan, Korea, Malaysia, Mexico, New Zealand, Nicaragua, Nigeria, Norway, Pakistan,
Panama, Paraguay, Peru, Philippines, Poland, Russian Federation, Saudi Arabia, Singapore, South Africa, Sri
Lanka, Sweden, Taiwan, Thailand, Turkey, Turkmenistan, Ukraine, United Kingdom, Uruguay, Uzbekistan,
Venezuela, Vietnam.

6The same group of currencies is found to play a role in central banks reserve allocation strategies alongside
the dollar and the euro. See Arslanalp et al. (2022) for a survey of recent trends in the role of small open economy
currencies in reserve portfolios.
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(a) Producer Currency Pricing vs. Net USD Trade. (b) USD Exports and Imports in the UK.

Figure 2: Export PCP and USD Invoicing in UK Trade.

Notes: Panel (a) compares the prevalence of export Producer Currency Pricing as a share of exports (vertical axis) to net
trade flows invoiced in USD as a percentage of total trade (horizontal axis) across countries, relying on data compiled by
Boz et al., 2022. Panel (b) shows the evolution of USD invoiced imports and exports in UK non-EU trade derived from
HMRC administrative datasets.

As shown in both Figure 1 and 2b, this British pound “exceptionalism” in global invoicing

patterns was partly called into question from 2016 onward. Indeed, the operational currency

positioning of UK firms meant that they were particularly vulnerable to adverse movements in

GBP-USD exchange rates7. An extreme such movement materialised in the aftermath of the

Brexit referendum on the 23rd of June 2016. The eventual outcome of the vote was largely

unexpected (O’Rourke, 2019), including by market participants. It resulted in the biggest one-

day depreciation in a G4 currency since the 1971 Nixon shock8. The 2016 annual drop of the

pound against the dollar is furthermore in line with the definition of a currency crash in the

crisis classification by Reinhart and Rogoff (2008).

Invoicing patterns reacted swiftly in the aftermath of June 2016. UK firms reduced re-

ceivables issued in GBP to 35% of non-EU exports, while also reducing the mismatch between

receivables and payables denominated in USD (driven by an increase in the share of USD export

invoicing from 30% to 45%).

Invoicing patterns are well documented to be extremely persistent in both cross-sectional

and firm-level data. This raises the question of why this particular currency crash would have

permanently affected invoicing patterns. After all, the peculiar role of the pound as an inter-

national currency we highlighted above survived a larger ”crash” in the not so distant past. In

the unfolding of the Global Financial Crisis (GFC), the British pound went from a peak of 2.11

USD per GBP in November 2007, to about 1.40 USD per GBP, a fall of 35%. We are unable

7Financial hedging could of course have isolated them from adverse movements in the pound but is unlikely
to meaningfully matter for our results. As highlighted by Alfaro et al. (2023) in a micro-data setting, financial
hedging by NFCs is far from complete and limited to large firms and transactions. We are unable to observe
financial hedging for firms in our sample. However, Hacioglu-Hoke et al. (2024) study how positioning in FX
derivatives differs across types of market participants, looking at the universe of transactions in the London
market. Reassuringly, they observe how the aggregate FX derivative position of UK NFCs does not change
around the Brexit shock, confirming it was not a meaningful margin of adjustment for most firms.

8As described by Costa et al. (2024), the 4.7% drop in the pound that occurred in the twenty minutes following
the reporting that Sunderland voted leave at 12.20am on the 24th of June 2016 was alone bigger in magnitude
than the Black Wednesday pound crash of 1992.
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Figure 3: Revisions to 1-year ahead forecast of the GBP/USD exchange rate and realised spot
monthly changes of GBP/USD.

Source: Consensus Economics and Bank of England.

to observe invoicing patterns in the UK before 2010 and are therefore not in a position to say

whether the mechanisms we highlight were already at play in previous episodes of currency

shocks in the UK.

Nevertheless, in what follow we show the 2016 pound crash was different from the 2008 one,

along two key dimensions.

3.2 The 2016 Pound “Crash”

We argue that, compared to similar episodes such as the GFC, the 2016 pound crash implied

a revision of agents expectations that was significantly more sudden and which permanently

negatively shifted perceptions of UK currency risk.

3.2.1 A Uniquely Sudden Revision of Professional FX Forecasts

Firstly, while the realised drop in the exchange rate was smaller in magnitude than in 2007-

2009, it unfolded in a matter of hours (Costa et al., 2024) rather than over several months. It

implied a sudden radical update of expectations on the future path of the UK economy, which

had meaningful economic implications (Dhingra & Sampson, 2022). Looking at professional

forecast revisions we can show that the pound crash of June 2016 implied a much stronger

signal to market participants than previous episodes of pound weakness, including during the

GFC. Figure 3 shows the revision of the 1-year ahead Consensus Forecast expectations9 for

the GBP/USD exchange rate (the blue bars) alongside realised GBP/USD monthly changes

9The implications of the chart are robust to using other horizons for the forecasts (e.g. 3-month or 2-year).
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(in red). Consider how, typically, forecasters tend to adjust their monthly forecast by roughly

the amount of the observed appreciation/depreciation. This is in line with the view of the

exchange rate as a random walk. In June 2016, however, we see that a realised drop of around

6% was met with a forecast revision that was three times as large. That is, given the size of

the realised depreciation, agents adjusted their expectations of the path of the exchange rate

significantly more in 2016 than they did in any other episode, suggesting that this episode was

indeed different. As the invoicing decision is a forward-looking one, what matters is not the

exchange rate realisation per se, but how it is incorporated in the way agents form expectations.

The 2016 depreciation represents a clear outlier in this sense.

3.2.2 Permanently More Negative Perceptions of UK Currency Risk in Firms

Earnings Calls

Secondly, this revision of expectations was not only very significant in magnitude but resulted

in a permanent shift in agents’ perception of UK currency risk. This is apparent from a simple

text-based analysis of earning calls by UK listed firms10, in line with similar measures pioneered

by Hassan et al. (2019) to analyse firms perceptions of political risk.

In a nutshell, we identify how many times keywords related to UK currency risk, such as

”weak gbp” or ”pound depreciation”, appear in the transcripts of these calls. We compute the

number of sentences in which which mentions of these phrases of interest occur, normalised

by the total number of sentences, to construct two indices, of GBP ”risk” and GBP ”negative

sentiment” respectively. Following Hassan et al. (2019) the GBP ”risk” index is constructed as:

GBPRiski,t =
1

Li,t

Li,t∑
l=1

{l = ”gbp”, ”depreciation”, ”pound”, (...)} × 1[|l − r| < 10] (1)

where Li,t is the total number of words occurring in the earning call of firm i in quarter t,

and r represents the location of the nearest word indicating risk or uncertainty.

Similarly the GBP ”sentiment” index as

GBPSentimenti,t =
1

Li,t

Li,t∑
l=1

{l = ”gbp”, ”depreciation”, ”pound”, (...)} ×

(
l+10∑

c=l−10

S(c)

)
(2)

which conditions on proximity to positive or negative words and where S indicates senti-

ment, that is it takes on a different sign depending on whether the term has a positive, negative

or neither connotation.

