
 

 

 

 

 

 

 

 

 

 

 

Abstract 

Using the distance to the Irish border of UK firms that have not changed their location 

since the 2016 Referendum to isolate the effects of Brexit at the firm level, we find that 

Brexit implementation in 2020 caused exposed firms to cut their workforce by up to 

15.7% on average relative to non-exposed firms. These exposed firms are also more 

likely to have lower growth expectations and more likely to increase their research and 

development (R&D) expenditure. In addition, having ex-ante trade exposure, either with 

or outside the EU, can help alleviate such negative effects of Brexit. Such results 

highlight the role of trade exposure and the expectation channel, and support the 

hypothesis that firms prioritize innovations in response to Brexit. 
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Abstract

Using the distance to the Irish border of UK firms that have not changed their location

since the 2016 Referendum to isolate the effects of Brexit at the firm level, we find that Brexit

implementation in 2020 caused exposed firms to cut their workforce by up to 15.7% on average

relative to non-exposed firms. These exposed firms are also more likely to have lower growth

expectations and more likely to increase their research and development (R&D) expenditure. In

addition, having ex-ante trade exposure, either with or outside the EU, can help alleviate such

negative effects of Brexit. Such results highlight the role of trade exposure and the expectation

channel, and support the hypothesis that firms prioritize innovations in response to Brexit.
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1 Introduction

After a much-debated referendum, the United Kingdom voted in favor of leaving the European Union

in June 2016, with the actual implementation of such a separation set to take effect in 2020. For the

first time in its history, the European Union (EU) has witnessed a sovereign nation abandoning its

common economic zone and, with that, many of the economic incentives associated with being in the

union.

While the impetus behind such a substantial policy change is built upon, among others, the

promise of an improved job market for domestic workers (Becker et al., 2017), the extent to which

the actual implementation of the policy in 2020 impacts the labor market is unclear, with the related

literature mainly focusing on the economic effects of the referendum (Sampson, 2017; Faccini and

Palombo, 2021). Understandably, one key challenge associated with examining the impact of Brexit

implementation lies in its well-anticipated timing: the policy change announced in 2016 was ubiq-

uitously expected to be fully implemented in 2020, potentially confounding the effects of the actual

policy due to its anticipation.

Our paper contributes to the literature by examining the effects of Brexit implementation on

labor demand. The key source of novelty for our paper is the consideration of a plausibly exoge-

nous proxy for the exposure to Brexit at the firm level to isolate the implementation’s effects from

confounding effects arising from the policy’s anticipation. More importantly, we also provide several

potential mechanisms to explain these effects. To the best of our knowledge, our paper is the first to

address these issues simultaneously.

Our focus on understanding labor demand is partly motivated by the recent growing interest

from the UK’s policymakers vis-à-vis improving the prospect of the labor market post-Brexit.1 Intu-

itively, firms may reduce their labor demand when they observe an adverse change in the market and

anticipate the need to substitute away from a labor-intensive production process. Understanding the

presence of a shift in labor demand and, perhaps more importantly, whether firms substitute away

from labor is crucial in understanding the effects of Brexit. Specifically, doing so allows us to answer

1See, for example, https://publications.parliament.uk/pa/ld201719/ldselect/ldeconaf/11/1106.htm.

Last Accessed: November 25, 2024.
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whether the policy change has directly induced businesses to scale down or improve productivity

(i.e., via Research & Development (R&D)). While the former shows the adverse effect of Brexit, the

latter shows its potential innovation-inducing effect, both of which are important for evaluating the

effects of the policy.

We design our empirical analysis around a unique feature of the complex legislation arising from

the policy change. Despite the expectations leading to Brexit’s eventual implementation in January

2020, not all regions in the United Kingdom have been set to be subjected to the same economic

burden arising from Brexit.2 In particular, due to the provisions following the Northern Ireland

Protocol, the United Kingdom does not maintain a hard border until 2021, effectively allowing free

travel and, more importantly, free movements of goods across the Irish border into the European

Union for firms located in Northern Ireland. These provisions do not apply to firms located in Great

Britain as they are separated from Northern Ireland via the Irish Sea. In other words, these firms

are more likely to bear additional burdens doing business than firms located in Northern Ireland as

Brexit goes into effect.

Our identification strategy hinges on using the variation in Brexit exposure based on the de facto

separation in EU market access across Great Britain and Northern Ireland firms. Using a large-scale

longitudinal survey of UK small and medium-sized enterprises (SMEs), we first compute the firms’

shortest distance to the port of Newry - strategically located near the Republic of Ireland border

with Northern Ireland on the main Belfast-Dublin route. We then use this distance as a plausibly

exogenous proxy for Brexit exposure among firms that have not changed location since the Brexit

referendum in 2016.

Intuitively, while firms are generally aware of the implementation schedule for Brexit, they may

not fully be aware of the intensity of the extent to which leaving the EU may impact their business

operations. As a result, by focusing on firms that remain in the same locations throughout the sample

period (2015-2022), we exclude the endogeneity arising from firms fully anticipating and, therefore,

changing their locations in response to Brexit. Using the distance to the border for this subset of

2Source: https://commonslibrary.parliament.uk/brexit/uk-eu-relationship-%20after-brexit/. Last accessed: Dec.
16, 2024.
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firms allows us to identify the causal effects of Brexit. Specifically, by leveraging the distance to the

port of Newry to proxy for Brexit exposure, our empirical strategy revolves around a difference-in-

difference approach that examines what would happen to ex-ante otherwise similar firms if they were

exposed to Brexit. To help visualize our identification strategy, Figure 1 illustrates a tale of two

distinct regions: Great Britain and Northern Ireland. Newry, a border city located near the Republic

of Ireland along the Belfast–Dublin corridor, provided firms with easier access to the EU post-Brexit

under the Northern Ireland Protocol. Additionally, an alternative route through Derry also connects

to the Republic of Ireland. Our analyses yield consistent results for both Newry and Derry.

To isolate the effects of Brexit on labor demand, we control the supply-side effects on labor

by accounting for whether firms report having difficulties hiring skilled and unskilled labor on the

market. Doing so allows us to capture the impact of Brexit on labor demand without the confounding

feedback from the supply-side effects of Brexit. In addition, the focus on SMEs allows us to avoid

the feedback arising from the firms potentially impacting the supply side. Intuitively, due to their

relative size, these firms are unlikely to be able to affect labor supply via policy lobbying due to

significant barriers associated with the process (Kerr et al., 2014) and relatively low gains (Harstad

and Svenson, 2011).

As a preamble to our empirical analysis, we find that before the implementation of Brexit in

2020, firms with low exposure to Brexit were statistically similar to firms with high exposure to

Brexit. Upon confirming this parallel trend assumption, we document three main results.

First, the 2020 Brexit implementation has led exposed companies to cut their workforce by up

to 15.7% compared to firms located near the Irish border. In addition, we find that the overall effects

of Brexit are significant and positive, indicating that the net overall impact of Brexit on labor across

all firms, whether exposed or not, is positive. This finding aligns with the recent observation of the

overall trajectory of employment of SMEs in the aggregate data.

Second, these exposed firms are also more likely to have lower growth expectations and more

likely to increase their research and development (R&D) expenditure in response. On the one hand,

these results highlight the expectation channel’s role in reducing labor demand following negative

3



Figure 1: Map of the United Kingdom

Notes: The ports of Newry and Derry are in red while the rest of the United Kingdom is in
light blue. Republic of Ireland is in light red.

changes in their expectation of growth prospects. On the other hand, these results support the

hypothesis that firms prioritize innovations and R&D in response to Brexit.

Third, having trade exposure ex-ante, either with or outside the EU, can help alleviate the

negative effects of Brexit. Specifically, even though exposed firms generally cut their labor demand,

exposed firms that traded ex-ante cut their labor demand less than firms that did not. While the

total effects (i.e., direct and indirect) of Brexit on exposed firms are negative, the direct effects are

positive, and the indirect effects are strongly negative. This contrasting pattern shows that firms

without trade exposure bear the largest costs (as evidenced by the statistically and economically

significant decrease in their number of employees).

Given that our identification strategy builds around the group of firms that did not change their

location after the 2016 Referendum, one potential issue arises in how these firms may inherently

self-select into such a group (i.e., selection issue). Our results are consistent regardless of whether a

full sample (i.e., including firms that changed and did not change location after 2016) is used or if
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we restrict the sample to include only firms that did not switch locations. Such consistency between

the two sample groups indicates that the selection issue does not systematically bias our results.

Our results are also consistent across a battery of robustness checks. First, we use a dummy

variable to determine whether a firm is located in Northern Ireland or Great Britain instead of the

distance to the Irish border as a proxy for Brexit exposure. Second, we use the port of Derry - another

major transportation hub near the Irish border for products entering the Republic of Ireland - instead

of the port of Newry to compute the distance to the Irish border. Third, we conduct a placebo test,

randomly assigning firms to different locations and randomizing the timing of Brexit implementation.

Fourth, we exclude the period before the 2016 Brexit referendum to check if expectations built up

after the referendum may have led to biases in our results. Fifth, we account for the anticipation

effects leading to Brexit implementation by interacting our benchmark proxy for Brexit exposure

(i.e., distance to the border) with each year dummy. Last but not least, our results are also robust

to including a measure of COVID-19 exposure.

One key challenge in studying Brexit’s effects is identifying a causal relationship between the

event and its economic implications. One source of novelty for this paper is the consideration of a

plausibly exogenous proxy for the effects of Brexit at the firm level. Another related contribution is

to examine the effects of Brexit implementation on labor demand and to provide several potential

mechanisms to explain these effects. After all, the promise of an improved labor market prompted

many British to vote to leave the EU (Becker et al., 2017; Fetzer, 2019).

More generally, our paper complements three strands of the literature. First, it extends research

on Brexit and firm responses by examining the impacts of its implementation in 2020. While existing

papers predominantly study the effects of the 2016 Brexit referendum (Born et al., 2019; Breinlich

et al., 2020; Fernandes and Winters, 2021; Bloom et al., 2019), our analysis focuses on the initial

year when Brexit’s effects became tangible (i.e., January 2020), contributing to the emerging debate

on the actual impacts of the policy (Kren and Lawless, 2024).

Second, while the current literature primarily focuses on listed UK firms (Hill et al., 2019;

Davies and Studnicka, 2018), our study examines the representative dataset of the UK SME popula-
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tion. Previous research indicates that SMEs, particularly those with significant levels of irreversible

investment, are disproportionately affected by uncertainty due to their limited resources and reduced

capacity to withstand sudden shocks (Brown et al., 2019; Chung, 2017). Our study offers empirical

evidence on how firms navigate the trade-offs between labor-intensive and technology-intensive busi-

ness models in response to the Brexit shocks that have taken effect. Our novelty is using distance to

the Irish border to proxy for Brexit exposure. Although Zhao and Jones-Evans (2017) use the first-

level classification of territorial units for statistics (NUTS) regions to define the geographical location

of a business, our study identifies the location of SMEs using Local Enterprise Partnerships (LEPs)

based on the Department for Business, Energy and Industrial Strategy (BEIS) survey. Subsequently,

we match the firms’ locations to their respective Local Authority Districts (LADs).

Our result on the increase in R&D expenditure following Brexit is consistent with the growing

literature that seeks to explain structural changes in the labor market. In particular, the switch to

R&D-intensive activities as labor demand declines can be theoretically attributed to overall techno-

logical changes (Acemoglu and Restrepo, 2022), the switch to capital-intensive activities (Acemoglu

and Restrepo, 2019), or the complementarity between workers in low-skilled and high-skilled occupa-

tions (Aghion et al., 2019). Turning to more details, Acemoglu and Restrepo (2022) link technological

changes to the displacement of certain worker groups from jobs for which they have a comparative

advantage. Acemoglu and Restrepo (2019) attribute changes in US employment over recent decades

to the substitution between capital and labor. Specifically, the switch from capital to labor can

reduce the labor share in value-added as it raises productivity. In a related contribution, Aghion

et al. (2019) study a model where the degree of complementarity between workers in low-skilled

and high-skilled occupations reflects how innovative a firm is. As technology advances, demand for

high-skilled workers increases, accelerating the switch away from low-skilled activities.

Third, our paper also contributes to the large literature on the role of international trade as a

risk-sharing mechanism in response to various unexpected shocks (Cole and Obstfeld, 1991; Devereux

and Smith, 1994; Crucini, 1999; Berka et al., 2012; Duong et al., 2024). In particular, we document

that having trade exposure ex-ante can help significantly alleviate the negative effects of Brexit.
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This paper is structured as follows. Section 2 provides an overview of the Brexit literature,

highlighting how our study contributes to the existing body of work. Section 3 outlines our research

methodology. Section 4 presents the data used in our analysis. Section 5 is dedicated to the main

findings and their robustness. Section 6 explores potential mechanisms and additional results. We

conclude in Section 7.

2 The United Kingdom, Brexit and Related Literature

2.1 The United Kingdom, LEPs, and Newry

The United Kingdom comprises four constituent countries: England, Scotland, Wales, and North-

ern Ireland. These countries are located on the British Isles, including the island of Great Britain

(comprising England, Scotland, and Wales) and the northeastern part of Ireland (Northern Ireland).

Following centuries of British involvement in Ireland, the Government of Ireland Act 1920, a piv-

otal piece of legislation, partitioned the island into two separate entities: Northern Ireland, which

remained part of the United Kingdom, and Southern Ireland, which eventually became the Republic

of Ireland (Welsh, 2003). This act was significant as it marked a major shift in the political and

territorial dynamics of the region. While the nations within the United Kingdom share common

institutions such as the monarchy and parliament, they also retain varying degrees of autonomy

through devolved governments in Scotland, Wales, and Northern Ireland.

In June 2010, the United Kingdom Budget announced the dissolution of regional development

agencies and the establishment of Local Enterprise Partnerships (LEPs) (HM Treasury, 2010). This

initiative enables the examination of regional economic growth and the interrelationships among busi-

ness agents within the same areas. The network comprises 38 LEPs across regions originating from

agreements and collaborations between public and private sector partners, enabling coordination of

strategies, resources, and knowledge sharing, as well as leveraging funding to support local businesses,

attract investment, and address economic challenges.3 While local economic partnerships originated

in England, similar models exist in other parts of the United Kingdom, such as Regional Economic

3See the regional map of LEPS at https://www.instituteforgovernment.org.uk. Last accessed: May 2024.
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Partnerships in Scotland and Enterprise Zones in Wales. However, terminology and structures may

vary to reflect the specific governance arrangements and priorities of each devolved nation.4

The role of Newry in Brexit holds significance in trade between the UK and the EU due to its

geographical location as a border city between Northern Ireland (part of the UK) and the Republic of

Ireland (an EU member state). This border, known as the Irish border, became a focal point during

Brexit negotiations.5 With the UK’s withdrawal from the EU, the issue of the Irish border became

central to Brexit negotiations. The desire to avoid a hard border between Northern Ireland and

the Republic of Ireland led to the creation of the Northern Ireland Protocol and Windsor Protocol,

which effectively kept Northern Ireland within the EU’s single market for goods and services (House of

Commons Library, 2024).

Amid ongoing debates about the hard border and trade activities, SMEs, which account for 99%

of businesses in the UK and contribute to half of the private sector’s output, hold the potential and

responsibility to significantly enhance the nation’s growth rate by prioritizing exports (Dhingra and

Sampson, 2022). In particular, the British Chambers of Commerce report that SME exporters have

been disproportionately affected by COVID-19 lockdowns and the introduction of new trade barriers

with the EU (Chambers of Commerce, 2024).

2.2 Brexit and the Related Literature

Brexit refers to the United Kingdom’s (UK) departure from the European Union (EU), representing

a process rather than a singular event. Numerous studies have explored the impacts of Brexit on

macroeconomic outcomes, including the economic cost of nationalism related to the referendum

(Born et al., 2019), heterogeneous firm beliefs and expectations regarding Brexit outcomes (Faccini

and Palombo, 2021; Hassan et al., 2024; Davies and Studnicka, 2018), a decline in productivity growth

within the tradable sector (Broadbent et al., 2024), and an increase in CPI (Consumer Price Index)

inflation (Geiger and Güntner, 2024).

4See Department for Business and Trade (2023) and Welsh Government (2024) for more details.
5“Christmas cross-border trade stays healthy in Newry” – Available at https://www.bbc.co.uk/news/

uk-northern-ireland-59727211
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Our paper closely aligns with an emerging branch of literature that examines the regional eco-

nomic consequences following trade policy shocks, specifically those associated with Brexit. First,

Bell (2017) discusses how Great Britain experienced regional disparities, focusing on public expen-

diture per capita on economic development and economic affairs in Scotland and Northern Ireland

from 2014 to 2015. The impacts of Brexit vary significantly across sectors and regions. Utilizing de-

tailed interregional trade data for goods and services within the EU, Thissen et al. (2020) argue that

Brexit’s effects on regional production costs and the competitive position of firms are considerably

more significant for sectors and regions within the UK than for the EU. The disproportionate effects

are more pronounced in European countries that are geographically peripheral and economically

weaker. These regions have experienced minimal economic exposure to Brexit (Chen et al., 2018).

These studies also found that certain UK regions, such as Cheshire, Greater Manchester, and West

Yorkshire, have experienced significant improvements in their competitive positions. However, these

gains lead to a deterioration in the competitive standings of other nearby regions (Thissen et al.,

2020).

In addition to regional analysis, one crucial question is how UK and international firms have

responded to Brexit shocks. Breinlich et al. (2020) recently documented an increase in UK outward

investment transactions in the remaining European countries following the 2016 Brexit referendum.

Similarly, private equity buyout targets are more likely to increase their export value and intensity

than non-private equity-backed peers (Lavery et al., 2024). Not only have UK firms been affected,

but US firms exposed to Brexit, using identified through market and textual-search-based measures,

are also more likely to reduce jobs and investment (Campello et al., 2022). In another perspective,

Fernandes and Winters (2021) employ the 2016 Brexit referendum as a quasi-natural experiment

to evaluate the impact of exchange rate and uncertainty shocks on Portuguese exporters, using

transaction-level data to examine changes in different aspects. This study reveals that exporters

respond to the shock by reducing export volumes and prices in the UK market, with variations in

response based on firm productivity, import intensity, financial constraints, and significant differences

observed among goods types and export market entries.

Complementing these empirical findings, McGrattan and Waddle (2020) use structural estima-
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tion to explain the optimal policy choices between EU countries and the UK. Accordingly, if UK

and EU firms are subject to identical stricter regulations, UK firms, due to their relatively smaller

size, are expected to cut back on R&D and other intangible investments and pull back from their

EU subsidiaries. Additionally, by analyzing firms listed on the London Stock Exchange, Hill et al.

