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Abstract

This paper applies a penalized synthetic control method to estimate the growth
effects of European Union (EU) enlargement. A penalized synthetic control esti-
mator introduces a penalty term in the synthetic matching algorithm that penalizes
discrepancies between the treated economy and its synthetic counterpart. We use
this estimator to construct counterfactuals of the growth rate of GDP per capita for
the EU accession countries. Standard synthetic control results show that a coun-
try’s accession into the EU generates an almost uniform positive impact on the
level of real GDP per capita. However, by applying the penalized synthetic control
estimator to the growth rate, we find that most of these positive effects become
insignificant and some even become negative.
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1 Introduction

During the past 70 years, the European Union (EU) has grown from a coal and steel

agreement among 6 countries to a full-blown economic union of 27 countries.1 During

this time, the EU has expanded not only its economic and political scope but also its

membership. In particular, the EU has undergone seven enlargements: 1973(9), 1981(10),

1986(12), 1995(15), 2004(25), 2007(27), 2013(28) and one withdrawal in 2020(27) where

the brackets () designate the new total EU membership count.

These enlargements have spawned an empirical literature on the growth effects of

EU membership and expansion. The bulk of this literature runs linear regression model

with a measure of EU membership and/or integration included. Early work by Landau

(1995), Vanhoudt (1999) and Badinger (2005) find that EU membership has no permanent

growth effects in a sample of OECD countries. In contrast, analysis by Henrekson et al.

(1997), Torstensson (1999) and Cuaresma et al. (2013) estimate positive growth effects

using samples of developed and undeveloped countries. Ben-David (1993, 1996) examine

convergence in per capita income and find that European integration reduces income

dispersion. In surveying this literature, Eichengreen (2008), Cuaresma et al. (2013) and

Crafts (2015) attribute these mixed regression results to the heterogeneity of growth

experiences across countries.

In an important contribution, Campos et al. (2019) estimate the economic effects of

EU expansion using a synthetic control method. The synthetic control method (SCM)

of Abadie and Gardeazabal (2003) and Abadie et al. (2010) builds a counterfactual for

each treatment unit as a weighted combination of control (donor) units that provide

the best match of the pre-treatment outcome variable. As such, SCM can control for the

1In 1951, the European Coal and Steel Community (ECSC) was established between Belgium, France,
Italy, Luxembourg, Netherlands and West Germany to regulate the coal and steel industry of the Ruhr.
In 1957, those same six countries created the European Economic Community (EEC) customs union. In
1993, the European Union (EU) of then 12 members was formally established by the Maastrich Treaty.
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heterogeneity of responses from treatment. Campos et al. (2019) find that most countries

experienced higher GDP per capita after accession. The average ”treatment” effect after

10-years is 10%. The one exception is Greece who suffered a loss in GDP per capita

relative to its synthetic counterfactual. In a related paper, Campos et al. (2022) find

that Norway lost about 0.6% in productivity growth when it elected to NOT join the EU

Single Market in 1995.

However, moving from traditional matching methods like propensity score matching

to synthetic matching comes at a cost. For example, in settings with a large donor

pool, a single untreated country may provide close matches to the treated units. In such

situations, the researcher faces a trade-off between minimizing the difference between each

treated unit and the synthetic control as a whole (synthetic control case) and minimizing

the discrepancy between each treated unit and each donor unit that contributes to its

synthetic control (matching case) (Abadie and L’Hour; 2021).

In this paper, we revisit the growth effects of EU enlargement using the penalized

synthetic control method. We expand the previous analysis in four important ways.

First, we extend the sample period to 2019 using updated data. This extension in the

sample allows us to include the Financial Crisis and its aftermath. Second, we use the

growth rate as opposed to the level of real GDP per capita as the outcome. We argue that

economic growth is of primary interest even though the matching of the synthetic control

and the treated may be worse in pre-treatment. Third, we improve the donor pool by

adding more middle-income countries and dropping Switzerland, Japan and Croatia due

to their connection to the EU and idiosyncratic growth experiences. Lastly, we estimate

treatment growth effects using a penalized synthetic control method where the trade-off

between the component-wise match and aggregate match is optimized.

The rest of the paper proceeds as follows. Section 2 starts by replicating the SCM

analysis of Campos et al. (2019) using updated data. Our updated data extends to 2019

2



and considers the EU accession of Cyprus, Malta, Bulgaria and Romania. We find that

19 of the 21 new EU members had higher GDP per capita relative to their synthetic

counterparts. Only Greece and Czechia experienced decreases in GDP per capita. In

terms of magnitude, our results confirm that the countries averaged a 10% increase in

GDP per capita in the first ten years of membership.

Section 3 modifies the SCM analysis by using the growth rate of GDP per capita

and improving the potential donor pool. The use of the growth rate as an outcome

variable removes common trends and measurement error inherent in levels. To improve

our fit, we add newly-industrialized Israel, South Africa and India along with numerous

small middle-income countries to the potential donor pool. More importantly, we drop

Switzerland, Japan and Croatia since they are directly impacted by EU expansions and/or

experience idiosyncratic growth. With these modifications, the treatment growth effects

become much more varied. Of the 21 new EU members, 13 countries experience positive

growth after 10-years of accession, while 8 eastern and southern European countries have

negative growth. In fact, the average 10-year growth effect across all enlargements is

0.10% with a standard deviation of 20%.

Section 4 applies the penalized synthetic control method (P-SCM) to the growth

rate of real GDP per capita. The use of P-SCM reduces the magnitude and dispersion

of the estimated treatment growth effects. The mean 10-year treatment growth effect

is -3.2% with a standard deviation of 16%. By using a 95-percent confidence bounds

created from placebo studies, we find that only Ireland, Portugal and Spain experienced

significant positive growth effects from EU accession. Section 5 concludes with some

possible extensions of our approach to Brexit.
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2 Synthetic Control Method

2.1 Method

Matching methods have long been popular in microeconometrics since they allow the

estimation of a treatment effect in the absence of a plausible structural model that is

feasible to estimate. Despite facing similar problems matching were rarely applied in

macroeconomics. The limited number of countries and the lack of data for many smaller or

economically less developed countries makes it difficult to find a country that is sufficiently

similar to the treated country except for the treatment itself.

Synthetic matching overcomes the above problem by constructing a synthetic counter-

factual counterpart to the treated country. The counterpart is constructed as a weighted

average of untreated countries from a given donor pool that – as a whole – mimics the

pre-treatment characteristics of the treated country.

We consider a set of N+1 countries for a time period t ∈ [1, T ]. The first unit i = 1 is

the treatment country and the remaining countries i = 2 . . . N +1 are the non-EU donor

pool. The treatment country joins the EU at time T0 so [1, T0 − 1] is the pre-treatment

period; T0 is treatment; and t ∈ [T0 + 1, T ] is the post-treatment period. The treatment

effect can be represented as:

τ1,t = Y l
1,t − Y C

1,t∀t ∈ {T0, . . . , T} (1)

where Y l
1,t is the treated country’s outcome at time t and Y C

1,t is the outcome at time t

not impacted by the intervention (i.e. the counterfactual). Since we cannot observe Y C
1,t

for t ≥ T0, we need an estimate of the counterfactual.

Abadie et al. (2010) show that an unbiased estimate can be obtained by assigning

weights to each donor country:
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Ỹ C
1,t =

N+1∑

i=2

w∗

i Yi,t. (2)

Rather than matching the outcome Y directly, the SCM minimizes the difference between

the counterfactual and the observed pre-treatment predictors X of the outcome variable.

With M possible predictors, we find the optimal weights w∗

i through:

w∗

i = arg min
w∈R

M∑
j=1

vj(X1j −
N+1∑
i=2

wiXij)
2 (3)

s.t. wi ≥ 0,

∑N+1

i=2
wi = 1.

where i = 1 denotes the treated country; i = 2, . . . , N + 1 represent the donor units; and

j indexes the predictor variable.

The importance weights vj for each predictor in the vector X are then minimized to

achieve the best fit of Ỹ and Y :

v∗j = arg min
v∈R

T0∑
t=1

(Y1,t −
N+1∑
i=2

w∗

i (v)Yi,t)
2 (4)

s.t. vj ≥ 0,

∑M

j=1
vj = 1.

2.2 Data

We use the same set of predictors X as Campos et al. (2019): the pre-treatment levels

of real GDP per capita, population growth, the investment share, the individual shares

of industrial and agricultural production, and the individual shares of the population
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with a secondary and tertiary education. The pre-treatment levels of GDP per capita are

included as individual variables, while the other predictors are included as averages over

the pre-treatment period.

