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Abstract 
This paper investigates how the introduction of a single currency influences the synchronization 

of business cycles in Central Eastern European Countries. The Hodrick-Prescott filter is applied 

to extract the cyclical component of real GDP for fifteen European countries and the Vector 

Autoregression models are applied to further investigate the influence of fiscal policy on regional 

economies. A database of quarterly real GDP for business cycles and quarterly current account for 

fiscal variables for the period: 1995Q1-2019Q4 is constructed. The main results of the study can 

be summarized as follows. The establishment of the Economy Monetary Union has significantly 

increased the level of co-movement across euro area member states. There is a high degree of 

synchronization of business cycles in core countries than periphery countries after the introduction 

of the common currency. For CEEC-7 including non-Eurozone countries (Czech Republic, 

Hungary, Poland) and Eurozone countries (Estonia, Germany, Slovakia, Slovenia), clusters in 

correlation exist because their GDP reacts differently to the fiscal shocks especially after the global 

financial crisis and ongoing euro area crisis. 

 

Abstrakt 
Tato práce zkoumá, jak ovlivňuje zavedení jednotné měny synchronizaci hospodářských cyklů v 

zemích střední a východní Evropy. Byl použit Hodrick-Prescottův filtr k separaci cyklické složky 

reálného HDP pro patnáct evropských zemí a byl použit model vektorové autoregrese k dalšímu 

zkoumání vlivu fiskální politiky na regionální ekonomiky. Byla vytvořena databáze čtvrtletního 

reálného HDP pro hospodářské cykly a čtvrtletního běžného účtu pro fiskální proměnné pro 

období: 1. čtvrtletí 1995–4. čtvrtletí 2019. Hlavní výsledky studie lze shrnout následovně. 

Vytvoření Hospodářské měnové unie významně zvýšilo úroveň společného pohybu napříč 

členskými státy eurozóny. Po zavedení společné měny je vidět vysoký stupeň synchronizace 



hospodářských cyklů mezi zeměmi v jádru než v periferních zemích. Pro země CEEC-7, včetně 

zemí mimo eurozónu (Česká republika, Maďarsko, Polsko) a zemí eurozóny (Estonsko, Německo, 

Slovensko, Slovinsko), existují korelační klastry, protože jejich HDP reaguje odlišně na fiskální 

šoky, zejména po globální finanční krizi a probíhající krize v eurozóně. 
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Introduction  

To encourage the process of European economic integration, the European economic and monetary 

union (EMU) has been established in 1999. The member states in the EU are subjected to fulfill 

the entry criteria of the euro area and are assumed to be committed to joining the single currency. 

Since the formation of EMU, many EMU member states met the criteria of the Maastricht 

convergence and smaller EU countries including Slovenia, Slovakia, Cyprus, Malta, and Estonia 

have subsequently adopted the common currency as well. In fact, the synchronization of the 

business cycles is regarded as the pre-requisite for the success of the monetary union and the 

commonality of the volatility in business cycles determines the survival of a monetary union 

(Alesina and Barro, 2002). The synchronization of business cycles is defined by Degiannakis and 

his colleagues (2016) and it refers to the level of co-movement of the boom-bust economic phases 

of the member states over time. There is a difference between the synchronization of the business 

cycles and the convergence in economic growth rates. Specifically, convergence refers to the 

catch-up effect in the growth rate among countries, while synchronization refers to the co-

movement of growth rates among countries.   

The common monetary policy can effectively be used as a tool to stabilize the macroeconomic in 

the member states, whose business cycle is synchronized. In reverse, the adoption of the common 

currency can also encourage the synchronization of the business cycles as well. In theory, the 

increase trade in both goods and financial assets may affect the synchronization of the business 

cycles as well. In a wide range of theoretical models, intense bilateral trade is highly correlated 

with business cycles. Frankel and Rose (1998) suggested that the demand shocks are more easily 

transmitted across the national borders because the trade barriers caused by different currencies 

have been removed. More symmetric and structural shocks and technology spillovers effects which 

lead to a higher degree of synchronization of national business cycles are propelled by the 

economic and monetary integration. Rose (2000) examined the volumes of trade contributed by 

currency unions post-war. It suggested that the domestic economy and government revenues were 

potentially fostered by the increase in trade. Obviously, the common currency is expected to offer 

an increase in cross-border trade, lower interest rates, inflation rates between EMU countries and 

that may encourage the synchronization of business cycles.  
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Besides, an increasing research (Campos and his colleagues, 2019, meta-analysis) shows it seems 

not suitable for some countries to join in the currency union ex-ante, but the increasing of trade 

between member states will lead to a synchronization of the business cycles. Both core and 

periphery Eurozone countries experience a more synchronized business cycle and that makes the 

common currency becomes optimal in the region. In addition, the greater flexibility of labor is 

significant when the nominal exchange rate depreciation is absent (Al-Sadiq, Bejar and Ötker, 

2021). The lack of adjustment mechanisms has been a potential reason for the labor market reform 

besides the undermining of credits caused by the financial crisis. Then it is preferable for some 

countries to join in a currency union as their labor mobility may also become endogenous because 

of the currency union.  