Figure 4 plots the quarterly average across firms of the two indices. We identify a clear

structural break in the perception of currency risk by UK firms. Before 2016, except for modest

uptick in 2003 and around the GFC, both risk and negative sentiment about the pound and

UK currency risk remained at very low levels. Risk and negative sentiment spiked up in 2016

10We perform the analysis relying on NL Analytics, an automated tool that allow the extraction of data from
transcripts of the universe of English-language earning calls.
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(a) GBP Negative Sentiment Index. (b) GBP Risk Index.

Figure 4: Quarterly averages across firms of text-analysis indices based on earning calls of listed
UK companies.

Source: NL Analytics and authors’ calculation.

and keep fluctuating around a permanently new higher mean. This suggests persistently higher

levels of perceived currency risk in the UK following the Brexit referendum and the 2016 pound

crash.

4 Dynamic channels of endogenous currency choice

In this section, we develop a stylized theoretical framework to guide the empirical identification

of two dynamic channels influencing currency choice.

The first channel is dynamic operational hedging. Intutively, if a firm imports many inputs

denominated in a particular currency, it is more likely to move its invoicing to the same cur-

rency, providing a natural hedge against fluctuations.In other words, firms with greater currency

mismatches—particularly those importing relatively more inputs in USD—are more inclined to

shift their invoicing currency to USD following significant downward revisions in expectations

regarding GBP.

The second channel we introduce is novel and we dub it speculative currency switching.

Its mechanism is intuitive. In the presence of sticky prices, think of an exporter who has

been invoicing transactions in GBP and that suddendly expects a GBP depreciation. To avoid

revenue losses due to currency devaluation, the exporter has two alternatives: raise the GBP-

denominated price in the current period or maintain the existing GBP price and switch to

a different invoicing currency. If short-run demand is relatively inelastic to exchange rate

induced price changes, switching currencies is clearly advantageous for the exporter. Indeed,

we demonstrate in the microdata that post-2016, exporters could increase revenues by shifting

from producer currency pricing (PCP) to destination currency pricing (DCP), experiencing an

insignificant impact on demand.
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4.1 Baseline Model of Currency Choice

We focus on the two-period problem of a representative domestic exporting firm, which optimally

chooses its price and optimal currency of invoicing. The firm can invoice either in its domestic

currency (GBP) or a foreign currency (USD). The exchange rate between GBP and USD in the

second period is S, while in the first period is normalised to 1. If S > 1 it means a depreciation

of the domestic currency. Because of nominal rigidities the firm sets optimal price in Period

1 (before S is realized) and cannot adjust afterward. Therefore, while the firms knows the

realisation of the exchange rate in period 1, it does not know S. The firm prefers DCP if

Π(P ∗
USD) > Π(P ∗

GBP ) (3)

that is [
(1 + S)P ∗

USD − 2c
]
Q(P ∗

USD) > 2(P ∗
GBP − c)Q(P ∗

GBP ) (4)

where P ∗
USD is the optimal price in USD P ∗

GBP is the optimal price in GBP and Q(·) is a generic

demand function. In order to determine what factors drive the above inequality it is crucial to

adopt an empirically relevant notion of demand. We do this in the next subsection.

4.2 The shape of demand

As also highlighted by Corsetti et al., 2022, export prices responded to the Brexit depreciation

in radically different ways across pricing regimes. As figures A.14 and A.15 in the appendix

show, export prices measured in the domestic currency (GBP) moved one to one with the

depreciation for transactions invoiced in USD or in local currency, while they barely moved on

impact and only very slowly adjusted for transactions in GBP. This is a direct consequence of

sticky prices in the currency of invoicing. Consequently, exporters using the GBP experienced

a fall in their price (in domestic currency terms) and thus their revenues, while those invoicing

in USD were sheltered from this. This comparison is however not totally meaningful as it could

be affected by sample composition effects. We overcome this by exploiting the richness of the

microdata. We identify firm-product-destination triplets in which more than on currency was

employed before and through June 2016. We can then directly test whether a firm selling the

same product to the same destination could have higher revenues by invoicing in USD instead

of GBP. To do this we run the following specification on the sample of multi-invoicer triplets:

y
USD/GBP
fpjt = α+ δfpj + δt + ufpjt (5)

where the dependent variable is either the (logarithm of) ratio between the unit price

(defined as nominal value over volume in net mass) in USD and in GBP of product p exported

by firm f to destination country j in a given month t, or the equivalent ratio for the volume of

these triplets for those invoiced in USD and in GBP. As we include a constant α and a set of firm-

product-destination fixed effects δfpj , the estimated time fixed δt reflect the average evolution

of deviations for the same 8-digit product within the same firm-destination relationship. These

time fixed effect estimates are reported by the blue lines in Figure 5 and 6 for price and volume

“gaps”, respectively.
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Figure 5: Realised Price Gap Between USD and GBP Pricing (Within Firm-Product-
Destination)

Source: HMRC administrative datasets, UK non-EU exports and imports, 2010–2022.

As the blue line price deviation tracks the depreciation of the GBP-USD exchange rate, Fig-

ure 5 shows that indeed for the period June 2016 to April 2017, firms could charge a significantly

higher price to their customers just by switching to USD. Was this met by a corresponding sig-

nificant difference in demand? Figure 6 shows that it wasn’t. The blue line shows that the

demand deviations for same products invoiced in USD and GBP is insignificantly different fol-

lowing the large depreciation of the pound. The simplest way to incorporate this result in the

two-period model is a demand function that is inelastic to short run exchange rate induced price

changes. That is, Q = a− bPi for i = {GBP,USD}.

4.3 Two propositions on dynamic currency choice

With the full environment spelt out, we can derive the following proposition about dynamic

currency choice:

PROPOSITION 1 (Speculative Currency Switching) A larger expected depreciation

(S increases) makes invoicing in USD more attractive.

f ′(S) = a−
√
2(a− bc)

2
√
1 + S

> 0

for S > 1,
√
1 + S >

√
2, making f ′(S) > 0.

That is, everything else equal, a larger expected depreciation makes a firm more likely to switch

away from PCP into DCP. Importantly, this force acts above and beyond other mechanisms identified

in the literature (hedging, strategic complementarities, currency of borrowing).
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Figure 6: No Demand Gap Between USD and GBP Pricing (Within Firm-Product-Destination)

Source: HMRC administrative datasets, UK non-EU exports and imports, 2010–2022.

Moving on, we showed empirically in the previous section that net exposure to USD due to imported

inputs in foreign currency was an empirically relevant factor. We therefore specify that the firm has

fraction α of inputs invoiced in USD , that is

c2 = (1− α)c+ αcS (6)

The following proposition can be derived

PROPOSITION 2 (Dynamic Operational Hedging) A larger proportion of inputs imported

in USD makes USD invoicing more attractive if a depreciation is expected.

f ′(α) = −Q′(p)c (1− S)

[
1−

√
1 + S

2

]
> 0

for S > 1, (1− S) < 0 and
√

1+S
2 > 1, making f ′(α) > 0.

That is, a significant amount of inputs priced in USD, makes a firm more likely to invoice its exports

in that same currency, which naturally protects it against exchange rate downside risk.

With proposition 1 and 2 at hand, we can now turn to the microdata and causally identify the

dynamic channels of currency switching.

5 Causally identifying the channels in the microdata

5.1 Speculative currency switching

In this section we investigate a novel channel of currency invoicing driven by speculative motives, over

and above the operational hedging channel from the previous section, and established determinants of
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invoicing currency choice such as strategic complementarities and market power. In order to identify and

provide evidence of this channel, as done for operational hedging, we first present results in a dynamic

setting through an event study around 2016, in order to establish that this channel played a role in

the post Brexit currency pricing transition. Then we turn to a static regression based on a shift-share

identification strategy in order to show how this channel operates in a more general setting. Finally, we

zoom in on the workings of speculative invoicing by focusing on the case of LCP invoicing.

