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Abstract

This paper studies consequences of the very large exchange rate depreciation occurring in June 2016 due to
the UK electorate unexpectedly voting to leave the European Union. As news of a leave vote came in, the
value of sterling plummeted, recording the biggest one day depreciation of any of the world’s four major
currencies since the collapse of Bretton Woods. The prospect of Brexit really happening generated sizable
differences in how much sterling depreciated against different currencies. Coupled with pre-referendum
cross-country trade patterns, this generated variations in exchange rate depreciations facing businesses in
different industries. The paper first considers revenue and cost channels operating through trade price
responses, offering evidence of a cost shock from the price of intermediate imports rising by more in higher
depreciation industries, but with no revenue offset from exports. Workers were impacted by the increased
cost pressures facing businesses, not in terms of job loss but through relative real wage declines and
stagnation for workers employed in industries facing larger depreciations.
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1. Introduction

Immediately after the UK electorate unexpectedly voted to leave the European Union
on the night of June 23 2016, the British pound experienced its biggest one day loss since the
introduction of free-floating exchange rates in the 1970s. In less than twenty four hours, the
pound-dollar exchange rate fell by a massive 8 percent, and the pound-euro rate by 6 percent.
The exchange rate movements were much larger than on Black Wednesday in 1992 when the
UK withdrew from the Exchange Rate Mechanism, bigger than its drop during the height of the
financial crisis in 2008 and after the recent mini-budget of the Truss-Kwarteng government in
2022. In fact, the Brexit vote induced sterling drop is the biggest one day fall that has ever
occurred in any of the world’s four major currencies that make up the bulk of global hard cash
reserves since the 1971 collapse of Bretton Woods.

Importantly, and as already noted for the examples of the dollar and the euro, the pound
depreciated to different degrees against world currencies. This means that industries trading in
different world markets faced sizable variations in the size of the sterling depreciation, and
therefore in the magnitude of the cost and revenue shocks they experienced as a consequence
of the exchange rate shift. This paper leverages this variation to study the trade and labour
market consequences of the Brexit exchange rate depreciation.

In conventional international trade theory, an exchange rate depreciation can benefit
workers through a positive revenue shock from increased export volumes or a reduction in
import competition. Some early empirical studies provided evidence of a negative impact on
workers’ wages and/or employment from increases in import competition and an appreciation
in the dollar in the 1980s (Grossman 1987; Revenga 1992).

Since that research, one key development in trade patterns that makes the conventional
approach less relevant to contemporary labour markets has been the huge rise of trade in

intermediate goods and services (Y1 2003). This opens up the scope for cost shocks, over and



above the revenue shocks from the two channels studied in the earlier work, to impact workers
(Feenstra and Hanson 1997; Grossman and Rossi-Hansberg 2008, 2012). More recent empirical
research, pioneered by Feenstra and Hanson (1999), confirms the importance of this cost
channel, with results emerging that show the impact of imports on worker outcomes may prove
positive in some settings and negative in others (see Campa and Goldberg 2001, Hummels et
al. 2018).

This paper sets up an empirical framework to first consider the nature of differential cost
and revenue shocks in the case of the very large, unexpected, Brexit exchange rate depreciation.
To do so, it considers how the sterling depreciation generated revenue and/or cost shocks by
affecting trade prices, focusing on the empirical relevance of the revenue channel from exports
and the cost channel from intermediate imports. The latter is shown to dominate as the price of
intermediate imports rose by more in higher depreciation industries, but with no offsetting
revenue gain from exports.

Then the analysis moves on to evaluate the labour market impact. There is strong
evidence that the depreciation hurt workers, as it reduced wages. The depreciation acted to
impose extra costs on businesses, thereby making intermediate imports more expensive and
reducing real wage growth. Employment and hours remained stable, but real wage growth
declined in relative terms and stagnated in higher depreciation industries. In the aggregate, the
Brexit vote resulted in real wages falling permanently by 2.6 percent per annum compared to a
counterfactual where pre-referendum real wage growth was maintained.

Whilst their specificity to the Brexit referendum setting needs to be made clear, these
findings add to and advance what we know from several literatures. First of all, the exchange

rate change we study is of unprecedented magnitude in research studying the four major world



currencies.! It offers a quite unique opportunity to explore economic consequences of a big
change, of a scale which has rarely arisen elsewhere because, in the recent past, exchange rates
and trade policies in most developed countries have remained relatively stable. As a
consequence, variations in tariffs and exchange rates have often been too small to credibly study
labour market impacts (see Liu and Trefler 2011; Ebenstein et al. 2014; Hummels et al. 2018
for discussion).

Moreover, above the sheer scale of the depreciation, the unexpected nature of the vote
— which we discuss in more detail later — makes for a more credible exogenous variation to be
exploited than has tended to be looked at in other exchange rate research (see Lorenzoni 2014
for a survey of the literature on exchange rate movements in financial crises). The referendum
induced exchange rate depreciation provides variation that is plausibly more exogenous to
labour market outcomes than general exchange rate movements or other large shocks to
exchange rates. One example would be exchange rate movements driven by monetary policy
actions because they are often adopted during times of economic slowdown to bolster
employment. Another example would be exchange rate depreciations from oil price shocks
because they incorporate the direct substitution effects between energy and labour, along with
the indirect impacts from a secular economic slowdown.

