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Non-Technical Summary
This paper examines the effects of Brexit negotiations on trade between Ireland and
the UK, focusing on the commitment to maintain a "no hard border" trade arrangement
between Northern Ireland and the Republic of Ireland. We argue that this commitment
significantly mitigated the negative trade effects typically associated with Brexit for
other EU countries. Using an advanced statistical method known as the Augmented
Synthetic Control Method (ASCM), we compare Ireland’s actual trade patterns with
the UK to a hypothetical "synthetic" Ireland that was not subject to the special border
arrangementnegotiations. This synthetic version is constructedusingdata fromabasket
of other EU countries.
Our main findings suggest that Irish exports to the UK were 16.3% higher than the

synthetic counterfactual between 2016 and 2019, representing an additional e9.465

billion in export value over the period. Similarly, Irish imports from the UK were
15.5% higher than the counterfactual, amounting to an extra e8.459 billion of imports.
These positive effects contrast with the negative trade impacts observed for other EU
countries following the Brexit vote. We attribute these differences to the repeated
assurances from both UK and EU negotiators about maintaining an open border on the
island of Ireland. We argue that Irish firms likely believed they could reorganize supply
chains via Northern Ireland, maintaining tariff-free trade with the UK even after Brexit.
We conduct several robustness checks to validate our findings, including changing

the timing of the Brexit effect in their model and altering the group of countries used for
comparison. Overall, our findings suggest that the unique arrangements for Ireland in
theBrexit negotiations had substantial positive effects on Irish-UK trade, contrary to the
negative impacts experienced by other EUmember states in the aftermath of the Brexit
vote. We believe that these results demonstrate the importance of negotiated policy
commitments in shaping economic outcomes, even prior to their formal implementation.
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the effects of the Brexit vote shock and Irish border guarantees on trade patterns
between Ireland and the UK, relative to other euro area economies. We let
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1 Introduction
While the exposure of the Irish economy to the UK has decreased over the last half-
century, it remains substantial across several metrics. Part of the decoupling of the Irish
economy from the UK has been attributed to Ireland’s decision to join the EEC first and
the EC later (O’Rourke, 2019). These moves have brought Ireland closer to its other
EU trading partners, and consequently decreased the importance of the UK and its own
domestic market. This paper investigates the effect that the decision of the UK to leave
the European Union, its Single Market and its customs union, had on the external sector
of the Irish economy.
Notwithstanding the decrease in the role of the UK market for Ireland in relative

terms, it has remained an important trading partner for Irish firms, particularly in certain
economic sectors (e.g. the construction and agriculture industries). In 2021, the UK
was Ireland’s second-largest merchandise export market (accounting for 11% of total
merchandise exports), and the largest merchandise import market (with 19% of all Irish
merchandise imports coming from the UK). In comparison, the aggregate euro area
accounted for 25% of merchandise exports and 13% of merchandise imports in 2021.
Table 1 presents import and export data for Ireland’s main trading partners. In 2018,

almost 80 per cent of Irish exporting firms exported goods to theUK.1Within this subset,
almost half of firms had no other outward external trade linkages, only exporting goods
to the UK. Similarly, 85 per cent of all importing enterprises purchased goods from the
UK.Within this subset, 40 per cent of firms imported goods exclusively from the UK.
There are number of structural characteristics that made the financial and economic

interconnections between the Irish and UK economies more substantial than the other
member states of the European Union. Primarily, there is a shared land border
1 Central Statistics Office, Profile of Trading Enterprises 2018.
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Table 1: Main Irish Trading Partners, millions of euro, 2021

Source: Central Statistics Office, Value ofMerchandise Trade Statistics, 2021

between the UK and Ireland, making trade linkages between Ireland and Northern
Ireland costly to replicate. The common language reduces the need for translation
services, allows for more direct communication and provides a sense of shared culture.
Similarly, the common legal system reduces administrative and legal costs, preventing
firms from having to draft alternative sets of contracts for their traded and non-traded
merchandise.
In this paper, we examine the relative effects of the Brexit vote on the Irish economy,

in light of the specific guarantees of “no hard border on the island of Ireland” and “no
customs border in the Irish Sea”, which potentially drove the expectations of Irish firms
regarding Irish-UK trading arrangements thatwould ultimately arise following extensive
withdrawal negotiations.2 We focus, in particular, on the anticipation effects of Brexit
and the Northern Ireland Protocol on the Irish external sector. To do so, we use an
approach similar to that adoptedbyBornet al. (2019) in analyzing theeffects ofBrexit on
the GDP of the UK. We apply an augmented form of the synthetic control methodology
2 The various forms of the Northern Ireland Protocol suggested keeping Northern Ireland in

some aspects of the Single Market, to prevent the development of trade barriers between
the Republic of Ireland andNorthern Ireland.
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(SCM) to build a counterfactual Ireland, which was subject to the Brexit vote shock, but
not to the special “no hard border” negotiation commitments that linked Ireland to the
UK economy in a stronger manner than other EUmember states.
In doing this, we deviate from one of the major assumptions in Born et al. (2019):

the authors assume that the result of the Brexit referendum only affected the UK
economy, and its effects did not reverberate beyond UK borders. In this work, we test
the hypothesis that Ireland was instead affected by the decision of the UK to leave the
EU, but to a differing extent than other EU countries. We justify our hypothesis with the
repeated guarantees, given by both the European Commission and the UK government,
that freemovement of goods and labour betweenNorthern Ireland and Irelandwould be
a central bloc of post-Brexit trade arrangements.3
Consequently, we propose the hypothesis that the effects of this commitment by the

EU and UK, to avoid a “no-border solution”, combined to prevent the Brexit vote shock
from negatively affecting bilateral trade between Ireland and the UK to the same extent
that trade with other EU member states was impacted. Effectively, we argue that if
Ireland was a continental European economy, with a near-similar set of demographic,
economic and financial conditions, but without expectations of a treaty that would
reinforce post-Brexit trade linkages with the UK, the effects on bilateral UK imports
and exports following the Brexit referendum shock would have been substantially more
negative.
To estimate our counterfactual hypothesis, we use the augmented synthetic control

method (ASCM) of Ben-Michael, Feller, and Rothstein (2021): a transparent, unbiased
and fully data-driven approach that corrects for biases present in the standard synthetic
control method. The ASCMalgorithm determineswhich combination of other European
3 Statements regarding the preference for a “no-border solution” were made as early as July

2016, less than onemonth after the Brexit referendum vote.
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economies matches the time path of Irish import and export series, before the Brexit
vote, with the highest degree of accuracy. The better the synthetic doppelganger
constructed by the algorithm for the Irish economy (from the weighted combination of
other EU economies) before the Brexit vote “treatment”, the more precise our causal
estimate of the divergence of the Irish trade response following the Brexit vote. We
use as large as possible a dataset, subject to restrictions preventing heterogeneous
economic and financial conditions from biasing our results, to obtain the best match
possible from our algorithm.
Overall, our estimates suggest that Ireland did indeed respond to the Brexit vote in a

manner that was substantially different to other EU economies. While therewas limited
difference in the estimated response of net exports, both gross imports and exports
were significantly higher than the counterfactual doppelganger for Ireland proposed by
the ASCM algorithm. These results suggest that, over the 2016q3 - 2019q4 period,
imports would have been e8.459 billion (16.3%) lower, and exports would have been
e9.465 (15.5%) billion lower, had Irish firms responded to Brexit in a similar way to their
European counterparts.4
Given the uniqueness of the United Kingdom’s EU membership referendum as a

natural experiment in economic disintegration, considerable work has been devoted to
estimating the macroeconomic and financial effects of Brexit, with a particular focus on
UKeconomy. The researchmost comparable toour analysis isBornet al. (2019),whouse
a multi-estimation approach to identify the causal effect of the Brexit vote on the UK’s
macroeconomic performance and the underlying transmission channels through which
these effects operate. Using the synthetic control method, they create a doppelganger
country that evolves in the samemanner as theUK economy in the absence of the Brexit
4 Values denominated in real 2019 euro terms.
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vote, estimating the difference inGDPbetween the real and synthetic UK to be between
1.7% and 2.5% by the end of 2018.
Graziano, Handley and Limão (2021) estimate how shocks to the probability of Brexit

