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Summary:

Using the Panel Data Approach (PDA) of Hsiao et al. (2012) in combination with the LASSO
method, this article aims to measure the effect of the Brexit process on the United Kingdom’s
real economy up to 2019Q2. The results are twofold: Firstly, compared to the existing
literature, the PDA improves the measurement of the impact of Brexit on the real economy
regarding computation intensity, the feasibility of statistical inference and a wider
application area. Secondly, the estimated counterfactuals for the UK show that the Brexit
process has played a crucial role in the UK’s economy, leading to lower GDP (growth rates),
lower private consumption, lower gross fixed capital formation (GFCF) and higher exports.
On average, GDP growth has declined between 1.3 and 1.4 percentage points, whereby the
cumulative loss ranges between 48 and 54 billion British pounds. Moreover, private
consumption in the UK has declined 4.7 billion British pounds quarterly on average. The
predicted counterfactuals show that the impact of the Brexit process on GFCF has begun in
2018Q1, whereby the average treatment effect amounts to -2.9 billion British pounds. The
UK’s exports increased since the referendum, most likely due to the depreciation of the
British pound post-Brexit. The average quarterly effect of the Brexit process on exports is
estimated here at 4.8 billion British pounds.

Zusammenfassung:

Unter Verwendung des Panel Data Approach (PDA) von Hsiao et al. (2012) in Kombination
mit der LASSO-Methode zielt dieser Artikel darauf ab, die Auswirkungen des Brexit-
Prozesses auf die Realwirtschaft des Vereinigten Konigreichs bis 2019Q2 zu messen. Die
Ergebnisse liefern zwei Erkenntnisse: Erstens verbessert der PDA im Vergleich zur
bestehenden Literatur die Messung der Auswirkungen des Brexit auf die Realwirtschaft
hinsichtlich der Rechenintensitét, der Anwendbarkeit statistischer Inferenz und des breiteren
Anwendungsbereichs. Zweitens zeigen die kontrafaktischen Schatzungen fir das Vereinigte
Konigreich, dass der Brexit-Prozess eine entscheidende Rolle in der britischen Wirtschaft
gespielt hat, was zu einem niedrigeren BIP (-Wachstum), einem geringeren privaten
Konsum, geringeren Bruttoanlageinvestitionen und hoéheren Exporten gefuhrt hat. Im
Durchschnitt ist das BIP-Wachstum zwischen 1,3 und 1,4 Prozentpunkten zuriickgegangen,
wobei der kumulierte Verlust zwischen 48 und 54 Milliarden Britischen Pfund liegt. Darlber
hinaus ist der private Konsum im Vereinigten Koénigreich durchschnittlich um 4,7 Milliarden
Britische Pfund pro Quartal zuriickgegangen. Die kontrafaktischen Schéatzungen zeigen,
dass die Auswirkungen des Brexit-Prozesses auf die Bruttoanlageinvestitionen im ersten
Quartal des Jahres 2018 begonnen haben, wobei der durchschnittliche Effekt bei -2,9
Milliarden Britischen Pfund liegt. Die Exporte GroRbritanniens haben seit dem Referendum
zugenommen, was hochstwahrscheinlich auf die Abwertung des britischen Pfunds nach dem
Brexit-Prozess zurtickzufiihren ist. Der durchschnittliche Effekt des Brexit-Prozesses auf die
Exporte wird hierbei auf 4,8 Milliarden Britische Pfund pro Quartal geschatzt.
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1. Introduction

On 23 June 2016, the United Kingdom (UK) voted to leave the European Union (EU).
Several years after the referendum, the official British exit, commonly referred to using the
portmanteau “Brexit”, has not yet taken place. As of late 2019, the Brexit negotiations
between the UK and EU were continuing. The range of possible negotiation results spanned
from a hard to a soft Brexit, and even no Brexit at all had been a possible outcome. Both
sides are playing the so-called game of chicken (or hawk—dove game) where both maintain
a collision course with the other in order to move the negotiating partner toward offering
some concessions. Since neither of them is about to swerve and lose the game, the likelihood
of a ‘no deal’ Brexit, where both parties lose, has increased during the Brexit process. In
particular, due to this game condition, the actual Brexit day has been postponed for the third
time until January 31, 2020. Uncertainty about the outcome of the negotiations has resulted
in major planning problems in the real sector, since households and companies in the UK
are faced with the loss of access to the European Single Market. That is why it is not
surprising that the Brexit process itself led to major changes in the economic environment
and trade flows of the UK due to the anticipation of the upcoming Brexit.

Several studies focus on the impact of Brexit on economic factors such as income, welfare,
exports, and foreign direct investment (FDI) in the UK, where many contributions employ
the gravity model approach. Using a quantitative trade model covering 40 countries and 30
sectors, Dhingra et al. (2017) predict that a soft and a hard Brexit would lead to a fall of the
UK’s consumption per capita of about 1.3% and 2.7%, respectively. Furthermore, using a
gravity model, they show that the UK’s income per capita declines by between 6.3% and
9.4% due to Brexit. Brakman et al. (2017) use the gravity equation with counterfactual
scenarios to analyze the impact of Brexit on exports. By taking 43 countries into account,
they show negative trade consequences for both the UK and the EU. Baier and Welfens
(2018) examine, using the gravity model, the impact of Brexit on FDI flows and estimate a
decline of FDI inflows to the UK by about 42%. Using a panel data structural gravity
approach, and assuming different counterfactual post-Brexit scenarios, Oberhofer and
Pfaffermayr (2018) find that six years after Brexit occurs, the UK’s (EU’s) exports of goods
to the EU (UK) are likely to decline by between 7.2% and 45.7% (or 5.9% and 38.2%). They
also find that the UK’s real income is likely to decline by between 1.4% and 5.7% under a
hard Brexit scenario and that welfare effects for the EU are insignificant. Henkel and Seidel
(2019) run a gravity-spatial model with labour mobility in two counterfactual exercises to
study the impact of European integration on welfare and migration flows across 1,280
European regions. They estimate welfare losses for the UK of 1.05% and for the EU of
0.41% in the most pessimistic Brexit scenario. Graziano et al. (2018) analyze the uncertainty
effects of trade disagreements via a constant elasticity of substitution demand function and
find that increasing probabilities of Brexit reduce bilateral export values.

Apart from the gravity model, some studies use program evaluation methodologies, which
measure the impact of political or economic interventions by constructing counterfactuals.
Usually, a counterfactual without treatment is estimated and compared with the observed
series with treatment. In this way the significance and the impact of Brexit can also be
measured. Based on Abadie and Gardeazabal (2003), the Synthetic Control Method (SCM)
is one of these methodologies. Using the SCM, Douch et al. (2018) estimate the effects on



bilateral trade between the UK, on one hand, and 14 EU and 14 non-EU trading partners, on
the other hand, and find that compared with the synthetic UK, exports have declined to both
EU and non-EU countries. Serwicka and Tamberi (2018) apply the SCM to examine FDI
flows and show that the Brexit referendum reduced the UK’s FDI inflows by around 16%-
20%. Further recent research about the impact of Brexit on the real economic growth of the
United Kingdom is published by Born et al. (2019). Using the SCM, the authors find that by
the end of 2018 the gap between the counterfactual and actual GDP ranges between 1.7%
and 2.4% of UK GDP and estimate the cumulative loss of the Brexit vote in terms of 2016
GDP at 55 billion British pounds. Moreover, by decomposing real GDP into its components,
they find that primarily investments and consumption have been negatively impacted by the
Brexit vote.

The main motivation of this paper is to measure the impact of the Brexit process on the real
economy. Its primary contribution to the existing literature is in the use of a novel alternative
method to the SCM, namely the Panel Data Approach (PDA) of Hsiao et al. (2012). Looking
from a different methodological angle, results are obtained which will be compared with
previous findings in the literature using SCM. The research mostly relates topically to the
study of Born et al. (2019) and analyses the impact of Brexit on real GDP growth, gross
fixed capital formation (GFCF), consumption and the export performance of the UK. As
proposed by Li and Bell (2017), the PDA is combined with the least absolute shrinkage and
selection operator (LASSO) method, which helps to select control units to make adequate
out-of-sample predictions.