5.1.1 Empirical Specification

We run the following specification at the firm-product-destination (fpj) level with monthly frequency:

ycfpjt =
∑

m ̸=Dec 2015

[
βm (s2016fj,2015)× 1m=t

]
+ δfpj + δfpt + controlsfpjt + ϵfpjt (7)

where ycfpj,t is again the share of exports by firm f of product p to destination j invoiced in currency c,

δfpj are firm-product-destination fixed effect, δfpt are firm-product-time fixed effect, 1m=t is an indicator

equal to 1 in month m and 0 otherwise. s2016fj,2016 is defined as

s2016fj,2015 = PortfolioGBP
fj,2015 ×∆e

GBP/j
j,2016 (8)

where

PortfolioGBP
fj,2015 =

∑
p(EGBP

fpj,2015 − IGBP
fpj,2015)

Total Tradefj,2015
(9)

where Ec
fj,2015 are exports of firm f to country j invoiced in GBP, and IGBP

fj,2015 imports of firm

f from country j in GBP in 2015, the latest pre-Brexit year. We normalise this measure by total

trade (exports + imports) in order to make it comparable in the cross-section.11 Notice we interact

the portfolio position in GBP exports with the 2016 sterling depreciation across destinations. As FX

movements took place already prior to the post-referendum depreciation, we take ∆e
GBP/j
j,2016 to be the

average of the monthly movements between January 2016 and June 2016, but results are robust to using

only June 2016. Intuitively, s2016fj,2015 is a measure of the revaluation of GBP receivables in the destination

currency (which represents the opportunity cost of continuing invoicing in GBP with sticky prices).

5.1.2 Identification

We aim to isolate the potential effects of the 2016 Brexit-related depreciation driven by speculative

motives. Specifically, we examine the invoicing patterns of firms exporting in GBP to destinations where

the destination currency appreciated more significantly against the pound. To ensure the exogeneity

of the exchange-rate shock, we again leverage the unexpected outcome of the Brexit referendum. The

treatment is determined by the varying impact of this shock on UK firms, based on their pre-shock

opportunity cost of GBP invoicing, as reflected by higher and lower levels of s2016fj,2015.

We implement a restrictive set-up by including firm-product-destination and firm-product-time fixed

effects, and concentrate on a narrow window for exchange-rate movements from January to June 2016.

Finally, we include as controls market share, while notice how strategic complementarities are absorbed

by the firm-product-time fixed effects. Crucially, the latter set of fixed effects would also control for

the operational hedging channel which, as seen in section 5.2, exploits firm-time variation. Furthermore,

11As shown in Appendix , our results are robust to normalise these measures by total output rather than total
trade.
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Figure 7: Event study - effect of speculative motives on GBP invoicing

Note.– The graph plots the coefficients βm from dynamic specification 7 over time, capturing the differential reduction in
GBP invoicing by treated (highly GBP exposed) firms.

Source: HMRC administrative datasets, UK non-EU exports and imports, 2010–2022.

Crowley et al. (2022) introduce a new invoicing channel based on a firm’s experience with using a currency

with other destinations. This channel is also controlled for by our firm-product-time fixed effects.

5.1.3 Results

Figure 7 presents the result from the event-study set-up discussed above.

First, we detect no pre-trend or anticipation effect that could potentially undermine our empirical

approach. Second, taking December 2015 as our reference point, we observe a marked reduction in GBP

invoicing by more exposed firms relative to less exposed firms according to our measure s2016fj,2015. The

response to the large depreciation in 2016 builds quickly over that year, to then assume a more gradual

pace over the more recent part of the sample. Importantly though, it appears to be persistent and

monotonically dragging on GBP invoicing shares.

In line with these results for GBP, Figure A.18, A.20 and A.19 in the Appendix suggest that this

channel might have contributed to the increase in USD, EUR and LCP invoicing after the 2016 Brexit

referendum.12

5.1.4 Portfolio Factors as Determinants of LCP invoicing

In the further exercise, we confirm the findings from the previous section by focusing on LCP invoicing

and using an even more restrictive empirical set-up.

In this tighter setting we ask: does the same firm exporting the same product to a given destination

respond over time to FX factors? That is, within the same firm-product is there more local invoicing in

months where momentum or value factors signal upward potential for that local currency?

12In the Appendix we confirm these findings are robust to considering only gross exports in GBP rather than
the net measure described in the main text.
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To address these questions and better capture the (speculative) opportunity cost of continuing to

invoice in GBP, we adjust the analysis above as follows.

We consider typical portfolio allocation factors, namely FX ”momentum” and ”value” vs. the GBP.

We define the former as lagged log change of t − 1 LCP against GBP FX (so positive changes indicate

an appreciation of the local currency) versus t− 7:13

µGBP = ln ε
LCP/GBP
t−1 − ln ε

LCP/GBP
t−7 (10)

The latter is defined as the log change in realised spot LCP against GBP FX in t−1 versus consensus

forecast 3 months ahead at t− 1:

ϕGBP = ln ε
LCP/GBP,3m
t−1 − ln ε

LCP/GBP
t−1 (11)

Similarly for USD, we have

µUSD = ln ε
LCP/USD
t−1 − ln ε

LCP/USD
t−7 (12)

and

ϕUSD = ln ε
LCP/USD,3m
t−1 − ln ε

LCP/USD
t−1 (13)

With these measures at hand, we run the following regression:

yLCP
fpjt = βGBP × ρGBP,2015

f,j µGBP + γGBP × ρGBP,2015
fj ϕGBP + δfpj + δfpt + ufpjt (14)

where yLCP
fpjt is the share of exports14 in LCP of firm f ’s exports of product p to destination j

in month t. We saturate the regression including firm-product-destination and firm-product-time fixed

effects, so that the coefficients are identified through the within-destination variation across time.

Importantly, we further restrict the sample to firm-product flows where LCP is used for invoicing

together with either GBP or USD. This allows us to sharpen identification further, controlling for the

potential confounding effects of multiple currency options. Specifically, we run (14) for instances of firm-

product-destination-quarter whose currency set for the corresponding year includes only LCP or GBP,

as well as for the whole sample available post Brexit for comparison.

Using this restrictive set-up improves identification along several dimensions. First, the expenditure

switching channel of FX appreciation which would lead to higher demand for UK exports is turned off

when it comes to UK exports invoiced in local currency. Second, prices in local currency of UK exports

in local currency are sticky, as also showed by Corsetti et al. (2022). This means that it is not the case

that those prices have been decreased in response to the FX appreciation to bring back markups to lower

desired ones (markups in fact go up following the FX appreciation for firms as shown by Corsetti et al.

(2022)) and thus the invoicing share increases mechanically because lower prices mean higher demand.

Table 1 report the results. While the value factor, both for the forecast at 3 months and 1 year, is

never significant, the momentum factor is positive and significant for the whole sample; this means that

as UK exporters increased their LCP invoicing across destinations as they saw the local currency of their

destinations appreciate against the GBP. However, when focusing only on LCP-GBP export pairs, the

coefficients become insignificant, suggesting that the speculative motive might act through comparison

13All momentum and value factors are winsorised at 1% and 99% prevent outliers in bilateral FX fluctuations
to drive our results.