affected bilateral export investments and trade flows between the UK and the EU.
Decomposing monthly variation in UK exports prior to the June 2016 referendum, they
identify uncertainty, demand and supply shocks to both bilateral UK-EU exports and
export entry investment series, allowing for the quantification of trade effects from
large permanent changes in the probability of Brexit. They find that shocks to the
probability of Brexit reduce trade flows and trade participation, with these effects larger
in products where the potential for upward tariff revisions are highest. At the average
WTO tariff rate of 4.5%, they find that the post-referendum increase in uncertainty
implies a reduction of 11− 20% of UK-EU exports.
Siedschlag and Koecklin (2019), also using the synthetic control method, estimate

the impact of Brexit uncertainty on FDI-related employment in Northern Ireland after
the Brexit vote. Using regional data from the EU-27, they generate a synthetic Northern
Ireland that was not subject to the events of Brexit. Results indicate that uncertainty
from theoutcomeof theBrexit vote causedadecline in newFDI-related jobs inNorthern
Ireland, with a reduction of 31% estimated across the eight quarters following the Brexit
vote in 2016q3.
DouchandEdwards (2021) analyse theeffects of uncertainty andanticipation shocks

from Brexit on trade between the UK and 14 EU and 14 non-EU trading partners.
Controlling for exchange rate and GDP changes, UK exports to both groups of countries
declined in the aftermath of the Brexit referendum, but also in the period between
the Conservative party general election win (May 2015) and the referendum. Their
estimates suggest that UK exports to the EU fell by 20 − 25% over the 2015q2-2018q3
period, while UK exports towards non-EU countries declined by 15%. The authors
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attribute the decline in UK-EU exports to an inward supply shift, in anticipation of a
demand decline in the event of Brexit. Similarly, the reduction in exports to non-EU
countries is linked to concerns regarding UK competitiveness, likely from increased
supply chain costs.
Crowley, Exton and Han (2018) estimate the effect of uncertainty due to trade

agreement renegotiation on the export participation decision of UK firms. Using the
Handley and Limão (2017) model of exporting under trade policy uncertainty, they
develop measures of the trade policy uncertainty facing firms exporting from the UK to
the EU after June 2016. Applying a dataset containing all UK export transactions at the
firm-product level, and the range of WTO tariffs those transactions would face in the
event of renegotiation terminatingwith no deal, the authors estimate the counterfactual
actions of firms exporting from the UK to the EU in the absence of Brexit-related trade
policy uncertainty. Their results suggest that reduced entry accounts for a decline of
£0.2 − 1.5 billion of export value from the UK to the EU in 2016, while the reduction in
value from the increased exiting was between £0.19− 1.4 billion.
Our work also intersects with research into the effects of free trade agreements

(FTAs) on trade dynamics. Baier and Bergstrand (2014) use a theoretically-motivated
gravity equation using differenced panel data to estimate the dynamic effects of FTAs
on bilateral trade flows. Using supporting arguments from theoretical models of trade
liberalization, the authors account for the multilateral price variables in a panel gravity
equation. Estimating the average treatment effect of FTAs, they find that a free trade
agreement increases bilateral trade by about 58 per cent on average. First-differencing
the data and controlling for concurrent, lagged and future changes in the FTA, the
average treatment effect on trade flows between a pair of countries rises to 86 per cent.
Anderson and Yotov (2016) estimate the volume and terms of trade effects of

free trade agreements implemented between 1990 and 2002. In contrast to much
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of the empirical gravity literature, the authors estimate trade gravity equations
disaggregated at the 2 digit ISIC level acrossmanufacturing sub-sectors. Using a Poisson
pseudo-maximum likelihood (PPML) estimator, the approach controls for multilateral
resistances, FTA endogeneity and the gradual phasing-in of the FTA effects. Across
product categories, the average treatment effect of FTAs on bilateral trade flows is
estimated to range from 33 per cent to 264 per cent, with almost all product categories
showing positive and significant effects nine years after the introduction of the FTA.
The remainder of the paper is structured as follows. Section 2 presents a brief

overview of the Irish-UK trade relationship, and the background to the UK’s withdrawal
from the EU. Sections 3 presents the methodology behind the augmented synthetic
control method, and the improvements its use delivers above and beyond standard
synthetic control approaches. Sections 4 provides a description of the data used in our
empirical analysis. Section5presents the results of ourASCMestimation, andhow these
results can be viewed in relation to our hypothesis. Section 6 concludes the paper.

2 Ireland and the UK Exit from the EU

2.1 Brexit and the Complication of the Irish Border
From an EU-wide perspective, considerable economic uncertainty has derived from the
result of the Brexit referendum in 2016. In Ireland, policymakers devoted substantial
efforts to identifying the channels through which trade between the UK and Ireland
could be disrupted, and the degree to which financial and economic interlinkages would
be affected as new trade agreements were negotiated. A key element of this concern
related to Northern Ireland: the border between both countries represents the only
land-border between the UK and the EU post-Brexit, and the freedom of movement of
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goods and people across this border were topics of high-level political discussion in the
wake of the Brexit vote.
While there are several economic, political and sociological dimensions to Brexit’s

ramifications on both the UK and Ireland, trade protocols are potentially one of the
more impactful elements for both countries. The final form of Northern IrelandâĂŹs
post-Brexit trading arrangements, designed to replace EU membership, was viewed by
many analysts as being a barometer for the new relationship that would exit between
the EUand theUK. Consequently, statements frompoliticians and officials regarding the
possible nature or content of such protocols received intense media coverage prior to
and throughout the negotiation process. A timeline of the key events leading up to the
separation of the UK from the EU is provided in Figure 1.

Figure 1: Timeline of Key Brexit Event Dates

Following the serving of a withdrawal notice in March 2017, twenty-nine months
of exit negotiations concluded with the UK formally relinquishing its EU member
status in January 2020. Despite the 177 page Withdrawal Agreement that specified
the framework for continued arrangements between the UK and Europe, this only
represented a preliminary step in codifying the nature of long-term agreements on a
range of matters, including: trade; financial services; security; legal jurisdiction; and
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immigration and mobility. The impact on Ireland and the issue of the Northern Ireland
border (once it became an EU external border) were major complications in withdrawal
process negotiations. The core issues related to the incompatibility of the three central
objectives of the UK government:

I Internal and external sovereignty with respect to control on internal regulation and
developing an independent, more advantageous trade policy.

II No “hard border” between Northern Ireland and Ireland.

III No border solution that created separation between Northern Ireland and the rest of the
UK.

These objectives were referred to as the “Brexit Trilemma”: delivering on any two
of the objectives is entirely feasible, but only at the expense of the third objective.5
These complications lead to several iterations of the Brexit withdrawal agreement that
attempted to resolve the Brexit Trilemma, including the Irish Backstop, the Northern
Ireland Protocol and theWindsor Framework.
For the majority of the negotiation period, discussions around the Irish border

centered around keeping Northern Ireland in some aspects of the Single Market.
However, in October 2019, the UK government renegotiated the terms of the
Withdrawal Agreement, removing Northern Ireland from the EU customs union, but
avoiding the introduction of tariffs or restrictions on goods crossing the Irish border
in either direction. The UK formally left the EU in February 2020, but remained
in the EU Single Market and Customs Union until December 2020. The final
Withdrawal Agreement, implemented in October 2023, was a hybrid approach to
5 As discussed by Springfield (2018), simultaneously delivering on the full set of objectives

was fundamentally impossible. The UK could leave the single market and customs union,
maintain a border-free Ireland, and pursue a whole-UK approach to Brexit, but not all three
at the same time.
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customs membership: goods could be imported tariff-free into Northern Ireland from
either Ireland or Great Britain, subject to the condition that their final destination is
not the counter-party customs union. By placing Northern Ireland in distinct customs
and regulatory regimes versus other UK jurisdictions, the Protocol has introducedmore
barriers to trade in goods between Great Britain and Northern Ireland than trade in
goods between Ireland andNorthern Ireland.
We can view the events of the Brexit vote and withdrawal negotiations as a natural

experiment in economic disintegration, as (i) the outcome of the vote and resulting
negotiation requirements were an unanticipated shock, (ii) external trade performance
was not a causal reason for the outcome of the Brexit vote, and (iii) Ireland was far
more exposed to the results of the Brexit border negotiations than other EU member
states. Negotiations to prevent a hard border between Northern Ireland and Ireland
were designed to mitigate any risks that could destabilize the Good Friday Agreement,
not to give Ireland a preferential trade relationship with the UK.