The results of this research article are twofold. Firstly, from a technically point of view, the
PDA appears to be a more appropriate approach in order to measure the impact of Brexit. In
contrast to the SCM, the use of the PDA allows to conduct inference. Moreover, the PDA
approach is able to estimate quantitatively the impact of the Brexit process on consumption
and investment, whereas the SCM approach of Born et al. (2019) can only point out the
direction of the impact of these variables. This is due to the flexibility of the PDA. In addition
to that, the flexibility and the simplicity of the computation of the PDA allow predicting
counterfactuals for the UK using a donor pool, whereby member countries of the European
Single Market are excluded. Since the SCM application of Born et al. (2019) also includes
EU countries, which themselves could be significantly affected by the Brexit process, the
predicted counterfactuals could be biased due to endogeneity.

Secondly, most of the estimated figures are highly significant and show that, with the
exception of UK exports, the Brexit process has been negatively impacting GDP,
consumption and GFCF. By 2019Q2, the cumulative loss in terms of UK GDP amounts to
between 48 and 54 billion British pounds, whereas the gap between actual output and the
counterfactual prediction is approximately 2.5 to 2.7 percent. The estimated impact on UK
exports is positive, most likely because of the depreciation of the British pound following
the referendum and during the Brexit process.

The remainder of the paper is organized as follows. Section 2 presents the econometric
methodology used, namely the PDA of Hsiao et al. (2012) in combination with the LASSO
model selection method. Section 3 describes the data used and the modelling strategy. In
Section 4, the empirical results for UK GDP, consumption, GFCF and exports are presented.
Finally, Section 5 provides a summary including policy conclusions. To the best knowledge
of the author, studies about the impact of Brexit using this econometric technique and time
period do not exist.



2. Econometric Method

Measuring treatment effects of policy interventions using non-experimental data is a difficult
task, since the counterfactual scenario, where no intervention has occurred, is unobservable.
In the literature, using the Difference-in-Differences (DID) methodology is one popular way
to solve this problem. Nevertheless, the DID method has some urgent limitations regarding
the sample selection and statistical behaviour of control and treatment units (Li & Bell, 2017,
p. 65). To obtain the treatment effect, the SCM compares the treated outcome with randomly
matched untreated controls and thus, in contrast to the DID method, is more flexible. In
particular, the SCM constructs a counterfactual by calculating a weighted combination of
control groups. The objective here is to detect the vector of weights which minimizes the
difference between calculated and observed data in the pre-treatment period using covariates
between treated and control groups (Gardeazabal & Vega-Bayo, 2017, p. 985). The PDA by
Hsiao et al. (2012) pursues a similar but more straightforward strategy to calculate
counterfactuals. However, the PDA varies from the SCM regarding both the technical focus
and the approach (Gardeazabal & Vega-Bayo, 2017, p. 987): In the SCM, the counterfactual
outcome is predicted using covariates of a panel, whereas the PDA uses only the outcome
variable of a panel to construct the prediction. The main idea of the PDA is that a set of
common factors, which are the main forces that drive all outcomes of a panel, exists — for
example, real GDP. Hence, a factor approach would be able to model the outcome of a unit.
Since these factors are not observable, Hsiao et al. propose to use outcomes of the remaining
units of a panel in lieu of the common factors in order to model the outcome of the treated
unit in the pre-intervention period. Finally, estimated coefficients of the model can be used
to construct a counterfactual outcome for the post-intervention period. Besides the simplicity
of the computation, the advantage of this approach is the feasibility of significance tests,
which is not provided by the SCM.!

Let ¥, = (V1 Yarr - Yne) TEPresent a vector of panel data across N countries at time ¢.
Following Hsiao et al. (2012), the treatment effect for the ith country at time t is

A= Vit — Vir (1)
where v} and y2 denote the outcome of the ith country at time t under treatment and in the

absence of treatment, respectively. As mentioned previously, yi, and y?, cannot be observed
simultaneously. This can be formulated as follows:

Vie = di¢ yilt + (1 —dyi) yiot 2
with

d. = {l, if the ith country is under treatment at time t
o, otherwise

(3)

Suppose the treatment, i.e. the Brexit vote, occurs at time T;. Then, the vector of observed
outcomes y, before the policy change at T; can be noted as

Y In case of the SCM, the probability distribution of the predicted pre-treatment outcome is not easily
derivable, so that statistical tests cannot be performed (Hsiao, et al., 2012, p. 711).



ye = 2, fort=1,..,T; (4)

Moreover, suppose that the treatment has an impact only on the first country, i.e. the UK,
and thus the outcomes of other units (countries) of the panel are not affected by the treatment:

ylt = y.jt’ fOr t = Tl + 1, ...,T (5)
yie = v,  fori=2,..N, fort=1,..,T (6)

Under the assumption that K common factors drive the outcomes of the panel, y;} can be
modelled as follows:

yie=a+bf +e withi=1,..,N, fort=1,..,T (7)

where f, is the K x 1 vector of (unobservable) common factors that vary over time, Q; Is the

1 X K vector of constants, which can vary across units i, a; is the fixed unit-specific intercept
and ¢;; is the idiosyncratic error term with E(g;;) = 0. This factor model can be stacked
together in terms of the N units:

vi=a+Bf, +e fort=1,.,T (8)

where ¢ contains the N x 1 vector of individual intercepts, B = (b,, ..., b))’ denotes the
N x K factor loading matrix and ¢, is the N x 1 vector of error terms. As is usual in the
literature, £, is assumed to be stationary and with £ (g,) = 0. Furthermore, it is assumed that
g, Is homoscedastic and thatE(gt]f’t) = 0. Hsiao et al. (2012, p. 707) assume, that Rank

(B) = K should hold, which implies that N is greater than the number of common factors
(K), which is easily satisfied in practice (Li & Bell, 2017, p. 67).

Equations (1) and (7) show that for the post-treatment period of the first country, which is
the unit affected by the policy change, the outcome can be written as follows:

Vie =Vie =y + A=y + bifr + e+ 0y fore=T,+1,..,T 9)

The number of common factors K could be identified using the procedure of Bai and Ng
(2002) in order to estimate f,. This holds only for large N and T, which are often in practice
not given. Hsiao et al (2012, p. 709) show that the counterfactual prediction of y?, in the pre-
treatment period can be realized by using ¥, = (V24 ---, Ynt)', Which are not affected by the
policy change but which are affected by the common factors, in lieu of f;:

Vi = a@+a Je + €5, (10)
where @ and @ denotes the constant and the vector of coefficients, respectively, and &7; is

the error term. To construct the counterfactual, the following procedure is used by Hsiao et
al. (2012):

Step 1:y?, has to be regressed on ¥, for the pre-treatment period (t = 1,...,T;) using
equation (10).

Step 2: The obtained estimates for @ and @ are used to calculate 92, for the post-treatment
period (t =T; + 1, ..., T).

Using 2, in equation 1, the average treatment effect (ATE) can be estimated as follows:

T T
ATE = : § Vie =90 = —1 § Ay (11)
T - Tl o T - Tl o
l—T1 l—T1



In the case of stationary A, the significance of the treatment effect can be tested by a t-test.
If the predicted treatment effect is serially correlated, the inference of ATE can be performed
by applying an OLS model with only a constant as independent variable and a
heteroskedastic-autocorrelation consistent variance-covariance estimator proposed by
Newey and West (1987):

Altz ao + é\t (12)

where the constant a, equates to the ATE. To evaluate the significance of the ATE, a t-test
using HAC standard errors can be applied. Moreover, an AR(p) model can be fit for the
estimated treatment effects A, ,:

P
A= Bo + Z Bibie—iy + & (13)
i-1

The constant S, of the AR(p) fit represents the short-run treatment effect (STE) and can be
tested for significance by applying a t-test. Additionally, in the case that AR(p) is stationary
(|27, B:] < 1) and thus converges towards a steady state, the implied long-run effect (LTE)
can be measured as follows:

___Po
1- 2?=1 Bi
By applying a Wald-test, the significance of the LTE can be evaluated.

LTE (14)

To perform step 1, a model selection criterion is needed. Hsiao et al. (2012) suggest using
the (corrected) Akaike Information Criterion (AIC and AICC) or the Bayesian Information
Criterion (BIC) to select the most relevant predictors. The problem of these model selection
methods is that in the case of a larger number of countries N than the pre-treatment sample
size Ty, ordinary least squares (OLS) cannot be applied, which means that the researcher is
forced to make preliminary decisions (Li & Bell, 2017, p. 66). However, the LASSO
method, which shrinks less significant coefficients to zero, provides a model selection
method which allows N to be higher than the sample size (Meinshausen & Yu, 2009).
Moreover, as shown in Li and Bell (2017, p. 71), the PDA using the LASSO method leads
to smaller out-of-sample predictive mean squared errors, smaller computational times and
lower numbers of selected regressors compared to the use of AIC, AICC and BIC. It is also
shown that, in the case of an increasing N, AICC tends to select more regressors, whereas
the LASSO method provides rather robust numbers of regressors.?