We use two data sets in our analysis. The unbalanced panel data of Campos et al.

(2019) comes from Penn World Tables 7.0 and ends in 2008. It is comprised of the 17

EU expansion countries plus a potential donor pool of 29 OECD, newly-industrialized,

Mediterranean and neighboring countries.2 The updated cross-country data set are drawn

from Penn World Tables 10.0 and the World Bank (2022) World Development Indicators.

The updated data ends in 2019 and has 21 EU expansion countries plus an expanded

donor pool of 42 countries.

2.3 Sample selection

Table 1 presents information on the 7 EU expansions. We organize the 7 EU expansions

into five episodes divided by a solid horizontal line. The first episode is the northern I

enlargement of 1973, while the second is the southern enlargement of 1981 and 1986. The

third is the Nordic northern II enlargement of 1995. The fourth is the eastern I expansion

of 2004 for the 8 Eastern European countries. The fifth episode is the eastern II 2004

accession of Cyprus and Malta and the 2007 accession of Bulgaria and Romania.

We follow Campos et al. (2019) in the selection of the first sample year and the

potential donor pool I. The sample period starts in 1955, 1970 and 1980 for the northern

I, southern and northern II expansions, respectively. Although earlier data are available,

we start the eastern expansions in 1993 to remove the turbulence and structural changes

occurring during the transition years of the former Communist countries. Donor I are

the 29 potential donor nations of Campos et al. (2019) used in Table 2, while Donor II

2The data does not include the original six EU members Belgium, France, Germany, Italy, Luxem-
bourg, and the Netherlands since they are excluded from the potential donor pool. New EU members
Cyprus, Malta, Bulgaria, Romania are available but not considered due to their poor fit. Croatia is
included in their potential donor pool.
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Table 1: EU Expansions

Episode Accession Year New Members First Sample Year Donor I Donor II
northern I 1973 Denmark 1955 13 17

United Kingdom
Ireland

southern 1981 Greece 1970 25 29
1986 Spain 1970 22 33

Portugal
northern II 1995 Austria 1980 23 31

Finland
Sweden

eastern I 2004 Czechia 1993 27 42
Estonia
Hungary
Poland
Latvia
Lithuania
Slovakia
Slovenia

eastern II 2004 Cyprus 1993 27 42
Malta

2007 Bulgaria 1993 27 42
Romania

Note: Donor I is the potential donor pool used in Table 2 and Donor II is the potential
donor pool used in columns (1)-(4) of Table 3

.

are the 42 potential donor nations used in Table 3.3

2.4 Replication of Campos et al. (2019)

Table 2 presents the average treatment effects in levels using the synthetic control method.

The treatment effects using the Campos et al. (2019) data are shown in columns (1)-(3),

while those using the updated data are in columns (4)-(7). We use Donor I for each

data set. The dates on the third row are the post-treatment horizons: 5-years, 10-years,

until 2008, and until 2019 for the updated data. We use the actual accession dates for

3Appendix A lists the potential donor pool and unit weights for each estimation.
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the northern and southern expansions and the anticipated 1998 and 2001 for the eastern

expansions. The unweighted average of the treatment effects for each episode are shown

at the bottom.

The average treatment effects are similar for the two data sets. The northern I and

eastern I expansions experience larger treatment effects than the southern and northern II

expansions. The averaged 10-year treatment effects are 10.7 to 14.8 percent for northern

I and eastern I and 2.9 to 7.1 percent for the southern and northern II enlargements.

For individual countries, Denmark, Portugal, Estonia, Hungary, Latvia and Lithuania

experience the largest treatment effects, while Czechia, Slovakia and Slovenia have the

smallest. Greece is the only country with a negative treatment effect across the two data

sets.

The average treatment effects for the added eastern II episode are consistent with

those of the eastern I expansion. Cyprus and Malta have 2.9 to 2.4 percent higher GDP

per capita after 10 years relative to their synthetic counterfactuals, while Bulgaria and

Romania experienced larger 6.4 and 20.2 percent increases. The lower estimates for

Cyprus and Malta are consistent with Poland, Slovakia and Slovenia; while the higher

estimates for Bulgaria and Romania are consistent with Hungary, Latvia and Lithuania.

In addition, the averaged 5-year treatment effects are within one percent of each other,

while the 10-year are within four percent.

3 Growth Outcome and Donor Pool

3.1 Measuring growth

The outcome variable used so far is the level of real GDP per capita. Yet, the appropri-

ate measure to use is not entirely clear. On the one hand, we are primarily interested

in economic growth rather than the level of GDP. While GDP growth is to some de-
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Table 2: Average Treatment Effects in Levels

(1) (2) (3) (4) (5) (6) (7)

5‐year 10‐year until 2008 5‐year 10‐year until 2008 until 2019
Denmark 10.29 14.30 23.86 15.81 20.59 23.97 26.50

United Kingdom 4.82 8.59 23.69 3.17 10.51 15.61 15.38

Ireland 5.24 9.39 48.90 3.05 9.01 73.15 110.81

Greece ‐11.59 ‐17.34 ‐19.76 ‐8.50 ‐12.79 ‐14.23 ‐4.38
Portugal 11.49 16.31 18.12 12.30 16.79 33.32 30.63

Spain 9.35 13.66 19.81 0.36 4.74 23.45 24.22

Austria 6.94 8.15 9.54 4.11 5.95 6.50 10.96

Finland 2.18 4.02 4.36 10.49 12.77 14.80 15.47

Sweden 0.70 2.23 3.05 2.64 2.49 3.15 6.65

Czechia 2.11 5.62 5.62 ‐1.76 ‐0.28 ‐1.76 ‐1.51
Estonia 16.19 23.99 23.99 20.04 35.17 20.04 34.24

Hungary 8.73 12.30 12.30 17.42 19.72 17.42 11.18

Latvia 18.02 31.69 31.69 10.42 20.92 10.42 31.68

Lithuania 17.35 28.08 28.08 20.21 24.10 20.21 23.40

Poland 8.67 5.93 5.93 7.28 2.18 7.28 9.75

Slovakia 1.32 0.30 0.30 ‐2.92 0.38 ‐2.92 2.40

Slovenia 6.40 10.42 10.42 1.17 0.79 1.17 ‐2.59
Cyprus 5.10 2.93 5.10 ‐6.67
Malta 7.97 2.42 7.97 6.46

Bulgaria 5.46 6.38 5.46 10.19

Romania 13.65 20.21 13.65 32.78

northern I (1973 accession) 6.79 10.76 32.15 7.34 13.37 37.58 50.90

southern (1981 and 1986 accessions) 3.08 4.21 6.06 1.39 2.91 14.18 16.82

northern II (1995 accession) 3.27 4.80 5.65 5.75 7.07 8.15 11.03

eastern I (1998 anticipation) 9.85 14.79 14.79 8.98 12.87 8.98 13.57

eastern II (1998 and 2001 anticipations) 8.04 7.98 8.04 10.69

all enlargements 6.95 10.45 14.70 7.02 9.76 13.51 18.46

Updated dataCampos et al. (2019) data

Note: Each entry is the percentage difference between the average level of real GDP per capital of the actual country in
the post-accession period listed on top and the average level of real GDP per capital of the synthetic in the same period.
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gree dependent on initial GDP, there is no econometric reason to enforce this similarity.

If anything, it makes matching more challenging as we implicitly match more criteria:

namely the level of economic development and growth / business cycle dynamics. On the

other hand, use of the growth rate alone might yield results where a country is matched

by countries at an extremely different level of development. Additionally, the variation

of GDP growth rates over the business cycle can exceed the cross-country variation of

average growth rates. It can therefore happen that a country is matched to countries

with synchronized business cycles but consistently higher or lower growth rates.4

We use the cumulative growth as our outcome variable:

git = ln(Yi,t)− ln(Yi,T0
). (5)

Note that the growth rate is calculated relative to treatment at t = T0. As such, the

cumulative growth rate will be negative during pre-treatment, zero at treatment, and

positive and likely increasing during post-treatment.

However, to enhance the weight of average growth relative to the business cycle, we

add an artificial observation at the start of the sample. In particular, we set the first

observation Yi0 to
√
T0

∑T0

t=1
∆ ln(Yit)/T0. This transformation is equivalent to adding T

observations of mean growth rates, but computationally more efficient.