Secondly, the findings reported in the paper connect to the sizable literature on trade
and labour markets, albeit in a different way to other work which directly relates labour

outcomes to trade.> We provide reduced form evidence of a significant impact of exchange rate

! In their handbook chapter, Burstein and Gopinath (2014) consider the price passthrough of exchange rate
movements including large depreciations, among major industrialised countries. The advanced economies
experiencing large depreciations include Finland, Italy, Sweden and UK in 1992 and Iceland during the financial
crisis. Other papers in international finance study the passthrough of exchange rate shifts ranging from general
exchange rate movements such as Berman et al. (2012) for France to large depreciations such as in Mexico,
Switzerland and various emerging markets (Cravino and Levchenko 2017; Auer et al. 2021; Burstein et al. 2005).
2 Key papers include: Feenstra and Hanson (2008); Trefler (2004); Helpman, Itskhoki, Redding (2010); Autor,
Dorn and Hanson (2013); Pierce and Schott (2016); Hakobyan and McLaren (2016); Dix-Carneiro and Kovak
(2017); and also see surveys by Feenstra (1998); Goldberg and Pavcnik (2016); Helpman (2017); and Muendler
(2017).



depreciations on wages and, because the referendum induced exchange rate depreciation
provides variation in intermediate import prices, some structural estimates of the wage-
intermediate import price elasticity. This offers a different counterpoint to existing work that
shows a causal impact of trade on labour. We estimate a wage-intermediate import price
elasticity because prices better capture shifts in services inputs and their sourcing, which are
often difficult to measure as trade flows (Feenstra et al. 2010). It is also used in a calibration to
determine the underlying labour-offshoring elasticity in production.

Thirdly, the large exchange rate depreciation provides variation in trade, including
services trade, for which the usual trade policy instruments (tariffs) are lacking. This advances
research by expanding the coverage of border price passthrough and labour market impacts
beyond trade in goods and the manufacturing sector. Services trade and price data in the UK
are unique in being rich in detail and providing comprehensive coverage to enable measurement
of trade and labour market impacts that have been elusive in the services sector. Importantly,
this enables a study of aggregate labour market impacts which are otherwise difficult to
ascertain in economies where services form the bulk of employment and output (e.g. United
Kingdom, United States, India).

Finally, recent surges in nationalist politics, embodied in the Brexit vote and the Trump
tariff war, have led to a growing body of research on the potential and actual impacts of
populism on economic welfare. These include the price, trade and welfare impacts summarised
in Dhingra and Sampson (2022) for Brexit and Fajgelbaum and Khandelwal (2022) for the
Trump tariffs. Some findings reported in this paper relate to these debates, in particular the new
evidence of adverse effects on real wages arising from the vote for economic nationalism that

led to the decision to leave the EU.? The new dawn referred to in the title of this paper did in

3 Many studies of Brexit examine post-referendum data on various outcomes including stock market valuations of
firms, prices, entry and exit of exporters of merchandise goods, economic uncertainty, trade policy uncertainty,
productivity and employment growth (Davies and Studnicka 2018, Fisman and Zitzewitz 2019; Breinlich et al.



fact fade for workers, despite the protestations that wages and incomes would improve under
Brexit from those who advocated Leave.

The remainder of the paper is structured as follows. Section 2 details the context of the
sterling depreciation that occurred as the unexpected Leave vote came about, first showing the
scale and variation of the exchange rate movements in the period surrounding the referendum.
It goes on to define the exchange rate movements and the difference-in-differences (D-i-D)
research design that is used in the empirical work. Section 3 shows the impact of the sterling
depreciation on trade prices, with a particular focus on whether revenue and cost channels are
at work, and section 4 the impact on an array of labour market outcomes. The final part of
section 4 considers the macroeconomic wage picture, showing there to be a permanent and
sizable aggregate real wage reduction that occurred due to the exchange rate depreciation,
together with variations around that aggregate fall due to differential exposure to a bigger
depreciation. The implications of the core results are then discussed broadly in section 5. More
skin is put on the bones by considering a wider range of estimates, both to assess the robustness
of the core findings, but also place them better into the wider context of the literatures discussed
above. One key feature of this is a structural interpretation of the impact of trade on the labour
market by putting together the trade price and real wages reduced form results shown in the
previous two sections. The resultant estimate of the structural elasticity — the elasticity of wages
with respect to intermediate import prices - enables calibration of the underlying labour-

offshoring elasticity in production. Section 6 concludes.

2022; Crowley et al. 2018; Bloom et al. 2019, Hassan et al. 2021; Graziano et al. 2021; Faccini and Palombo 2021;
Javorcik et al. 2020 respectively). For a comprehensive survey of the research, see Dhingra and Sampson (2022).



2. The EU Referendum Vote and the Sterling Depreciation
The Events of June 23/24 2016

On 22 February 2016, the then Prime Minister David Cameron announced to the UK
House of Commons that, following an agreement in a meeting in Brussels the previous week,
that the country would hold an In-Out referendum on Thursday 23 June 2016. This was the
culmination of earlier discussions, including the EU Referendum Bill in the Queen’s speech of
27 May 2015 and the calls for national sovereignty that had been heavily stepped up, most
notably by Nigel Farage, leader of the UK Independence Party (UKIP).*

The referendum took place on that day, with the electorate being given two possible
answers to the question “Should the United Kingdom remain a member of the European Union
or leave the European Union?”. The answers were: “Remain a member of the European Union”
or “Leave the European Union”. When the referendum took place, 72% of eligible voters cast
a ballot, with 52% voting “Leave” and 48% voting “Remain”.

As has been widely documented, this result was not expected (e.g. O’Rourke, 2019). In
the run-up to the referendum, most polls and bookmakers had predicted a win for the Remain
campaign, albeit with a modest margin. Even up to polling day, arch Brexit supporters conceded
that Remain was likely to win. This indeed seemed the case when the polling stations across
the country closed at 10pm on June 23. A YouGov opinion poll released then suggested Remain
were on course for victory with 52 percent and Leave on 48 percent. By 10.15pm, Farage
conceded the Brexit campaign may be beaten and said Remain "will edge it."