Considering the factor model in equation (10) for the pre-treatment period, the LASSO
method solves the following problem to obtain the estimates for & and & (Tibshirani, 2011,
p. 273):

2
min 1> (v -(@+a%)) +2) |al; (15)

where d; is the jth element of the coefficient vector @ and 4 is a tuning parameter. In equation
(15) one can see that the first term is the OLS loss function, whereas the second term

2 This behaviour of the model selection methods explains the smaller predictive mean squared errors of the
LASSO method, since a large number of regressors increases the variance of the estimation leading to
poorer predictive accuracy (Li & Bell, 2017, p. 69).



penalizes the coefficients’ size in order to decrease the variance of the estimation. A higher
parameter A increases the penalty on coefficients a;, which means that the LASSO procedure
shrinks more non-zero and high coefficients a; towards zero. This is because higher
coefficients lead to an increasing estimation variance and, by extension, to increasing errors,
whereby the bias increases (Li & Bell, 2017, p. 70). As a result, the LASSO method provides
a technique where both the variance of the estimated coefficients [Var(a:)] and the bias of
the estimated coefficients [E(@) — d] are regarded as trade-offs.

In practice, the tuning parameter calibration is solved by using cross-validation (CV)
methods (Tibshirani, 2011, p. 278). CV is a model validation technique which tests the out-
of-sample accuracy of the model. Here, the parameter A is searched over a discrete set A;, =
{11, ..., A, }. A popular CV method, which Li and Bell (2017, p. 70) propose for the LASSO
method, is the leave-one-out (LOO) CV. For each pre-treatment period t = 1, ..., T; and for
each element 1, (k = 1, ..., L) of A, the coefficients @ and & are estimated by solving the
following problem:

Ty N
2
min Z (y{’s—(d+@’3zs)) +,1k2|aj| : (16)
s=1,5#t j=1

As a result of the minimizations, a T; X L set of coefficients c?_t,k,@_tk is estimated,
whereby these coefficients are the LOO (leave the t-th observation out) estimates of & and a:

A Ay AL
t=1 | at-1k=1,a —t=1k=1 F-t=1k=2C ;=g = At=1k=L0 & _¢=1 =L
t=2 a—t=2,k=1' q"—t=2,k=1
t=T, A_t=T, k=1, A —t=Tp k=1 A_t=1, k=14 —t=Ty k=L

In order to obtain A, for each tuning parameter A, (k = 1, ..., L) the average squared error
over all T; observations is calculated by using the estimated coefficients a_, @_t’k of
equation (16):
1< . . 2
V(L) = T—lz (y{’t — (G +8_,, yt)> fork =1,..,L. (17)
t=1

The tuning parameter A;, which minimizes CV(4;), is used in equation (15). Finally, the
coefficients of regressors, which the LASSO procedure shrinks to zero, are redundant for the

factor model, whereas regressors, whose coefficients are non-zero, are selected as adequate
predictors for the PDA.



3. Data and Modelling Strategy

As mentioned previously, donor countries, which are serving as controls, should not be
affected by Brexit. Therefore, several member countries of the European Single Market are
excluded. The economic characteristics of donor countries should, as far as is reasonably
possible, be similar to those of the UK. For this reason, countries which are covered in the
database of the Organisation for Economic Co-operation and Development (OECD), namely
all OECD member countries and some selected non-member countries, are considered as
controls. As a last step, countries which do not belong to the UK’s top 25 export partners of
2015, 2016 and 2017 and which do not have quarterly data available for a period of about
ten years are also excluded.® Following these steps, the control countries remaining in the
donor pool are: Australia, Brazil, Canada, China, India, Israel, Japan, Korea, Mexico, New
Zealand, Russia, Turkey and the United States.

First of all, the LASSO-LOO procedure is used to obtain controls which result in the best
(out-of-sample) fit for the pre-treatment period.* At this point, the econometric aim is not to
deliver an explanatory model but to mimic the pre-treatment period in order to predict the
post-treatment counterfactual output. Since economic characteristics, interdependencies and
behaviours change over time, the use of recent data should be preferred to predict the current
edge adequately. Therefore, for all donor countries and the UK, the following data in national
currencies are extracted from the OECD database for the period 2008Q1 to 2019Q2: real
GDP growth, GDP, private consumption, GFCF and exports. Table 1 gives a detailed
overview of the data used. Since the Brexit referendum took place on 23 June, 2016, 2016Q2
is set as the cut-off point T;. As a result, the pre-treatment and post-treatment period covers
34 or 12 observations for each control, respectively.

The prediction of the year-on-year growth rates of consumption, GFCF and exports using
control group growth rates is rather difficult. That is why local currency levels of donor
countries are used to predict the level for the UK.® In these cases, to avoid spurious
regressions, the Engle-Granger (1987) single-equation cointegration test is performed,
whereby the time series of the UK is used as the dependent variable of the regression. In the
event that the LASSO-LOO procedure delivers (non-stationary) controls as predictors,
whose linear combinations are not cointegrated, the procedure including the single-equation
Engle-Granger test is iteratively repeated. In each iteration, donor countries are removed
from the donor pool one-by-one in order to identify those countries which lead to a test
statistic failing to reject the null hypothesis of no cointegration. The iteration stops when the
LASSO-LOO procedure picks controls which lead to a rejection of the null hypothesis of no
cointegration at least at the 10 percent significance level.

3 The export ranking of the UK is calculated using the World Integrated Trade Solution (WITS) database of
the Worldbank.

4For the empirical study, the ,,lasso* function of MATLAB R2013b is used. The calibration set 4, =
{14, ..., A, } comprises a geometric sequence with 100 A-variations. The largest number A, is set to result the
first non-null model, where all coefficients are shrunk to zero.

S In this article, all figures given in British pound sterling are in terms of 2016.



Table 1:

Donor pool overview

\?aer?;g‘ge][‘;r Real GDP - Priv. — N
UK growth” GDP consumption”™ Xpores
Australia v'* v v v v
Brazil v v Ve Ve Vi
Canada v v v v v
China v'* — — — —
India \/* \/** \/*** \/*** \/***
Israel v Ve v v v
Japan \/* \/** \/** \/** \/**
Korea v'* v v v v
Mexico \/* \/**? \/*** \/*** \/***
New Zealand v v v v v
Russia v Vi v v v
Turkey v'* v v v v
United States v'* v v v v
* y-0-y, SA

foled CVM, SA, LC
faale Constant prices, SA, LC
CVM: chained volume measures; SA: seasonally adjusted; LC: local currency; y-o-y: year-on-year

To assess the precision of the estimators, 95% confidence bands for the counterfactual
prediction are calculated using the Newey-West HAC variance-covariance estimator.®

Since country-specific shocks, particularly in the post-Brexit period, could lead to a bias of
the counterfactual prediction, the whole econometric procedure will be repeated by dropping
these countries from the donor pool. Possible candidates here are developing countries such
as Turkey and Brazil, whose GDP growths were relatively volatile in the last three years.’

As mentioned previously, serially correlated treatment effects have to be fitted by an AR(p)
model. To identify the adequate number of lags p, the Schwarz information criterion (BIC)
is used. Since the residuals of the AR(p) estimation could still be serially correlated, Newey-
West HAC variance-covariance estimators are used for inference.

® For all HAC estimations the Bartlett kernel density and the lag selection parameter of Andrews and
Monohan (1992) are used.

" Regarding the post-Brexit referendum period, the standard deviation of the GDP growth of Turkey and
Brazil are 4.6 and 1.5 times higher, respectively, than the mean of the standard deviation of the growth
rates of the donor pool. Turkey’s economy suffered from US sanctions and tariffs in 2018 and also from
the offensive into north-eastern Syria in 2019. The recent country-specific political, legal and economic
turmoil in Turkey are discussed in Griibler (2017, pp. 11-12). Between 2014 and 2017, Brazil’s economy
slumped into a recession due to a political crisis, high fiscal deficits and a collapse in commodity and oil
prices.