(2019) find that Brexit disproportionately impacts high-growth firms, with the financial sector and

consumer goods/services industries experiencing the highest exposure to Brexit-related uncertainty.

The existing literature focuses on several pivotal insights. First, Brexit has caused heterogeneous

impacts across various regions and economic sectors within the UK and internationally. Second, most

of these studies focus predominantly on the 2016 Brexit referendum, rather than on when Brexit

officially took effect in January 2020. Our paper seeks to assess the impacts of Brexit in its effective

year (2020), using proximity to Newry, a city bordering Ireland, as a proxy for exposure.

It is important to note that a hard border is avoided on the island of Ireland due to its sensitive

nature.6 Despite considerable efforts, a regulatory border has been implemented in the Irish Sea

areas to conduct custom checks on specific products transported from Great Britain to Northern

Ireland, especially those intended for the EU single market. This measure stems from the fact that

while Northern Ireland is part of the UK customs territory, it must adhere to EU customs and

single market regulations to enable the free movement of goods to the Republic of Ireland—and

thereby into the EU (Murphy, 2022). However, this proposal has not been implemented due to

concerns that it could hinder economic growth in Northern Ireland. Additionally, the idea has faced

considerable controversy and debate regarding diplomatic and economic integration between the

Republic of Ireland and Northern Ireland.

3 Empirical Strategy

3.1 Identification

Since Northern Ireland does not maintain a hard border with the Republic of Ireland due to the

Northern Ireland Protocol, firms located in Northern Ireland can transport products into the EU via

6As stated by the European Commission, “a hard border on the island of Ireland is avoided” (EU Council, 2024).
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Figure 2: The Anatomy of Brexit Timing: Northern Ireland vs. Great Britain

Referendum
2016

Implementation
2020

Northern Ireland
Protocol Withdrawn

2021

Brexit expected Brexit in effect for Great Britain

Brexit not in effect
for Northern Ireland

the Republic of Ireland without having to go through any checkpoints. Indeed, until its withdrawal

in January of 2021, the Northern Ireland Protocol has protected free travel and, more importantly,

free trade of goods across the border between Northern Ireland and the Republic of Ireland (i.e.,

“the border”). This stipulation puts Northern Ireland’s firms in a unique position during the first

year that Brexit takes effect (i.e., 31 January 2020) to be involved in both the European and the UK

markets (Figure 2). In stark contrast, firms located in Great Britain must pass through the Irish

Sea, which is the de facto border between Great Britain and Northern Ireland.

This dichotomy in the EU access between firms in Northern Ireland and Great Britain means

that the latter fully bear the brunt of the economic burden arising from Brexit while the former do

not. In other words, firms closer to the border (e.g., the firms located in Northern Ireland) are less

exposed to the effects of Brexit than firms further away from the border (e.g., the firms located in

Great Britain).

Conditional on firms knowing that Brexit is coming but not able to change locations or not

fully aware of how significant its effects are going to be, such a schism between the two groups of

firms allows us to use the distance to the border as a plausibly exogenous proxy for the extent to

which firms are exposed to the Brexit effects. In our practical application, to identify the groups of

firms not fully aware of the veracity of the impact of Brexit, we focus on the groups that kept their

locations the same before and after the Brexit announcement. Using the distance to the border for

this subset of firms allows us to identify the causal effects of Brexit on small businesses.7

Turning to more details, we rely on the shortest distance from the firm’s location to Northern

7Our choice of using distance to capture the effects of Brexit, or trade policy in general, is motivated by the extensive
literature highlighting the role of distance in trade (Rose, 2004; Brei and von Peter, 2018).
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Ireland’s official border with the Republic of Ireland. Specifically, we use the firms’ locations in our

survey data, as identified by their LEPs and their LADs, to compute their shortest distance to the

port of Newry. We then take the natural log of such a distance and use it as a proxy for firms’

exposure to Brexit.8 It is also helpful to note that since SMEs typically operate regionally, using

their reported locations as defined by LEPs in the survey allows us to avoid dealing with firms that

might straddle multiple LEPs.

One key challenge in studying the effects of Brexit on labor demand is the need to isolate the

impact of demand and supply. To that end, we control for the supply-side effects on labor of Brexit

by accounting for whether firms have reported having difficulties hiring skilled and unskilled labor

on the market. Doing so allows us to capture the impact of Brexit on labor demand without the

confounding feedback from the supply-side effects of Brexit. In addition, our focus on SMEs allows

us to avoid input from the firm that could impact the supply side. Intuitively, due to their relative

size, these firms are unlikely to be able to affect labor supply via policy lobbying at the local level

due to significant barriers associated with the process (Kerr et al., 2014) and relatively low gains

(Harstad and Svenson, 2011).

3.2 Regression Specification

Our empirical strategy revolves around a difference-in-difference approach that examines what would

happen to ex-ante otherwise similar firms if they were exposed to Brexit. We leverage the variation

in terms of whether a firm is subject to additional economic barriers due to Brexit taking effect in

January 2020 by relying on their distance to Northern Ireland’s border with the Republic of Ireland.

In particular, we focus on the real effects of Brexit and ask whether Brexit can cause firms to reduce

their labor force. Our baseline model writes

Employees (Log)i,t = α+ β(Brexitt ×Distancei) + γDistancei + δBrexitt + ζXi,t + λk +φt + εi,t, (1)

8To exclude the possibility that firms may preemptively relocate to avoid the adverse effects of Brexit, we exclude
the firms that change addresses during our sample period and find our results consistent across all specifications.
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where Employees (Log)i,t denotes the natural logarithm of one plus the number of employees at firm

i in year t.9 α is the constant term, and εi,t is a mean-zero disturbance term. β is the key coefficient,

capturing the differential impact of Brexit on employment within UK firms, which is measured using

the proximity to Newry — a city situated on the Clanrye River in counties Down and Armagh,

Northern Ireland. Newry is also strategically located near the Republic of Ireland border, on the

main Belfast-Dublin route. ζ is a vector that contains the coefficients for the set of control variables

Xi,t, which includes the firm’s age (Firm Age), whether the firm has the same residence and office

premises (Residential Office), whether its owner is female (Female Owned), whether a firm reported

having difficulties hiring skilled and unskilled labor (Labor Supply), and its legal status (Legal Status).

We also explain our motivation for selecting these control variables in Section 4.2. λk and φt are

the industry and year fixed-effects, respectively. In specification (1), we do not control for firm

fixed-effects since the combination of industry fixed effects and location (i.e., distance to the port

of Newry) identifies firms that do not switch locations throughout the sample. This approach is

consistent with the gravity-trade literature that studies, among others, the role of distance in trade

(Rose, 2004, 2005; Subramanian and Wei, 2007). Standard errors are clustered by the firm to manage

the correlation of observations within a firm where Brexit exposure is measured.

As a preamble to our analysis, we investigate whether the firms with low exposure (i.e., close to

the border) to Brexit are, on average, ex-ante similar to the firms with high exposure (i.e., far from

the border). To that end, Figure 3 plots the average number of employees (in log) of firms with low

exposure and high exposure to Brexit. Here, we define low-exposure firms as firms with a distance

to Northern Ireland’s border that is smaller than or equal to the median distance to such a border.

The remaining firms are considered high-exposure. In Figure 3, we include the confidence band (at

the 95% level) for each year in the sample, along with the timing of three key events: the Brexit

referendum in 2016, when Brexit took effect (January 2020), and the withdrawal of the Northern

9The survey consists of self-employed business owners, which results in respondents reporting zero employee. Since
businesses are asked to report the current number of employees on their payroll in the UK, the survey would not capture
owners or self-employed individuals as employees. Therefore, even government reports mention businesses with no
employees (See more at https://assets.publishing.service.gov.uk/media/64e631c0db1c07000d22b34f/LSBS_

2022_non_employers.pdf, accessed on October 21st, 2024). We compute the number of employees by taking the log
of one plus the number of employees to account for the fact that self-employed respondents are not included in this
count.

13
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Ireland Protocol (January 2021).

[Figure 3 Here]

One key insight from Figure 3 is that before Brexit took effect (on January 2020), low-exposure

firms (blue line) and high-exposure firms (red line) largely had statistically similar numbers of employ-

ees, as evidenced by their overlapping confidence intervals, with the only exception being 2016 when

the Brexit referendum results were announced.10 In other words, before the treatment (i.e., the Brexit

implementation in 2020), low-exposure firms are statistically indistinguishable from high-exposure

firms. As soon as Brexit took effect in January 2020, the number of employees in low-exposure firms

became statistically different (at the 95% level) from those in high-exposure firms.

While weighting, clustering, and stratification within the survey design help obtain more precise

standard errors, our dataset comprises 342,320 observations, with 83,870 responses (approximately

24.5%) for our primary variable of interest, Employees (Log). Hastie et al. (2009) note that various

means of subsetting the data, such as selecting respondents for specific purposes, may cause the

original weights to not accurately reflect the representation of this subgroup relative to the overall

population. Their concerns are shared by many in the related literature (Winship and Radbill, 1994;

Hastie et al., 2009; Solon et al., 2015; Bollen et al., 2016). Consequently, we opt not to use a survey-

weighted approach for our main analyses. However, to check the robustness of our findings, we also

consider survey-weighted estimations, which are detailed in the accompanying Appendix. Despite

the potential drawbacks of using survey weights for subsamples, as noted in the literature, our results

are robust to survey-weighing.

4 Data

4.1 Longitudinal Small Business Survey

Our paper leverages a large-scale longitudinal small business survey (LSBS) of UK small business

owners and managers between 2015-2022. This survey is one of the most extensive longitudinal data

10We find that our results are robust to excluding the pre-2016 sample.
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for UK SMEs, comprising eight waves. The impetus of the survey is to investigate the economic

condition of the SMEs, the perception of the barriers and enablers of the SMEs’ growth, and their

behaviors and planning across numerous economic activities, considering their heterogeneity char-

acteristics. Initiated by BEIS, the survey was first conducted by BMG Research Limited Company

in 2003 and then continued annually with a similar research design targeting UK SMEs (UK Gov-

ernment BEIS, 2023). LSBS past surveys have been widely used in the literature to explore UK

SMEs’ economic and innovation behavior and the business barriers they face (Brown et al., 2022,

2019; Harris and Moffat, 2022). For brevity, we leave a more detailed description of the data, the

related questionnaires, and the corresponding descriptive statistics in Appendix A.

4.2 Firm-level Variables

Our primary dependent variable of interest is the natural logarithm of one plus the number of em-

ployees Employees (Log), which is from the following question “Approximately how many employees

are currently on your payroll in the UK, excluding owners and partners, across all sites?”(UK Gov-

ernment BEIS, 2023). This question aims to capture the official number of employees working at the

business sites. Surveying firms about their number of employees is a common approach in existing

literature (Altig et al., 2022). This variable reflects the operational efficiency of business activities.

In addition, the data provided categorizes the number of employees into eight groups, offering an

alternative measure to validate the robustness of our previous model specification. It is worth men-

tioning that Boeri et al. (2020) differentiate between self-employed businesses (with no employees)

and SMEs with employees. Our survey data includes both groups.

Turning to our independent variables, Brexit is a dummy variable where surveyed SMEs from

2020, when Brexit was officially implemented, are coded as one, and those surveyed before 2020 are

coded as “zero.” This variable captures the period of the Brexit implementation in 2020, while the

existing literature primarily focuses on the 2016 Brexit referendum (Bloom et al., 2019; Fernandes and

Winters, 2021; Corsetti et al., 2022; Campello et al., 2022). One of our key variables is the distance to

the Irish border, a plausibly exogenous proxy to capture Brexit exposure. To compute this distance,

we calculate the geographical (straight) distance between the locations where the surveyed SMEs are
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based and Newry, a city bordering Ireland, excluding those SMEs who have changed or moved their

locations during 2015-2022. The distance between two places (x1, y1) and (x2, y2) is calculated using

the following formula (Weber and Péclat, 2017):

Distance =
√

(x2 − x1)2 + (y2 − y1)2, (2)

where Distance is measured in planar units. Throughout the paper, we take the nature logarithm of

Distance. Since Distance can be sensitive to other locations along the border between the Republic

of Ireland and Great Britain, we select the city of Derry as the alternative point on the Irish border

from which Distance is computed. Since the survey only identifies firm locations within LEPs, we

correlate these with the LADs to ensure no variation within firms across years, providing that the

firms do not change their locations.

We focus on three mechanism variables: Firm R&D, Expected Growth, and Trade Exposure.

First, Firm R&D is based on the survey question “Amount invested in R&D in the last 12 months?”

This variable is categorical and captures the intensity of R&D activities.11 As the nature of this

survey question is based on firms’ R&D expenditures in the last 12 months, we compute our Firm

R&D for firm i in year t by taking one lead (i.e., one period ahead) of this variable. Although several

databases record firm activities related to innovation, such as the UK Community Innovation Survey

(Audretsch and Belitski, 2020; Frenz and Ietto-Gillies, 2009) or bespoke surveys like Bloom et al.

(2019), our study utilizes the questions available in UK Government BEIS (2023). This approach

allows us to effectively match the data with firms’ characteristics and locations to estimate our

specification models.

Second, Expected Growth is derived from the responses to the survey question “Summary of

expected growth in the next year.” Based on this question, we construct a binary variable to capture

the firm expectation with respect to growth. This variable is coded as one if firms anticipate moving

from a lower to a higher growth category, reflecting a more optimistic view of their future growth.

Conversely, a value of “zero” indicates that firms have lowered their growth expectations, signifying

11The R&D categories include (1) less than £5,000, (2) £5,000 to £24,999, (3) £25,000 to £99,999, (4) £100,000 to
£499,999, (5) £500,000 to £999,999, (6) £1 million to £9,999,999, (7) £10 million or more.
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a more pessimistic outlook. We exclude responses from the tenth category where firms indicate

uncertainty or refusal to answer. Thus, our expected growth binary variable takes a value of “one”

for positive future growth expectations and “zero” otherwise.

Third, Trade Exposure is a binary variable that indicates whether the surveyed firm traded (ex-

port or import) before Brexit implementation in 2020. We consider two measures of trade exposure:

within the EU and with all countries, including the EU. For brevity, we leave the details of the

surveyed questions used to construct this variable in the Appendix.

Our control variables include Firm Age, Residential Office, Female Owned, Legal Status, and

Labor Supply. Firm Age categorizes firms into age groups from youngest to oldest: (1) 0-5 years, (2)

6-10 years, (3) 11-20 years, and (4) over 20 years, based on the survey question, “In what year did

the firm start the business?”. Previous research supports the influence of firm age on employment.

For example, Brown and Medoff (2003) suggest that newly established firms may not initially set

up pension or health insurance schemes, potentially making it challenging to recruit employees.

Aubert et al. (2006) argue that adopting new technologies may hinder recruiting new employees;

thus, including firm age as a control variable captures these dynamics.

Residential Office, on the other hand, is a dummy variable that takes a value of “one” if the

firm has a separate business premise from home. Female Owned is a dummy variable that dictates

whether the firm has a female owner. Legal Status is a categorical variable indicating the firm’s legal

status.12 Labor Supply is a dummy variable that takes a value of “one” if the firm reports having

experienced difficulty recruiting skilled and unskilled labor and “zero” otherwise.

We leverage the existing literature to select control variables (such as Firm Age, Residential

Office, Female Owned, Labor Supply, and Legal Status). Using the number of employees as the de-

pendent variable, Angelini and Generale (2008) accounted for firm-level heterogeneity. The rationale

for including Residential Office (whether the SME operates as a separate business) follows Kim and

Parker (2021) who document that entrepreneurs who work from home without a separate business

12These legal statuses include: Sole proprietorship/trader, Private limited company, limited by shares (LTD), Public
Ltd. Company (PLC), Partnership, Limited liability partnership, Private company limited by guarantee, Community
Interest Company, Friendly Society, Co-operative, Industrial & Provident Society, Private Unlimited Company, Foreign
Company, a Trust, an Unincorporated Association, and others.
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premise are less likely to hire or recruit employees. Machokoto and Nyantakyi (2023) show that firms

with female ownership may benefit from better employee welfare. Similarly, female-owned businesses

are associated with better performance, higher sales, and more customers (Pueyo et al., 2020).

Turning to controlling for the supply side of labor, we find the number of employees in a certain

period is likely influenced by constraints arising from the labor supply (Blundell et al., 1987). Due to

their relative size, these firms are unlikely to be able to affect labor supply through policy lobbying

at the local level, as significant barriers are associated with the process (Kerr et al., 2014), and the

potential gains are relatively low (Harstad and Svenson, 2011). Therefore, by controlling for labor

supply, we account for the extent to which firms could not recruit their employees due to supply-side

factors. Finally, changes in legal status could impact the number of employees and post-entry firm

growth (Koch et al., 2013), which motivates our choice of controlling for the firms’ legal status.

4.3 Identifying Firm Locations

When conducting the survey, postcodes were used as a sorting criterion to avoid duplication, and

businesses were grouped by LEPs. LEPs are not-for-profit organizations formed by BEIS that aim

to bring together various stakeholders such as businesses, educators, and local government offices. In

our data, 38 LEPs cover the entirety of England. The geographical locations of the UK SMEs are

measured by matching the postcode from the UK LADS map (UK Data Government, 2023) and the

LEPS’ postcodes from the data.

Given the availability of the LEP data from the 2023 survey by the BEIS, we load geographic

data from the boundaries of LADS as of December 2023 and merge it with the LEP data. This merger

facilitates analyses at a different administrative level. We also refine string data for more transparent

labeling and calculate distances from specific locations to each district. We apply a natural logarithm

transformation to these distances to prepare them for statistical analysis. We address mismatches

between LEPs and LADs by managing cases where multiple districts fall within a single partnership.

This meticulous preparation is crucial for enabling comprehensive spatial and statistical analyses.

Our first step is identifying key areas in the survey questions to provide detailed information
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for creating the location sample. With that in mind, we focus on four nations: England, Wales,

Scotland, and Northern Ireland. Specifically, firms in England are associated with their respective

LEPs. We then manually match the LEP information with LADs to determine the firms’ locations

precisely. The detailed list of our matching list can be found in the Appendix.

It is worth noting that LEP data only assists in identifying firms located in England. To

circumvent this problem, we obtain information about rural and urban areas in Northern Ireland.

Specifically, we target the exact locations of firms in Belfast City and Derry City to precisely match

their locations in Northern Ireland. Turning to the rest of the UK, the survey does not provide

information that matches the locations of firms in Scotland and Wales. We conduct exercises to

address this issue, excluding firms from both Scotland and Wales (discussed in the Appendix) and

assigning all Scottish firms to Edinburgh and Welsh firms to Cardiff (detailed in the Appendix). Our

main results remain robust throughout all these exercises.

