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The latest financial crisis has stress-tested the effectiveness of the world’s most 

powerful countries’ economic policy making mechanisms. Starting in 2007, to 

fight the effects of the recession, strong and influential economies such as the 

United States, the Eurozone, Great Britain and Japan started implementing 

different kinds of monetary and fiscal strategies.  In this regard, this work will 

compare the financial fruitfulness of having coordinated versus uncoordinated 

monetary and fiscal policies. The analysis revolves around the United States and 

the Eurozone, as the two most financially significant examples of the two policy 

frameworks examined. We argue that having coordinated policy mechanisms 

improves the effectiveness of the economic schemes implemented throughout a 

period of financial turbulences. 

The paper is divided into two main parts. The first one is a theoretical analysis of 

the matter, then followed by a more specific comparative analysis of the main 

financial indicators of United States and Canada versus the Eurozone during the 

years 2006-2009. The theoretical part purveys a description of the financial and 

economic frameworks of the three macro-areas analyzed in the second part and 

provides an overview of the performance and policies implemented during the 

latest Great Recession. The paper proceeds with a review of the most prominent 

literature on the matter, focusing on Niemann and Von Hagen (2008)'s model. 

Their results support the importance of coordination between monetary and fiscal 

authorities, when externalities between the two are present. The robustness of the 

presented paper is then assessed, and further similar models are presented.  

The theoretical part is then followed by an empirical part, where we implemented 

a synthetic control analysis, to compare the Eurozone states (treatment group) to 

a weighted average of economic indicators from US states and Canadian states 

(control group), over the period 2006-2009. Several variations, robustness and 

placebo tests have been implemented and have led to the conclusion that the 

performance of the Eurozone during the analyzed timeframe would have been 

enhanced, had the EU countries been part of an umbrella of coordinated monetary 

and fiscal authorities. We believe that our synthetic control analysis could serve 

as a base for a further research on the eventuality of coordinating monetary and 

fiscal policies within the Eurozone. 



Introduction

In 1999 Austria, Belgium, Finland, France, Germany, Ireland, Italy, Luxemburg, the Nether-

lands, Portugal and Spain joined together to form a monetary union: the Eurozone. Since then,

other countries have joined the Union, adhering to a fully centralized monetary policy, while

keeping other means of economic policies under the member States’ control. In particular, one

very important instrument that is currently independently managed by the Countries is fiscal

policy, and one of the goals of this paper is to study the effectiveness of the interactions between

monetary and fiscal policy in the European Union.

This macroeconomic framework leads to the issue of whether the implementation of coordi-

nated fiscal and monetary policy would create positive benefits for the overall economy. This is

a much debated topic, as currently there is no uniform cross-country policy enactment. There-

fore it would be interesting to provide a careful examination of the main literature on the matter.

In this regards, this paper will investigate the effects of implementing coordinated policies and

whether one of the key drivers of the diverging economic conditions within the Eurozone is the

fact that the budgetary policies differ across countries. The overall work will consist of a theo-

retical analysis followed by a Case Study in which we will compare the economic indicators of

the Eurozone and the United States before, during and after the latest financial crisis, in terms

of policy implementation. In this empirical part, the reason behind the choice of the United

States as control group is that, while, in the EMU, the countries have kept their autonomy

for taxation and government spending, giving up their independence on how to manage their

monetary policy, in the United States the two policies are subject to central coordination. We

predict that the absence of coordination between monetary and fiscal policy in the Eurozone

has slowed down the recovery process from the aforementioned crisis in this area, compared to

the pattern followed by the United States.

As anticipated, the paper is divided into a theoretical part and an empirical part. The Introduc-

tion to the theoretical part will proceed with: a brief history of the formation of the Eurozone

and of the monetary policy strategies implemented in the two areas over the years, focusing on

the two main monetary institutions and on their relation with the fiscal authorities; a similar

paragraph on Canada, to compare the United States to another federal system in order to assess

the generality of any conclusions; a general overview of the recovery policies implemented by

the two macroeconomic regions during and after the crisis. Following, the core of the theoretical

part is divided in two main chapters: chapter one will discuss Niemann and von Hagen (2008)’s
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model, which demonstrates the presence of policy externalities between monetary and fiscal au-

thorities, and therefore the necessity for coordination; it will also include a brief assessment on

the robustness of the model presented, by reviewing the feasibility of the assumptions; chapter

two will provide an additional check, by analyzing some papers presenting models similar to

Niemann and von Hagen (2008), with different assumptions and data. The empirical part is di-

vided into seven different chapters: chapter 1 will provide a description of the main motivations

underlying the Case Study, and it will be followed by a section describing the methodology and

the synthetic control analysis we have used. This econometric analysis consists of comparing 9

Eurozone states (treatment group) to a weighted average of economic indicators from US states

and Canadian states (control group), over the period 2006-2009. The following chapters will

provide a detailed description of the analyses and the Experiments performed, together with

the related robustness checks. And, finally, we will draw the main conclusions.

History and development of the monetary policy in the EU and USA

and interaction with fiscal authorities

The roots of European Union can be traced back to 1946 when Winston Churchill, in a famous

speech, used the term United States of Europe. From the economic point of view, in 1950, the

ECSC was created, based on the Schumann Plan, among six European countries: Germany,

France, Italy, the Netherlands, Belgium and Luxemburg. Just seven years later, the Treaty of

Rome was signed by the same countries in order to establish a free trade agreement in all the

economic sectors and the EEC was set. The European Union itself was formally created with

the Maastricht Treaty in 1992. The Treaty contains provisions regarding the so-called three-

pillar system and the creation of a unique currency union. In 1988, the then President of the

European Commission, Jacques Delors, was charged with the duty of studying and proposing

a procedure to enact the creation of a European Monetary Union, in order to fully complete

the economic integration process going on in Europe. Delors’ proposal was made up of three

different stages, which eventually ended up with the creation of a unique currency in 1999.

The birth of the European Monetary Union raises an important question about how the Eu-

ropean Central Bank may conduct its monetary policy. The United States and the European

Union are related to the two main economic areas and currencies on the planet. The monetary

policies implemented in the two areas constitute the reference point for the world economy. The

predominant objective of the monetary authorities has long been the financing of governments

and the realization of a profit from minting coins and printing banknotes. Only in the early
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20s of the last century, the monetary authorities started influencing the expansion of credit and

deposits by editing some instruments, such as reserve of banks and interest rates. However, until

1971 the actions of the monetary authorities were tied to a system known as the Gold Standard.

For a long time, this system has controlled the interdependence of the international monetary

system, and by establishing an anchor for fixing exchange rates and stabilizing inflation, it was

associated with a long period of monetary stability.

In 1971 the fixed link between the dollar and the official price of gold was abolished, and so was

the International fixed exchange rates system in 1973. The selection of international currency

has thus become elastic. From the 1970s to the mid-80s, the authorities followed a monetary

targeting approach, where the new anchor was represented by an amount of money that, based

on classical theorists, was to grow at a steady rate.

In the United States the monetarist experience was terminated with the operating procedure

introduced by Volcker in 1979, with the transition from the interest rate instrument to bank

reserves. In Europe, the major central bank, the German Bundesbank, officially adopted mon-

etary targets in 1974, and kept them in place until the Birth of the ECB. This period was

characterized by a prolonged stagnation of economic activity associated with high inflation.

During the 1980s, the principle of countercyclical monetary policy started to be implemented.

Since the 1990s the monetary authorities, while continuing to maintain the objective of price

stability over time, have devoted more attention to cyclical stabilization in economic activity,

together with financial stability. The implementation of monetary policy has become more com-

plex and more flexible, leaving more space to implement countercyclical maneuvering purposes.

Specifically, the FED adopted explicitly both inflation and growth targets on an equal footing,

by focusing on lowering the unemployment rate and on stabilizing inflation. On the other hand,

the ECB’s primary objective became price stability, by keeping inflation around the 2% target.

The European Bank and the Federal Reserve

The European Central Bank is the central bank in charge of monetary policy for the countries

of the European Union that have adopted the Euro, and which form the so-called Eurozone:

Austria, Belgium, Finland, France, Germany, Ireland, Italy, Luxembourg, Netherlands, Portu-

gal, Spain, Greece, Slovenia, Cyprus, Malta, Slovakia, Estonia, Latvia, and Lithuania.

The Fed is the central bank of the United States of America, established in 1913 at the proposal

of President Woodrow Wilson, and approved by the US Congress.
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Structure of the ECB

• Governing Council: it is composed of 6 members of the EU Executive Board and the

Governors of the NCBs of the Eurozone countries, and it is chaired by the President

of the ECB, currently Mario Draghi. It defines strategies and monetary policy, whose

implementation is delegated to the Executive Committee.

• Executive Committee: it is composed of the President and the Vice-President of the

ECB plus 4 members appointed by the leaders of the Eurozone countries. The members

of the committee remain in office for eight years. This agency implements monetary

policy according to the strategies defined by the Governing Council, instructs the NCBs

for implementation of the Councils decisions, exercises certain powers delegated by the

Governing Council.

• General Council: it is composed of the President and Vice-President of the ECB, and of

the Governors of the NCBs. It strengthens the coordination of monetary policies for the

member states that have not yet adopted the euro, contributes to the ECB’s activities,

with consulting role and collection of statistical information.

Structure of the FED

• Board of Governors: it is composed of 7 members appointed by the Presidents of the United

States and confirmed by the Senate, chosen as to represent in a balanced way the different

sectors (financial, agricultural, industrial and commercial) and the regional components of

the country. Its functions are: analysis of the US economy and international decisions on

the conduct of monetary policy of the FED, supervision of banking institutions, supervision

of the payments system.

The main purpose of the ECB is to keep under control the price trend, to maintain the pur-

chasing power in the euro area. The ECB, in fact, controls the inflation: the goal is to hold the

average inflation rate for the year to a level below or close to 2%, through appropriate monetary

policies, by controlling the monetary base or setting short-term rates. The ECB adopted a flex-

ible rule: the inflation target is not defined as a precise value, but as being less than or close to

2%, and it must be achieved in the medium term. The Central Bank grounds its strategy based

on the determinants of the target variable, and not to the target variable itself, which results

in greater efficiency of monetary policy. The advantages of this flexibility are: to distinguish
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between demand shocks and supply shocks on prices, limiting the fluctuations of the variables

affecting the interest rates, and to leave more room for countercyclical policies without under-

mining market confidence in price stability. A similar role of inflation in America is carried out

by the Federal Reserve.

Goals-setting

For both the ECB and the FED, objectives are assigned in a democratic way, established by

law and cannot be modified by the central banks. Objectives are set in the Maastricht Treaty

and in the Statute of the ESCB (for the ECB), and in the Federal Reserve Act (for the FED).

Interventions in support of general economic policies can only be implemented if they do not

jeopardize the primary objective. In this context, the separation of tasks between the monetary

and the fiscal authorities is therefore clear in the medium and long term, when the statutory

objectives of the two policies are compatible. In the short term however, this separation is

much less clear-cut as the Central Bank can tolerate temporary deviations, to allow a greater

stabilizing role of monetary policy. With regards to this, it is important to underline the main

difference between the American and the European policy arena. On the one hand, the ECB

can operate discretionary choices that may be in line or in conflict with the fiscal policies im-

plemented in each country. On the other hand, the Fed has three objectives that imply some

level of coordination with the centralized fiscal authority, as set out in section 2A of the Federal

Reserve Act:

The Board of Governors of the Federal Reserve System and the Federal Open Market Committee

shall maintain long run growth of the monetary and credit aggregates commensurate with the

economy’s long run potential to increase production, so as to promote effectively the goals of

maximum employment, stable prices, and moderate long-term interest rates.

Independence

From an ethical perspective, it can be argued that the monetary authorities should be au-

tonomous and able to operate independently in order to contribute to the objective of main-

taining price stability. The independence insulates the central bank from political interference

aimed at obtaining short-term benefits without taking into account the subsequent longer-term

costs. This independence, limiting the pressure to pursue short-term benefits, reinforces the
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credibility of the central bank to price stability.

As for the ECB, the principle of independence is enshrined in the Art.108 of the Maastricht

Treaty. The ECB is the first case of a supranational central bank, it has not faced a correspond-

ing government engaging in fiscal policy, but many individual governments whose ability to put

pressure on the central bank is reduced.

The FED instead began as a branch of government, technically independent but closely linked

to the executive. In recent years the process of independence has been strengthened through

the regulation changes, but coordination has remained essential among FED officials and ad-

ministration officials when discussing their economic programs.

It should be noted that both central banks retain a degree of discretion within the granted

mandate, with important differences. The FED is, in fact, more forced to operate within the

overall objectives of government policies and to deal with it for the pursuit of its objectives.

The ECB is subject only to pursue price stability over the medium term, and it can operate

without coordinating with other policy makers. The next chapters will examine both theoreti-

cally and empirically whether this incoordination between fiscal and monetary policy in the EU

has contributed to a slower recovery process in the latest financial crisis, compared to the USA.

The case of Canada: monetary and fiscal policy interaction

As mentioned, to gauge the generality of any conclusion, an analysis of Canada monetary and

fiscal policy interaction is also included, in order to compare the EU to another federal system

similar to the American one.

In Canada, monetary policy is conducted by adjusting very short-term interest rates to achieve

a rate of monetary expansion consistent with maintaining a low and relatively stable rate of

inflation.

Monetary policy in Canada has two main characteristics:

• Monetary policy is conducted by the Bank of Canada, a government-owned Crown corpo-

ration that operates with considerable independence from the federal government but is

nonetheless ultimately accountable to Parliament.

• Financial capital can move easily within Canada, leading to equivalent interest rates on

similar assets across all Canadian regions. As a result, there is only one monetary policy

for all of Canada. The Bank of Canada is the sole issuer of liquidity in Canada.
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The Bank of Canada has no ability to set spending or taxation priorities for any level of gov-

ernment in Canada. Nor does it have the ability to directly regulate labor markets or product

markets, although it does play a limited role in the regulation and oversight of parts of the finan-

cial system. In Canada, as in many other developed countries, more attention to the interaction

between monetary and fiscal policy began to show up after the Great Depression. Before that,

economic activity was expected to self-correct through market forces, while governments were

simply balancing their budgets annually. However, after the Great Depression and thanks to

Keynes’s book ’The General Theory of Employment, Interest and Money’ (1936), fiscal policy

started being regarded as an economic stabilizer. In the early 1960s attention shifted to the pos-

sibility of using a combination of fiscal and monetary policies to stimulate the economy, which

translated into tax reductions in Canada. The country experienced significant growth during the

1960s, which led to an optimistic attitude towards the use of aggregate demand policies. This

optimism ended in the 1970s, because of the oil price shocks and the consequent stagflation. The

Canadian government tried to increase output and employment levels by reducing taxes, while

trying to control inflation through wage and price controls. Nonetheless, inflation kept rising,

and it was only in the early 1980s, through a severe contractionary monetary policy, that the

government was able to lower it to acceptable levels. However, because of the tightening mone-

tary policy, Canada sank into the deepest recession the country ever experienced after the Great

Depression, with unemployment rising up to 12.5% in 1982. The country started recovering at

the end of the 1980s thanks to an expansionary fiscal policy. During and after this recovery

process, the focus of fiscal policy moved from promoting growth to reducing deficit, because of

the high level of federal debt relative to total GDP. However, parallel to a tightening fiscal pol-

icy, Canadian monetary authority was still implementing a contractionary monetary policy to

keep reducing inflation, which led to another recession in 1990s. The economic situation finally

improved around 1997, thanks to a significant reduction in government expenditures, which led

to the first balanced budget in 30 years’ time. The result of this economic evolution across the

years in Canada was a stronger focus on the coordination of monetary and fiscal policies, that

were now taking into account both domestic and international constraints: in order to support

sustained growth and low unemployment, interest rates need to be controlled downwards, which

requires a credible strategy of deficit elimination and reduction of the debt-to-GDP ratio. The

Canadian government reported its largest fiscal surplus in 2008: $14 billion. However, in 2009

the federal accounts registered a $55 billion deficit because of increased government spending

and of the global financial crisis. The latest budget forecasts for Canada are that the federal
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accounts will register a surplus in 2016.

Canada is a good benchmark, because there are important differences with the United States.

On one hand, Canada has a considerably looser federation than the United States, and its fed-

eral taxes make up only about half the percentage of income that they do in the United States.

Compared to US states, most of which have balanced budget provisions, Canadian provinces

have considerable fiscal freedom, which they can use to operate their own counter-cyclical policy.

On the other hand, the Canadian welfare system is more highly developed, and the Canadian

constitution gives the federal government a responsibility for equalization transfers to poorer

provinces in order to enable them to provide similar levels of government services at similar tax

rates. Hence, while the stabilization role of the Canadian federal government in the economy

may be smaller, it may have a more important role in the redistribution of regional incomes.

With respect to the Eurozone, the Maastricht Treaty outlines a provision similar to the Cana-

dian equalization principle: the establishment of a cohesion fund for monetary transfers to help

poorer regions. Nevertheless, the size of these EC transfers is still quite limited compared to

the Canadian ones.

Policies implementation during and after the 2007 crisis in the United

States, Eurozone, and Canada

As anticipated, the theoretical analysis will cover the issue of coordination between fiscal and

monetary policy. It will be followed by a case study comparing the financial and economic

situation in the US, Canada and Eurozone in the pre, during and post-crisis periods. Therefore,

it is interesting to provide an overview of the main policies implemented in these three areas.

When the financial crisis boomed in the United States in 2007, the worldwide contagion was

rapid and extensive and, between 2008 and 2012, it turned into a global crisis. One of the

most interesting facts is that, while the US managed to recover in 2010, with a GDP growth

of 2%, the EU is still subject to the turbulences of the Recession. The average GDP in the

European Union was -4.2% in 2009, and in 2012 many member states, particularly in the South

and East of Europe are still experiencing unemployment and GDP recession, with low levels of

consumption, bank liquidity issues, low levels of private investments, high public deficits and

debt. These differences in the recovery rates between the EU and the US are given by the

policies enacted, and by the different political structure within the two areas.