3.2 Potential donor pool

The two main assumptions of SCM are that the donor pool in the pre-treatment period

mimics or matches the treated observation(s) and the units of the donor pool should not be

affected by the treatment itself. We improve the fit of our synthetic match by expanding

the potential donor pool in three ways. First, we add the newly-industrialized South

4Gardeazabal and Vega-Bayo (2017), Bove et al. (2017), and Colla-De-Robertis and Garduño Rivera
(2021) use growth rates rather than levels to analyze the treatment effects of economic integration, civil
war and free trade agreements, respectively.
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Africa (ZAF) and the Mediterranean Algeria (DZA) to the donor pool. Second, we include

several small middle-income countries from the Caribbean – Barbados (BRB), Jamaica

(JAM), Saint Kitts and Nevis (KNA), Trindad and Tobago (TTO); South America –

Peru (PER), Paraguay (PRY), Suriname (SUR); and Asia – Mauritius (MUS), Sri Lanka

(LKA). These countries provide potential matches to the smaller EU members. Fourth,

we include the former Communist Belarus (BLR), Georgia (GEO), Kazakhstan (KAZ),

Montenegro (MNE) and Serbia (SRB) to the eastern I and II expansions.

We next address the second assumption of independence here. While one can argue

that each country in the donor pool is directly impacted somewhat by the accession of

a new EU member, Switzerland, Japan and Croatia are potential outliers due to their

connections to the EU and idiosyncratic growth experience.

Although Switzerland has never applied for EU membership, its economy is inextrica-

bly linked to the EU. Geographically, Switzerland is in the middle of the EU - bordering

Germany, France and Italy. Policy-wise, the Switzerland-EU bilateral free trade agree-

ment provides relatively free movement of goods, services, investment and peoples since

1972 (Mission of Switzerland to the European Union; 2021). The EU accounts for two-

thirds of Swiss imports and half of Swiss exports, while Switzerland is the fourth biggest

exporter and importer market of EU goods (Mission of Switzerland to the European

Union; 2020). In 2020, Switzerland has the seventh largest inward foreign direct invest-

ment position of (164 % of GDP), largely from the EU. As such, it is difficult to assume

that an EU enlargement would not directly impact the Swiss economy.

Japan is a potential outlier due to its idiosyncratic growth experience during the past

three decades. While the objective of penalized matching partly is to be able to include

more countries, rather than imposing arbitrary restrictions on the donor pool, we want

to avoid the inclusion of countries that suffered highly unusual circumstances in the out-

of-sample period. Since the asset bubble collapse in 1991, Japan has undergone a lost
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decade, lost 20 years and even lost 30 years of economic stagnation and low inflation

rates. The lost decades have occured despite massively expansionary monetary policy

which has puzzled macroeconomists.

Croatia is a potential outlier due to its eventual EU membership in 2013. Croatia

applied for EU membership in 2003 and its application was approved in January 2004

during the eastern enlargement. With EU negotiations occurring from 2005 to 2011, it

is extremely likely that the economic performance of Croatia was impacted by the 2004

eastern expansion.

3.3 Treatment period of eastern expansion

For the eastern I expansion, Campos et al. (2019) use the actual 2004 accession and

anticipated 1998 as the treatment period. The advantage of using 1998 is that it allows for

anticipation effects that may have occurred during the negotiations for EU membership.

However, the disadvantage is that it affords only five years of pre-treatment data to

construct the synthetic control. A 5-year pre-treatment period is short compared to other

SCM studies (Abadie and Gardeazabal; 2003; Abadie et al.; 2015). Moreover, given that

the earlier expansions also had pre-accession negotiations, it is difficult to argue that

there are anticipation effects in only the eastern expansion and not in the earlier ones.

Therefore, we use the actual accession year as the treatment period for each expansion

including the eastern I and eastern II episodes.

3.4 Estimation of Treatment Growth Effects

Table 3 presents the treatment growth effects estimates. Each entry is the difference

in the cumulative growth rate of the treated vs. its synthetic counterpart at the given

time horizon. The synthetic control method estimates in columns (1)-(4) are the tradi-

tional SCM results using the expanded donor pool with Switzerland, Japan and Croatia
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removed. We use the actual accession years for each expansion including the eastern

expansions.

The SCM results in columns (1)-(4) show that the use of the growth rate as opposed

to the level of real GDP leads to less positive treatment effects. 9 of the 21 countries

experience negative treatment growth effects in most of the post-treatment period. The

10-year treatment growth effects range between -37% (Cyprus) to +45% (Portugal) with

an unweighted mean of 0.10%. In the first three episodes, all countries but Greece have a

positive treatment growth effect. In contrast, only Czechia, Estonia, Lithuania, Bulgaria

and Romania of the eastern expansions experience positive treatment growth effects.

4 Penalized Synthetic Control Method

4.1 Method

Under traditional SCM, a country can be matched by a linear combination of countries

that are individually extremely different from the treated country, oftentimes straining

economic plausibility. Typically, this can be avoiding by pre-selecting countries for the

donor pool. However, such an action can limit the potential donor pool considerably and

possibly unnecessarily.

What we would like to achieve is to fit countries with closer neighbors. Similar to

Abadie and L’Hour (2021), we propose an additional penalty term λ in the objective

function of the synthetic matching algorithm that penalizes the difference between the

predictors and pre-treatment outcome variable vs. the difference between the treated

economy and its synthetic counterpart.

As a result, the equations (4) and (5) are replaced by the following versions:
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Table 3: Treatment Growth Effects

(1) (2) (3) (4) (5) (6) (7) (8)

5‐year 10‐year until 2008 until 2019 5‐year 10‐year until 2008 until 2019
Denmark 11.39 10.13 17.46 12.79 11.39 10.13 17.46 12.79

United Kingdom 4.26 4.98 15.63 26.76 ‐8.21 ‐1.95 40.09 105.55

Ireland 10.87 13.97 93.64 146.34 ‐1.01 8.17 21.64 20.19

Greece ‐15.94 ‐28.27 ‐34.73 ‐68.01 ‐12.27 ‐20.45 ‐16.69 ‐45.03
Portugal 31.45 44.76 37.52 37.60 27.64 39.11 37.53 24.51

Spain 30.73 35.62 43.53 38.75 15.20 10.51 36.43 18.61

Austria 2.84 2.95 0.55 7.55 0.29 ‐0.80 ‐1.48 ‐1.73
Finland 17.99 25.66 42.16 56.48 14.83 15.56 30.26 14.48

Sweden 7.27 4.35 7.29 10.94 5.94 2.85 13.79 13.58

Czechia 3.25 2.36 3.25 29.85 0.32 ‐5.84 0.32 3.38

Estonia 0.96 10.97 0.96 12.02 7.03 ‐6.12 7.03 0.93

Hungary ‐25.99 ‐37.02 ‐25.99 ‐18.49 ‐30.59 ‐43.44 ‐30.59 ‐32.42
Latvia ‐5.70 ‐9.77 ‐5.70 9.87 ‐2.10 ‐13.00 ‐2.10 1.75

Lithuania ‐6.96 3.29 ‐6.96 15.93 ‐3.31 0.76 ‐3.31 16.69

Poland ‐19.73 ‐1.46 ‐19.73 4.93 ‐14.11 ‐16.50 ‐14.11 2.60

Slovakia 1.62 ‐17.77 1.62 ‐13.58 4.38 ‐15.96 4.38 ‐13.20
Slovenia 2.24 ‐17.73 2.24 ‐5.88 6.30 ‐14.34 6.30 ‐1.32
Cyprus ‐8.76 ‐27.68 ‐8.76 ‐6.37 19.61 ‐13.08 19.61 ‐5.11
Malta ‐42.56 ‐27.86 ‐42.56 0.71 ‐18.36 ‐13.79 ‐18.36 14.97

Bulgaria ‐13.03 0.88 ‐13.03 0.15 ‐1.50 2.37 ‐0.67 1.20

Romania ‐8.67 8.52 ‐8.67 23.44 5.65 8.40 15.95 17.81

northern I (1973 accession) 8.84 9.69 42.24 61.96 0.73 5.45 26.40 46.18

southern (1981 and 1986 accessions) 15.41 17.37 15.44 2.78 10.19 9.72 19.09 ‐0.64
northern II (1995 accession ) 9.37 10.99 16.67 24.99 7.02 5.87 14.19 8.78

eastern I (2004 accession) ‐6.29 ‐8.39 ‐6.29 4.33 ‐4.01 ‐14.30 ‐4.01 ‐2.70
eastern II (2004 and 2007 accessions) ‐18.26 ‐11.54 ‐18.26 4.48 1.35 ‐4.02 4.13 7.22

all enlargements ‐1.07 0.04 4.75 15.32 1.29 ‐3.21 7.79 8.11

o Synthetic Control Method Penalized Synthetic Control Method

Note: Each entry is the cumulative growth rate of the post-accession period listed on top and the corresponding cumulative
growth rate of the synthetic country during that same period.
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w∗

i = arg min
w∈R

λ
M∑
j=1

vj(X1j −
N+1∑
i=2

wiXij)
2 + (1− λ)