14Again, the mechanical increase in invoicing share following a GBP depreciation is controlled for as we use
volumes (net mass) rather than values of exports.
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Table 1: Results from specification 14.

Volume share of exports in LCP

Whole Whole Pair Pair

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

Momentum 0.0124* 0.0119* -0.00706 -0.00773
(2.17) (-2.09) (-0.81) (-0.89)

3-m forecast -0.0140 -0.00243
(-1.14) (-0.18)

1-y forecast -0.0077 0.00961
(-0.62) (-0.67)

Firm-Product-Dest. FE ✓ ✓ ✓ ✓
Firm-Product-Time FE ✓ ✓ ✓ ✓

Observations 336,910 336,008 152,003 151,621

Note. – The coefficients are the β and γ from the specification 14. Column 1 and 2 report estimates for the whole sample,
while 3 and 4 consider only instances of firm-product-destination-quarter whose currency set for the corresponding year
includes only LCP or GBP.

Source: HMRC administrative datasets, UK non-EU Non-US exports and imports, 2016–2019.

between local and other currencies.

Motivated by the results in Table 1, we run another regression, this time for instances of firm-

product-destination-quarter whose currency set for the corresponding year includes only LCP or USD:

yLCP
fpjt = βUSD × ρUSD,2015

f,j µUSD + γUSD × ρUSD,2015
fj ϕUSD + δfpj + δfpt + ufpjt (15)

Again, as shown in table 2, the value factor is never significant. On the other hand, the momentum

factor for the LCP-USD FX is always positive and significant, both in the whole sample and when looking

at the selected pairs.

5.2 Dynamic Operational Hedging

In this section we explicitly test whether an operational hedging channel contributed to drive firm-level

transitions from producer to dominant currency pricing, above and beyond the determinants of invoicing

currency choice commonly considered by the literature. We identify this channel by comparing - at the

firm-destination-product level - the invoicing decision of firms with high operational exposure to the

Brexit-GBP shock, relative to firms with more operational hedging. We first employ an event-study

approach performed around the date of the Brexit referendum and the ensuing devaluation of the GBP.

Our results support the relevance of this operational hedging channel stemming from USD needs, while

other currency needs such as for local currency do not appear to drive invoicing. We then present the

corresponding difference-in-difference regression which confirms these results for the discontinuity around

the Brexit 2016 referendum, as detected in Figure 3.

In the benchmark case of fully flexible import and export prices, the denomination of transactions

should not matter (Gopinath & Stein, 2021). However, a large literature (Amiti et al., 2022; Auer

et al., 2021; Corsetti et al., 2022) finds that international prices are sticky in general and, crucially,

in the currency of denomination. That is, if a British company sells a good to Japan at a unit price

of £2, they will not immediately adjust the sterling price when faced with a JPY/GBP exchange-rate
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Table 2: Results from specification 15.

Volume share of exports in LCP

Whole Whole Pair Pair

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

Momentum 0.0199*** 0.0199*** 0.0651*** 0.0657***
(-3.4) (-3.42) (-3.82) (-3.88)

3-m forecast -0.0101 -0.0176
(-0.82) (-0.51)

1-y forecast -0.00366 -0.0382
(-0.30) (-0.98)

Firm-Product-Dest. FE ✓ ✓ ✓ ✓
Firm-Product-Time FE ✓ ✓ ✓ ✓

Observations 342,980 340,018 40,548 40,115

Note. – The coefficients are the β and γ from the specification 15. Column 1 and 2 report estimates for the whole sample,
while 3 and 4 consider only instances of firm-product-destination-quarter whose currency set for the corresponding year
includes only LCP or USD.

Source: HMRC administrative datasets, UK non-EU Non-US exports and imports, 2016–2019.

movement. Thus, if the GBP appreciates this will amount to an increase in the price observed by the

foreign customer, and vice versa for a JPY appreciation. Specifically, for the case of the Brexit-related

GBP depreciation, Corsetti et al. (2022) find that export prices for GBP-invoiced transactions went up

gradually and converged to the rate of the sterling depreciation after about 72 weeks. The same holds

on the import side. If a British firm is importing the inputs for its good in USD, bilateral movements in

the USD/GBP exchange rate will have a direct effect on its marginal cost.

Accordingly, a firm might try to match the denomination of its imports and exports; in this case, it is

said to be operationally hedged. In other words, the business is less exposed to exchange-rate movements.

If instead a firm is exporting in its own currency more (less) than it is importing, we can say it is ‘long’

(‘short’) the domestic currency, i.e. set to lose (gain) money from a domestic depreciation. As shown by

Figure 2 in our data, the UK economy before 2016 in the aggregate found itself in a ‘long’ position, with

around 60% of exports invoiced in GBP and 60% of imports in USD.

5.2.1 Empirical Specification

We estimate the fine-grained dynamic effects of payables revaluation on invoicing decisions relying on

the following specification at the fpj (firm-product-destination) level and at quarterly frequency:

ycfpjt =
∑

q ̸=2016Q1

βq pc,E2016

f,2015 × 1q=t + δfpj + δpjt + Controlsfpjt + ϵfpjt (16)

where yfpjt is again the share of exports (volumes) by firm f of product p to destination j invoiced

in currency c, δfpj and δpjt are firm-product-destination and product-destination-time fixed effect re-

spectively, and 1q=t is an indicator equal to 1 in quarter q and 0 otherwise, with the first quarter of 2016

as reference point. pc,E2016

f,2015 builds on ?? to provide a measure of the expected revaluation brought about

by FX fluctuations:
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pc,E2016

f,2015 =

∑
pj

[
(Ic

fpj,2015 − Ec
fpj,2015)× E2016∆e

GBP/c
j

]
Total Inputsf,2015

(17)

where we fix the exposure at the 2015 (pre-shock) level and interact it with the 2016 expected GBP

depreciation sourced from Consensus. As FX movements took place already prior to the post-referendum

depreciation, we take E2016∆e
GBP/c
j to be the average of the quarterly difference from January 2016 and

June 2016 between the forecast at 3 months and 1 year lagged by 4 quarters. For instance, a positive

E2016∆e
GBP/CHF
CHE indicates a depreciation of the GBP vis-a-vis the CHF. In sum, pc,E2016

f,2015 captures the

intensity of the unexpected shock suffered by a firm f around the event in 2016. For example, assume

that a firm has a net exposure to the USD of 100% of its inputs. If a 10% depreciation of the GBP

against the USD occurs, the firm makes a loss of 10% of total inputs in the absence of price adjustment.

Finally, standard errors are clustered at firm-product-destination level.

5.2.2 Identification

We are interested in isolating the potential effects of the Brexit-related depreciation in 2016 through

the hedging channel described above. We thus rely on the unexpected nature of the outcome of the

referendum for the exogeneity of the exchange-rate shock considered. The (continuous) treatment is

provided by the heterogeneous incidence of this shock on UK firms based on their pre-shock net exposure

to USD, EUR and LCP, as captured by higher and lower levels of pc,E2016

f,2015 .

We sharpen this identification by saturating the regression with firm-product-destination and product-

destination-time fixed effects, and by focusing on a narrow window for exchange-rate movement going

from January to June in 2016. We thus check in the next section for any pre-trend and anticipation

effects, although Brexit was a largely unexpected outcome.