The exchange rate movements then confirmed this expectation. Figure 1a shows the
pound dollar and pound euro minute by minute exchange rates indexed to 1 at 10pm when the

polls closed, so as to clearly show the before/after shifts, between 6pm and 11-25pm on June

4 UKIP was then a single issue party campaigning for Britain’s exit from the EU.



23 (11-25 being the time the first result was reported). Sterling jumped at 10pm, after rising
modestly the hour before, and surged against the US dollar, rising to very nearly 1.5 dollars by
11-25, its strongest performance in 2016. It also rose against the Euro, though not by as much,
but reached a value of 1.314 Euro by 11-25.

In comparison with exchange rate movements studied in the literature, these movements
up to 11-25pm were large. But they are just dwarfed by what followed. At 11-25pm, the first
result came in, a big Remain vote from Gibraltar of 96 percent. Then things started to change.
As with other UK elections, various constituencies in the North East of England engaged in a
race to report first and the first big result came from there. Minutes after midnight, Newcastle
reported, as expected, a win for Remain. But it was very marginal - 50.7 percent against 49.3
percent — which was nowhere near the margin many thought would occur.

Then twenty minutes later at 12-20am, all hell broke loose. Again in the North East, and
very interestingly in the home of the big Nissan car factory, Sunderland voted to Leave by a
significant margin, by 61 compared to 39 percent. Sterling plummeted, and went from being
up, to within seconds an instantaneous near 4.7 percent drop. This alone, in seconds, was a
bigger fall than the Black Wednesday crash in 1992.

Figure 1b shows the minute by minute exchange rate movements of the night, now in
the time window from 6pm on June 23 and 8am on June 24. It makes very clear how the big
gains up to 11-25pm look tiny compared to what subsequently happened. The precipitous drop
triggered by the Sunderland vote is shown by the vertical line at 12-20am.

Sentiment changed immediately. Bookmakers’ odds flipped and sharply reversed.
People started to feel that Leave could be winning, and it showed in their Google searches in

the next hour. Other Brexit wins followed and by 2-17am, Nigel Farage tweeted that he is "so



happy with the results in North East England".> A few big wins went to Remain subsequently,
but in the next couple of hours the Leave campaign enjoyed more and more gains across Wales,
Northern Ireland, Yorkshire and the Midlands to outweigh the majority of Remain’s support in
Scotland and London. By 7am on June 24, the Leave campaign had officially won.

Figure 1b shows that, throughout the night, sterling’s slide against the dollar and euro
continued. By 8am on June 24, you got 1.36 dollars for a pound, hugely down from its high of
the previous night of nearly 1.50 dollars. The pound was then worth 1.23 Euros, also a huge
fall, but notably not as big as against the dollar. In fact the 24 hour fall was a huge 8 percent
against the dollar and 6 percent against the Euro.

This very big exchange rate depreciation, it’s unexpected surprise nature, and its
significant differences in magnitude against different currencies is the variation we study in this
paper. That there is very big variation is shown in Table 1 for 26 exchange rates - the Bank of
England’s official set of currencies - in the 24 hour period surrounding the referendum. Sterling
depreciated most against the Japanese Yen (11 percent) and the US dollar (8 percent). In the
context of what the referendum was about, Brexit, this is entirely intuitive as they would be
seen as relatively safe haven assets by forex traders and analysts.® By contrast, sterling
depreciated relatively less against EU currencies like the Euro and the Polish Zloty, whose
fortunes were perceived to be more tied to sterling’s in this event window. Being one of the
major currencies of the world, the flight from sterling also differentially changed the value of a

whole host of other more minor currencies as forex traders looked for new avenues and trades.’

3 https://www.bbc.co.uk/news/uk-politics-eu-referendum-36598599

6 That the relative depreciation was driven by a flight into safe haven assets is also reflected in the subsequent rise
in the price of gold and the stock market valuations of commodity firms. For example, the day after the Brexit vote
saw a gold price rise of over 5 percent - the highest surge since the depth of the 2008 financial crisis
(https://www.coinworld.com/news/precious-metals/2016/06/brexit-vote-european-union-gold-price-surge-
kitco.all.html). The Royal Mint reported a 550 percent increase in traffic on its online purchase site compared to
the same time the previous day.

7 https://www.euromoney.com/article/b12kpbtwmrnrp7/fx-traders-pick-through-brexit-wreckage



The construction of depreciation measures uses data on all world currencies. It also
leverages the credibly exogenous variation of the referendum night, after which other events
unrelated to the Brexit vote move exchange rates, as seen in the one week and two week
windows after the vote (see Figure Ala and Alb of Appendix C). That said, it is noteworthy
that the sterling depreciation turned out to be a permanent one that strongly persisted for at least
two more years after, as shown in Figure Alc in Appendix C.* Thus, the Brexit depreciation
produced a long-lasting drop in the value of the pound relative to other currencies.

Measuring Industry by Currency Sterling Depreciations

As in many studies, the exchange rate at a point in time can be thought of in terms of
the real and financial “fundamentals”, say § which is a vector of all relevant variables in the
economy that can be viewed as fixed, and the public’s best estimate of S, denoted by § which
changes with news that occurs in an event study window (see Andersen et al. 2003; Engel 2014).
As an example, trade openness of the UK economy can be considered an economic fundamental
which does not change with the news of the referendum, but the public’s perception of UK’s
openness to the EU changes with the news of the unexpected Brexit vote.

