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Abstract 

 This paper aims to investigate how the domestic unemployment rate of a nation is affected by 

joining the European currency union and converting to the euro. This is done through the use of 

a synthetic control method, as well as an augmented version of the model, where I define the Euro 
Area countries as the treatment group, and conversion to euro as treatment. In line with the 

predictions of previous related theoretical frameworks such as the optimum currency area theory, 

the gravity theory and Matusz’s equilibrium model, the findings in this paper suggests that 
conversion to the euro leads to a short-term decrease in domestic unemployment. The effect is 

likely due to the short-term increase in trade, specifically within-union trade, that arises from 

joining the EMU.  
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1 INTRODUCTION 
In 1957, the European Economic Community (EEC) was created as a product of several 

European countries signing the “Treaty of Rome”. One of the main aims of the EEC was to 

bring about economic integration among, initially its founding member countries but 

eventually, all of Europe. This would be realized through a common market where the trade 

barriers between the countries would ultimately be removed. However, in order to develop this 

common market, Europe had to have a closer economic and monetary co-operation. In the 

Maastricht Treaty of 1993, the members of the European Union decided that an economic and 

monetary union (EMU) would be formally created, where Europe would have a joint currency. 

On January 1, 1999 stage three of the EMU was introduced as the euro was created and 

implemented in the 11 European countries that initially made up the Euro Area (European 

Commission, 2020).1 

Whether or not the introduction of the EMU, or currency unions in general, is an 

economically beneficial decision has been a subject of great debate. On the one hand, according 

to the European Commission themselves, it may have potential economic benefits such as 

reduced transaction costs between member states, decreased probability of a monetary crisis in 

each member state, improved economic stability and growth and more opportunities for 

businesses (European Commission, 2020). This, however, comes at the cost of the individual 

member states’ central banks losing their sovereignty in monetary policy decision making. 

According to Mursa (2014), a single currency union could to some extent lead to inefficient 

resource allocation. The excessive centralization of the monetary policy creates a situation 

where policies set by the currency union may not cater to all its members due to asymmetric 

preferences, such that some states benefit from certain strategies, while others are negatively 

affected. A potential scenario that could be avoided if each member state could choose their 

own monetary policies. However, contradictory to this, he also argues that the common 

currency has indisputably stimulated bilateral trade and economic relations between the Euro 

Area countries.  

Over the last couple of decades, many of the European economies have been characterized 

by a remarkably high unemployment rate. This hasn’t always been the case as the European 

unemployment rate was very low for a great part of the 20th century. It wasn’t until the 1970s 

before it started to unexpectedly rise, an era where economists started talking about the concept 

of a “natural rate of unemployment” (Blanchard et al., 2006). It further increased in the 1980s, 

reaching levels of 6-7% of the labour force, still intact with other big economies in the western 

world such as the US. The great distinction in unemployment rates in Europe and the US began 

in the 1990s, as Europe almost doubled its average unemployment rate, reaching a record level 

of 11%, while the unemployment started decreasing in the US. Notably, in the very end of the 

1990s and beginning of the 2000s, the unemployment in Europe started declining rapidly 

(OECD, 2021). This being in the aftermath of the introduction of the euro.  

____________________________________________ 

 1 Initially when the euro was first introduced in 1999 it was a strictly electronic currency. It wasn’t until 1 

January 2002 that the first physical notes and coins of the euro (ES1) replaced the previous currencies of the Euro 

area member states (European Central Bank, 2021).  
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The aim of this paper is to study how the domestic unemployment rate of a nation is 

affected by joining the European currency union and converting to the euro. This will be done 

by setting up a comparative case study where I apply two different identification methods. The 

first one being a regular synthetic control method (SCM) where I define the initial Euro Area 

countries as the treatment group, and conversion to euro as treatment, then by applying a 

difference-in-differences type of approach, I estimate the effect of implementing the euro on 

the average domestic unemployment rate. The method can be described as artificially creating 

a counterfactual for the treated unit i.e., Euro Area, estimating the outcomes had it not 

implemented the euro, from a weighted subset of untreated countries, and comparing it with the 

actual observed outcomes. Secondly, I use an augmented synthetic control method with 

staggered adoption in order to also include the countries which subsequently entered the Euro 

Area at separate points in time.2 This method has strong resemblance to that of an event study 

approach, as the time of treatment is allowed to vary amongst the treated units.  

There exists quite an array of previous literature on the Euro Area, the European Central 

Bank and monetary unions in general. However, the vast majority of these studies tend to focus 

on either the foundation and political economical characteristics of the institutions, as in Iversen 

et al. (2016), or the believed structural flaws of the EMU that seemingly provoked the Eurozone 

crisis in 2009, as in Frieden & Walter (2017). There seems to be fewer studies focusing on 

quantifying the economic direct effect the creation of the Euro Area has generated, even more 

so when it comes to the impact it has had on the labour market. Studies on this could provide 

basis for very important monetary policy decisions of nations and unions. The introduction of 

monetary unions, and to some extent fixed exchange rates, can potentially greatly impact the 

economic performances of the member states. Whether this impact induces net positive or 

negative outcome on the economy is important to study, as it could be of great relevance for 

decision making over the future of the EMU. Beyond that, extended research on the subject 

could also provide a ground for monetary policy and currency unions all over the world.  

The remainder of the paper is structured in the following manner: Section 2 quickly reviews 

the background of the EMU; followed by a summary of the relevant theoretical background and 

the previous literature this paper builds on in section 3 and 4, respectively. Section 5 displays 

the methodology of the study and explains the underlying models. Section 6 explains, defines 

and, to some degree, evaluates the data used in the study. The results of the empirical part of 

the study are showcased in section 7; followed by a general discussion in section 8 and, lastly, 

some concluding remarks in section 9.  

2 BACKGROUND 

In 1988 the European Council decided on the realization of the EMU. It was established that 

the union would be actualized in three separate stages. The first one started in July 1990 and 

____________________________________________ 

 2 The augmented synthetic control method with staggered adoption is in turn divided into two separate methods 

in the empirical analysis, as the first method is based on the more common practice of estimating an ATT by 

averaging over all separate treatment unit-specific SCM fits, and the second method is based on partially pooled 

SCM fits.   
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included the introduction of “complete freedom for capital transactions” and increased co-

operation between the central banks of the member states. Stage two began in January 1994 

with the establishment of the European Monetary Institute (EMI), a ban on the granting of 

central bank credit and an increase in the co-ordination of the member states monetary policies. 

However, the final stage of the EMU’s realization is the one that is of most importance to this 

study. In January of 1999 stage three was implemented, meaning the conduct of the single 

monetary policy by the newly established European System of Central Banks, irreversible 

fixing of each of the member states conversion rates and mainly, the introduction of the euro 

(European Central Bank, 2020). The initial 11 countries who converted to the euro at this time 

were Austria, Belgium, Finland, France, Germany, Ireland, Italy, Luxemburg, Netherlands, 

Portugal and Spain. These countries combined will be referred to as the “Initial Euro Area” and 

will constitute the treated unit in the first part of the empirical analysis of this paper.  

In 2001 Greece was admitted as a member state of the EMU, becoming the first country 

outside of the initial Euro Area to adopt the euro (Council of the European Union, 2000). Since 

then, the enlargement of the Euro Area has been an ongoing process as 7 additional countries 

subsequently joined the Euro Area between the years 2007 – 2015: Slovenia (2007), Cyprus 

(2008), Malta (2008), Slovakia (2009), Estonia (2011), Latvia (2014) and Lithuania (2015).3 In 

total there are 19 member states in the Euro Area as of 2021, these will together make up the 

treatment group in the second part of the empirical analysis.  

3 THEORETICAL FRAMEWORK 
This sections presents the economic theories that are relevant for the research question of this 

paper and crucial for understanding the causality found in the empirical analysis. As later 

showcased in the results (section 7), there is a statistically significant negative correlation 

between adopting the euro and domestic unemployment rate. While there is no single theory 

that can explain this phenomena alone, based on previous literature on the subject, there seems 

to be mainly three specific theories that combined can explain such relationship. These are The 

optimum currency area theory (OCA), The gravity model and Matusz’s equilibrium model of 

trade and unemployment, which are explained in detail below. In short, they together illustrate 

how the existence of a monetary union can boost each member states domestic labour market 

activity through an increase in importing and exporting, which arises as a direct result of more 

efficient conditions for international trade.    

3.1 THE OPTIMUM CURRENCY AREA THEORY 

The optimum currency area theory was developed by Mundell (1961) and describes how 

specific international regions, not bounded by national borders, could benefit from a common 

currency. The theory implies that implementing currencies based on traits and characteristics, 

e.g., geographic location and geopolitical conditions, instead of national currencies, might 

improve the overall efficiency of the world economy. These currency areas should be 

____________________________________________ 

 3 Extended information regarding the criteria and conditions behind each country’s euro adoption can be found 

in the European Commission’s yearly Convergence reports from 2006, 2007, 2008, 2010, 2013 and 2014. 
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characterized by high factor mobility within the region and factor immobility between the 

regions.  

 In a potential currency area consisting of different countries with separate national 

currencies, the level of unemployment in economically declining countries is determined by 

their willingness to devaluate their currencies and increase inflation.4 However, in a currency 

area with a single common currency, the unemployment level can be regulated by some central 

authorities. Increased unemployment can typically be avoided if the monetary unions central 

bank decides to let the burden instead fall on the economically thriving countries, as an 

international adjustment.  

 Furthermore, consider the case of two countries which, generally speaking, are similar and 

share the same attributes. Suppose one of the countries is negatively hit by an exogenous shock 

to aggregate demand, while the other country is positively affected. The shock will result in 

adjustment predicaments for both countries, as one country will suffer a recession and 

unemployment, while the other country will experience an expansion with excess demand 

which pressurizes its price level. However, a common currency and, with it, a more integrated 

labour market will lead to automatic equilibration within the countries. Unemployed workers 

in the recession struck country will be able to move to the expanding country, saturating their 

excess labour demand while reducing overall unemployment (De Grauwe, 2020).  