Finally, we include as controls market share, while notice how strategic complementarities are ab-

sorbed by the product-destination-time fixed effects.15

5.2.3 Results

The coefficients of interest are the series of estimates for βq for the different currencies considered. For

example, negative (positive) estimates for these coefficients corresponding to GBP (USD) invoicing would

imply that firms decreased (increased) GBP (USD) invoicing to cover an unexpected revaluation of their

dollar needs. Indeed, this is what Figure 8 and 9 show.

First, notice how GBP invoicing decisions before 2016 appear to be similar for more and less USD

exposed firms, leading us to assess that we do not seem to observe any pre-trend or anticipation effect

that could potentially undermine our empirical approach.

Second, taking January 2016 as our reference point for the valuation shock, we observe a marked

reduction in GBP invoicing by more exposed firms relative to less exposed firms. Importantly, its impact

appears to be persistent and monotonically dragging on GBP invoicing shares.

In contrast, Figure A.16 and A.17 in the Appendix suggest that the operational hedging channel

has not played a significant role in UK exporters’ observed shift towards more EUR and local currency

invoicing.

15In robustness checks we further include as control a firm’s total imports from the EU — recall invoicing for
EU imports is unavailable before 2022 — to account for a potential under-estimate of an exporter’s currency
needs, in particular EUR ones. Of course, to the extent that UK firms’ invoicing pattern regarding trade with the
EU has not changed substantially, as Figure A.5 seems to support for 2021 and 2022, the firm-product-destination
fixed effects would be already capturing this.
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Figure 8: Event study: effect of USD payables revaluation on GBP invoicing

Note.– The graph plots the coefficients βq from dynamic specification 16 over time, capturing the differential reduction in
GBP invoicing by treated (highly USD exposed) firms.

Source: HMRC administrative datasets, UK non-EU non-US exports and imports, 2010–2022.

Figure 9: Event study: effect of USD payables revaluation on USD invoicing

Note.– The graph plots the coefficients βq from dynamic specification 16 over time, capturing the differential increase in
USD invoicing by treated (highly USD exposed) firms.

Source: HMRC administrative datasets, UK non-EU non-US exports and imports, 2010–2022.
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6 Macroeconomic Implications of Dominant Currency Pricing

Transition

Amiti et al. (2022) show that a firm’s currency choice has a direct causal effect on the exchange rate pass-

through into prices and quantities. Has the structural change in currency choice that we documented in

section 3 and analysed empirically in sections 5.2 an 5 altered this causal link? Are UK exporters more

exposed to the dollar cycle now than they were before 2016?

In order to shed light on these questions, we estimate the dynamic responses of exported quantities

before and after the shift. In order to study how export quantities of UK firms respond to USD-

destination exchange rate movements, we employ an econometric specification in the spirit of the work

by Amiti et al. (2022). It is a a two-stage procedure, where a regression of export prices in foreign

currency onto exchange rates represents the first stage, while a regression of quantities on (fitted) prices

is the second stage. In both stages, we control for detailed firm, destination-product and time fixed

effects. We capture the elasticity of quantities to price pass-through of USD exchange rate movements.

We compute this dynamic measure for the pre 2016 sample and the post 2016 sample.

6.1 Have Allocative Properties of Export Price Rigidity Changed?

Exchange rate pass-through into export prices, or lack thereof, might have a sizeable impact on quantities.

For example, suppose a firm exports components with a unit price set in GBP of £100. With full price

rigidity, a 1% GBP depreciation vis-a-vis the destination currency will be equivalent to a 1% discount.

The extent to which this affects quantities is not obvious, as import-export relationship tend to be

recurrent and with long-established partners, so that short-run price changes might not be enough to

drive significant shifts in quantities. Furthermore, if we look at aggregate exports, and we acknwoledge

the shift in invoicing occurred out of the GBP and into the USD, it is interesting to explore whether

this affected relative allocative properties of pass-through across the two currencies of invoicing. Namely,

we would expect that quantitities respond via price rigidity more strongly to movements in the USD

exchange rate than before 2016.

In order to test this hypothesis, we adopt a two stage empirical specification akin to Amiti et al.

(2022), where the first stage is

p∗fpj,t+h − p∗fpj,t−1 = βh∆e
$/j
t + αj + δpj + νt + ufpj,t (18)

where the dependent variable is the change in log unit prices expressed in foreign currency between

period t + h and t − 1 for firm f selling product p to destination j and ∆e
$/j
t is the change in the

log exchange rate between the USD and the currency of destination j. We introduce firm, time, and

product-destination fixed effects. Thus, the main source of variation are the time series changes in

the USD/destination exchange rates. We could also introduce firm-destination-time fixed effects, which

would absorb exchange rate fluctuations and would rely on cross-sectional difference (say, invoicing)

as source of identification. But we have already tested this dimension in our previous econometric

specification. Here, instead, we are interested in the dynamic change in elasticity and are thus interested

in the variation at the firm-destination-time level. After estimating (18), we employ the fitted values in

qfpj,t+h − qfpj,t−1 = θh∆t−1p̂
∗
fpj,t+h + αj + δpj + νt + ufpj,t (19)

where the dependent variable is the change in log quantities between period t+h and t−1 for firm f

selling product p to destination j, and ∆t−1p̂
∗
fpj,t+h is the fitted value from the first stage. We estimate

this specification for the pre-2016 and post-2016 period16 and obtain the results in Figure 10, plotted

16Observations for the year 2016 are excluded from both samples.
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Figure 10: Dynamic elasticity of export quantities to appreciation of USD.

Note. – The two lines represent the dynamic elasticities of UK export quantities to movements in USD exchange rates,
in blue for the pre-2016 (pre transition) period and in red for post-2016. The line in red is by month 4 almost twice as
large in absolute value as the blue line, indicating that a USD appreciation depresses UK exports by more than twice than
before 2016.

Source: HMRC administrative datasets, UK non-EU exports, 2010–2019.

alongside 95% confidence intervals, based on standard errors clustered at the firm-product-destination

level. We find that, as intuition would suggest, the elasticity is always negative. This considerably

increases in magnitude going from the pre-2016 period (blue line) to the post-2016 sample (red line),

where after 4 months it stabilises around 1 in absolute value.

In conclusion, our additional empirical analyis finds that the elasticity of export quantities to USD

exchange rate movements doubled from the pre-2016 to the post-2016 period, both in the short and

medium run.

7 Conclusion

In conclusion, our study reveals that large foreign-exchange shocks can significantly reshape invoicing

currency decisions, leading to a rapid shift toward dominant currency pricing. The dollarisation of UK

exports following the Brexit referendum not only underscores the role of dynamic operational hedg-

ing—where firms align their export invoicing with the currency of their input costs—but also highlights

a novel speculative currency switching channel. This channel shows that firms may opt for currencies

with higher expected returns, independent of traditional drivers like market power or strategic comple-

mentarities. Finally, our findings demonstrate that under dominant currency pricing, the macroeconomic

impact of currency fluctuations is amplified, with a US dollar appreciation now reducing export demand

twice as much as under previous invoicing regimes. These results contribute to a deeper understanding of
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the forces driving shifts in dominant currency equilibria and their broader implications for international

trade and macroeconomic stability.
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Table A.1: Summary statistics (Count).