Then the equilibrium exchange rate of the pound with respect to country ¢’s currency is
E. = ¢, (S ,S ) For a given time window, linearising and time differencing gives AE, =
D1cAS + P,.AS where A is a difference operator and ¢, ¢, are the partial derivatives. The
fundamentals do not change in this narrow window (when most markets except the forex market
in London were closed). Conditional on information at the beginning of the window & and the

surprise of the Brexit referendum news, B, the state variable changes by AS = B and the

8 Also reassuring for the approach we take is what happened to forward exchange rate at the times. The ranking of
the exchange rate depreciation across currencies in the spot market is highly similar to their movement in the
forward exchange rate market over the same 24 hour window. Column 2 of Table A1 in Appendix C reports the
one year forward exchange rate depreciations across major currencies. Depreciations across currencies for other
forward durations, 2 years and 5 years, are also highly similar, though there are fewer currencies that are traded
over longer forward durations (available upon request).



exchange rate consequently changes by AE. = ¢,.B. Without loss of generality, let AE. > 0
denote an increase in the value of currency c in terms of sterling, so that larger values
correspond to a bigger sterling depreciation.

Because sterling depreciated differently across currencies due to the Brexit vote, this
generated differences across industries in the cost and revenue shocks they subsequently faced
because different industries buy and sell across various source and destination countries. For
example, financial services purchases inputs primarily from the United States and experienced
a larger cost shock than insurance services which buys primarily from Germany. Industries
cannot immediately switch their supply chains and customer base, so the Brexit depreciation
exposed them to different cost and revenue shocks.

Constructing an industry-level depreciation measure requires two components, the
exchange rate shifts by currency and the country shares applied to them to determine economic
linkages with the UK. The depreciation measure is a shift-share measure of generic form D, =
Yc ScoAE., where S, is the economic linkage share of country ¢ and AE,. is the shift (or sterling
depreciation) against country c’s currency. Analogous measures to this, with different shifts
and shares definitions for the question of interest, have been widely used in empirical work in
a variety of research areas and settings over the years, dating back to the original Bartik (1991)
measures. More recently, there has been a surge of work on statistical inference when such shift
share measures are used in difference-in-differences and in instrumental variable models (see
the review by Wooldridge 2021). For our purposes, the key relevant issue in this literature is
about computation of standard errors when D, is a regressor, and we follow the two step
procedures of Adao, Kolesar and Morales (2019) and Borusyak, Hull and Jaravel (BHJ) (2022)
in our empirical analysis (reporting BHJ standard errors for shift-share variables where

required).

10



On a practical level, there are various ways the share term can be measured. There are
a range of possible economic linkages that industries have with different countries, but for the
focus and interest of our paper the most natural one to consider is trade linkages. Thus, for most
of the analysis in this paper, two trade shares are used to construct industry-specific depreciation
measures that respectively pick up the revenue and cost channels through which an exchange
rate depreciation can work. Later in the paper, we do however consider a number of economic
linkage shares to construct other measures of D,,.

To be more concrete, we use data on all 2-digit industries in the UK put together with
145 world currencies across 245 countries to measure industry depreciation across the whole
economy. 85 industries (33 manufacturing, 52 services) are aggregated up to 83 following ONS
practice due to two low employment sectors (see Data Appendix B for more detail). The
industry trade structure refers to exports and intermediate imports of the industries across
countries measured before the referendum.

For each of these, and defining an output industry o, combining currency variations and
trade shares produces the two trade weighted industry-level depreciation measures:

i) Exports (x): AEY = Y., S;,AE. where S, is the share of destination country ¢ in export sales
of output industry o,

ii) Intermediate imports (i): AE} = ¥, S.,AE. where S., = ¥;Sico and S;, is the share of
imports of intermediate i purchased from source country ¢ by output industry o.

Higher values of AEX and AE! respectively correspond to bigger revenue and cost
shocks. The two measures are constructed by weighting the currency depreciations — the shifts
- with their country’s shares in the industry’s pre-referendum trade. As recommended by the
new shift share literature, the source of the variations across the shift and share dimensions are
broken out and shown in Figure A2 in Appendix C which plots the currency exchange rate

shifts against their average industry weighted trade shares. These are not highly correlated, so
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the shift-share design benefits from variation in depreciation shocks that are not driven just by
the trade shares (a feature also confirmed by some robustness checks presented later in the
paper).

The industry-country trade shares used to weight the exchange rates are based on pre-
referendum data combining goods trade from UN COMTRADE, services trade from the
International Trade in Services (ITIS) microdata and the Import Supply-Use Tables of the
Office of National Statistics (ONS) for 2015. The industry-currency shares for services trade
are taken from the industry-country values of exports and imports reported in the ITIS by firms
and from bespoke freedom of information requests to the ONS for certain sectors and services
that are not covered by ITIS.

The ITIS survey has been collecting very rich services information from over 16,000
UK businesses each year for over a decade to provide statistics on both the UK’s services
imports and exports. The survey collects firm-country level information covering exports and
imports of 52 different services with over 200 countries worldwide. Results from the annual
ITIS survey are used to compile both the balance of payments account and estimates of gross
domestic product. It therefore provides rare detail and high quality information on services trade
patterns for most sectors in the UK. Trade patterns for a few sectors and services that are not
covered by ITIS are obtained from the ONS which collects this information through alternative
sources (e.g. the International Passenger Survey of the UK for travel services).