5 Results

5.1 Baseline Results

We begin by exploring the question: How does Brexit implementation affect the labor choices of

SMEs in the United Kingdom? To that end, we estimate Equation (1) using data described in

Table 1. The dependent variable in our analysis is Employees (Log).13 As outlined previously, our

identification strategy explores the variation in firm distance to the Irish border among firms that

have kept the same location before and after the referendum in 2016. In particular, using the distance

to the border serves as a plausibly exogenous proxy for Brexit exposure, enabling us to examine the

causal effects of Brexit implementation on firm labor demand.

13In the accompanying Appendix, we use the category of number of employees and the raw data of number of
employees as the dependent variable as alternative measures of employment. In particular, we conduct an analysis
using a new dependent variable, categorized into eight distinct groups based on the number of employees. The categories
include (1) Zero unregistered, (2) Zero registered, (3) Micro 1 - 4, (4) Micro 5 - 9, (5) Small 10 - 19, (6) Small 20 - 49,
(7) Medium 50 - 99, (8) Medium 100 - 249. We present our findings in the Appendix with two subsections including
(i) the raw number of employees and (ii) the number of employees in categories. It is reassuring that our results align
with the core findings, using a logarithm of the number of employees plus one as the dependent variable did not drive
our results.
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[Table 1 Here]

Table 1 presents the estimates from Equation (1), in which we consider the full sample (specifications

1-3), and a subsample in which we consider firms that do not switch locations throughout the sample

(specifications 4-6). All specifications incorporate fixed effects for industry and year to account for

the underlying differences across sectors and over time.

The results in Table 1 reveal a negative and statistically significant coefficient for the interaction

term Brexitt × Distancei across all regressions. Our baseline estimates indicate that the implemen-

tation of Brexit in 2020 has caused exposed firms to decrease their workforce on average by between

11.30% and 15.70% if they move their business from the current location to the border relative to

non-exposed firms. In other words, Brexit has caused exposed firms to reduce their labor demand

by up to 15.7% relative to non-exposed firms. Even though the total effects of the policy on all

firms are positive (i.e., the sum of the coefficients on Brexitt and Brexitt × Distancei, we note that

among exposed firms, the effects of Brexit (i.e., the coefficient on Brexitt × Distancei) are consis-

tently negative.14 While not denying the importance of interpreting the overall effects of Brexit on

labor demand, we shall focus on the Brexit effects among exposed firms relative to their non-exposed

counterparts going forward.

To provide an alternative approach to assess the magnitude of our effects, we use the actual

number of employees–specifically, the raw count of employees on SMEs’ payrolls – as the dependent

variable.15 The findings remain consistent with our benchmark results reported in Table 1. On

average, following the implementation of Brexit, firms with higher exposure reduced their workforce

by approximately two employees for every one percent increase in their distance from the Irish border,

relative to less-exposed firms.

We also find it reassuring that in our benchmark results in Table 1, the coefficients for Distance

(to Newry)i are not statistically different from zero when no controls are included (Specifications 1,

14Our result that the aggregate effects of the timing of Brexit on firm-level employment are positive is consistent
with the aggregate evidence. Indeed, as noted in the Appendix, UK SMEs were substantially involved in international
trade between 2015 and 2021. In addition, employment remained relatively stable and even increased slightly around
the Brexit implementation period.

15For brevity, these results are presented in Section G.1 of the Appendix.

20



2, 4, and 5).16 The lack of significance in these estimates is not surprising, given the observation in

Figure 3 that firms further away from the Irish border are ex-ante not significantly different from firms

closer to the Irish border in terms of the number of employees. In addition, the aggregated coefficient

effects of Brexit are significant and positive, indicating that the net overall impact of Brexit on labor

across all firms, whether exposed or not, is positive. This finding aligns with the overall recent

trajectory of employment of SMEs.17 In aggregate, total employment post-2020 remains relatively

stable overall and even increase, in spite of the timing of Brexit and COVID-19.18

To the extent that our identification strategy builds around firms that did not change their

location after the Referendum in 2016, one potential issue arises in how these firms may self-select

into keeping their locations (i.e., selection issue). Throughout the paper, we present the regression

results for samples that include only non-switching and ones that include both switching and non-

switching firms (i.e., full sample). Our results are consistent across all samples: firms exposed to

Brexit reduced their labor demand more than firms with low exposure. More importantly, such

consistency between the two sample groups indicates that the selection issue does not systematically

bias our results. In addition, it is possible for firms that keep locations the same to operate in a

way that makes it challenging for them to relocate. Such a possibility motivates us to control for

industry fixed effects as these industry-specific effects might drive the extent to which firms relocate

and, subsequently, their labor demand in response to Brexit. Indeed, the continued significance

across specifications with industry fixed effects suggests that industry-specific technology does not

undermine our main result on the adverse reaction of labor demand among firms exposed to Brexit

relative to those who are not.

Our result complements the large and growing literature on Brexit. For example, Bloom et al.

(2019) demonstrate that approximately 10% of respondents from a sample of 42,000 active UK

businesses with more than ten employees identified labor availability as the largest source of Brexit-

related uncertainty, highlighting the significant impact of Brexit on workforce dynamics. Our findings

16This coefficient is statistically different from zero only when controls are included, which is expected since some
controls are correlated with the distance measure (Table A.4).

17Our qualitative illustrations of the number of people employed by SMEs in the UK (2012-2024) for SMEs can be
found in the Appendix.

18See, for example, Figure A.3 in the Appendix.
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also align with the existing literature on labor reduction post-Brexit (Fuller, 2021; Sampson, 2017),

which suggests that the British labor market may become less accessible to foreign workers (Born

et al., 2019).

5.2 Robustness

This section presents a series of exercises to test the robustness of the main results of our paper. First,

we use a dummy variable to determine whether a firm is located in Northern Ireland or Great Britain

instead of the distance to the Irish border as a proxy for Brexit exposure. Second, we use the port

of Derry another major transportation hub near the Irish border for products entering the Republic

of Ireland - instead of the port of Newry to compute the distance to the Irish border. Third, we

conduct a placebo test, randomly assigning firms to different locations and randomizing the timing

of Brexit implementation. Fourth, our analysis excludes the period before the Brexit referendum in

2016. Fifth, we account for the expectation effects leading to Brexit implementation by interacting

our benchmark proxy for Brexit exposure (i.e., distance to the border) with individual year dummies.

Sixth, we consider whether the timing of COVID-19 may impact our results. Finally, we also include

regressions with additional control and subsample analysis. Overall, these robust analyses support

the central hypothesis that firms located further from the Irish border experienced more significant

impacts due to the implementation of Brexit in 2020.

5.2.1 Alternative Measure for Brexit Exposure

In the baseline specification in Equation (1), we use the firms’ distance to the port of Newry as

a proxy for Brexit exposure. One potential criticism arising from such a distance stems from its

continuous nature: the error terms generated from estimating Equation (1) may correlate with the

independent variables. To check whether this is the case, we use a dummy variable that indicates

whether a firm is located in Northern Ireland or Great Britain in place of the distance to the Irish
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border to capture such exposure. Specifically, we consider the following regression specification:

Employees (Log)i,t = α+β(Brexitt×Great Britaini)+γGreat Britaini+δBrexitt+ζXi,t+λk+φt+εi,t,

(3)

where Great Britaini is a binary variable that indicates whether the firm is located in Great Britain

and the remaining notations follow from Equation (1). The estimates for Equation (3) are presented

in Table 2, in which the first three columns use the full sample of all firms. The last three columns

only use firms that do not switch locations throughout the sample period (2015-2022).

[Table 2 Here]

One critical insight from Table 2 is that firms located in Great Britain are more likely to be im-

pacted by Brexit in effect relative to firms located in Northern Ireland. Specifically, on average, firms

located in Great Britain reduced their number of employees by 16.8% following the implementation

of Brexit, relative to firms in Northern Ireland. The continued significance of these results across all

specifications is consistent with our benchmark result that firms located near the Irish border (and

therefore are less exposed to Brexit in effect) are less inclined to reduce their labor demand than

firms located in Great Britain. More importantly, the results presented in Table 2 suggest that using

continuous distance to capture Brexit exposure does not bias the estimated effects.19

5.2.2 Alternative Location for Border Crossing

Our previous analysis has primarily utilized the spatial variation from the proximity to the border

between Northern Ireland and the Republic of Ireland, commonly called the Irish or British–Irish

border. Established in 1923 to facilitate the free movement of people (and in 1993 for goods),

the precise timing of this border’s creation should not raise concerns regarding its influence on

identifying UK firms’ responses. We now evaluate the robustness of our results by considering a

different border crossing along the border between the United Kingdom and the Republic of Ireland,

using the geographical area of “Derry City and Strabane,” an alternative to the port of Newry.

19The benchmark exposure measure (i.e., distance) captures both the extensive (i.e., being “treated” by Brexit) and
intensive (i.e., “how exposed”) margin of Brexit. In contrast, the binary variable Great Britaini used in Table 2 only
captures the former.
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[Table 3 Here]

Our results for an alternative measurement using the border point of Derry are presented in

Table 3. The estimated coefficients for the interaction term (i.e., Brexitt × Distance (to Derry)i)

across six specifications in Table 3 are negative and significant, with the point estimates ranging

between -0.079 and -0.157. These results suggest that the baseline estimates’ signs and statistical

significance remain robust despite these variations.

5.2.3 Placebo Tests: Randomizing Firm Location and Brexit Timing

We examine whether our main results are driven by a particular draw of distance or the timing

of Brexit. First, we randomly assign firms to various locations across the UK instead of using the

actual distance from these surveyed firms to the border. Turning to the specifics, we draw the firms’

distance from a normal distribution with the same mean and standard deviation as our original

variable Distancei. We estimate Equation 1 using the placebo distance and repeat this exercise

2,000 times. Second, we randomly assign the year that Brexit is in effect to firms. We then estimate

Equation 1 using the placebo timing and repeat this exercise 2,000 times.

[Figure 4 Here]

Figure 4 presents the distribution of the estimates for the interaction term between Brexit and

distance over the 2,000 replications using placebo distance (Panel A) and placebo timing (Panel

B). In each panel, we also overlay the estimate using the actual set of distance and timing using

a vertical line. In no instance in Figure 4 is Brexit × Distance (placebo) precisely estimated using

either placebo distance or timing. Indeed, our estimate using actual data is well below the 1% values

for both distributions of placebo estimates. This result indicates that our main results are unlikely

to be driven by a random draw of either distance or Brexit timing.20

20Our results also hold when we draw the firms’ distance from a normal distribution with the same mean and
standard deviation as our original variable Distancei for firms located only in Great Britain.
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5.2.4 Accounting for Brexit Referendum Expectation

Building on the observation from Figure 3 that the 2016 Brexit referendum might have influenced

the results, we exclude the pre-2016 sample to check on the robustness of our results. Our findings

are reported in Table 4. Overall, after excluding data from the 2016 Brexit referendum, we find the

negative impacts of Brexit implementation on labor demand for exposed firms to range from 9.5%

to 16.3% on average relative to non-exposed firms if these firms are relocated to the border entirely.

These estimates are statistically similar to the baseline results presented in Table 1. The consistency

across Tables 1 and 4 suggests that our main findings are robust and unaffected by including the

2016 Brexit referendum data.

[Table 4 Here]

5.2.5 Accounting for the Expectation of Brexit Implementation

To understand how firms’ expectations leading to Brexit implementation may impact our results,

we consider a variation of the benchmark regression model in Equation (1) in which we interact the

year dummy with the firm exposure to Brexit. The regression model, specified with robust standard

errors, is

Employees (Log)i,t = α + β(Yeart ×Distancei) + γDistancei + δYeart + ζXi,t + λk + φt + εi,t, (4)

where Yeart is contains a set of year dummies, and the remaining notations follow from Equation

(1). Other denotations are similar to our baseline in Equation (1). Figure 5 presents the point

estimate of β for each year, along with the corresponding 90% (bold-shaded) and 95% (light-shaded)

confidence bands. The figure also marks the timing of three key events: the Brexit referendum in

2016, the official implementation of Brexit in January 2020, and the withdrawal of the Northern

Ireland Protocol in January 2021.

[Figure 5 Here]

Figure 5 shows that the effects of Brexit, as measured by the point estimates of β over time,
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are mainly insignificant (except for 2017) before the Brexit implementation in 2020. Once Brexit is

implemented, we document this policy change’s negative and statistically significant effects: firms

with higher exposure to Brexit are more likely to cut their labor demand in response to the Brexit

effect than non-exposed firms.

5.2.6 Accounting for COVID-19 Effects

The timing of Brexit implementation coincides with the onset of the COVID-19 pandemic. To check

on the possibility that COVID-19 exposure might have exacerbated the extent to which labor demand

responds to Brexit implementation, we estimate our baseline results with the existence of COVID-19.

Our results are robust to the inclusion of a measure of firm-level exposure to COVID-19. We leave

additional details in the Appendix for brevity.

5.2.7 Additional Sensitivity Analyses

This section briefly explains how our results remain robust after including additional control variables.

Specifically, we account for the nature of trade in our baseline model, and the results continue to

yield precisely estimated coefficients, as detailed in the Appendix. Furthermore, we take a closer

look at firms engaged in trading activities. While the estimated coefficients slightly decrease, they

remain significant, with detailed regressions provided in the Appendix. One potential concern is that

our baseline results might not be robust if firms relocate. To address this, we identify firms with

location changes across the full sample and control for this factor, confirming that our results remain

unchanged, as shown in the Appendix.

6 Mechanism

This section considers potential channels that explain Brexit’s negative impact on labor demand, as

documented in the previous section. In particular, we find that firms exposed to Brexit are more

likely to have lower growth expectations and to increase their R&D expenditure than non-exposed

firms. We also find that having ex-ante trade exposure can help alleviate the negative effects on

labor demand.
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6.1 Main Channels

6.1.1 Technological Substitution

The extant literature explains the channel for employment to technological substitution under wage

shocks (Aaronson and Phelan, 2019; Van Reenen, 1997). The history of technology is not only

about automation displacing human labor, but also includes the development of new technologies

that respond to potential shocks. Therefore, Acemoglu and Restrepo (2019) argue that this effect

could be called “reinstatement effect,” which might counter the job reduction from technological

development by expanding the roles and increasing the demand for human labor, thereby boosting

productivity. Given the findings of well-established studies on such substitution (Aaronson and

Phelan, 2022, 2019; Acemoglu and Restrepo, 2019), we hypothesize that UK firms that reduce their

number of employees, a process known as labor reduction, are more likely to increase their research

and development (R&D) activities to acquire frontier technology. The following specification is used

for our estimation:

Firm R&Di,t = α + β(Brexitt ×Distancei) + γDistancei (5)

+ δBrexitt + ζXi,t + λk + φt + εi,t,

where Firm R&Di,t denotes the categories of the amount of money spent for R&D activities at firm

i in year t. α is the constant term, and εi,t is a mean-zero disturbance term. β is the key coefficient,

capturing the differential impact of Brexit shocks on Firm R&D within UK firms. Table 5 presents

the results of a study examining the impact of Brexit on firms’ R&D activities, based on their varying

levels of exposure to Brexit from Equation (5). Such exposure is measured by the firms’ proximity

to the Irish or British-Irish border.

[Table 5 Here]

The coefficients for the interaction term Brexitt ×Distancei in Table 5 are significantly positive

across our four specifications. Specifically, a one-percent increase in the distance to Newry induces an

increase (i.e., on average, roughly one category) in R&D expenditures for business activities among
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exposed firms relative to non-exposed firms. Taking into account all estimated coefficients, we note

that while the aggregate effects of Brexit’s timing on R&D are negative, firms with higher exposure

to Brexit are more likely to increase their R&D spending.21 This finding suggests a substitution

effect between employment reduction and technological development in UK SMEs, indicating that

exposed firms may compensate for reduced employment with increased investment in technology

(Autor et al., 2015) more relative to non-exposed firms. While Bloom et al. (2019) find that Brexit

has reduced spending on intangibles such as R&D in their surveyed firms, the effects might differ

in SMEs. These smaller firms may reduce the number of employees to increase their research and

development activities.

One potential explanation for the reduction in labor demand following Brexit is the financial

constraints arising from such a policy change. We consider this channel in the Appendix and find no

evidence of financial constraints impacting firm labor demand among the SMEs surveyed, which is a

significant finding.22 For brevity, we discuss these results in the Appendix.

Given our result that Brexit exposure prompts firms to increase their R&D activity, we next

ask whether firms’ R&D choice might have affected how firms adjusted their labor demand following

Brexit. Indeed, as the sample used in the analysis includes both R&D and non-R&D firms, we

reconsider our baseline regression described in Equation (1) where the set of control Xi,t now consists

of a dummy variable that indicates whether the firm engages in R&D. It is reassuring, as Table 6

shows, that our main result on the effects of Brexit on labor demand remains robust. This result

suggests that R&D status does not impact the extent to which firms exposed to Brexit cut their

labor force in the face of such a policy change.

[Table 6 Here]

We also use an alternative measure of R&D, which captures the R&D investment amount in

absolute values (from the UK Data Archive Data Dictionary, the data code item for R&D investment

21Our results on the negative effects on aggregate R&D spending align with a recent report on the overall trend of
R&D expenditure post-Brexit. Indeed, such declines are particularly pronounced among SMEs (Michael and Ospina,
2024).

22In addition, we find it reassuring that our results remain robust even after controlling for the number of employees
and trade exposure.
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amounts is J5A: “How much have you invested in R&D in the last three years?”). We estimate the

following regression specification

R&D (Log)it = α + β1(Brexitt ×Distancei × Employees (Log)i,t)

+ β2(Distancei × Brexitt) + β3(Distancei × Employees (Log)i,t)

+ β4(Brexitt × Employees (Log)i,t) + γDistancei + δBrexitt

+ θEmployees (Log)i,t + ζXi,t + λk + φt + εi,t, (6)

where we interact the log of the number of employees plus one Employees (Log)i,t with the Brexit

exposure measure (Distancei) and Brexit dummy. Our coefficient of interest is β1, which captures

the elasticity of substitution between labor demand and R&D for firms exposed to Brexit relative to

firms not exposed to Brexit after Brexit implementation in 2020.