Source: HMRC administrative datasets, UK non-EU exports, 2010–2022.
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B Additional Stylised Facts on Currency Pricing Transition

Fact 1. The aggregate fall in the GBP invoicing is driven by the intensive rather than extensive

margin at firm-product-destination level.

Figure A.1: Intensive/extensive margin decomposition of GBP invoicing shift.

Source: HMRC administrative datasets, UK non-EU exports, 2010–2019.

We investigate what the relevant margins of this change in GBP export invoicing are,

that is whether the latter is due to compositional effects or rather it is broad-based across

firms. We compute in Figure A.1 how much of the reduction in GBP invoicing share is due

to the extensive margin (or between effects) at firm-product-destination level, and how much

of it happened because of the intensive margin (or within effects). Using the definition of an

average, we can define the total export value (in all currencies) in period t as

Vt = V̄tN
fpj
t (20)

where Nfpj
t is the number of individual firm-product-destination triplets, the unit of observation

of our dataset, and where V̄t is the average export value per triplet. Similarly, total export value

in GBP in period t is

V £
t = V̄ £

t Nfpj
t (21)

Taking logs and first differences on both sides yields the decomposition

∆ ln(Vt) = ∆ ln(V̄t)︸ ︷︷ ︸
Intensive

+

Extensive︷ ︸︸ ︷
∆ ln(Nfpj

t ) (22)

and similarly

∆ ln(V £
t ) = ∆ ln(V̄ £

t ) + ∆ ln(Nfpj
t ) (23)
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(a) Firms whose exports > imports. (b) Firms whose imports > exports.

Figure A.2: Net exposure to USD (in % of gross trade) by trade size distribution.

Source: HMRC administrative datasets, UK non-EU exports and imports, 2010–2019.

We can further decompose the extensive component in its individual elements (change in des-

tinations, change in product composition, firm entry/exits), but we find that these individual

margins do not contribute much respectively. Therefore, for clarity of exposition we plot their

aggregate version in Figure A.1, which presents the contribution of intensive and extensive

margins to GBP value drop since 2016.

The main message from Figure A.1 is clear. The reduction in the share of GBP invoicing

is a result of firm-product-destination triplet flows switching away from pounds, rather than a

compositional artefact of our sample. This is important for our empirical identification strategy

below which relies on firms actively deciding to change their currency of invoicing, as we will

show in Section 5.2 and 5.

Fact 2. The shift towards USD invoicing occurs along the entire firm size distribution, although

bigger shifts are associated with larger firms and higher pre-2016 GBP exposure.

Let us define the net exposure of a firm to the USD as its exports in USD minus imports

in USD in a period, as a proportion of total gross trade. Furthermore, let us dub as (mainly)

exporters the firms whose exports in a given period exceed imports. Figure A.2 plots net

exposure as a function of firm size (total export value) percentiles, separately for exporters and

non-exporters. We see that, in general, the average exporter in each bin is positively exposed

to the USD, meaning that its USD exports exceed imports. We also see that the bigger the

exporter, the larger the exposure. Crucially, after 2016 (blue line) we observe an upward parallel

shift of the distribution, as firms of all sizes have increased their exposure to the USD.

Interestingly, Figure A.2a paints a picture rather different compared to the case of France

as described by Barbiero (2022). French exporters at the left tail of the size distribution tend

to exhibit perfect hedging, with net exposure to the USD hovering around 0.

In contrast to the case of exporters, Figure A.2b shows very little change occurring for

non-exporters, as they lack the margin of adjustment on the side of revenues, where a firm

can exercise its currency decision, while on the inputs’ side a firm is usually currency-taker.

Furthermore, we see that net exposure is negative at every percentile of the distribution for
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non-exporters. This follows from the fact that imports are predominantly invoiced in USD, and

that for these firms imports exceed exports.

Finally, we ask how size and exposure correlate with the observed reduction in GBP share

of invoicing. Is the shift more marked for larger or previously more exposed firms? Figure A.3a

and A.3b shed light on this question. We can observe a clearly negative relationship between

average size/GBP exposure in 2015 and GBP invoicing reduction.17 Thus, leaders were the ones

changing their invoicing away from GBP more markedly. Furthermore, firms exhibiting a more

positive exposure to GBP in 2015, that is before the Brexit referendum and the consequent

large pound depreciation, switched away from pound the most with respect to other exporters.

(a) Invoicing shift vs firm size. (b) Invoicing shift vs firm GBP exposure.

Figure A.3: Correlates of the invoicing shift.

Source: HMRC administrative datasets, UK non-EU exports and imports, 2010–2019.

Fact 3. The EUR value share of UK exports to non-EU countries increased from about 4% in

2015 to 8% in 2022.

We report in Figure A.4 the shares of UK exports accounted by the euro. Over our whole

sample, the role played by the euro as a vehicle currency is small compared to the USD.

However, we observe a twofold increase in the euro share since 2016, from 4% to 8% towards

non-EU destinations.

Fact 4. Pattern of invoicing for EU exports and imports appear to have remained broadly

stable since 2021 (when data becomes available). However, there is some tentative evidence of

increased USD invoicing of UK imports from EU crowding out GBP and EUR invoicing.

C The role of market power

We have so far analysed the fall in GBP share of UK exports only from the point of view of UK

firms. Invoicing decisions, however, just like pricing ones, arise from the interaction of a buyer

and a seller. While in the literature the invoicing decision is mainly thought to belong to the

exporter, the role of a foreign importer on the UK transition could be ambiguous. On the one

17These findings are robust to adding one variable as a control for the other before plotting the residuals.
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Figure A.4: Currency share of UK non-EU non-US exports.

Source: HMRC administrative datasets, UK non-EU non-US exports, 2010–2022.
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(a) Imports from EU. (b) Exports to EU.

Figure A.5: Currency shares of UK EU imports and exports.

Source: HMRC administrative datasets, UK EU imports and exports, 2021–2022.

hand, there is the convenience of using a vehicle currency given the network of international

trade (Gopinath & Stein, 2021). This might mean that importers have a preference for goods

being invoiced in USD. On the other hand, an importer’s situation vis-a-vis the Brexit shock

is the mirror image of that of its UK counterpart: as the GBP depreciates, this implies an

immediate discount on the importer’s purchases. As the GBP may be expected to weaken

further, this might make GBP invoicing desirable in the eyes of foreign customers.We could

expect that importers would at the margin prefer to continue being invoiced in GBP. If this was

the case, the outcome we observe might be driven by firms with high market power succeeding

in imposing a shift in invoicing patterns towards a ‘harder’ currency.

We thus investigate this channel by considering a simple measure for firm-level market

power commonly used in the trade literature (Crowley et al., 2023), namely a firm’s market

share for a certain product in a given destination. We collect total imports by origin country,

destination country and 6-digit product classification from UN Comtrade. We can compute

destination j’s UK share of imports for product p,

UK Sharepj,t =
IUK
pj,t∑

all origins Ii
pj,t

(24)

Similarly, from the microdata we can construct the UK market share of a firm for product p

and destination j

F irm sharefpj,t =
Efpj,t∑

all UK firms Efpj,t
(25)

where, of course,
∑

all UK firms Efpj,t = IUK
pj,t . We can then combine the two to obtain a firm’s

market share ωfpj,t in a given destination and product market

ωfpj,t = Firm sharefpj,t × UK Sharepj,t (26)
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Figure A.6: GBP invoicing by GBP exposure and market power

Note. – Firms are divided into three market power quantiles based on their market share in each product-destination
market. Then, aggregate GBP share of exports analogous to those in Fig.1 are plotted for each quantile. In red are firms
with high market shares, in dashed blue medium, and in red firms with low market shares. This exercise is conducted
separately, considering only firms with above the median (Panel a.) and below the median (Panel b.) Exposuref,t.