4. Results of the PDA LASSO-LOO Approach

4.1 Results for GDP Growth and GDP Level

To quantify the impact of the Brexit-process on real GDP growth, the described econometric
approach is applied for three different donor pool compositions. The estimation results are
reported in Tables 2, 3 and 4, whereas Figures 1, 2 and 3 illustrate the actual and predicted
values of the growth rate.? In the first estimate, real GDP growth rates of all available donor
countries are used in the LASSO-LOO procedure, which picks all controls as regressors in
order to construct the counterfactual growth path. Apparently, the actual and the
counterfactual growth path diverge in the post-Brexit referendum period. The ATE is -1.00
percentage points and is, according to the t-test with HAC standard errors, significant at the
one percent level. Since the estimated treatment effects are serially correlated, an AR(4)
model is fitted:

Ap=—1.8292+ 0.0110A; ;1) + 0.3170 Ay ;) — 0.0789 A1 (,_3) — 0.7453 Ay (p—gy + & (18)

(0.0026)  (0.9593) (0.3369) (0.8848) (0.0405)

where estimated HAC p-values are in parentheses. The STE and the LTE are -1.83 and -1.22
percentage points, respectively, and are significant at the one percent level. Nevertheless, it
is remarkable that at the end of the post-Brexit referendum period actual and predicted
growth rates converge.

Considering the discussed country-specific shocks, Turkey is excluded from the donor pool
in the second estimate, whereas in the third estimate developing countries like Turkey,
Brazil, India and Mexico are excluded. The second and third estimates show similar
predictions. A comparison of the first with the second and third estimates implies that the
convergence of the actual and predicted path in the first estimate is mainly caused by a
country-specific shock in Turkey. The ATEs of the second and third estimate are 1.39 and
1.31 percentage points, respectively, and are both statistically significant at any significance
level. The treatment effects of the second estimate are fitted by an AR(1) model:

A= —0.5970 + 0.5912A; 1)+ &,
(0.1139) (0.0232)

(19)

The LTE is -1.46 percentage points and, according to the Wald-test, significant at the one
percent level. The treatment effects of the third estimate are also fitted by an AR(1) model:

Aj;=—0.5993 + 0.5679A; 1)+ &

(20)
(0.1239) (0.0154)

The LTE is -1.39 percentage points and also significant at the one percent level.

As described previously, the econometric approach is also applied for GDP in local currency
levels. The estimation results are reported in Tables 5 and 6, whereas Figures 4 and 5
illustrate the actual and predicted GDP. In the first estimate, where all available controls are
used, the LASSO-LOO procedure picks Japan, Korea and the United States as predicators.

8 The following Tables of results (Tables 2-12) can be found in the Appendix.



The Engle-Granger test shows that the null hypothesis of no cointegration can be rejected
with a p-value of 0.0682. The ATE of the first estimate is -3.99 billion British pounds but
narrowly misses the ten percent significance level (p-value = 0.12). Due to serial correlation,
an AR(2) model is fitted for the treatment effect:

Ay,=—1.3574 + 1.2957A;;_1) — 0.3305 Ay(p_o) + &
(0.0091) (0.0004) (0.1618)

(21)

The STE and the LTE are -1.36 and -39.04 billion British pounds, respectively, and are both
significant at the one percent level. By summing up the differences of actual and predicted
GDP, the cumulative treatment effect of the Brexit-process is approximately -48 billion
British pounds.

In the second estimate for GDP, Japan is removed from the donor pool in order to increase
the cointegration relationship. Here, the LASSO-LOO procedure picks Australia, Canada,
Korea and the United States as predictors. Nevertheless, the Engle-Granger test shows a
higher p-value than in the first estimation, namely 0.09. Apart from the weak cointegration,
there are fairly stable links between the UK and the predictors of the second estimate, since
the LASSO-LOO selects, besides the United States, two Commonwealth countries. The ATE
of the second estimate is -4.49 but with a p-value of 0.12 is also not significant at the ten
percent level. The treatment effects of the second estimate are also fit to an AR(2) model:

Ay,=—1.3544 + 1.3377 Ay ;1) — 0.3493 Ay ;o) + &
(0.0041) (0.0000) (0.0286)

(22)

The STE of the second estimate is also -1.36 billion British pounds and significant at the one
percent level. The LTE in the second estimate is -117.1 billion British pounds and is also
significant at the one percent level. However, it differs strongly from the result in the first
estimate, which is due to higher dynamics in the autoregressive representation. The
cumulative loss since the Brexit referendum is approximately 54 billion British pounds.
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Figure 1:

Y-0-Y Real GDP Growth Rate in %

Figure 2:

Y-o0-Y Real GDP Growth Rate in %

The UK’s actual and predicted real GDP growth rates. Prediction
computed by using all available donors (first estimate)
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The UK’s actual and predicted real GDP growth rates. Prediction

computed after removing Turkey from the donor pool (second estimate)
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Figure 3: The UK’s actual and predicted real GDP growth rates. Prediction
computed after removing Turkey, Brazil, Mexico and India from the donor pool
(third estimate)
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Figure 4: The UK’s actual and predicted GDP (in billion British pounds, CVM).
Prediction computed by using all available donors (first estimate)

540 ; ; ; I I
Actual /
Predicted /
520 |- Newey-West 95% Conf. Band 7’ =~
= 500
S
5
R
— 480
©
C
)
o
[a
G 460
=
o
440
r E r 1] r F

420 r r 3 r 3 - 3 r 3 r 3 r 3 - 3 r 3
08-Q1 09-Q1 10-Q1 11-Q1 12-Q1 13-Q1 14-Q1 15-Q1 16-Q1 17-Q1 18-Q1 19-Q1



Figure 5: The UK’s actual and predicted GDP (in billion British pounds, CVM).
Prediction computed after removing Japan from the donor pool (second estimate)
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4.2 Results for Private Consumption

Using private consumption panel data, the LASSO-LOO procedure picks Australia, Japan,
New Zealand and the United States as predictors of British private consumption. The p-value
of the Engle-Granger test (0.0346) is below the five percent level and thus indicates the
presence of a cointegration relationship. In addition to that, the chosen predictors are, like
the UK, developed countries, whereas two of them belong to the group of Commonwealth
countries. Regarding these stable links, further estimations have been found unnecessary.
Table 7 summarizes the results for the UK’s private consumption, whereas in Figure 6 the
actual and counterfactual paths are plotted.

At first glance, the changing trend of the actual path in the post-Brexit vote period stands
out, whereas the predicted path of private consumption holds the trend of the previous period.
As a result, the actual and the predicted consumption path diverge evidently. Regarding the
t-statistic using Newey-West standard errors, the ATE on UK’s private consumption, which
is -4.67 billion British pounds, is significantly different from zero at the five percent level.
The treatment effects are serially correlated and are fitted using a (non-stationary) AR(2)
model:

A= —1.7623 + 0.4428 Ay ;1) + 0.6240 Ay ;) + &, (23)
(0.0015) (0.1969) (0.0977)

The STE is-1.76 billion British pounds and is statistically significant at the one percent level.
However, the LTE cannot be calculated since the sum of the AR-coefficients is greater than
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one and thus does not lead to a convergent result due to non-stationary dynamics in the AR-
process. For the post-Brexit referendum period, the cumulative treatment effect for the UK’s
private consumption is approximately 56 billion British pounds.

Figure 6: The UK’s actual and predicted private consumption (in billion British
pounds, CVM). Prediction computed by using all available donors
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4.3 Results for GFCF

According to the LASSO-LOO procedure using the whole GFCF panel data, the adequate
predictors of the UK’s GFCF are Australia, Japan, New Zealand, United States and Brazil.
Table 8 outlines the estimation results, whereas Figure 7 displays the actual and predicted
values of the UK’s GFCF. Regarding the p-value of the Engle-Granger test (0.0075), the
linear combination of the variables used is cointegrated below the one percent significance
level. Apparently, fixed investments are not impacted by the Brexit process until the end of
2017. After 2017Q4, the UK’s actual GFCF breaks the trend of the previous periods and
proceeded to stagnate, whereas the predicted GFCF holds the trend. As a result, the actual
and predicted GFCF begin to diverge starting from 2018Q1.