We present the results for Equation (6) in Table 7, where the dependent variable is the R&D

investment amount in logarithm R&D (Log). Table 7 shows that our results are robust even if we

use these alternative measures of R&D (i.e., R&D (Log)). We replicate our baseline regressions in

Columns (2) and (4) in Table 7 with this R&D (Log) dependent variable and find the results in

Columns (2) and (4) to be consistent with the benchmark R&D results in Equation (5). Our main

coefficient of interest (i.e., β1) captures the elasticity of substitution between labor demand and R&D

for firms exposed to Brexit relative to firms not exposed to Brexit after Brexit implementation in

2020. The negative and significant estimate of Employees (Log) × Brexit × Distance reported in

Columns (1) and (3) in Table 7 directly shows that firms exposed to Brexit did indeed substitute

away from labor into additional R&D.

[Table 7 Here]

6.1.2 Expectation

The current literature explores the relationship between labor reduction and technological develop-

ment and how UK firms have formed their expectations regarding Brexit events. Born et al. (2019)

document a downward adjustment in growth expectations following the Brexit referendum in 2016.
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Similarly, Bloom et al. (2019) report that firms anticipated reducing their investments, with pes-

simistic expectations observed among international firms (Hassan et al., 2024). In this study, we

extend the existing literature by explaining why the UK firms choose to reduce their number of

employees based on expectations.

Using the survey question “Summary of expected growth in next year” from UK Government

BEIS (2023), we create a dummy variable to determine whether firms expect to achieve economic

growth in the coming year. We consider the regression specification in Equation (7) for this mecha-

nism as follows:

Expected Growthi,t = α +β(Brexitt ×Distancei)

+ γDistancei + δBrexitt + ζXi,t + λk + φt + εi,t, (7)

in which, Expected Growthi,t represents a binary variable that takes a value of “one” if firm i in period

t anticipates growth in the upcoming year and “zero” otherwise. The coefficient β is crucial, as it

measures the differential impact of Brexit shocks on UK firm expectations.

[Table 8 Here]

As shown in all columns of Table 8, the average marginal effect of the sample at the median

indicates that a 100% increase in the distance to the border (i.e., moving to the Irish border) is

estimated to reduce the probability that exposed firms maintain their optimistic outlook on future

growth by up to 3.8% relative to nonexposed firms in response to Brexit. We build upon and add

to the existing literature by reflecting on this generally negative outlook and the economic benefits

promised by the Vote Leave campaign (Hassan et al., 2024). Our findings demonstrate the tangible

impacts, showing that UK firms will likely become more pessimistic about growth when Brexit takes

effect. Our study also extends Bloom et al. (2019) by suggesting that firms that perceive Brexit

as a source of uncertainty in 2016 would lower their expectations after activating the referendum.

Turning to the non-interaction term on the effects of Brexitt on Expected Growthi,t, we find that

despite statistical distinction between exposed and non-exposed firms (i.e., the interaction terms in

Table 8), the effects of Brexit on expectation on aggregate are mixed, as evidenced by the mixed
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statistical significance of the coefficients on Brexitt across columns (1)-(4) of Table 8. This result

aligns with recent evidence in the literature that documents mixed effects of Brexit on aggregate

expectation (Dhingra and Sampson, 2022).23

[Table 9 Here]

Given the results in Table 8 that firms exposed to Brexit have a more pessimistic view of the

future, one natural question arises as to whether the impact of Brexit will persist even after controlling

for the firms’ future expectations. To answer this question, we reconsider our baseline regression

described in Equation (1) where the set of control Xi,t now includes the firm’s growth expectation

as a control. We present the results in Table 9. While not denying the importance of future growth

expectations, we find that having exposure to Brexit causes firms to reduce their labor demand in a

way that is beyond how they typically react following having formed a pessimistic expectation. More

importantly, the continued significance of the interaction term in Table 9 underscores the robustness of

our result. While expectation on average does not meaningfully alter the magnitude or significance in

the benchmark regression, this channel is vital in their differentiated effects on exposed firms relative

to non-exposed firms. Indeed, these complementary effects not only align with the importance

of the expectation channel that the literature (Bloom et al., 2019) has carefully documented but

also expand on how such a channel is important. Specifically, our results in Table 9 show that

the expectation channel does not necessarily manifest via the aggregate effects as documented by

Dhingra and Sampson (2022), but rather via the heterogeneity in Brexit exposure that we have

reported throughout the paper.

6.1.3 Trade Exposure

Firms with different trade exposures may respond differently to Brexit in terms of employment.

Indeed, SMEs significantly engage in international trade in the UK.24 From 2015 to 2021, 80%

of SMEs conducted business with foreign markets, including EU member states and other global

23Specifically, Dhingra and Sampson (2022) document that many of the anticipated long-run effects of Brexit did
not materialize until 2021.

24The number of SMEs engaged in trade activities and the percentage of total firms, based on UK trade in goods
statistics by business characteristics. Source: https://www.ons.gov.uk. Last access: November 25, 2024.
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economies.

To understand the role of trade in the context of Brexit, we define Trade Exposurei a dummy

variable that indicates whether the firm trades (export or import) ex-ante.25 In particular, we

estimate the following specification:

Employees (Log)i,t = α + β1(Brexitt ×Distancei × Trade Exposurei)

+ β2(Distancei × Brexitt) + β3(Distancei × Trade Exposurei)

+ β4(Brexitt × Trade Exposurei) + γDistancei + δBrexitt

+ θTrade Exposurei + ζXi,t + λk + φt + εi,t, (8)

where we interact Trade Exposurei with the distance measure used to proxy for Brexit exposure and

the Brexit dummy (i.e., triple-difference-in-differences) to disentangle the direct and indirect effects

of Brexit via the trade exposure channel. We consider two measures of Trade Exposurei: whether

the firm trades with the world (including the EU) and trades exclusively with the EU. The results

are reported in Table 10, in which columns (1) and (2) use the former trade exposure measure and

columns (3) and (4) use the latter measure.

[Table 10 Here]

Our results in Table 10 are consistent with our main results in the paper that firms with

high exposure to Brexit significantly reduce their labor force relative to firms with low exposure

to Brexit after Brexit is in effect. This result is evidenced by the significant and negative coefficient

on Distancei × Brexitt. It is also reassuring that such a result is consistent across the two trade

exposure measures and with all controls present.

More importantly, having trade exposure prior to the implementation of Brexit alleviated the

negative effects of Brexit. In particular, the triple-difference-in-difference coefficient (i.e., Brexitt ×

Distancei × Trade Exposurei) is significant and positive across all specifications considered. Among

firms with high exposure to Brexit, those with ex-ante trade exposure generally increase their labor

25We also obtain estimates for our interaction term (Brexit × Distance) when controlling for exposure measures
that are qualitatively consistent with those obtained in Table 1. The details are presented in the Appendix.
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demand relative to firms without ex-ante exposure. We note that this result does not necessarily

imply that trade exposure leads to an increase in the number of employees (as evidenced by the

sum of β1 + β3 + β4 being significant and negative). In other words, even though exposed firms

generally cut their labor demand, exposed firms that traded ex-ante cut their labor demand less than

similarly exposed firms that did not. While the total effects (i.e., direct and indirect) of Brexit on

firms are negative, the direct effects are positive, and the indirect effects are strongly negative. This

contrasting pattern shows that firms without trade exposure bear the largest costs (as evidenced by

the statistically and economically significant decrease in their number of employees).

In terms of the magnitude of the triple-difference-in-difference coefficients in Table 10, we find

that having ex-ante trade exposure (with any countries) can help exposed firms increase their number

of employees by around 17.4% relative to similarly exposed firms without such ex-ante exposure. In

other words, even though being exposed to Brexit can negatively impact firms’ labor demand (i.e.,

a decrease of around 14.8% relative to non-exposed firms), having trade exposure can help alleviate

such detrimental effects by roughly 17.4%. That is to say that, to a first-order approximation, having

ex-ante trade exposure (with any countries) can significantly offset (i.e., 17.4%) the overall negative

effects of Brexit exposure (i.e., -14.8%). Turning to columns (3) and (4), we find that having ex-ante

trade exposure (with the EU) can help exposed firms increase their number of employees by around

19.5% relative to similarly exposed firms without such ex-ante exposure. This result implies that

having ex-ante trade exposure (with the EU) can also offset a significant portion of the total negative

effects of Brexit exposure (i.e., -14.9%). These results presented in Table 10 highlight the importance

of ex-ante trade exposure, particularly with the EU.

All in all, our results with trade exposure (either as a control, in the Appendix, or an interaction

term) show that firms with high exposure to Brexit significantly reduce their labor demand, and

they do so in a way that is consistent with our benchmark results in the main text. We find exposed

firms with ex-ante trade exposure to expand their labor force relative to firms without such exposure.

Consistently, we also find that firms without ex-ante trade exposure exhibit consistent results with our

baseline estimations, as shown in the Appendix. Regardless of their ex-ante trade exposure statuses,

all firms exposed to Brexit in effect significantly cut their labor force following the implementation
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of Brexit in 2020.

7 Conclusion

Drawing on the longitudinal survey of small and medium-sized businesses in the UK, our findings

show that Brexit significantly affects labor demand. Our empirical strategy leverages the distance

to the Irish border as a plausibly exogenous proxy for firms’ exposure to Brexit implementation in

2020, thereby isolating the confounding effects arising from anticipation of such a policy since the

referendum in 2016. Using the variation in firms’ exposure to Brexit, we find that Brexit in effect in

2020 causes exposed firms to cut their workforce by up to 15.7% on average relative to non-exposed

firms. In addition, exposed firms also experience the expectation of low growth and are more likely

to increase R&D spending relative to non-exposed firms in response to Brexit.

Furthermore, our findings demonstrate that ex-ante trade exposure significantly ameliorated

the negative consequences of Brexit. While exposed firms universally experienced labor demand

reductions, those with pre-existing trade relationships exhibited less pronounced job cuts than non-

exposed firms. Although the aggregate impact of Brexit on firms was negative, the direct effects

were positive, while the indirect effects were notably negative. This contrasting pattern underscores

the disproportionate burden of firms without trade exposure, as evidenced by the statistically and

economically significant decrease in their workforce size.

Our paper contributes to the literature on UK SMEs’ responses to Brexit, particularly regarding

regional economic and policy implications for immigration and innovation. We extend previous

research on SME owners’ perceptions of Brexit, market access, and R&D expenditure. Our findings

highlight the complex and regionally varied impact of Brexit, emphasizing the different channels that

can ameliorate the negative effects of such a policy implementation.
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Table 1: Baseline Results: Brexitt and Employees (Log)i,t

Dependent variable: Employees (Log)i,t

Full Sample No Switching

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

Brexitt × Distancei -0.165*** -0.136*** -0.115*** -0.157*** -0.128*** -0.113***
(0.046) (0.044) (0.038) (0.046) (0.044) (0.039)

Distancei -0.030 0.050 -0.136*** -0.028 0.050 -0.136***
(0.040) (0.038) (0.032) (0.040) (0.039) (0.032)

Brexitt 2.111*** 1.773*** 1.425*** 2.010*** 1.674*** 1.394***
(0.587) (0.561) (0.492) (0.595) (0.569) (0.498)

Constant 2.350*** 0.792 1.170*** 2.327*** 0.799 1.170***
(0.512) (0.494) (0.411) (0.519) (0.500) (0.417)

Control variables No No Yes No No Yes
Industry fixed effects No Yes Yes No Yes Yes
Year fixed effects No Yes Yes No Yes Yes
Adj R-squared 0.001 0.090 0.372 0.000 0.088 0.372
Observations 63,558 63,558 50,163 61,318 61,318 48,288

Notes: This table presents all baseline results for the effects of Brexitt on Employees (Log)i,t as outlined in the
specification model (1). Brexitt is a dummy indicator (“one” - post-2020; “zero” - otherwise), and Distancei measures
the firm’s proximity to the Irish border. Columns (1)-(3) cover the full sample, while Columns (4)-(6) only include the
non-switching firms. Standard errors are clustered at the firm level and presented in parentheses. Significance levels
are indicated by: * p < 0.10, ** p < 0.05, *** p < 0.01.
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Table 2: The impact of Brexit on Employees (Log)i,t - Robustness tests (N.I. vs. Great Britain)

Dependent variable: Employees (Log)i,t

Full Sample No Switching

(1) (2) (3) (4) (5) (6)
Brexitt × Not NI (Great Britain)i -0.135** -0.136*** -0.090** -0.168*** -0.760*** -0.200**

(0.053) (0.050) (0.045) (0.053) (0.089) (0.086)
Not NI (Great Britain)i 0.107** 0.112*** -0.105*** 0.129*** 0.044 -0.226***

(0.046) (0.043) (0.036) (0.047) (0.065) (0.057)
Brexitt 0.121** 0.156*** 0.037 0.121** 0.096 -0.042

(0.051) (0.051) (0.045) (0.051) (0.082) (0.074)
Constant 1.864*** 1.271*** -0.500*** 1.864*** 1.090*** -0.641***

(0.045) (0.058) (0.053) (0.045) (0.082) (0.081)
Control variables No No Yes No No Yes
Industry fixed effects No Yes Yes No Yes Yes
Year fixed effects No Yes Yes No Yes Yes
Adj R-squared 0.000 0.092 0.377 0.001 0.119 0.388
Observations 83,870 83,870 65,838 19,380 19,380 15,839

Notes: This table displays the baseline results for the effects of Brexitt on Employees (Log)i,t, using a conventional
difference-in-difference approach. Not NI (Great Britain)i is a dummy variable assigned a value of one if the firm is
located in Great Britain. The Brexitt variable is a dummy indicator (“one” - post-2020; “zero” - otherwise). Columns
(1)-(3) cover the full sample, while Columns (4)-(6) include non-switching firms only. Standard errors are clustered
at the firm level and presented in parentheses. Significance levels are indicated by: * p < 0.10, ** p < 0.05, *** p <
0.01.

Table 3: Robustness tests – An alternative variable Distance (to Derry)

Dependent variable: Employees (Log)i,t

Full Sample No Switching

(1) (2) (3) (4) (5) (6)
Brexitt × Distance (to Derry)i -0.163*** -0.132*** -0.091** -0.157*** -0.129*** -0.079**

(0.042) (0.041) (0.036) (0.044) (0.042) (0.037)
Distance (to Derry)i -0.011 0.056 -0.144*** -0.007 0.061 -0.155***

(0.037) (0.036) (0.031) (0.039) (0.038) (0.032)
Brexitt 2.118*** 1.748*** 1.123** 2.037*** 1.717*** 0.967**

(0.551) (0.531) (0.473) (0.572) (0.549) (0.480)
Constant 2.107*** 0.702 1.313*** 2.059*** 0.641 1.437***

(0.484) (0.474) (0.402) (0.515) (0.501) (0.418)
Control variables No No Yes No No Yes
Industry fixed effects No Yes Yes No Yes Yes
Year fixed effects No Yes Yes No Yes Yes
Adj R-squared 0.000 0.090 0.372 0.000 0.088 0.372
Observations 63,558 63,558 50,163 61,318 61,318 48,288

Notes: This table displays the robust results for Brexit in effect on firm employment, using an alternative measurement
Distance (to Derry)i instead of Distancei. Brexitt is a dummy indicator (“one” - post-2020; “zero” - otherwise).
Columns (1)-(3) cover the full sample, while Columns (4)-(6) include non-switching firms only. Standard errors are
clustered at the firm level and presented in parentheses. Significance levels are indicated by: * p < 0.10, ** p < 0.05,
*** p < 0.010.
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Table 4: Robustness check: Excluding Pre-referendum

Dependent variable: Employees (Log)i,t

Full Sample No Switching

(1) (2) (3) (4) (5) (6)
Brexitt × Distancei -0.172*** -0.142*** -0.099** -0.163*** -0.136*** -0.095**

(0.045) (0.043) (0.039) (0.046) (0.044) (0.040)
Distancei -0.023 0.063 -0.149*** -0.022 0.063 -0.151***

(0.042) (0.041) (0.035) (0.043) (0.041) (0.035)
Brexitt 2.213*** 1.970*** 1.282** 2.106*** 1.883*** 1.230**

(0.576) (0.554) (0.499) (0.585) (0.562) (0.506)
Constant 2.248*** 0.534 1.290*** 2.230*** 0.532 1.309***

(0.540) (0.519) (0.443) (0.549) (0.527) (0.451)
Control variables No No Yes No No Yes
Industry fixed effects No Yes Yes No Yes Yes
Year fixed effects No Yes Yes No Yes Yes
Adj R-squared 0.001 0.084 0.374 0.001 0.082 0.374
Observations 46,637 46,637 40,302 44,840 44,840 38,662

Notes: This table displays the robustness for Brexit in effect on firm employment, excluding the pre-referendum
(2016). It means that all regressions cover the period from 2017-2022. Brexitt is a dummy indicator (“one” - post-
2020; “zero” - otherwise) while Distancei measures the firm’s proximity to the Irish border. Columns (1)-(3) cover
the full sample, while Columns (4)-(6) include non-switching firms only. Standard errors are clustered at the firm level
and presented in parentheses. Significance levels are indicated by: * p < 0.10, ** p < 0.05, *** p < 0.01.