When the crisis bursted in 2007, the European and American fiscal and monetary authorities

put in place several policies to help their economies recover from the crisis.
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Figure 1: FED Quantitative Easing Program

From 2007 to 2009: policies implemented during the burst of the crisis

During the core of the crisis the United States launched the Troubled Asset Relief Program

(TARP), allowing the Treasury to purchase illiquid assets from banks and financial institutions,

for a value of 700bn USD (2.3% of the US GDP). The purpose of the program was to reestablish

lending from banks to the nonfinancial sector. In practice, this program had limited beneficial

results, because of the very few requirement associated with the handouts to the financial insti-

tutions, which gave room to speculative activity. In terms of monetary policy, during the initial

course of the crisis the main Western central banks cooperated with expansionary monetary

policies. The first liquidity injections to the private and the banking sectors came in 2007 from

the FED and the Bank of Japan. Specifically, in the 2007 summer the FED implemented a pro-

gram called Quantitative Easing, which stipulated a continuous buying of Treasury bonds from

the FED. Figure 1 illustrates the amount of liquidity injected in the market by the FED under

the QE. The liquidity injected peaked to 1.5trn USD during the end of 2008, beginning of 2009,

and decreased moving forward. Following the lead, the ECB and the Bank of England injected

liquidity in their own financial markets as well. Consequently, interest rates were reduced: from

5.25% to 0.25% in the US, and down to 2.5% in the EU.
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With respect to fiscal policy, in 2009 the United States government implemented the American

Recovery and Reinvestment Act (ARRA). The program provided for fiscal stimulus by increasing

government spending in science, engineering research, infrastructure, education, social sciences

and the arts, with a total budget of 775bn USD (2.7% of the US GDP). On the other hand, in

the Eurozone the fiscal policies were implemented separately by each member state. During the

period 2007-2009, all the states implemented somewhat coordinated fiscal stimuli, for a total of

300bn USD (1.5% of the EU GDP). In most of the countries, these expansionary fiscal policies

increased investments in infrastructure, unemployment subsidies and firm supports. This initial

fiscal stimulus, paired with expansionary monetary policy, temporarily improved the situation

in the EU. However, in 2010, with the burst of the Greek crisis, the focus of fiscal and monetary

policy in the EU changed.

From 2010 to 2012: Policies implemented in the aftermath of the crisis

In May 2010, the Greek crisis began, and the fiscal and monetary strategies implemented in the

Eurozone and in the United States started to diverge. The United States continued to implement

expansionary policies, including the Quantitative Easing, while the European Union moved to

what was defined as austerity: budget cuts and contractionary policies, with the objective of

reducing the deficit.

The austerity measures were imposed through the enforcement of two treaties: the Maastricht

Treaty (1992), and, more importantly, the Stability and Growth Pact (SGP), originally signed in

1997 among the EU Member States, to strengthen the monitoring and coordination of national

fiscal and economic policies to enforce the deficit and debt limits established by the Maastricht

Treaty. After the Greek crisis, both treaties became tighter in terms of austerity and public

expenditure rules, with the introduction of three additional secondary laws: Fiscal Compact, Six-

Pack, and Two-Pack. These measures prevented member states from adopting deficit policies

if they have macroeconomic imbalances, which led to a vicious circle that did not leave any

room for the fiscal authorities in each of the member states, unless the treaties were changed

or violated. Furthermore, in case of violation of any of the provisions, the austerity measures

introduced more severe sanctions than the ones already in the Maastricht Treaty, the European

sanctions: monetary sanctions (for a maximum of 0.2% of the GDP), freezing of European

Structural Funds, and reduction of the right to vote in the EU institutions.
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Policies Results: a Comparison

Finally, it is interesting to conclude on the results of the strategies implemented in the two areas.

For this discussion, it is useful to introduce the Performance Index (PI), a combination of GDP

growth rates and unemployment rates (Tridico, 2015). Tridico constructed this index to collate

the performance of the United States and European Union during the period 2007 to 2014. He

reported that the policies implemented in the United States resulted in lower unemployment and

higher GDP growth, paired with the willingness to increase deficit and debt. In the Eurozone,

the expansionary strategies implemented between 2007 and 2009 started to create growth in the

economy in 2010, while the austerity measures to lower deficit adopted after 2010 reverted the

situation, creating higher unemployment and GDP stagnation.

The trigger of the austerity measures was the Greek crisis, which brought to light that the EU

member states are more concerned with national issues than EU integration during times of

crisis (Frangakis 2010) and showed the fragilities of the Eurozone. The lack of coordination

among member states on fiscal policy was remarkable, and the imbalances and divergences were

wrongly addressed more as an issue of Mediterranean corruption against Northern European

integrity (Cesaratto 2011), rather than actual economic issues.
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Chapter 1. Coordination between Monetary and Fiscal

Policy: a Theoretical Framework

1.1 Context

This work is going to focus on the relationship between monetary and fiscal policy and on

whether they should be coordinated at a central level or not. Indeed, while the former consists

on the actions of a Central Bank, determining the size and rate of growth of the money supply,

the latter is due to government moves, influencing a large number of macroeconomic factors,

among which the output and the unemployment rate of a country. The main scope is to un-

derstand the different approaches undertaken by countries and monetary unions with regard to

the coordination between the two, and to understand the main effects triggered by the imple-

mentation of coordinated policies. According to Canzoneri (2007), prior empirical evidence on

this topic is not extensive because, in the past, literature has been largely concentrated on the

role of monetary policy without taking into account its connection to fiscal policy. Canzoneri

(2007) provides a literature review on this topic and summarizes the main results by stating

that, in a single country, strict inflation targeting may be optimal in case of an economy with

sticky prices and flexible wages; however, since this is usually not the case, the modeler has

to design well-performing monetary and fiscal policy rules. In case of an economy driven by

productivity shocks, these rules can be summarized into the already-mentioned strict inflation

targeting, fluctuating tax rates, and non-smooth income.

In order to get a clearer picture of the connection between the two policies, we have decided

to provide a full description of the model outlined by Niemann and von Hagen (2008), in their

paper ’Coordination of Monetary and Fiscal Policies: a Fresh Look at the Issue’.

In the introduction, the authors underline the relevance and the necessity of studying the role of

monetary policy, the independence of the Central Bank, and the functions of fiscal policy. The

debate in the past has been very fervent, especially after the creation of the European Monetary

Union, where there is a clear role separation between two authorities: the ECB administers

monetary policy, and the individual national governments are entitled to manage their fiscal

policies. According to the authors, the European situation of complete separation would be

a strong illustration of optimality if no spillovers between the two macroeconomic areas were

present. This means that fiscal policy should not be a major source of inflation and the effects of

monetary policy on the government budget should be unimportant. Since it appears straightfor-
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ward that this cannot be the case, scholars have started focusing mainly on finding the optimal

response to fluctuations of key macroeconomic variables around a given steady-state.

Niemann and von Hagen posit that the main evidence of a need for coordination is given by

the presence of externalities between monetary and fiscal policies. Sargent and Wallace (1981)

have provided the first insights on this issue, in their paper ’Some Unpleasant Monetarist Arith-

metic’. The main motivation for their work was Milton Friedman’s finding about the inability

of a monetary authority to control the levels of output, unemployment and returns on securities

in a permanent way. They wanted to demonstrate that the inflation rate was not under the

controlling extent of a Central Bank either. A monetarist economy usually displays a monetary

base closely related to the price level and a monetary authority raising revenue from money cre-

ation, also known as seignorage. However, in a monetarist economy, the control over inflation is

undermined when interactions with the fiscal policy are considered. In fact, the fiscal authority

faces two binding constraints on the demand for government bonds, because, first, there is a

limit on the amount in comparison to the size of the economy, and then, because of the interest

rate the government has to pay on bonds. In order to implement their analysis, they forecast

two scenarios for coordination. The former foresees a domination of the monetary policy over

the fiscal one, meaning that the fiscal authority is facing the aforementioned constraints on the

demand for bonds. In this case, the monetary authority has full control of the inflation level

also in the long run. The second scenario speculates a domination by the fiscal authority, which

is free to set its budget and to decide the amount of revenue to raise by selling bonds and prac-

ticing seignorage. In this case, it is the monetary authority facing the constraints on demand

for bonds, and, even if it might still be able to monitor inflation, this is no more an assuredness.

The control of the monetary authority depends mainly on the arithmetic of the constraints it

faces. For example, Sargent and Wallace (1981) examine the possibility for the interest rate on

bonds being higher than the rate of growth of the economy and for the government to run a

deficit. This circumstance impedes the monetary authority to control permanently the mone-

tary growth rate or the inflation. Their finding is notable for providing mathematical evidence

on the necessity for coordination between monetary and fiscal policy and their conclusions have

been confirmed afterwards by a large number of scholars. There is evidence that wealth effects

generate inflationary dynamics, that surprise inflation is positively correlated with government

debt, and that there is a significant effect of the debt-to-GDP ratio in accounting for cross-

country inflation delta.

In the examined paper, Niemann and Von Hagen specifically aim at investigating to what extent
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the coordination of macroeconomic policies affects the steady-state equilibrium of the economy.

They do so, by developing a DSGE model, where the fiscal and the monetary authorities set

respectively their budgetary and inflation targets, and then studying the interactions between

the two. They demonstrate the presence of policy externalities between monetary and fiscal

authorities, and therefore the necessity for coordination, meaning that the institutional design

of the central bank should be devised taking into account the characteristics of the fiscal au-

thority. The results of this paper imply a second-best equilibrium, that is, the long-run optimal

monetary policy has to be determined by taking into account the fiscal side. In practice, the

model generated by Niemann and von Hagen calls for an interactive and coordinated institu-

tional design, entailing the superiority of the US system compared to the European one.

1.2 Assumptions and Model Design

The model planned by the authors consists on dynamic general equilibrium model of monetary

and fiscal policy-making, where the two policy actions are separated. The use of this type of

models is very common in macroeconomics studies, for three main reasons. First of all, they

describe the co-movement and the evolution of random economic variables over time. Then, they

base their work on microeconomic data and on the market-clearing adjustment hypothesis. This

feature avoids the model to be sensitive to the so-called Lucas critique, stating the impossibility

of using historical data to predict an economic policy. On the contrary, macroeconometric

forecasting models are very vulnerable under this point of view. Finally, the main impulse of

the economic variables over time is due to random fluctuations in technology, preferences and

other exogenous causes. Therefore, the choice of a DSGE model is essential in order to provide

a complete and accurate analysis of the effects of policy shocks.

The structure of the model is based on the following assumptions:

• The model is developed within a simple monetary economy framework, meaning that the

products and the services are traded in exchange for money. Furthermore, it allows for

the presence of just two main sectors, the households sector and the government sector,

with their own utility function to be maximized subject to some budget constraints.

• The model is based on price flexibility. This can be considered in line with the Real

Business Cycle Theory, where the neoclassical growth model with flexible prices is used to

study the effects of real shocks on the overall economy.
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• The Central Bank is conservative, that is, it puts more weight on inflation than the

representative agent (this is measured by γ). The idea has been developed since 1985,

when Rogoff published the paper ’The Optimal Degree of Commitment to an Intermediate

Monetary Target’. He has analyzed the issue of having a monetary authority focusing too

much on the inflation-target, and has found that it plays a role in decreasing the so-called

inflation bias. This phenomenon, in fact, takes place when there is an incentive for the

monetary authorities to reduce the unemployment by inflationary policies, but, in the

long run, the effect of an increase of monetary supply on employment disappears, while

the increase in inflation is not eliminated. Therefore, it is necessary to have an institutional

framework, which is properly designed to solve this issue. In this paper, the assumption

of Central Bank conservatism is aimed at differentiating the preferences of the authorities,

in order to make it hard for them to coordinate their moves in each period. In fact, if that

would be the case, there would be a time-consistency problem of monetary policy.

• The fiscal authority is assumed to be impatient, and it values the future less than the

present, compared to the monetary authority and the representative agent. This is due

to the political uncertainty and frictions a government has to face. Malley et al. in their

paper, ’Electoral Uncertainty, Fiscal Policy and Macroeconomic Fluctuations’ provide an

empirical explanation on how electoral uncertainty affects the outcomes of the economy

from a macroeconomic perspective through the fiscal policy. They posit and then confirm

the hypothesis that electoral uncertainty increases the interest of governments to pursue

a fiscal policy focalized in the short run. Additionally, they demonstrate that, with uncer-

tainty, the policy-maker is myopic, less rational and more willing to spend larger portions

of the national budget also on non-productive activities. This increases the government

debt and is detrimental for the private capital accumulation. These findings provide a

good basis for Niemann and Von Hagens model, which employs the just-mentioned char-

acteristics for the fiscal authority’s impatience, which is measured by δ.

• The model consists of a sequential game, but without assuming the presence of a leader

and a follower. Instead, the two players act simultaneously in each stage, until a unique

equilibrium. This framework will provide a better long run picture.

• Monetary and fiscal policies are regarded as endogenous. This allows for policy interac-

tion and for the agents to have a dynamic forward-looking behavior. In fact, employing

endogenous state variables in a model is useful to assess the causality, because their values
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are determined within the model and not imposed from above.

• The model does not allow for the presence of capital, mainly to avoid any issue related

to taxation and distortions related to it. Additionally, this simplifies the production-side

and allows for a cleaner analysis.

• Uncertainty is mainly given by the random shocks to economic environment, as well as

by the aforementioned political instability causing the impatience of the fiscal authority,

which fears of not being re-elected.

• Timing is discrete, meaning that the variables are observed as separated points in time

and that they are measured in a finite way. This is common in empirical works, because,

even if the economic variables in reality move in a continuous way, the only method to

measure the economic variables is by assessing them discretely.

• The equilibrium of the DSGE model will be a Markov-perfect equilibrium, which consists

in a subgame perfect equilibrium of an extensive form game, with a readily-identified

payoff. The idea of assuming such an equilibrium displays the need for the two authorities

to engage in time-consistent policy rules.

1.3 The Model

As already stated in the previous paragraph, the model consists of a dynamic monetary general

equilibrium economy with public debt, but without capital. There is no uncertainty and the

timing is discrete. Additionally, there is a distinction between the government sector and the

private sector.

The Government Sector

From the monetary policy perspective, the Central Bank enjoys both goal independence, because

it has an objective function, which is different from the fiscal authority’s one, and instrument

independence, which can be translated into the freedom of choosing the policy instrument. In

this model, the Central Bank controls the money supply in each period to set the monetary

policy. The rate of money growth is

µt =
Ma
t+1

Ma
t

− 1
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On the other hand, the fiscal authority collects taxes t and issues nominal one-period bonds, to

finance the exogenous government expenses, which are assumed to be constant over time and

equal to g. The interaction between the two policies is summarized by the consolidated budget

constraint of the government sector:

Ma
t+1 −Ma

t +Bat+1 + Ptτ
c
t ct ≥ Bat (1 +Rt) + Ptg

As we can observe, the summation of revenues from seignorage (Ma
t+1−Ma

t ), issuance of public

debt (Bat+1) and taxation (τ ct ct) should be enough to match the liabilities from maturing debt

(Bat (1 +Rt)) and current expenditure (Ptg).

The Private Sector

The economy’s private side consists on a range of identical infinitely-lived households deriving

utility from consumption and labor, and having β as the discount factor of the future of their

utility function. The latter is:
∞∑
t=0

βt[log(ct)− αnt]

Every period, each household faces the following budget constraint:

Mt+1 +Bt+1 + Pt(1 + τ ct )ct ≥Mt +Bt(1 +Rt) +Wtnt

It requires that the current gross-of-tax consumption (Pt(1+ τ ct )ct) and the portfolio of nominal

assets (Mt+1 +Bt+1) of each individual are financed out by the sum of nominal wealth brought

into the period (Mt + Bt(1 + Rt)) and the current wage earnings (Wtnt). Moreover, the asset

position must remain bounded, otherwise an explosive Ponzi-scheme might take place.

Another constraint is the cash-in-advance (CIA) constraint, which is:

Mt ≥ Pt(1 + τ ct )ct

As we can observe, the gross-of-tax consumption expenditure in period τ must be financed using

currency carried over from period t − 1. The equation just states that the fresh cash injected

in the economy causes the price level to react immediately, but it cannot be used for private

consumption until the next period.

Finally, in each period, labor can be transformed into private or public consumption at a constant

rate. This can be expressed by the linear resource constraint:

ct + g ≥ nt
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The Equilibrium Conditions

The competitive equilibrium allocation is given by the following equations in each period:

• The CIA constraint, implying a relationship between money, output and gross prices:

Mt = Pt(1 + τ ct )ct

• The Fisher equation relating the nominal interest rate to the real interest rate and inflation:

1 +Rt+1 =
Pt+1

βPt

• The static optimality condition, showing that the distortions due to fiscal and monetary

policies are equal with respect to their effect on private households decisions of consump-

tion and leisure:
1

αct
= (1 +Rt)(1 + τ ct )

In order to derive the decisions of single households, it is necessary to know the asset position

of a single household at the beginning of each period. The latter can be summarized into

z = Bt(1+Rt)/Mt. The aggregation across households returns the following aggregate variable:

zat = Bat (1 +Rat )/Ma
t

The formula clearly shows the trade-off between the current decrease in consumption and the

future decline in debt-burden, faced by the authorities when implementing their policies.

The Policy Game

The policy game consists on having, in each period, the two authorities choosing simultaneously

the monetary and fiscal policies, in a non-cooperative manner. They therefore take the counter-

party’s behavior as given. The objective of the analysis is to determine the equilibrium policy

rule, ϕ∗, adopted.

The objective function of the fiscal authority is:

∞∑
t=0

δt[log(ct)− αnt]
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The idea underlying this function is that the fiscal authority is generous, but impatient because

of political uncertainty. For this reason, we have a discount factor, which is divergent, and this

implies myopic policy choices.

The objective function of the monetary authority is:

∞∑
t=0

βt

{
−γ
(
Pt
P̄t

)2

+ (1− γ)[log(ct)− αnt]

}
The Central Bank is conservative because it is aiming at price stability as well as at maximiz-

ing the welfare of the households. γ plays a balancing role between the relative impacts on

the monetary authority’s payoff of general welfare and of the loss term due to unanticipated

deviations of the realized price level from the public-expected level. Furthermore, the Central

Bank is averse to surprise inflation, therefore it does not use the inflation tax as a lump-sum

instrument.

The maximization of the two objective functions subject to the relevant constraints leads to

a Markov-perfect equilibrium, where the authorities adopt time-consistent policy rules. This

means that the choices may change across periods according to the dynamics of the aggregate

state za, which provides information on the amount of distortions in the economy.

The Markov-perfect Equilibrium Conditions

The optimality conditions are obtained as stated in the previous paragraph, and for the fiscal

authority we have:
1

c
− α =

δ

β

(
1

c(zα;ϕ)
− α

)
(1− εµ(zα;ϕ))−1

where εµ is the elasticity of the rate of monetary expansion with respect to changes in the ag-

gregate state za. Since (1− εµ(z;ϕ))−1 > 1, there is an adverse effect of expectations on future

nominal public debt. This raises current consumption and also the incentives of the Central

Bank to increase the inflation tax in the future. The individuals adjust their expectations ac-

cordingly, the nominal interest rate raises and future consumption gains more value.

The optimality condition of the monetary authority is more complicated and consists on:

(1− γ)
(
1
c − α

)
+ 2γ 1

c

1 + zα(1 + τ c)
=

 (1− γ)
(

1
c(zα;ϕ) − α

)
+ 2γ

(
1−εµ(zα;ϕ) 1+zα(1+τc(zα;ϕ)

zα(1+τc(zα;ϕ)

c(zα;ϕ)

)
1 + zα(1 + τ c(zα;ϕ))

 [1−εµ(zα;ϕ)]−1

There is again a trade-off between current and future distortions. The marginal benefit from

current consumption depends on the relative weights put on private utility and inflation. On
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the one hand, there is a discounting of the benefits of future consumption because of the CIA

constraint, while, on the other hand, the benefits of future consumption rise due to the presence

of commitment problems faced by the future policy-makers.