The ATE is 0.57 billion British pounds and is not significantly different from zero. The
treatment effects are serially correlated and thus fit to a (non-stationary) AR(1) model:

Aj;=—0.5200 + 1.1536 Ay 1) + &, (24)
(0.0584) (0.0000)

The STE is -0.52 and is only significant at the ten percent level.
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In the second estimation, Brazil is excluded from the donor pool. Table 9 and Figure 8 show
the result of this setting. Here again, the Engle-Granger test indicates the presence of a
cointegration relationship at the five percent significance level. Regarding the post-Brexit
referendum period, the behaviours of the actual and predicted curves are similar to those of
the first estimate including the break in 2017Q4. However, it is remarkable that between
2016Q3-2017Q4 the prediction fits very closely the actual path and its turning points. Again,
the ATE, which is 2.00 billion British pounds, is not significantly different from zero. The
treatment effects are again serially correlated and fitted by a (non-stationary) AR(1) model:

Ajy=—0.4448 + 1.0760 A, ;1) + &, (25)
(0.0936) (0.0000)

The STE in the second estimation is -0.44 but narrowly significant at the ten percent level.
Since the impact of the Brexit process on the GFCF becomes apparent in 2018, the low ATE
and STE significances in both estimates are not surprising results.

Because of that, a third estimate is performed, where the cut-off point T; is set to 2017Q4.
The summarized results can be seen in Table 10, whereas the actual and counterfactual
predicted values are plotted in Figure 9. Additionally to the predictors in the second estimate,
the LASSO-LOOQ procedure also picked Korea as predictor. Again, the p-value of the Engle-
Granger test (0.0098) indicates a close cointegration relationship. Particularly between
2016Q1 and 2017Q4 the prediction closely matches the actual data including its turning
points. The ATE in the third estimate is -2.92 billion British pounds and is significant at the
one percent level.® The sum of the treatment effects reveals that the cumulative treatment
effect between 2018Q1 and 2019Q2 is approximately -17.5 billion British Pounds.

® Since in these settings only six observations for the treatment effects are present, the use of an AR-model is
limited. Hence, only the ATE using Newey-West standard errors is calculated in order to deal with the
serial correlation.
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Figure 7: The UK’s actual and predicted GFCF (in billion British pounds, CVM).
Prediction computed by using all available donors (first estimate)
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Figure 8: The UK’s actual and predicted GFCF (in billion British pounds, CVM).
Prediction computed after removing Brazil from the donor pool (second estimate)
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Figure 9: The UK’s actual and predicted GFCF (in billion British pounds, CVM).
Prediction computed after removing Brazil from the donor pool and with cut-off
point 2018Q1 (third estimate)
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4.4 Results for Exports

Tables 11 and 12 display the summarized results of the estimates for the export panel data,
whereas Figures 10 and 11 illustrate the actual and predicted values for exports. At first
glance, the positive treatment effect stands out, where a strong drop of the actual data can be
seen at the end in 2019Q2. All in all, the actual path appears to be more volatile after the
Brexit vote than during the period before. In Figure 12, the UK’s exports and the British
pound / US dollar exchange rate are plotted.'® The (lagged) parallelism of both series is
remarkable. Apparently, a reason for the increasing export activity in the post-Brexit vote
period could be the depreciation of the British pound, as a consequence of the Brexit process,
which made UK goods more competitive.!! This positive impulse on exports appears to be
a short-term phenomenon, since it loses momentum about 5 quarters after the Brexit
referendum.

Using the complete export panel data, the LASSO-LOO procedure picks Canada, United
States and Brazil as predictors of the counterfactual. The Engle-Granger test of this first
estimate implies that the null hypothesis of no cointegration can be rejected with the p-value

10 Monthly exchange rate data are extracted from the Monthly Monetary and Financial Statistics of the
OECD database and recalculated to compile quarterly data by taking the mean of three months.

11 The impact of Brexit on British pound exchange rates has been investigated by Korus and Celebi (2019).
They find that particularly the Brexit vote and “bad”/“hard” Brexit news have led to a depreciation of the
British pound exchange rate against both the US dollar and the euro.
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of 0.060. Using the BIC, a constant model fits the treatment effects the best, so that an AR-
model is not required. The ATE of the Brexit process on exports is 4.81 billion British
pounds and, according to the HAC t-statistic, is statistically significant at the one percent
level. In the first estimate, the cumulative treatment effect is 57.7 billion British pounds.

In the second estimate, Brazil is excluded from the donor pool, so that the LASSO-LOO
procedure picked Australia, Canada, Israel, Japan, Korea, New Zealand, Turkey and the
United States as predictors. The Engle-Granger p-value drops slightly to 0.058. In this
broader predictor constellation, the ATE increases to 9.01 and is again statistically
significant at the one percent level. In this set-up, the BIC approach leads to an AR(1) fitting:

A;;=9.8315 + 0.0285A;,_1) + &, (26)
(0.0000) (0.8929)
The STE is 9.83 billion British pounds and is significantly different from zero at the one
percent level. Since the dynamics of the AR-model are rather low, LTE is close to STE but
not significant, which supports also the short-term phenomenon conjecture. In the second
estimate, the cumulative treatment effect is 108.1 billion British pounds.

Figure 10:  The UK’s actual and predicted exports (in billion British pounds,
CVM). Prediction computed by using all available donors (first estimate)
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The UK’s actual and predicted exports (in billion British pounds,

CVM). Prediction computed after removing Brazil from the donor pool (second
155

estimate)

Figure 11:
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5. Conclusion

In this paper, the impact of the Brexit process on the British real economy is investigated. In
technical terms, this study shows the adequacy of the PDA of Hsiao et al. (2012) to quantify
the treatment effects in the case of the Brexit. Comparing it with the topically related article
of Born et al. (2019), where the SCM is adopted to analyse the impact of Brexit, the PDA
stands out in two different ways. Firstly, in contrast to the SCM, the use of the PDA allows
to conduct inference. Secondly, the PDA is on the whole more flexible and thus can be used
for a wider range of macroeconomic variables due to the simplicity of the computation. In
the case of Brexit, the method can still be performed even in the absence of European Single
Market member countries.

Taken as a whole, the results indicate that although the Brexit is not yet officially a fait
accompli, the whole process has already had an impact on the real economy of the UK.
Apparently, the upcoming Brexit, which will lead to changing economic framework
conditions, has — at least to some extent — already been anticipated. Note that, despite the
calculated LTE, the used technique cannot predict the future, since the executed Brexit could
lead to a structural break.

All measures for the impact of the Brexit process on real GDP growth are negative and
significantly different from zero at any significance level. Thus, there is very strong evidence
that the Brexit process has already cost the UK in terms of economic growth. The results
show that the ATE of the Brexit process on real GDP growth is between -1.0 and -1.4
percentage points. Taking into account that the first estimate is likely affected by a country-
specific shock in Turkey, the ATE ranges most likely between -1.3 and -1.4 percentage
points approximately. Due to autoregressive dynamics, the LTE ranges between
approximately -1.39 and -1.46 percentage points and is again highly significant.

The ATE on British GDP, in terms of 2016 British pounds, ranges between -4.0 and -4.5
billion but narrowly misses the ten percent significance level. The STE is -1.36 for both
conducted estimates and again is highly significant. The calculated LTE in both estimates
are quite dispersed, namely -39 and -117 billion British pounds. Although the report of an
accurate level for the LTE is therefore difficult, both estimated figures are again highly
significant. However, the figures for the cumulative loss of the Brexit process since the vote
in both estimates are relatively close, namely 48 and 54 billion British pounds. The gap
between the actual and counterfactual GDP ranges between 2.5 and 2.7 percent.

To compare these results with the findings of Born et al. (2019), the estimated figures have
to be adjusted, since the sample of Born et al. (2019) ends in 2018Q4. Additionally, since a
number of countries revised their GDP calculations due to methodological improvements in
2019Q2, the comparison should be treated with caution.*? By the end of 2018, the gap
between the actual and counterfactual prediction estimated with the PDA ranges between
1.3 and 1.7 percent, whereas Born et al. (2019) predict, generally speaking, a higher gap,
namely 1.7 to 2.4 percent. The cumulative loss of both estimates conducted with the PDA is
approximately 25 and 29 billion British pounds by the end of 2018, whereas Born et al.