Source: HMRC administrative datasets, UK non-EU exports and imports, 2010–2022.

With these measures at hand, we can then divide firms by percentiles of market share to

identify three groups: low (below the 75th percentile of the distribution of market shares),

medium (between the 75th and 90th percentile) and high (above 90th percentile) market power

firms.18 Figure A.6 shows the evolution of GBP invoicing shares by these groupings, separately

for exposed (sf,t above median) and non-exposed (sf,t below median) firms.

Two main considerations emerge from inspecting Figure A.6. First, if UK firms did not

suffer from the 2016 valuation shock and therefore had no motive to shift away from the pound,

we should not expect to see the significant change in GBP usage from the pre-shock period

that we observe in panel a. Second, since we know UK businesses did suffer from the valuation

shock, then we would expect their market power to matter at the margin to resolve the clash of

the two opposing forces described above: (i.) the incentive for UK exporters to operationally

hedge more and thus shift to the USD; and (ii.) the motive for foreign importers to keep GBP

invoicing on their transactions with UK exports, as foreign buyers might perceive the GBP as

a ‘soft’ currency after the large 2016 depreciation. Our results seem to support to some extent

this enabling role played by market power, with panel a indeed showing that exposed firms

did reduce their GBP invoicing, but to a somewhat larger extent for those with larger market

shares.

In the light of this evidence, we test for the relevance of market power formally by estimating

specification ?? enriched by our measure of market power ωfpj,t, as mentioned above already

included in the control variables.

Table A.2 reveals a mixed picture on the role played by market power. On the one hand, as

expected from the discussion above, our results suggest that higher market share leads to more

GBP invoicing and less need to using vehicle currencies. On the other hand, the interaction with

18See Figure A.7 which reports the distribution of market shares of UK firms at pj (product-destination) level.
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Figure A.7: Distribution market shares.

Source: UN Comtrade and HMRC administrative datasets, UK non-EU exports, 2010–2022.

the valuation shock is always insignificant, suggesting that during adjustments after valuation

shocks the degree of market power might not exert effects over and above its average impact.

We further investigate the potential effects of market power on invoicing by adjusting our

event study set-up to account for it in the following way:

yhfpj,t = αfpj+δt+ωfpj,t+
∑

m ̸=Jan 2016

γm ωfpj,t×1m=t+[βm (ωfpj,t × sf,t)× 1m=t]+ϵfpj,t (27)

Figure A.8 shows the results of estimating equation 27 which exploits the potential variation

between the behaviour of exposed firms with high market share vis-a-vis exposed firms with low

market shares. The estimation for the coefficients of interest βm is quarterly to more directly

unpack the relationship estimated in the quarterly static regression ??. As it is clear from the

chart, only from 2019 onwards we start seeing a gradual and significant reduction in GBP usage

by firms with stronger market power.

To conclude, we find mixed evidence on the role played by market power in the determi-

nation of invoicing currency. In particular, our results do not seem to consistently support the

contribution of this additional channel in combination to operational hedging motive in response

to the 2016 depreciation, to the large shift in invoicing away from the GBP that we documented
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Table A.2: Relevance of market power.

Value share of exports in

GBP GBP USD USD EUR EUR

(1) (2) (1) (2) (1) (2)
Panel a. Baseline specification

Valuation shock sf,t -0.01*** -0.01*** 0.007*** 0.01*** 0.003*** 0.003**
(-6.37) (-6.02) (4.73) (4.82) (3.85) (3.13)

Panel b. Strategic complementarities

Invoicing of largest firm in HS4 0.02*** 0.02*** 0.02***
(16.79) (17.06) (12.60)

Average invoicing in HS4 0.09*** 0.09*** 0.15***
(10.64) (17.06) (8.94)

Panel c. Firm Market Power

Market Power 0.04*** -0.05*** 0.01
(5.33) (-7.67) (1.95)

Market power × valuation shock 0.03 -0.04 0.03
(0.46) (-0.75) (1.16)

Additional valuation controls Yes Yes Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes

Time x Gap FE Yes Yes Yes Yes Yes Yes
Observations 1,322,378 724,482 1,322,378 724,482 1,322,378 724,482

Note. – The coefficients in Panel a. and in panel b. are analogous to those in the previous table. In panel c. are the
coefficients on the market share variable ωfpj,t and on the interaction of market share ωfpj,t with exposure sf,t.

Source: HMRC administrative datasets, UK non-EU exports and imports, 2010–2019.

in Figure 1. Having documented and characterised the potential channels behind the sizable

reduction in GBP invoicing, we now turn our attentions to the macroeconomic implications of

this dominant currency pricing transition.

35



Figure A.8: Event study: effect of market power at the margin with high exposure to GBP
depreciation.

Note. – The graph plots the coefficients βm from dynamic specification enriched with market power yhfpj,t = αfpj +

δt + ωfpj,t +
∑

m ̸=Jan 2016 γm ωfpj,t × 1m=t +
[
βm (ωfpj,t × sf,t)× 1m=t

]
+ ϵfpj,t over time, capturing the differential

reduction in GBP invoicing by treated (highly exposed) firms which have a relatively higher market share.

Source: HMRC administrative datasets, UK non-EU exports and imports, 2010–2022.
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D Additional Empirical Results and Robustness Checks

A.1 Additional exposure measures

We can construct additional exposure indeces looking at the difference between currencies other

than GBP and/or GBP exchange rate with other currencies:

sjft =

∑
j(exp

j
fj,2015 − impjfj,2015)×∆e

£/j
t

Total Tradef,2015
(Local Weighted Index )

s$ft =

∑
j(exp

$
fj,2015 − imp$fj,2015)×∆e

£/$
t

Total Tradef,2015
(Dominant Weighted Index )

s$jft =

∑
j(exp

$
fj,2015 − imp$fj,2015)×∆e

$/j
t

Total Tradef,2015
(Dominant-Local Weighted Index )

where exp$fj and imp$fj indicates respectively the exports and imports of firm f to des-

tination j in 2015 denominated in USD, as a share of gross trade of that firm in that year.

With a slight abuse of notation, a superscript j indicates the currency of the destination while

a subscript j indicates the country itself. A positive ∆e
£/$
t indicates a depreciation of the GBP

vis-a-vis the USD. The indices capture the gains/losses from unhedged positions of firms vis-a-

vis exchange rates movements. In order to obtain the indices we aggregate across all destination

countries.

A.2 Empirics: robustness checks

All tables and figures in this section report robustness checks on the baseline specification

presented in the body of the paper.

A.2.1 Static regressions
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Table A.3: Baseline with controls spelt out.