1.4 Results

The work presented by Niemann and Von Hagen presents three main general results. They can

be summarized as follows:

1. Government debt is adjusted through distortionary taxation and therefore crowds out

private consumption. This implies that c(za) is decreasing, and, according to the fiscal

optimality condition, the fiscal authority is accumulating debt instead of balancing the

budget as long as δ
β (1− εµ(za;ϕ))−1 < 1.

In the long run the level of debt is stationary and equal to

δ

β
(1− εµ(za;ϕ))−1 = 1

Since δ
β < 1, the steady state is given by

εµ(za;ϕ) = 1− δ

β
> 0

So, for δ < β and γ ∈ (0, 1), money growth co-varies positively with changes in the real

amount of public debt around the steady state. This is due to the fact that the two policies

are implemented sequentially.

2. In case of unbalanced budget, it is not optimal for the monetary authority to engage in

a deflationary policy, because it would increase the stock of nominal debt. This implies

that the steady state rate of inflation is strictly positive: µ(za;ϕ) > 0. This triggers

adverse effects due to expectations, and interest rate distortions, therefore the policy

rule is subject to inflation bias. The bias is entirely due to the behavior of the fiscal

institution. This result demonstrates that inflation is mainly a fiscal phenomenon, and, as

the fiscal optimality condition shows, fiscal impatience determines the level of monetary

responsiveness to the stock of debt.

3. Since fiscal optimality depends also on the complete equilibrium policy rule, the role of

monetary optimality must be taken into account, too. At the optimal level of debt za
∗
,

the monetary authority is equating the marginal losses due to inflation and the marginal

benefits arising from the stabilization of the debt level by enacting the inflation tax. This
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high responsiveness makes the debt accumulation unattractive for the fiscal authority,

because the expectations on the inflation increase create a distortion. Therefore, za
∗

must

be at a level which balances the reasons for debt accumulation and de-cumulation in the

perspectives of both the authorities.

Furthermore, the calibration exercise on the benchmark case performed by the authors displays

the dynamic evolution of the end of the period stock of real debt. The latter is subject to a

path of growth at a decreasing rate, and it eventually converges to a ceiling at bαt = β/αzαt , as

displayed in Figure 1.

Debt accumulation generates distortions, both due to the need to increase taxation to finance

Figure 2: Path of real debt in the benchmark case

it, and to the causation of additional interest rate expenses. These have a negative impact on

the pattern of consumption, which moves as represented by the following Figure 2.

Higher Impatience of the Fiscal Authority

After having presented the main results, the authors provide a careful examination of the effects

on the steady-state equilibrium in case of a change to the institutional characteristics of the

authorities.

21



Figure 3: Path of consumption in the benchmark case

For example, when the fiscal discount factor δ is decreased, there is a drop in the ratio δ/β,

which causes the degree of monetary responsiveness εµ(za;ϕ) to increase at any level of za. The

underlying mechanism is as follows. The impatience of the fiscal authority increases, and this

leads to a decrease in taxation, to which the monetary authority answers with a larger monetary

expansion to avoid the accumulation of real debt. Since the inflation target cannot be pursued

anymore, the economy is now characterized by a larger current consumption as well as by a

higher accumulation of real debt. The marginal rate of substitution between current and future

consumption becomes lower, by less than the drop in δ. On the other hand, ε increases for any

level of za, meaning that higher impatience of the fiscal authority creates grounds for higher

responsiveness of the monetary authority to the variations in debt. Expectations on the increase

of monetary supply increase the indirect cost of debt. However, the long-run level of debt is

ambiguous, because the liability costs of outstanding debt may be increased. We can conclude

that the increase in fiscal impatience does not necessarily imply an increase in the steady-state

level of government debt.
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Rise in Conservatism of the Monetary Authority

When the aversion of monetary authority towards surprise inflation increases, the inflation bias

is contained by the ratio δ/β and does not change in the long run. However, there is both

a direct and an indirect effect arising from this intensification in aversion. The direct effect

implies a reduction in the incentive for inflation, while the indirect effect consists in a rise of

equilibrium debt accumulation. Therefore, an inflation-averse monetary authority, with high γ,

and an impatient fiscal authority cause a lower responsiveness of the monetary policy to the

debt level and a higher overall level of debt.

During the transition to the steady state, the direct effect of money conservatism causes an

increase in consumption, and lower interest rate distortions due to expectations in the infla-

tion tax. At steady state, instead, the level of debt is higher and consumption is decreased.

Calibration and numerical analyses have demonstrated that the welfare gains resulting from

the transition phases are overcompensated by the long-run welfare-losses at equilibrium. The

authors conclude that a high extent of monetary conservatism has negative welfare effects.

Quantitative analysis has demonstrated that higher conservatism implies a higher rate of in-

flation, because the increase in real debt triggers increased requirements for real debt services.

If the tax rate is held constant, this implies an increase in the inflation rate. The effects is

amplified even further if the extent of fiscal impatience is larger.

This finding is represented in the following Figure 4, where the evolution of the real debt is

represented for three different economies, characterized by three different degrees of inflation

aversion of their respective monetary authority. As it is possible to observe, a higher γ corre-

sponds to a larger steady-state level of debt.

1.5 Policy Implications

The overall analysis underlines the presence of large externalities, which affect the steady-state

level, and cause substantial welfare effects. For this reason, it is necessary to aim at coordinating

the two policies and at taking into account the fact that if an authority changes its preferences,

this has an impact on the optimal decision to be taken by its counterparty. For example, in

general, an increase in conservatism of the Central Bank should give rise to benefits because the

level of inflation is lower. However, if we take the spillovers generated by the fiscal policy into

account, there is a second-best outcome. In fact, conservatism of the Central Bank does not
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Figure 4: Debt dynamics with different degrees of money conservatism

necessarily lead to a lower debt accumulation and a higher welfare, and neither it gives lower

inflation.

In case of an increase in the conservativism of the monetary authority, the characteristics of the

fiscal authority have to be fine-tuned to gain some benefits. If the fiscal authority becomes less

impatient, it has a lower willingness to exploit the Central Bank’s conservative behavior. Al-

ternatively, some constraints on fiscal policy, such as limits on fiscal deficits, should be devised,

even if this might cause a new distortion and excessive debt accumulation.

Finally, the degree of conservatism of the monetary policy affects also the speed of convergence

to the steady-state equilibrium. In case of initial debt larger than the steady-state level, higher

conservatism slows down the convergence process, meaning that it takes more time for the level

of debt to decrease. In case of temporary shocks, it would be optimal for the government

to reduce the extent of monetary conservatism of the Central Bank to gain back the original

steady-state levels.

1.6 Model Robustness and Drawbacks

As discussed throughout this chapter, Niemann and von Hagen’s model is built on a series of

assumptions. We aim at asserting the robustness of said assumptions, going more in depth into

an analysis made by Anne Larsson (2008). In her paper ’Comments on Stefan Niemann and

Jrgen von Hagen: Coordination of monetary and fiscal policies: A fresh look at the issue’, she

provides a short discussion and analysis on the main assumptions used and results obtained by

Niemann and von Hagen.
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First, to reduce the inflation bias in their model, Niemann and von Hagen (2008) assume a

conservative monetary authority that cannot commit to zero inflation, meaning that it puts

more weight on inflation than the representative agent. The authors argue that this assumption

is common in the literature about independent central banks, as it reduces the inflation bias

of monetary policy. Another central assumption of the model is that fiscal authority is more

impatient than both the monetary authority and the representative agent. This means that

the fiscal authority is more present-oriented, and it can be a credible assumption per se, as

policymakers usually focus on short-term goals and targets, because of policy cycles and electoral

reasons. However, as the two authors argue as well, combining an impatient fiscal authority with

a monetary authority that cannot credibly commit to zero inflation can lead to inflation biases.

Indeed, when public debt is present, the fiscal policy-makers can use the impossible zero-inflation

commitment to their advantage: even though the fiscal actor has no direct control over inflation,

it can affect the monetary actor’s incentive to create inflation. Therefore, albeit the authors’

model provides an equilibrium where it is more efficient to have coordinated fiscal and monetary

policy, further analysis should be conducted with regards to the alignment of the two authorities’

incentives and time sensitivity.

Secondly, as briefly discussed in the previous chapter, the conservative Central Bank can commit

to a lower rate of inflation for a given level of debt. Consequently, the fiscal authority will

increase the debt level, which will need to be financed by higher distortionary taxes, leading to

consumers’ welfare losses. To avoid this, the authors suggest a temporary suspension of Central

Bank’s independence during high levels of debt. However, this temporary suspension might

reduce the credibility of the inflation targeting regime. Indeed, Central Bank’s independence

is an effective tool to maintain credibility as long as it is irrevocable. When this independence

becomes controllable by the fiscal authority, it might be that this policy actor will use it at its

own advantage during tough political times, thus reducing consumers’ welfare and the efficiency

of having coordinated monetary and fiscal policy.

Third, even though the assumption of present-oriented fiscal authority might be credible per

se, it might be inconsistent within Niemann and von Hagen’s model. In general, governments’

incentives are subject to electoral uncertainty and political cycles. Therefore, if a certain political

agenda might increase the probability of being reelected, the fiscal actor will be very likely to

pursue it. What it is often observed is a deficit bias, as policymakers are likely to implement

expansionary fiscal policies in order to gain the electorate’s consensus. To sum up, it can

be argued that the assumption of impatient fiscal authority is indeed realistic. However, when
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looking into Niemann and von Hagen (2008)’s model design, this assumption becomes irrelevant,

even though it is crucial for the model results. As mentioned, in the model representative

households and fiscal authority have identical period utility functions. Therefore, in the absence

of asymmetric information, the incumbent government will always be reelected. Yet, the fact

that governments are assumed to be impatient, allows the authors to conclude that the fiscal

players will be less likely to exploit the conservative central bank, improving welfare. Again,

the issue of incentives alignment in the coordination of monetary and fiscal policy arises. Even

though the contribution of Niemann and von Hagen (2008)’s model is crucial to the matter,

it should incorporate in its design a way to increase the timeframe sensitivity of the fiscal

authority’s focus.

According to Larsson (2008), another reason behind the necessity to reduce the impatience

of the fiscal actor is related to wage bargaining. This implies the inclusion of an additional

player in the game: trade unions. With respect to monetary policy, large trade unions might

influence price levels through excessive wage claims. Therefore, the Central Bank and the trade

unions could act strategically together. However, with regards to fiscal policy, the unions might

recognize the fact that policymakers are present-oriented, and could use that to their advantage,

by proposing excessive wage claims, that will gain the electorate’s consensus in the short run,

but might lead to higher unemployment in the medium and long run. Again, increasing the

timeframe sensitivity of the fiscal authority’s focus might benefit total welfare.

To conclude, Niemann and von Hagen (2008) provide solid basis for arguing that coordinating

fiscal and monetary authorities will increase total welfare and it could be the starting point for

the model of institutional reforms. However, their conclusions are based on assumptions that

need to be reinforced, in particular the one regarding the fiscal authority impatience.

According to Larsson (2008), since reducing electoral uncertainty in a democracy might not be

feasible, another possibility to reduce the policymakers discount factor could be to use fiscal

rules. The literature on fiscal rules under monetary commitment is still relatively scarce: given

the complexity of the tools available to fiscal policymakers, and the issues related to democracy

in this field, the desirable properties of fiscal rules and institutions under monetary commitment

require careful consideration indeed and are highly interesting topics for future research.

Since Larsson’s work provides some concise but powerful comments against both the assumptions

formulated and the results obtained by Niemann and Von Hagen, we have decided to deepen our

analysis by including some robustness checks of the analyzed model. We will present other papers

investigating with different assumption and testing a wide range of fiscal policy instruments, in
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order to provide a complete overview of the topic.
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Chapter 2.

Model Robustness and Drawbacks: a Literature Analysis

This chapter is aimed at providing a robustness check to Niemann and von Hagen (2008)’s

paper, by focusing on further models developed by other scholars during the same historical

period, and by analyzing the differences with the one presented in Chapter 1. The underlying

idea is to provide an attentive evaluation of the different assumptions and data used, and to

investigate on possible differences in the outcomes obtained. The structure of this assessment

is divided into three main blocks.

In the first one, we are going to gather our attention on the paper ’Effect of fiscal Stimulus

in Structural Models’, by Coenen et al. (2012). This work is the outcome of a collaboration

among a wide range of scholars, who have analyzed the effects of different fiscal actions using

seven structural policy models. The latter have been developed, throughout the years, by

economists at the Federal Reserve Board, the European Central Bank, the IMF, the European

Commission, the Organization for Economic Co-operation and Development (OECD), and the

Bank of Canada. The authors provide a careful comparison among these models, and to provide

a sort of continuity with academic literature, they include in their assessment two estimated

monetary DSGE models, too. These are the Christiano, Eichenbaum, and Evans (2005) and

the Cogan et al. (2010), who use an extended version of the Smets and Wouters (2007) model.

Coenen et al. (2012) address three key issues of the post-crisis period, which are: understanding

the role of fiscal expansion in a recession, finding the appropriate mix of fiscal policy actions to

stimulate output, and getting an overview of the long-run consequences. In the first paragraph

of this chapter, we will illustrate the methodology used and the main results. Beyond the

completeness of the analysis in terms of literature review and robustness check, the main reason

why we have included this paper in our work is to expand the findings obtained by Niemann

and Von Hagen. Therefore, we are going to implement a robustness assessment as well as a

complementary analysis of the model presented in the previous chapter.

In the second paragraph, we will focus on the paper ’Monetary-Fiscal Policy Interaction and

Fiscal Stimulus’, by David and Leeper (2009). Our choice is driven by the importance of

showing a model describing the policy game in the US. David and Leeper managed to provide

an analytical explanation to the implementation in the US of recovery policies from the Great

Recession. Therefore, we will quickly go through their main motivations and the model they

have developed. Most importantly, we will compare we will compare and integrate the results
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with those obtained by Niemann and von Hagen (2008) and underline the main commonalities

and disparities, in order to deepen our robustness analysis.

In the last section, the focus will be moved on other DSGE models developed by different

scholars, and on the approach they have undertaken. The choice is motivated by the resemblance

they have with Niemann and von Hagen (2008) in terms of methodology and model structuring.

By including these outcomes into our appraisal, we aim at providing a complete and accurate

presentation of the robustness of the model we have selected and analyzed in the first chapter,

and at giving a careful explanation to the arguments in favor of coordination between fiscal and

monetary policy.

2.1 Coenen et al. (2012)

The main motivation of this paper is to analyze the role played by fiscal policy in providing

fiscal stimulus to counteract the implications of the Great Recession. In fact, a large number of

national governments has been forced to turn to fiscal action, given that the extent of the effects

of monetary policy is subject to limitations. The implementation of these large fiscal programs

has raised some issues, which have already been listed in the introductory part of this chapter.

They regard the effectiveness of a fiscal policy enactment, the decision on the right combination

of instruments, and the long-term adverse consequences it may have. Therefore, the authors

address these concerns, by examining the effects of different fiscal implementations within seven

policy models and two estimated DSGE models, in order to provide a significant check on the

robustness of the predictions. The central focus is on the short-run effectiveness of fiscal moves,

even though a paragraph is dedicated to the long term consequences.

The Fiscal Instruments

The fiscal instruments, whose effectiveness is the object of the assessment, are:

• Increase in government consumption spending, meaning that the government increases its

expenses on public and private goods, and improves the quality of the goods provided, to

meet the needs of its citizens.

• Increase in government investment spending, which might be seen as a set of maneuvers

aimed at creating future benefits to the community. The main examples are the expendi-

tures devoted to research and infrastructures, and their effects are detectable in the long

run.

29



• Increase in general lump-sum transfers, that is a larger transfer granted to the entire

population in order to improve the level of private consumption and investments.

• Decrease in labor income tax rates, which triggers both a substitution and an income effect

and these have opposite signs. Therefore, there is an ambiguity on the final outcome, and

the former effect prevails in case of temporary maneuvers, while the latter does in case of

permanent ones.

• Decrease in corporate income tax rates, which has the effect of increasing the productivity

in the long run.

• Decrease in consumption tax rates, whose outcome is to improve the rate of growth of

private goods consumption for the households.

• Increase in lump-sum transfers targeted to financially constrained households.

The Models

The seven policy models included in the analysis by the authors are:

1. BoC-GEM, which was developed by the Bank of Canada in 2004. It is a DSGE model,

in which the agents are characterized by a fully optimizing behavior. The economy is

considered as multi-regional and open, and bilateral trade flows and relative prices are

explicitly modelled. The extent of flexibility is high and this makes it easy to generate

risk scenarios around base-case projections, therefore the model has been used by the

authorities to analyze current macroeconomic issues, such as the impact of emerging Asia

on the price of traded goods and on the prices of commodities, the risks associated with

the emergence of global imbalances, the factors underlying the recent increase in the price

of oil, and the determinants of the Canadian real exchange rate over the medium and long

run.

2. FRB/US, that is an econometric model, in which agents have an optimizing behavior

based on expectations, consisting on the main transmission channel of the monetary pol-

icy. Households choose equilibrium aggregate consumption based on the lifecycle model

(utility maximizers), they are risk averse (high discount factor), and liquidity-constrained

(slow adjustment). Firms choose investment, inventories, labor hours, and prices based

on profit maximization with imperfect competition, and therefore are involved in wage

determination in the short-run. Financial markets set bond rates, stock prices, and the
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exchange rate by standard arbitrage conditions. The transmission channels of the mon-

etary policy consist on a set of linkages among sectors. They operate through medium-

and long-term interest rates directly in the equations for investment and consumption,

and indirectly through effects of the value of the stock market on aggregate consumption

and effects of the exchange rate on exports and imports.

3. The GIMF, developed by the IMF, is again a multi-country DSGE in which households

and firms have optimizing behavior. The main frictions in the economy are due to sticky

prices and wages, real adjustment costs, incomplete asset markets and liquidity-constrained

households. A main difference with respect to other DSGE models is that households are

subject to finite-planning horizons, meaning that the transition from one steady-state to

another can be well analyzed. Additionally, fiscal policy stimulates the level of economic

activity in the short run, but sustained government deficits crowd out private investment

and net foreign assets in the long-run and lead to a higher world real interest rate.

4. The New Area-Wide Model (NAWM), which is a micro-founded open-economy model of

the euro area under development at the European Central Bank (ECB). As all the neo-

classical models, households and firms are maximizing their expected lifetime utility and

their expected stream of profits, and adjustment dynamics strongly depend on the role of

forward-looking expectations. The main frictions are due to the sticky prices and wages,

to the local-currency pricing, and to the costs of adjusting trade flows. However, even if

the considered economy is open, it is regarded as a small one (Eurozone), and the fiscal

sector is simplified because the Ricardian equivalence is expected to hold.

5. OECD Fiscal, developed by the OECD, is a DSGE model too, but it is set within a large

closed economy. The production side is characterized by monopolistically-competitive

firms, while the consumption side by an household sector with Ricardian and liquidity-

constrained individuals. More frictions are generated by the presence of investment ad-

justment costs and price and real wage persistence.