M∑
j=1

N+1∑
i=2

vjwi(X1j −Xij)
2 (6)

s.t. wi ≥ 0,

∑N+1

i=2
wi = 1.

v∗j = arg min
v∈R

λ
T0∑
t=1

(Y1,t −
N+1∑
i=2

w∗

i (v)Yi,t)
2 + (1− λ)

T0∑
t=1

N+1∑
i=2

w∗

i (v)(Yt − Yi,t)
2 (7)

s.t. vi ≥ 0,

∑M

j=1
vi = 1,

where i and j index the country and predictor and λ is the penalty parameter. The

tuning parameter λ sets the tradeoff between component-wise fit and the aggregate fit.

Our λ ranges between 0 to 1 where 1 yields the traditional synthetic control, and 0 is

equivalent to a nearest neighbor match OR propensity score matching.

We calibrate the λ parameter through cross-validation. For each enlargement, we

randomly choose twenty non-treated countries from the potential donor pool and conduct

a placebo study with λ’s increasing from 0 to 1 in 0.05 increments. If the matching

approach is valid, the match based on pre-treatment data should still be close after the

treatment event for the non-treated economies. We assess which levels of λ yield the best

out of sample forecasts and then use the median best λ over the 20 countries as values

for the actual synthetic matching of countries in this enlargement group.

Similarly, we create confidence bounds using placebo studies. All donor countries that

have not been used for cross validation are matched using the same λ. This creates a

distribution of out-of-sample errors for non-treated economies. We can thus test whether
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the synthetic control for the treated economy falls outside the error band. We exclude the

countries used in cross-validation to prevent artificially deflating the confidence bounds

as λ was chosen conditional on low out-of-sample errors in those countries.5

4.2 Penalized SCM results

Table 3 presents the treatment growth effects using the penalized SCM approach in

columns (5)-(8). The P-SCM counterfactuals contain fewer but better-matched countries.

See Appendix A. For example, the SCM synthetic for Romania contains 9 countries

including Paraguay (0.31), Egypt (0.29), Sri Lanka (0.09) and Ukraine (0.09); while the

P-SCM is comprised of the neighboring former Communist Albania (0.23), Georgia (0.22)

and North Macedonia (0.55).

The use of P-SCM reduces the magnitude and dispersion of the estimated treatment

growth effects. The mean of the 10-year treatment growth effect under SCM is virtually

zero with a standard deviation is 21. In contrast, the mean under P-SCM is -3.2 with a

standard deviation of 16. For the first three episodes, P-SCM lowers the 10-year growth

effects of Ireland, Spain and Finland from 14.0-35.6% under SCM to 8.2-15.6%. For

the eastern episodes, the treatment growth effects are lower under SCM with 9 of the

12 countries experiencing a reduction in growth after 10-years. Nevertheless, P-SCM

generates more uniform growth effects than SCM. With the exception of Hungary, the 10-

year treatment growth effects under P-SCM fall into three distinct categories: 3 countries

with +1.0 to +8.4%; 2 nations with -6.0%; and 6 with -13.0 to -16.5%. However, we still

need to see if these treatment growth effects are significant.

Figures 1-6 present the counterfactual figures for the five expansion episodes. For

5An alternative method to generate confidence bounds is randomized donor pools. This method
is inappropriate for penalized matching since the potential donor pool is typically quite large and the
country is matched only with fairly similar donors. As such, random exclusion of a country from the
donor pool would typically change nothing at all whereas it would have massive effects in rare cases
when one of the few similar countries is randomly excluded. This is prone to generating distributions
with extremely high kurtosis.
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each new EU member, we produce a time series plot of the actual cumulative growth

rate (black line) and its penalized SCM synthetic (red line) along with the traditional

synthetic control (blue line) and the single-country nearest neighbor match (green line).

The shaded orange represents the 95-percent confidence bounds of the penalized synthetic

generated by placebo studies. The shaded area is the pre-treatment period and unshaded

area is the treatment and post-treatment period.

Figure 1 shows the treatment growth effects for the first northern expansion of 1973.

For Denmark, the penalized SCM synthetic is a single country New Zealand – which

makes the three estimators (red, blue and green lines) overlap. Regardless, the treatment

growth effects for Denmark are small. In contrast, the treatment growth effects for

Ireland and the United Kingdom are large and significant. Ireland and to a lessor degree

the United Kingdom benefit from a combination of very liberal financial regulation and

freedom of services, not unlike the situation of the founding member Luxembourg.

Figure 2 shows the treatment growth effects for the southern expansion of 1981

(Greece) and 1986 (Portugal and Spain). These Mediterranean countries differed fun-

damentally from the existing EU members. The first 9 EU members were all highly

industrialized, stable democracies with high levels of real GDP per capita. In contrast,

the new southern members were comparably poor upon accession with Portugal’s GDP

per capita less than half of the poorest member Ireland.

We find unambiguously positive effects for Spain and Portugal. The positive growth

effect is significant until the Great Financial Crisis for Portugal and borderline significant

for Spain. The insignificance after the crisis can be attributed to both a slowdown in the

actual growth of the two countries plus an increase in the confidence bounds. In all our

applications, the confidence bounds increase markedly after 2009 due to the huge variation

in how the donor pool was impacted by the crisis. As such, the lack of significance in

the post-crisis period does not necessarily rule out a continued positive growth treatment
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Figure 1: Penalized SCM growth effects for the northern I expansion
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Note: The black line is the actual growth rate, the red line is the penalized synthetic
control with optimized λ, the blue line is the traditional synthetic control, and the green
line is the single-country nearest neighbor match. The shaded orange represents the
95-percent confidence interval of the penalized synthetic generated by placebo studies.
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effect for Spain and Portugal.

The situation is quite different for Greece. Like the traditional synthetic control

(blue), we find a penalized synthetic control (red) above the actual growth rate at all

horizons. This suggests that Greece was harmed by EU membership both during good

times (1999-2008) and bad times (2009-2019). However, the negative growth effects are

generally insignificant except for a few years in the late 1980s.

Figure 3 shows the treatment growth effects for the northern II expansion of 1995.

The growth effects are generally positive, but well within the confidence bounds. These

three countries were extremely well-integrated with the EU long before they officially

joined. Each county was an early member of European Free Trade (EFTA) and had long-

standing bilateral free trade agreements with the then European Economic Community

(EEC). The countries then signed agreements with the European Economic Area (EEA)

in 1992, which connected EFTA and EU. As such, the official accession of each in 1995

was more of an institutional stepping stone rather than a major moment of integration.

The eastern enlargement in 2004 was the largest and most ambitious expansion of the

European Union. In the early 1970s, the Mediterranean nations of Cyprus and Malta

signed Association Agreements with the EU. With the fall of the Berlin Wall on November

9, 1989, many former communist countries signed Europe Agreements with the EU in

the early 1990’s. From 1987 to 1996, thirteen countries submitted applications to join

the EU. Ten of these applications were accepted in December 2002 and officially joined

the EU on May 2004. Bulgaria and Romania were accepted in the Treaty of Accession

2005 and joined on January 2007. Only Turkey did not join due to their refusal to sign

the UN Annan Plan for settlement of the Cyprus dispute between Greek and Turkish

Cypriots.