Value share of exports in

GBP GBP USD USD EUR EUR

(1) (2) (1) (2) (1) (2)
Panel a. Baseline specification

Valuation shock sf,t -0.01*** -0.01*** 0.007*** 0.01*** 0.003*** 0.003**
(-6.37) (-6.02) (4.73) (4.82) (3.85) (3.13)

Panel b. Strategic complementarities

Invoicing of largest firm in HS4 0.02*** 0.02*** 0.02***
(16.79) (17.06) (12.60)

Average invoicing in HS4 0.09*** 0.09*** 0.15***
(10.64) (17.06) (8.94)

Panel c. Firm Market Power

Market Power 0.04*** -0.05*** 0.01
(5.33) (-7.67) (1.95)

Market power × valuation shock 0.03 -0.04 0.03
(0.46) (-0.75) (1.16)

Additional valuation controls

Destination-weighted 0.04** 0.03 -0.01 0.001 0.002 0.006
(2.92) (1.44) (-0.89) (-0.04) (0.29) (0.74)

Dominant-weighted -0.03*** -0.03*** 0.04*** 0.04*** -0.005* -0.004
(-5.04) (-4.71) (6.68) (5.80) (-2.32) (-1.23)

Dominant-destination weighted -0.04*** -0.04*** 0.04*** 0.05*** -0.001 -0.001
(-8.08) (-6.60) (7.14) (6.18) (-0.57) (-0.73)

Firm FE Yes Yes Yes Yes Yes Yes
Time x Gap FE Yes Yes Yes Yes Yes Yes
Observations 1,322,378 724,482 1,322,378 724,482 1,322,378 724,482

Source: HMRC administrative datasets, UK non-EU exports and imports, 2010–2019.

Table A.4: Baseline up to 2022

Value share of exports in

GBP GBP USD USD EUR EUR

(1) (2) (1) (2) (1) (2)
Panel a. Baseline specification

Valuation shock sf,t -0.01*** -0.01*** 0.007*** 0.01*** 0.001 0.0006
(-4.76) (-5.20) (4.99) (4.82) (3.85) (0.60)

Panel b. Strategic complementarities

Invoicing of largest firm in HS4 0.02*** 0.02*** 0.02***
(20.16) (20.74) (15.82)

Average invoicing in HS4 0.10*** 0.09*** 0.15***
(12.03) (12.92) (9.82)

Panel c. Firm Market Power

Market Power 0.05*** -0.06*** 0.01*
(5.33) (-7.67) (1.95)

Market power × valuation shock -0.001 -0.01* 0.03
(-0.02) (-0.34) (1.02)

Additional valuation controls Yes Yes Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes

Time x Gap FE Yes Yes Yes Yes Yes Yes
Observations 1,751,049 1,015,652 1,751,049 1,015,652 1,751,049 1,015,652

Source: HMRC administrative datasets, UK non-EU exports and imports, 2010–2019.
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Table A.5: Baseline with quantity share instead of value share.

Value share of exports in

GBP GBP USD USD EUR EUR

(1) (2) (1) (2) (1) (2)
Panel a. Baseline specification

Valuation shock sf,t -0.01*** -0.01*** 0.004*** 0.01*** 0.003*** 0.0006
(-4.44) (-5.20) (2.71) (4.82) (3.95) (0.60)

Panel b. Strategic complementarities

Invoicing of largest firm in HS4 0.02*** 0.02*** 0.02***
(14.92) (14.99) (11.74)

Average invoicing in HS4 0.09*** 0.10*** 0.14***
(10.79) (11.70) (8.26)

Panel c. Firm Market Power

Market Power 0.04*** -0.05*** 0.01
(5.22) (-7.43) (1.74)

Market power × valuation shock 0.03 0.02 0.01
(0.43) (-0.34) (0.44)

Additional valuation controls Yes Yes Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes

Time x Gap FE Yes Yes Yes Yes Yes Yes
Observations 1,301,000 714,229 1,301,000 714,229 1,751,049 714,229

Source: HMRC administrative datasets, UK non-EU exports and imports, 2010–2019.
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A.2.2 Macroeconomic implications (including years up to 2022)

Figure A.9: Dynamic response of export value to appreciation of USD granular exchange rate.

Notes: We exclude US as destination here. Source: HMRC administrative datasets, UK non-EU exports, 2010–2022.

40



Figure A.10: Dynamic elasticity of export quantities to appreciation of USD.

Notes: We exclude US as destination here. Source: HMRC administrative datasets, UK non-EU exports, 2010–2022.
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Figure A.11: Trends in USD invoicing post-Brexit by USD needs.

Note.– The graph plots the coefficients βq from dynamic specification ?? over time, capturing the trend increase (in p.p.)
in USD invoicing by USD hedging bucket, as defined in ??. Firms are “under-hedged” if their USD net imports as a share
of total inputs are above 1%, “over-hedged” if below −1%, and “hedged” in the remaining case.

Source: HMRC administrative datasets, UK non-EU non-US exports, 2010–2022.

Figure A.12: Trends in LCP invoicing post-Brexit by USD needs.

Note.– The graph plots the coefficients βq from dynamic specification ?? over time, capturing the trend increase (in p.p.)
in LCP invoicing by USD hedging bucket, as defined in ??. Firms are “under-hedged” if their USD net imports as a share
of total inputs are above 1%, “over-hedged” if below −1%, and “hedged” in the remaining case.

Source: HMRC administrative datasets, UK non-EU non-US exports, 2010–2022.
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Figure A.13: Trends in EUR invoicing post-Brexit by USD needs.

Note.– The graph plots the coefficients βq from dynamic specification ?? over time, capturing the trend increase (in p.p.)
in GBP invoicing by USD hedging bucket, as defined in ??. Firms are “under-hedged” if their USD net imports as a share
of total inputs are above 1%, “over-hedged” if below −1%, and “hedged” in the remaining case.

Source: HMRC administrative datasets, UK non-EU non-US exports, 2010–2022.

Figure A.14: Price Stickiness in the Currency of Invoicing - GBP

Source: HMRC administrative datasets, UK non-EU non-US exports, 2010–2022.
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Figure A.15: Price Stickiness in the Currency of Invoicing - USD

Source: HMRC administrative datasets, UK non-EU non-US exports, 2010–2022.

TBU

Figure A.16: Event study: effect of EUR payable revaluation on EUR invoicing

Note.– The graph plots the coefficients βq from dynamic specification 16 over time, capturing the differential increase in
EUR invoicing by treated (highly EUR exposed) firms.

Source: HMRC administrative datasets, UK non-EU non-US exports and imports, 2010–2022.

Figure A.17: Event study: effect of LCP payable revaluation on LCP invoicing

Note.– The graph plots the coefficients βq from dynamic specification 16 over time, capturing the differential increase in
LCP invoicing by treated (highly LCP exposed) firms.

Source: HMRC administrative datasets, UK non-EU non-US exports and imports, 2010–2022.
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Figure A.18: Event study - effect of speculative motives on USD invoicing

Note.– The graph plots the coefficients βm from dynamic specification 7 over time, capturing the differential reduction in
GBP invoicing by treated (highly GBP exposed) firms.

Source: HMRC administrative datasets, UK non-EU exports and imports, 2010–2022.

TBU

Figure A.19: Event study - effect of speculative motives on LCP invoicing

Note.– The graph plots the coefficients βm from dynamic specification 7 over time, capturing the differential reduction in
GBP invoicing by treated (highly GBP exposed) firms.

Source: HMRC administrative datasets, UK non-EU exports and imports, 2010–2022.
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Figure A.20: Event study - effect of speculative motives on EUR invoicing

Note.– The graph plots the coefficients βm from dynamic specification 7 over time, capturing the differential reduction in
GBP invoicing by treated (highly GBP exposed) firms.

Source: HMRC administrative datasets, UK non-EU exports and imports, 2010–2022.
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