For goods, the UK does not conduct a corresponding export sales and import purchases
survey across firms. As is standard, under a proportionality assumption, supply-use tables of
the UK are combined with import values from the UN COMTRADE data to construct the
industry-currency shares as a product of the import shares across source country currencies for
an input S;; and the share of that input in the intermediate imports of the industry S;, : Sico =

Sci X S, . After trimming currency shares of below 1 percent in an industry, 102 countries and

12



77 currencies are used to construct the exports weighted depreciation measure and 74 countries
and 51 currencies are used to construct the intermediate imports weighted measure.’
Descriptives

Figure 3 shows the broad currency composition of the two depreciation measures, AE[
and AEL. For each measure, it plots the broad currency structure of trade (dollar, euro and the
rest) in above median and below median depreciation industries. It is very clear that the dollar
share is higher in the above median depreciation industries, and that the euro share is lower,
validating how the industry depreciation measures pick up the cross-currency variations.

Table 2 gives more detail by listing the top and bottom four depreciation industries,
together with their depreciations and their trade shares (in percent) of the top three currencies
of the countries with which they trade. There are some very clear general patterns. Service
industries tend to rank at the top of both of the measures. Manufacturing features in the bottom
4. The top four in each is characterised by more dollar trades, and the bottom four by euro
trades. And the depreciations of the top 4 and bottom 4 are sizable, but with ranges of around
1.2 to over 1.8 percentage points between them (from 5.8 to 7.7 from bottom to top for exports,
and from 6.2 to 7.4 percent from bottom to top for intermediate imports). This is the variation
used in the empirical analysis to be reported.

More specifically, Cultural activities, Repairs and installation of machinery, Scientific
research and development and Education export largely to the United States and are the top four
affected industries in terms of the exports-weighted depreciation. At the bottom end, Wholesale
and retail trade, Programming and broadcasting and Water collection and treatment and Repair
of personal and household goods export mostly to European countries and are the least affected

in terms of exports.

% Small shares are trimmed to reduce measurement error as in Revenga (1992), but results are qualitatively similar
for no trimming and alternative trimming thresholds.
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The top and bottom four industries in terms of exports differ from the industries that
were affected through intermediate imports. Activities auxiliary to financial and insurance
services (like fund management), Programming and broadcasting and Scientific research and
development import intermediates mostly from the United States and are the top three
intermediate import-affected industries. Architectural and engineering services is in fourth
place despite more than a third of its intermediates coming from the Eurozone because it buys
an equivalent share from the United States and China. In contrast, the higher share of European
countries in intermediate imports of Accommodation, Manufacture of paper and paper
products, Manufacture of coke and petroleum products and Electricity, gas and other energy
supply puts them among the bottom four for the intermediate imports-weighted depreciation.
Research Design

The main empirical analysis is based upon a difference-in-differences research design
that studies what happened before and after the referendum to the economic outcome of interest
- defined generally for now as Y, but which will be industry trade prices and individual worker
outcomes with precise details on measurement specified later.

The analysis is undertaken using quarterly data for the four years prior to and the three
years after the referendum. Thus, it runs from 2012Q3 to 2019Q2. The reduced form
before/after referendum evolution of a given outcome Y is related to the industry depreciation
measures D, = [AE;“, AE};] for output industry o in time period g¢, where ¢ is quarter and ¢ is
year, as follows:

Yoqrt = @ + age + B X 1(qt = Referendumy,) X D, + €44t (1)
where «, is a full set of industry fixed effects (these absorb the time-invariant level of D,, and
so this is controlled for throughout in the empirical work, a . are quarter-year fixed effects and

1(qt = Referendum,,) switches on to one from 2016Q3 onwards and is zero before that, and

14



Eoqt 18 an error term. If a log-log functional form is adopted for Y,,; and D, then the key

parameter of interest, f, is an elasticity. For example, when Y is a trade price, then this is a
passthrough parameter, like those used in the international prices and exchange rate literatures
mentioned earlier.

To provide more detail on the actual magnitudes of changes arising after the referendum,
a more restrictive model using a discrete functional form for D, and restricting time effects to
compare changes in outcomes before and after the referendum for industries with above or
below median depreciation, is specified as follows:

Yoqt = @ + o X 1(qt = Referendumg,) X (Dy > Median) + (2)
By X 1(qt = Referendumg,) X (Dy < Median) + &,4¢

In (2), B, is the estimated before/after change in the outcome for industries that face above
median depreciation, and [, the analogous measure for the below median depreciation
industries. Therefore, f = [, — f5 is the difference-in-differences estimand of interest that

shows the relative change in Y before and after the referendum.

3. Trade Prices and the Brexit Exchange Rate Depreciation

In this section, Y is measured by trade prices, specifically export prices and intermediate
import prices, which are related to the trade weighted exchange rate depreciations with an aim
of empirically evaluating whether revenue or cost channel shocks (or both) occurred due to the
Brexit exchange rate depreciation.
Trade Prices

Quarterly data on export and import price indices at the industry level come from price
observations reported by firms to the ONS. We combine publicly available price indices with
those for certain uncovered service industries (like travel and tourism) obtained from the ONS

through bespoke freedom of information requests. Export and import price indices cover the
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entire UK economy, with five industries being non-traded. Intermediate import price indices
are computed for all 83 industries, including the five non-traded ones as each of them uses
intermediate imports, based on supply-use tables that are constructed from the ITIS microdata
and from the ONS Supply-Use Tables for goods and uncovered services. The sample period
ends in 2018Q4 because the price series change afterwards which could result in comparability
issues.
Descriptive Analysis

Starting with descriptive analysis, Figure 4 plots trade price changes before and after
the referendum against the relevant depreciation. The Exports panel shows a flat line when the
log change in export price before and after the referendum is plotted against the export
destination weighted depreciation from the referendum window. Export prices (in sterling) rose,
but display almost zero correlation with the export destination share-weighted depreciation.