2.2 Qualifying the differing Effects of EU-UK Brexit Negotiations on
Ireland

As an attempt to provide more certainty around Irish-UK trading arrangements, the “no
border” commitment potentiallymitigated the immediate negative trade effects that the
Brexit vote could have had on the Irish economy. For themajority of the period between
the Brexit vote (July 2016) and the exit of theUnited Kingdom from the EuropeanUnion
(January 2020), the negotiating positions of both the EU and the UK were strongly in
favour of maintaining an open border between Ireland andNorthern Ireland.
In July 2016, the head of the Irish government stated that “there will not be a hard

border” on the island of Ireland. By August 2016, the secretary of state for exiting the
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European Union had stated that the UK did not want “a hard border or unnecessary
barriers to trade”, while the Irish ambassador to the UK stated that the EU “would be
very slow to do anything thatwould in anyway cut across or create difficulties” for cross-
border trade between Ireland andNorthern Ireland. Even the lead EUnegotiator,Michel
Barnier, stated inDecember 2016 that hewas “extremely aware” of border issues on the
island of Ireland and said he was determined that the Brexit negotiations would “find a
way” to preserve existing relationships. This was despite his stated reluctance to discuss
negotiating positions prior to the formal commencement of negotiations.
With the appointment of negotiating teams and the formal notification of the UK’s

intention to withdraw from the EU (Article 50), these guarantees were reinforced by
the prioritisation of the Irish border issue.6 Repeated guarantees were given during the
negotiating period regarding the intransigence of either party to let customs checks or
controls inhibit cross-border trade on the island of Ireland.
The EU focused initial discussions on exit issues (including the border in Northern

Ireland), and would only agree to start talks on the future relationship once “sufficient
progress” had been achieved. As a direct consequence of this, UK and EU negotiating
teamsdevelopeda supplemental treaty aspart of thedraftBrexitwithdrawal agreement.
Known as theNorthern Ireland protocol, this treatywas designed to prevent both a hard
border on the island of Ireland and a customs border in the Irish Sea. It gave quota and
tariff-free status to a component of EU-UK trade flows: goods traveling from Northern
Ireland to Ireland or other UK jurisdictions. This arrangement was unique across all
possible bilateral trade pairings between the two unions, and showed the commitment
by the UK government and European Commission to a “no-border solution”.
6 Resolving the “complex impacts of Brexit on the Northern Ireland - Ireland border” was

one of only two priority items (the other being citizens’ rights) listed by both sides upon
invocation of Article 50.
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Ultimately, this form of Northern Ireland Protocol did not become part of the
final Brexit withdrawal agreement. While UK and EU negotiators supported the
supplemental treaty, its ratification was rejected by UK parliament on three separate
occasions in 2019.7 In October 2019, a final set of border negotiations removed
the Northern Ireland protocol from the Withdrawal Agreement, replacing it with an
alternative version where Northern Ireland formally remains within the UK customs
territory and internal market for goods, but is also required to comply with EU customs,
internal market and valued added tax rules. By placing Northern Ireland in a separate
customs and regulatory regime relative to other UK jurisdictions, there are greater
barriers to trade in goods between Great Britain and Northern Ireland than between
Ireland andNorthern Ireland.
Similarly, the centrality of Irish border issues (as one of three areas of focused

negotiation in the Withdrawal Agreement) received considerable news coverage in
both Ireland and the UK; from initial 2016 proposals to harmonise external Irish
border controls with the UK, via the 2017-2019 negotiations to develop a Northern-
Ireland specific backstop, through to the official implementation of theNorthern Ireland
Protocol within the Withdrawal Agreement in December 2020, it was perceived that
arrangements tomaintain the status quo trade conditions between Ireland andNorthern
Ireland (and the wider UK) could be delivered by the EU and UK negotiating teams. A
central facet of the EU negotiating strategy was to be transparent about its objectives
and red lines. By keeping the public informed on negotiations, it increased the leverage
of EU negotiators during discussions, while also making it difficult for the UK to hold
bilateral talks with individual EU member states. Thus, the public was fully aware that
7 Despite these rejections, Michel Barnier further committed to the concept of an open Irish

border, stating in January 2019 that the backstop was “part and parcel” of the UK’s Brexit
withdrawal agreement andwould not be renegotiated.
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the EU sought a “no-border solution” on the island of Ireland for the majority of the
negotiating period.
Given the continued compliance of themost geographically accessible part of theUK

with EU customs, internal market and valued added tax rules, Irish firms trading with
the UK since the 2016 vote likely did not view Brexit with the same finality as firms in
other EU member states. If Irish firms could re-organise supply chains, to have goods
sourced or routed via Northern Ireland without the imposition of tariffs, then existing
trade patterns could bemaintained until the UK formally exited the single market. Once
Brexit occurred, and trade with Great Britain became subject to tariffs and non-tariff
barriers, Irish firms could either (i) export (import) goods directly to (from) Northern
Ireland, or (ii) export (import) goods that would undergo processing in Northern Ireland
before being sent toGreat Britain (Ireland). Goods traded through these channelswould
not be subject to additional EU or UK tariffs as a consequence of Brexit. Anticipation of
these conditions, essentially maintaining the status quo for trade on the island of Ireland
and reducing the uncertainty around trading conditions, potentially lead to Irish firms
responding in a different manner to the Brexit vote than their EU counterparts, with
respect to trade with the UK.
It should be noted that, for this hypothesis to hold, we would need to see a material

change in the trade patterns of Irish imports and exportswith bothNorthern Ireland and
theUK, once theUKexited the EUSingleMarket in January 2021. If Irish firms could not
reorganize supply chains through Northern Ireland, or if their reliance on firms within
Great Britain for imports and exports was too substantial, then the composition of trade
with various UK jurisdictions would not be affected by the formal exit of the UK from
the single market. Using two distinct datasets on Irish-UK trade, we show supportive
evidence for such changes in the next section.
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2.3 Mechanism Support
As discussed in Section 2.2, the hypothesis we present in the paper for a differing effect
on Irish trade with the UK (relative to other EU economies) stems from the commitment
to a “no hard border” outcome to Brexit, and the focus on the land border issue between
Ireland and Northern Ireland throughout the Brexit negotiations. Had Irish firms not
believed that there would be an avenue through which tariff-free trade channels could
be maintained with the UK in a post-Brexit world, we argue that their decoupling from
the UK goods exports and imports markets would have been more consistent with the
patterns observed in other EU economies in the advent of the Brexit vote shock in 2016.
For this argument to hold, we would expect to see several patterns in the trade

data, following both the Brexit vote shock in June 2016 and the realization of Brexit
(specifically, the UK leaving the EU customs union) in January 2021:

I No significant decline in the share of Irish intra-UK trade flows to Northern Ireland
following theBrexit vote,with an increase in the shareofUK trade throughNorthern
Ireland once the UK exits the SingleMarket

II No significant change in maritime shipping volume between Irish and UK ports
following the Brexit vote, but an aggregate decline in shipping volumes once tariff
and non-tariff barriers are introduced in post-Brexit.

To support the mechanism behind our hypothesis, we provide evidence from two
separate datasets on Irish import and export flows with the UK: bilateral intra-UK trade
value data from the Irish Central Statistics Office (CSO) and Eurostat maritime shipping
volumes between Irish and UK ports. Together, these data should provide an overview
of the impact of both the Brexit vote and the UK exit from the EU Single Market, which
should inform themain analytical results presented in this paper.
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2.3.1 Irish Intra-UK Trade Post Brexit

Figure 2 presents monthly export and import flows between Ireland and Northern
Ireland between 2015 and 2023, covering the period before the Brexit vote shock and
after the exit of the UK from the EU single market. From both the exports and imports
sub-figures, there is no evidence of a structural break in the data around the timing of
the Brexit vote. However, both series show a material increase in values once the UK
exited the EU Single Market in January 2021. Relative to 2015-2019 values, average
export flows increased by 102% over the 2021-2023 period. Similarly, average monthly
import flows increased by 154% over the same reference periods. At a quarterly level,
the differential in (real 2019) trade flows between the post-referendum, pre-Brexit
period and thepost-Brexit period amounts toe588milion in quarterly exports ande751
million in quarterly imports.
Figure 3 presents the share of Irish imports and exports to the UK accounted for by

Northern Ireland, over the 2000-2023 period. Prior to the Brexit vote shock, the annual
share of UK exports to Northern Ireland averaged 9.7%, with a peak value of 11.7% in
2014. Similarly, average shares of total UK imports were 6.5%, peaking at 7.2% in 2004.
In 2016 (the first full year following the Brexit vote shock, these maximal values were
exceeded for both exports (12.8%) and imports (9%), with near-monotonic increases in
each subsequent year of the sample. Again, once the UK exits the EU Single Market in
2021, we see the structural breaks from Figure 2 increase Northern Ireland’s share of
Irish merchandise trade with the UK, with average exports (21.8%) and imports more
than double their historical average share of UK trade flows over the 2021-2023 period.
Not only do these results support the mechanism we propose in our analysis, they

also eliminate a competing explanation from being the source of potential differences
in the Irish trade response to the Brexit vote shock. If Irish exporters and importers
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Figure 2: Export and Import Flows between Ireland andNorthern Ireland

(a) Irish Exports to NI

(b) Irish Imports fromNI
Source: Central Statistics Office, External Trade database. Values in real 2019emillions.
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had a substantially greater reliance on (or inability to diversify away from) existing trade
markets inGreat Britain, relative to continental EUfirms, then this could have accounted
for the absence of a decline in trade flows between the UK and Ireland following the
Brexit vote. However, such a reliance could not explain the compositional shift in trade
flows from Great Britain to Northern Ireland, suggesting an alternative mechanism
that presented Northern Ireland as a preferential trade destination during the period
between the Brexit vote and the UK exit from the EU SingleMarket.