Table 5: Mechanism tests - Brexitt and Firm R&Di,t

Dependent variable: Firm R&Di,t

Full Sample No Switching

(1) (2) (3) (4)
OLS Ordinal Logit OLS Ordinal Logit

Brexitt × Distancei 1.015** 0.882** 1.100** 1.026***
(0.450) (0.349) (0.457) (0.356)

Distancei -0.352 -0.299 -0.388 -0.380
(0.347) (0.256) (0.353) (0.263)

Brexitt -13.620** -11.342** -14.726** -13.219***
(5.816) (4.493) (5.908) (4.570)

Control variables Yes Yes Yes Yes
Industry fixed effects Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes
Adj R-squared 0.052 0.050
Pseudo R-squared 0.053 0.055
Observations 1,168 1,168 1,084 1,084

Notes: This table presents our mechanism tests, which examine the effects of Brexit on SMEs’ R&D spending
expenses. It specifically analyzes the categories variable Firm R&Di,t, which represents the R&D expenditure from
2018 to 2022. Brexitt is a dummy indicator (“one” - post-2020; “zero” - otherwise) whileDistancei measures the firm’s
proximity to the Irish border. Columns (1)-(2) cover the full sample, while Columns (3)-(4) include non-switching
firms. Standard errors are clustered at the firm level and presented in parentheses. Significance levels are indicated
by: * p < 0.10, ** p < 0.05, *** p < 0.01.
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Table 6: Brexitt and Employees (Log)i,t – R&D Dummyi,t (An additional control variable)

Dependent variable: Employees (Log)i,t

Full Sample No Switching

(1) (2) (3) (4) (5) (6)
Brexiti × Distancet -0.160*** -0.136*** -0.114*** -0.151*** -0.128*** -0.112***

(0.046) (0.044) (0.038) (0.046) (0.044) (0.039)
Distancet -0.037 0.049 -0.136*** -0.036 0.049 -0.137***

(0.040) (0.038) (0.032) (0.040) (0.039) (0.032)
Brexiti 2.041*** 1.810*** 1.429*** 1.937*** 1.709*** 1.398***

(0.586) (0.560) (0.492) (0.594) (0.568) (0.498)
R&D Dummyi,t 0.374*** 0.389*** 0.212*** 0.377*** 0.391*** 0.210***

(0.031) (0.030) (0.027) (0.031) (0.031) (0.028)
Constant 2.425*** 0.747 1.155*** 2.403*** 0.753 1.154***

(0.511) (0.493) (0.411) (0.518) (0.499) (0.417)
Baseline control variables No No Yes No No Yes
Industry fixed effects No Yes Yes No Yes Yes
Year fixed effects No Yes Yes No Yes Yes
Adj R-squared 0.003 0.093 0.373 0.003 0.091 0.373
Observations 63,558 63,558 50,163 61,318 61,318 48,288

Notes: This table presents results for the effects of Brexitt on Employees (Log)i,t as outlined in the baseline spec-
ification model, but we add R&D Dummyi,t, which is a dummy indicator (“one” - if firms’ R&D investments are
non-missing; “zero” - otherwise). From the UK Data Archive Data Dictionary, the data code item for R&D Dummyi,t
is J5A (“How much have you invested in R&D in the last three years?”). Brexitt is a dummy indicator (“one” - post-
2020; “zero” - otherwise), and Distancei measures the firm’s proximity to the Irish border. Columns (1)-(3) cover
the full sample, while Columns (4)-(6) only include the non-switching firms. Standard errors are clustered at the firm
level and presented in parentheses. Significance levels are indicated by: * p < 0.10, ** p < 0.05, *** p < 0.01.
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Table 7: Brexitt and R&D (Log)i,t – Triple Interaction: Employees (Log)i,t, Brexitt, and Distancet

Dependent variable: R&D (Log)i,t

Full Sample No Switching

(1) (2) (3) (4)
Employees (Log)i,t × Brexitt × Distancei -0.243* -0.246*

(0.146) (0.147)
Employees (Log)i,t × Distancei -0.119** -0.123***

(0.047) (0.048)
Employees (Log)i,t × Brexitt 3.699** 3.706**

(1.871) (1.887)
Brexitt × Distancei 1.415*** 0.527** 1.432*** 0.571**

(0.424) (0.241) (0.428) (0.243)
Distancei 0.225** -0.002 0.230** -0.009

(0.104) (0.070) (0.107) (0.071)
Brexitt -9.291* 3.376 -9.459* 2.810

(5.498) (3.113) (5.551) (3.131)
Employees (Log)i,t 1.632*** 0.167*** 1.684*** 0.165***

(0.610) (0.013) (0.620) (0.013)
Constant -3.032** -0.187 -3.096** -0.091

(1.336) (0.916) (1.364) (0.923)
Baseline control variables Yes Yes Yes Yes
Industry fixed effects Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes
Adj R-squared 0.929 0.924 0.930 0.926
Observations 6,112 6,112 5,907 5,907

Notes: This table presents results for the effects of Brexitt on Employees (Log)i,t as outlined in the baseline specifi-
cation model, but we also include the triple interaction (Employees (Log)i,t × Distancei × Brexiti). The dependent
variable is R&D (R&D (Log)i,t), which is the R&D investment amounts in logarithm (from the UK Data Archive Data
Dictionary, the data code items for R&D investment amounts is J5A: “How much have you invested in R&D in the
last three years?”). The Employees (Log)i,t is the natural logarithm of one plus number of employees. Brexiti is a
dummy indicator (“one” - post-2020; “zero” - otherwise), and Distancei measures the firm’s proximity to the Irish
border. Columns (1)-(2) cover the full sample, while Columns (3)-(4) only include the non-switching firms. Standard
errors are clustered at the firm level and presented in parentheses. Significance levels are indicated by: * p < 0.10, **
p < 0.05, *** p < 0.01.
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Table 8: Mechanism tests - Brexitt and Expected Growthi,t

Dependent variable: Expected growthi,t

Full sample No Switching

(1) (2) (3) (4)
Brexitt × Distancei -0.020** -0.034*** -0.024** -0.038***

(0.010) (0.011) (0.010) (0.011)
Distancei 0.053*** 0.057*** 0.054*** 0.058***

(0.007) (0.008) (0.007) (0.008)
Brexitt 0.192 0.380*** 0.238* 0.423***

(0.125) (0.137) (0.127) (0.139)
Control variables No Yes No Yes
Industry fixed effects Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes
Pseudo R-squared 0.036 0.046 0.036 0.046
Observations 49,741 38,028 47,826 36,464

Notes: This table displays our mechanism based on firms expectations by using the Probit estimations. The number
presented as the marginal effects at the median for the dependent variable (Expected Growthi,t) (“one” - firms with
a more optimistic outlook on their future growth and “zero” otherwise). Brexitt is a dummy indicator (“one” -
post-2020; “zero” - otherwise) while Distancei measures the firm’s proximity to the Irish border. Columns (1)-(2)
include analyses using full sample, while Columns (3)-(4) analyse using only non-switching firms. Standard errors are
clustered at the firm level and presented in parentheses. Significance levels are indicated by: * p < 0.10, ** p < 0.05,
*** p < 0.01.

Table 9: Brexitt and Employees (Log)i,t – Expected Growthi,t (An additional control variable)

Dependent variable: Employees (Log)i,t

Full sample No Switching

(1) (2) (3) (4) (5) (6)
Brexitt × Distancei -0.158*** -0.126*** -0.113*** -0.150*** -0.118*** -0.110***

(0.047) (0.045) (0.040) (0.048) (0.046) (0.040)
Distancei -0.030 0.052 -0.131*** -0.028 0.051 -0.132***

(0.041) (0.040) (0.033) (0.042) (0.040) (0.034)
Brexitt 2.028*** 1.651*** 1.400*** 1.933*** 1.550*** 1.369***

(0.604) (0.578) (0.508) (0.614) (0.587) (0.514)
Expected Growthi,t 0.020 0.027 -0.052*** 0.023 0.030 -0.048***

(0.018) (0.018) (0.017) (0.019) (0.018) (0.017)
Constant 2.350*** 0.777 1.112*** 2.327*** 0.784 1.111**

(0.531) (0.511) (0.426) (0.538) (0.519) (0.432)
Baseline control variables No No Yes No No Yes
Industry fixed effects No Yes Yes No Yes Yes
Year fixed effects No Yes Yes No Yes Yes
Adj R-squared 0.000 0.090 0.371 0.000 0.088 0.372
Observations 60,123 60,123 47,422 57,980 57,980 45,629

Notes: This table presents results for the effects of Brexitt on Employees (Log)i,t as outlined in the baseline spec-
ification model, but we add an additional control variable capturing firms’ Expected Growthi,t. Expected Growthi,t
is a dummy indicator (“one” - firms anticipate moving from a lower to a higher growth category, reflecting a more
optimistic view of their future growth; “zero” - otherwise) (from the UK Data Archive Data Dictionary, the data code
item is EXPGROW). The Brexitt variable is a dummy indicator (“one” - post-2020; “zero” - otherwise), and Distancei
measures the firm’s proximity to the Irish border. Columns (1)-(3) cover the full sample, while Columns (4)-(6)
only include the non-switching firms. Standard errors are clustered at the firm level and presented in parentheses.
Significance levels are indicated by: * p < 0.10, ** p < 0.05, *** p < 0.01.
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Table 10: Brexitt and Employees (Log)i,t – Triple Interaction: Trade Exposurei,t, Distancei and Brexitt

Full sample No Switching Full sample No Switching

(1) (2) (3) (4)
Trade Exposurei,t × Distancei × Brexitt 0.174** 0.174**

(0.085) (0.087)
Trade Exposurei,t × Distancei -0.212*** -0.213***

(0.064) (0.065)
Trade Exposurei,t × Brexitt -2.378** -2.385**

(1.093) (1.111)
EU Trade Exposurei,t × Distancei × Brexitt 0.195** 0.203**

(0.091) (0.092)
EU Trade Exposurei,t × Distancei -0.217*** -0.223***

(0.069) (0.070)
EU Trade Exposurei,t × Brexitt -2.622** -2.723**

(1.161) (1.182)
Brexitt × Distancei -0.148*** -0.147*** -0.149*** -0.148***

(0.045) (0.046) (0.043) (0.044)
Distancei -0.089** -0.088** -0.094*** -0.093***

(0.036) (0.036) (0.034) (0.035)
Brexitt 1.875*** 1.862*** 1.806*** 1.804***

(0.577) (0.584) (0.557) (0.563)
Trade Exposurei,t 3.061*** 3.073***

(0.827) (0.841)
EU Trade Exposurei,t 3.172*** 3.243***

(0.888) (0.905)
Constant 0.550 0.523 0.681 0.649

(0.462) (0.469) (0.442) (0.449)
Baseline control variables Yes Yes Yes Yes
Industry fixed effects Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes
Adj R-squared 0.379 0.379 0.379 0.379
Observations 50,163 48,288 50,163 48,288

Notes: This table presents results for the effects of Brexitt on Employees (Log)i,t as outlined in the baseline spec-
ification model, but we add two additional variables capturing trade exposure. The Trade Exposurei,t variable is
a dummy indicator (“one” - if firms have imported or exported in the past 12 months; “zero” - otherwise). The
EU Trade Exposurei,t variable is a dummy indicator (“one” - if firms have imported or exported with the EU countries
in the past 12 months; “zero” - otherwise). From the UK Data Archive Data Dictionary, the data code items for
Trade Exposurei,t and EU Trade Exposurei,t include C2GA (“In the past 12 months, have you directly imported goods
or services from the European Union?”), C2CA (“In the past 12 months have you exported to the European Union?”),
C2GB (“In the past 12 months, have you directly imported goods or services from non-European countries?”), C1
(“Whether export services”), and C2 (“Whether export goods”). The Brexitt variable is a dummy indicator (“one” -
post-2020; “zero” - otherwise), and Distancei measures the firm’s proximity to the Irish border. Columns (1)-(3) cover
the full sample, while Columns (2)-(4) only include the non-switching firms. Standard errors are clustered at the firm
level and presented in parentheses. Significance levels are indicated by: * p < 0.10, ** p < 0.05, *** p < 0.01.
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Figure 3: Employment of High vs. Low-exposure Firms
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Notes: Figure 3 displays the average number of employees (in logarithmic form) for firms categorized
by their exposure to Brexit. Low-exposure firms (N = 21,395) are defined as those located at or below
the median distance to Northern Ireland’s border, while firms beyond this threshold are categorized as
high-exposure firms. The figure also includes a 95% confidence band for each year represented in the data.
It marks the timing of three significant events: the Brexit referendum in 2016, the official implementation
of Brexit in January 2020, and the withdrawal of the Northern Ireland Protocol in January 2021.
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Figure 4: Estimates using Randomized Firm Distance and Brexit Timing
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Panel B: Randomized Brexit Timing
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Note: Panel A displays a placebo test for Brexit in effect on firm employment, using a placebo measurement
Distance (Placebo)i instead of Distance, which is a random variable from the same mean and standard deviation
distribution. Panel B displays a placebo test for the timing of Brexit, using a randomized year instead of using 2020 as
the year Brexit is in effect. Across the two panels, we repeat the exercise 2,000 replications and report the distribution
of the estimated coefficients on Brexitt × Distance (Placebo)i from estimating Equation (1) (using either placebo
distance or timing). The true estimates using actual distance and timing from our baseline results are overlaid as a
red vertical line in the figure.
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Figure 5: Regression Coefficients of Employees (Log) on Year × Distance to Border
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Notes: Figure 5 illustrates the coefficients of Distancei × Yeart from each regression analysis. The re-
gression model, specified with robust standard errors, is defined as Employees (Log)i,t = α + β(Yeart ×
Distancei) + γDistancei + δYeart + ζXi,t + λk + φt + εi,t, where Employees (Log)i,t represents the natural
logarithm of one plus the number of employees as the dependent variable. The fixed effects λk and φt

correspond to industry and year, respectively. The bold shaded area denotes the 95% confidence interval
for the estimated coefficients, while the lighter shaded area corresponds to the 90% interval. The figure
also marks the timing of three key events: the Brexit referendum in 2016, the official implementation of
Brexit in January 2020, and the withdrawal of the Northern Ireland Protocol in January 2021.
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Born, B., G. J. Müller, M. Schularick, and P. Sedláček (2019): “The costs of economic nationalism: Evidence
from the Brexit experiment,” The Economic Journal, 129, 2722–2744.

45



Brei, M. and G. von Peter (2018): “The distance effect in banking and trade,” Journal of International Money
and Finance, 81, 116–137.

Breinlich, H., E. Leromain, D. Novy, and T. Sampson (2020): “Voting with their money: Brexit and outward
investment by UK firms,” European Economic Review, 124, 103400.

Broadbent, B., F. Di Pace, T. Drechsel, R. Harrison, and S. Tenreyro (2024): “The Brexit vote, produc-
tivity growth, and macroeconomic adjustments in the UK,” Review of Economic Studies, 91, 2104–2134.

Brown, C. and J. L. Medoff (2003): “Firm age and wages,” Journal of Labor Economics, 21, 677–697.
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A Variables Description

The sample accounts for 0.1% of all UK SMEs (UK Government BEIS, 2023). SMEs are firms with

fewer than 250 employees, which is consistent with that of the European Union. Accordingly, micro

firms have fewer than ten employees, small firms have 11-49 employees, and those ranging from

50-249 are classified as medium-sized firms (UK Government BEIS, 2023). With an estimated 5.6

million businesses contributing to 61% of labor creation in the private sector workforce, SMEs have

been considered the “backbone” and the main economic driver in the UK (UK Government National

Statistics, 2023).

A.1 Data: Sectoral Coverage

The data is stratified by various UK regions, sectors, and sizes across four countries: England,

Scotland, Wales, and Northern Ireland. It includes 14 SIC-2007 categories and six firm size cate-

gories (unregistered zero employees, registered zero employees, 1-4 employees, 5-9 employees, 10-49

employees, and 50-249 employees). The sectors in the survey include Primary (agriculture and min-

1Corresponding author.

A1

h.do@soton.ac.uk
kiet.duong@york.ac.uk
t.huynh@qmul.ac.uk
vunt@miamioh.edu


ing) industry (SIC-2007 category ABDE), manufacturing (category C), construction (category F),

wholesale/retail (category G), transport/storage (category H), accommodation/food (category I),

communication/information (category J), financial/real estate (category KL), professional/scientific

(category M), administrative/support (category N), education (category P), health/social work (cat-

egory Q), arts/entertainment (category R), and other services (category S). Table A.1 reports the

number of observations across these industries. All surveyed SMEs were pre-coded following their

postcode districts and other geo-demographics, such as the indices of multiple deprivations for each

UK nation, urban or rural classification, and LEP areas.26 Table A.2 presents the sample sizes for

each group.

Table A.5 summarizes our variables, including survey codes, specific questionnaire items, and

response formats. These main variables are primarily utilized in the baseline results, mechanism

tests, and robustness checks. This summary is derived from the UK Data Archive Data Dictionary,

which encompasses 5,100 variables across 42,790 firms. There are some firms in the data where their

observations only exist up to a particular year. These firms dropped out of the sample because they

exited the market or refused to answer the survey. Likewise, some firms appear in the sample after

a particular year. In this case, these firms were either newly established or had recently started

answering the survey. Our sample thus includes firms that enter and exit during the sample period.

In all of our regressions, we control for firm age, which allows us to capture whether the firms have

just entered the market partially. Our results throughout the paper are consistent with the presence

of these controls.

A.2 Summary of Descriptive Statistics

As Table A.1 illustrates, the observations’ distribution across sectors shows consistency and vari-

ability. Dominant sectors such as Wholesale/Retail, Professional/Scientific, Manufacturing, and

Construction exhibit stable shares of observations across Great Britain, Northern Ireland, and the

UK. These sectors consistently show the highest number of observations in all regions. However,

there is a noticeable difference in the Education sector between Northern Ireland and the rest of the

26See https://www.gov.uk/government/collections/rural-urban-classification for more details.
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UK; Northern Ireland has a significantly lower proportion of observations at 1.74%, compared to

3.27% in the rest of the UK. This discrepancy highlights regional variations within the data. Table

A.2 summarizes the dataset by year, presenting the total number of observations and their percent-

age distributions for the entire sample, Northern Ireland and Great Britain from 2015 to 2022. It

highlights the distinct subsamples for Northern Ireland and Great Britain, with 4,371 and 79,499

observations, respectively, out of 83,870.

Table A.3 provides additional details about the dataset, a comprehensive collection of 83,870

observations with no missing information of Employees. Observations in Great Britain represent an

average of 94.8% of our sample. Of these, 63,558 observations are available for Distance to either

Newry or Derry. This discrepancy is due to the missing values, where the firms’ locations cannot be

found or matched with the LAD map postcodes. The Firm Age variable is represented by 76,320

observations. The average (mean) and median age of firms is category 3, indicating that most SMEs

fall within the 11-20-year age range. The mean value for expected growth is approximately 0.12,

suggesting a generally positive trend in firm growth. There are 83,870 observations for Employees

(Log). Similarly, 79,511 observations are available for Expected Growth.

Table A.4 presents correlation analysis across variables. Notably, there are negative correlations

between the variable ‘Distance’ (to Newry or Derry) and other key variables such as Employees

(Log), Residential Office, and Legal Status. Brexit is not correlated with Employees (Log), but shows

a negative relationship with Labor Supply. Note that as Labor Supply represents the obstacles that

firms face in recruiting (un)skilled workers, the positive correlation between Brexit and Labor Supply

documented in Table A.4 implies a negative relationship between Brexit and labor supply.
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Figure A.1: Data Distribution

(a) Across Locations

Notes: Figure A.1a illustrates the geographical distribution using Local Authority Districts
(LAD) (December 2023) boundaries in the United Kingdom for our two main variables of
interest. We aggregate firm-level employee data to the LAD level. Areas with a darker color
represent a higher number of employees.