By contrast, the Intermediate imports panel shows a steep positive slope in the relation
between the log change in intermediate import prices and the intermediate import weighted
depreciation before and after the referendum. Industries that experienced a higher intermediate-
import weighted depreciation had bigger price increases for their imported inputs. Industries
therefore differed systematically in the cost shocks they experienced from the Brexit sterling
depreciation, but without such a pattern emerging on the revenue side.
Regression Estimates

Table 3 systematises these findings in the D-i-D model of equation (1), where a log-log
specification is adopted. For export prices, there is no evidence of a before/after differential
change in export prices (in sterling) in industries with a higher depreciation. Indeed, the D-i-D
point estimate of interest is 0.096 with a standard error of 0.073. Maybe surprisingly at first

thought, one cannot reject the null hypothesis that the Brexit vote induced exchange rate
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depreciation had no differential effect on industry export prices. Below we will consider this
further when we examine cross-effects in fuller passthrough models.

Moving to intermediate imports, and in line with the descriptive scatterplots, there is
strong evidence in column (2) of Table 3 that the sterling depreciation had a significant price-
increasing impact on intermediate imports, with an estimated elasticity of 0.478. A 10 percent
higher depreciation (for example, a sterling depreciation of 6.6 percent as compared to the
pound-euro fall of 6 percent) resulted in intermediate import prices going up by just under 4.8
percent. In column (3), the five non-traded export industries are excluded, and a similar, slightly
reduced in magnitude but still large effect is seen. The sizable passthroughs of specifications
(2) and (3) in the Table are in line with magnitudes seen in other work (e.g. Chen et al. 2021
with disaggregated goods customs data).

To provide a clearer sense of the magnitude of the trade price changes, Table 4 compares
across industries that faced above or below median depreciations, as in the equation (2)
specification of the previous section. Export prices did rise, but by a highly similar 10 percent
or so in both the above and below median export depreciation industries, with there being no
systematic difference between the two. But, changes in intermediate import prices did differ
systematically across above and below median intermediate import weighted depreciation.
Intermediate import prices rose by 8.4 percent among industries with above median
depreciation compared to 5.4 percent for below median industries. This gives a D-i-D estimate
of a 3 percent higher intermediate import price passthrough across the two sets of industries.
Pre-Trends

The estimates reported so far rely on there being no pre-referendum trend differences in
the outcome of interest. To examine this is more detail, Figure 4 shows event study estimates

of equation (2) for intermediate import prices where separate year specific estimates of S, and
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B are shown (with associated confidence intervals) for the three post-referendum periods
(2016/17,2017/18 and 2018H2) and two pre-referendum years (2014/15 and 2015/16).'°

The event study chart on the left of Figure 4 very clearly shows the strong price
passthrough that occurred as there is significantly higher price growth in each of the three post-
referendum periods. Looking at the pre-periods shows similar trends in intermediate import
prices for the above and below median industries over the first two years, but also some
divergence in the year just before the referendum.!! In the 2015/16 year, there is some indication
of a pre-referendum increase in intermediate prices in the above median depreciation group of
industries relative to the below median group. The announcement that the referendum would
take place was made on 22 February 2016. Splitting the 2015/16 year into two six month periods
reveals more as is shown in the right hand event study, as all the differential price growth before
the referendum is in the 2016H1 time periods.

We therefore also re-estimated the Table 3 specifications, allowing for possible
anticipation of the referendum after it had been announced. This is done by shifting back the
Post- date by two quarters as 2016Q1 and Q2 are included in the post period and the
specifications are re-estimated. In practical terms, it does not make much difference, and if
anything, the passthrough rises a little to 0.515 (from 0.478) for the intermediate imports
elasticity. It makes very little difference to the export prices, which show a slight pickup after
the announcement from the exports weighted depreciation. Thus, the overall effects are robust

to pre-trend and to possible announcement effects being at play.

19 Note ‘years’ here refers to year time periods from July to June, thus covering the two last quarters of the calendar
year and the two first from the next one. This, of course, is because of the dating of the referendum in June 2016.
Also, in these trade price specifications the final estimate, for 2018H2, covers only the last two quarters of 2018.
The trade price series were collected differently from 2019Q1 onwards, forcing us to stop the analysis then.

! For completeness, the equivalent event study charts are shown for export prices and the above/below median
export weighted depreciation in Figure A3 of Appendix C. They show no evidence of a differential pre-trend.
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Cross Effects

Can the presence of a cost shock via more expensive intermediate imports in higher
depreciation industries and no revenue shock from exports varying with depreciation be
reconciled with one another? Previous work finds the lack of an export effect because exporting
industries also increasingly rely on imported inputs (Amiti et al. 2014; de Soyres et al. 2021).
Table 5 looks at cross effects by including both export and import weighted depreciation
variables in the continuous depreciation D-i-D models. There is significant evidence, in column
(1) that, export prices do indeed rise with the intermediate imports weighted depreciation for
the industry. The passthrough is estimated at 0.278, much larger in magnitude than the
passthrough of the exports weighted depreciation.

Thus, the sizable depreciation of sterling following the EU referendum vote made
intermediate imports more expensive for UK producers. Input prices for imports rose more in
industries that suffered a larger cost shock due to their pre-referendum import structure and the
differential depreciation of sterling against various source currencies. Export prices showed
little systematic variation with respect to the revenue shocks from the destination-weighted
depreciation, but they rose on account of the reliance of exporting industries on intermediates

from foreign sources.