6. The QUEST III is an estimated open-economy DSGE model of the Euro Area with fiscal

and monetary policy. A strong imperfection incorporated in the set-up is the presence

of non-Ricardian households, and of nominal rigidities in the goods and labor markets,

meaning that prices and wages are slow at adjusting. Furthermore, the economy is open

and this makes trade and exchange rates to be further sources of shocks.
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7. SIGMA is another model developed by the FED (DSGE, open economy), incorporating

many of the frictions already present in a large number of closed-economy models (habit

persistence in consumption and adjustment costs in investment) and frictions typical of

open economy models (local currency pricing and costs of adjusting trade flows). Addition-

ally, there is a large extent of flexibility due to information frictions, because households

estimate the nature of the shocks and make projections. Thus, model dynamics depend on

the credibility and transparency of policy changes, due to the presence of non-Ricardian

households.

As stated in the introductory part, Coenen et al. (2012) include a comparison with the academic

literature, in order to provide consistency to their analysis. Therefore, two key medium-scale

estimated monetary DSGE models are taken into account. The first one is ’Nominal Rigidities

and the Dynamic Effects of a Shock to Monetary Policy’ (CEE 2005), in which the authors

aim at understanding whether models with moderate degrees of nominal rigidities generate in-

ertial inflation and persistent output movements in response to a monetary policy shock. The

rigidities included are those modelled by Calvo for price and wage contracts, as well as by habit

formation in preferences for consumption, adjustment costs in investment, and variable capital

utilization. Furthermore, they predict that firms must borrow working capital to finance their

wage bill.

The second academic paper taken into consideration is ’New Keynesian versus Old Keynesian

Government Spending Multipliers’ (CCTW 2009), in which the authors try to find a role for the

fiscal policy. The model used by the authors is the Smets-Wouters model of the U.S. economy,

in which agents (individuals and firms) display forward looking and rational expectations, and

the price and wage settings are subject to nominal rigidity. Furthermore, monetary policy is

assumed to consist of interest rates adjustment every one or two years, and the impacts of a

permanent increase in government purchases is analyzed within this setting.

All the models considered but CEE are characterized by a large percentage of financially con-

strained households (non-Ricardian), who give a role to the effectiveness of fiscal policy, because

of their larger propensity to consume. On the other hand, the production side of the economy is

based on different sectors, which are various across models, however, all of them include nominal

rigidities in price and wage setting. For the fiscal structure, the variation is more visible, since

some of them allow for productive government investment, others do not take into consideration

distortionary taxes, and others imply the reaction of some fiscal instruments to adjust in case

of deviations of debt and deficit from the target. Finally, in all the models, the monetary policy
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is based on an interest rate rule responding to inflation, even though the adjustment dynamics

are differentiated.

Structure of the Analysis

Design The experiment wants to compare the steady state level of the economy for all the

models, which is considered the baseline case, in period 0, to a state where the economy expe-

riences an unanticipated fiscal or monetary shock, in period 1.

The monetary shocks considered are shocks to the interest rate reaction function equal to 1%

compared to the steady-state value for one year. The temporary fiscal policy shocks correspond

to an increase in spending or a decline in revenue for the government of 1% of the baseline GDP,

for two years. A permanent shock, instead, consists on a permanent increase in government

spending equal to 1% of the steady-state GDP.

Benchmark Case: Response to Interest Rate Shocks The authors use as a benchmark

to compare the properties of the different models their dynamic response to monetary policy

shocks. Hence, they simulate a positive one-year shock to the interest response functions equal

to 1%, followed by a reduction of the policy rate to the equilibrium level after one year. The

cross-model comparison reveals that the policy rate increases at the beginning and then it falls

below the steady state level, within two or three years. This is because it allows inflation to rise

in order to return to its target level within the medium term. Additionally, the rise in the real

interest rate decreases the GDP by 0.5% in the first year.

When giving attention to the single models instead, the authors find that the increase in the

policy rate is more powerful in those ones with smaller nominal rigidities, such as GIMF and

BoC-GEM. Overall, the results obtained in the CCTW model are in line with those of the

policy models, while the CEE implies a different behavior. In fact, it displays an initial growth

in inflation, and a very weak increase in the real interest rate, but a very noticeable shrinkage

in GDP. The explanation to this performance is given by the inclusion of the working capital

channel in the CEE model, meaning that the firms finance their wage costs with loans at the

going policy rate. The increase of the latter makes the marginal costs increase too and boosts

up inflation, and, since this is also a negative supply shock, output is reduced as well. Therefore,

from this benchmark case, we can conclude that the models picked by the authors lead to similar

outcomes, and the only exception is due to the inclusion of the working capital channel in the

CEE.
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Effects of a Temporary Stimulus The authors then analyze the effects of different tempo-

rary fiscal stimuli in different scenarios of monetary accommodation, which can be defined as

an expansive monetary policy aimed at boosting the economy. Precisely, they want to assess

how each type of fiscal action affects the economy under three different degrees of monetary

accommodation, that are: no accommodation, one-year accommodation, and two-years accom-

modation. The assessment is conducted to verify the possibility for a fiscal action to be more

effective in the case of accommodating monetary authorities. This will allow us to expand Nie-

mann and Von Hagen’s results and to gain more insights on how coordination can affect the

economic outcomes, by taking different fiscal measures under consideration.

The first policy action under examination is government consumption, which is assumed to

be of the same size of the stimulus enacted in the US during the years 2009-2010. In case of

no monetary accommodation, the models display multipliers between 0.7 and 1, by enacting

the estimation for both US and Europe. The multipliers are very low because the increase in

government demand boosts output, so the resulting inflation induces monetary policy to rise

the interest rates, and this causes a small crowding-out of domestic demand. Additionally, the

higher real interest rates decrease the real exchange rate; therefore, net exports are subject

to a negative impact, too. When the stimulus ends, the multipliers become lower than 0, be-

cause of the increase in real interest rates and of the growth in taxation. In case of one-year

and two-years monetary accommodation, the multipliers rise and the cross-model differences

become more marked. This disparity is due to the assumptions undertaken by and to the differ-

ent characteristics of each model, in terms of nominal rigidities, which have effects on inflation

dynamics. In fact, if inflation reacts strongly, a fiscal stimulus might cause a larger fall in real

interest rates. At the end of the fiscal stimulus, output remains above its trend, because the

monetary accommodation allows for a prolonged reduction in real interest rates.

The analysis is then moved on ARRA stimulus package, enacted in the US during 2009-2010, to

counteract the effects of the Recession. In that period, the monetary policy was accommodative

and the authors estimate that the responses obtained from the economy were much larger than

what they would have been during normal times. In any case, the multipliers displayed are lower

than 1, and this might be explained by the fact that the maneuver was introduced step-by-step

through a set of phase-in procedures.

When studying the fiscal measures a government can implement, it is fundamental to draw a

distinction between those which have a direct effect on aggregate demand, such as government

investment and consumption, and those which operate through secondary channels, such as
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their effects on incentives and on personal disposable income. This second type of instruments

consists in transfer-increases and taxation reductions, and they depend strongly on the behav-

ior of financially constrained households and on the presence of distortions. The former are

characterized by a very high marginal propensity to consume, which can be translated as strong

sensitivity to fiscal policy maneuvers directly affecting their incomes. We can therefore conclude

that the effect of a rise in general transfers or of a decrease in taxes strongly depends on the

stake of financially-constrained households in the population.

When focusing just on general transfers, in case of no accommodation, the multipliers almost

approach to zero, and, as predicted, the largest ones are present in those models with the high-

est percentage of constrained households (FRB-US, SIGMA, and QUEST). In the two-years

accommodation scenario, the multiplier increases in all the models, but it is still far below the

unity.

When a decrease in taxation is considered, we need also to account for the distortionary effects

it has on inflation and real interest rates, however, these consequences vary strongly according

to the type of tax cut enacted. A reduction in labor income tax displays a multiplier, which is

almost null, in any situation of monetary accommodation. This is because the lower taxation

may trigger a distortion, that is an indirect reduction of labor supply. On the other hand, the

effect of a cut in consumption taxes is more consistent in case of monetary accommodation. Fi-

nally, diminishing taxation on corporate income has nearly no impact, due to the just-temporary

duration of the stimulus and to the presence of adjustment costs.

The other type of transfers we need to consider is the one aimed just at the financially con-

strained households. The objective of such a policy action is to move the resources of the

economy, targeting the groups which need them at most. In this case, the economy responds

much more to the stimulus, showing higher multipliers, especially in those models with a low

share of constrained individuals, which are BoC-GEM and GIMF. As before, the outcome is

enlarged (almost doubled) when the monetary authority accommodates, because the decrease

in real interest rates has a positive effect also on the permanent income households, instead of

crowding it out.

Effects of a Permanent Stimulus Afterwards, the authors examine how the previously-

obtained results might change in case of a fiscal policy action perceived to be permanent. If the

government consumption, for example, is increased up to five years, under two-years monetary

accommodation, there is an initial boost for the multiplier during the first two to three years,
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followed by a smooth decline. They explain the phenomenon by stating that, if the fiscal

stimulus is more persistent, inflation increases with a larger extent causing a stronger drop in

real interest rates. However, when the stimulus lasts too long, the GDP is less and less affected

and some negative wealth effects take place, when monetary accommodation is no more taking

place. Therefore, it can be confirmed that an effective fiscal stimulus must have an intermediate

horizon, because, in this case, its direct demand and income-generating effects are greater than

its negative wealth effects.

Results and Conclusions

Now, we can draw our conclusions, by providing a short summary of the main outcomes. In

general, the fiscal actions analyzed have a considerable positive impact on output in the short-

to medium-term, and the effects are amplified when monetary accommodation is taken into

consideration. Then, targeted transfers play an important role in rising the GDP, especially

when monetary policy is accommodative. Finally, when the fiscal policy is assumed to be more

persistent, and the monetary one to be accommodative for two years, there is a drop in the

multiplier if the stimulus is prolonged beyond the intermediate-term horizon.

Overall, this work is a well-developed illustration of model estimation and comparison, and

includes a large number of policy DSGE models. Furthermore, it shows that the extent of nom-

inal rigidities, and the assumptions taken on them, may change considerably the impacts of the

policy shocks under examination. This consists of a good basis for analyzing the possibility of

small changes to the Niemann and Von Hagen (2008)’s model, in order to capture all the feasible

peculiarities. In line with the results obtained in Chapter 1, the role played by monetary accom-

modation in strengthening the effects on output is crucial for upholding our initial hypothesis

of the need for policy coordination to boost the economic outcomes. Besides the comparative

analysis performed, Coenen et al. have taken a step further than Niemann and Von Hagen, by

giving a role to the effectiveness of the different fiscal instruments a fiscal authority can exploit.

2.2 Davig and Leeper (2009)

This paper takes into consideration the large government fiscal programs in conjunction with

monetary expansions enacted by the US to respond to the Great Recession. The aim of the

authors is to investigate on how the coordinated effect of these two policies has managed to be

effective and on which role have agents’ expectations played in this policy game, thus considering

the intertemporal facets of these policies.
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The model used consists of a dynamic stochastic general equilibrium (DSGE) model with nom-

inal price rigidities and complete specifications of monetary and fiscal policies, therefore it is

structurally similar to the one developed by Niemann and Von Hagen. By taking into account

this resemblance, we aim at deepening the Niemann and Von Hagen’s conclusions we have dis-

cussed before, through the consideration of different assumptions. Indeed, Davig and Leeper

posit the following worth-of-notice suppositions:

• The nominal rigidities are accounted for by the use of Calvo pricing for monopolistically

competitive firms.

• The policy rules can change over time according to a probability distribution, and this

allows agents to form expectations on that.

• The estimated parameters (interest rate and tax policy rules) are subject to a Markov

chain.

• Government spending is exogenous.

• Labor supply is considered elastic.

• A rise in government spending causes substitution and wealth effects, whose size has an

impact on real wages, employment, consumption, and inflation. Intra-temporal substitu-

tion effects are obtained when an increase in government spending stimulates demand and

demand for labor, causing individuals to substitute consumption for leisure as real wage

rises. Inter-temporal effects depend on the real interest rate, which is subject to the move-

ments of the monetary policy and its reaction to inflation: if the monetary policy is active,

the real rate increases sharply and agents are more willing to postpone consumption. The

wealth effect is triggered by the increase in taxes, which makes individuals to work more

and to reduce their consumption level.

• The scenarios considered are: active monetary and passive fiscal policy, passive monetary

policy and active fiscal policy, and active monetary and fiscal policy (regime switching).

• The capital stock is fixed, therefore consumption cannot increase by crowding-out invest-

ment.

Additionally, the authors analyze the effects of the government spending component of the

ARRA 2009 Program, under the different regimes for monetary and fiscal policies. This cali-

bration can be connected to the outcomes of the analysis performed by Coenen et al. (2012)
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and can be also considered as a further development of the model presented in the first chapter

of this work.

The Model

Each household chooses Nt, Ct,Mt, Bt to maximize his utility function:

Et

∞∑
i=0

βi

[
C1−σ
t+i

1− σ
− χ

N1−η
t+i

1− η
+ δ
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1− κ
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Subject to the budget constraint:
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By solving the maximization problem, the equilibrium conditions for the households are ob-

tained:
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Additionally, a relationship between real money, nominal rate and composite consumption is

obtained, and it is
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From the production side of the economy, the monopolistically comptetivie firms produce

goods using labor. The demand function for a single good is:

yjt =

(
pjt
Pt

)−θ
Yt

While the production function corresponds to:

yjt = ZNjt

These equations lead us to the equilibrium condition for the market of a single-good j:

ZNjt =

(
pjt
Pt

)−θ
Yt

By taking into account the rigidities, as predicted by Calvo pricing, meaning that only a fraction

(1 − ϕ) of firms is allowed to adjust prices on each period, the sum of discounted profits to be

maximized is the following:
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The optimal price is given by the first order condition:

p∗
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Which can be simplified as:
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The condition yields the following rate of inflation:
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Policy Rules and Steady State Values

The authors employ the same policy rules they have used in their 2006 paper, because they

allow for regime-switching policies.

The monetary policy rule is:

rt = α0(SMt ) + απ(SMt )πt + αy(SMt )yt + σr(S
M
t ) + εrt

Where πt is the inflation, yt is the output gap and εrt is the random error term. The variable

SMt stands for the monetary policy regime and follows a four-state Markov chain, meaning that

there are four possible monetary policy regimes.

The fiscal policy rule is:

τt = γ0(SFt ) + γb(S
F
t )bt−1 + γy(SFt )yt + γg(S

F
t )gt + στ (SMt ) + ετt

Where τt represents the lump-sum taxes, bt−1 in the lagged debt-to-output ratio, gt is the

government expenditures-to-output ratio and ετt is the random error term. The fiscal policy

regime is SFt , it consists on a Markov chain with transition matrix, and can take just two

values.

The processes for Gt, τt,Mt, Bt must satisfy the government’s flow budget identity:

Gt = τt +
Mt −Mt−1

Pt
+
Bt
Pt
− (1 + rt−1)Bt−1

Pt

For the AM/PF, PM/PF and PM/AF regimes, the steady state debt levels are equal. They

are obtained by substituting the tax rule into the budget constraint and setting output to its

deterministic steady state level of unity, then solving for the intercept in the tax policy rule.

The result of this procedure is:

γ0(SFt ) = G−m
(

π

1 + π

)
− b

(
1 + γ(SFt )− β−1

1 + π

)
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A similar steady-state equilibrium is obtained by substituting the monetary policy rule within

the money demand relation. On the other hand, for the AM/AF regime, steady-state debt

cannot be defined, because real debt follows a nonstationary path.

Effects of an Increase in Government Purchases

The impact an increase in government purchases has on the steady-state equilibrium is identi-

fied by the authors with the following dynamics. The increase in government spending raises

demand for the goods sold by monopolistically competitive intermediate-goods producing firms;

the latter meet the demand at the prices set, by increasing their demand for labor. Higher

labor demand raises real wages and thus real marginal costs, therefore firms with the chance of

reassessing their pricing decision will increase their prices.

To understand the main differences and commonalities across the three regimes (AM/PF,

PM/AF, AM/AF), the authors have estimated the effects of a 3% increase in government spend-

ing in the three scenarios. The common mechanism underlying is that the effect of an increase

in government purchases is to increase demand and therefore output. This gives a boost to em-

ployment and productivity, from the firms’ perspective, and to real wages, from the households’

perspective. For the second type of agents, it is necessary to account for the income and tax

effects an increase in real wages may trigger. From the perspective of the former type instead,

we need to consider that a higher real wage is translated into an increased marginal cost of pro-

duction, thus, those firms allowed to adjust their pricing decision, will revise the prices upwards.

In the AM/PF policy regime, the monetary authority responds aggressively to the augmented

inflation, by increasing nominal rate by more than one-for-one. This has a positive effect on

the real rate and makes the consumption demand of the households to decline. In the long run,

the real rate and the consumption level go back to steady-state. Under this configuration, infla-

tion is weak and hence seigniorage cannot be a major player in financing public debt, and thus

taxation needs to be raised. However, the authors find that taxes respond quite sluggishly and

this makes the level of public debt to increase, peaking after the tenth period. These dynamics

resemble those of a classic RBC model.

When the regime considered is a PM/AF one, the authors rely on some previous empirical

evidence provided by Kim (2003), who demonstrated that an increase in government purchases

can raise consumption by inducing the real rate to decline. When the increase in government

purchases is expected to be persistent, the current and future demand together with inflation

are subject to an enhancement. If the monetary policy is passive, the monetary authority is not
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responsive and lets the real interest rate decline. This in turn decreases the returns to savings,

therefore households increase consumption in the current period. Additionally, since the capital

stock is fixed, the higher government expenditure and consumption make the output increase

and the multiplier is larger than in the AM/PF regime. Passive monetary policy triggers a

larger response of taxes, given that they depend on the output gap. In a PM/PF regime, the

response is even stronger and slows down the increase of debt.

The authors also gather their attention to the debt dynamics, which are given by the following

intertemporal equilibrium holding in each regime:

Mt−1 + (1 + rt−1)Bt−1
Pt

= Et

∞∑
T=t

[
qt,T

(
τT −GT +

rTMT

(1 + rT )PT

)]
The condition implies that an increase in government purchases, financed by the issuing of new

debt, makes the present value of primary surpluses to decline. This causes an imbalance between

the initial value of debt and what should back it. In order to bring the equilibrium back, it is

necessary to either increase the present value of taxes, raise the present value of seigniorage,

or allow for an increment in price level to re-value the liabilities. All these tunings can be

performed through regime switching, and the relative importance of each of them depends

on the coordinated monetary-fiscal process. When debt increases under the AM/PF regime,

it is backed by equal amounts of primary surpluses and seigniorage, and there is a long-run

adjustment to steady-state. When monetary policy is passive instead, primary surpluses decline

and seigniorage rises: if the latter decreases, the backing of debt falls below its steady-state

level, thus inflation is allowed to jump to stabilize the debt level.