Figures 4 and 5 shows the treatment growth effects for the new eight Eastern European

members. In general, we find little difference in growth trajectories of acutal (black) and
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Figure 2: Penalized SCM growth effects for the southern expansion
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Note: The black line is the actual growth rate, the red line is the penalized synthetic
control with optimized λ, the blue line is the traditional synthetic control, and the green
line is the single-country nearest neighbor match. The shaded orange represents the
95-percent confidence interval of the penalized synthetic generated by placebo studies.
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Figure 3: SCM and Penalized SCM growth effects for the northern II expansion
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Note: The black line is the actual growth rate, the red line is the penalized synthetic
control with optimized λ, the blue line is the traditional synthetic control, and the green
line is the single-country nearest neighbor match. The shaded orange represents the
95-percent confidence interval of the penalized synthetic generated by placebo studies.
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penalized synthetic control (red) let along a significance difference for each country. In

2019, the actual growth rate is nearly identical to the penalized synthetic control for

five of the eight countries. In contrast, Lithuania experienced a positive growth effect,

while Hungary and Slovakia. However, only the treatment growth effects for Hungary

are significant. Hungary has had an extremely Eurosceptic government since 2010 under

Victor Orban. By that time, Hungary was already significantly “underachieving” which

might have contributed to this development. However, this result has to be taken with a

grain of salt as the in-sample fit for Hungary is not particularly good.

Figure 6 shows the treatment growth effects for Cyprus and Malta in 2004 and Bul-

garia and Romania in 2007. The initial treatment growth effect for Malta and Romania

are significant, but the others are not.

In short, there is no evidence at all that the Eastern member states reaped benefits

similar to Ireland, Portugal and Spain. At the same time, institutional developments in

some of those countries are problematic from the perspective of the old member states.

In particular in Hungary and Poland, Euro-skeptical parties have now dominated several

election cycles, and more importantly have implemented laws that violate the under-

standing of democratic institutions prevalent in the Western member states.

4.3 Comparison to the previous literature

By and large our results match the previous literature. In particular, the clear beneficial

effects of European integration we find for Ireland, Spain and Portugal, are commonplace.

However, there are some notable differences caused by both the extended out of sample

period and the improved methodology. Most relevant economically probably is that we

find negative (albeit insignificant) effects for Greece. While we know now, that Greece’s

development in the 1990s and early 2000s was problematic, as was seemed to be prosperity

was a debt bubble driven by over-consumption, this only became visible in aggregate
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Figure 4: SCM and Penalized SCM growth effects for the eastern I expansion
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Note: The black line is the actual growth rate, the red line is the penalized synthetic
control with optimized λ, the blue line is the traditional synthetic control, and the green
line is the single-country nearest neighbor match. The shaded orange represents the
95-percent confidence interval of the penalized synthetic generated by placebo studies.
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Figure 5: SCM and Penalized SCM growth effects for the eastern I expansion
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Note: The black line is the actual growth rate, the red line is the penalized synthetic
control with optimized λ, the blue line is the traditional synthetic control, and the green
line is the single-country nearest neighbor match. The shaded orange represents the
95-percent confidence interval of the penalized synthetic generated by placebo studies.
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Figure 6: SCM and Penalized SCM growth effects for the eastern II expansion
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Note: The black line is the actual growth rate, the red line is the penalized synthetic
control with optimized λ, the blue line is the traditional synthetic control, and the green
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95-percent confidence interval of the penalized synthetic generated by placebo studies.
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GDP data after the Global Financial Crisis that triggered the European Debt Crisis and

revealed massive structural problems in Greece.

The second major difference is that we do not find beneficial effects for any of the

Eastern European countries that joined in 2004. It is important to note that this is

not driven by our choice to consider 2004 as treatment date rather than 1998, but by

using penalized synthetic matching with a much larger initial donor pool, rather than

using a judgment driven donor pool selection. Like in the previous literature, the largest

proportion of the counterfactuals is driven by Eastern European neighbors that did not

join the EU. However, we find that the remainder is estimated to be matched by very

successful emerging markets that have been excluded from the donor pool in previous

papers. That is, when properly accounting for the fact that at the time of their accession

the Eastern European members were indeed emerging markets, rather than economically

fully industrialized countries, their post-accession development is not extraordinary.

5 Conclusion

This paper employed a penalized synthetic control method (P-SCM) to estimate the

growth effects of European Union (EU) enlargement. A P-SCM uses a penalty term

in the synthetic matching algorithm that penalizes discrepancies between the treated

economy and its synthetic counterpart. We used this estimator to construct synthetic

counterfactuals of the growth rate of GDP per capita for the EU accession countries.

We find that most of these positive effects become insignificant and some even become

negative.

The penalized synthetic control approach can also be used to estimate the effects

of a country or countries leaving the EU. For the UK leaving the EU or Brexit, Pain

and Young (2004), Ebell et al. (2016) and Baker et al. (2016) use large-scale structural
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econometric models These studies estimate that real GDP is 1.5 to 2.7 percent after

the decision to leave the EU. However, these estimates are sensitive to the design of the

policy shocks and the parameters in the model. More recently, Born et al. (2019) uses

a traditional synthetic control method (SCM) and finds that output is 2 percent lower

after Brexit. Although close to the simulated results, the SCM estimate is likely sensitive

to the choice of the potential donor pool.
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Donor Donor Donor
Country Campos Update Country Campos Update Country Campos Update

ARG 0 0 ARG 0.075 0 ARG 0.644 0.02
BRA 0 0 BRA 0 0 BRA 0 0
CHL 0 0 CHL 0 0 CHL 0 0.098
CHN 0 0 CHN 0 0 CHN 0 0
COL 0 0 COL 0 0 COL 0 0.490
EGY 0 0 EGY 0 0 EGY 0 0
JPN 0.152 0 JPN 0 0.038 JPN 0.230 0.155
KOR 0 0 KOR 0 0 KOR 0 0
MEX 0 0 MEX 0 0.076 MEX 0 0
NZL 0.848 1.000 NZL 0.925 0.886 NZL 0.126 0.237
PHL 0 0 PHL 0 0 PHL 0 0
THA 0 0 THA 0 0 THA 0 0
TUR 0 0 TUR 0 0 TUR 0 0

Donor Donor Donor Donor Donor Donor
Country Campos Update Country Campos Update Country Campos Update Country Campos Update Country Campos Update Country Campos Update

ALB 0 0 JPN 0.274 0.240 ALB 0 0 JPN 0 0 ALB 0 0 JPN 0.066 0.102
ARG 0 0 KOR 0 0.165 ARG 0 0 KOR 0 0 ARG 0 0 KOR 0 0
AUS 0 0.184 MAR 0 0 AUS 0 0 MAR 0 0 AUS 0 0 MAR 0 0
BRA 0 0.142 MEX 0 0 BRA 0.373 0 MEX 0 0 BRA 0.142 0 MEX 0.008 0
CAN 0.252 0 MYS 0 0 CAN 0.268 0.215 MYS 0 0 CAN 0 0 MYS 0 0
CHE 0 0 NZL 0 0 CHL 0 0 NZL 0.358 0.177 CHL 0.237 0.153 NZL 0.116 0.182
CHL 0 0 PHL 0 0 CHN 0 0 PHL 0 0 CHN 0 0 PHL 0.241 0
CHN 0 0 THA 0 0 COL 0 0 THA 0 0 COL 0 0.424 THA 0 0
COL 0 0 TUN 0 0 EGY 0 0 TUN 0 0 EGY 0 0 TUN 0 0
EGY 0 0 TUR 0.065 0.028 IDN 0 0 TUR 0 0 IDN 0 0 TUR 0 0
HKG 0.221 0 URY 0 0 ISL 0 0 URY 0 0.608 ISL 0.191 0.011 URY 0 0.129
IDN 0 0
ISL 0 0
ISR 0.188 0.240

Donor Donor Donor Donor Donor Donor
Country Campos Update Country Campos Update Country Campos Update Country Campos Update Country Campos Update Country Campos Update

ALB 0 0 JPN 0 0 ALB 0.231 0.156 JPN 0 0 ALB 0.046 0 JPN 0 0.188
ARG 0 0 KOR 0 0 ARG 0 0 KOR 0 0.123 ARG 0 0 KOR 0 0.026
AUS 0 0 MAR 0 0.023 AUS 0 0 MAR 0 0 AUS 0 0 MAR 0 0
BRA 0 0 MEX 0 0 BRA 0 0 MEX 0 0 BRA 0 0 MEX 0 0
CAN 0.624 0.561 MYS 0.163 0.243 CAN 0.209 0.518 MYS 0 0 CAN 0.268 0.603 MYS 0 0
CHE 0.007 0.042 NZL 0 0 CHE 0.140 0 NZL 0 0 CHE 0.316 0 NZL 0 0
CHL 0 0 PHL 0 0 CHL 0 0 PHL 0 0 CHL 0 0 PHL 0 0
CHN 0 0 THA 0 0 CHN 0 0 THA 0 0 CHN 0 0 THA 0 0
COL 0 0 TUN 0 0 COL 0 0 TUN 0 0 COL 0.096 0 TUN 0 0
EGY 0 0 TUR 0 0 EGY 0 0 TUR 0 0 EGY 0 0 TUR 0 0
IDN 0 0 URY 0 0 IDN 0.420 0.23 URY 0.000 0 IDN 0.273 0.183 URY 0 0
ISL 0.206 0.130 ISL 0 0 ISL 0.002 0
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Donor Donor Donor Donor Donor Donor
Country Campos Update Country Campos Update Country Campos Update Country Campos Update Country Campos Update Country Campos Update