3.2 THE GRAVITY MODEL 

The gravity model, or the gravity model of trade, is a model that predicts bilateral trade flows 

based on the economic size and distance between two countries. It has shown to be empirically 

successful as several studies have managed to accurately predict trade flows through the help 

of the model.5 Generally speaking, research has shown that trade tends to reduce as distance 

increase (Carrère et al., 2020). In its simplest functional form, the gravity model equation is 

typically specified as: 

 

𝑇𝑖𝑗 = 𝐴
𝑌𝑖𝑌𝑗

𝐷𝑖𝑗
 (1) 

 

 Where 𝑇𝑖𝑗 is the value of trade between country 𝑖 and 𝑗, 𝑌𝑖 and 𝑌𝑗 are the two countries  

respective GDP, 𝐷𝑖𝑗 is a non-zero measure of distance between them and 𝐴 is a constant 

proportionality term (Deardorff, 1998). The distance variable 𝐷𝑖𝑗 can be interpreted as 

economic distance, or cost of trade, rather than strictly geographical distance. It measures the 

relative resistance to trade between country 𝑖 and 𝑗, the smaller it is, the more trade will occur 

between the countries. In a scenario with frictionless trade, such that there are no tariffs, 

shipping fees, transaction costs or trade barriers at all, international trade would be evaluated 

____________________________________________ 

 4 As is commonly explained by the Phillips curve, which shows the relation between inflation and 

unemployment.  

 5 See Rose and Glick (2002), Harrigan (2005), Flam & Nordström (2006) etc.  
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the same as domestic transactions and, in theory, occur just as often. In practice, this is clearly 

a very unrealistic scenario, however, it is not unrealistic to assume that it is possible to alter the 

value of 𝐷𝑖𝑗 via international policy making. One of the main aims of a monetary union, and 

the EMU specifically, is to reduce these trade barriers, which in turn will increase the bilateral 

trade 𝑇𝑖𝑗 between the countries in the union. This can be seen empirically below in Figure 1, 

where the 1996-2006 Euro Area export, contra the Non-Euro Area export, are shown for The 

Netherlands and Sweden, respectively.  

 

 Figure 1.(a) 1996-2006 Trade for The Netherlands.    Figure 1.(b) 1996-2006 Trade for Sweden. 

Source: UN Comtrade database (2007) 

 Worth noticing from the diagrams is the difference in trade growth for the period after the 

euro implementation in 1999. Looking at The Netherlands, an initial Euro Area country, there’s 

a clear growth spurt starting in 1999 for the within-Euro Area trade, while the non-Euro Area 

trade grows at a substantially lower pace. In comparison, we can see that Sweden, being a non-

Euro Area country, is also experiencing some growth in trade during this period. However, their 

Euro Area trade and non-Euro Area trade levels are growing almost perfectly parallel, in 

contrast to The Netherlands. This suggests that the common currency introduction in 1999 did 

have a positive impact on the member states within-union trade.  

3.3 MATUSZ’S EQUILIBRIUM MODEL OF TRADE AND UNEMPLOYMENT 

The increase in trade that the introduction of the EMU, theoretically, induced, could in turn 

stimulate the domestic labour market in the member states, causing a reduction in national 

unemployment rate. Matusz (1996) creates a theoretical framework to show how an expansion 

of international trade between two countries leads to increased employment in both nations, 

regardless of which country is providing export or import. The explanation behind this is that 

trade generates greater division of labour as it increases the variety of available intermediates. 

In other words, trade can increase the firms demand for labour as a result of the increased 
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demand for domestic goods due to export, as well as create entirely new job opportunities 

through the introduction of new markets. This resulting increased national productivity yields 

greater domestic real wages, relaxing the firms’ efficiency-wage constraint, causing the 

employment rate to rise.  

 

4 PREVIOUS LITERATURE 

Some believe that the economic consequences, as a whole, of the euro implementation have 

been predominantly negative, mainly referring to the extent of the European debt crisis, or the 

Eurozone crisis. The crisis erupted in the wake of the 2008 financial crisis and great recession, 

however, according to Copelovitch, Frieden & Walter (2016), those who recognize the 

Eurozone crisis as simply the result of these exogenous shocks, fail to grasp the whole picture. 

Rather, according to their study, the disaster was the product of over a decade long 

accumulating political economical decisions within the EMU. Although the catalyst for the 

crisis can be seen as the sudden stop of capital inflows caused by the uncertainty in the world 

economy, they believe that the magnitude of it can be explained by the political and fiscal 

environment of the Euro Area. Since the Euro Area countries were tied by the currency union, 

they couldn’t resort to the usual monetary political crisis response of devaluating the currency. 

Thus, according to them, the crisis was amplified in the Euro Area due to the constructional 

features of the EMU itself.  

Furthermore, Caramazza (1998) argues that, if shocks and disturbances to the economy are 

primarily real, e.g., due to technological advancements or changes in the relative demand for 

domestic goods, a flexible exchange rate is generally to be preferred. The period since the 

introduction of the EMU has in many ways been outlined by the rapid technological progress 

of the 21st century and the start of an unparalleled digital era. The economic growth and 

volatility that followed as a result of it should, according to him, therefore better suit an 

economy with flexible monetary policy decision making, rather than one with a monetary 

union.  

 That being said, there have been a lot of previous research suggesting that the introduction 

of the euro could have had a substantial positive effect on important economic indicators as 

well. In the paper The Euro and Trade: Is there a Positive Effect? Gomes et al. (2006) analyze 

the (short-term) impact the common currency had on intra-eurozone trade, i.e., how the volume 

of trade between the Euro Area countries changed as a result of the EMU. They study this using 

the gravity model, with data on the EU countries over the years 1980-2005. The findings 

suggest that the introduction of the euro had a significant positive impact on the trade between 

the Euro Area countries. Moreover, there was also evidence suggesting that EU integration 

alone had only a weak effect on trade, with a major part of the effect being a direct result of the 

adoption of a common currency. The gravity model has also, prior to this, been used by Rose 

(2000) to study the general effect monetary unions have on bilateral trade flows between 
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member countries. Controversially, he found that the existence of a common currency resulted 

in a stunning 300% increase in within-monetary union trade.6  

 Gaston & Rajaguru (2010) use a two-sector model with firm-union bargaining and an export 

boom to analyze how trade affects the equilibrium rate of unemployment. Building on the 

strictly theoretical claims of Matusz (1996), they test their model empirically using data for 

Australia for the period 1960-2008 studying the evolution of the national employment as the 

country’s trade relationship with China grew significantly in the 90’s and beginning of the 00’s. 

Their findings, however, coincides with the expectations as the results show that an increase in 

trade, mainly due to an export boom,  causes a reduction in equilibrium unemployment rate.  

The effect is driven by the rise in demand for domestic resources and increased real wages, 

once again reinstating the inverse relation between unemployment and wages.  

 

5 METHODOLOGY 

The empirical strategy used in this paper to estimate the average treatment effect on the treated 

(ATT) of the implementation of the euro on the unemployment rate is a synthetic control 

method, as well as an augmentation of the method which allows for staggered adoption of 

treatment. The SCM was introduced quite recently to the econometric sphere by Abadie & 

Gardeazabal (2003) but has nevertheless already made a great impact as the method has been 

used in a wide array of policy evaluating studies.  

 In practice, the empirical analysis in this paper is performed through the use of the statistical 

software Rstudio, utilizing the gsynth and augsynth packages.  

5.1 SYNTHETIC CONTROL METHOD 

In a comparative case study where one unit is exposed to some form of treatment, and there are 

multiple unexposed units, one can create a synthetic control from the unexposed units to serve 

as a counterfactual for the exposed unit. The method is often very efficient in comparative 

political science, where analyzed units are generally aggregate entities, such as states or regions, 

for which no single untreated unit provides a reasonable comparison. Instead, combining 

different comparison units may do a better job at creating an entity with characteristics that 

resemble those of the treated unit. In other words, the synthetic control method can be a great 

way to combat having a rather small sample size as it allows for precise quantitative inference 

without precluding qualitative approaches (Abadie et al., 2010).  

However, in order to ensure the authenticity of the synthetic control, the method requires 

a considerable amount of preintervention periods in the data set. The reason being that the 

credibility of how well the synthetic control captures how the treated unit would have performed 

in the postintervention period, without intervention, depends on how well it reflects the treated 

unit’s characteristics and performance in the periods prior to the intervention. In a similar 

manner, it is recommended to have a substantial amount of postintervention periods as well. 

____________________________________________ 

 6 Rose’s original estimate has, however, been widely criticized and Rose himself has later reduced the estimate 

in subsequent papers to around 50-100% (see, e.g., Rose, 2004).  
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This doesn’t necessarily improve the fit, or accuracy of the counterfactual, but it will to a greater 

extent capture effects that are heterogenous over time.  

5.1.1 Model 

The regular synthetic control method requires a single treatment period, as well as a single 

treatment unit. Therefore, In the initial model, the initial Euro Area7 is treated as a single unit, 

with all the measures being averaged across the member states.8 Suppose we define the total 

amount of observed units as a vector  𝑗 = (1, … , 𝐽 + 1), only the first unit (𝑗 = 1), the Euro 

Area, is treated such that the remaining 𝐽 countries are potential controls. We also define the 

total time frame of the data span as a vector 𝑡 = (1, … , 𝑇0, … , 𝑇), where 𝑇0 denotes the time of 

treatment, i.e., the time of implementing the euro, and 1 ≤ 𝑇0 < 𝑇 .  

For each unit we observe a set of 𝑘 different predictor variables of the outcome, denoted 

𝑋1𝑗, … , 𝑋𝑘𝑗, each (𝑘 × 1) vector contains the values of the predictor variables for units 𝑗 =

1, … , 𝐽 + 1, respectively. The predictor variables should be a set of indicators that correlate 

with, or in some manner can help predict, the values of the outcome variable.9 The (𝑘 × 𝐽) 

matrix 𝑿10 contains the values of the predictors for all the J untreated units, from these we will 

be able to extrapolate the potential response, or the predicted outcome, without intervention for 

each unit, 𝑗, in each time period, 𝑡, denoted 𝑌𝑗𝑡
𝑁. The predicted outcome for the synthetic control 

in each of the time periods is a function of the potential controls’ predictor variables. The 

potential response under treatment is denoted 𝑌𝑗𝑡
𝐼 , however, of course, only the treated unit, 𝑗 =

1, receives treatment such that 𝑌𝑗𝑡
𝐼 = 𝑌1𝑡

𝐼 = 𝑌1𝑡.  