(b) Over Time
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Notes: Figure A.1b illustrates the box plot for two main variables of interest: the average
number of employees and the average R&D expenditure, presented in natural logarithm form,
across different years. It should be noted that data for R&D expenditure are only available
from 2018 onwards. Both figures exclude outliers.
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Table A.1: Summary of Observation Numbers by Industry Classification

Full sample Northern Ireland Great Britain

Obs. % Obs. % Obs. %
ABDE - Primary (Agriculture & Mining) 3,369 4.017 313 7.161 3,056 3.844
C - Manufacturing 8,026 9.570 493 11.279 7,533 9.476
F - Construction 8,024 9.567 482 11.027 7,542 9.487
G - Wholesale/Retail 12,990 15.488 869 19.881 12,121 15.247
H - Transport/Storage 3,098 3.694 156 3.569 2,942 3.701
I - Accommodation/Food 6,567 7.830 357 8.167 6,210 7.811
J - Information/Communication 4,708 5.613 174 3.981 4,534 5.703
KL - Financial/Real Estate 3,649 4.351 195 4.461 3,454 4.345
M - Professional/Scientific 12,076 14.398 424 9.700 11,652 14.657
N - Administrative/Support 6,512 7.764 224 5.125 6,288 7.910
P - Education 2,674 3.188 76 1.739 2,598 3.268
Q - Health/Social Work 6,267 7.472 298 6.818 5,969 7.508
R - Arts/Entertainment 2,479 2.956 113 2.585 2,366 2.976
S - Other Services 3,431 4.091 197 4.507 3,234 4.068
Total 83,870 100.000 4,371 100.000 79,499 100.000

Notes: This table presents the number of observations in our sample across 14 industries with non-missing values
of Employees (Log). In addition, the table summarizes two subsamples from Northern Ireland and Great Britain,
detailing the number of observations across various sectors within these regions.

Table A.2: Summary of Observation Number By Year

Full Sample Northern Ireland Great Britain

Obs. % Obs. % Obs. %
2015 15,501 18.482 494 11.302 15,007 18.877
2016 9,248 11.027 505 11.553 8,743 10.998
2017 6,619 7.892 497 11.370 6,122 7.701
2018 15,015 17.903 588 13.452 14,427 18.147
2019 11,002 13.118 483 11.050 10,519 13.232
2020 7,636 9.105 493 11.279 7,143 8.985
2021 9,325 11.118 732 16.747 8,593 10.809
2022 9,524 11.356 579 13.246 8,945 11.252
Total 83,870 100.000 4,371 100.000 79,499 100.000

Notes: This table presents the number of observations of Employee (Log) across 8 years from 2015 to 2022, based on
our data focused on the main variable of interest, Employees (Log). In addition, the table summarizes two subsamples
from Northern Ireland and Great Britain, detailing the number of observations from 2015 to 2022.
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Table A.3: Descriptive Statistics

Obs. Mean Std. Median Min Max
Distance (to Newry) 63,558 12.837 0.299 12.961 10.619 13.293
Distance (to Derry) 63,558 13.046 0.312 13.171 0.000 13.456
Not NI (Great Britain) 83,870 0.948 0.222 1.000 0.000 1.000
Brexit 83,870 0.316 0.465 0.000 0.000 1.000
Employees (Log) 83,870 1.963 1.550 1.946 0.000 5.283
Employees (Categorical) 83,870 4.098 2.012 4.000 1.000 9.000
Firm Age 76,320 3.122 1.044 3.000 1.000 4.000
Residential Office 83,820 0.750 0.433 1.000 0.000 1.000
Female Owned 72,607 0.216 0.411 0.000 0.000 1.000
Legal Status 82,874 4.396 13.494 2.000 1.000 95.000
Labor Supply 83,870 0.022 0.147 0.000 0.000 1.000
Expected Growth 79,511 0.124 0.329 0.000 0.000 1.000
Firm R&D (Categorical) 1,649 3.415 2.437 3.000 1.000 16.000
Firm R&D (Log) 10,059 2.535 4.472 0.000 0.000 18.421
R&D Dummy 83,870 0.052 0.222 0.000 0.000 1.000
Trade Exposure 83,870 0.285 0.451 0.000 0.000 1.000
EU Trade Exposure 83,870 0.209 0.406 0.000 0.000 1.000
Obstacles to EU Market 59,121 0.041 0.199 0.000 0.000 1.000
Foreign Ownership 83,870 0.001 0.027 0.000 0.000 1.000
COVID-19 Exposure 68,512 9.846 0.430 9.953 8.522 10.244

Notes: This table presents the descriptive statistics for all variables. The survey data covers a
total of 83,870 observations from the years 2015 to 2022 with 42,790 unique firms without having
any missing data of Employee (Log). Differences between the total observations and the Distance
(to Newry/Derry) data occur due to some firms not disclosing their location, whether categorized by
LEPs or LADs. Distances to these locations are calculated using a formula referenced from Weber
and Péclat (2017). The variable Brexit is a dummy variable, assigned a value of “one” for the period
post-2020 and “zero” for prior years. The Employees (Log) variable quantifies the number of employees
plus one, expressed as the natural logarithm for continuous analysis. Firm Age is divided into four
categories. Residential Office is a dummy variable that equals “one” if firms have separate business
premises and “zero” otherwise. Female Owned is a dummy that equals “one” if more than fifty percent
of the business is owned by women and “zero” otherwise. Legal Status represents the legal status of the
firm. Labor Supply is a dummy that equals “one” if the firm discloses any major difficulty in recruiting
(un)skilled EU labor and “zero” otherwise. Expected Growth is another dummy variable, assigned a
value of “one” for firms with a more optimistic outlook on their future growth and “zero” otherwise.
Firm R&D (Categorical) is the ordinal value of the firm’s expenditures on research and development
activities. Firm R&D (Log) is the logarithm of the firm’s R&D amount. R&D Dummy is a dummy
that equals “one” if the firm’s R&D amount is non-missing, and “zero” otherwise. Trade Exposure is a
dummy variable that equals “one” if firms have imported or exported with any partner (including EU)
in the past 12 months and “zero” otherwise. EU Trade Exposure is a dummy variable that equals “one”
if firms have imported or exported with any EU partner in the past 12 months and “zero” otherwise.
Obstacles to EU Market is a dummy variable that equals “one” if firms disclose their obstacles because
of Brexit - uncertainty about future access to EU markets and “zero” otherwise. Foreign Ownership
is a dummy variable that equals “one” if the legal status is “Foreign Company” and “zero” otherwise.
COVID-19 Exposure is the natural logarithm of “one” plus the number of death due to the COVID-19
per LEP region.
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Table A.4: Correlations

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
(1) Distance (to Newry) 1.00
(2) Distance (to Derry) 0.96*** 1.00
(3) Not NI (Great Britain) 0.35*** 0.42*** 1.00
(4) Brexit -0.12*** -0.14*** -0.11*** 1.00
(5) Employees (Log) -0.03*** -0.03*** -0.02*** -0.00 1.00
(6) Firm Age 0.02*** 0.03*** 0.04*** 0.02*** 0.16*** 1.00
(7) Residential Office -0.02*** -0.02*** -0.01** 0.00 0.44*** 0.07*** 1.00
(8) Female Owned 0.00 -0.00 0.01** -0.02*** -0.01*** -0.06*** 0.01* 1.00
(9) Legal Status -0.03*** -0.03*** -0.00 0.06*** 0.04*** 0.03*** 0.04*** -0.00 1.00
(10) Labor Supply 0.01* 0.00 -0.02*** 0.02*** 0.09*** -0.01 0.04*** -0.00 -0.01* 1.00

Notes: This table presents correlations among variables of interest. Significance levels are indicated by: * p < 0.10, ** p
< 0.05, *** p < 0.01.
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A.3 UK SMEs: International trade and their growth

According to government statistics (Table A.6), UK SMEs were substantially involved in international

trade between 2015 and 2021. The data reveals that more than 80% of SMEs engaged in business

with foreign markets, encompassing EU member states and other global economies. This considerable

international activity underscores the importance of assessing Brexit’s impact on UK SMEs.

Table A.6: The Number and Percentage of SMEs Trading Internationally

Year 2015 2016 2017 2018 2019 2020 2021

Number of SMEs 130,144 134,240 137,201 138,839 140,393 128,934 106,530
Total Firms 143,358 147,416 151,455 155,021 159,584 148,720 126,907

Percentage (%) 90.78 91.06 90.59 89.56 87.97 86.70 83.94

Notes: The table presents the number of SMEs engaged in trade activities and the percentage of total
firms based on UK trade in goods statistics by business characteristics. (Sources: 2015, 2016, 2017,
2018-2020, 2021-2022).

Our coefficient on Brexit is significant and positive, which implies that the net total effects of

Brexit on labor across all firms, exposed or not, is positive. This result is indeed consistent with

the aggregate trajectory of employees in SMEs. In particular, Figure A.2 shows that the number of

employees (in millions) in SMEs increased in 2020, compared to 2019, and the overall trend between

2010 and 2024 is positive. This increase in the number of employees from 2019 to 2020 is consistent

with the positive aggregate effect.

To support the previous point on the overall increase in the number of SMEs, we provide

additional aggregate data in Figure A.3. This data presents UK’s three-month seasonally adjusted

employment index based on the Labour Force Survey (LFS). The LFS is the UK’s largest and

authoritative household survey for employment and unemployment statistics. The figure shows that

employment remained relatively stable and even increased slightly around the Brexit implementation

period (post 2020), despite the disruptions caused by the COVID-19 pandemic. The actual LFS data

(solid line) and the fitted trend (dashed line) both suggest that overall employment levels increased.

Furthermore, we also draw on official government data, specifically the UK Labour Market

Statistics (House of Commons Library, 2025), to report the number of employees in the United

Kingdom. As shown in Figure A.4, the number of employees has followed an upward trend since
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Figure A.2: Number of people employed by SMEs in the UK (2010-2024) for SMEs
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Note: This figure shows the number of people employed by SMEs, based on data from the Department for Business,
Innovation and Skills (GOV.UK), along with a prediction of the total number of employees from a linear regression
on year, including 95% confidence intervals.

Figure A.3: Three-month seasonally adjusted employment index from the Labour Force Survey
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Note: This figure shows the three-month UK employment index. The data is benchmarked in the period from
November 2019 to January 2020 as 100. Based on the Labour Force Survey (LFS) — the UK’s largest household study
providing official employment and unemployment measures — the figure also includes a predicted line from a linear
regression.
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January 2020, increasing from 28 million to approximately 29.5 million.

Figure A.4: Seasonally Adjusted UK Employment by the Office for National Statistics
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Note: This figure is based on data from the Office for National Statistics and the UK Labour Market Statistics
published by the House of Commons Library (2024). It also includes a fitted line derived from a linear regression.

To sum up, by presenting the employment index from the Labour Force Survey (LFS) along with

the number of employees reported by the Office for National Statistics and the House of Commons,

we qualitatively show a modest increase in the UK labor market in aggregate following the actual

implementation of Brexit in 2020.
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B Definition of Location

The large-scale longitudinal Small Business Surveys (LSBS) of UK small business owners and man-

agers utilized postal codes to distribute surveys and questionnaires. Once encoded, the survey data

incorporated geographical information based on Local Enterprise Partnerships (LEPs). As LEPs

may overlap, a local authority can be part of multiple partnerships. The primary goal of establishing

LEPs is to enable businesses and local authorities to collaboratively set investment priorities for local

infrastructure, such as roads, buildings, and facilities.

Using information disclosed in the Local Enterprise Partnerships: Local Authority Mapping,27 We

mapped the locations of firms within each LEP to a specific LAD from Table B.7 using the first three

digits of the postcode as the identifier. Using such a mapping, we calculated the distance between

locations.

27See more at https://www.gov.uk/government/publications/local-enterprise-partnerships-local-authority-mapping.
Accessed on 27th October 2024.
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Table B.7: Partnership Areas and Coverage

Local Economic Partnerships Local Authority Districts
Black Country West Midlands
Buckinghamshire Buckinghamshire
Cheshire and Warrington Cheshire East, Cheshire West and Chester, Warring-

ton
Coast to Capital Brighton and Hove, East Sussex, Greater London,

Surrey, West Sussex
Cornwall and Isles of Scilly Cornwall, Isles of Scilly
Coventry and Warwickshire Warwickshire, West Midlands
Cumbria Cumbria
D2N2 Derby, Derbyshire, Nottingham, Nottinghamshire
Dorset Bournemouth, Dorset, Poole
Enterprise M3 Hampshire, Surrey
GFirst Gloucestershire
Greater Birmingham and Solihull Staffordshire, West Midlands, Worcestershire
Cambridgeshire and Peterborough
Business Board

Cambridgeshire, Essex, Hertfordshire, Norfolk, Suf-
folk, Peterborough

Greater Lincolnshire Lincolnshire, North Lincolnshire, North East Lin-
colnshire, Rutland

Greater Manchester Business Board Greater Manchester
Heart of the South West Devon, Somerset
Hertfordshire Hertfordshire
Humber East Riding of Yorkshire, Kingston upon Hull
Lancashire Lancashire, Blackburn with Darwen, Blackpool
Leeds City Region West Yorkshire, North Yorkshire
Leicester and Leicestershire Leicester, Leicestershire
Liverpool City Region Halton, Merseyside
London Enterprise Panel Greater London
New Anglia Norfolk, Suffolk
North East County Durham, Northumberland, Tyne and Wear
Oxfordshire Oxfordshire
South Yorkshire Derbyshire, Nottinghamshire, South Yorkshire
Solent Hampshire, Isle of Wight, Portsmouth, Southamp-

ton
South East East Sussex, Essex, Kent, Medway, Southend-on-

Sea, Thurrock
South East Midlands Bedford, Buckinghamshire, Central Bedfordshire,

Luton, Milton Keynes, Northamptonshire, Oxford-
shire

Stoke-on-Trent and Staffordshire Staffordshire, Stoke-on-Trent
Swindon and Wiltshire Swindon, Wiltshire
Tees Valley Darlington, Hartlepool, Middlesbrough, Redcar and

Cleveland, Stockton-on-Tees
Thames Valley Berkshire Bracknell Forest, Reading, Slough, West Berkshire,

Windsor and Maidenhead, Wokingham
The Marches Herefordshire, Shropshire, Telford and Wrekin
West of England Bath and North East Somerset, Bristol, North Som-

erset, South Gloucestershire
Worcestershire Worcestershire
York and North Yorkshire North Yorkshire, York
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Figure B.5: Coefficient plots for heterogeneity across industries
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Notes: Figure B.5 presents the estimated coefficients from regression model in Equation (1), specified with
robust standard errors, across 14 industries, along with their respective 90% and 95% confidence intervals.
Each estimated point is a representative for each industry.

B.1 Additional Analyses

B.1.1 Sectoral Heterogeneity

Using the industry classification for listed firms, Hill et al. (2019) find that two sectors, specifically

the financial sector and consumer goods/services industries, are more likely to be affected by Brexit.

Similarly, Douch and Edwards (2021) analyze the impact of the Brexit referendum shock in 2016

on commercial services exports. The study reveals that ‘other commercial services’28 experience the

28The term ‘other commercial services’ encompasses a range of sectors, including construction, insurance and pension
services, financial services, charges for the use of intellectual property, telecommunications, computer and information
services, other business services, as well as personal, cultural, and recreational services (World Trade Organisation,
2016).
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Figure B.6: Coefficient plots for difficulty in recruiting/retaining (un)skilled EU labor
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Notes: Figure B.6 demonstrates the marginal effects (at the median) from a regression model, specified
with robust standard errors for two variables Skilled EU labori,t and Unskilled EU labori,t. The specifica-
tion for the Probit regression can be written as: (Un)Skilled EU labori,t = α + β(Brexitt × Distanci) +
γDistancei+δBrexitt+λk+ϵi,t, where (Un)Skilled EU labori,t is the dummy variable with “one” if firms
have obstacles on recruiting EU (un)skilled workers; otherwise. The fixed effects λk correspond to industry
fixed effects. The estimated points with or without control can be described in the bracket information.
The fixed effects λk in the regression model represent industry-specific fixed effects. The estimated effects,
both with and without additional controls (including Firm Age, Residential Office, Female Owned, Legal
Status, and Labor Supply and excluding firms choosing to switch their business sites), are detailed within
the bracket information in the analysis. This approach helps to isolate the influence of industry character-
istics on the recruitment challenges faced by firms in sourcing EU skilled and unskilled labor.
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most severe negative shocks, whereas the tourism sector encountered a positive shock. Similarly,

with the onset of COVID-19, one can expect heterogeneity across industries when Brexit takes effect

(Chetty et al., 2024).

Previously, we documented that Brexit has caused exposed firms to reduce their labor demand

relative to non-exposed firms, pooling all industries. As a natural expansion of these results, we will

now conduct a subsample analysis to explore the heterogeneity across 14 industries. These analyses

are shown graphically in Figure B.5.

Figure B.5 shows that firms exposed to Brexit in 6 out of 14 industries experienced no negative

effects relative to non-exposed firms. Specifically, we document negative estimated coefficients for

four industries— Primary, Construction, Health/Social Work, and Other Services — with magnitude

ranging from -0.34 to -0.40. This result implies that a 1% increase in the firms’ distance to the

Irish border causes exposed firms in these industries to reduce their labor demand by up to 0.40%

relative to non-exposed firms in the same industry. We also note the heterogeneous effects of Brexit

on exposed firms relative to non-exposed firms across industries. Specifically, while the estimated

coefficient for tradable industries (e.g., manufacturing) remains positive and statistically significant

for selected industries, the reverse is true for non-tradable and service industries.

B.1.2 Brexit Effects on the Supply of Skilled and Unskilled Workers

The literature highlights the disproportionate effects on skilled and unskilled workers, indicating

that neither would benefit from reduced trade with the EU (Burstein and Vogel, 2017). Additionally,

Sampson (2017) hypothesized that the financial sector might face difficulties accessing highly skilled

workers across the EU.

(Un)Skilled EU labor recruitmenti,t = α + β(Brexitt ×Distancei)

+ γDistancei + δBrexitt + λk + ϵi,t, (9)

In this section, we consider the effects of Brexit among exposed firms on labor supply by relying

on the responses from firms to two specific questions: “Obstacles because of Brexit - difficulty in
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recruiting skilled labor” and “Obstacles because of Brexit - difficulty in recruiting unskilled labor.”

Based on these two questions, we created dummy variables Skilled EU labor recruitmenti,t and

Unskilled EU labor recruitmenti,t, and assigned a value of “one” if firms reported having challenges

recruiting skilled and unskilled workers, respectively, and zero otherwise. These variables capture

the likelihood of encountering these obstacles post-Brexit. Figure B.6 illustrates the impacts of

Brexit on recruiting skilled and unskilled workers from the European Union based on our previous

specifications.