12 See, for example, the Office for National Statistics (2019), section 7 (“Revision to GDP”).
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(2019) estimate 55 billion British pounds regarding the counterfactual with a 2.4 percent
gap.

A proper comparison of results stemming from the SCM and PDA could be made using the
estimates of Springford (2019) who, broadly speaking, replicates the SCM approach of Born
et al. (2019) using updated (revised) data.'®* The calculated gap between the actual and
counterfactual GDP here is 2.9 percent and is, therefore, about 0.2 to 0.4 percentage points
higher than the estimated figures using the PDA.

Both Born et al. (2019, p. 2735) and Springford (2019) generate counterfactual projections
for the UK’s consumption, GFCF, imports and exports by simply decomposing the response
of the UK’s GDP into its components. Thus, these projections are predictions of the GDP
counterfactual prediction. That is why this technique can only point out the direction of the
impact of the Brexit process. By contrast, the PDA approach is able to construct
counterfactual predictions directly.

Using the PDA on the private consumption panel data, the results show that the estimated
ATE on the UK’s private consumption is -4.7 billion British pounds and is significant at the
five percent level. The cumulative treatment effect since the Brexit vote is -56 billion British
pounds.

The results for the GFCF panel show that there is no impact of the Brexit process on the
UK’s fixed investments until the end of 2017. From 2018Q1 on, the actual and predicted
fixed investments diverge with an ATE of -2.9 billion British pounds, which is significant at
the one percent level. Starting from 2018Q1, the resulting cumulative treatment effect is -
17.5 billion British pounds.

The PDA results for British exports illustrate a positive impact of the Brexit process. The
ATE is 4.8 billion British pounds and significantly different from zero at the one percent
level, whereas the cumulative treatment effect is approximately 58 billion British pounds.
These results are contrary to the projection of Springford (2019), who estimates lower actual
exports than predicted. Regarding the UK’s exports path and the British pound / US dollar
exchange rate, the positive impact could be due to the depreciation of the British currency,
which increased the competitiveness of the UK. Note that the positive impact on exports
appears to be a short-term impulse.

Regarding these results, it is advisable for the EU and, more importantly, the UK to abandon
the ‘game of chicken’ as soon as possible in order to finalise a Brexit deal by which the UK
retains at least a certain degree of access to the European Single Market. Although
households anticipate the upcoming Brexit to a certain extent, it is uncertain whether Brexit
itself will cause a further structural break. In particular, a no deal Brexit would foster such
negative impulses.

To redeem the losses incurred through Brexit, the British government has two key policy
elements available. Firstly, the government can seek to boost growth via expansive fiscal
policies. Especially in the current phase, where private consumption and investment in the
UK are declining due to Brexit and interest rates are relatively low, the possibility of a

13 Note that Springford (2019) also uses European Single Market member countries in the donor pool, which
could bias the estimated figures as in Born et al. (2019).
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crowding out effect is lower than usual. In addition to that, the UK’s long-term government
bond yields are at historically low rates, which favour the funding of fiscal expenditures.

Possible policies could be tax reductions - above all in relation to personal income taxes and
corporate taxes - which could particularly stimulate the economic activity through higher
work and production incentives (Devereux & Love, 1994). In addition to that, a reform of
capital income taxes could notably foster growth via two channels: firstly, this policy could
increase private investments (Rebelo, 1991). Combined with well-targeted tax incentives, in
particular for research and development (R&D) investments, lower capital income taxation
could increase the productivity of the UK (IMF, 2015). Secondly, in line with Froot and
Stein (1991), the devaluation of the British pound attracts foreign investment, which foster
economic growth. Combined with reforms for easing business procedures and providing
access for foreign investors to the domestic credit market, a declining tax rate on capital
income would boost in particular foreign direct investment (FDI).

Related to this issue, an expansive monetary policy could also help to stimulate growth due
to increasing consumption and investment incentives. Moreover, the expansive monetary
policy could lead to a further depreciation of the pound sterling, which would increase
exports and foreign investments.

Further possible policies could be public infrastructure and R&D investments. In particular,
higher education and health investments could be helpful to attract human capital, which is
known as a main driver of long-term growth (Lucas, 1988) (Barro, 2001). Since
technological progress and intangible assets are also main drivers of growth, the enlargement
of R&D investments, which include also positive externalities, should be prioritised
(Demmou, et al., 2019). At this point, the British government can realise this through tax
breaks or subsidy incentives or by directly investing in R&D.

The second key element to redeem the losses of Brexit is the concluding of free trade
agreements. Because of the strong economic ties between the UK and the US, an adapted
version of the Transatlantic Trade and Investment Partnership (TTIP) agreement could foster
the growth of the UK’s economy the most. Estimated growth gains stemming from the TTIP
do not yet exist for the UK. However, Jungmittag and Welfens (2016) estimated for Germany
a real income gain of 2%. Assuming that this estimated figure would also be an appropriate
prediction for the possible gain of the UK due to the adapted TTIP, a large proportion of the
current estimated gap between the actual and counterfactual prediction could be
compensated via such an agreement. However, it must be remembered that such trade
agreements are not usually realised in the short-run. Therefore, the discussed fiscal policy
measures stand out as the primary key element to offset the losses of the Brexit.

Based on the econometric method used here, future research dealing with the impact of the
Brexit process on the UK’s FDI inflows and the UK’s domestic value-added in gross exports
could reveal some further information about the external trade changes. A very interesting
issue in future will be the effects of the Brexit day itself, now most likely to be January 31,
2020. Several quarters after the official completion of the Brexit process, the econometric
method presented in this paper can be repeated in order to measure the treatment effects for
the, by then, non-EU member UK. Additionally, further investigations dealing with the
impact of Brexit could be interesting, in which causal implications among macroeconomic
variables such as GDP, consumption and GFCF are explored.
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Appendix

Table 2: Counterfactual prediction of the UK’s real GDP growth rates in
percent using all donors (first estimation)

Panel A: Weights of LASSO-predictors for the pre-Brexit referendum period (2008Q1 — 2016Q2)

Coefficient Std.dev. T
Constant 2.5623 0.9249 2.7705
Australia -0.5099 0.1731 -2.9464
Brazil -0.0394 0.0616 -0.6398
Canada 0.0176 0.1771 0.0993
China -0.3798 0.1532 -2.4797
India 0.1449 0.0759 1.9077
Israel -0.1682 0.1794 -0.9374
Japan -0.0602 0.0606 -0.9936
Korea 0.1859 0.1305 1.4247
Mexico -0.2525 0.0938 -2.6925
New Zealand 0.3948 0.1147 3.4429
Russia 0.2805 0.0419 6.6862
Turkey 0.1355 0.0320 4.2279
United States 0.5684 0.1142 49771

R?=0.9830

Panel B: Treatment effects in the post-Brexit referendum period (2016Q3 — 2019Q2)

Actual Predicted Treatment

2016 Q3 1.91 1.92 -0.01
2016 Q4 1.81 2.09 -0.28
2017 Q1 2.23 2.53 -0.31
2017 Q2 1.94 2.75 -0.81
2017 Q3 1.83 3.75 -1.92
2017 Q4 1.58 3.31 -1.73
2018 Q1 1.05 3.10 -2.05
2018 Q2 1.33 3.34 -2.01
2018 Q3 1.62 2.58 -0.96
2018 Q4 1.54 2.39 -0.86
2019 Q1 2.07 2.25 -0.19
2019 Q2 1.31 212 -0.82
Mean 1.68 2.68 -0.99
Std. dev. 0.34 0.58 0.75
T 4.90 4.62 -1.32
Constant OLS model with HAC standard errors:

ATE =-0.9950 Std.dev. = 0.3081 T=-3.2298 p-value = 0.0080

Treatment fits to a stationary AR(4)-model:
LTE =-1.2226 (Wald-stat. = 9.9648)




Table 3: Counterfactual prediction of the UK’s real GDP growth rates in
percent after removing Turkey from the donor pool (second estimation)

Panel A: Weights of LASSO-predictors for the pre-Brexit referendum period (2008Q1 — 2016Q2)