The treatment unit only receives treatment after the time period 𝑇0. Hence, Treatment 𝐷𝑗𝑡 

is an interaction term that only equals 1 if both 𝑗 = 1 and 𝑡 > 𝑇0, and is equal to zero otherwise: 

 

𝐷𝑗𝑡 = { 
1    if 𝑗 = 1 and 𝑡 > 𝑇0

0   otherwise.               
(2) 

 thus, the outcome of a unit can be written as a function of treatment: 

 

𝑌(𝐷𝑗𝑡)
𝑗𝑡

= { 
𝑌𝑗𝑡

𝐼     if 𝐷𝑗𝑡 = 1

𝑌𝑗𝑡
𝑁     if 𝐷𝑗𝑡 = 0

(3) 

 

____________________________________________ 
7 As mentioned in the Background section of this paper, the initial Euro Area is defined as the 11 countries 

who initially adopted the euro as its currency in 1999: Austria, Belgium, Finland, France, Germany, Ireland, Italy, 

Luxembourg, Netherlands, Portugal and Spain.  

8 If we define the amount of countries in the initial Euro Area as a vector 𝑛 ∈ (1, … , 𝑁), the outcome for 

the treated unit, in each time period, can be formulated as 𝑌1𝑡 =
1

𝑁
∑ 𝑌𝑛𝑡

𝑁
𝑛=1 . 

9 Note that they may include pre-intervention values of the outcome variable itself. 

10 𝑿 = [

𝑋12 ⋯ 𝑋𝑘2

⋮ ⋱ ⋮
𝑋1𝐽+1 ⋯ 𝑋𝑘𝐽+1

] 
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 where 𝑌𝑗𝑡
𝐼  is the outcome for unit 𝑗 at time 𝑡 if unit 𝑗 is exposed to treatment in period 

 𝑡 > 𝑇0 and 𝑌𝑗𝑡
𝑁 is the outcome for unit 𝑗 at time 𝑡 in the absence of treatment. The post-treatment 

outcomes for treated units, 𝑌𝑗=1,𝑡>𝑇0

𝐼 , can be observed, what is unknown is the post-treatment 

outcomes for the treated unit had it not received treatment, i.e., the counterfactual, which is 

given by a factor model: 

 

𝑌𝑗𝑡
𝑁 = 𝛿𝑡 + 𝜽𝑡𝒁𝑗 + 𝝀𝑡µ𝑗 + 휀𝑗𝑡 (4) 

 

 where 𝛿𝑡 is a vector of unknown common factors (time fixed effects) with constant factor 

loadings across different units, 𝜽𝑡 is a vector of unknown parameters, 𝒁𝑗 is vector of observed 

covariates, 𝝀𝑡 is a vector of unobserved common factors, µ𝑗 is a vector of unknown factor 

loadings (unit fixed effects) and 휀𝑗𝑡 is an error term of unobserved transitory shocks at unit 

level.   

 Furthermore, the estimated treatment effect of interest is then simply given by: 

 

�̂�1,𝑡>𝑇0
= 𝑌1,𝑡>𝑇0

𝐼 −  𝑌1,𝑡>𝑇0

𝑁 (5) 

 

 for each 𝑡 > 𝑇0.11 In order to estimate the counterfactual, 𝑌1,𝑡>𝑇0

𝑁
, one uses the predicted 

outcomes for each year after the treatment period among a weighted subset of the J untreated 

countries.  The next part of the method is therefore to construct the synthetic control by 

choosing these weights assigned to each of the potential controls. If we denote each of the 

untreated countries’ weights as a vector 𝑊 = (𝑤2, … , 𝑤𝐽+1), where the weights are non-

negative and the sum of all add up to one, we can write the estimate for the missing 

counterfactual as: 

 

�̂�1,𝑡>𝑇0

𝑁 = ∑[𝑤𝑗
∗𝑌𝑗,𝑡>𝑇0

]

𝐽+1

𝑗=2

(6) 

 Choosing the right weights for the untreated countries is done through setting up an 

optimization problem where we minimize the root mean square prediction errors (RMSPE) in 

predicted outcomes in the pre-treatment period. In other words, each 𝑤𝑗 is chosen as to 

minimize the difference in predicted outcome between treated unit and the synthetic control in 

the pre-treatment period. More specifically, the aim is to construct a synthetic control that best 

resembles the treated unit’s pre-intervention values of the predictor variables. If we define a set 

of non-negative constants as 𝑽 = (𝜐1, . . , 𝜐𝑘), these can be seen as the “predictor variable 

weights” measuring how important each predictor variable is for predicting the value of the 

____________________________________________ 
11 Notice that the treatment effect in equation (5) is allowed to vary over different time periods, this is 

important as some intervention effects may accelerate (or decelerate) with time instead of being instantaneous.   
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outcome variable, the minimization problem in each pre-intervention time period can be written 

as12: 

 

  min
𝑾

 ‖∑ ∑ 𝑽(𝑿𝒉𝟏 − 𝑿𝒉𝒋𝑾)

𝑘

ℎ=1

𝐽+1

𝑗=2

‖ = min 
𝑤𝑗

 [∑ 𝜐ℎ(𝑋ℎ1 − 𝑤2𝑋ℎ2 − ⋯ − 𝑤𝐽+1𝑋ℎ𝐽+1)
2

𝑘

ℎ=1

]

1
2

     (7) 

 

 which, given that the predictors are successful at predicting the value of the outcome 

variable,13 can be simplified to: 

 

min
𝑤𝑗

 ‖𝑌1,𝑡<𝑇0

𝑁 − ∑[𝑤𝑗𝑌𝑗,𝑡<𝑇0
]

𝐽+1

𝑗=2

‖ (8) 

 where; 

 

∑[𝑤𝑗𝑌𝑗,𝑡]

𝐽+1

𝑗=2

= 𝛿𝑡 + 𝜽𝑡 ∑ 𝑤𝑗𝒁𝑗

𝐽+1

𝑗=2

+ 𝝀𝑡 ∑ 𝑤𝑗µ𝑗

𝐽+1

𝑗=2

+ ∑ 𝑤𝑗휀𝑗𝑡

𝐽+1

𝑗=2

(9) 

 

 This is used to make our counterfactual, the synthetic Euro Area, as similar to the real Euro 

Area (ex-ante intervention) as possible. Equation (8) can only equal exactly zero if 

(𝑌11, … , 𝑌1𝑇0
, 𝒁1

′ ) belongs to the convex hull of {(𝑌21, … , 𝑌2𝑇0
, 𝒁2

′ ), … , (𝑌𝐽+11, … , 𝑌𝐽+1𝑇0
, 𝒁𝐽+1

′ )} 

i.e., if there exists a set of weights such that equation (6) holds in data. In practice, that is quite 

unlikely as the synthetic control most often doesn’t exactly match the outcome of the treated 

unit for all 𝑡 < 𝑇0 in the pre-intervention period, but rather manages to get extremely close. 

 However, under the assumption that one successfully manages to assign a set of optimum 

weights such that equation (8) equals zero (or close to zero), and if ∑ 𝝀𝑡
′ 𝝀𝑡

𝑇0
𝑡=1  is nonsingular, 

the synthetic control will be able to replicate the missing counterfactual by estimating an 

unbiased 𝑌𝑗𝑡
𝑁 for the post-period (Abadie, 2020).  

5.1.2 Inference 

The inference in this study relies on a parametric bootstrap procedure to obtain the uncertainty 

estimates of the synthetic control estimator. A parametric bootstrap practice is usually to be 

____________________________________________ 
12 The aim is to minimize the root mean squared prediction error in the equation with respect to 𝑽 and 𝑾. 

In other words, choosing the optimal unit weights and predictor weights to minimize the difference in pre-

intervention outcome between the observed and synthetic treated unit.  

13 I.e., under the assumption that ∑ ∑ 𝜐ℎ𝑿𝒉𝒋 = 𝑌𝑗
𝑘
ℎ=1

𝐽+1
𝑗=2  
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preferred when the number of treated units is small, as opposed to a non-parametric procedure 

which is only feasible when the treatment group is sufficiently large, e.g. 𝑁𝑡𝑟 > 40 (Xu, 2017).  

 Bootstrapping is a method of sample reuse where the idea is to use the observed sample to 

estimate the underlying population. In turn, new bootstrap samples can then be drawn from the 

estimated population in order to estimate the sampling distribution of any type of estimator. In 

the case of the non-parametric bootstrap, there is no known distribution, instead a sample of the 

same size as the observed data is created by resampling the original data. While the parametric 

bootstrap, in contrast, assumes that the observed data comes from a known distribution but with 

unknown parameters. It estimates the parameters from the data, which are used to simulate new 

bootstrap samples and estimate a distribution (PennState, 2018).14 

 To better explain the principle of the parametric bootstrap, suppose that the actual dataset 

used is just a realization of a random sample from a parametric type of distribution. Then, the 

distribution function 𝐹 is determined by a vector of parameters 𝜃, such that 𝐹 = 𝐹𝜃. This allows 

one to completely resample the distribution by simply changing the value of the estimated 

parameter 𝜃 and then estimate �̂� = 𝐹�̂�  (Dekking, 2005). By repeatedly computing an estimate 

𝜃 for 𝜃 it’s possible to generate a large number of unique bootstrap datasets, with the same 

characteristics of the original dataset but with resampled values. From each of these datasets 

one can then extrapolate estimated values for a specific parameter.  

 In this paper specifically, the aim of the parametric bootstrap is to estimate the conditional 

variance of the ATT estimator, i.e., 𝑉𝑎𝑟𝜀(𝐴𝑇𝑇�̂�|𝐷𝑗𝑡, 𝛿𝑡, 𝑍𝑗, µ𝑗). This is done by repeatedly 

simulating treated counterfactuals, �̃�𝑗𝑡
𝑁, from resamples of strictly untreated units. Since the true 

post-intervention values of the untreated units are observed, one can compare the simulated 

outcome, �̃�𝑗𝑡>𝑇0

𝑁 , with the actual outcome, 𝑌𝑗𝑡>𝑇0
, to obtain estimates of the prediction error. 