ALB 0.122 0 MAR 0 0 ALB 0 0 MAR 0 0 ALB 0.007 0 MAR 0.013 0
ARG 0 0 MEX 0 0 ARG 0 0.108 MEX 0 0 ARG 0.013 0 MEX 0.250 0
AUS 0 0 MKD 0 0 AUS 0 0 MKD 0 0 AUS 0.003 0 MKD 0.016 0
CAN 0 0 MYS 0 0 CAN 0 0 MYS 0 0 CAN 0.209 0 MYS 0.006 0
CHE 0 0.240 NZL 0 0 CHE 0 0 NZL 0 0 CHE 0 0.139 NZL 0.009 0
CHL 0 0 PHL 0 0 CHL 0 0.313 PHL 0 0 CHL 0.005 0 PHL 0.087 0
CHN 0 0 RUS 0 0 CHN 0 0.134 RUS 0 0 CHN 0.011 0 RUS 0.015 0
COL 0 0 THA 0.218 0.559 COL 0.066 0 THA 0 0.01 COL 0.129 0.227 THA 0.011 0.231
EGY 0 0 TUN 0 0 EGY 0 0 TUN 0 0 EGY 0 0 TUN 0.008 0
HKG 0 0 TUR 0 0 HKG 0 0 TUR 0.182 0.434 HKG 0 0 TUR 0.004 0
HRV 0 0 UKR 0 0 HRV 0.752 0 UKR 0 0 HRV 0.005 0 UKR 0.168 0.042
IDN 0 0 URY 0 0 IDN 0 0 URY 0 0 IDN 0.011 0 URY 0.013 0.361
ISL 0 0 ISL 0 0 ISL 0.001 0
JPN 0.227 0.201 JPN 0 0 JPN 0.002 0
KOR 0.432 0 KOR 0 0 KOR 0.004 0

Donor Donor Donor Donor Donor Donor
Country Campos Update Country Campos Update Country Campos Update Country Campos Update Country Campos Update Country Campos Update

ALB 0 0.011 MAR 0.173 0.008 ALB 0 0 MAR 0 0 ALB 0.003 0 MAR 0.003 0
ARG 0 0.005 MEX 0.154 0.307 ARG 0 0 MEX 0 0 ARG 0.010 0.221 MEX 0.010 0
AUS 0 0.006 MKD 0 0.349 AUS 0 0 MKD 0 0 AUS 0.007 0.024 MKD 0.005 0
CAN 0 0.006 MYS 0 0.010 CAN 0 0 MYS 0 0 CAN 0.006 0 MYS 0.176 0
CHE 0 0.005 NZL 0 0.007 CHE 0 0 NZL 0 0 CHE 0.005 0 NZL 0.006 0
CHL 0 0.012 PHL 0 0.014 CHL 0 0 PHL 0 0 CHL 0.013 0.163 PHL 0.002 0
CHN 0 0.025 RUS 0 0.019 CHN 0 0.232 RUS 0.149 0.149 CHN 0.003 0 RUS 0.004 0
COL 0.301 0.015 THA 0 0.009 COL 0 0 THA 0 0 COL 0.078 0 THA 0.005 0
EGY 0 0 TUN 0 0.008 EGY 0 0 TUN 0 0 EGY 0 0 TUN 0.006 0
HKG 0 0 TUR 0.100 0.011 HKG 0 0 TUR 0.804 0.478 HKG 0 0 TUR 0.006 0.042
HRV 0.271 0.026 UKR 0 0.100 HRV 0 0.142 UKR 0.046 0 HRV 0.545 0.550 UKR 0.003 0
IDN 0 0.017 URY 0 0.008 IDN 0 0 URY 0 0 IDN 0.005 0 URY 0.033 0
ISL 0 0.012 ISL 0 0 ISL 0.008 0
JPN 0 0.005 JPN 0 0 JPN 0.005 0
KOR 0 0.006 KOR 0 0 KOR 0.052 0

Donor Donor Donor Donor
Country Campos Update Country Campos Update Country Campos Update Country Campos Update

ALB 0 0.031 MAR 0 0.026 ALB 0 0 MAR 0 0
ARG 0 0.087 MEX 0 0.026 ARG 0 0 MEX 0 0
AUS 0 0.062 MKD 0 0.033 AUS 0 0 MKD 0 0
CAN 0 0.04 MYS 0 0.044 CAN 0.209 0.324 MYS 0 0
CHE 0 0.023 NZL 0 0.033 CHE 0 0 NZL 0 0
CHL 0 0.048 PHL 0 0.032 CHL 0.247 0.252 PHL 0 0
CHN 0 0.035 RUS 0 0.026 CHN 0 0 RUS 0 0
COL 0 0.032 THA 0 0.030 COL 0.110 0 THA 0 0
EGY 0 0 TUN 0 0.033 EGY 0 0 TUN 0 0
HKG 0 0 TUR 0 0.098 HKG 0 0 TUR 0 0
HRV 0.624 0.057 UKR 0 0.025 HRV 0 0.123 UKR 0 0
IDN 0 0.034 URY 0 0.026 IDN 0 0 URY 0 0.142
ISL 0 0.059 ISL 0 0
JPN 0 0.029 JPN 0 0
KOR 0.376 0.032 KOR 0.433 0.159

Slovenia
Unit Weights Unit Weights Unit Weights Unit Weights

Slovak Republic

Latvia Lithuania Poland
Unit Weights Unit Weights Unit Weights Unit Weights Unit Weights Unit Weights

Czechia Estonia Hungary
Unit Weights Unit Weights Unit Weights Unit WeightsUnit WeightsUnit Weights
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Donor Donor Donor Donor
Country Campos Update Country Campos Update Country Campos Update Country Campos Update

ALB 0 MAR 0 ALB 0 MAR 0
ARG 0 MEX 0 ARG 0 MEX 0.003
AUS 0.189 MKD 0 AUS 0 MKD 0
CAN 0.269 MYS 0 CAN 0 MYS 0
CHE 0 NZL 0 CHE 0 NZL 0
CHL 0 PHL 0 CHL 0 PHL 0
CHN 0.543 RUS 0 CHN 0.434 RUS 0
COL 0 THA 0 COL 0 THA 0
EGY 0 TUN 0 EGY 0 TUN 0
HKG 0 TUR 0 HKG 0 TUR 0
HRV 0 UKR 0 HRV 0.131 UKR 0
IDN 0 URY 0 IDN 0 URY 0
ISL 0 ISL 0.432
JPN 0 JPN 0
KOR 0 KOR 0

Donor Donor Donor Donor
Country Campos Update Country Campos Update Country Campos Update Country Campos Update

ALB 0.189 MAR 0 ALB 0.434 MAR 0
ARG 0 MEX 0 ARG 0 MEX 0.006
AUS 0 MKD 0 AUS 0 MKD 0
CAN 0.113 MYS 0 CAN 0.020 MYS 0
CHE 0 NZL 0 CHE 0 NZL 0
CHL 0 PHL 0 CHL 0.082 PHL 0
CHN 0 RUS 0 CHN 0 RUS 0.039
COL 0 THA 0.136 COL 0.126 THA 0.272
EGY 0 TUN 0 EGY 0 TUN 0
HKG 0 TUR 0 HKG 0 TUR 0
HRV 0 UKR 0.562 HRV 0 UKR 0
IDN 0 URY 0 IDN 0 URY 0
ISL 0 ISL 0
JPN 0 JPN 0.024
KOR 0 KOR 0

Bulgaria Romania
Unit Weights Unit Weights Unit Weights Unit Weights

Cyprus Malta
Unit Weights Unit Weights Unit Weights Unit Weights
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Appendix B
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Donor Donor Donor Donor Donor Donor
Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM

ARG 0 0 PER 0 0 ARG 0 0 PER 0 0 ARG 0 0.384 PER 0 0
BRA 0 0 PHL 0 0 BRA 0 0 PHL 0 0 BRA 0.131 0 PHL 0 0
CHL 0 0 PRY 0 0 CHL 0 0 PRY 0 0 CHL 0.272 0 PRY 0 0
CHN 0 0 THA 0 0 CHN 0 0 THA 0 0 CHN 0 0 THA 0 0
COL 0 0 TTO 0 0 COL 0 0 TTO 0.468 0.220 COL 0.173 0 TTO 0.309 0.380
EGY 0 0 TUN 0 0 EGY 0 0 TUN 0 0 EGY 0 0 TUN 0 0
JPN TUR 0 0 JPN TUR 0 0 JPN TUR 0 0
KOR 0 0 KOR 0 0 KOR 0.005 0
LKA 0 0 LKA 0 0 LKA 0 0
MEX 0 0 MEX 0 0 MEX 0.111 0
NZL 1.000 1.000 NZL 0.532 0.780 NZL 0 0.236

Donor Donor Donor Donor Donor Donor
Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM

ALB 0 0 KOR 0.362 0.297 ALB 0 0 KOR 0 0.094 ALB 0 0 KOR 0 0
ARG 0 0 LKA 0 0 ARG 0 0 KNA 0 0 ARG 0 0 KNA 0 0
AUS 0.411 0 MAR 0 0 AUS 0 0.024 LKA 0 0 AUS 0 0 LKA 0 0
BRA 0 0 MEX 0 0 BRA 0 0 MAR 0.265 0 BRA 0 0 MAR 0 0
CAN 0 0 MUS 0 0 BRB 0 0 MEX 0 0 BRB 0.062 0 MEX 0 0
CHE MYS 0 0 CAN 0.006 0 MUS 0.075 0 CAN 0 0 MUS 0 0
CHL 0 0 NZL 0 0 CHE MYS 0 0 CHE MYS 0 0
CHL 0 0 PER 0 0 CHL 0 0 NZL 0 0.402 CHL 0.047 0 NZL 0.161 0
CHN 0 0 PHL 0 0 CHN 0 0 PER 0.286 0 CHN 0 0.202 PER 0 0
COL 0 0 PRY 0 0 COL 0 0 PHL 0.199 0 COL 0.501 0 PHL 0 0
EGY 0 0 THA 0 0 EGY 0 0 PRY 0 0 EGY 0 0 PRY 0 0
HKG 0 0 TTO 0.087 0 HKG 0 0 SUR 0 0 HKG 0 0 SUR 0 0.323
IDN 0 0 TUN 0 0 IDN 0 0 THA 0.129 0 IDN 0 0 THA 0 0
ISL 0 0.703 TUR 0.091 0 ISL 0 0.024 TTO 0 0 ISL 0.001 0 TTO 0.091 0
ISR 0.049 0 URY 0 0 ISR 0 0 TUN 0.040 0 ISR 0 0 TUN 0 0
JAM 0 0 JAM 0 0 TUR 0 0 JAM 0 0 TUR 0 0.120
JPN JPN URY 0 0.406 JPN URY 0.137 0.355

Donor Donor Donor Donor Donor Donor
Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM

ALB 0 0 LKA 0 0.414 ALB 0 0 LKA 0 0 ALB 0 0 LKA 0 0
ARG 0 0 MAR 0 0 ARG 0 0 MAR 0 0 ARG 0 0 MAR 0 0
AUS 0 0.364 MEX 0 0 AUS 0 0.333 MEX 0 0 AUS 0 0.580 MEX 0 0
BRA 0 0 MUS 0 0 BRA 0 0 MUS 0 0 BRA 0 0 MUS 0 0
BRB 0 0 MYS 0 0 BRB 0.387 0 MYS 0 0 BRB 0 0 MYS 0 0
CAN 0.608 0 NZL 0.178 0.223 CAN 0.597 0 NZL 0 0.667 CAN 0.746 0 NZL 0 0.420
CHE PER 0 0 CHE PER 0 0 CHE PER 0 0
CHL 0 0 PHL 0 0 CHL 0 0 PHL 0 0 CHL 0 0 PHL 0 0
CHN 0 0 PRY 0 0 CHN 0 0 PRY 0 0 CHN 0 0 PRY 0 0
COL 0 0 SUR 0 0 COL 0 0 SUR 0 0 COL 0 0 SUR 0 0
EGY 0 0 THA 0 0 EGY 0 0 THA 0 0 EGY 0 0 THA 0 0
IDN 0 0 TTO 0.010 0 IDN 0 0 TTO 0 0 IDN 0 0 TTO 0 0
ISL 0.117 0 TUN 0 0 ISL 0 0 TUN 0 0 ISL 0.048 0 TUN 0 0
JAM 0 0 TUR 0 0 JAM 0 0 TUR 0 0 JAM 0 0 TUR 0 0
JPN URY 0 0 JPN URY 0 0 JPN URY 0 0
KNA 0 0 ZAF 0 0 KNA 0 0 ZAF 0 0 KNA 0 0 ZAF 0 0
KOR 0.087 0 KOR 0.016 0 KOR 0.206 0

Austria Finland Sweden
Unit Weights Unit Weights Unit Weights Unit Weights Unit Weights Unit Weights

Greece Spain Portugal
Unit Weights Unit Weights Unit Weights Unit Weights Unit Weights Unit Weights

Denmark United Kingdom Ireland
Unit Weights Unit Weights Unit WeightsUnit Weights Unit Weights Unit Weights
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Donor Donor Donor Donor Donor Donor
Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM

ALB 0 0 KNA 0 0 ALB 0 0 KNA 0 0 ALB 0 0 KNA 0 0
ARG 0 0 KOR 0 0.056 ARG 0 0 KOR 0.186 0 ARG 0 0 KOR 0 0
AUS 0 0 LKA 0 0 AUS 0 0 LKA 0 0 AUS 0.050 0 LKA 0 0
BLR 0 0 MAR 0 0 BLR 0 0 MAR 0 0 BLR 0 0 MAR 0 0
BRA 0 0 MEX 0 0 BRA 0 0 MEX 0 0 BRA 0 0 MEX 0 0
BRB 0.374 0 MKD 0 0 BRB 0 0 MKD 0 0 BRB 0 0 MKD 0 0
CAN 0 0 MNE 0 0 CAN 0 0 MNE 0.339 0 CAN 0 0 MNE 0 0.279
CHE 0 0 MUS 0 0.308 CHE MUS 0 0 CHE MUS 0 0
CHL 0 0.315 MYS 0.080 0 CHL 0 0 MYS 0 0 CHL 0 0 MYS 0 0
CHN 0 0 NZL 0 0 CHN 0 0 NZL 0 0.085 CHN 0 0 NZL 0 0
COL 0 0 PER 0 0 COL 0 0 PER 0 0 COL 0 0 PER 0 0
DZA 0 0 PHL 0 0 DZA 0 0 PHL 0 0 DZA 0 0 PHL 0 0
EGY 0 0 PRY 0 0 EGY 0 0 PRY 0 0 EGY 0 0 PRY 0.069 0
GEO 0 0 RUS 0.174 0 GEO 0 0.303 RUS 0 0.091 GEO 0 0.115 RUS 0 0.173
HKG 0.211 0 SRB 0 0 HKG 0.052 0 SRB 0.423 0.123 HKG 0.200 0 SRB 0.386 0
HRV SUR 0 0 HRV SUR 0 0 HRV SUR 0 0
IDN 0 0 THA 0 0 IDN 0 0 THA 0 0 IDN 0 0 THA 0 0
ISL 0 0.320 TTO 0 0.001 ISL 0 0 TTO 0 0 ISL 0 0.033 TTO 0.082 0
ISR 0 0 TUN 0 0 ISR 0 0 TUN 0 0 ISR 0 0 TUN 0 0
JAM 0 0 TUR 0 0 JAM 0 0 TUR 0 0 JAM 0 0 TUR 0 0
JPN UKR 0 0 JPN UKR 0 0 JPN UKR 0 0
KAZ 0 0 URY 0.162 0 KAZ 0 0 URY 0 0.398 KAZ 0.212 0.163 URY 0 0.352

ZAF 0 0 ZAF 0 0 ZAF 0 0

Donor Donor Donor Donor Donor Donor
Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM

ALB 0 0 KNA 0 0 ALB 0 0 KNA 0 0 ALB 0 0 KNA 0 0
ARG 0 0 KOR 0 0 ARG 0 0 KOR 0 0 ARG 0.026 0 KOR 0 0
AUS 0 0 LKA 0 0 AUS 0.020 0 LKA 0 0 AUS 0.204 0 LKA 0 0
BLR 0 0.540 MAR 0 0 BLR 0 0.326 MAR 0 0 BLR 0 0.468 MAR 0 0
BRA 0 0 MEX 0 0 BRA 0 0 MEX 0 0 BRA 0 0 MEX 0 0
BRB 0 0 MKD 0 0 BRB 0 0.193 MKD 0 0 BRB 0 0 MKD 0 0
CAN 0 0 MNE 0 0 CAN 0 0 MNE 0.208 0 CAN 0 0 MNE 0.460 0
CHE MUS 0 0 CHE MUS 0 0 CHE MUS 0 0
CHL 0 0 MYS 0 0 CHL 0 0 MYS 0 0 CHL 0 0.023 MYS 0 0
CHN 0 0 NZL 0 0 CHN 0 0 NZL 0 0 CHN 0 0 NZL 0 0
COL 0 0 PER 0 0 COL 0 0 PER 0 0 COL 0 0 PER 0 0
DZA 0 0 PHL 0 0 DZA 0 0 PHL 0 0 DZA 0 0 PHL 0 0
EGY 0 0 PRY 0 0 EGY 0 0 PRY 0 0 EGY 0 0 PRY 0 0
GEO 0 0.115 RUS 0 0 GEO 0 0.187 RUS 0 0 GEO 0 0 RUS 0 0
HKG 0.118 0 SRB 0.729 0.235 HKG 0.093 0 SRB 0.670 0 HKG 0 0 SRB 0.310 0
HRV SUR 0 0 HRV SUR 0 0 HRV SUR 0 0
IDN 0 0 THA 0 0 IDN 0 0 THA 0 0 IDN 0 0 THA 0 0
ISL 0 0 TTO 0 0 ISL 0 0 TTO 0 0 ISL 0 0 TTO 0 0
ISR 0 0 TUN 0 0 ISR 0 0 TUN 0 0 ISR 0 0 TUN 0 0
JAM 0 0 TUR 0 0 JAM 0 0 TUR 0 0 JAM 0 0 TUR 0 0
JPN UKR 0 0 JPN UKR 0 0.095 JPN UKR 0 0
KAZ 0.154 0.110 URY 0 0 KAZ 0 0.200 URY 0 0 KAZ 0 0 URY 0 0.509

ZAF 0 0 ZAF 0 0 ZAF 0 0

Latvia Lithuania Poland
Unit Weights Unit Weights Unit Weights Unit Weights Unit Weights Unit Weights

Czechia Estonia Hungary
Unit Weights Unit Weights Unit Weights Unit Weights Unit Weights Unit Weights
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Donor Donor Donor Donor Donor Donor
Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM

ALB 0 0 KNA 0 0 ALB 0 0 KNA 0 0 ALB 0 0 KNA 0 0.166
ARG 0.103 0 KOR 0 0 ARG 0 0 KOR 0.083 0.132 ARG 0 0 KOR 0 0.042
AUS 0 0 LKA 0 0.167 AUS 0.163 0 LKA 0 0 AUS 0 0 LKA 0 0
BLR 0 0 MAR 0 0 BLR 0 0 MAR 0 0 BLR 0 0 MAR 0 0
BRA 0 0 MEX 0 0 BRA 0 0 MEX 0 0 BRA 0 0 MEX 0 0
BRB 0 0 MKD 0 0 BRB 0.025 0 MKD 0.001 0 BRB 0.053 0 MKD 0 0
CAN 0 0 MNE 0.109 0 CAN 0.083 0 MNE 0 0 CAN 0.150 0 MNE 0 0
CHE MUS 0 0 CHE MUS 0 0 CHE MUS 0 0
CHL 0.315 0.249 MYS 0 0 CHL 0.268 0.353 MYS 0 0 CHL 0 0 MYS 0 0
CHN 0 0 NZL 0 0 CHN 0 0 NZL 0.090 0.416 CHN 0 0 NZL 0 0.350
COL 0 0 PER 0 0.011 COL 0 0 PER 0 0 COL 0 0 PER 0 0
DZA 0 0 PHL 0 0 DZA 0.059 0 PHL 0 0 DZA 0 0 PHL 0 0
EGY 0 0 PRY 0.101 0 EGY 0 0 PRY 0.084 0 EGY 0 0 PRY 0 0
GEO 0 0 RUS 0 0 GEO 0 0 RUS 0 0 GEO 0 0 SRB 0 0
HKG 0.191 0 SRB 0 0 HKG 0.039 0 SRB 0 0 HKG 0.127 0 SUR 0 0
HRV SUR 0 0 HRV SUR 0 0 HRV RUS 0.156 0
IDN 0 0 THA 0 0 IDN 0 0 THA 0 0 IDN 0 0 THA 0 0
ISL 0.009 0 TTO 0 0 ISL 0 0.039 TTO 0.043 0 ISL 0 0 TTO 0.292 0
ISR 0 0 TUN 0 0 ISR 0.060 0 TUN 0 0 ISR 0.222 0.401 TUN 0 0
JAM 0 0.211 TUR 0 0 JAM 0.003 0 TUR 0 0 JAM 0 0 TUR 0 0
JPN UKR 0 0 JPN UKR 0 0 JPN UKR 0 0
KAZ 0.070 0.135 URY 0.035 0.228 KAZ 0 0 URY 0 0 KAZ 0 0 URY 0 0

ZAF 0.067 0 ZAF 0 0 ZAF 0 0

Donor Donor Donor Donor Donor Donor
Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM Country SCM P-SCM

ALB 0 0 KNA 0 0.226 ALB 0 0.381 KNA 0 0 ALB 0 0.235 KNA 0 0
ARG 0 0 KOR 0 0 ARG 0 0 KOR 0.018 0 ARG 0 0 KOR 0 0
AUS 0 0 LKA 0 0 AUS 0 0 LKA 0 0 AUS 0 0 LKA 0.093 0
BLR 0 0 MAR 0 0 BLR 0 0 MAR 0 0 BLR 0 0 MAR 0 0
BRA 0 0 MEX 0 0 BRA 0 0 MEX 0 0 BRA 0 0 MEX 0 0
BRB 0 0 MKD 0 0 BRB 0.105 0 MKD 0.132 0 BRB 0 0 MKD 0 0.549
CAN 0 0 MNE 0.234 0 CAN 0 0 MNE 0 0 CAN 0 0 MNE 0 0
CHE MUS 0 0.130 CHE MUS 0 0 CHE MUS 0 0
CHL 0 0.374 MYS 0 0 CHL 0 0 MYS 0 0 CHL 0 0 MYS 0 0
CHN 0 0 NZL 0 0 CHN 0 0 NZL 0 0 CHN 0.005 0 NZL 0 0
COL 0 0 PER 0 0 COL 0 0 PER 0 0 COL 0 0 PER 0 0
DZA 0 0 PHL 0 0 DZA 0 0 PHL 0 0 DZA 0 0 PHL 0 0
EGY 0 0 PRY 0 0 EGY 0 0 PRY 0 0 EGY 0.290 0 PRY 0.314 0
GEO 0 0 SRB 0.022 0 GEO 0 0.192 SRB 0.023 0 GEO 0.031 0.216 SRB 0 0
HKG 0 0 SUR 0 0 HKG 0.021 0 SUR 0 0 HKG 0.077 0 SUR 0 0
HRV RUS 0 0 HRV RUS 0 0 HRV RUS 0 0
IDN 0 0 THA 0 0.050 IDN 0 0 THA 0 0 IDN 0 0 THA 0.046 0
ISL 0.296 0.265 TTO 0.358 0 ISL 0 0 TTO 0 0 ISL 0 0 TTO 0.050 0
ISR 0.090 0 TUN 0 0 ISR 0.020 0 TUN 0 0 ISR 0 0 TUN 0 0
JAM 0 0 TUR 0 0 JAM 0 0 TUR 0 0 JAM 0 0 TUR 0 0
JPN UKR 0 0 JPN UKR 0.267 0.427 JPN UKR 0.094 0
KAZ 0 0 URY 0 0 KAZ 0.414 0 URY 0 0 KAZ 0 0 URY 0 0

ZAF 0 0 ZAF 0 0 ZAF 0 0

Malta Bulgaria Romania
Unit Weights Unit Weights Unit Weights Unit Weights Unit Weights Unit Weights

Slovak Republic Slovenia Cyprus
Unit Weights Unit Weights Unit Weights Unit Weights Unit Weights Unit Weights
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