Figure B.6 shows that the marginal effects of our main variable Brexit × Distance at the median

on the difficulties in Skilled EU labor recruitment remain positive, both with and without control

variables, across the 90% and 95% confidence intervals. This result implies that an increase in

distance is estimated to increase the probability that firms will face obstacles in recruiting skilled EU

labor. However, for unskilled EU labor, the estimated marginal effects at the median are significant

only at the 90% confidence interval, indicating a weak effect. Based on these findings, we conclude

that UK firms with greater exposure to Brexit (i.e., firms further away from the Irish border) are

more likely to face obstacles in recruiting skilled EU labor but not unskilled EU labor.
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B.1.3 EU Market Access

Brexit marked a significant reversal in the UK’s integration with the EU market, transitioning from

full EU membership to a Trade and Cooperation Agreement (TCA) that eliminated tariffs and

quotas but reintroduced regulatory and customs barriers. This change has substantially impacted

trade, particularly UK-EU market access, raising trade costs and reducing investment and migration

between the two economies (Dhingra and Sampson, 2022). To understand the extent to which market

access drives our result on firm labor response, we consider the following regression specification:

Employees (Log)i,t = α + β1(Brexitt ×Distancei ×Market Accessi)

+ β2(Distancei × Brexitt)

+ β3(Distancei ×Market Accessi)

+ β4(Brexitt ×Market Accessi)

+ γDistancei + δBrexitt + θMarket Accessi

+ ζXi,t + λk + φt + εi,t, (10)

where Market Accessi is one of three variables: whether firm i trades, firm i trades with the EU,

or firm i reported having difficulty adjusting to Brexit due to not having access to the market. We

then report the regression result in Table B.8, in which we focus on the sample in which firms do not

switch locations throughout the sample.

One key insight from Table B.8 is that having market access (with the EU or all other countries)

can help alleviate the negative impact of Brexit (i.e., columns (1) and (2)). However, this result does

not necessarily imply that having trade exposure caused firms to expand ex-post, but rather that

firms with such exposure have done better than firms that do not. Consistent with the intuition

from columns (1) and (2), column (3) suggests, despite the insignificance, that having difficulty

with market access to the EU may have negatively impacted firms’ labor response relative to firms

reporting no such obstacle. All in all, our results in Table B.8 suggest that not trading or not having

access to trade with the EU and the rest of the world ex-ante exacerbated the firm’s labor response
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Table B.8: Brexitt and Employees (Log)i,t – Triple Interaction: Trade Exposurei,t, Distancei and
Brexitt

Dependent variable: Employees (Log)i,t

No Switching

(1) (2) (3)
Trade Exposurei,t × Distancei × Brexitt 0.174**

(0.087)
Trade Exposurei,t × Distancei -0.213***

(0.065)
Trade Exposurei,t × Brexitt -2.385**

(1.111)
EU Trade Exposurei,t × Distancei × Brexitt 0.203**

(0.092)
EU Trade Exposurei,t × Distancei -0.223***

(0.070)
EU Trade Exposurei,t × Brexitt -2.723**

(1.182)
Obstacles to EU Market Accessi,t × Distancei × Brexitt -0.102

(0.187)
Obstacles to EU Market Accessi,t × Distancei -0.017

(0.137)
Obstacles to EU Market Accessi,t × Brexitt 1.203

(2.391)
Brexitt × Distancei -0.147*** -0.148*** -0.093**

(0.046) (0.044) (0.040)
Distancei -0.088** -0.093*** -0.150***

(0.036) (0.035) (0.035)
Brexitt 1.862*** 1.804*** 1.192**

(0.584) (0.563) (0.513)
Trade Exposurei,t 3.073***

(0.841)
EU Trade Exposurei,t 3.243***

(0.905)
Obstacles to EU Market Accessi,t 0.090

(1.757)
Constant 0.523 0.649 1.318***

(0.469) (0.449) (0.454)
Baseline control variables Yes Yes Yes
Industry fixed effects Yes Yes Yes
Year fixed effects Yes Yes Yes
Adj R-squared 0.379 0.379 0.375
Observations 48,288 48,288 38,662

Notes: This table presents results for the effects of Brexitt on Employees (Log)i,t as outlined in the baseline specification model, but we

add three other variables capturing trade exposure and market access. The Trade Exposurei,t variable is a dummy indicator (“one” - if firms
have imported or exported in the past 12 months; “zero” - otherwise). The EU Trade Exposurei,t variable is a dummy indicator (“one”
- if firms have imported or exported with the EU countries in the past 12 months; “zero” - otherwise). From the UK Data Archive Data
Dictionary, the data code items for Trade Exposurei,t and EU Trade Exposurei,t include C2GA (“In the past 12 months, have you directly
imported goods or services from the European Union?”), C2CA (In the past 12 months have you exported to the European Union), C2GB
(“In the past 12 months, have you directly imported goods or services from non-European countries?”), C1 (“Whether export services”),
and C2 (“Whether export goods”). Obstacles to EU Market Accessi,t is a dummy indicator (“one” - if firms disclose their obstacles because
of Brexit - uncertainty about future access to EU markets; “zero” - otherwise) (from the UK Data Archive Data Dictionary, the data code
items for Obstacles to EU Market Accessi,t is G8F). The Brexitt variable is a dummy indicator (“one” - post-2020; “zero” - otherwise),
and Distancei measures the firm’s proximity to the Irish border. Columns (1)-(3) cover the non-switching firms only. Standard errors are
clustered at the firm level and presented in parentheses. Significance levels are indicated by: * p < 0.10, ** p < 0.05, *** p < 0.01.
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ex-post relative to firms with such access. Such a result highlights a critical insight: the indirect

spillover channel is the key mechanism driving firms’ significant negative labor responses. In other

words, firms need not maintain a trade relationship or have market access to the EU to bear the

brunt of Brexit. Still, this effect can be felt across all firms, even though Brexit severely impacted

the ones without such access.

C Survey-weighted Regressions

Our analysis adjusts for variations in sampling probabilities across firms by employing sampling

weights in the baseline results. Initially, we adhered to the guidelines provided in the data codebook

concerning sample weights and stratification. As instructed, weights are calculated annually to adjust

the aggregate figures to the national business population and correspond to the survey response rates.

The provided weights are similar to post-stratified weights, with strata defined as cross-classifications

by country, size band, and one-digit SIC (UK Government BEIS, 2023). In case of missing values due

to some blank cells in Scotland, Wales, or Northern Ireland, post-strata were merged with adjacent

post-strata to allow weights to be calculated. The post-strata used a broader industrial breakdown

with just four categories instead of 14 for cohort and longitudinal weights in these nations. All the

weights in a post-stratum had the same value, even though most cells contain a mixture of past

panelists and top-ups (UK Government BEIS, 2023).

In 2022, to address the issue of high weighting factors (10 or higher), the data collector mitigated

extreme values by merging cells with equivalent samples or population figures with adjacent cells,

aiming for a more even distribution. This approach was specifically applied to cells containing zero

unregistered and zero registered businesses. Unlike previous surveys, this method allowed us to avoid

capping the weights, thereby maintaining the integrity and representatives of the data. As indicated

by UK Government BEIS (2023), 15 weights were provided as below: The dataset includes various

types of weights: there are eight cross-sectional weights (WEIGHT 2015, WEIGHT 2016, etc.), each

corresponding to the SME population distribution for the respective year. Additionally, four longi-

tudinal weights (LWEIGHT 2019 to LWEIGHT 2022 ) facilitate the analysis of SMEs consistently
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Table C.9: Brexit and Firm Employment with surveyed-weighted estimates

Dependent variable: Employees (Log)i,t

Full sample No Switching

(1) (2) (3) (4) (5) (6)
Brexitt × Distancei -0.067** -0.068** -0.066** -0.066** -0.066** -0.069**

(0.027) (0.027) (0.028) (0.027) (0.028) (0.029)
Distancei -0.023 -0.021 -0.088*** -0.021 -0.020 -0.085***

(0.015) (0.015) (0.016) (0.015) (0.015) (0.017)
Brexitt 0.896** 0.933*** 0.867** 0.883** 0.906** 0.900**

(0.348) (0.350) (0.364) (0.352) (0.354) (0.369)
Constant 0.686*** 0.660*** 0.904*** 0.666*** 0.652*** 0.867***

(0.195) (0.197) (0.213) (0.197) (0.200) (0.215)
Control variables No No Yes No No Yes
Year fixed effects No Yes Yes No Yes Yes
R-squared 0.001 0.001 0.193 0.001 0.001 0.192
Observations 63,488 63,488 50,147 61,242 61,242 48,265

Notes: This table reports estimates from survey-weighted OLS regressions. Baseline results with survey-weighted
based on two dimensions (industry and nation) include control variables as outlined in the specification model (1).
The Brexitt variable is a dummy indicator (“one” - post-2020; “zero” - otherwise), and Distancei measures the firm’s
proximity to the Irish border. Significance levels are indicated by: * p < 0.10, ** p < 0.05, *** p < 0.01.

participating in the survey from 2019 to 2022, adjusted to match the 2019 SME population distribu-

tion. Lastly, the dataset contains fifteen cohort weights (COAWEIGHT 2018, COBWEIGHT 2018,

COCWEIGHT 2018 for 2018, and similar sets for 2019, 2020, and 2021) which are used for cross-

sectional analysis of the survey questions from 2018 through 2022, with each cohort weight reflecting

the SME population distribution of the year it represents. Owing to the weight, the numbers of

respondents were adjusted to the overall totals across 336 strata. The panel attrition rate was 35.9%.

Longitudinal calibration weights are provided to address the uneven distribution of the attrition rate

between firm size and sector.

Although the original dataset supports the construction of three-way stratum divisions, we opted

to organize our groups along two dimensions: nation (comprising England, Wales, Northern Ireland,

and Scotland) and industry to obtain more observational data. This approach allows us to maintain

a focused and relevant analysis based on geographic and sectoral characteristics. Table C.9 reports

our baseline results with survey-weighted probabilities.
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D Adding Additional Control Variables

This section consists of our exercises to add more additional control to our baseline results in

Table 1 from Equation (1). First, we included the ‘Trade Exposure’ as an additional control.

‘Trade Exposure’ a dummy variable that indicates whether the firm trades (export or import) ex-ante.

Our main results in Table D.10 are still robust, although the magnitude slightly decreases.

Table D.10: Brexitt and Employees (Log)i,t – Trade Exposurei,t (An additional control variable)

Dependent variable: Employees (Log)i,t

Full sample No Switching

(1) (2) (3) (4)
Brexitt × Distancei -0.097** -0.093** -0.091** -0.091**

(0.043) (0.038) (0.044) (0.039)
Distancei 0.003 -0.154*** 0.005 -0.153***

(0.038) (0.032) (0.038) (0.032)
Brexitt 1.258** 1.132** 1.179** 1.114**

(0.555) (0.491) (0.563) (0.497)
Trade Exposurei,t 0.552*** 0.294*** 0.555*** 0.293***

(0.021) (0.018) (0.021) (0.018)
Constant 1.307*** 1.398*** 1.283*** 1.376***

(0.486) (0.408) (0.492) (0.414)
Baseline control variables No Yes No Yes
Industry fixed effects Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes
Adj R-squared 0.112 0.378 0.110 0.379
Observations 63,558 50,163 61,318 48,288

Notes: This table presents results for the effects of Brexitt on Employees (Log)i,t as outlined in the baseline specifi-
cation model, but we add another variable capturing trade exposure. Trade Exposurei,t is a dummy indicator (“one”
- if firms have imported or exported with any partner (including EU) in the past 12 months; “zero” - otherwise).
From the UK Data Archive Data Dictionary, the data code items for trade exposure include C2GA (“In the past 12
months, have you directly imported goods or services from the European Union?”), C2CA (“In the past 12 months
have you exported to the European Union?”), C2GB (“In the past 12 months, have you directly imported goods or
services from non-European countries?”), C1 (“Whether export services”), and C2 (“Whether export goods”). Brexitt
is a dummy indicator (“one” - post-2020; “zero” - otherwise), and Distancei measures the firm’s proximity to the Irish
border. Columns (1)-(2) cover the full sample, while Columns (3)-(4) only include the non-switching firms. Standard
errors are clustered at the firm level and presented in parentheses. Significance levels are indicated by: * p < 0.10, **
p < 0.05, *** p < 0.01.

Instead of relying on a subsample for firms without location-switching, we run our full sample

with a dummy variable indicating whether the firm switches location throughout the sample. The

consistency of our results in Table D.11 shows that relocation does not impact the extent to which

Brexit impacts labor demand for exposed firms relative to non-exposed firms.
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Table D.11: Brexitt and Employees (Log)i,t – Location Switching (An additional control variable)

Dependent variable: Employees (Log)i,t

Full sample

(1) (2) (3)
Brexitt × Distancei -0.164*** -0.135*** -0.115***

(0.046) (0.044) (0.038)
Distancei -0.030 0.050 -0.135***

(0.040) (0.038) (0.032)
Brexitt 2.092*** 1.765*** 1.419***

(0.587) (0.561) (0.492)
Location Switchingi,t -0.076 -0.046 -0.032

(0.064) (0.058) (0.048)
Constant 2.350*** 0.789 1.167***

(0.512) (0.494) (0.411)
Baseline control variables No No Yes
Industry fixed effects No Yes Yes
Year fixed effects No Yes Yes
Adj R-squared 0.001 0.090 0.372
Observations 63,558 63,558 50,163

Notes: This table presents results for the effects of Brexitt on Employees (Log)i,t as outlined in the baseline specifica-
tion model. However, instead of relying on a non-switching subsample (i.e., firms without changing locations), we run
regressions (Columns (1)-(3) based on our full sample and add a dummy indicator named Location Switchingi,t (“one”
- if firms change locations; “zero” - otherwise). Brexitt is a dummy indicator (“one” - post-2020; “zero” - otherwise),
and Distancei measures the firm’s proximity to the Irish border. Columns (1)-(3) cover the full sample. Standard
errors are clustered at the firm level and presented in parentheses. Significance levels are indicated by: * p < 0.10, **
p < 0.05, *** p < 0.01.

After that, we included these variables in our baseline estimations as the reviewer suggested that

foreign ownership and pre-Brexit trade activities are important factors. The results in Table D.12

show that we consistently obtained precisely estimated coefficients by adding these control variables.

This result is unsurprising, given the low linear correlation between foreign ownership and distance

to Newry (ρ = 0.0123) and between trade exposure and distance to Newry (ρ = 0.026).

E Subsample for Non-trading Firms

Due to the limited number of SMEs without prior trade exposure, we re-estimate the benchmark

specification using a subset of firms that did not trade ex-ante. Our analysis of both the full sample

and non-switching firms yielded consistent results, suggesting that Brexit’s impact was significant,

even for firms without prior trade exposure when isolated by proximity to the Irish border. The

results are summarized in Table E.13. In particular, in Table E.13, we re-estimate the benchmark
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Table D.12: Brexitt and Employees (Log)i,t – Foreign Ownershipi,t and Trade Exposurei,t (Additional
control variables)

Dependent variable: Employees (Log)i,t

Full sample No Switching

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

Brexitt × Distancei -0.165*** -0.136*** -0.091** -0.157*** -0.128*** -0.084**
(0.046) (0.044) (0.040) (0.046) (0.044) (0.041)

Distancei -0.030 0.050 -0.086** -0.028 0.050 -0.083**
(0.040) (0.038) (0.034) (0.040) (0.039) (0.034)

Brexitt 2.111*** 1.773*** 1.129** 2.010*** 1.674*** 1.035**
(0.587) (0.561) (0.517) (0.595) (0.569) (0.524)

Foreign Ownershipi,t 0.262 0.316
(0.356) (0.409)

Trade Exposurei,t 0.410*** 0.410***
(0.019) (0.019)

Constant 2.350*** 0.792 1.199*** 2.327*** 0.799 1.163***
(0.512) (0.494) (0.438) (0.519) (0.500) (0.444)

Baseline control variables No No Yes No No Yes
Industry fixed effects No Yes Yes No Yes Yes
Year fixed effects No Yes Yes No Yes Yes
Adj R-squared 0.001 0.090 0.288 0.000 0.088 0.287
Observations 63,558 63,558 50,628 61,318 61,318 48,745

Notes: This table presents results for the effects of Brexitt on Employees (Log)i,t as outlined in the baseline
specification model, but we add two additional control variables capturing foreign ownership and trade exposure.
Foreign Ownershipi,t is a dummy indicator (“one” - if a firm’s legal status is a foreign company; “zero” - otherwise).
From the UK Data Archive Data Dictionary, Foreign Ownershipi,t is the value of 12 of the data code item A5 - Legal
Status, which is “Foreign Company”). The Trade Exposurei,t variable is a dummy indicator (“one” - if firms have
imported or exported with any partner (including EU) in the past 12 months; “zero” - otherwise). From the UK Data
Archive Data Dictionary, the data code items for trade exposure include C2GA (In the past 12 months, have you
directly imported goods or services from the European Union), C2CA (In the past 12 months have you exported to
the European Union), C2GB (In the past 12 months, have you directly imported goods or services from non-European
countries), C1 (Whether export services), and C2 (Whether export goods). The Brexitt variable is a dummy indicator
(“one” - post-2020; “zero” - otherwise), and Distancei measures the firm’s proximity to the Irish border. Columns
(1)-(3) cover the full sample, while Columns (4)-(4) only include the non-switching firms. Standard errors are clustered
at the firm level and presented in parentheses. Significance levels are indicated by: * p < 0.10, ** p < 0.05, *** p <
0.010.
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regression:

Employees (Log)i,t = α + β(Brexitt × Distancei) + γDistancei + δBrexitt

+ ζXi,t + λk + φt + εi,t,

where we restrict our sample to firms that do not trade with the EU. The continued significance

of the negative coefficient on β demonstrates the robustness of our findings, irrespective of whether

firms engaged in prior trade activity. Our analysis, using the full sample and non-switching firms,

yielded consistent results, suggesting that the influence of Brexit remained substantial, even for firms

without prior trade exposure.