More specifically, the procedure can be divided into two steps:  

1. The procedure starts off by generating a bootstrap dataset, 𝑚, of strictly resampled 

control units, where one control unit, 𝑗 ≠ 1, is randomly selected as if it were a treatment 

unit, 𝑗 = 1, receiving treatment in 𝑡 > 𝑇0.  

2. The SCM is then applied to the simulated “treatment unit” in the new sample, obtaining 

a vector of residuals; 휀(̂𝑚)
𝑝

= 𝑌𝑗𝑡>𝑇0
− �̃�𝑗𝑡>𝑇0

𝑁 . 

 This procedure is repeated, or looped, a 𝐵1 number of times collecting a mean estimate of 

the prediction errors �̂�𝑝 = {휀(̂1)
𝑝

, 휀(̂2)
𝑝

, … , 휀(̂𝐵1)
𝑝 } (Xu, 2017). In the case of this study, the selected 

amount of bootstrap loops for each synthetic control is 500 times.  

5.2 SCM WITH STAGGERED ADOPTION 

The fact that there are eight additional countries, Greece, Slovenia, Cyprus, Malta, Slovakia, 

Estonia, Latvia and Lithuania, outside of the initial Euro Area, that progressively join the Euro 

Area during the post-intervention period could be a cause for concern when using the  regular 

____________________________________________ 

  14 Hastily explained, the non-parametric procedure simply resamples the data into bootstrap samples while 

the parametric procedure simulates new bootstrap samples.  
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synthetic control method. These countries are excluded from the donor pool, even though 

they’re part of the OECD, since they’re not untreated for the whole of the studied period. It’s 

possible to suggest that the progressive expansion of the Euro Area can be seen as an exogenous 

shock to the outcomes of the initial Euro Area, and if this effect is sufficient enough, the second 

identifying assumption (see section 5.4) might be violated as the treated and untreated units are 

affected differently.  

 As a way to combat this, an augmentation of the synthetic control method that allows for 

staggered adoption of the intervention is included in the empirical analysis of this papers. This 

method allows for multiple units to adopt treatment at different time periods, in a similar manner 

to that of an event study approach. Therefore, the Euro Area will not be treated as a single unit 

anymore, instead multiple separate synthetic controls will be constructed for each of the 

member states. The ATT15 will then be estimated by averaging the treatment effect, i.e., the 

difference between observed outcome and the outcome of the synthetic control, across all 

treated units. 

5.2.1 Expanded model  

With multiple treated units and treatment adoption periods, the previous setup has to be 

expanded to allow for unique synthetic control weights for each of the treated units. Now we 

define the treated units as a vector 𝑗 ∈ (1, … , 𝐽), and the untreated donor pool units as a vector 

𝑖 ∈ (1, … , 𝑁). For each 𝑗, let 𝑤𝑗 be an 𝑁-vector of weights on potential donors, such that 𝑤𝑖𝑗  is 

the weight on control unit 𝑖 for the synthetic control of treated unit 𝑗. The total amount of 

weights will be collected into an (𝑁 × 𝐽) matrix16 denoted 𝛤, specifying each synthetic control.  

 As is the case for an event study, the focus in this study is on effects at specified durations 

in relation to time of treatment, known as event time. In the previous setting, time of treatment 

was denoted 𝑇0, however, now that the time of treatment varies across treatment units, the unit-

specific treatment time will be denoted 𝑇𝑗 instead. The post-period event time for unit 𝑗 is 

indexed relative to treatment time as 𝑒 = 𝑡 − 𝑇𝑗, the pre-period event time for unit 𝑗 is indexed 

relative to treatment time as 𝑝 = 𝑇𝑗 − 𝑡. 

 Denoting the estimated treatment effect on unit 𝑗 at event time 𝑒 as �̂�𝑗𝑒, the estimated ATT 

can be defined as: 

 

𝐴𝑇𝑇�̂� =
1

𝐽
∑ �̂�𝑗𝑒 =

𝐽

𝑗=1

1

𝐽
∑ [𝑌𝑗𝑇𝑗+𝑒

𝐼 − ∑ �̂�𝑖𝑗𝑌𝑖𝑇𝑗+𝑒

𝑁

𝑖=1

]

𝐽

𝑗=1

=
1

𝐽
∑ 𝑌𝑗𝑇𝑗+𝑒

𝐼 − ∑ ∑
𝑤𝑖𝑗

𝐽
𝑌𝑖𝑇𝑗+𝑒

𝐽

𝑗=1

𝑁

𝑖=1

𝐽

𝑗=1

(10) 

 

____________________________________________ 
15 That is, the average treatment effect on the treated for each time period relative to treatment.  

16 𝛤 = [

𝑤11 ⋯ 𝑤𝑁1

⋮ ⋱ ⋮
𝑤1𝐽 ⋯ 𝑤𝑁𝐽

] 
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 The ATT in equation (9) can be interpreted, i.e., estimated, in two contrasting ways, 

separate SCM and pooled SCM. The difference between them stems from how the control unit 

weights are chosen, as to determine the pre-period fit. The first way, separate SCM, is done by 

minimizing the average of multiple independent unit-specific RMSPE estimates: 

 

𝑅𝑀𝑆𝑃𝐸𝑠𝑒𝑝 = 𝑞𝑠𝑒𝑝(�̂�) = √
1

𝐽
∑

1

𝑇𝑗
∑ (𝑌𝑗𝑇𝑗−𝑝

𝐼 − ∑ �̂�𝑖𝑗𝑌𝑖𝑇𝑗−𝑝

𝑁

𝑖=1

)

2𝑇𝑗

𝑡=1

𝐽

𝑗=1

(11) 

 

 The second alternative is to “pool” the pre-treatment values of outcome for the treated units, 

creating a single average outcome value for the treated in each pre-period, and then minimize 

the total RMSPE: 

 

𝑅𝑀𝑆𝑃𝐸𝑝𝑜𝑜𝑙 = 𝑞𝑝𝑜𝑜𝑙(�̂�) = √
1

𝑇
∑ ( ∑ 𝑌𝑗𝑇𝑗−𝑝

𝐼

𝑇𝑗>𝑝

− ∑ �̂�𝑖𝑗𝑌𝑖𝑇𝑗−𝑝

𝑁

𝑖=1

)

2
𝑇

𝑝=1

(12) 

 

 RMSPE is a useful measure of overall imbalance in the SCM pre-period as it captures the 

precision, or lack thereof, of the synthetic control. As can be seen clearly in the equations, the 

first method averages after evaluating the pre-treatment fit, while the second method averages 

before evaluating the pre-treatment fit. (Ben-Michael, Feller & Rothstein, 2019).  

 Both separate and pooled SCM have their advantages and drawbacks. Separate SCM will 

construct synthetic controls that more accurately resembles the pre-treatment outcome values 

for each Euro Area member state individually. The pooled SCM will produce a better pre-period 

fit for the Euro Area as a whole, this, however, comes at the expense of the individual country-

level SCM being poorly fitted and unrealistic. The separate SCM is the more widely used out 

of the two17 (see e.g. Xu, 2017 & Cao & Lu, 2019) and is the method that will be applied in the 

first part of the staggered adoption SCM in this paper.18  

5.3 WEIGHTED EVENT STUDY SCM 

There is a way to further extend the staggered adoption SCM, improving the overall 

performance by finding good estimates of both the aggregate fit and the unit-level fit. This 

method was introduced by Ben-Michael, Feller and Rothstein (2021) and is called a weighted 

event study SCM, or more commonly a partially pooled SCM. The idea is to combine the 

separate SCM and pooled SCM by introducing a hyperparameter 𝜐 ∈ [0,1], which can be seen 

____________________________________________ 

 17 Ben-Michael, Feller & Rothstein (2021) State that estimating the SCM weights separately for each treated 

unit and then average the estimates, i.e., the separate SCM, is the common strategy for staggered adoption SCM.  

 18 The separate SCM will be used in the part of the empirical analysis which includes staggered adoption of 

treatment, but excludes partially pooling, i.e., in section 7.2. 
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as a “method weight” determining the relative importance that we assign the conflicting 

interests.19 More specifically, higher values of 𝜐 indicates more weight being put on the pooled 

fit, relative to the separate fit.20  

 The optimal value of 𝜐 is then chosen to minimize the combined pre-period imbalance. If 

e.g., the separate SCM manages to achieve good pooled fit on its own, then the selected value 

of 𝜐 will be quite low as we don’t have to improve the pooled fit as much. In general, however, 

the optimum is usually found at an intermediate level of 𝜐, somewhere close to 𝜐 = 0,5. This 

is illustrated in Figure 2, the balance possibility frontier, which shows the trade-off between 

the pooled imbalance 𝑞𝑝𝑜𝑜𝑙 (y-axis) and the unit level imbalance 𝑞𝑠𝑒𝑝 (x-axis) for different 

values of 𝜐. The slope of the curve can be interpreted as the elasticity of substitution between 

the two imbalances.  

 

Figure 2. The Balance Possibility Frontier 

 

 

 There are a couple of different ways of deciding the preferred level of 𝜐 for a specific study. 

This study will rely on an automatically generated heuristic value of 𝜐 based on how well 

____________________________________________ 

 19 The “conflicting interests”, in this case, refers to the balance between having good pooled fit and having 

good separate fit, since, in order to prioritize one of them, one has to sacrifice the other.  

 20 𝜐 = 0 is equivalent to estimating only separate SCM fits, while 𝜐 = 1 is equivalent to estimating only pooled 

SCM fits. Any intermediate choice of 𝜐 constitutes a partially pooled SCM.  
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separate synthetic controls balance the overall average, through the multisynth function of the 

augsynth package in Rstudio.  