4. Worker Outcomes and the Brexit Exchange Rate Depreciation

This section studies an array of labour market outcomes - changes in wages, hours,
employment inflows and outflows before and after the referendum. Individual level data on
private sector workers from the Quarterly Labour Force Survey (QLFS) of the UK are
considered from 2012Q3 through 2019Q2 (sixteen quarters pre-referendum and twelve quarter

post). The four following composition-adjusted outcomes are studied, where the composition
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adjustment standardises for age, gender and education using QLFS microdata on individuals
throughout the analysis:

i) Real wages, Wj,q: — full-time weekly wages (deflated by the consumer price index CPIH)
for worker j employed in output industry o during quarter-year qt.

ii) Hours, Hj,q4¢ - hours worked in a week by worker j.

iii) Inflows of workers into the industry I4;.

iv) Outflows of workers from the industry O, are also shown to examine employment shifts.

More detail on data construction, specific definitions and sources is given in Data
Appendix B.

Descriptive Analysis

Figures 5a and 5b plot pre-post referendum (composition-adjusted) changes in wages,
hours worked, inflows and outflows against the depreciation measures for all industries. Figure
S5a shows the labour market outcomes against the exports weighted depreciation for each
industry and Figure 5b against the intermediate imports weighted depreciations.

For all outcomes considered, the pattern in Figure 5a is stark, as the slope of the line
fitted through the scatter plot for each labour market outcome is almost flat in each case. In line
with the previous section’s finding of no revenue channel at work, there is no descriptive
evidence of adjustment of labour market outcomes to the export weighted depreciation. Much
the same is true for the intermediate imports weighted depreciation scatters in Figure Sb, with
one striking exception. Whilst the fitted line for hours and for the two employment flows are
flat, the line on the real wage chart — in the north west quadrant of the Figure — slopes strongly
down. It appears that real wages declined in relative terms in industries facing a larger cost
shock. The descriptive findings suggest that the cost channel reduced wages. But with no job
loss, which is consistent with the low aggregate rate of unemployment during the period after

the referendum (Dhingra and Sampson 2022).
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Regression Estimates

The descriptive analysis is confirmed by regression estimates of equation (1) for wages,
hours, inflows and outflows shown in Table 6. The Table shows six specifications for each, in
columns (1) to (3) for the pre-post referendum comparison and in columns (4) to (6) for the pre-
post announcement comparison (where Post-T in the Table refers to T = Referendum in (1) to
(3) and T = Announcement in (4) to (6)). In (1), (2), (4) and (5) the depreciations are entered
singly and in (3) and (6) simultaneously.

Panel A of the Table makes it clear that real wage growth was systematically lower in
industries with a larger intermediate imports weighted depreciation. This is not the case on the
exports side, where the coefficient on exports weighted depreciation is small and statistically
insignificant (-0.024 with an associated standard error of 0.071). There is a sizable wage-
reducing effect of the intermediate imports weighted depreciation, with an estimated elasticity
of-0.442.

Panels B through D show that hours and employment flow responses are however small
and mostly statistically insignificant. Hours worked respond to some degree to the intermediate
imports weighted depreciation but the magnitude is very small, so that any earnings reduction
is primarily from reduced wage growth. Inflows and outflows show very little response to any
measure of depreciation in the industry and are statistically indistinguishable from zero.

The main finding therefore is of a strongly negative wage response to the intermediate
import weighted depreciation. To focus more on magnitudes, Table 7 shows the discrete
specification of equation (2). Real wages in industries with above median intermediate imports
weighted depreciation grew only by 1.4 percent over the three years after the referendum. In
the below-median industries, real wages grew by 4.8 percent, which results in a DiD coefficient

between the above/below median industries of -3.4 percent.
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Panel C explores the distributional divergence further by splitting industries into the top
four, middle 75 and bottom four of intermediate imports weighted depreciations. The top four
industries experienced real wage stagnation, growing by just 0.7 percent over the three years
after the referendum. In contrast, the bottom four industries grew by 5.6 percent, resulting in a
DiD coefficient of -4.9 percent between the top and bottom four industries. The middle 75 had
more muted wage growth, in between the top and bottom four industries, of 3.1 percent over
the post-referendum period.

These results are confirmed further in column (2) of Table 5 where hourly wages of all
workers - now including part-timers - are examined. The wage elasticities are slightly smaller
in magnitude when all workers are considered but remain highly similar to the previous ones
for fulltime workers.!?

To sum up, the main labour market adjustment from the Brexit depreciation took place
through lower real wage growth in industries suffering larger cost shocks. In the next
subsection, we therefore focus on pre-trends in wages to ensure that the intermediate imports
weighted depreciations are driving this slowdown.

Pre-Trends

Figures 6a and 6b plot event study coefficients showing real wage growth for workers
in the above/below median intermediate imports weighted depreciation industries. There is no
suggestion of any pre-trends in real wage growth as the pre-referendum estimates are highly
similar. Post-referendum the two lines diverge significantly, with real wage growth being
significantly lower for workers employed in the above median depreciation industries. Much

of the relative wage decline occurs in the two years following the referendum (2016/17 and

12 Results are highly similar when observations of the QLFS for individuals who were interviewed within a four
week window of the referendum date are excluded from the analysis.
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2017/18). In the third year, real wage growth differences are less stark across the two sets of
industries and show slight signs of recovery in the above median industries.
Real Wage Stagnation

The descriptive and statistical analysis shows that real wage growth was similar across
above/below median industries before the referendum. Then real wage growth slowed
significantly in the industries with above median depreciation and completely stagnated in the
top four industries. Thus some workers suffered real wage declines in relative terms due to the
Brexit depreciation. The gap was driven purely by a slowdown in nominal wage growth in the
above median industries because the price deflator is the same across workers.