The 2009 ARRA

Again, the real case examined by Davig and Leeper is the 2009 ARRA, which is a fiscal package

consisting on both government purchases and tax cuts for the size of $787 billion. The authors

simulate the outcomes of the same government spending under different policy regimes.

In the AM/PF regime, there is an increase in real interest rate right after the shock to government

purchases. Output and inflation are boosted immediately and then decrease, while debt and

taxes finance the spending by staying above the steady state for a longer term. Under the

PM/AF policy, the real interest rate decreases and this stimulates the demand for consumption.

Inflation goes far above its steady state equilibrium level by about 3% for more than one year.

The outstanding debt loses real value, and becomes much lower than what it would be under

the AM/PF regime.
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In order to counteract the increase in inflation occurring in both the just-described regimes, it

would be useful to switch to an active monetary policy (AM/AF) for a short period, given that

agents believe this regime cannot last forever. Under this regime, inflation would increase and

stay above its initial level. This would improve the levels of consumption, output and debt level.

The monetary authority would contain inflation by increasing the interest rate, and aggregate

demand is stimulated by the expectation that the rise in debt would not be followed by an

increase in taxes. The conclusion is that, since fiscal policy cannot raise taxes and decrease

debt, the inflation cannot be stabilized by the central bank. The scenario describes the need for

the two policies to be coordinated to control inflation.

Conclusions and Comparison with Niemann and Von Hagen (2008)

The main contribution of the Davig and Leeper’s work is the inclusion of Markov-switching rules

for monetary and fiscal policies into a DSGE model. They have obtained that when the regime

changes from active monetary/passive fiscal to passive monetary/active fiscal, doubly passive

or doubly active, the resulting multipliers are subject to great variation. Specifically, when

monetary policy is passive, the multiplier response to an increase in government purchases is

considerably larger. The effect is replicated when the 2009 ARRA stimulus package is simulated.

Even if both the Davig and Leeper (2009) and the Niemann and von Hagen (2008) papers

consist of a DSGE model estimation to understand the effects of monetary and fiscal policy

implementation, they differ consistently in the assumptions taken in order to develop the models.

First, they both consider a simple economy, but, while Niemann and Von Hagen (NVH) focus

just on the households and government consumption, Davig and Leeper (DL) also include the

production side of the economy. Second, NVH rely on price flexibility, to put at the center of the

attention the dynamic game between the two policies, instead DL introduce nominal rigidities,

consistent with other previous DSGE model-literature. The rigidities are expressed according

to the Calvo pricing rule, stating that firms can re-adjust prices only with probability (1 − γ),

in each period. Then, the uncertainty considered is also a font of divergence between the two

models, since NVH exclude it, by positing that it can be just caused by random shocks in the

economy. On the other hand, DL allow for the presence of uncertainty, and for the policy rules

to vary over time. Policy rules specification is the last source of variance between NVH’s and

DL’s assumptions. Indeed, while the former hypothesize the policies to be endogenous, to give a

role to the forward-looking behavior of the agents, the latter state that they are explicitly given.

NVH find that an increased impatience of the fiscal authority implies a higher responsiveness of
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the monetary policy, which instead decreases when the inflation aversion of the Central Bank

starts rising. We can compare these results to those of DL, because an independent Central Bank

can be regarded as subject to a passive regime, since it sticks to a policy rule, by taking into

account the other macroeconomic variables. Additionally, even if the fiscal authority in NVH

is myopic, it can be still considered as endorsing an active fiscal policy, because it is taking a

proactive role in stabilizing the main variables of the economy. Therefore, despite the different

specifications, both models obtain that some sort of coordination between the two policies is

beneficial to improve the output stabilization in the economy. Furthermore, since, according

to NVH, higher conservatism of the Central Bank increases debt accumulation and taxation,

it would be optimal for the authorities to temporarily suspend this condition, by making the

monetary policy active. This is in line with DL’s prediction on the positive effects of a temporary

AM/AF regime. Therefore, even if the two papers present completely different assumptions and

model-development processes, the main results are somehow similar. Even if this might consist

on further argument in favor of the higher effectiveness of policy-coordination in boosting the

economy, it would be interesting to deepen the robustness check by going through different

model specifications. The next paragraph will be dealing with this issue.

2.3 Focus on Further Empirical Literature

The model analyzed in the first chapter developed by Niemann and Von Hagen is built on very

strong assumptions, such as the absence of nominal rigidities and the exclusion of the produc-

tion side of the economy, therefore it would be interesting to understand whether other works

support their result about the superiority of policy coordination. This paragraph will take a step

further, by providing a literature analysis, including demonstrations about the strong connec-

tion between the monetary and the fiscal policy, considerations on further DSGE models using

different postulations, and a supplementary look at the Euro Area regime. The latter topic is

worth of inclusion to offer a complete overview of the whole issue, after the inclusion of Davig

and Leeper’s paper, focusing on the US situation, in the previous section. Moreover, it can be

considered as a point of connection between this theoretical part on policy coordination and the

Case Study on US, EU, and Canada we will cover in Chapter 3.

In the paper ’Monetary and Fiscal Policy Interaction: the Current Consensus Assignment in

the Light of Recent Developments’ (2009), Kirsanova, Leith and Wren-Lewis perform an anal-

ysis showing the need for an optimal monetary and fiscal policy joint-implementation to ensure

stabilization of the economy. According to them, in the past there have been two main per-
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spectives in literature, when dealing with fiscal policy. In the first one, fiscal policy can be seen

as an expedient to reach the steady-state of the model economy, where production subsidies

are financed through lump-sum taxes, borrowing or distortionary taxes. The second point of

view considers monetary and fiscal policy in flexible-price economies using a dynamic optimal

taxation approach, also in an imperfectly competitive setting and in case of sticky prices. By

putting these two together, it is possible to perform a micro-founded analysis of jointly-optimal

monetary and fiscal policy. The optimal coordination they agree upon is that an unconstrained

monetary policy should be aimed at stabilizing the business cycle and at controlling inflation,

while fiscal policy has to be focalized on taking care of government debt or deficits. Cochrane, in

’Understanding Policy During The Great Recession, Some Unpleasant Fiscal Arithmetic’ (2010),

also posits that the increased importance of the role of government debt leads to the need for

including fiscal policy when analyzing the monetary policy. In fact, fiscal constraints on taxation

and spending play a role, since the government, before reaching the fiscal boundaries, enacts

an inflationary maneuver. This call for coordination is confirmed also by Bianchi and Ilut, in

’Monetary/Fiscal Policy Mix and Agents’ Beliefs’ (2012), where they give a role to the effect

of fiscal policy on inflation, too. They estimate a DSGE model in which the monetary/fiscal

mix is subject to a structural break from a non-Ricardian to a Ricardian regime. The former

coincides with having a Central Bank allowing inflation to keep debt close to the target, since

fiscal commitment is absent, while the latter displays the fiscal authority keeping debt in a

stable path and the Central Bank regulating inflation explicitly. They find that, in the non-

Ricardian regime, inflation is considerably more volatile and persistent, and fiscal shocks are

very important, but when switching to the Ricardian regime, the shocks have a very low impact

on the volatility of inflation. The theoretical explanations to this phenomenon are provided by

Cochrane (1993-2001), who gave a role to the forward-looking behavior of the agents. Their

rationality makes them to predict that when the monetary authority stops accommodating the

fiscal one, the government will have to increase taxations and decrease spending to stabilize

debt. Bianchi and Ilut do not just give an explanation to the necessity of coordination between

policies in order for them to be effective in boosting the economic output, but they also base

their work on the regime-switching situation (confirming what obtained by Davig and Leeper)

and on the rational expectations of the agents.
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Remarkable DSGE Models To ensure completeness to our work, we need to investigate on

further DSGE models and on their main assumptions, to understand what has been missing by

NVH. We can start with the already-mentioned paper by Christiano, Eichenbaum and Evans

(CEE), which we have decided to include not because of the analysis performed, but for the

model they have developed. Indeed, they just investigate on the effects of monetary policy

shocks, without encompassing fiscal policy, however, the DSGE design they employ is a starting

point for a large part of the subsequent researches. Differently from NVH, they include some

features undermining the flexibility, such as Calvo rigidities in prices and wages, habit-formation

of households when deciding on optimal consumption, adjustment costs in investment, variable

capital utilization, and possibility for firms to borrow working capital. The use of Calvo pricing

is functional because it does not require to know the probability distribution of prices across

firms. Another main difference is the presence of the production-side of the economy, which is

divided into final-good firms (monopolistically competitive) and intermediate-goods firms (mo-

nopolists). The main reason for the high diffusion of this model can be easily given by its

simplicity paired with the possibility to easily adapt it to perform further analyses. Addition-

ally, we can state that it is far more realistic than the one presented by NVH, and the inclusion

of different features is not undermining the final outcomes. In fact, the CEE model gives a

role to an expansionary monetary policy by demonstrating a short-run hump-shaped response

of output, consumption and investment, and a medium term one for inflation. Additionally,

money growth and interest rate move in opposite directions, and there is a positive effect on

real profits, productivity and wages. The results are in line with all the theoretical literature on

this topic, therefore the just-examined model is quite robust.

In line with the CEE’s exploration, we would like to move a step further, by examining other

papers which have employed the same model, but have taken also the fiscal policy into consid-

eration. One example is ’On Fiscal Multipliers: Estimates from a Medium Scale DSGE Model’

(2010), by Zubairy. Here, the author develops her work across four main issues, which are:

the impacts of different fiscal rules implementations on output, the role of different financing

decisions on affecting the multipliers, how the expectations about monetary policy act on the

stimulative effect of fiscal policy, and the reaction of the economy to the ARRA 2009. What

we are really interested into is the third of the just-listed topics. Zubairy shows that monetary

authority’s response to deviations of output from steady-state triggers shifts of the real interest

rate. Thus, the fiscal multipliers are affected, too. If monetary policy is tight, the multipliers

are negatively influenced, while an accommodative one has a positive impact on multipliers, for
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most of the fiscal measures. The results are comparable with those of NVH, even though there

are some major contrasts in how the two models are built up. Again, NVH’s assumptions appear

to be the least realistic, since also Zubairy introduces rigidities. The latter are both nominal

(price and wage stickiness, following Rotembergs model) and real (variable capacity utilization

and investment adjustments costs), and made up by habit-formation in consumption, as in CEE.

The last DSGE paper we want to consider is ’Optimal Fiscal and Monetary Policy in a Medium-

Scale Macroeconomic Model’, by Schmitt-Grohé and Uribe (SGU), who assess how a stabiliza-

tion policy should be conducted. They develop the CEE even further, by encompassing, in

addition to the usual sources of rigidity, also a demand for money by households and a cash-

in-advance constraint for firms as nominal rigidities, and distortionary taxation as real rigidity.

The government is benevolent, labor supply is monopolistic, and prices and wages are sticky

according to Calvo’s theory. The equilibrium obtained is a Ramsey competitive equilibrium,

meaning that all the agents maximize their own lifetime utility. SGU observe that the nominal

rigidities included in their model are fundamental in the interpretation of aggregate fluctuations,

therefore we might think about NVH’s model as an oversimplification of reality. On the other

hand, a resemblance in the results can be traced also in this case. According to SGU, imple-

menting a mix of simple monetary and fiscal policies can bring the economy close to the Ramsey

equilibrium, if the interest rate rule is passive and fiscal policy is discretionary. Therefore, the

preeminence of enacting a regime involving policy coordination is again confirmed, and, addi-

tionally, there are some similarities with the results obtained by DL.

We can conclude that, even though the model analyzed in Chapter 1 can be seen as an un-

derstatement of how the economy really is, its outcomes approximately coincide with those of

more advanced DSGE models, featuring a large number of nominal and real rigidities. Our

choice has been to gather the attentions on an easier model, in order to be more mindful on the

conclusions, rather than going through complex assumptions. This advantage is in contrast with

the fact that the NVH’s outcomes are somewhat limited, compared to those obtained in more

complex models. However, no analyzed paper has shown to be adverse to policy-coordination

superiority, and the main found divergences regard the optimal policy mix.

A Brief Focus on the Euro Area After having guaranteed a large attention to the US sys-

tem, which is a good archetype of coordination of monetary and fiscal policy at central level, it

would be interesting to consider some researches based on the Euro Area. The paper ’The Gen-
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eral Equilibrium Effects of a Fiscal Policy: Estimates from the Euro Area’, by Forni, Monteforte

and Sessa (2009) is a good example of the effects of fiscal policy in the Eurozone, and provides

some continuity with the previous DSGE models considered, since it aso bases its analysis on

the CEE’s model development. They find, as Coenen et al. (2012), that the expenditure side

of fiscal policy has a little impact on consumption, especially for public expenditure and public

compensations, while, transfers to households display a larger effect. Additionally, decreases

in labor income or in consumption taxes have a large effect on consumption and output, while

a lower capital income tax boosts investment and output in the medium-run. However, fiscal

policy variables contribute little to cyclical variability of the main macro variables. Therefore,

the role of fiscal policy as an economy accelerator is not explicitly defined. We need to specify,

though, that the authors do not perform any assessment including monetary policy, and this

might also be an explanation to our results.

To be more comprehensive, we have decided to proceed considering two more works. The first

one is ’Monetary-Fiscal Policy Interactions and Commitment versus Discretion in a Monetary

Union’, and it is quite old, since it has been published in 2001, by Dixit and Lambertini. Despite

the fact that it has been written long before the Great Recession, the covered topics are still

very actual and pertinent with the those touched in our work, and for these reasons, we have

opted for comprising it. Their starting point is that the uncoordinated monetary and fiscal

policies pursue conflictive objectives, and their interaction leads to distorted results. For ex-

ample, when unanticipated monetary or fiscal policies are put into place, the outcomes are not

very clear, due to the lack of cross-country coordination. Furthermore, the authors find that in

case of discretionary monetary policy, the different goals of the two authorities cause a sort of

non-cooperative competition between them, which ultimately leads to extreme levels of output

and inflation. In this case, giving the leadership to one of the two authorities might be crucial

to lower the extremism of the situation, and to avoid sub-optimality. On the other hand, when

fiscal policy is discretionary, the value of pre-commitment in monetary policy is neutralized,

thus giving some ’power’ to inflation bias. These outcomes show that the conflict of interests

creates some boundaries to the effectiveness of the fiscal policy, while, the establishment of an

agreement on the objectives between the two authorities has beneficial effects on output and

inflation.

Ferré, in ’Fiscal Policy Coordination in the EMU’ (2008), touches another sensitive topic, which

needs to be faced when dealing with the Eurozone case. The focus is therefore on cross-country

fiscal policy-coordination, which might be subject to either a broad or a narrow agenda. The
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former implies the planning of explicit frameworks, the stipulation of an agreement on common

policy objectives and of a list of ways to achieve them. The latter is limited to monitoring

the national economic policies of the members and those actions undermining price stability,

leaving freedom to choose policy goals and instruments to the single countries. The Stability

and Growth Pact (1997) dictates the Eurozone to be based on this second type of coordina-

tion, involving surveillance on budget positions, excessive deficit procedure, recommendations

on corrective actions, and high flexibility in rules implementation. The author wants to find

the optimal extent of fiscal coordination in the EMU, observing the volatilities of the average

deficit, interest rates, outputs, and inflation in the two scenarios. The results of the simulation,

as well as the observed incentive of fiscal authorities to deviate from coordination indicate the

need to promote broad coordination in the EMU, with clear rules illustrating how to operate,

and an established forum encouraging cross-country dialogue.

We can now draw, from this literature analysis, that a coordinated-policy system is believed to

be beneficial for the economy as a whole. Specifically, it improves the effectiveness of enacting

some fiscal shocks to boost consumption, output and investment, and it has been a determi-

nant factor for counteracting recessions. Thus, we would like to address the same issue from

an empirical perspective, by providing a comparison between a policy-coordinated system and

a policy-uncoordinated one in a real case scenario. An attentive synthetic control analysis will

be explained in the detail in the upcoming Case Study.
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Chapter 3.

Case Study: a Comparative Analysis on Policy Coordina-

tion

3.1 Introduction and Motivation

The theoretical analysis developed so far delivers a wide range of results on which is the right

mix of monetary and fiscal policy actions. However, all the scrutinized papers demonstrate

that the economic output receives a stronger enhancement when the two policies are enacted in

coordination. As a supplement to the outcomes of this literature review, we can also move our

attention to the explanation to the need for coordination, provided by William Nordhaus (1994),

in the paper ’Policy Games: Coordination and Independence in Monetary and Fiscal Policies’.

According to him, the independence between authorities is necessary in order to promote output

growth without favoring inflation manipulation, but this has led a large number of countries to

incur fiscal deficits and high interest rates, undermining the level of private investments and the

long-term growth. Most of the times these flaws have been given by the lack of monetary-fiscal

policy coordination, which must be achieved in order to overcome the authorities independence.

In the upcoming case study, we would like to extend and prove the results of the previous Theo-

retical Part, by performing an empirical analysis. The underlying idea would be to compare the

economic performance of two countries, one displaying policy coordination and the other one

subject to non-coordination. As stated in the introductory chapter, the Eurozone, formed in

1999, consists of a union with fully centralized monetary policy, allowing the member states to

keep and enact their own fiscal policies. The consequences of such a strong separation of policy

actions has been and still is a largely debated topic. The idea we propose is that the incoordina-

tion of monetary and fiscal policy is one of the reasons behind the competitive divergence that

the EMU members have experienced since the creation of the euro area, especially during the

latest financial crisis. In this context, De Grauwe (2014) analyzes how the relative unit labor

costs has changed across the EMU countries, taking an average over the period 1990-2010 as

the base.

Figure 5 below represents how the wage costs for an EMU member relative to all the other mem-

bers has changed over the considered timeframe, accounting for different productivity growth

rates among the member states. As reported in the graph, starting with the latest crisis in 2007,

some countries (i.e. Ireland, Portugal, Spain, Italy and Greece) have lost significant competitive-
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ness relative to the Eurozone as a whole. These diverging patterns result from disharmonious

movements in the wage agreements, which in turn are driven by departing movements in eco-

nomic conditions.

In addition to the graph in Figure 5, it is useful to plot the Performance Index analyzed in the

Figure 5: Relative unit labor costs in the Eurozone (1999-2013), 1991-2013=100*

Introduction (Figure 6). As previously described, this index was developed by Tridico (2015)

and it is a combination of GDP growth rates and unemployment rates. Figure 6 below illus-

trates the Performance Index of the United States and European Union during the period 2007

to 2014. As we can see from the graph, starting from the very beginning of the crisis the policies

implemented in the United States led to higher GDP growth rates and lower unemployment

rates compared to the Eurozone rates.

The above findings lead us to predict that the Eurozone, in case of adverse economic conditions,

such as those generated by the recent Great Recession, will undertake a set of uncoordinated

policy actions which will make the recovery process and return to the steady state equilibrium

longer, compared to country which is implementing coordinated policies. The investigation we

propose aims at understanding what would have happened, had the Eurozone enacted the mon-

etary and fiscal policy in a coordinated way following the Recession, as other countries did, such

as the United States.