 Having chosen the optimal 𝜐, we can setup an optimization problem where we choose SCM 

weights, 𝛤, as to minimize the weighted average of the squared pooled and unit-specific pre-

period fits:21 

 

min
𝛤

 𝜐[�̃�𝑝𝑜𝑜𝑙(𝛤)]2 + (1 − 𝜐)[�̃�𝑠𝑒𝑝(𝛤)]2 + 𝜆‖𝛤‖𝐹
2 (13) 

 The optimization problem includes the regularization term ‖𝛤‖𝐹
2 , penalizing the sum of 

squared weights, as a way to control excessive fluctuation and ensure weights do not take on 

extreme values. The parameter 𝜆 determines by how much the weights are penalized towards 

uniformity. A single synthetic control can then be extrapolated, taking the overall weights and 

regularization into account, being optimized to accurately estimate a counterfactual, and in turn 

the ATT. 

5.4 IDENTIFYING ASSUMPTIONS 

A great advantage with the synthetic control method, unlike a regular difference-in-difference 

model, is that, instead of requiring the often-violated assumption of parallel time trends between 

the outcome of the treated and untreated units in the absence of treatment, a synthetic control 

method ensures these trends by fitting an identical match in the pre-treatment period. However, 

in order to give causal interpretation to the estimates from this empirical strategy, there are 

some identifying assumptions that are needed to be fulfilled. 

 Assumption 1. Conditional mean independence. 

 

𝔼{휀𝑗𝑡|𝐷𝑗𝑡 , 𝛿𝑡, 𝜃𝑡 , 𝑍𝑗, 𝜆𝑡 , µ𝑗} = 𝔼{휀𝑗𝑡|𝛿𝑡, 𝜃𝑡 , 𝑍𝑗, 𝜆𝑡 , µ𝑗}  

 

 The most important assumption to be fulfilled is the conditional mean independence (CMI) 

assumption (Xu, 2017). In this paper specifically, it means that the mean error term of the Euro 

Area, as well as the remaining untreated OECD countries, is independent of treatment status.22 

CMI implies that the no interference assumption holds, this is often also referred to as the stable 

unit treatment value assumption (SUTVA) and states that the potential outcome of a unit is 

unaffected by the treatment status of other units (Rubin, 1974). In this case, it means that the 

____________________________________________ 

 21 More accurately, the weighted average of the normalized imbalanced measures is being minimized, i.e., 

�̃�𝑝𝑜𝑜𝑙 & �̃�𝑠𝑒𝑝 instead of 𝑞𝑝𝑜𝑜𝑙 & 𝑞𝑠𝑒𝑝, such that the scenario of 𝜐 = 0 and 𝜆 = 0 is indexed to 1. This is done to 

ensure same scale objectives and facilitate forming intuition about 𝜐.  

 22 Note that 휀𝑗𝑡  is independent of 𝐷𝑗𝑡 for all time periods 𝑡, such that assumption 1 implies serial independence 

of the error terms. It also means that it is not possible for past outcomes to affect future treatment status, and vice 

versa.  
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potential outcomes of each untreated countries, 𝑌𝑗𝑡
𝑁, and treated countries, 𝑌𝑗𝑡

𝐼  , are not affected 

by the treatment status of other countries, i.e., 𝔼{𝑌𝑗𝑡|𝐷𝑖𝑡,𝐷𝑗𝑡,} = 𝔼{𝑌𝑗𝑡|𝐷𝑗𝑡,}.23 

 This is quite a strong assumption to make as there is a reasonable possibility that the 

intervention may have spillover effects. However, based on the theoretical framework 

explained in section 3, the main spillover effect from a unit receiving treatment, in this case, 

should be a positive spillover effect on other treated units as it increases the bilateral trade. 

Given that there aren’t any spillover effects on the untreated countries, one could argue that this 

is merely a part of the treatment effect as, when adopting the euro, countries expect other EU 

member states to eventually join the Euro Area in the future as this has been the plan since the 

start of the EMU (ECB, 2017). Therefore, when analyzing the ATT on the Euro Area as a 

whole, one could argue that the no interference assumption should be considered highly 

reasonable. However, when analyzing the ATT on each individual Euro Area country, the 

assumption has to be slightly relaxed, rather stating that the outcomes for the potential controls 

would have been the same in the absence of treatment, i.e., 𝔼{𝑌𝑖𝑡
𝑁|𝐷𝑗𝑡} = 𝔼{𝑌𝑖𝑡

𝑁}, such that the 

synthetic control truly reflect the counterfactual.  

 Assumption 2. Post-treatment cross-sectionally independent error terms. 

 

𝔼{휀𝑗𝑡>0
𝐼 } = 𝔼{휀𝑖𝑡>0

𝑁 }  

 

 Secondly, the assumption of post-treatment cross-sectionally independent error terms. 

Ideally, there is nothing other than treatment that affects the outcomes differently between the 

treated and untreated units in the post-treatment period. In other words, there are no unobserved 

factors affecting the Euro Area and the potential donors differently after the implementation of 

the euro. However, in practice, this is a highly unrealistic expectation, and practically something 

that is impossible to guarantee. Instead, this study relies on the assumption that the post-

intervention error terms are, on average, the same for treated and untreated units.24 Thus, the 

study allows for asymmetry in the effect of exogenous factors affecting outcome, as long as the 

accumulation of these effects are approximately equal across treated and untreated regions. This 

is essential in order to interpret the divergence in outcome between the two groups as strictly a 

causal effect of the treatment. If there, instead, does exists some unaccounted-for force that 

systematically affects outcome differently between the groups in the period after treatment, it 

may bias the estimates of the treatment effect.25  

____________________________________________ 

 23 For country 𝑗, where all other countries are denoted 𝑖. 

 24 I.e., that the differences in outcomes due to unobserved factors are, on average, the same across treated and 

untreated units.  

 25 In some cases, the magnitude of the arising bias might even be to the extent where one can’t make any 

causal claims about the effect of the treatment. 
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6 DATA 

The empirical analysis of this paper uses annual country-level panel data for the period 1980-

2019. As the main intervention of interest, the introduction of the euro, occurred in the 

beginning of 1999, this gives a preintervention period of 19 years and a postintervention period 

of 20 years for the initial Euro area. The dataset is constructed by combining data from the 

OECD with data from The World Bank. 

6.1 OECD 

Fortunately, as part of its function, the OECD itself gathers and disseminates a wide array of 

data on multiple economic indicators. All OECD countries compile their data according to the 

System of National Accounts (SNA) and the data are generally considered to be very accurate 

and reliable (UK Data Service, 2020). This means that they have a rich and high-quality set of 

year-by-year data on economic statistics of its’ member countries, stemming back to 1970 with 

only the exception of a few countries. The database is a publicly available open database, and 

the OECD encourages the use and extraction of its data, e.g., for research purposes. This paper 

takes advantage of this by constructing a dataset consisting of panel data over all the 37 OECD 

countries. 

6.2 THE WORLD BANK 

The World Bank has a “Development Data Group” which maintain multiple macro, financial 

and sector databases by collecting and compiling quality data from statistical systems of the 

189 member countries. As a result, the World Bank effectively has data on all the countries in 

the world and their database is widely considered to be one of the most reliable databases 

publicly available. Similar to the OECD, the World Bank has a yearly data on a wide array of 

economic indicators. The main reasons for not exclusively using data from the OECD is the 

fact that it lacks data on two member countries of the Euro Area, Malta and Cyprus. The reason 

being that neither one of these two countries are members of the OECD, as a result the OECD 

does not have collected data for them. However, since The World Bank does collect data on 

both Malta and Cyprus, this problem can be eradicated by combining the data from the OECD 

with data from The World Bank. 

6.3 VARIABLES 

The dataset includes data on the outcome variable unemployment rate, as well as the predictor 

variables per capita GDP, government debt, government balance, inflation and trade. In order 

to make statistical inference in a comparative case study where comparison units differ 

substantially in proportion, it’s important to make sure that the variables in the data set are 

rescaled to correct for differences in size between units (e.g., per-capita measures).26   

____________________________________________ 

 26 That is, if such correction is needed. Some variables in the data do not need to be rescaled as they do not 

scale with size, e.g., inflation.   



Uppsala University
 

 
 19 Kevin Solander Sule 

6.3.1 Unemployment rate 

The unemployment rate variable is measured as the share (percentage) of the labour force, i.e., 

people of working age who have taken specific steps to find work, who are unemployed at the 

current time of survey. The data on the variable is deseasonalized, such that it is adjusted for 

seasonal fluctuations, in order to allow for better analysis and interpretation. This strict 

universal definition of unemployment is formulated as a way to make the estimates more 

comparable than those based solely on domestic definitions of unemployment (OECD, 2020). 

The unemployment rate is the main outcome variable of interest in this paper. 

6.3.2 Per capita GDP 

The per capita GDP variable is measured as a country’s value of total production of goods over 

the previous year, divided by its population size (OECD, 2020). GDP is arguably the most 

important measure of a country’s economic activity; it is included as a predictor variable in this 

study to represent a general picture of the economic development and stability of a region.  

 

6.3.3 Trade 

The trade variable is defined as the total value of export related transactions in goods and 

services between residents and non-residents of a nation. It is measured as a percentage of 

domestic GDP (OECD,2020). Based on the theoretical framework and previous literature on 

the subject, trade is an important indicator of a nation’s unemployment rate and is, therefore, 

included as a predictor variable in the main analysis of this paper.   

6.3.4 Other predictor variables 

One of the main advantages of using a SCM is the transparency regarding the constructions and 

estimation of the counterfactual. Unlike other similar empirical approaches, it doesn’t rely on 

extrapolation to guarantee a perfect fit of characteristics of the treated and untreated units. 

Instead, the SCM is transparent in the discrepancy between treated unit and the weighted 

average of untreated units, reducing the amount of necessary identifying assumptions. 

However, the lack of clear restrictions regarding the choice of predictor variables used can be 

a cause for concern. This means, in theory, that one has the opportunity to test a wide variety 

of different predictor variable specification until they, by chance,  happen to get statistically 

significant results where there is no effect. In order to avoid the risk of such “cherry-picking 

bias”, this paper follows the recommendations and guidelines set up by Ferman et al. (2018).27  

 The predictor variables chosen for this study, other than per capita GDP and trade, are 

government debt, government balance and inflation. The variables government debt and 

government balance are measured in percentage terms of national GDP, while inflation is 

measured as changes in consumer price index (CPI) relative to the previous year (OECD, 

2020).28  

____________________________________________ 

 27 For example, by using a standard set of predictors based on previous theoretical framework and similar 

empirical literature.  