Coefficient Std.dev. T
Constant 2.0447 1.2311 1.6608
Australia -0.6017 0.2306 -2.6095
Brazil -0.0870 0.0814 -1.0696
Canada -0.0012 0.2377 -0.0049
China -0.2912 0.2038 -1.4291
India 0.1534 0.1020 1.5046
Israel 0.0842 0.2272 0.3706
Japan 0.0453 0.0742 0.6113
Korea 0.0825 0.1721 0.4790
Mexico -0.1897 0.1244 -1.5254
New Zealand 0.3764 0.1539 2.4459
Russia 0.2872 0.0563 5.1017
United States 0.6292 0.1521 4.1353
R2=0.9679
Panel B: Treatment effects in the post-Brexit referendum period (2016Q3 — 2019Q2)
Actual Predicted Treatment
2016 Q3 1.91 3.10 -1.20
2016 Q4 1.81 2.81 -1.00
2017 Q1 2.23 2.82 -0.59
2017 Q2 1.94 2.85 -0.91
2017 Q3 1.83 2.94 -1.11
2017 Q4 1.58 3.12 -1.54
2018 Q1 1.05 3.15 -2.10
2018 Q2 1.33 3.42 -2.09
2018 Q3 1.62 2.99 -1.37
2018 Q4 1.54 3.35 -1.82
2019 Q1 2.07 3.36 -1.29
2019 Q2 1.31 2.93 -1.62
Mean 1.68 3.07 -1.39
Std. dev. 0.34 0.22 0.47
T 4.90 14.16 -2.98
Constant OLS model with HAC standard errors:
ATE = -1.3874 Std.dev. = 0.1895 T=-7.3196 p-value = 0.0000

Treatment fits to a stationary AR(1)-model:
LTE =-1.4604 (Wald-stat. = 7.4559)




Table 4: Counterfactual prediction of the UK’s real GDP growth rates in
percent after removing Turkey, Brazil, India and Mexico from the donor pool
(third estimation)

Panel A: Weights of LASSO-predictors for the pre-Brexit referendum period (2008Q1 — 2016Q2)

Coefficient Std.dev. T
Constant 3.4726 1.1396 3.0472
Australia -0.5050 0.2080 -2.4276
Canada -0.3483 0.1517 -2.2964
China -0.4919 0.1423 -3.4561
Israel 0.3536 0.1610 2.1965
Japan 0.0047 0.0727 0.0641
Korea 0.1894 0.1324 1.4306
New Zealand 0.2710 0.1300 2.0837
Russia 0.2173 0.0510 4,2573
United States 0.7043 0.1593 4,4224

R?=0.9577

Panel B: Treatment effects in the post-Brexit referendum period (2016Q3 — 2019Q2)

Actual Predicted Treatment

2016 Q3 191 3.01 -1.10
2016 Q4 181 2.94 -1.13
2017 Q1 2.23 2.93 -0.71
2017 Q2 1.94 2.32 -0.38
2017 Q3 1.83 2.59 -0.76
2017 Q4 1.58 2.78 -1.21
2018 Q1 1.05 3.28 -2.23
2018 Q2 1.33 3.40 -2.06
2018 Q3 1.62 3.08 -1.46
2018 Q4 1.54 3.43 -1.90
2019 Q1 2.07 3.22 -1.15
2019 Q2 1.31 2.92 -1.61
Mean 1.68 2.99 -1.31
Std. dev. 0.34 0.33 0.57
T 4.90 9.18 -2.31
Constant OLS model with HAC standard errors:

ATE =-1.3078 Std.dev. = 0.2248 T=-5.8165 p-value = 0.0001

Treatment fits to a stationary AR(1)-model:
LTE =-1.3871 (Wald-stat. = 8.8885)




Table 5: Counterfactual prediction of the UK’s GDP (in billion British pounds,
CVM) (first estimate)

Panel A: Weights of LASSO-predictors for the pre-Brexit referendum period (2008Q1 — 2016Q2)

Coefficient Std.dev. T
Constant -51.7130 20.0640 -2.5774
Japan 0.0008 0.0003 3.0466
Korea -0.0003 0.0001 -5.5885
United States 0.1277 0.0097 13.1580

R2=0.9838
Engle-Granger cointegration tau-statistic= -4.28 (p-value = 0.06824)

Panel B: Treatment effects in the post-Brexit referendum period (2016Q3 — 2019Q2)

Actual Predicted Treatment
2016 Q3 499.84 497.96 1.87
2016 Q4 503.08 500.06 3.02
2017 Q1 505.98 503.34 2.64
2017 Q2 507.26 506.17 1.08
2017 Q3 508.98 509.65 -0.67
2017 Q4 511.01 515.16 -4.14
2018 Q1 511.30 517.15 -5.85
2018 Q2 514.02 522.07 -8.05
2018 Q3 517.22 525.15 -7.93
2018 Q4 518.87 525.87 -7.00
2019 Q1 521.87 531.61 -9.74
2019 Q2 520.74 533.85 -13.11
Mean 511.68 515.67 -3.99
Std. dev. 7.06 12.28 5.44
T 72.50 42.01 -0.73
Constant OLS model with HAC standard errors:
ATE =-3.9898 Std.dev. = 2.3928 T=-1.6674 p-value = 0.12362

Treatment fits to a stationary AR(2)-model:
LTE =-39.036 (Wald-stat. = 85.4672)
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Table 6: Counterfactual prediction of the UK’s GDP (in billion British pounds,
CVM) after removing Japan from the donor pool (second estimate)

Panel A: Weights of LASSO-predictors for the pre-Brexit referendum period (2008Q1 — 2016Q2)

Coefficient Std.dev. T
Constant -9.0572 18.5240 -0.4889
Australia -0.2821 0.1319 -2.1394
Canada 0.1017 0.1142 0.8900
Korea -0.0001 0.0001 -1.3959
United States 0.1457 0.0119 12.2590

R2=0.9820
Engle-Granger cointegration tau-statistic = -4.52 (p-value = 0.0898)

Panel B: Treatment effects in the post-Brexit referendum period (2016Q3 — 2019Q2)

Actual Predicted Treatment

2016 Q3 499.84 498.27 1.57
2016 Q4 503.08 500.06 3.02
2017 Q1 505.98 503.26 2.72
2017 Q2 507.26 506.21 1.05
2017 Q3 508.98 509.36 -0.37
2017 Q4 511.01 514.83 -3.82
2018 Q1 511.30 517.49 -6.19
2018 Q2 514.02 522.18 -8.17
2018 Q3 517.22 526.69 -9.47
2018 Q4 518.87 527.84 -8.97
2019 Q1 521.87 532.74 -10.87
2019 Q2 520.74 535.12 -14.39
Mean 511.68 516.17 -4.49
Std. dev. 7.06 12.84 5.98
T 72.50 40.21 -0.75
Constant OLS model with HAC standard errors:

ATE = -4.4897 Std.dev. = 2.6641 T=-1.6853 p-value = 0.1200

Treatment fits to a stationary AR(2)-model:
LTE =-117.104 (Wald-stat. = 153.587)
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Table 7: Counterfactual prediction of the UK’s private consumption (in billion
British pounds, CVM)

Panel A: Weights of LASSO-predictors for the pre-Brexit referendum period (2008Q1 — 2016Q2)

Coefficient Std.dev. T
Constant -20.8660 27.9190 -0.7474
Australia -0.9172 0.0955 -9.6040
Japan 0.0014 0.0003 4.1043
New Zealand 3.6082 1.2760 2.8278
United States 0.1121 0.0153 7.3239

R2=0.9848
Engle-Granger cointegration tau-statistic = -5.04 (p-value = 0.0346)

Panel B: Treatment effects in the post-Brexit referendum period (2016Q3 — 2019Q2)

Actual Predicted Treatment
2016 Q3 327,260 325,933.61 1,326.39
2016 Q4 328,703 327,746.04 956.96
2017 Q1 330,363 331,143.53 -780.53
2017 Q2 331,307 333,731.63 -2,424.63
2017 Q3 332,521 334,573.24 -2,052.24
2017 Q4 333,573 338,078.90 -4,505.90
2018 Q1 335,383 338,811.42 -3,428.42
2018 Q2 337,034 342,269.35 -5,235.35
2018 Q3 337,889 345,938.28 -8,049.28
2018 Q4 338,478 347,928.02 -9,450.02
2019 Q1 339,451 348,883.64 -9,432.64
2019 Q2 340,488 353,403.38 -12,915.38
Mean 334,370.83 339,036.75 -4,665.92
Std. dev. 4,398.22 8,795.70 4,487.02
T 76.02 38.55 -1.04
Constant OLS model with HAC standard errors:
ATE = -4.6659 Std.dev. = 1.9285 T=-2.4194 p-value = 0.0340