Figure 3: Share of Irish - UK Trade Flows accounted for by Northern Ireland

Source: Central Statistics Office, External Trade database.

2.3.2 Irish-UKMaritime Shipping Trade Post Brexit

To further reinforce the differing effects of supply chain reorganization that occurred
following the Brexit vote shock, Figure 4 presents Eurostat maritime shipping data to /
from UK ports. To compare the effects of both the Brexit vote shock and the UK exit
from the single market, we present aggregate outwards (export) and inwards (import)
flows with all UK ports, for both Ireland and the aggregate EU (excluding Ireland). For
comparability, we exclude intra-country shipping volumes and index the average volume
in the four quarters prior to the vote shock (2015q3-2016q2) to 1.

17



Figure 4: Outward and InwardMaritime Shipping Flowswith UK Ports

(a) Outward Flows to UK Ports

(b) Inward Flows fromUKPorts
Source: Eurostat gross weight of goods transported to/from main ports. Values in thousand
tonnes, indexed to 1 over 2015q3-2016q2 average.
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As can be seen fromboth charts in Figure 4, Irish inward and outward flows remained
substantially above their pre-vote volumes (and the comparable EU flow series) for the
majority of the period between theBrexit vote and the introduction ofUK trade tariffs in
2021q1. Neither Irish series show amaterial decline in the aftermath of the Brexit vote,
in contrast to EU inflows and outflows, both of which show a marked drop in volumes
by 2017q1. However, the effect of the UK’s exit from the EU single market (2021q1)
on Irish shipping flows is dramatic: quarter-on-quarter outwards flow volumes decline
by 34%, while inward flow volumes contract by 35%. While inwards flows return to pre
Brexit-vote levels by 2022, outwards flows do not return to either their pre Brexit-vote
or pre-Brexit levels over the remaining sample period.
Again, these data reinforce the narrative driving our hypothesis: Irish firms retained

their trading relationships with the UK, to a greater extent than other EU firms, due to
the belief that alternative supply chains involving Northern Ireland could be developed.
As EU firms sourced alternative markets, Irish-UK export and import flows increased,
leading to record shipping volumes between Great Britain and Ireland. Once Brexit
occurred, and trade tariffs with Great Britain were introduced, Irish firms adjusted
supply chains, re-routingmerchandise trade fromGreat Britain to Northern Ireland.8

3 Methodology
In keeping with the work of Born et al. (2019), Siedschlag and Koecklin (2019), and
Breinlich et al. (2020) on the macroeconomic effects of Brexit, we treat the EU
referendum vote of June 2015 as a unique natural experiment, with causality unrelated
8 While some of this shipping decline is due to the reduction in use of the UK as a land-bridge

route (i.e. transiting goods via the UK to alternate destinations), it cannot reflect the full
effects observed in the data. Estimates by Lawless andMorgenroth (2017) put themaximum
volume of Irish trade flows that use theUK as a land-bridge at 25% of total shipping volumes,
well below the∼35% decline in shipping volumes post-Brexit.

19



to macroeconomic conditions, a precise date of the “treatment”, and effects that are
observable at the aggregate macroeconomic level. Additionally, we assume that the
Irish border guarantees and negotiations were also part of this natural experiment, as (i)
interest in the topic arose only after the referendum, (ii) the decision to include the Irish
border as a central negotiation concern was not connected to economic performance,
and (iii) theeffects of the “noborder” commitment inmaintaining theopenborder caused
changes at an aggregatemacroeconomic level.
Toquantify the effect of the “noborder” commitment on Irishmerchandise tradewith

theUK,weneed to generate a counterfactual benchmark as our appropriate comparison
economy. Asour research focus is on thedynamic effects of this commitmenton Irish-UK
trade, we require our counterfactual economy to track the actual trade series as closely
as possible prior to the result of the Brexit referendum. At the same time, it must be left
unaffected by the Irish border negotiations, but impacted by the Brexit vote.
We follow Born et al. (2019) and use synthetic control methods to generate

counterfactual import and export series between Ireland and the UK. The SCM is based
on the idea that, when the units of observation are a small number of aggregate entities,
a combination of unaffected units often provides a more appropriate comparison than
any single unaffected unit alone. The synthetic control methodology formalizes the
selection of the comparison units using a data driven procedure. See Appendix II for a
more detailed discussion of synthetic control methods.

3.1 The Augmented Synthetic ControlMethod
As discussed by Abadie and Gardeazabal (2003), the Synthetic Control Method is
recommended only in instances where the synthetic control’s pre-treatment outcomes
are near-exact matches with the pre-treatment outcomes for the treated unit. When
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it is not possible to construct a synthetic control that accurately fits pre-treatment
outcomes, use of the SCM can lead to corner solutions with respect to the estimation
of γ , and spurious outcomes for the post-treatment results.
The Augmented Synthetic Control Method (ASCM) of Ben-Michael, Feller, and

Rothstein (2021) addresses, and corrects for, this specific issue. Analogous to bias
correction for inexact matching, the approach takes the SCM values, estimates the bias
due to imperfect pre-treatment fit using an outcomemodel, and then uses this estimate
to de-bias the original SCM values. Under this approach, the ASCM estimator for Y1T (0)

is:

Ŷ aug
1T (0) =

∑
Wi=0 γ̂

scm
i YiT +

(
m̂1T −

∑
Wi=0 γ̂

scm
i m̂iT

) (1)
= m̂1T +

∑
Wi=0 γ̂

scm
i (YiT − m̂iT )

where γ̂scmi are the weights from the original SCM estimate and m̂iT is an estimator for
the post-treatment control potential outcomes YiT (0).
There are two identified benefits to using the ASCM estimator over the standard

SCM estimator. First, the conventional SCM estimate∑Wi=0 γ̂
scm
i YiT is corrected by the

imbalance in a function of the pretreatment outcomes m̂(·). As m̂ estimates the post-
treatment outcome, it can be viewed as being an analogue of the bias correctionmethod
for inexact matching (Abadie and Imbens, 2011). As m̂(·) represents the estimated
bias component, the SCM and ASCM estimators will converge as m̂(·) → 0. Second,
the ASCM estimator is analogous to standard doubly robust (DR) estimation (Robins,
Rotnitzky, and Zhao, 1994).
The improvement in performance over the standard SCM approach is dependent

on the choice of estimator, and the nature of the relationship between pre-treatment
outcomes and comparison units m̂. If the estimator is a function of pre-treatment

21



outcomes, e.g. m̂(X) = η̂0 + η̂xX + ˆηzZ , the augmented estimator can be represented
as

ŶiT (0) =
∑
i 6=1

γ̂scmi YiT +
∑
t=1

η̂xt

(
X1t −

∑
i 6=1

γ̂scmi Xit

)
+
∑
t=1

η̂zt

(
Z1t −

∑
i 6=1

γ̂scmi Zit

)
(2)

and pre-treatment periods will have larger (in absolute value) regression coefficients if
they are more predictive of the post-treatment outcome; imbalances in these periods
will cause a larger adjustment. Similarly, in an outcome model that is a combination
of comparison units, e.g. m̂(X) =

∑
i 6=1 α̂i(X)YiT , the augmented estimator will be a

weighting estimator that adjusts the weights to

Ŷ1t(0) =
∑
i 6=1

(
γscmi + γadji

)
Yit

γadji ≡ α̂(X1)−
∑
j 6=1

γscmj α̂(Xj)

(3)

where γadji is the imbalance in a unit i-specific transformation of the lagged outcomes,
which is itself dependent on the weighting function α(·).