 28 Appendix I showcases how the values of the predictor variables evolve over time for the Euro Area as a 

whole.  
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6.4 DONOR POOL 

A potential threat to identification while using the synthetic control method is interpolation 

bias, as the values for each of the data points of the counterfactual are artificially constructed. 

If the donor pool, i.e., the potential controls, contain units with characteristics that differ a lot 

from the treatment unit, the risk of interpolation bias is heavily increased. Therefore, it is of 

great importance to make sure that the donor pool is restricted to units with characteristics 

similar to those of the treatment unit (Abadie et al., 2010). The initial Euro Area countries, 

which make up the treatment unit in the first part of the empirical analysis, are all member 

countries of the OECD. Thus, it makes intuitive sense to use the remaining member countries 

of the OECD as potential controls for the construction of the synthetic Euro Area.  

 However, out of the 26 remaining OECD countries, Greece, Slovenia, Slovakia, Estonia, 

Latvia and Lithuania all convert to euro at a later point in time. Therefore, these countries will 

be excluded from the donor pool in the regular SCM per standard procedure, as it’s important 

that the synthetic control is only made up of completely untreated units. The remaining 20 

OECD countries, which as of 2021 has not implemented euro as its currency, will serve as 

potential candidates for the synthetic control. For the second part of the empirical analysis, 

using the SCM with staggered adoption, the previously mentioned countries adopting the euro 

subsequently will instead also be part of the treatment units.  

7 RESULTS 

7.1 STANDARD SCM 

Figure 3 shows the results from the regular synthetic control method, i.e., where the initial 11 

Euro Area countries make up the single treated unit and those countries that join the EMU at a 

later date are excluded. The first of the two diagrams, Figure 3a, is called a counterfactual plot 

and displays the average values of unemployment rate for the initial Euro Area, as well as for 

its counterfactual, the synthetic Euro Area and the unweighted donor pool average, across the 

full data time frame (1980-2019).29 A predictor variable balance table, which displays the 

average values of each predictor over the pre-treatment period for both the treatment group and 

the synthetic control, can also be found in Appendix V. 30 

 The thick grey vertical line is an indication for the time of treatment, 1999, and separates 

the pre-period from the post-period. The same applies for the second diagram, Figure 3b, which 

is called a gap plot and displays the difference in percentage units of unemployment rate 

between the actual Euro Area and its synthetic counterpart over the years relative to treatment. 

This is a very practical way of illustrating the ATT of the euro implementation in the post-

____________________________________________ 

 29 The value of the outcome variable, unemployment rate, is indicated on the y-axis of the diagram, while the 

x-axis displays the time in measure of years. The continuous black line represents the outcome values for the actual 

Euro Area, while the dashed blue line represents the values for the synthetic counterfactual.  

 30 Appendix V also includes a predictor variable balance table for the partially pooled SCM, which is displayed 

in section 7.3.  
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period, but more so the goodness of fit in the pre-period. The closer the ATT line is to the 

horizontal grey line, depicting zero treatment effect, in the pre-period, the more confident we 

can be that the divergence in the post-period depicts the actual ATT. Moreover, the shadowed 

area surrounding the ATT line represents the 95-percent confidence intervals (CI) based on the 

bootstrapped standard errors.31  

 

   Figure 3.(a) Regular SCM Plot       Figure 3.(b) Regular SCM Gap Plot 

 The most prominent part of the results in Figure 3 is that we can see an almost instantaneous 

divergence between the Euro Area and the synthetic Euro Area after the euro implementation 

of 1999. At the time of the intervention, the Euro Area average unemployment rate was 

approximately 9%, having had an overall upwards going trend since the post-WW2 era but 

fluctuating vigorously.  

 However, as can be seen in Figure 3b, the unemployment rate for the  initial Euro Area 

countries decreases rapidly after the introduction of the euro while the direct opposite happens 

for the synthetic control which follows the long-term trend of an increasing unemployment rate. 

The difference is the most prominent in 2001, two years after treatment, as the SCM estimates 

an ATT of -4.3 percentage points. With the unemployment rate of the synthetic Euro Area being 

estimated at around 10.6 at the time, this indicates a relative reduction of 40% in unemployment 

rate as a direct consequence of the euro implementation. As to be expected, the effect slowly 

decreases over time as more and more exogenous factors starts to affect the outcomes. 

Although, the estimated ATT averaged over the whole post-treatment period is -2.4, with the 

lower 95% CI bound being -3.88 and the upper bound reaching -0.95, suggesting a significant 

treatment effect. When analyzing Figure 3b this becomes even more clear, as one can 

confidently argue that the results are significant for the first 8-9 years after treatment, and 

arguably even up until 13 years post treatment.  

 Another important part to analyze is the pre-period fit of the synthetic control as it discloses 

how accurately the synthetic control follows the Euro Area’s pre-period outcome trend. As can 

be seen in both parts of Figure 3, the pre-period fit for the synthetic Euro Area is indeed very 

____________________________________________ 

 31 The procedure for how the bootstrap standard errors are calculated can be found in section 5.1.2.  
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good, with the RMSPE being as low as 1.26. Here we can see a distinct difference between the 

synthetic control and the unweighted donor pool average, as the donor pool average does not 

share similar pre-period trends. Simply comparing the post-period outcomes of the Euro Area 

with the donor pool average would result in very biased and inaccurate estimates of the 

treatment effect.  

 Table 1 displays the regression weight of each individual potential control country in the 

donor pool for the regular SCM, illustrated in Figure 2. As explained in section 6.4, the donor 

pool strictly consists of untreated countries and in order to avoid interpolation bias it is of great 

importance that the potential controls are similar to the Euro Area countries in regard to 

characteristics and development. Looking at the results shown in Table 1, we can see that the 

synthetic control is almost exclusively constructed from countries commonly referred to as 

being part of the “Western world”.32 Generally speaking, this should be something positive for 

the robustness of the results. Even though it’s not possible to guarantee that the results don’t 

still suffer from interpolation bias, having a synthetic control that is made up of countries similar 

to the ones being treated is something that definitely strengthens the reliability of the results. 

 

Table 1. Regression weights for Regular SCM 

 The country assigned the most weight out of the potential controls is the United Kingdom. 

However, despite that, they only account for approximately 15% of the synthetic control, and 

with the weights being spread out over 14 countries in total, it suggests that the synthetic control 

is quite diverse in its nature. This isn’t necessarily something positive, nor negative, per se. 

Instead, it tells us that the outcomes of the synthetic control are less likely to be influenced by 

potential exogenous shocks to any single country in the donor pool. But at the same time, having 

a synthetic control that consists of a lot of different countries makes it more artificial in its 

nature, as it becomes event further away from reality. That being said, it’s important to 

remember that the treated unit in this case is also, in fact, not a single country. Since the Euro 

Area itself consists of multiple countries (11 in the initial Euro Area), it does seem reasonable 

to assume that its potential counterfactual would also consist of a multitude of countries.  

____________________________________________ 

 32 The term Western world commonly refers to combined region of Australia, Canada, Catholic and Protestant 

Europe, New Zealand and the United States (Kurth, 2011). 
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7.2 W/ STAGGERED ADOPTION 

As explained in section 5.2, the second part of the empirical analysis in this paper employs an 

augmentation of the SCM to allow for staggered adoption of treatment, over multiple treatment 

periods and treated units. Instead of first pooling all the member countries together and creating 

a single synthetic control based on the average values of the Euro Area unemployment rates, 

this creates separate individual synthetic controls for each of the Euro Area countries, and then 

generates a single synthetic control averaged over all the separate ones.33 The resulting 

counterfactual plot and gap plot from this is showcased is Figure 4, note that the x-axis of Figure 

4a now represents years relative to treatment.  

Also, worth noting is that the previous section only included the initial 11 Euro Area 

countries, while the results in this section include all of the 19 Euro Area countries to date. This 

means the incorporation of Greece, Slovenia, Cyprus, Malta, Slovakia, Estonia, Latvia and 

Lithuania. 

   

  Figure 4.(a) Augmented SCM Plot       Figure 4.(b) Augmented SCM Gap Plot 

 What we can see from Figure 4a is that the results are quite similar to those from the regular 

SCM, which is fairly expected since the initial Euro Area countries still account for the majority 

of the treated units. However, there are still some important distinctions differentiating them 

from each other. Even though there is still a clear divergence in outcome emerging between the 

Euro Area estimates and its synthetic control at the time of treatment, it isn’t as instantaneous 

and substantial. Just by looking at the diagram we’re able to see that the two lines are closer to 

each other in the post-treatment period compared with the lines in Figure 3a. This is further 

proven when looking at the estimated ATT of the augmented SCM, which for the post-period 

is approximately -1.2 percentage points, compared with -2.4 in the previous method. In 

accordance with that, the ATT two years after treatment is estimated at -2.2, again, roughly half 

of the -4.3 estimate from the standard SCM. Interestingly, what really stands out from the graph 

is the reoccurring divergence at the 10-year mark post treatment, with the ATT being estimated 

at -3.4. There doesn’t really seem to be any good explanation as to why this would occur, 

____________________________________________ 
33 To examine the individual results of all the separate treated countries, i.e., Euro Area member states, see 

Appendix II.  
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however, since this effect appears relatively far in time from the treatment period, it might be 

random disturbance due to exogenous factors affecting unemployment rate over time.  

 Furthermore, looking at the gap plot in Figure 4b, we can see that, even though the pre-

period fit is still very good, the statistical significance of the results is doubtful. For almost the 

whole of the post-period, the x-axis, which represents 0 ATT, lies within the 95% CI shadow. 

The insignificance of the results is also confirmed when looking at the 95% CI averaged over 

all the post-treatment periods with the lower bound being -2.1 and the upper bound being 0.7, 

indicating that it is not possible to reject the null hypothesis. Therefore, it is difficult to draw 

any firm conclusions from this specific part of the analysis. 