Table E.13: Brexitt and Employees (Log)i,t – Firms with no trade

Dependent variable: Employees (Log)i,t

Full sample No Switching

(1) (2) (3) (4)
Brexitt × Distancei -0.156*** -0.150*** -0.143*** -0.149***

(0.051) (0.045) (0.051) (0.046)
Distancei 0.049 -0.095*** 0.048 -0.093**

(0.043) (0.036) (0.043) (0.036)
Brexitt 2.073*** 1.923*** 1.907*** 1.903***

(0.649) (0.578) (0.658) (0.584)
Constant 0.531 0.613 0.554 0.593

(0.547) (0.462) (0.554) (0.468)
Baseline control variables No Yes No Yes
Industry fixed effects Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes
Adj R-squared 0.114 0.378 0.112 0.379
Observations 45,100 35,182 43,639 33,968

Notes: This table presents all baseline results for the effects of Brexitt on Employees (Log)i,t as outlined in the baseline
specification model, but we use the samples in Columns (1)-(4) for firms with no trade (i.e., no Trade Exposurei,t).
The Trade Exposurei,t variable is a dummy indicator (“one” - if firms have imported or exported with any partner
(including EU) in the past 12 months; “zero” - otherwise). From the UK Data Archive Data Dictionary, the data code
items for trade exposure include C2GA (“In the past 12 months, have you directly imported goods or services from
the European Union?”), C2CA (“In the past 12 months have you exported to the European Union?”), C2GB (“In the
past 12 months, have you directly imported goods or services from non-European countries?”), C1 (“Whether export
services”), and C2 (“Whether export goods”). Brexitt is a dummy indicator (“one” - post-2020; “zero” - otherwise),
and Distancei measures the firm’s proximity to the Irish border. Columns (1)-(2) cover the full sample but for firms
with no trade, while Columns (3)-(4) only include the non-switching firms that have no trade. Standard errors are
clustered at the firm level and presented in parentheses. Significance levels are indicated by: * p < 0.10, ** p < 0.05,
*** p < 0.01.
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F Accounting for COVID-19

To check on the possibility that COVID-19 exposure might have exacerbated the extent to which

labor demand responds to Brexit implementation, we consider the following regression specification:

Employees (Log)i,t = α + β1(Brexitt ×Distancei)

+ β2(Brexitt × COVID-19 Exposurei)

+ γDistancei + δBrexitt + ΓCOVID-19 Exposurei

+ ζXi,t + λk + φt + εi,t,

where COVID-19 exposurei is the natural log of the number of deaths due to COVID-19 in the Local

Enterprise Partnerships that firm i is based. Our coefficients of interest are β1 and β2, which capture

the effects of Brexit and COVID-19 on the firm’s labor choices after the implementation of Brexit in

2020.

The key insight from Table F.14 is the contrasting significance levels between β1 and β2. Specifi-

cally, while firms exposed to Brexit are more inclined to reduce their labor force reactive to firms with

low exposure (as evidenced in the significant and negative estimate of β1), firms located in regions

with high exposure to COVID-19 did not significantly reduce their labor demand relative to firms

located in areas with low exposure (as evidenced by the non-significance of β2). Such a schism is not

surprising, given that COVID-19 is a global event, and the extent to which it impacts a particular

region depends on factors separate from those driving firm-level Brexit exposure.
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Table F.14: Brexitt and Employees (Log)i,t – The impact of the COVID-19

Dependent variable: Employees (Log)i,t

Full sample No Switching

(1) (2) (3) (4)
Brexitt × Distancei -0.115*** -0.125** -0.113*** -0.121**

(0.038) (0.052) (0.039) (0.053)
Distancei -0.136*** -0.088** -0.136*** -0.088**

(0.032) (0.039) (0.032) (0.040)
COVID-19 Exposurei -0.075*** -0.080***

(0.027) (0.028)
Brexitt × COVID-19 Exposurei -0.009 -0.005

(0.033) (0.034)
Brexitt 1.425*** 1.639*** 1.394*** 1.560**

(0.492) (0.618) (0.498) (0.627)
Constant 1.170*** 1.316*** 1.170*** 1.367***

(0.411) (0.498) (0.417) (0.505)
Baseline control variables Yes Yes Yes Yes
Industry fixed effects Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes
Adj R-squared 0.372 0.370 0.372 0.370
Observations 50,163 43,598 48,288 41,820

Notes: This table presents all baseline results for the effects of Brexitt on Employees (Log)i,t as outlined in the
baseline specification model, but we also consider the impact of COVID-19. Dummy 2020i,t is a dummy indicator
(“one” - post-2020; “zero”- otherwise). COVID-19 Exposurei is the natural logarithm of one plus the number of death
due to the COVID-19 per LEP (Local Enterprise Partnerships) region. Data for COVID-19 Exposurei is obtained
from the gov.uk (Public Health England; Public Health Agency of Northern Ireland; Scottish Government; Welsh
Government). Brexitt is a dummy indicator (“one” - post-2020; “zero” - otherwise), and Distancei measures the
firm’s proximity to the Irish border. Columns (1)-(2) cover the full sample, while Columns (3)-(4) only include the
non-switching firms. Standard errors are clustered at the firm level and presented in parentheses. Significance levels
are indicated by: * p < 0.10, ** p < 0.05, *** p < 0.01.
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G Alternative Measurement for Employment

G.1 Benchmark Regression using the Raw Number of Employees

In our baseline regressions, the dependent variable is Employees (Log)i,t, representing the logarithm

of the number of employees. Instead, this section uses the original (non-logarithmic) number of em-

ployees as the dependent variable. Given that this variable (‘Employees (Raw number)’) is bounded

below, we employ Tobit estimations rather than OLS. The results yield precisely estimated coeffi-

cients across six specifications for both the full and non-switching samples. On average, firms with

high Brexit exposure, with a one percent increase in their distance to the Irish border, reduced their

workforce by up to approximately two employees relative to firms without such exposure following

the actual implementation of Brexit.

Table G.15: Regressions using Employees (Raw number) for the baseline estimation (Table 1)

Full sample No Switching

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

Brexitt × Distancei -2.544*** -1.977** -1.720** -2.353** -1.808** -1.625*
(0.925) (0.894) (0.825) (0.939) (0.908) (0.837)

Distancei 0.298 1.508* -2.250*** 0.358 1.520* -2.255***
(0.813) (0.792) (0.685) (0.825) (0.804) (0.696)

Brexitt 31.703*** 24.833** 20.125* 29.333** 22.699* 18.971*
(11.840) (11.472) (10.581) (12.023) (11.651) (10.737)

Constant 8.948 -15.213 -6.868 8.191 -15.387 -7.101
(10.448) (10.197) (8.837) (10.594) (10.350) (8.981)

Control variables No No Yes No No Yes
Industry fixed effects No Yes Yes No Yes Yes
Year fixed effects No Yes Yes No Yes Yes
Pseudo R-squared 0.000 0.011 0.054 0.000 0.010 0.054
Observations 63,558 63,558 50,163 61,318 61,318 48,288

Notes: This table presents Tobit estimates where the dependent variable is Employees (Raw number)i,t in-
stead of being in logarithm. The regression model, defined with robust standard errors, is given by:
Employees (Raw number)i,t = α + β(Brexitt × Distancei) + γDistancei + δBrexitt + λk + φt + ϵi,t, where
Employees (Raw number)i,t denotes the raw numbers of employees for each firm i and year t. The fixed effects
λk and φt represent industry and year, respectively. The Brexitt variable is a binary indicator (“one” for post-2020;
“zero” - otherwise), and Distancei measures the firm’s proximity to the Irish border. Standard errors, clustered at the
firm level, are shown in parentheses. Significance levels are denoted by: * p < 0.10, ** p < 0.05, *** p < 0.01.
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G.2 Benchmark Regression using Ordinal Values of Employees

One might question the validity of the dependent variable Employees (Log), which represents the

number of employees expressed in natural logarithm form. To address this, we conduct an analy-

sis using a new dependent variable, categorized into nine distinct groups based on the number of

employees. We present our findings in Table G.16. Our results are in line with the core findings.

Table G.16: Alternative measurement for the dependent variable as ordinal values

Dependent variable: Employees (Categorical)i,t

Full sample No Switching

(1) (2) (3) (4)
Brexitt × Distancei -0.162*** -0.192*** -0.160*** -0.193***

(0.049) (0.056) (0.050) (0.057)
Distancei -0.159*** -0.190*** -0.159*** -0.187***

(0.041) (0.048) (0.042) (0.049)
Brexitt 1.987*** 2.472*** 1.977*** 2.480***

(0.633) (0.721) (0.641) (0.730)
Control variables Yes Yes Yes Yes
Industry fixed effects Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes
Adj R-squared 0.376 0.376
Pseudo R-squared 0.129 0.129
Observations 50,163 50,163 48,288 48,288

Notes: This table presents OLS and Ordinal Logit estimates for the dependent variable, the number of employees,
categorized into nine groups ranging from solo-employed businesses to firms with more than 250 employees. The
regression model, defined with robust standard errors, is given by: Employees (Categorical)i,t = α + β(Brexitt ×
Distancei) + γDistancei + δBrexitt + λk + φt + ϵi,t, where Employees (Categorical)i,t denotes the nine ordinal
categories of employee numbers in our sample. The fixed effects λk and φt represent industry and year, respectively.
The Brexitt variable is a binary indicator (“one” for post-2020; “zero” - otherwise), and Distancei measures the firm’s
proximity to the Irish border. Standard errors, clustered at the firm level, are shown in parentheses. Significance levels
are denoted by: * p < 0.10, ** p < 0.05, *** p < 0.01.

H Adding firms fixed effects for the baseline estimation

We argued that firms that do not change locations show no variation in the variable Distance, leading

to its absorption in the baseline regression. In Table H.17, we account for firms that potentially

change locations by including firm fixed effects, thus incorporating all firms into the analysis. Our

findings align with previous results, as the coefficients of our interaction term are precisely estimated

in columns (1), (2), and (3).
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Table H.17: Brexit and Firm Employment with firms fixed effects for firms that switch their locations

Dependent variable: Employees (Log)i,t

Full sample Full sample Full sample

(1) (2) (3)
Brexitt × Distancei -0.047*** -0.047*** -0.037**

(0.017) (0.017) (0.018)
Distancei -0.107 -0.107 -0.089

(0.125) (0.125) (0.134)
Brexitt 0.588*** 0.588*** 0.448*

(0.213) (0.213) (0.232)
Constant 3.052*** 3.352** 2.764

(1.601) (1.601) (1.717)
Control variables No No Yes
Firm fixed effects No Yes Yes
Year fixed effects No Yes Yes
Adj R-squared 0.000 0.000 0.172
Observations 63,558 63,558 50,163

Notes: This table presents OLS estimates for the dependent variable Employees(Log)i,t with firm fixed effects for
those firms that potentially switched their locations. The regression model, defined with robust standard errors, is given
by: Employees(Log)i,t = α+β(Brexitt×Distancei)+γDistancei+δBrexitt+λk+φt+ϵi,t, where Employees(Log)i,t
denotes the natural logarithm of the number of employees of firm i in year t. The fixed effects λk and φt represent firm
and year, respectively. The Brexitt variable is a binary indicator (“one” for post-2020; ”zero” otherwise), and Distance
measures the firm’s proximity to the Irish border, particularly in Newry. Standard errors are shown in parentheses.
Significance levels are denoted by: * p < 0.10, ** p < 0.05, *** p < 0.01.

I Firms exposed to Brexit do not report having access to

finance is a major obstacle

Firms exposed to Brexit may need help accessing finance. In Table I.18, we summarize the proba-

bilities that firms self-reported how difficult firms accessed external financing resources. This feature

can be considered a financial constraint (Paravisini, 2008). As expected, we found that firms with

higher Brexit exposure faced no significant financial constraints following its implementation in 2020.

To our great surprise, we also found that firms that do not switch their business operations have an

even lower probability, 3.3%, of reporting major obstacles in accessing external finance. Given our

results, we found that the effects of Brexit on labor demands are not driven by internal financial

constraints but rather by the substitution between labor forces and R&D expenditure.
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Table I.18: Firms exposed to Brexit do not report having access to finance is a major obstacle

Dependent variable: Obstacle access to external financei,t

Full sample No Switching

(1) (2) (3) (4)
Brexitt × Distancei -0.017 -0.028 -0.020 -0.034*

(0.018) (0.020) (0.018) (0.020)
Distancei -0.003 0.013 -0.004 0.012

(0.010) (0.010) (0.010) (0.010)
Brexitt 0.179 0.311 0.225 0.385

(0.232) (0.250) (0.235) (0.253)
Control variables No Yes No Yes
Industry fixed effects Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes
Pseudo R-squared 0.024 0.026 0.024 0.026
Observations 35,016 25,492 33,887 24,643

Notes: This table presents Probit estimates for the probability that firms report having access to finance is a major ob-
stacle or not. Our dependent variable is in binary choices (one - having access to finance is a major obstacle, zero - oth-
erwise). The regression model, defined with robust standard errors, is given by: Obstacle access to external financei,t
= α + β (Brexitt × Distancei) + γ Distancei + δ Brexitt + λk + φt + ϵi,t, where fixed effects λk and φt represent
industry and year, respectively. Brexitt is a dummy indicator (“one” for post-2020; “zero” – otherwise), and Distancei
measures the firm’s proximity to the Irish border, particularly in Newry. Standard errors, clustered at the firm level,
are shown in parentheses. Significance levels are denoted by: * p < 0.10, ** p < 0.05, *** p < 0.01.

I.0.1 Matched sample with non-missing R&D, Expected Growth and Finance obstacles

In Table I.19, we constructed a new sample by including firms that fully reported their R&D ex-

penditure, expected growth, and financial obstacles, which are the channels we considered in Section

6.1. As expected, the coefficients estimated using this sample are consistent with the baseline results

reported in Table 1.

I.1 Removing Scottish and Welsh firms in our sample

To ensure robust results, Scottish and Welsh firms that could not be accurately located were excluded

from the sample. Table I.20 presents the estimates derived from this revised sample. Our results

are still robust, as we obtained the precisely estimated coefficients. In particular, the estimated

interaction term coefficients remain negative and statistically significant at conventional levels in

all cases. This result suggests the robustness of the baseline results in controlling the existence of

Scotland or Wales in nation-level fundamental characteristics.
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Table I.19: Matched sample with non-missing R&Di,t, Expected Growthi,t and Finance obstaclesi,t

Dependent variable: Employees (Log)i,t

Full sample No Switching

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

Brexitt × Distancei -0.164*** -0.132*** -0.114*** -0.158*** -0.125*** -0.112***
(0.047) (0.045) (0.039) (0.047) (0.045) (0.040)

Distancei -0.026 0.054 -0.135*** -0.023 0.054 -0.135***
(0.041) (0.039) (0.032) (0.041) (0.040) (0.033)

Brexitt 2.109*** 1.738*** 1.419*** 2.031*** 1.654*** 1.396***
(0.597) (0.572) (0.501) (0.606) (0.580) (0.507)

Constant 2.298*** 0.740 1.150*** 2.262*** 0.737 1.147***
(0.521) (0.502) (0.418) (0.527) (0.509) (0.424)

Control variables No No Yes No No Yes
Industry fixed effects No Yes Yes No Yes Yes
Year fixed effects No Yes Yes No Yes Yes
Adj R-squared 0.001 0.090 0.371 0.000 0.088 0.372
Observations 61,855 61,855 48,722 59,670 59,670 46,897

Notes: This table displays the baseline results regarding the impact of Brexitt on firm employment, as defined by the
previously described model specification. The newly constructed sample includes firms that provided data on R&D
expenditure, their expectations, and potential obstacles to accessing external finance. Brexitt is a dummy indicator
(“one” - post-2020; “zero” - otherwise), and Distancei measures the firm’s proximity to the Irish border. Standard
errors are clustered at the firm level and presented in parentheses. Significance levels are indicated by: * p < 0.10, **
p < 0.05, *** p < 0.01.

Table I.20: Baseline results with a removal of observations in Scotland and Wales

Dependent variable: Employees (Log)i,t

Full sample No Switching

(1) (2) (3) (4) (5) (6)
Brexitt × Distancei -0.116** -0.124** -0.168*** -0.107* -0.113** -0.164***

(0.056) (0.054) (0.047) (0.057) (0.054) (0.048)
Distancei -0.070 0.032 -0.116*** -0.070 0.028 -0.118***

(0.048) (0.045) (0.038) (0.048) (0.046) (0.038)
Brexitt 1.462** 1.618** 2.111*** 1.352* 1.490** 2.069***

(0.724) (0.690) (0.606) (0.735) (0.700) (0.614)
Constant 2.872*** 1.064* 0.954** 2.874*** 1.119* 0.968**

(0.617) (0.584) (0.487) (0.625) (0.592) (0.493)
Control variables No No Yes No No Yes
Industry fixed effects No Yes Yes No Yes Yes
Year fixed effects No Yes Yes No Yes Yes
Adj R-squared 0.000 0.091 0.370 0.000 0.089 0.370
Observations 57,394 57,394 44,928 55,245 55,245 43,139

Notes: This table displays the baseline results regarding the impact of Brexitt on firm employment, as defined by the
previously described model specification. This sample excludes firms that are located in Scotland and Wales. Brexitt
is a dummy indicator (“one” - post-2020; “zero” - otherwise), and Distancei measures the firm’s proximity to the Irish
border. Standard errors are clustered at the firm level and presented in parentheses. Significance levels are indicated
by: * p < 0.10, ** p < 0.05, *** p < 0.01.
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J Assigning firms to Edinburgh and Cardiff

We identified the locations of Scottish and Welsh firms by assigning them to their respective capital

cities, Edinburgh and Cardiff. Subsequently, we recalculated the distances to Newry based on these

newly identified locations. As presented in Table J.21, the main results maintain their sign and

statistical significance in all cases. This consistency provides further support for the study’s central

hypothesis.

Table J.21: Baseline results with additionally matching firms to Edinburgh and Cardiff respectively

Dependent variable: Employees (Log)i,t

Full sample No Switching

(1) (2) (3) (4) (5) (6)
Brexitt × Distancei -0.069** -0.057* -0.063** -0.058* -0.046 -0.056*

(0.033) (0.032) (0.030) (0.034) (0.033) (0.030)
Distancei -0.043 -0.004 -0.085*** -0.046* -0.006 -0.086***

(0.027) (0.025) (0.021) (0.027) (0.026) (0.022)
Brexitt 0.866** 0.738* 0.755** 0.725* 0.608 0.675*

(0.427) (0.410) (0.381) (0.437) (0.419) (0.389)
Constant 2.529*** 1.547*** 0.520* 2.574*** 1.599*** 0.538*

(0.340) (0.325) (0.277) (0.349) (0.334) (0.284)
Control variables No No Yes No No Yes
Industry fixed effects No Yes Yes No Yes Yes
Year fixed effects No Yes Yes No Yes Yes
Adj R-squared 0.000 0.091 0.373 0.000 0.090 0.372
Observations 66,105 66,105 51,832 60,985 60,985 47,529

Notes: This table displays the baseline results regarding the impact of Brexitt on firm employment Employees (Log)i,t,
as defined by the previously described model specification. This sample attempts to assign Scottish and Welsh firms
to Edinburgh and Cardiff, respectively. The variable Distancei was recalculated to obtain more precise proximity to
Newry port. The Brexitt variable is a dummy indicator (“one” - post-2020; “zero” - otherwise), and Distancei measures
the firm’s proximity to the Irish border. Standard errors are clustered at the firm level and presented in parentheses.
Significance levels are indicated by: * p < 0.10, ** p < 0.05, *** p < 0.01.
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