3.1.1 Choice of ASCMEstimator

Our choice of estimator for the ASCM is a diffusion-regression Bayesian state-space
model. State-space models are systems, defined as a set of input, output and state
variables, related by first-order difference equations. State variables are variables
whose values evolve over time in away that depends on the values they have at any given
time, and on the externally imposed values of input variables. Output variables’ values
depend on the values of the state variables.
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We can represent our state-space system as a pair of equations,

yt = Z
′

tφt + υt (4a)

φt+1 = Γtφt = Rtνt (4b)

whereυt ∼ N (0, σ2
υt) andυt ∼ N (0, Qt) are independent of all other unknowns. Equation

(4a) is the observation equation, linking the observed data, yt, to a latent n-dimensional
state vector,φ−t. Equation (4b) is the stateequation, governing theevolutionof the state
vector, φt, through time. In our model, yt is a scalar observation, Zt is a d-dimensional
output vector, Γt is a d×d transition matrix, Rt is a n×m control matrix, υt is a scalar
observation error with variance σ2

t , and νt is a q-dimensional system error with a q×q
state-diffusionmatrixQt , where q ≥ d.
There are two main components to the above system of equations: a local linear

trend, and contemporaneous covariates with static coefficients. The local linear trend
component of themodel can also be represented as a set of equations

µt+1 = µt + δt + εµt

δt+1 = δt + εδt

(5)

where εµt ∼ N (0, σ2
µt) and εδt ∼ N (0, σ2

δt). The local linear trend model is a popular
choice for modelling trends, as it quickly adapts to local variation, which is desirable
whenmaking short-term predictions.
The static coefficients covariates are critical to obtaining accurate counterfactual

predictions, since they account for variance components that are shared by the series,
including the effects of unobserved causes otherwise unaccounted for by the model.
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We include these control series in the model through a static linear regression, where
Zt = β′Xt and αt = 1.

3.1.2 Prior Selection and Posterior Estimation

Let θ generically denote the set of all model parameters, and let φ = (φ1, ..., φT ) denote
the full state sequence. We adopt a Bayesian approach to inference by specifying a prior
distribution p(θ) on the model parameters, as well as a distribution p(φ0|θ) on the initial
state values. Wemay then sample from p(φt, θ|y) usingMCMCmethods.
Ourmodel depends entirely on a set of variance parameters that govern the diffusion

of the individual state components. We choose tomodel the variance terms as

σ2
i ∼ G(v, s) ∀ i ∈ {δ, ε, µ} (6)

where v = 10−2, s = 10−2ρy and ρy =
∑

t
(yt−ȳ)2

(n−1)
. Posterior inference in the model can be

broken down into three components:

I Simulate draws of the model parameters, θ, and the state vector, α, given the
observed data, {y1, . . . , y(T0−1)}.

II Set the posterior simulations to draw from the posterior predictive distribution
of our outcome variable, p(yT0 , . . . , yT |y1 . . . y(T0−1)), generating the counter-factual
series {ŷT0 , . . . , ŷT} from the pre-intervention series {y1, . . . , y(T0−1) }.

III Use the posterior predictive samples to compute the posterior distribution of the
pointwise impact {yt − ŷt ∀t = 1, . . . , T}.
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4 Data
As we wish to examine whether there has been a Brexit-related structural change in
any component of the Irish trade relationship with the UK (beyond the typical effect
observed in other European economies) we make the decision to separately examine
gross bilateral imports from theUK, and gross bilateral exports to theUK, in our analysis.
Due to model complexity, and the increased accuracy of pre-treatment fit with sample-
size, we require a substantial time dimension to our data. Fortunately, there are a
number of international organizations that maintain trade data, back to the early 1990s,
for a large panel of advanced and European economies.
Additionally, we need to incorporate a careful balance of auxiliary covariates to be

used in parallel to the lagged outcome variables. Too few, and we risk a sub-optimal
level of pre-treatment fit / covariance balance to our model. Too many, and we risk
increased extrapolation bias for covariate combinations that lie outside the convex hull
of the control units.
Furthermore, as we are attempting to identify the effects of a specific economic

change (i.e. Brexit), there is a risk that extending the dataset to include other
large structural economic developments could bias both the pre- and post-treatment
outcomes. If there were asymmetric trade responses to such shocks, these effects could
effectively pollute the ASCM estimates of the pre-treatment fit (if the event happens
before the Brexit vote in June 2016), or attribute causal effects to the treatment when
theyderive fromanalternative source (if the event happens after June2016). To prevent
structural biases prior to entry into force of the European Single Market, we start our
sample in 1995. Similarly, to prevent heterogeneous responses to the Covid-19 crisis
from being incorrectly captured as a Brexit effect, we end our sample prior to 2020.
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We estimate our ASCM models on a panel of quarterly data over the 1995q1 -
2019q4 period, using a cross-sectional donor country sample limited to the other 18

member states of the euro area. We choose to focus on the euro area as our donor
pool, given that they are part of the EU common market, to whom EU common trade
policy applies, and the shared currency prevents bias in both pre-treatment fit and post-
treatment outcome estimates due to heterogeneous monetary policy or exchange rate
effects.
Our bilateral trade data comes from the IMF Direction of Trade Statistics (DOTS)

series. We aggregate the data from monthly to quarterly frequency, to match with
the lower frequency macroeconomic data that we use as auxiliary covariates. In
keeping with other macroeconomic literature that implements the SCM approach,
our set of covariates includes: (i) output, (ii) government spending, (iii) consumption,
(iv) investment, (v) employment, (vi) and inflation. Data for output, government
spending, consumption, and investment come from individual member states’ quarterly
national accounts (QNA) statistics series, while employment and inflation data come
from Eurostat (to ensure a harmonized approach to measurement). All data are
seasonally adjusted using the X-13ARIMA-SEATS program, implemented in the U.S.
Census Bureau’s software package.

5 Estimation Results
Our baseline specification of the model has all data entering the system in log-level
form, with output, government spending, consumption and investment all in real 2019
values. However, we also conduct robustness checks with alternative forms of the data,
including indices and (for euro-denominated values) as a percentage share of output. We
also trial versions of themodel with andwithout unit fixed effects, with andwithout pre-
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and post-treatment outcomes residualized against the auxiliary covariates, andwith and
without bootstrapped standard errors.
The general form of our augmented Synthetic ControlModel has the representation:

min
γ∈∆N0

θx ‖X1 −X0 · γ ‖2
2 +θz ‖ Z1 −Z0 · γ ‖2

2 +ζ
∑
Wi=0

f(γi) (7)

where Xi is the trade series under analysis, Zi represent the potential set of time-
invariant auxiliary covariates, and f(γi) is a penalty function that penalizes deviations
from the SCMweights.
As a first test to confirm that the use of the ASCM estimator is appropriate, we run

a version of the standard Synthetic Control Method similar to the specification of Born,
Müller, Schularick, and Sedláček (2019), with weights constrained to be on the simplex.
As anticipated, there are problems with this approach, as there appears to be no convex
combination of donor countries in our sample that closely approximates the treated
units, leading to poor pre-treatment fit.9

5.1 Baseline Specifications
The optimal weighting matrices, {W ∗

x ,W
∗
m}, for our bilateral export and import

synthetic controls are presented in Table 2. As expected, the ASCM estimator gives a
sparse weighting structure for each estimation, but sufficiently populated to mitigate
potential concerns regarding the efficiency of the method to simulate an accurate
doppelganger for Y N

1t in both series. The synthetic control for exports (imports) is fitwith
only seven (six) countries from the donor pool, with approximately 85% (95%) of the fit
coming from just four countries.
9 This result is likely due to the UK’s over-weighted importance in Ireland’s trade data, as a

share of imports and exports. In several cases, the results that were obtained constructed
the doppelganger Ireland from a single member state in the donor pool.
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Table 2: ASCMWeighting Structures, Baseline Specifications

Source: Authors’ calculations using IMF DOTS, EU Quarterly National Accounts, and
Eurostat data. Data series seasonally adjusted using X-13ARIMA-SEATS Seasonal
Adjustment Program.