7.3 W/ PARTIALLY POOLED WEIGHTS 

The second part of the augmented SCM in this paper is where the partially pooled weights are 

being implemented. The method both generates separate synthetic controls for each Euro Area 

country, as well as a pooled one averaged across all of them, and then combines them by 

introducing the method weight hyperparameter 𝜐, deciding how much weight is being put on 

the separate SCM and pooled SCM fit. In theory, as long as the optimal value of the 

hyperparameter doesn’t equal exactly 0 or 1, i.e., when 0 < 𝜐 < 1, the pre-period fit of the 

partially pooled SCM will always be superior to that of the separate SCM or pooled SCM alone. 

This is the main part of the empirical analysis of this paper as it is the method that, theoretically, 

most accurately can answer the research question.34 As explained in section 5.3, the value of 𝜐 

in this study is automatically generated through the multisynth function of the augsynth package 

in Rstudio and is set at 𝜐 = 0.38. 

  
 Figure 5.(a) Partially Pooled SCM Plot      Figure 5.(b) Partially Pooled SCM Gap Plot 

____________________________________________ 

 34 i.e., “How is the domestic unemployment rate of a country affected by adopting the euro as its currency and, 

by doing so, joining the EMU?”. Since the partially pooled SCM includes all the current Euro Area countries as 

treated units, and provides the best pre-period fit, it should be best suited to accurately estimate the average 

treatment effect.  
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 In Figure 5, we can see that there is, yet again, a clear divergence in outcome following the 

euro implementation, when using the partially pooled SCM as well. Similar to the case with the 

regular SCM, the treatment effect is greater and more immediate compared to the staggered 

separate SCM. The ATT reaches its peak35 already at two years after treatment, being estimated 

at -2.6 with a CI lower bound of -4.1 and upper bound of -1.2, suggesting statistical significance. 

However, the treatment effect only seems to be increasing for the first couple of years, before 

taking a turn to gradually decrease over time. As with the staggered separate SCM, the partially 

pooled SCM also predicts that the Euro Area and synthetic Euro Area eventually even intersect 

as the treatment effect turns positive at 13 years after treatment. Although, when analyzing the 

gap plot in Figure 5b, it becomes apparent that the treatment effect at this point is clearly 

insignificant and should be interpreted as such.  

 Furthermore, Figure 5b shows a pre-period fit that is even better than the one showcased in 

Figure 4b. While being quite impressive, this was to be expected as the optimum 

hyperparameter value, 𝜐, was set at an intermediate level. Beyond that, the graph also shows 

how the treatment effect is only significant for the first 5 years post treatment. This indicates 

that the implementation of the euro primarily have only a short-term impact on the domestic 

unemployment rate of a member country.  

7.4 TRADE 

The theoretic framework presented in section 3 describes how a potential unemployment effect 

from joining a monetary union likely arises through an increase in trade. This being a central 

presumption in the intuitive explanation behind the negative causality found in the main 

analysis, it’s important to prove this empirically as well. Through an adaptation of the partially 

pooled SCM method displayed in section 7.3, instead using trade as the outcome variable, the 

accuracy of this presumption is tested.  

 

  Figure 6.(a) Trade Aug. SCM Plot      Figure 6.(b) Trade Aug. SCM Gap Plot 

____________________________________________ 

 35 -2.6 being the peak ATT in absolute terms.  
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Figure 6a and 6b display the results from the partially pooled SCM with trade as the outcome 

variable in a counterfactual plot and a gap plot, respectively. The main takeaway from the 

results is that there is in fact a substantial positive effect of adopting the euro on a nations trade 

volume. Similar to the case with unemployment rate, it’s clear that the effect is fairly 

instantaneous as the outcome values for the Euro Area and its synthetic counterpart diverge 

immediately at the time of treatment. Moreover, the depicted ATT in Figure 6b is almost a 

direct mirror image of the gap plots from the unemployment rate SCMs, as it’s increasing for 

the first couple of years before fading out and eventually stagnating. These results are in line 

with the expectations built from the theoretical baseline, as they indicate that national trade is 

likely a driving force in the outcome of domestic unemployment. Of course, by only looking at 

the results, it’s impossible to determine the causal direction of the correlation. However, based 

on intuition, previous literature and theories, it seems fair to assume that trade is in fact affecting 

unemployment, more so than the other way around.  

7.5 ROBUSTNESS 

A way to strengthen the results and reenforce statistical inference while using the synthetic 

control method is to perform different falsification tests. Falsification testing can be a simple 

but powerful way of evaluating the validity of the results of a study. While positive results from 

the tests are evidence of significance, they should merely be treated as suggestive of a treatment 

effect, rather than confirmation of the rejection of the null hypothesis.  

7.5.1 In-time placebo study 

The most prominent falsification tests for a synthetic control method are the placebo studies, 

where one can perform either an “In-time placebo” or an “In-space placebo”. The idea of an in-

time placebo is to repeat the main analysis of a study but where you change the time of treatment 

to a period where the analyzed intervention did not actually take place.36 It’s a way of 

demonstrating that the significance of the estimated treatment effect isn’t due to random 

correlation, by showing that the model does not estimate a false effect where one shouldn’t 

exist. If, in contrast to this, one does find estimated effects in the placebo study similar to the 

ones in the main analysis, the legitimacy of the treatment effect is greatly reduced (McClelland 

& Gault, 2017).  

 The in-time placebo study performed in this paper is conducted by using the same dataset 

as the main analysis, adopting an identical method as in section 7.3 i.e., a partially pooled SCM, 

apart from setting the time of treatment to 5 years prior of the actual euro implementation, for 

each treated country.37 If the placebo estimates in the first 5 years after the “fake” treatment 

differ substantially from the actual pre-period path of the main analysis (see Figure 5), the 

predictive power of the model would have to be put into question. 

____________________________________________ 

 36 In most cases the time of treatment is reassigned to occur during some part of the pretreatment period. 

 37 For an In-time placebo study of the regular SCM, along with its corresponding regression weights, only 

including the initial Euro Area countries, see Appendix III. Notice that the regression weights are very similar to 

those of the regular SCM displayed in table 1.  
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Figure 7. In-time Placebo Study Plot 

 Figure 7 displays the resulting counterfactual plot from the in-time placebo study explained 

above. There are two main things that are important to check for in the in-time placebo study 

results; firstly, whether or not the method “wrongfully” predicts a divergence in outcome at the 

placebo time of treatment, and secondly, if the treatment effect at the actual time of treatment 

is still being predicted similar to the main analysis. To address the first point, we can see that 

for the first year of the post-placebo treatment period there actually seems to be a small 

divergence. However, this only persists for 1 year before the Euro Area and the Synthetic Euro 

Area outcome coincide again. The “effect” is also estimated to be positive, in contrast to the 

negative treatment effect estimated in the main analysis, with a lower CI bound of -0.2 and an 

upper bound of 1.8, rendering it insignificant. Furthermore, it’s clear that the actual treatment 

effect, which should start to appear 5 years after the placebo treatment period, is still being 

predicted in a similar manner as it reaches an ATT of -3.3. The results of the in-time placebo 

are, in general, in line with one’s expectations and is, to some degree, evidence of significance.   

7.5.2 In-space placebo study 

As mentioned above, the other placebo study relevant when using an SCM is the in-space 

placebo study. The idea of an in-space placebo study is to repeat the main analysis with the 

alteration of rearranged treatment statuses, such that the entities making up the treated unit and 

the donor pool are different. By doing so, you are able to study if the method wrongfully predicts 

a treatment effect where there is no reason for one to appear. The ideal in-space placebo study 

results are when the pre-period fit carries over to the post-treatment period, indicating no 

treatment effect whatsoever.  

 In the case of this paper, the in-space placebo study mimics the method in section 7.1, i.e., 

a regular SCM, in the sense that it contains a single treated unit and a single treatment period. 

The study is conducted such that treatment status is assigned to 11 randomly chosen countries 

from the original dataset, forming the treated unit “Randomized Euro Area”, the remaining 
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countries are perceived as untreated and available as potential controls in the donor pool.38 The 

time of treatment is accordingly set to year 1999, providing identical conditions regarding 

exogenous time-dependent factors.  

 

Figure 8. In-space Placebo Study Plot 

 Figure 8 displays the results achieved from the performed in-space placebo study. The first 

thing to point out is that there appears to be no divergence at all at the time of treatment. The 

estimated treatment effect (ATT) for the first 10 years of the post-period is -0.2, with the results 

being insignificant. In other words, the pre-period fit does carry over to the post-period 

suggesting that the method has both successfully managed to create an accurate counterfactual 

for the treatment unit and not predicted a false treatment effect. Although, in year 2009, there 

seems as if the placebo study does estimate a treatment effect as there is a clear divergence in 

outcome. This emphasizes the fact that one shouldn’t make any grand interpretations on results 

being estimated by a SCM for periods far from the time of treatment. The further away the 

predicted outcome of the synthetic control is from the treatment period, the larger becomes the 

risk of exogenous factors and disturbance being included in the estimates. However, it is also 

worth noticing that, even though the method predicts a treatment effect for 2009 and onwards, 

the estimated ATT is insignificant for each one of the post-treatment years. In summary, as with 

the in-time placebo study, this strengthens the credibility of the results from the main analysis.  

7.5.3 Leave-One-Out 

Another way to test the robustness of the main results is to perform “Leave-One-Out 

regressions”, where you analyze how sensitive the results are to changes in the weights of each 

country. In practice this is done by replicating the main regression repeatedly, each time 

excluding a different positively weighted comparison country from the donor pool. This tells 

us something about how dependent the main results are on any particular country in the 

synthetic control. Essentially, you purposely sacrifice some goodness of fit in order to check 

how robust the estimates are (Abadie et al., 2010). There aren’t any right or wrong ways of 

____________________________________________ 

 38 To see which countries were randomly selected for treatment, see Appendix IV.  
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choosing which countries (or units) to exclude in the Leave-One-Out regressions, as long as 

one is able to intuitively motivate the decisions. In the case of this paper, however, the four 

countries given the most weight from the regular SCM regression are the countries being 

chosen.39  

 

        Figure 9. Leave-One-Out regression plots 

Above, Figure 9 showcases the results from all of the four separately performed Leave-One-

Out regressions. The first one (top left) shows the results from repeating the main analysis, the 

partially pooled SCM, when excluding the most influential control country from the donor pool, 

i.e., the UK. The same is also done for the US, Canada and Sweden, being the three next most 

influential control countries, as is also displayed in the figure. The synthetic controls from the 

Leave-One-Out regressions all resembles that of the main analysis quite well, indicating that 

no single donor pool country is the only driver of the results. What we can see, however, is that 

the estimated treatment effect in the medium/long-run seems to differ somewhat from case to 

case, while the short-term effect is more constant over models. This reinstates the idea of the 

treatment effect being mainly short-termed, with previous models also showing insignificant 

results in the long term.  