But what about overall in the aggegate? It is possible to compare against a counterfactual
of what would have happened to real wage growth in the absence of the vote to leave the EU.
One such exercise is considered in Figure 7. The black solid line is real wage growth over the
full sample period 2012Q2 to 2019Q2. Looking at the pre-referendum changes, it is clear that
following a period at the start when real wages were actually falling in the UK after the financial
crisis, the ten quarters before the referendum had shown a pick up in real wages which were
starting to grow again at a modest, but relatively constant, rate of around 1.7 percent per year.
As shown in Figure 7, projecting this forward beyond the referendum produces a counterfactual
prediction — shown on the dashed black line - that average real wages would have grown by 5.1
percent cumulatively in the three years after the referendum had wage growth stayed on trend.
In actual fact, they rose by quite a lot less, going up 2.3 percent. Aggregate real wage growth
was therefore 2.8 percent lower than the pre-referendum projection cumulatively over the three
years after the referendum.

When considering the depreciation, the real wage fall relative to the projected trend
growth is bigger for workers in high depreciation industries (by a cumulative 4 percent). By

contrast, there is only a modest fall in real wage growth of 1.4 percent for workers in the low

23



depreciation industries. These falls come about as a result of both lower than projected nominal
wage growth and higher consumer price inflation in the post-referendum period (see also
Breinlich et al. 2022 and Dhingra and Sampson 2022 for discussion).

For aggregate wages, the bottom line is a permanent real wage drop as the aggregate
labour market never got back on the higher projected track that it was on before the Leave vote.
Figure 8 shows this to be the case over a longer time period than our study period with the
Office for National Statistics’ aggregate average weekly earnings series (AWE) for all months
from January 2000 up to June 2022. The AWE monthly headline figures are for wages paid by
employers (from the Monthly Wages and Salaries Survey).

The Figure is useful first to show the longer run evolution of UK real wages before and
after our sample period. The real wage path in black denotes the period covered by our sample,
while the gray path shows the periods before and after that. The Figure makes it clear that real
wage growth was returning to the UK labour market from the start of 2014 (two and half years
before the referendum) after a torrid period of real wage falls from austerity in the early 2010s.
Had aggregate wages continued to grow on this 2014 onwards trend, they would have followed
the dashed black line which is above the actual real wage path in the post-referendum period.
However, and confirming our sample period QLFS analysis, aggregate wage growth stagnated
in the 6 to 8 quarters after the referendum, then picked up on a similar trend growth (abstracting
from the Covid-19 drop in 2020), but has since never recovered to the projection from its pre-
referendum trend, even after factoring in the bounce back from the pandemic. Calibrating the
permanent drop down in average wages from the QLFS Figure 7 using a discount factor of 0.96
as in Dhingra et al. (2017), the present discounted value of the average real wage fall is 2.6
percent per year relative to the counterfactual pre-referendum prediction, or just over £800 of a

full-timers’ wage per year in 2016 prices.
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5. Discussion and Interpretation

The main finding of section 4 is real wage reductions for workers employed in industries
that experienced a larger cost shock from the Brexit exchange rate depreciation. In this section,
we discuss extensions and refinements in the context of the quite wide-ranging literatures that
the analysis undertaken so far can speak to. These include: the relation to previous work on
trade and trade policy; deglobalisation and Brexit/Trump; the causal impact of trade on the
labour market and; services trade.
Trade and Trade Policy

There are several refinements and extensions that the trade and trade policy literature
suggest pursuing. We study their implications for the main finding of the paper by assessing
how they affect the wage-intermediate import depreciation elasticity of -0.442, and also present
and discuss the full results in additional Tables presented in Appendix C. Table 9 summarises
results from these specification adaptations to show the baseline estimate changes for five sets
of trade and trade policy related extensions:
1) Import competition channel: UK producers may have also experienced an indirect revenue
shock from easing of foreign competition due to competing imports becoming more expensive
from the sterling depreciation. An imports weighted depreciation can be defined as AE)" =
Yc ScoAE. where S, is the share of source country ¢ in imports of goods and services that
belong to output industry o and that are imported as final consumption or as intermediates by
industries other than o.!* Inclusion of this third depreciation measure, along with the exports
and intermediate imports weighted depreciations considered earlier, makes little difference as

is shown in Panel A of Table 9. Table A2 in Appendix C shows the full model including all

13 1t is worth noting that the import competition channel may still be partly capturing intermediate consumption
from businesses reselling the imported goods and services to other sectors. For this import competition based
depreciation measure, the currency structure and scatterplots against the import price and labour market outcomes
are shown in Appendix C Figures A4a andA4b.
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three measures, with a negligible wage impact of -0.001 with respect to the imports weighted
depreciation.'*

2) Initial trade structure: Panel B of Table 9 shows the estimated elasticity when initial trade
shares, measured in several ways and interacted with the post-referendum dummy, are
additionally included. For six initial trade measures, the estimates of the main elasticity are
strongly clustered near the core finding of -0.442. The trade share interactions with the post
indicator are small and statistically insignificant on their own, which corroborates the earlier
discussion that the shift-share instrument is driven by variation in the shifts from the currency
depreciation rather than the trade shares themselves (see again Figure A2 of Appendix C).

3). Trade policy: Because of the exchange rate movements resulting from the news of the
unravelling of the UK’s membership in the world’s deepest trade agreement, the findings relate
to de-globalisation. We examine the role of expected changes in trade barriers after Brexit by
including interactions of the post period indicator with tariffs and services trade restrictiveness
indices that would apply under hard and soft Brexit scenarios. To capture the trade policy
uncertainty arising from the lack of political commitment on the form of Brexit, the difference
between hard 