Figure 5 presents the results of the “gap plot” for gross bilateral exports: the
difference between Ireland and its synthetic control doppelganger using a Bayesian
causal impact estimator. Confidence intervals are calculated using a conformal inference
procedure.10 As can be seen from the plot, there is a considerable gap between the
simulated export estimates and the realised data.
From the Brexit event until the end of the sample, our ASCMestimator suggests that

the counterfactual Irish exports to theUKwould have been lower than the realised value
of exports in all 14 quarters of the validation period, with significant differences (at the
95% confidence level) in the point estimates for 10 of the 14 quarters. Furthermore, prior
to the Brexit event, there were only 9 quarters (10.5% of the pre-treatment sample) in
which the difference between the logged value of exports was above 0.1: in contrast, 11

of the 14 post-treatment quarters show the gap to be greater than 0.1.
10 See Chernozhukov, Wüthrich and Zhu (2021) for a discussion of conformal confidence

intervals.
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Figure 6 shows log-level exports to the UK for both Ireland and its synthetic control
using the ASCM approach. As seen from the gap plot in Figure 5, the estimator suggests
that exports from the doppelganger should have been lower than the realised data for
all points in the post-Brexit validation period. Additionally, the model also suggests that
exports from the doppelganger should have been lower than the four-quarter average
value of exports immediately prior to the Brexit vote, in 10 of the 14 periods, and by an
average of 7.2% over the post-Brexit period. While the counterfactual results suggest
that Brexit should have negatively affected Irish exports to the UK, the realised data
shows that exports moved in the opposite direction; average export flows were more
than 12% higher in the post-Brexit sample than the average of the four-quarter pre-vote
period.
In (real) monetary terms, these results suggest that the announced “no hard border”

negotiating stance adopted by the UK and EU translated into an average quarterly
increase in Irish exports to the UK of e676 million. Irish exports during the post-Brexit
vote period of our sample averaged e4.853 billion, while our counterfactual estimates
suggest that average export flows of e4.177 billion would have been observed in our
doppelganger Irish economy. Cumulatively, we estimate that the “no hard border”
commitment supported an additional e9.465 billion of merchandise export flows over
the 2016q3-2019q4 period. This represents an average quarterly differential of 16.3%

between the true data and our synthetic counterfactual since the Brexit vote.
Gap plot results for gross bilateral imports are presented in Figure 7. Again,

estimated levels of counterfactual imports are above realised values in all 14 quarters
of the post-treatment sample. In the pre-treatment period there were never more
than 8 continuous quarters in which the ASCM estimate was below the actual export
data. Similarly, there are seven quarters in the post treatment sample (50%) where the
estimated log difference between the realised and doppelganger values is above 0.15,
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and seven quarters in the pre-treatment period (8.1%) where the estimated difference is
above 0.15.
Figure 8 shows the ASCMestimates and the realised values of log-level imports from

the UK to Ireland. As with exports, the synthetic series present a markedly different
directional trend to the realised data. Ourmodel suggests that Irish imports should have
declined in the aftermath of the Brexit vote, with average quarterly values 11.8% below
the average value of imports in the four quarters prior to the Brexit vote. In contrast,
the actual data series only recorded a transitory decline for the first two quarters of the
post-Brexit period, before rebounding to levels above those observed in the previous
four year. Over the full validation period of our sample, Irish imports from the UK were
4.7% above the four-quarter average just prior to the Brexit vote.
These effects of the “no hard border” commitments translate into an average

quarterly increase in import flows of e604.2 million following the Brexit vote. Our
synthetic results suggest that Irish quarterly imports from the UK would have been
e3.98 billion in the absence of such commitments, while an average quarterly value of
e4.585 billion was recorded in the actual import series for Ireland: an average quarterly
differential of 15.5%. On a cumulative basis, this represents an incremental e8.459

billion of import flows from the UK to Ireland over the 2016q3-2019q4 period, which
we believe would not have occurred had a hard Brexit been the objective of either party
in the exit negotiations.
Overall, these results provide strong supporting evidence of our hypothesis, that the

commitment to a “no hard border” solution underpinned bilateral trade between the UK
and Ireland during the 2016q3-2019q4 period, significantly mitigating the trade effects
of the Brexit vote relative to other EU countries. At the outset of the BrexitWithdrawal
Agreement negotiations in 2017, both EU and UK negotiation teams made repeated
references to the importance of maintaining an “open border” between Ireland and
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Northern Ireland, while draft negotiating papers allowed for any permissible solution to
be “unique” to the post-Brexit relationship between the UK and the EU.
Even prior to the formal Brexit negotiations, there were discussions between the

British and Irish Governments in 2016 on proposals to avoid a hard border and potential
technical solutions to trade issues. Given these efforts to maintain trade across the
Irish border, it seems plausible that exporters and importers on both sides of the Irish
border believed the short-run and long-term disruptions to trade linkages from theUK’s
withdrawal from theEUwere less impactful than to the linkageswith other EUcountries,
i.e. Brexit did not really mean Brexit.
Our analysis also shows the importance of separately examining the effects of Brexit

on exports and imports, rather than just focusing on net export values. In aggregate
terms, there is little evidence in the data to support the hypothesis that Ireland’s trade
response to Brexit differed from its European counterparts; there are very few periods
of statistical difference between the realised Irish data and the synthetic doppelganger,
when the bilateral net exports series is considered. However, gross positions tell a
muchdifferent story, with the realisedmerchandise export and import data substantially
above the corresponding counterfactual values estimated by our ASCM approach.

5.2 Robustness Checks
To test the credibility of the results from our baseline specification, we perform two
robustness checks common to the synthetic control literature.
An important consideration in any synthetic control analysis is whether the gap in

the outcome between the actual treated unit and the doppelganger is driven by pre-
treatment effects. If pre-existing trends are present in the data before the timing of the
treatment event, it may not be possible to infer causality from the event, and the SCM
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analysis will likely be spurious. Thus, we perform a placebo test on the date at which the
Brexit event occurs in our sample.
Furthermore, it could be possible that our results are being driven by persistent

policy differences in the treatment period, for some of the countries in our sample.
If this is the case, and these countries have non-negligible weights in ourWx orWm

matrices, the synthetic control methodmay potentially be defining the absence of these
policy responses in the validation period as Brexit outcomes. Thus, we re-run our earlier
analysis for a constrained subset of our full donor pool.

5.2.1 Placebo Test for the Treatment date of the Border Commitment

As a first test of the validity of our results, we re-run our counterfactual analysis,
changing thedate atwhich the treatment effect of interest occurs inour sample. Analysis
using an artificial treatment date should fail to reject the null hypothesis of in-time
placebo effects prior to the event, but should be able to confirm the underlying post-
treatment effect from the date of the intervention.
To conduct this placebo study, we re-estimate our doppelganger Ireland using the

same ASCM approach outlined in the previous section, but with the date of the Brexit
vote brought forward to 2015q1. This date represents a point after the September 2014
Conservative Party conference where the prospect of and EU membership referendum
was first raised at a national level, but before the European Union Referendum Act
was brought before parliament in May 2015. We use the same estimation approach
to compute the augmented synthetic control, with the same set of variables across the
new training and validation periods. The gap plot results for these placebo tests are
presented in Figure 9 for Irish exports, and Figure 10 for Irish imports.
As shown in both charts, there is no significant divergence in the flow of imports or

exports between our synthetic Ireland and actual Ireland, over the 2015q1 - 2016q2
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period of our “in-time placebo” analysis. This is in contrast to the correctly dated 2016q3
timing of the “no hard border” commitments, which shows substantial effects on impact
for both bilateral import and export flows. These results add supportive evidence to the
argument that the gaps estimated in Figure 5 and Figure 7 reflect the effects of the “no
hard border” commitment by both UK and EU officials (relative to other EU members
states thatwere unaffected by the Irish border negotiations), and not a lack of predictive
power from the augmented synthetic control method.
Additional placebo tests, extending the Brexit event back further in time andmoving

the Brexit event to the end of 2015, deliver similar gap plot results to those presented in
Figure 9 and Figure 10.