The Introduction of this entire work has delineated the main features of the Central Banks, for

both US and Eurozone, and has provided a detailed overview of the main policies and strategies
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Figure 6: Performance Index, Tridico (2015)

enacted during and after the crisis. However, it would be interesting to have a graphical overview

of the balance sheets of the Fed and of the ECB and to encompass a short comparison between

the two, in order to gain a clearer mindset of how the monetary policy has evolved during the

Recession period. As Figure 7 shows, the ECB’s assets have maintained a steadily increasing

trend from 2003 until mid-2008, when a strong and sudden expansion has taken place, while

the US’s assets have shown a constant pattern until mid-2008, followed by an increase much

stronger than the one performed by the ECB. The trends have then remained quite similar for

almost a year and have started strongly diverging at the end of 2009. We should then consider

government spending which resembles the fiscal side of the economy. Figure 8, representing

the growth rates of government expenditures as a percentage of GDP (standardized), displays

that the United States have enacted, starting from the first quarter of 2008, a fiscal expendi-

ture increasing at a much stronger rate than most of the Eurozone countries. The underlying

idea is that the US, thanks to the higher extent of coordination between policies, have been

able to perform stronger fiscal measures. Figure 9, showing instead the absolute total spending

(standardized), also confirms this impression. Indeed, the Eurozone, as a whole, has spent on

average $1000 billion more than the US, but the resulting trend is the aggregate of all the single

countries’ spending, which is subject to a set of uncoordinated fiscal actions, and thus it is not
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Figure 7: ECB vs. Fed Balance Sheet, FRED

directly comparable to the US’s one. What can be inferred, however, is that, despite the higher

absolute amount devoted to fiscal spending, the Eurozone has displayed a worse Performance

Index (Figure 6) than the United States, making us posit that incoordination does play a role.

Our evaluation will consist in a synthetic control analysis, comparing the main macroeconomic

and financial outcomes of each of the original Eurozone states to the weighted average of those

of the 50 US states, during the Recession period, 2006-2009. According to Abadie et al. (2011),

the synthetic control analysis allows to compare the outcomes of a treated unit (in our case,

the Eurozone), to those of a control unit (US). The synthetic control is implemented by using a

for loop, allowing to compare each Eurozone country to the synthetic unit (weighted average of

the US states’ economic outcomes in the Baseline Case). The underlying idea is that the con-

trol group’s outcome can be used as an instrument of approximation of the economic behavior

and outcome that would have been observed for every single Eurozone country, as part of an

umbrella of coordinated monetary and fiscal policies. This can be seen as a generalization of

the difference-in-differences econometric approach, where the effect of unobserved characteris-

tics changes over time. The advantages of performing a synthetic control analysis have been
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Figure 8: Growth rates of government expenditures as a percentage of GDP (standardized),

FRED and Eurostat

listed by Abadie, Diamond and Heinmueller (2010), in their paper ’Synthetic Control Methods

for Comparative Case Studies: Estimating the Effect of Californias Tobacco Control Program’.

According to their view, a combination of units is a better form of control and comparison for

the unit exposed to the treatment. Furthermore, the use of a weighted average of the different

units clearly specifies the relative contribution of each unit in forming the control to the coun-

terfactual analyzed and the resemblance extent of the treated unit with the control one in terms

of both pre- and post- intervention outcomes. In line with Abadie’s work, the methodology and

data we are going to use, and the analysis we will perform, will be carefully explained through-

out the following chapter.

It is necessary to postulate that the way we are going to perform the synthetic control analysis

is slightly different from Abadie et al. (2011)’s methodology. In our case, both the control and

the treated units are subject to the intervention-triggering event, that is the Great Recession,

and the pre-intervention period is lasting until 2008, which is way beyond the bursting of the

crisis. The intervention is set during the years of the implementation of the first monetary and
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Figure 9: Absolute total government expenditure (standardized), FRED and Eurostat

fiscal policies to fight the crisis, which were expansionary in all the considered areas. 2008 and

2009 are considered the years when the effects of these policies can be observed, and we stop at

2009 as that is the year when the policies implemented in the Eurozone and in the US started

to diverge. Even though the policies implemented at the beginning follow a similar patter, the

treated unit displays a different characteristic in terms of policy coordination, which is crucial

when the intervention takes place. In fact, both groups indicate similarities in terms of eco-

nomic importance at worldwide level and currency domination. Moreover, they both envisage

a separation of monetary and fiscal policies, with the latter being implemented at federal level

in the US and at country level in the Eurozone, and a mandatory independence of the two

related authorities. Additionally, throughout the period 2007-2009, right after the burst of the

crisis, both groups implemented policies consisting on injection of liquidity in the market and

on massive government programs. The characteristic we were previously referring to lies in the

section 2A of the Federal Reserve Act, which promotes coordination between the monetary and

fiscal authorities in the US. There exists no similar provision implying coordination in the Euro-

zone. We believe that the Great Recession has triggered a fundamental effect by forcing the two

economic areas to implement some extraordinary policies, which, because of the coordination
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effect, have been enforced differently. Thus, we consider as the intervention in our analysis,

not the Recession per se, but the entire policy-implementation mechanism it has caused. Since

coordination when the two authorities are independent is a usual practice, we have decided to

refer to the US as the control group and to the Eurozone as the treated one.

A further step towards precision we have undertaken in our analysis is the decision to include a

variable indicating those countries or states which have been subject to a boom in the housing

prices during the time-frame 2000-2005, which is antecedent to the Great Recession, and thus

to the period under investigation. By controlling for the anomalies in the HPI, it is possible to

strengthen the resemblance between the US states and the Eurozone countries. Indeed, some

American states have experienced a tremendous inflation in the housing prices, just before the

bursting of the bubble and of the Recession, and a similar but less exponential trend has taken

place in some European countries. Therefore, the introduction of this variable will help us to

provide a better and cleaner comparison.

By taking into account the financial crisis, we expect the Eurozone countries to show poorer

macroeconomic and financial outcomes during the Recession, and our main explanation to this

result is the lack of coordination among policies. To improve the quality of our results, we will

perform further analyses by including some variations in the control group, or by completely

switching the control group itself, from the US to Canada, which resembles more the EU coun-

tries in terms of welfare system.

Following the mere synthetic control analyses, we aim at conducting a placebo study, which

consists in applying the synthetic control to the units not exposed to the treatment, namely

the US and Canada. The placebo study can be interpreted similarly to a permutation inference

and its purpose is to make a comparison between its outcomes and the effect estimated for our

original treated unit (the Eurozone), and to evaluate whether the estimation obtained with the

initial synthetic control analysis shows a greater effect compared to the non-treated unit’s one.

Therefore, the idea underlying this application is to compare the main economic outcomes for

an area similar to the Eurozone, but with a coordinated policy-implementation mechanism, to

the economic outcomes of the synthetic control group. This will indicate whether the breach

observed for the Eurozone might be due to other issues not related to policy coordination.

The next chapters are organized as follows: chapter 2 will provide a careful overview of the

statistics underlying the synthetic control analysis, of the data and methodology used; chapter

3 will describe Experiment 1, that is the one described throughout the Introduction, in which

the Eurozone countries are considered the treated unit, and the US states the synthetic control
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group; chapter 4 provides an evaluation of Experiment 2, in which the 10 Canadian provinces

are added to the control group; in chapter 5 we will discuss about Experiment 3, where two

more macroeconomic variables (bond yields and inflation) are added to the analysis; chapter 6

will go through the placebo test to check for the robustness of the case study and of the findings,

while chapter 7 delivers the conclusion.

3.2 Methodology and Data

The Statistical Model

Before providing a full description of the econometric study, we would like to define which are

the main statistical characteristics underlying the synthetic control method. This theoretical

explanation is based on the paper ’Synth: An R Package for Synthetic Control Methods in Com-

parative Case Studies’ (2011), by Abadie, Diamond and Hainmueller, which labels the benefits

of the synthetic control in analyzing the effects of policy interventions and the advantages of

using the related R package Synth.

The first step for implementing a synthetic control analysis is to choose a proper synthetic

control unit, which consists of a convex combination of multiple units, whose weights in the

control unit are set in order to best resemble the relevant features of the treated unit during the

pre-treatment period. On the other hand, the post-intervention outcomes of the control group

provide an assessment of the outcomes that the treated unit would have shown in case of no

intervention.

The statistical analysis postulates that there exist some given units j = 1, . . . , J + 1, which

are observed throughout the time periods t = 1, 2, . . . , T . Among these units, only the first

one is subject to the intervention, while all the other J units will form the control group. The

intervention takes place at time T0+1, thus the pre-intervention periods are 1, 2, 3, . . . , T0, while

the post-intervention ones are T0 + 1, T0 + 2, T0 + 3, . . .. In this Case Study, the intervention is

made up by the extraordinary policies implemented right after the burst of the crisis.

The potential outcomes are: Y Nit , which is the outcome for unit i at time t if in case of no

exposure to the intervention, and Y Iit , in case of exposure taking place. The purpose of the

investigation is to perform an estimation of the results of the intervention on the treatment

unit in the post-intervention period, and this can be delineated as α1t = Y Iit − Y Nit . The linear

combination of the pre-intervention outcomes is defined by using the vector K = (k1, . . . , kT0
),
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and is equal to:

Y
K

i =

T0∑
s=1

ksYis

It is possible to choose any number M ≤ T0 of combinations, in order to control for unobserved

common aspects whose effects change over time. Afterwards, it is necessary to form a vector of

weights, that is W = (w2, . . . , wJ+1), which represents a given weighted average of control units,

such that the synthetic control unit that will be created will precisely resemble the treated one.

W ∗ = w∗2 + . . .+ w∗J+1 is chosen in order for the following identity to hold:

J+1∑
j=2

w∗j Ȳ
K1
j = Y

KM
1

Additionally, given a vector U of observed covariates for each unit, the following must hold too:

J+1∑
j=2

w∗jUj = U1

However, in empirical applications, as the one we are considering, it is not possible for the

identities to hold exactly. Notwithstanding, the weights must be chosen to get the best linear

approximation.

The estimator of α1t for the post-intervention periods is:

α̂1t = Y1t −
J+1∑
j=2

w∗jYjt

The implementation of the synthetic control requires then to outline a distance between the

synthetic control unit and the treated unit, by creating a matrix pooling the characteristics of

the treated unit and another one containing the features of the control group. The former is a

kx1 matrix, defined by X1 = (U1, Y
K1
1 , . . . , Y KM1 ), while the latter is a (k x J) matrix with the

j-th row equal to (U j , Y
K1
j , . . . , Y KMj ), where k = r +M .

The R package Synth(), which is going to be utilized, solves for the optimal weights vector W ∗,

which minimizes the distance

||X1 −X0W ||v =
√

(X1 −X0W )′V (X1 −X0W )

and V is a semidefinite matrix (kxk), which permits to associate different weights to X1 and X0.

The optimal V ∗ is the one minimizing, over the set of the pre-intervention periods, the mean

squared prediction error (MSPE) of the outcome variable, which is (X1 −X0W )(X1 −X0W ).

The optimization process is performed by Synth().
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Data and Sample

The Timeframe

Our sample includes quarterly panel data for the period 2006-2009 for the United States by

state, the Eurozone by country (those that had adopted the Euro in the considered timeframe),

and Canada by province. Our pre-intervention period spans from the first quarter 2006 until

the first quarter 2008. The sample period begins in 2006 to account for the effects of the last

Recession. As mentioned before, the intervention is not represented by a policy per se, but

rather by the effect of implementing coordinated fiscal and monetary policy during the crisis.

Therefore, by choosing the years of the last financial crisis, we compare the three macro-areas

during a period in which they are subject to the intervention-triggering event, that is the Great

Recession. However, the Eurozone displays a different characteristic, i.e. the incoordination of

fiscal and monetary policies, which is crucial when the intervention takes place. During 2008-

09, the FED announced the implementation of an extraordinary expansionary monetary policy,

diverging from the austerity measures that started being implemented in the Eurozone in the

same period. Therefore our analysis ends in 2009, and we have set the first quarter 2008 as the

end of the pre-intervention period, as explained in the previous chapter.

Variables

In terms of variables, we collected data for:

1. Per-capita gross domestic product: GDP data have been collected in local currency for

each one of the three macro areas, and benchmarked according to their growth from Q1

2006 per capita GDP. Indexing the data allows for comparison across the three areas,

excluding the issue of currency and the issue of different methodology for data collection

across countries. We use this variable as the main indicator of economic performance

across the regions examined.

2. Per-capita durable consumption: data for this variable have been collected and manipu-

lated similarly to the GDP data. This variable encompasses all domestic costs (by resi-

dents and non-residents) for individual needs. Among other things, it includes expenditure

on goods and services, the consumption of garden produce and rent for owner-occupied

dwellings. We include this variable for a better analysis of the impact of the crisis on

households.

3. House price index: data for this variable have been collected and manipulated similarly

to the GDP data. This variable is included to control for house prices during the Great
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Recession, given the role played by the house pricing derivatives in the crisis.

4. Unemployment rate: quarterly rates for each of the regions in the three considered macro-

areas. Unemployment rate is a crucial variable to look at to understand the effectiveness

of the policies implemented during the crisis.

5. Indicator variable for the house booming regions: this indicator variable is equal to one

for the regions that experienced an exponential growth (higher than 50%) in the house

price index between the period 2000 to 2005, and zero otherwise. To define this variable,

we collected and analyzed data for the house price index growth from 2000 to 2005, the

years just before the crisis, when some of the countries or states in the considered sample

have experienced significant growth in the prices of their properties. We calculated the

cumulative log-price growth, and assigned the characteristic of being a ’house booming

region’ based on the 50% growth threshold (the average of the cumulative growth rates in

the considered period).

6. Inflation rate: quarterly rates for each of the three currency macro-areas. Similarly to

unemployment rate, inflation rate is also a significant variable when assessing the effec-

tiveness of monetary policy.

7. 5 years bond yields: quarterly yields for each of the regions in the three considered macro-

areas. This variable is included to assess the risk of the considered regions.

Indicator House Boom

Some considerations need to be added regarding the variable Indicator variable for the house

booming regions. In order to decide whether to include it as an indicator in the study, we have

looked at whether it has had an impact on the policies implemented after the Recession. To do

so, we have used the variable Indicator House Boom, to identify those states whose cumulative

growth in the HPI was at least equal to 50% throughout the 2000-2005 timeframe. We arbitrarily

chose the 50% threshold because a price has be considered significantly inflated when the annual

growth is at least equal to 9%, hence, we aimed at capturing the yearly average effect, and at

avoiding excluding some states displaying highly fluctuating levels in the HPI yearly growth.

In order to assess the effect of the boom in houses prices on the GDP and on the policy effect,

we have calculated the variable Policy Effect, consisting on the cumulative log-GDP growth, by

summing up the log-GDP growth of each state, for each quarter, between 2006 and 2009, which

is the relevant period for the synthetic control analysis. The effect is evaluated by performing a
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regression, using as independent variable Policy Effect, and as predictor, the variable Indicator

House Boom. The latter is a dummy variable, which acts as a predictor only if the state

under consideration has a cumulative growth in the HPI at least equal to 50%. The regression,

including 70 observation, yields the following relationship:

PolicyEffect = 0.27− 0.31HPIboom

It is possible to observe the outcomes of the regression analysis in Figure 10. Considering that

Figure 10: Output of the Regression, y=PolicyEffect, x=HPIboom

the environment is an empirical application, the fact that the adjusted R square is very low (adj

R2 = 0.07) is barely relevant, and, given that the p-value is equal to 0.03, there is a significant

result, and it is possible to therefore reject the null hypothesis that a persistent inflation of the

HPI has no impact on the policy effect on the GDP. More precisely, if the state has displayed no

persistent inflation in the house prices in the timeframe 2000-2005, the policy effect will be on

average equal to 0.27. On the other hand, if the cumulative growth in the HPI has been greater

than or equal to 50%, the policy effect will be slightly negative and equal to the difference

between the intercept 0.27 and the coefficient related to the HPIboom −0.31, which is −0.04.

Given the significance of the analysis and the presence of an impact on the policy effect, we

have decided to control for the presence of inflationary trends in the house prices within the

2000-2005 period in the synthetic control analysis.

The sample size

In total, our sample size consists of 1056 observations for the seven mentioned variables, with
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quarterly frequency. The geography considered encompasses 45 of the US states, 11 European

countries, and the 10 Canadian provinces. We discard from our data those US states, whose

economies differ significantly from the Eurozone ones: Alaska, Hawaii, North Dakota, Okla-

homa, California and Texas. As it will be explained later, Alaska, North Dakota, California and

Texas have oil-based economies, while Hawaii significantly outperforms the other US states in

terms of economic statistics such as unemployment rate, cost of living, tax rates and so on. For

similar reasons, in the Eurozone sample we do not consider data for Luxemburg, whose economy

is mainly based on services. According to the IMF, in 2011 Luxembourg was the second richest

country in the world, thus representing a notable outlier compared to the other Eurozone coun-

tries.

Data for the Eurozone, Unites States and Canada

We collected the above mentioned quarterly data from the statistics database Eurostat. We

considered only those European Countries that had adopted the Euro in the analyzed period

2006-2009: Austria, Belgium, Finland, France, Germany, Ireland, Italy, Netherlands, Portugal,

Spain, and Greece.

Statistics for the United States come from the Bureau of Economic Analysis, and cover: Al-

abama, Arizona, Arkansas, Colorado, Connecticut, Delaware, District of Columbia, Florida,

Georgia, Idaho, Illinois, Indiana, Iowa, Kansas, Kentucky, Louisiana, Maine, Maryland, Mas-

sachusetts, Michigan, Minnesota, Mississippi, Missouri, Montana, Nebraska, Nevada, New Hamp-

shire, New Jersey, New Mexico, New York, North Carolina, Ohio, Oregon, Pennsylvania, Rhode

Island, South Carolina, South Dakota, Tennessee, Utah, Vermont, Virginia, Washington, West

Virginia, Wisconsin, Wyoming.

Data for Canada are available by province with annual and not quarterly frequency, on the

official statistics database Statcan. However, the synthetic control method is using the mean as

a function to design the synthetic unit. Therefore, the synthetic control optimization problem

computes the average of each of the quarterly data to construct an annual data. This allows us

to set the same data for each quarter within the same year, as the annual result for Canada will

not change. The function used within the Synth package is the predictors.op argument. This is

a character string that provides a function (eg., ’mean’, ’median’, etc.) identifying the name of

the operator to be applied to the predictors over the given time period.
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The Experiments

As mentioned in Chapter 1 of the Case Study, for completeness we decided to implement the

synthetic control in three experiments, a robustness check, and a placebo test. The five analyses

differ in terms of control and treated units, and variable included. The timeframe remains the

same. The execution of the synthetic control is carried out through the statistical software R,

and in all the variations one of the macro area is considered as a treated unit, while the control

group is usually made by one or both of the remaining regions. Our implementation of the

model differs from the usual analyses in the synthetic control literature, as we apply the model

to multiple treated units at the same time, through a for loop coding in R.

The analysis in the first Experiment considers the United States as the control group, and the

European countries as the treated unit. Because of the high correlation of the interest rates

between the two macroeconomic areas, we excluded the variables inflation rates and bond yields.