 Furthermore, it’s also worth noticing how the pre-treatment trend of the synthetic control 

changes when excluding the UK from the donor pool. There is quite a significant difference in 

the  pre-period fit. Although, with the general trend still being very similar and the deviation 

mainly being quite far in time from the treatment period, there is no real cause for concern.  

____________________________________________ 

 39 With the regression weights 0.15, 0.12, 0.12 & 0.11 in the regular SCM regression weights table, UK, USA, 

Canada & Sweden, respectively, constitute the majority of the synthetic control. Therefore, they’re chosen as the 

four countries excluded in the Leave-One-Out regressions.   
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8 DISCUSSION 

The results from the empirical analysis display that there is a substantial significant negative 

effect on the domestic unemployment rate from joining the EMU and adopting the euro 

currency. In other words, the results suggest that converting to the euro can help stimulate the 

labour market of a nation and improve their employment rate. This effect seems to be explained 

by the increase in trade, primarily with other Euro Area countries, that occurs as an outcome of 

the euro implementation. As demonstrated in section 3, joining a monetary union can vastly 

increase the bilateral trade flows with the other union members. As a result, this vitalizes the 

economy and creates new job opportunities on the domestic labour market.  

 Although, the impact does not seem to last forever as the Treatment effect diminishes over 

time before eventually reaching 0 and becoming insignificant. This isn’t necessarily anything 

surprising, the phenomena can be derived from the theory of natural unemployment. It states 

that fluctuations to the unemployment rate are likely to be temporary in nature, and unlikely to 

contribute much to long-term adjustments in the natural unemployment (Hall, 1979). The effect 

is most likely driven by an increase in labour demand, as explained above, which in accordance 

with standard macroeconomic labour theory results in a decreased unemployment rate in the 

short term, where increased wage pressure eventually causes the unemployment to retract to 

initial levels. For example, looking empirically on the historical unemployment rate in the US,  

it’s clear that any disturbances to the unemployment rate are only to be short-termed, with the 

natural unemployment rate remaining at approximately 5%. 

 

Figure 10. The 1929-2019 Unemployment rate in the US 

Source: Bureau of Labor Statistics (2020) 

 Furthermore, it’s clear that the drop-off in treatment effect is correlated with the European 

debt crisis. For the initial Euro Area countries, who adopted the euro in 1999, the subprime 

mortgage crisis occurred approximately 10 years after the common currency implementation. 

What primarily distinguished the impact of the recession in Europe from the rest of the western 
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world was the magnitude of the aftermath. Between 2010 and 2013, the unemployment rate 

continued to grow among the Euro Area countries, while it was rapidly decreasing for the 

majority of the remaining OECD countries (OECD, 2020). This seems to influence the 

estimates in the results of this study, even the staggered SCM results where all of the current 

Euro Area countries are included. The reason being that the initial Euro Area countries (11) still 

make up for the majority of the whole Euro Area, whilst including the most influential member 

states as well. Looking at Figure 5, we can see that the estimated ATT takes a sharp turn at 11 

years post treatment, going from -1.9 to +1.4 in the following 3 years, before balancing out 

around 0. For the initial Euro Area countries, these years (11 - 14 post treatment) represents the 

period 2010 – 2013, explaining the results.  

8.1 THREATS TO IDENTIFICATION 

In order to give the results of a comparative case study causal interpretation it is important to 

make sure that one correctly identifies the treatment effect, such that it isn’t being biased from 

some exogenous factor. In the case of this study, one major exogenous shock that occurred in 

the post-intervention period was the financial crisis of 2008, as the bursting of the US housing 

bubble eventually led to a global recession (Holt, 2009). This could possibly endanger the 

second identifying assumption, if the Euro Area countries had a different degree of exposure to 

the recession compared to the control countries. Many argue that the 2008 financial crisis acted 

as a catalyst for the succeeding Eurozone crisis, which could imply that the identifying 

assumption is being ruptured. However, the difference between the effect the crisis had on the 

Euro Area countries and other OECD countries was due to the political economic environment 

of the European EMU itself. Since the member states weren’t able to perform individual 

monetary policy adjustments, the aftermath of the crisis was more significant than for other 

western world countries.  This is arguably rather part of the treatment effect of joining the EMU, 

as losing sovereignty in monetary policy decision making was always going to be part of the 

transition. Thus, even though it’s difficult to completely write it off, the 2008 financial crisis 

didn’t necessarily have a different direct effect on the Euro Area countries than the control 

countries, such that it imposes a threat to the identification of this study.  

 Another potential identification issue in this study is that the synthetic control method is 

more prone to having low power than many other popular identification strategies (Nordström 

Skans, 2020). Firstly, this means that there’s a bias towards non-rejection of the null hypothesis, 

i.e., an increased ex-ante risk of the resulting estimates being wrongfully statistically 

insignificant. Secondly, even if the ex-post results of the study are statistically significant, the 

results from a low-power test aren’t strong enough evidence against the null from a Bayesian 

point of view (Burgstahler, 1987). However, according to Carling & Li (2018), it is possible to 

improve the power of the synthetic control method by having a sizable donor pool and post-

intervention time period length. In addition, they also explain that using parametric estimators 

(see section 5.1.2), as opposed to the non-parametric estimators suggested by Abadie et al 

(2010), can substantially reduce the estimator’s variance, and in turn increase the power.40  

____________________________________________ 

 40 For clarification, parametric estimators, i.e. parametric bootstrap procedure, are in fact used in the empirical 

analysis of this paper, partly in an effort to combat low power. See section 5.1.2 for further details.  
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 Lastly, even when using the augmented SCM, there is a possibility that the progressive 

expansion of the Euro Area could affect the outcomes of the other Euro area countries. This 

could in that case still be seen as an exogenous shock, violating the identifying assumptions. 

However, as mentioned in section 5.4, it’s also possible to see the expansion as an endogenous 

effect since the plan for the EMU was that all EU countries, who meet the euro convergence 

criteria, would eventually implement the euro (European Central Bank, 2017). Therefore, the 

incorporation of additional countries shouldn’t come as a surprise to the initial Euro Area 

countries, as they should have been expecting it, thereby implying it is not an exogenous shock.  

8.2 EXTERNAL VALIDITY 

The aim of this study is partly to provide insight on the macroeconomic effects of establishing 

a currency union in general. In order to do this, it’s important that the results of the study are 

generalizable and not case specific. However, there is unfortunately very limited research on 

the external validity of the results when using the synthetic control method. The arbitrariness 

in the weighting criteria of the method could be problem.  

 Furthermore, monetary unions are quite unique in its essence, each with their own particular 

political and economic qualifications. Although, a potential way to further research the 

generalizability of the results in this study is simply to repeat it in other settings, e.g., using the 

CFA Franc monetary union in Africa or the Sterling area. Finding similar results in such 

research would further strengthen the external validity of this study.  

9 CONCLUSIONS 

The aim of this paper is to study how the domestic unemployment rate of a nation is affected 

by joining the European currency union (EMU) and converting to the euro currency. This is 

done through an empirical analysis where a synthetic control method, as well as augmentations 

of the method which allow for staggered treatment adoption, is applied. The Euro Area 

countries combined are defined as the treatment group, where the currency conversion to euro 

is used as the treatment indicator. The applied settings and intuition behind the empirical set up 

are based on previous literature and related theoretical frameworks, such as the optimum 

currency area theory, the gravity theory and Matusz’s equilibrium model. The findings in this 

paper suggests that conversion to the euro, on average, leads to a significant decrease in 

domestic unemployment. This effect, however, is only prevalent for a short period after 

converting to the common currency, as the unemployment rate converges back to its “normal” 

state after approximately 5 years. In accordance with the theoretical frameworks, as well as the 

empirical studies by Gaston & Rajaguru (2010) and Gomes et al. (2006),  the treatment effect 

seems to arise through an increase in trade, specifically within-union trade. The validity of the 

results is further strengthened by the strong results of the falsification tests, consisting of an in-

time placebo study, in-space placebo study and leave-one-out regressions.  
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APPENDIX I 
 

Figure 11. Predictor variables – Euro Area values over time 
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APPENDIX II 

 

 
Figure 12. Separate ATT on unemployment for each Euro Area Country. 
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APPENDIX III 
 

 
       Figure 7. In-time Placebo Study Plot Regular SCM 

Table 3. Regression weights for In-time placebo Regular SCM 
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APPENDIX IV 
 

 

 

 Table 2. In-space Placebo Study Treatment Status 
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APPENDIX V 

 

  

       Table 3. Predictor Variables Balance – Regular SCM 

 

  

 

      Table 4. Predictor Variables Balance – Partially Pooled SCM 

 

Predictor variables Treated Synthetic

Trade 55.27 55.83

Inflation 4.93 4.86

Government debt 49.93 49.40

Government balance -1.92 -1.98

Per capita GDP 10.89 10.77

Unemployment rate (1985) 9.45 9.41

Unemployment rate (1990) 7.12 7.09

Unemployment rate (1995) 10.23 10.29

Unemployment rate (1998) 9.35 9.41

Predictor variables Treated Synthetic

Trade 52.14 52.34

Inflation 5.23 5.02

Government debt 48.65 47.78

Government balance -2.22 -2.03

Per capita GDP 9.87 9.67

Unemployment rate (15 years prior) 9.35 9.34

Unemployment rate (10 years prior) 8.63 8.61

Unemployment rate (5 years prior) 9.93 9.98

Unemployment rate (1 year prior) 8.89 8.86
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