5.2.2 Robustness Check on the Donor PoolMember States

As discussed above, an important condition of the synthetic control approach assumes
that there are no heterogeneous policy shocks that may be driving differences in the
synthetic counterfactual and the realised data. To minimize the risk of such shocks
contaminating our estimates, we limited the donor pool to the sample of euro area
member countries at the time of the Brexit vote event. However, it may be the case
that for the set of countries in the sample that were not original euro area members,
persistent differences in monetary or exchange rate policy in the pre-treatment period
may be biasing estimates in the post-treatment period, where these differences no
longer exist.
To confirm that our results are not driven by heterogeneousmacroeconomic policy in

the pre-intervention period, we restrict our donor pool to the sample of EA12 member
states, dropping the seven countries that joined the euro area between 2007 and 2015.
We re-estimate our ASCM approach, with alternative weighting matrices {W̃ ∗

x , W̃
∗
m},
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but keeping all other elements from our baseline specification fixed. Gap plot results for
our counterfactual export and import series are presented in Figure 11 and Figure 12.
Overall, our results do not change materially from those obtained in the baseline

specification. For theexport series, themodel nowdrawsfivecountries fromthe reduced
donor pool, with Finland now possessing the largest weighting share of 34%. While the
absolute deviation between the realized data and the synthetic counterfactual series is
(axiomatically) larger in the pre-treatment period, we still obtain nine post-treatment
quarters where the difference is significant, and seven quarters where the deviations
are larger than those observed in all but one quarter of the pre-treatment period. Over
the full post-treatment period, these alternative estimates suggest that the cumulative
difference between the actual data and the synthetic doppelganger translates to export
values ofe8.72 billion, ore622.9million per quarter following the EU referendum vote.
For the import series estimated using the reduced donor pool, only four member

countries are used to generate the doppelganger, with Finland retaining the largest
weighting share (45.1%). As per the baseline model, the ASCM estimator indicates
that imports would have been substantially lower under the synthetic counterfactual:
positive, significant differences between both values are estimated in 9 of the 14 post-
treatment periods. There are 5 quarters in the post treatment period where the
estimated log-difference between the actual and counterfactual import series is above
0.15, but only 8 quarters where this is the case in the pre-treatment period. Converting
the difference between both series into real 2019 euro values, the alternative estimates
suggest that import values were e7.24 billion above the synthetic counterfactual over
the full post-treatment period, equivalent to e517.1 million of additional imports each
quarter following the Brexit vote.
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6 Conclusions
Quantifying the aggregate effects of consequential policy interventions is a distinct
challenge within the field of empirical macroeconomics. Following the Brexit vote,
considerable uncertainty surrounded the UK’s decision to leave the EU single market,
primarily with respect to the impact on international trade flows. However, a unique
intervention by the UK and EU supporting the retention of a “no-border solution” on the
island of Ireland allowed for a mechanism through which Ireland could maintain tariff-
free trade with the UK economy. This intervention reduced the uncertainty associated
with Irish importers and exporters maintaining trade contacts with UK firms. Naturally,
this outcome raises the question of the counterfactual: to what degreewould Irish trade
flows with the UK have developed had it not been for these guarantees of a “no-border
solution”?
To answer this question, we capitalize on the natural experiment characteristics of

the Brexit vote and Irish border guarantees, in order to assess the effects of policy
interventions before the actual implementation of formal procedures and protocols.
We employ a bias-corrected form of an approximate balancing weights estimator
from the treatment evaluation literature: the augmented synthetic control method,
which compares a treated country (Ireland) with an estimated counterfactual (other
EU member states). Under this approach, the counterfactual is a linear combination of
comparison units that are similar to the treated economy along covariates (economic,
demographic and financial factors) and pretreatment realizations of the outcome
variable, with an outcomemodel used to correct for bias due to imperfect pretreatment
fit.
Using this ASCM, we estimate a counterfactual response of Irish trade flows with

the UK, constructed from a donor pool of other EU member states. Given the stated
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importance of maintaining the “no border” status quo, we consider differences between
realised and counterfactual import and export flows to be due to the causal effect of
the “no hard border” commitment, which mitigated adverse trade effects between the
Brexit vote in June 2016 and approval of the Brexit withdrawal agreement by UK an EU
parliaments in January 2020. Results fromourmodel suggest that, between2015q3 and
2019q4, Irish exports to the UK were 16.3% above our synthetic counterfactual, while
Irish imports from the UK were 15.6% above counterfactual estimates. Our results are
robust to changing the timing of the effects of the Brexit vote and border commitments,
and the EUmember state sample used to construct our counterfactual doppelganger.
The analysis from our paper can be view in contrast to the majority of prior

work on the effects of Brexit. Most natural experiment research on Brexit estimates
the counterfactual without a policy shock that results in negative anticipation and
uncertainty effects, to quantify the impact from lowered expectations of economic
outcomes. Instead, we present our counterfactual without a policy shock that results
in positive anticipation and uncertainty effects. Thus, in contrast to works like Börn et al.
(2019) who estimate the losses from a change in expectations about the UK’s economic
future, wemeasure the economic gains resulting from the anticipated retention of tariff-
free trade channels between Ireland and the UK in a post-Brexit world.
These gains are consistent with the identified effects of free-trade agreements

identified in the international trade literature. Several studies, including Baier and
Bergstrand (2014) and Anderson and Yotov (2016), find FTAs to have positive and
significant effects on trade flows. While the short-run effects of FTAs are considered to
be substantial, the long-run effects are typically much larger, suggesting that the effects
of the negotiated Brexit Protocols between Ireland, Northern Ireland and Great Britain
could extend well beyond the time period under analysis in this paper, should they be
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maintained.11 Crucial to these effects is the reduction in policy uncertainty (Handley
and Limão, 2007), which allows firms to make costly irreversible investment decisions
without the concern that the negotiated trade agreements remain credible or face some
probability of reversal.
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Appendix: The Synthetic ControlMethod

I General Synthetic ControlMethods
Consider a set of j units, where j = 1, 2, . . . , J . Assume j = 1 is the treated unit, subject
to a different state of the world than the other units in the sample. The remaining set of
units, j = 2, 3, . . . , J is the “donor pool”, who form the set of potential comparisons from
which we can develop out “synthetic”, or counterfactual, treated unit.
Let the data in the sample cover T time periods, with the first T0 periods occurring

before the intervention, and the remainingT−T0 periods spanning thepost-intervention
period. For each unit j, in each time period t, we observe the outcome for our variable
of interest, Yj,t and a set of exogenous predictor variables, X1,j...Xk,j . The k×j vectors
X1 . . . XJ contain predictor values for each of the j = 1, . . . , J units. Similarly, the
k×(J − 1) matrix, X0 = [X2 . . . XJ ] contains values of the predictors for the (J − 1)

untreated units. For each unit, j, and time period, t, let Y N
jt be the potential response

without intervention. For the unit affected by the intervention (j = 1), define Y I
1t to

be the potential response under the intervention, in the post intervention period, i.e.
∀ t > T0.
Under this structure, ∀ t > T0, the effect of the intervention of interest for the

affected unit in period t is:
τ1t = Y I

1t − Y N
1t . (8)

Because unit j = 1 is exposed to the intervention from period T0 onwards, it is
axiomatically the case that Y1t = Y I

1t ∀ t > T0. Thus, for the all time periods subsequent
to the intervention, the only observable outcome for the treated unit(s) of interest is
the potential outcome under the intervention. However, as is the case for most event
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study research, a key question of interest relates to the causal effect of the treatment.
Counterfactuals are commonly used to asses these causal relationships through the
modelling of alternate scenarios where the intervention did not affect the treated unit
after t = T0, i.e. estimating the unobserved value Y N

1t . As permanent effects of the
intervention may take time to be observed, it is important to allow τ1t to vary across the
time dimension.
Given the complexity of modern economic and financial systems, counterfactual

analysis can be difficult to implement in macroeconomic research. It can be exigent
to accurately match characteristics of the treated country or region to a single other
untreated country, given that divergences in economic outcomes could be the result
of pre-existing differences in monetary, fiscal, exchange rate or regulatory policies,
or general developments in financial or labour markets. Consequently, it may be
more appropriate to generate counterfactual scenarios using a combination of several
countries from thedonor pool, giving abetter approximation to the values ofY N

1t bymore
closely matching the treated country across multiple dimensions.
Definitionally, this is exactly what a synthetic control is: a weighted average of

a combination of units from a donor pool. A synthetic control can be represented
mathematically by a (J − 1) × 1 vector of weights,W = (ω2, . . ., ωJ)′. Given a set of
weights,W , the synthetic control estimators of Y N

1t and τ1t have the form:

Ŷ N
1t =

J∑
j=2

ωjYjt and (9)

τ̂1t = Y1t − Ŷ N
1t (10)