There are two sub-versions to this analysis: one including the oil-states North Dakota, California,

Texas and Oklahoma, and one without, for comparison. We examine how each of the considered

EU country would have behaved under an umbrella of coordinated policy actions, throughout

the Great Recession. To test the robustness of our results, we implemented the same analysis

with the United States as treated units, excluding the oil states, and the European countries as

control group.

The second Experiment is an analysis considering both Canada and the United States (excluding

the oil states) as the control group, and the European countries as the treated unit. Canada

is added because of the similarities between its welfare system and the European one, to add

more precision to the control units. For a comparison with the first experiment, the second one

also excludes the variables inflation rates and bond yields. To test the robustness of our results,

we implemented the same analysis with the Canada provinces as treated units, and the United

States as control group (placebo test).

The third experiment is similar to the second one, but we added the variables inflation rate and

bond yields, to conduct a more detailed analysis. The US states and the Canadian provinces

are considered as control group, while the European countries are the treated units.
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3.3 Experiment 1: the Baseline Synthetic Control Analysis

Motivation

Before performing this initial synthetic control analysis, we would like now to improve the

consistency of our sample by ameliorating the control group. Indeed, including all the 50 US

States in the control group might unavoidably lead to the circumstance that some states do not

resemble all the main characteristics of the treated unit, and that some outliers do exist. The

US as a country is the world largest economy in nominal terms and a leader in many sectors:

it is the world largest producer of oil and natural gas, and is one of the major countries both

in manufacturing and in service trading. However, two countries, Alaska and Hawaii, are not

aligned with the overall state-level behavior, due to geographic and, consequently, economic

characteristics.

Alaska’s economy is primarily based on oil and natural resources extraction, tourism (second

main state sector), and fishing (leader in the US economy). As far as oil is concerned, in 1976,

the state has even started putting aside a part of the oil revenues, creating the Alaska Permanent

Fund, paying out dividends to citizens of Alaska on an annual basis. The federal government

is one of the main employers, by creating jobs related to defense activities, and highways and

airfields construction. Finally, the costs of living, even though they have been decreasing during

the Recession period, are largely higher than the national average. On the other hand, the

Hawaiian economy is strongly based on agriculture, national defense, and, especially, tourism,

which is the main contributor to the state GDP. Agricultural products include coffee, nuts,

pineapple, livestock, seed, sugarcane and honey. Compared to the rest of the US states, Hawaii

shows much different figures: the unemployment rate is around 3%, the average in state taxes

per person are above the national average, and the cost of living in Honolulu doubles the cost

of living in most of the rest of US state capitals. On the other hand, the higher taxation leads

to better education, health care, and social services provided at state or municipal level. All the

just listed features prove the fact that these two states simply differ from the national average,

thus we have decided to consider them as outliers. In this first Experiment of our analysis,

we exclude Alaska and Hawaii from the weighted average calculation for the control group.

This has the effect of improving the credibility of the control group, since the characteristics of

the economies of Alaska and Hawaii do not coincide with those of any of the eleven Eurozone

countries taken into consideration.

Another fact worth of notice is the abundance of natural resources in the United State. Indeed,
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the US is the second largest country in the world for natural resources extraction, which includes

oil, natural gas, timber, and coal. In addition to Alaska, there are other states, which are worth

of notice due to the high dependency of their economy on these extraction activities. First,

Texas can be considered as the leader state in the oil industry, with 27 operating refineries

and producing the 36% of the total US oil output (data of 2015). Then, North Dakota is still

displaying a boom in natural resources extraction and production, thanks to the operations

of companies such as Whiting Petroleum Corporation, Continental Resources, Inc. and Hess

Corporation; overall, the oil production in this state has increased by 1000% in the years 2003-

2015. California has been declining the natural resources production since the mid-80s, but is

still ranking as third largest oil producer in the country. Finally, Oklahoma has displayed an

overall increase in production between 2005 and 2014, thanks to the fact that it is the intersection

point of the largest national pipelines, one fifth of the of the country’s commercial crude oil is

stored in Cushing, and the price known as West Texas Intermediate is determined there. The

high dependence of the just-mentioned states on the production of natural resources subjects

their economy to the price fluctuations of these resources. All the main commodities’ prices

follows the rules of supply and demand, but are also highly sensitive to other factors, such as

the commodities’ related futures, the happening of some natural disasters, the production and

extraction costs, and, most importantly, the political instability in the Middle East. These price

movements may cause shocks to the economies of these states, which have nothing to do with

the shocks provoked by the US Government’s expansionary policy implementation. We believe

that the strong influence of the commodity price fluctuations on the economies of the states

classified as main producers may undermine the consistency of the control group. Therefore,

we will variate the control unit, by dropping from the list of US States Texas, North Dakota,

California, and Oklahoma, in addition to the outliers, Alaska and Hawaii. The consistency of

our analysis is improved by the circumstance that none of the eleven Eurozone states is an oil

or natural resources producer, thus giving a higher degree of resemblance between the control

and the treatment unit.

A robustness test is conducted afterwards, by interchanging the control and the treated groups.

The US, which is not exposed to what we called treatment, namely the lack of coordinated

policy implementation, will be considered the treated group. The Eurozone, on the other hand,

will become the control unit. The aim is to analyze how each single US state would behave

under the ’umbrella’ of uncoordinated policy actions, throughout the Great Recession. This

will allow us to understand whether the results of the synthetic control are due to the lack of
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coordination between monetary and fiscal policy during the implementation of extraordinary

measures, or just to some other external factors.

Results and Outputs

In order to proceed with the conclusions regarding this initial synthetic control analysis, we need

to state a general specification regarding the synthetic control outputs. For all the performed

analyses, we have decided to rely on five different kinds of outputs, which will be available in

the Appendix. The first one is a table reporting the annual discrepancies in the real per capita

GDP trend between each Eurozone state (excluding Luxemburg) and the respective synthetic

counterpart, which, in this initial analysis is composed by all the US States (and the District of

Columbia), except for Alaska and the Hawaii, having different weights for each Eurozone coun-

try. The table shows us how much higher or lower is the GDP during the treatment period. The

second output considered is complementary and consists in a table comparing the pre-treatment

prediction values for each treated unit, the respective synthetic control, and the mean value of

all the units in the sample. The third table shows, for each treated unit, the weights assigned

to every single member of the control unit, to build up the synthetic control. On the other

hand, the fourth output is a set of graphs displaying the real per-capita GDP trend of each

single Eurozone country, and of its synthetic counterpart. Finally, the fifth set of results is a

combination of graphs too, plotting the yearly gaps in the real GDP per capita of each Eurozone

State and its synthetic counterpart.

By looking at Figure 1 and Figure 2, it is possible to infer some information regarding how

the treated and the control units behave throughout the pre-treatment period. Figure 1 shows

that the real-GDP per capita growth at the beginning of the pre-treatment period (2006) is

slightly higher for most of the treated units (the exceptions are Italy, Netherlands, Austria,

and Finland) compared to their synthetic control counterparts. On the other hand, the trend

is reversed at the end of the pre-treatment period (beginning of 2008), where only Belgium,

Austria and Finland are able to exceed their synthetic counterpart. However, from a statistical

standpoint, the pre-treatment divergence between the two is minimal, and cannot be considered

significant, meaning that each treated unit behave similarly to its synthetic control before the

intervention occurs. This statement is mainly confirmed by what the table in Figure 2 shows:

the main macroeconomic variables display very close values for the two groups, for all the treated

units under consideration. However, we need to pay attention to the variable Unemployment

Rate, which is the main exception present in this analysis: as we can observe, only Austria,

65



Netherlands and Ireland are well represented by their synthetic respective control. A possible

explanation to the better performance of almost all the control groups is the focus of the Fed on

the full employment target. This result implies that, even though the synthetic control groups

are well resembling their treated counterpart, it is still necessary to improve the quality of the

donor pool. Additionally, the variable IndicatorHouseBoom, indicating whether a country has

been subject to a boom in house pricing throughout the 2000-2005 timeframe, should not be

considered when looking at the closeness between the treated and control groups, since it is

a categorical variable used as a further control. What we can infer is just that Spain is the

only Eurozone country subject to a house prices boom, and for this reason the variable will be

dropped from our outputs from now on (even if it will still be present in the synthetic control

analysis).

The table shown in Figure 3 groups the weights assigned to each single member of the control

unit to build up the synthetic control. The general trend, which is possible to observe is that

each Eurozone country relies strongly on two or three US States, which represent it at most.

For example, the macroeconomic trend in Ireland, before the intervention, is best represented

by a combination of Maine and Montana, and all the other states in the donor pool are assigned

a weight approaching zero. Germany, Italy and the Netherlands, instead, are represented by

a wide combination of states, given that most of the US states in the donor pool are assigned

a weight greater that 1%. It would be interesting to see how the weighting system will evolve

once the set of control units will be modified.

Figure 4 collects the schedules representing the real per capita GDP growth of each Eurozone

state (solid line) and of its synthetic counterpart (dotted line). Generally, the per capita GDP

trend of the synthetic versions closely tracks the respective trend for the treated counterpart

in the pre-treatment period. The only country displaying some differences is Ireland, which

is probably not well represented by the respective control unit. When the implementation of

extraordinary policies occurs, in the second quarter of 2008, we can observe a difference in

the two trends: most of the examined treated units (subject to the non-coordination of mone-

tary and fiscal policies) show a sharper decline in per capita GDP compared to their synthetic

counterpart. The main exceptions are Belgium and Greece, displaying a trend totally opposite

to the predicted one. Moreover, Spain and France have a slightly lower real per capita GDP

growth rate compared to their synthetic control in the post-treatment period, which might not

be considered significant. Overall, the results suggest that most of the Eurozone states have

been more negatively impacted in their GDP compared to their synthetic counterpart and this
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can be further observed in Figure 5, showing the yearly gaps of per capita GDP growth, for

each treated unit and its respective control. However, the analysis has still room for improving,

in terms of choice of the donor pool, general output, and inclusion of further control variables.

These issues will be addressed in the upcoming sections.

As stated in the motivation, we have also decided to address the fact that some US states are

highly dependent on the production of natural resources and, since no Eurozone country is, they

should be dropped from the donor pool, because of their low representativeness. Additionally,

the economies of these states, which are Texas, North Dakota, California, and Oklahoma, are

strongly dependent on the shocks in oil prices, and may not account for the policy effect in a

proper way.

Figures 6 and 7 provide information on the behavior of the treated units and their new syn-

thetic counterpart in the period prior to the extraordinary policy enactment. Figure 6 shows

a reversed trend compared to Figure 1: the real-GDP per capita growth at the beginning of

the pre-treatment period (2006) is somewhat lower for most of the treated units (excluding Bel-

gium, Ireland and Greece), and at the end of the pre-treatment period almost all the Eurozone

states behave worse than their synthetic counterparts. In fact, the only countries showing a

slightly higher GDP at the beginning of 2008 are Belgium, Germany, Spain and Finland. Again,

statistically, this difference between the treated and the control group is not significant, thus

each treated unit behaves similarly to its synthetic counterpart before the intervention occurs.

Figure 7 mainly confirms this idea, and does not provide any additional information with re-

spect to Figure 2. Indeed, the variable Unemployment Rate is still the only one, which is not

well-resembled by the synthetic control units, except for Ireland and Austria. Figure 8 shows

weights assigned to each single member of the control unit to build up the synthetic control. As

before, some Eurozone countries are represented by a combination of two or three US states,

while a more variegated grouping denotes some others. This implies that excluding the major

oil producers from the control group has no impact on how the treated units are represented

by the donor pool. As it is possible to observe from Figure 3, none of the four states under

consideration has a significant weight in the synthetic group control formation of any of the

treated units, therefore in order to improve the value of the control, it is necessary to change

the donor pool, and this issue will be addressed in the next paragraph.

The impact of removing the four oil-producing states from the control group is more observable

in Figure 9, displaying the real per capita GDP growth of each Eurozone state (solid line) and of

its synthetic counterpart (dotted line), and in Figure 10, which instead plots the yearly gaps of
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per capita GDP growth, for each treated unit and its respective control. When the implemen-

tation of extraordinary policies occurs, we can observe the same GDP-growth trends already

examined in Figure 4 and 5, where the treated shows a stronger decrease than its synthetic

counterpart does, with the exception of Belgium and Greece. However, the divergence between

the treated and the control units is lower, meaning that the real GDP per capita in the control

group is decreased, compared to when the four oil producers were included. This is even more

evident in Figure 10, displaying that the GDP growth of France, Netherlands, Austria, and

Portugal, is almost equal to the one of their synthetic counterpart in the post-treatment period.

Even if this finding does not validate our initial hypothesis, we have decided to continue exclud-

ing the four states relying on the production of oil, throughout the rest of our analysis. Indeed,

the differences between the initial output and the just-obtained one have revealed that the inclu-

sion of these states may bias the overall control group. They perform economically better than

the other 44 states considered and, furthermore, their economic output is continuously subject

to oil price movements: for these reasons, it is necessary to avoid including them in the donor

pool. The next step in this analysis will be to change the synthetic control group, in order to

include for other characteristics, which might have been overlooked so far. Doing so, we will

improve the quality of the control, provide better resemblance between the treated unit and its

synthetic counterpart, and validate the initial hypothesis more firmly.

Robustness Check

One of the advantages of synthetic control method is that it allows to test the robustness of

its results through permutation tests. These tests consist of assigning the characteristics of

treated units to units that were not considered treated (Abadie et al., 2011). In our Case

Study, the United States are not exposed to what we called treatment, namely the lack of

coordinated monetary and fiscal policy, while the Eurozone is. Therefore, we have performed a

first robustness test by swapping the control and the treated groups, to analyze how each single

US state (excluding Hawaii, Alaska and the oil states) would behave under the ’umbrella’ of

uncoordinated policy actions, throughout the Great Recession.

This robustness check will allow us to understand whether the results of the synthetic control are

due to the lack of coordination between monetary and fiscal policy during the implementation

of extraordinary measures, or to other external factors. What we argue is that, since the policies

implemented during the years 2006-2008 were expansionary in both the United States and the

Eurozone, the US states would have performed worse, were they part of the Eurozone, because

68



of incoordination, among other factors.

Figure 11 in the Appendix reports the real per-capita GDP growth trend of each single US

state and of its synthetic counterpart, build of the considered Eurozone countries. From the 45

graphs, we can see that all the synthetic US states, except Indiana and Michigan, performed

worse in the post treatment period than their actual counterpart. Therefore, during a period

of expansionary monetary policy implementation in both macro-areas, we can confirm that the

Eurozone countries would have performed better in terms of GDP and other major economic

indicators, were they part of a coordinated centralized monetary and fiscal area. On the contrary,

the US states’ performance would have been worse, were they included in the uncoordinated

monetary and fiscal policy area that is the Eurozone.

These results prove the initial idea outlined in the Introduction, however, as mentioned before,

our analysis will now proceed with adding more variations that include the Canadian provinces,

and some additional variables.

3.4 Experiment 2: Adding Canada to the Control Group

Motivation

The results obtained in the first implementation of the synthetic control analysis might have been

caused by some methodology flaws we have not accounted for. For instance, the control group,

even if carefully selected, by dropping the US states behaving as outliers, might not represent

the Eurozone states in the most complete way. Therefore, as anticipated in the Introduction,

we have decided to change the control unit by picking another federal state, Canada, which

resembles the characteristics of the Eurozone from another perspective. Indeed, instead of

focusing on the structural similarities between the two groups, as it was for our original synthetic

control analysis, we aim at comparing two clusters showing similarities in terms of welfare policy

implementation. The underlying idea would be us to capture whether the resulting difference

in post-crisis performance between US and Europe is given by the policy coordination or by the

different structures of their welfare systems.

Canada started enacting the so-called social programs aimed at raising the overall welfare in

the 30s, right after the Great Depression, on the basis of those being in place in the Western

European Countries. Public healthcare can be considered a major difference with respect to

the US, since all the Canadian provinces subsidize a range of medically necessary services,

while education is granted for free for the primary and secondary schools. Furthermore, income
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support programs have been existing since the 40s, to reduce the poverty conditions of some

specific population groups, retired citizens are granted the Old Age Security, and families receive

a Childcare Benefit. On the other hand, the Unemployment Insurance has been converted to

privately funded in the 90s, since the government had to move its focus to debt enlargement.

European states enjoy welfare systems, which can be compared to the Canadian one. Education

is publicly provided to different extents depending on the countries, at high standards, while

the quality of public healthcare puts European states on the top of the WHO’s rankings, with

France, Italy, and Spain over-performing. The main differences throughout the Eurozone and

Europe in general, in terms of welfare system rely on the employment benefits granted. In this

case, it is possible to observe European systems ranging from a flexicurity regime (especially in

the Scandinavian countries) to a high conservatism in the Employment Protection Legislation

(in the Mediterranean countries). However, they all have in common the large devolvement of

resources in protecting the citizens and their welfare.

In the Introduction of this entire work, we have also listed other important characteristics of

the Canadian economy, which might strengthen our case for a model variation. In fact, Canada

enjoys low federal taxation, high fiscal freedom at province level, and cross-province resource

equalization. Even though the European citizens pay quite high taxes on their incomes to their

governments, which are more comparable to the American ones, the other two features are

meaningful for the choice of our control unit. The high discretion granted to the Canadian

provinces on how to spend their budget is very similar to the one of national governments in

the Eurozone: each country can devolve its resources on the desired scopes, following some

major guidelines dictated by the European Commission or by the EU Laws. Moreover, the

Maastricht treaty has introduced in the European legislation a cohesion fund in order to help

poorer countries and to improve the economic output at EU-level. Finally, as already mentioned

in the Introduction, as the US and the EU, also Canada has enacted some extraordinary measures

in terms of monetary expansion and substantial government expenditures to counteract the

recessionary trend in 2007.

These similarities are consistent enough to think about the Canadian economy as a reliable

control unit for the Eurozone. This will allow us to understand whether the after-Recession

policy implementation causes different effects in the US and EU because of the different fiscal

goals and orientations between the two economic areas. If Canada behaves similarly to the

Eurozone, with no significant differences in place, our argument in favor of coordination may

not be validly supported, since the poorer performance in the Eurozone after the crisis might
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also be due to the great attention devoted to welfare promotion by the fiscal authorities, long

before the Recession occurring. We will perform the analysis similarly to the previous ones, and

the outputs will be carefully explained in the following paragraph.

Results and Outputs

When the Canadian provinces are added to the donor pool, we can observe from Figure 12 that

the divergence in the real-GDP per capita growth between the treated and the control units

is less easy to describe. Indeed, while in Experiment 1, the trend of this divergence at the

beginning and at the end of the pre-treatment period was pronounced, in this case, it is missing.