Treatment fits to a non-stationary AR(2)-model




Table 8:
CVM) (first estimate)

Counterfactual prediction of the UK’s GFCF (in billion British pounds,

Panel A: Weights of LASSO-predictors for the pre-Brexit referendum period (2008Q1 — 2016Q2)

Coefficient Std.dev. T
Constant 33.2430 7.3437 45267
Australia -0.3980 0.0811 -4.9052
Brazil 0.1121 0.0666 1.6843
Japan 0.0005 0.0004 1.2599
New Zealand -0.1004 0.8921 -0.1125
United States 0.0813 0.0233 3.4877

R2? =0.9449

Engle-Granger cointegration tau-statistic = -6.23 (p-value = 0.0076)

Panel B: Treatment effects in the post-Brexit referendum period (2016Q3 — 2019Q2)

Actual Predicted Treatment

2016 Q3 86.82 85.74 1.07
2016 Q4 86.30 84.90 1.41
2017 Q1 86.34 86.05 0.29
2017 Q2 87.55 86.38 1.17
2017 Q3 87.22 85.39 1.83
2017 Q4 88.20 87.25 0.95
2018 Q1 87.36 87.57 -0.21
2018 Q2 86.98 88.63 -1.65
2018 Q3 87.40 88.69 -1.29
2018 Q4 87.31 89.85 -2.54
2019 Q1 88.07 91.06 -2.99
2019 Q2 87.24 92.18 -4.94
Mean 87.23 87.81 -0.57
Std. dev. 0.58 2.32 2.11
T 150.44 37.77 -0.27
Constant OLS model with HAC standard errors:

ATE =-0.5748 Std.dev. = 0.8953 -0.6421 p-value = 0.5340

Treatment fits to a non-stationary AR(1)-model
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Table 9: Counterfactual prediction of the UK’s GFCF (in billion British pounds,
CVM) after removing Brazil from the donor pool (second estimate)

Panel A: Weights of LASSO-predictors for the pre-Brexit referendum period (2008Q1 — 2016Q2)

Coefficient Std.dev. T
Constant 32.7780 7.5674 4.3315
Australia -0.2867 0.0485 -5.9072
Japan 0.0005 0.0004 1.3520
New Zealand 0.0296 0.9165 0.0323
United States 0.0720 0.0234 3.0830

R2=0.9393
Engle-Granger cointegration tau-statistic = -5.39 (p-value = 0.0173)

Panel B: Treatment effects in the post-Brexit referendum period (2016Q3 — 2019Q2)

Actual Predicted Treatment

2016 Q3 86.82 86.10 0.72
2016 Q4 86.30 85.66 0.64
2017 Q1 86.34 86.72 -0.38
2017 Q2 87.55 87.20 0.35
2017 Q3 87.22 86.53 0.69
2017 Q4 88.20 88.06 0.14
2018 Q1 87.36 88.43 -1.06
2018 Q2 86.98 89.49 -2.51
2018 Q3 87.40 89.17 -1.78
2018 Q4 87.31 90.29 -2.98
2019 Q1 88.07 91.41 -3.34
2019 Q2 87.24 92.13 -4.89
Mean 87.23 88.43 -1.20
Std. dev. 0.58 211 1.88
T 150.44 41.88 -0.64
Constant OLS model with HAC standard errors:

ATE =-1.1995 Std.dev. = 0.7966 T =-1.5059 p-value = 0.1603

Treatment fits to a non-stationary AR(1)-model
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Table 10: Counterfactual prediction of the UK’s GFCF (in billion British pounds,
CVM) after removing Brazil from the donor pool and with cut-off point 2018Q1
(third estimate)

Panel A: Weights of LASSO-predictors for the period 2008Q1 — 2017Q4

Coefficient Std.dev. T
Constant 28.5660 8.9588 3.1886
Australia -0.2834 0.0419 -6.7580
Japan 0.0007 0.0004 1.6845
Korea 3.68E-05 4.30E-05 0.8562
New Zealand -0.1624 0.9055 -0.1794
United States 0.0689 0.0206 3.3429

R2=0.9640
Engle-Granger cointegration tau-statistic = -5.93 (p-value = 0.0098)

Panel B: Treatment effects in the period 2018Q4 — 2019Q2

Actual Predicted Treatment

2018 Q1 87.36 88.90 -1.54
2018 Q2 86.98 89.82 -2.83
2018 Q3 87.40 89.20 -1.81
2018 Q4 87.31 90.45 -3.14
2019 Q1 88.07 91.33 -3.25
2019 Q2 87.24 92.20 -4.96
Mean 87.23 88.73 -2.92
Std. dev. 0.58 1.98 1.22
T 150.44 44.92 -2.39
Constant OLS model with HAC standard errors:

ATE =-2.9226 Std.dev. = 0.5628 T=-5.1929 p-value = 0.0035

Treatment fits to a non-stationary AR(2)-model
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Table 11: Counterfactual prediction of the UK’s exports (in billion British
pounds, CVM) (first estimation)

Panel A: Weights of LASSO-predictors for the pre-Brexit referendum period (2008Q1 — 2016Q2)

Coefficient Std.dev. T
Constant 34.9180 6.2522 5.5850
Brazil 0.8180 0.3679 2.2238
Canada 0.2656 0.0818 3.2459
United States 0.0520 0.0215 2.4161

R2=0.9177
Engle-Granger cointegration tau-statistic = -4.34 (p-value = 0.0604)

Panel B: Treatment effects in the post-Brexit referendum period (2016Q3 — 2019Q2)

Actual Predicted Treatment
2016 Q3 138.54 138.83 -0.29
2016 Q4 147.01 138.63 8.38
2017 Q1 147.66 141.04 6.61
2017 Q2 151.19 143.05 8.14
2017 Q3 152.77 142.53 10.24
2017 Q4 150.51 142.99 7.52
2018 Q1 149.44 144.19 5.25
2018 Q2 145.60 145.33 0.27
2018 Q3 150.59 146.32 4.27
2018 Q4 151.30 147.66 3.64
2019 Q1 153.66 146.60 7.06
2019 Q2 143.54 146.94 -3.40
Mean 148.48 143.68 481
Std. dev. 431 3.06 4.10
T 34.46 46.95 1.17

Constant OLS model with HAC standard errors:
ATE =4.80732 Std.dev. = 1.2688 T =3.78899 p-value = 0.0030




Table 12:

Counterfactual prediction of the UK’s exports (in billion British

pounds, CVM) after removing Brazil from the donor pool (second estimate)

Panel A: Weights of LASSO-predictors for the pre-Brexit referendum period (2008Q1 — 2016Q2)

Coefficient Std.dev. T
Constant 15.6880 12.7280 1.2325
Australia -0.4881 0.1786 -2.7322
Canada 0.7291 0.1296 5.6260
Israel 0.1428 0.1693 0.8433
Japan -0.0001 0.0006 -0.2385
Korea 0.0003 0.0001 3.3446
New Zealand 3.6418 1.1355 3.2071
Turkey -0.3170 0.1214 -2.6117
United States -0.0877 0.0551 -1.5925

R? =0.959%4

Engle-Granger cointegration tau-statistic = - 6.18 (p-value = 0.05820)

Panel B: Treatment effects in the post-Brexit referendum period (2016Q3 — 2019Q2)

Actual Predicted Treatment

2016 Q3 138.54 141.62 -3.07
2016 Q4 147.01 137.45 9.56
2017 Q1 147.66 138.47 9.18
2017 Q2 151.19 139.04 12.15
2017 Q3 152.77 138.32 14.45
2017 Q4 150.51 136.02 14.48
2018 Q1 149.44 136.83 12.61
2018 Q2 145.60 139.75 5.85
2018 Q3 150.59 141.60 8.99
2018 Q4 151.30 141.38 9.91
2019 Q1 153.66 140.27 13.39
2019 Q2 143.54 142.92 0.62
Mean 148.48 139.47 9.01
Std. dev. 4.31 2.15 5.47
T 34.46 64.87 1.65
Constant OLS model with HAC standard errors:

ATE =9.0109 Std.dev. = 1.6450 T=5.4776 p-value = 0.0002
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