Typically, weights are restricted to be non-negative and to sum to one. Restricting
weights in this manner produces synthetic controls that are weighted averages of
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outcomes of the donor pool units, with weighting structures that are likely sparse,
without the risk of extrapolation bias. As only a small number of units contribute to
the estimate of the Ŷ N

1t counterfactual, and the contribution of each unit is uniquely
represented by its weight, SCM counterfactual estimates are both intuitive and
transparent.
Given the central role of the donor pool weights in determining the counterfactual

estimate, construction of the weighting system is critical to the estimate of τ̂1t. Several
pioneering researchpapers in SCMestimation, includingAbadie andGardeazabal (2003)
and Abadie, Diamond, and Hainmueller (2010) propose selecting (ω2, . . . , ωJ+1) so that
the resulting synthetic control is an optimal fit for the outcome variable’s treated unit
of predictors in the pre-intervention period. With a set of non-negative constants,
(υ1, . . . , υk), the synthetic controlW ∗ = (ω∗2, . . . , ω

∗
J)′ that provides this optimal fit will

solve the function

min ‖X1 −X0W ‖= min

(
k∑

h=1

υh (Xh1 − ω2Xh2 − . . .− ωJXhJ)2

) 1
2

s.t. ωj ≥ 0 ∀ j = 2, . . . , J &
J∑
j=2

ωj = 1

(11)

Under this weighting structure, the estimated treatment effect for the treated unit
at time t = T0 + 1, . . . , T is

τ̂1t = Y1t −
J∑
j=2

ω∗jYjt (12)

The vector of constants (υ1, . . . , υk) from equation (11) can be considered a relative
importance vector, defining the relevance that the synthetic control attaches to
matching the realised values of each of the k predictors for the treated unit,X11, . . . , Xk1.
For any choice of importance vector V = υ1, . . . , υk, constrained quadratic optimization
can be used to solve equation (11). Thus, each potential vector V = (υ1, . . . , υk)
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defines a synthetic control, W (V ) = (ω2(V ), . . . , ωJ+1(V ))′, which can be identified
by minimizing equation (11), subject to constraining the weights inW (V ) to both be
positive and sum to one. This approach shifts the problem from identifying the preferred
weighting systemW to identifying the optimal importance vectorV .
The purpose of the synthetic control is to approximate the true counterfactual

dynamics in our variable of interest, which would have been observed in t > T0 had
the intervention not occurred, for Y1t. Given these requirements, a weighting system
W is chosen such that the resulting synthetic control optimally reflects the treated
unit before the intervention, along the dimension of a set of characteristic variables
X11, . . . , Xk1. The problem of choosing V = (υ1, . . . , υk) can then be interpreted as
choosing values for each υ1h that capture the relative importance of Xh1 for predicting
Y N

1t in the post intervention period, t = T0 + 1, . . . , T .
As Y N

1t is a latent variable for t = T0 + 1, . . . , T , it is not possible to directly estimate
the relative importance of each predictor in approximating Y N

1t once the intervention
has occurred. However, given that Y N

1t is observable in the pre-intervention period
t = 1, 2, . . . , T0, pre-intervention data can be used to quantify the predictive power
of the variables X1j, . . . , Xkj in estimating Y N

1t . As developed by Abadie, Diamond
and Hainmueller (2015), a preferred approach to solving for V ∗ andW ∗ can take the
following form:

I Partition the pre-intervention period into an initial training period (t = 1, . . . , t0) and
a subsequent validation period (t = t0 + 1, . . . , T0).

II For every candidate vector V , let W̃ = (ω̃2(V ), . . . , ω̃J+1(V )) be the synthetic
control weights computed with training period data on the predictors. The mean
squared prediction error (MSPE) of this synthetic control with respect to Y N

1t in the
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validation period is

To∑
t=t0+1

(Y1t − ω̃2(V )Y2t − . . .− ω̃J+1(V )YJ+1t) (13)

III ChooseV ∗ such that theMSPE in equation (13) is minimized.

IV Conditional on V ∗ and predictor data for the pre-intervention validation period,
calculateW ∗ = W (V ∗).

As the procedure is numerical in nature, its value is dependent on the degree to which
the candidateV ∗ solves Y1t ≈ ω̃2(V ∗)Y2t + · · ·+ ω̃J(V ∗)YJt for the set of predictors used
to calculateW ∗, and the sensitivity of results to different solution values ofV .

II SCMRepresentation
As popularised by Abadie and Gardeazabal (2003) and Abadie, Diamond, and
Hainmueller (2010), the SCM problems imputes the missing potential outcome for the
treated unit, Y1T (0), as a weighted average of the control outcomes, Y ′

0Tγ. Weights
are chosen to balance a combination of pre-treatment outcomes and other auxiliary
covariates. We can represent the SCM as a solution to the constrained optimization
problem

min
γ∈∆N0

θx ‖ V
1
2
x (X1· −X ′0·γ) ‖2

2 +θz ‖ V
1
2
z (Z1· −Z ′0·γ) ‖2

2

s.t. ∆N0 = {γ ∈ RN0 |γi ≥ 0 ∀ i,
∑
i

γi = 1}
(14)

whereVx andVz ∈ RT0×T0 are symmetric importancematrices, and ‖ V 1
2
x (X1· −X ′0·γ) ‖2

2

and ‖ V 1
2
z (Z1· −Z ′0·γ) ‖2

2 are the L2 norms onto RT0 after applying Vx 1
2 and Vz 1

2 as linear
transformations.
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We can view the SCM optimization problem in equation (14) as an approximate
balancing weights estimator. As with all balancing estimators, a central question is what
quantity to balance.
Following the recent methodological literature (see Doudchenko and Imbens, 2017;

Ferman and Pinto, 2018), equation (11) directly optimizes for the pre-treatment period,
minimizing the (possibly weighted) imbalance of pre-treatment outcomes between the
treated unit and the weighted control mean. The SCMestimator for t > T0 is given by

SCMEstimator = Ŷ1t =

(∑
i 6=1

γiXi

)′

θ̂x +

(∑
i 6=1

γiZi

)′

θ̂z +

(∑
i 6=1

γiεit

)
(15)

We can decompose the bias of the SCM estimator into two elements

Y1t − (θ̂x
∑
i 6=1

γiXi + θ̂z
∑
i 6=1

γiZi) =
[
Y1t − Ŷ1t

]
+[

Ŷ1t − (θ̂x
∑
i 6=1

γiXi + θ̂z
∑
i 6=1

γiZi)

]
+

(16)

where the
[
Y1t − Ŷ1t

]
component of equation (16) is the extrapolation bias of the

estimator, and
[
Ŷ1t − (θ̂x

∑
i 6=1 γiXit + θ̂z

∑
i 6=1 γiZit)

]
is the interpolation bias of the

estimator.
Assuming the estimator to be a Lipschitz function, themagnitudeof the extrapolation

bias is bounded by

|ExtBias(γ)| ≤ C ‖ θxX1 + θzZ1 −
∑
i 6=1

γi(θ̂xXi + ˆθzZi) ‖ ≡ C1 × Ext(γ) (17)
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Additionally, assuming that X1 =
∑

i 6=1 γiXi exists, the magnitude of interpolation bias
will be bounded by

|IntBias(γ)| = |
∑
i 6=1

γi(Y1t − Yit)|

≤
∑
i 6=1

γi|Y1t − Yit|

≤ C2

∑
i 6=1

γi|X1 −Xi|≡ C × Int(γ)

(18)

By construction, the SCM estimator minimizes the quantity Ext(γ) that bounds
extrapolation bias, but is susceptible to interpolation bias. Under the above properties,
their exist two conditions under which the SCM estimator is unbiased,

∑
i 6=1

γ∗Zi = Z1

∑
i 6=1

γ∗Xi = X1

(19)

When the treated unit’s vector of lagged outcomes, X1, is inside the convex hull of the
control units’ lagged outcomes, X0, the SCM weights in equation (11) achieve perfect
pre-treatment fit, and the resulting estimator has many attractive properties, including
a bias bound established by Abadie et al. (2010). Due to the curse of dimensionality,
however, achieving perfect (or nearly perfect) pre-treatment fit is not always feasible
with weights constrained to be on the simplex (see Ferman and Pinto, 2018). When the
pre-treatment fit is poor or the number of pre-treatment periods is small, Abadie et al.
(2015) recommend against using SCM. Even if the pre-treatment fit is excellent, Abadie
et al. (2010, 2015) propose extensive placebo checks to ensure that SCM weights do
not overfit to noise. Thus, conditionality of the analysis is essential to the appropriate
application of SCM.
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