The table shows that just half of the Eurozone countries are outperforming their synthetic

counterpart in all the three years, and the good achiever are changing every year. However,

as in the previous analyses, the pre-treatment divergence between the two groups is not large

enough to be statistically significant, so each treated unit behave similarly to its synthetic

control during the pre-treatment. Additionally, in Figure 13 the two groups have the main

macroeconomic variables not significantly different, for all the treated units. Even the variable

Unemployment Rate has a better synthetic representation, with the inclusion of the Canadian

provinces. With this regard, only four countries have displayed strong divergences: Spain,

Greece, Finland, and Germany. This can be due to the several economic turbulences faced by

the first two countries in the list, by the centralized job market policies hindering the working

flexibility enacted in Finland, and by the straining of the welfare system in Germany. The

respective synthetic counterparts do not replicate all these factors, and thus the unemployment

rate for the treated units becomes higher. We can therefore infer that the quality of the control

group has finally been improved, and we can now proceed with analyzing the other outcomes.

Figure 14, collecting the weights assigned to each single member of the control unit to build

up the synthetic control, shows an important difference compared to the previous Experiment.

Indeed, in this case, half of the European states are represented by a combination of several states

and provinces, and, furthermore, the contribution of the Canadian provinces is quite important.

For example, Newfoundland and Labrador, Prince Edward Island and Saskatchewan are the

exercising a strong weight on the control group of a large number of treated units. This proves

that the inclusion of Canada has been necessary in order for the analysis to be more robust.

Figure 15, displaying the trends of the real per capita GDP growth of each Eurozone state and

of its synthetic counterpart, and Figure 16 plotting the yearly gaps of per capita GDP growth,

for each treated unit and its respective control, are really helpful in providing a confirmation to

71



the initial hypothesis of the case study. Again, the synthetic versions closely track the respective

trend for the treated counterpart in the pre-treatment period, with the exception of Ireland,

and after the treatment, almost all the examined treated units (subject to the non-coordination

of monetary and fiscal policies) show a stronger decrease in per capita GDP relative to their

synthetic counterpart. The new test corrects for the anomalies, which arose for Belgium and

France throughout Experiment 1, while Ireland, Spain and Greece keep displaying an unexpected

trend. The reason underlying this behavior is the strong negative impact exercised by the Great

Recession (which is part of the pre-treatment period) in the already shaky economies of these

three countries, which has led to anomalies that could not be correctly replicated by the synthetic

groups. However, we can account for the bias present in these three treated units, and we can

hold this analysis to be more consistent and complete than the one in Experiment 1.

Overall, the presence of central coordination of policy implementation is demonstrated to be

determinant for improving the GDP growth trend. Nevertheless, it would be interesting to

expand our analysis by considering further macroeconomic variables to add as controllers, and

the issue will be addressed in the next chapter with a new variation.

3.5 Experiment 3: Inclusion of Further Macroeconomic Variables

Motivation

The similarities existing between Canada and the Eurozone, and the possibility of using the

former as a synthetic unit for the latter, allow us to proceed with the analysis of a broader range

of economic outcomes. For instance, bond yields can be considered as strongly related to the

economic performance of a country, and thus they might be worth to be taken into account.

In fact, bond yields are indicators of how the economy is moving, since the interest rates can

be seen as the cost of money. Therefore, in case of a growing economy, the increased economic

activity will imply a greater demand for money, resulting in higher interest rates. On the other

hand, a recession, as the one we are examining, entails a reduction in investing and purchasing,

which lowers the demand for money, and, as a consequence, the bonds yields. In case of poor

economic performance, a further decrease in the short-term rates is enacted by the Central

Bank, to support the economy; this drop is also reflected on the long-term yields. For this very

last reason, we can infer that the bond yields are strongly related to the inflation: the Central

Bank is eager to exercise an upward or a downward pressure on the short-term interest rates

either to contain (in case of economic expansion) or to boost (in case of a downturn) the price
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level.

The strong relationship of these two macro-variables with the economic performance makes it

interesting to include them in the synthetic control analysis. However, it is not possible to create

a synthetic control unit by using the single US states or Canadian provinces as we have done

in the initial analysis, because the municipal bonds issued at state level have several peculiar

features, especially related to tax-exemptions and trading systems, which do not resemble the

Eurozone government bonds. Therefore, a viable solution would be to consider the US as a

whole and focus on the yields of the US Treasury Bonds and of the Canadian Government

Bonds. Additionally, data on inflation are more accurate when accounted at country level.

These characteristics have made it necessary to change the control unit into a weighted average

at country level of the outcomes of US and Canada. The synthetic control will compare each

Eurozone country, which will form the treated unit, to the new synthetic unit, in terms of the

already mentioned and used outcome variables and the newly added medium-term bond yields (5

years maturity), and inflation. We need to specify that the inclusion of these two variables might

theoretically be considered of great importance given their strong relationship with the economic

performance of a country, but, empirically, the results might not be significantly different. The

results might be biased by the fact that the interest rates in the areas under examination are

strongly correlated; therefore, the analysis might not yield the desired outcomes. In any case,

we will briefly define the outcomes of this investigation in the upcoming paragraph.

Results and Outputs

By including the variables Inflation and Yields of bonds with 5 years maturity, the divergence,

both in positive and negative terms, in the real-GDP per capita growth between the treated

and the control units is minimal at the beginning of the pre-treatment period, and becomes

more pronounced at its end (Figure 17). As before, there are no specific outliers, but before

considering the divergence as significantly impacting our analysis, we need to take a closer look

at the table displayed in Figure 18. The pre-treatment prediction values for each Eurozone

country and for their respective synthetic control are the same present in Figure 13 for the

real per capita GDP, the Unemployment Rate, the HPI and the Consumption of Durables per

Capita, while Inflation and Bond Yields are added at the bottom. Therefore, except for the

previously mentioned differences in the unemployment rate values in Germany, Finland, Spain

and Greece, we can find other divergences in the bond yields of Germany, Italy, Netherlands and

Finland, compared to their synthetic counterpart. This makes us question whether including
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the variable Bond Yields is an optimal way to improve the sample of control units. In Figure

19, we observe that the general tendency is that each Eurozone country relies strongly on a

combination of two or three US States or Canadian provinces, representing it at most. However,

as in the Experiment 2, the contribution of the Canadian provinces is quite important, especially

as far as Prince Edward Island, Quebec and British Columbia are concerned, proving that the

inclusion of Canada helps improving the consistency of the control group.

The trends of the real per capita GDP growth of each Eurozone state and of its synthetic

counterpart and the related yearly gap, plotted in Figures 20 and 21, are strongly resembling the

findings of the Experiment 2. As we can observe, there is a clear alignment in the pre-treatment

period for all the treated units excluding Ireland, and a divergence starting in coincidence with

the intervention. The synthetic control unit is outperforming the treated one for all the Eurozone

countries, except for Ireland, Spain and Greece. The outcomes lead again to the conclusion that

policy coordination is playing a role in improving economic outcomes.

A consideration on these outcomes needs to be added. As we could observe from Figures 17 and

18, the inclusion of bond yields and inflation has worsened the way the control groups resemble

the respective treated units. Additionally, as mentioned in the motivation of this analysis, the

interest rates across the examined countries are strongly correlated and might have created bias,

or, at least, produced less clean results. Therefore, given that the outcomes of the Experiments

2 and 3 are quite similar to each other, we will rely on the results of the analysis excluding

inflation and bond yields (Experiment 2) when discussing the placebo test and yielding our

conclusions.

3.6 Placebo Test and Inference

As anticipated, the analysis will continue with a placebo study, which is the application of the

synthetic control to the units not exposed to the treatment (uncoordinated policy implementa-

tion). It will allow for a comparison between its results and the results obtained for the original

treated unit, and we will then be able to state whether the estimation obtained with the initial

synthetic control analysis shows a greater effect compared to the non-treated unit’s one. In

this case, the placebo study is conducted by applying the synthetic control, using the Canadian

provinces as treated units and keeping the US as the control group. We chose Canada as treated

group, in order to gain a full overview of the policy effects of a highly subsidized economic sys-

tem. This will allow us to evaluate whether the economic outcomes obtained with the initial

synthetic control analysis for the Eurozone display a greater effect compared to those obtained
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for Canada, which is not subject to the treatment. Therefore, we will then be able to point out

whether the breach observed for the Eurozone might be due to other issues related to the welfare

system in place and not to policy-coordination. Furthermore, starting from March 2009, the

US government started enacting two federal programs (Home Affordable Refinance Program,

Home Affordable Modification Program) to help house owners refinance their mortgages. Since

no similar program has been enacted in the Eurozone and in Canada to counteract the effects of

the burst of the housing bubble, this placebo test allows us to control also for the effect of these

extraordinary fiscal policies in the US, which might have biased the results when considering

the Eurozone as the treated unit.

We have used the work by Abadie and Gardeazabal (2003) as starting point and model for

conducting the analysis. The authors introduce this type of robustness check in their synthetic

control analysis on the effect of terrorism policies on the Spanish Basque County. In addition

to their main synthetic analysis on the Basque country, they perform the same analysis on

Catalonia, a region with characteristics similar to the Basque one, to check whether there is

identifiable treatment effect or not. They observe that the actual and the synthetic Catalonia

are very similar, thus showing no treatment effect.

We conduct a similar test for our Case Study. Because of the similarities between Canada and

Europe in terms of welfare system, durable consumption per capita growth, and housing prices

growth during the period, the treated unit in the placebo test are the Canadian provinces, while

the control group remains the United States, excluding Hawaii, Alaska and the oil states. We

also exclude from our analysis the variables inflation rate and bond yields, because of the high

correlation in the interest rates between the two considered areas, and because we observed

that these two variables did not add any significantly meaningful results to our Experiment 3

compared to Experiment 2.

Figure 22a and 22b in the Appendix report the real per-capita GDP growth gaps of each Euro-

zone country compared to the placebo gaps in the 10 Canadian provinces. Specifically, Figure

22a shows the contrast between the placebo tests conducted using Canada as the treated unit,

and the synthetic control analysis in which the Eurozone is compared to the United States

only (Experiment 1, without the oil states).For completeness, we have also included Figure 22b,

which compares the results obtained in the placebo test for the Canadian provinces with the

Eurozone ones from Experiment 2, which includes both the US and Canada in the control group.

The gray lines represent the gap related to each of the 10 runs of the placebo test, and denote

the difference in per-capita GDP growth between each province and its synthetic counterpart.
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On the other hand, the black lines are the gaps of each Eurozone country. As it is possible

to observe in both Figures, the gaps for the treated units during the post-intervention period

are generally larger than those estimated for the placebos. The main exception is Greece, for

the same reasons of economic downturn, we have explained in the previous chapters. We can

see that for most of the provinces there is no identifiable treatment effect, which supports our

results, as Canada is implementing a centralized and coordinated monetary and fiscal policies,

similarly to the United States. However, a minority of Canadian provinces in the placebo test

seems to show a treatment effect, mostly related to the unemployment rate: the unemplyment

rate in the synthetic control is lower than the actual one. The synthetic units of these provinces

are made almost entirely of one or two US states, instead of being made of a pool of states, which

might create biases in the results. More specifically, these provinces and the related US syn-

thetic control units are: Alberta-Nebraska, Saskatchewan-South Dakota, Ontario-New Mexico,

New Brunswick-Mississippi, Newfoundland and Labrador-Wyoming, Quebec-Kansas and Mis-

sissippi. It is important to specify that, even though in Canada monetary and fiscal policy are

coordinated, during the last Great Recession this country did not implement such expansionary

policies as in the US. This might be the reason behind the partial results in the placebo test,

and definitely gives room to further research on the effectiveness of labor policies implemented

in Canada, compared to the United States.

3.7 Conclusion

The Case Study performed consisted on a synthetic control analysis comparing the main macroe-

conomic and financial outcomes of each of the original Eurozone states (excluding Luxemburg)

to its synthetic counterpart, using as a model Abadie et al. (2011)’s paper. This econometric

method has allowed for a better form of control and comparison for the units exposed to the

treatment, and to juxtapose more precisely both the pre- and post- intervention outcomes. The

purpose was to understand whether the Eurozone, in case of adverse economic conditions, would

have enacted a set of uncoordinated policy actions which were not as effective to reach again the

steady-state equilibrium, compared to country implementing coordinated policies. The analysis

thus consisted in investigating what would have happened, had the Eurozone enacted the mon-

etary and fiscal policy in a coordinated way right after the Recession. The examined period is

the timeframe 2006-2009, with the Great Recession occurring in the pre-treatment period, and

the intervention, namely the implementation of the first monetary and fiscal policies to fight the

crisis, occurring in the first quarter of 2008. During 2008 and 2009, the short-run effects of the

76



policies enacted are observed, and the analysis ends in 2009, given the types of policies imple-

mented started diverging widely since then. Thus, we have considered as the intervention the

entire policy-implementation mechanism the Great Recession has triggered. Since coordination

when the two authorities are independent is a usual practice, we have decided to refer to the

US as the control group and to the Eurozone as the treated one.

We have performed three different experiments, with the related robustness checks, and we have

reached our conclusion step-by-step. When considering the donor pool, we have decided to use

the US states and the Canadian provinces. Beyond excluding some outliers from the beginning

(Alaska and Hawaii), we have also dropped those US states, whose economies relied on the oil

production throughout the concerned period, given their low representativeness of the treated

group and to avoid bias due to oil prices shocks. Additionally, the inclusion of the Canadian

provinces has made it possible to resemble the Eurozone characteristics also in terms of welfare

policy implementation, and improves the quality of the donor pool. On the other hand, in-

corporating further macroeconomic variables in the analysis (Experiment 3), has not increased

the value of the results, therefore we considered Experiment 2 to be the one yielding the best

outcomes.

Experiment 2 has demonstrated that, following the intervention, almost all the examined treated

units (subject to the non-coordination of monetary and fiscal policies) show a stronger decrease

in per capita GDP relative to their synthetic counterpart. This demonstrates that, if the Eu-

rozone had enacted a coordinated mix of monetary and fiscal policies after the Recession, as

US and Canada had, it would have displayed a stronger economic performance during the years

2008 and 2009. The finding is mostly confirmed by the placebo tests.

Even though the outcomes of this entire case study are quite consistent, there is still room

for improvement. Indeed, it would be interesting to analyze what would change in case of an

increase in the sample of macroeconomic variables under investigation, or by altering the donor

pool adding further OECD countries not belonging to the Eurozone, or extending the timeframe.

Additionally, another way to expand the results would be including a variable controlling for

the fact that Canada did not implement policies as expansionary as the US and the Eurozone

did. Alternatively, the extent of independence between the monetary and the fiscal authorities

in the treated and control units may be measured by creating a distinctive predictor. Indeed,

the intensity of Central Bank independence is different across countries, with the Eurozone’s

governments overseeing the ECB more tightly compared to what the US executives do with Fed.

This would allow to analyze whether the independence of the Central Bank has an impact on
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coordination and on the overall economic outcomes, and, eventually, to control for cross-country

variations. Furthermore,a follow-up experiment might be comprised, accounting for the presence

of HARP and HAMP in the American economy, through an additional cathegorical variable,

given that no similar program has been enacted in the Eurozone to counteract the effects of the

burst of the housing bubble. However, this variable might already have been controlled for by

the fact that we have included Canada in some of our Experiments. In any case, we will leave

these issues to further debates.
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Appendix A: Figures Chapter 3 
 

Figure 1: Annual discrepancies in the real per capita GDP trend between each Eurozone country and 

the respective synthetic counterpart (Experiment 1) 

 

 

 

 

 

 

 

 

Figure 2: Pre-treatment prediction values for each Eurozone country, the respective synthetic control, 

and the mean value of all the units in the sample (Experiment 1) 

 

 

 

 

 

 

 

 

 

 

 

 

  



Figure 3: Weights assigned to every single member of the control unit, for each Eurozone country 

(Experiment 1) 

   



Figure 4: real per-capita GDP growth trend of each single Eurozone country and of its synthetic 

counterpart (Experiment 1) 
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Figure 5: yearly gaps in the real GDP per capita growth rate of each Eurozone State and its synthetic 

counterpart (Experiment 1) 
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Figure 6: Annual discrepancies in the real per capita GDP trend between each Eurozone country and 

the respective synthetic counterpart (Experiment 1, without the oil states) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Pre-treatment prediction values for each Eurozone country, the respective synthetic control, 

and the mean value of all the units in the sample (Experiment 1, without oil states) 

 

  



Figure 8: Weights assigned to every single member of the control unit, for each Eurozone country 

(Experiment 1, without oil states) 

 

  

 

 

 

  



Figure 9: real per-capita GDP growth trend of each single Eurozone country and of its synthetic 

counterpart (Experiment 1, without the oil states) 
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Figure 10: yearly gaps in the real GDP per capita growth rate of each Eurozone State and its synthetic 

counterpart (Experiment 1, without the oil states) 
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Figure 11: real per-capita GDP growth trend of each single US state and of its synthetic counterpart 

(Robustness check of Experiment 1, without the oil states) 
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Figure 12: Annual discrepancies in the real per capita GDP trend between each Eurozone country and 

the respective synthetic counterpart (Experiment 2, without the oil states, including Canada) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: Pre-treatment prediction values for each Eurozone country, the respective synthetic 

control, and the mean value of all the units in the sample (Experiment 2, without oil states, including 

Canada) 

 

 

 

 

 

 

 

 

 

 

  



Figure 14: Weights assigned to every single member of the control unit, for each Eurozone country 

(Experiment 2, without oil states, including Canada) 

  



Figure 15: real per-capita GDP growth trend of each single EU country and of its synthetic 

counterpart (Experiment 2, without the oil states, including Canada) 

 

Belgium    Germany    Ireland 

 

Greece     Spain     France 

 

Italy     Netherlands    Austria 

 

Portugal    Finland 

 

  



Figure 16: yearly gaps in the real GDP per capita growth rate of each Eurozone State and its synthetic 

counterpart (Experiment 2, without the oil states, including Canada) 
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Figure 17: Annual discrepancies in the real per capita GDP trend between each Eurozone country and 

the respective synthetic counterpart (Experiment 3, without the oil states, including Canada, with 

inflation and bond yields) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18: Pre-treatment prediction values for each Eurozone country, the respective synthetic 

control, and the mean value of all the units in the sample (Experiment 3, without oil states, including 

Canada, with inflation and bond yields) 

 

 

 

 

 

 

 

 

  



Figure 19: Weights assigned to every single member of the control unit, for each Eurozone country 

(Experiment 3, without oil states, including Canada, with inflation and bond yields) 

 

  



Figure 20: yearly gaps in the real GDP per capita growth rate of each Eurozone State and its synthetic 

counterpart (Experiment 3, without the oil states, including Canada, with inflation and bond yields) 
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Figure 21: yearly gaps in the real GDP per capita growth rate of each Eurozone State and its synthetic 

counterpart (Experiment 3, without the oil states, including Canada, with bond yields and inflation) 
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Figure 22a: real per-capita GDP growth gaps of each Eurozone country (Experiment 1, without oil 

states) and placebo gaps in the 10 Canadian provinces (Placebo effect of Experiment 2, without the oil 

states) 
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Figure 22b: real per-capita GDP growth gaps of each Eurozone country (Experiment 2, without oil 

states) and placebo gaps in the 10 Canadian provinces (Placebo effect of Experiment 2, without the oil 

states) 
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