However, many skeptics worried about the single currency policy would be less effective for such 

a diverse group of nations. To stabilize the national-specific aggregate fluctuations, a separate 

monetary and fiscal policy is needed1. It is crucial for the common monetary policy that the timing 

of business cycles is similar among the EMU members. However, the magnitude of the business 

cycles may differ even if the business cycles are similar. In that cases, the intensity of the policies 

may have to be unique as well.  

Even before the adoption of the euro, Krugman (1991) argues that due to the increased economic 

integration, the income insurance through greater capital integration will lead the business cycles 

of EMU countries to become less synchronized as the integration will move towards a more 

specialized process in national economies. The most important issue was whether the business 

cycles for different countries could become adequately synchronized. The degree of 

synchronization will influence the effectiveness of the across-broad monetary policy to all 

countries in EMU and the monetary policy will be ineffective and unstable if the business cycles 

are unsynchronized. A contractionary monetary are beneficial for countries that undergo 

expansionary phrase to defuse the inflationary pressures. While on the contrary, the expansionary 

policy is needed for countries that are in the contraction phrases to stimulate economic growth. 

For example, in the early stage of the adoption of the euro, peripheral countries in EMU such as 

Ireland and Spain have experienced asset and housing bubbles and would have benefited from a 

                                                      
1 Jan Tinbergen has formulated a rule which states that when there are multiple economic objectives, the 
policymakers should control at least one policy tool for each economic targets. Because the achievement of certain 
policy economic targets precludes the achievement of others. 
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tighter policy between 1999 and 2006. While core countries such as France and Germany 

experienced an anemic growth and have benefited from the looser money policy and lower interest 

rate. In recent, many peripheral countries face lots of issues such as housing bubbles, high 

unemployment rates, current account imbalances and heavy debts in private sectors. Some blame 

the loose monetary policy that is favorable by most core countries for laying the foundations for 

the economic and financial crisis in 2007 and the ongoing euro area crisis. However, the 

fundamental cause of the difficulties for the euro area comes from the inherent contradiction 

between a single, supranational currency and the maintenance of nation-based fiscal policies and 

financial regulation (Lane, 2012). Thus, some critics argue that Eurozone may not be a literally 

optimal currency area.  

After adopting the common currency, the business cycles synchronization may also decrease. 

According to Sideris (2011), the economic growth is observed heterogeneous between core and 

periphery Eurozone countries. For example, the capital may flow from core countries to periphery 

countries, the increase of foreign borrowing may stimulate the growth of the local economy. 

Besides, the inflation rate is different among member states. With the common currency policy, 

the low-inflation countries may experience higher real interest rates than high inflation countries. 

Besides, countries with high inflation rates could also undermine the competitiveness in prices 

unless it is compensated by an increase in productivity. The adoption of common currency 

encourages the divergence in growth rates between core and periphery countries. The cross-

country heterogeneity analysis is significant for establishing sustainable governance for the euro 

area.  

The purpose of this dissertation is twofold: firstly, whether there is a business cycles 

synchronization in CEECs after common currency is introduced. Second, investigate the influence 

of fiscal policy especially after the financial crisis on the business cycles of CEECs. In order to 

answer these two questions, the Hodrick-Prescott filter and the Baxter-King filter will be first used 

to extract the cyclical component of the real GDP. Then, the correlation test will be employed to 

find the synchronization of business cycles across countries. Both correlation matrix and heat map 

will be used to illustrate the relation across countries influenced by the common currency. In order 

to investigate the stationarity properties of each time series, it is essential to test the unit roots in 
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time series. Finally, we will use the impulse response shocks to analyze the business cycles after 

the adoption of the common currency and trace the shocks of fiscal policy.   

1. Literature Review 

1.1 OCA theory 

1.1.1 Introduction of OCA theory  

The background of OCA theories came from the debate on the benefits of fixed versus flexible 

exchange rate regimes and the comparison of the features of US and European Economies. 

According to Mongelli (2002), there are four main stages for the development of the OCA theories. 

The first is the “pioneering phase” (1960s-1970s). The second is the “reconciliation phase” (1970s). 

The third is the “reassessment phase” (1980s-1990s). Fourth is the “empirical phase”.  

In the pioneering phrase, the OCA properties have been brought out and it marks the start of the 

debate on the currency area’s borders. Mundell (1961) defined the Optimal Currency Area as an 

economy equilibrium region without fiscal and monetary intervention. He claimed that the flexible 

change rate regimes are effective tools that can be used to restore the economic equilibrium in two 

regions facing exogenous country-specific shocks. In addition, the single currency could also be 

used as “another adjustment mechanism” in the same region. Besides, he highlighted that the key 

criterion of the monetary union is workforce mobility and labor costs flexibility. High labor 

mobility enables two regions to become economically efficient under the common monetary policy 

such as fixed exchange rate. In addition, Mundell believed that a common currency area might 

more likely to be formed under the condition that two regions share symmetric shocks and the 

aforementioned criteria are both absent. Then supplement criteria were defined by McKinnon 

(1963) concerned with the openness of the economy and the dividing factors, such as capital and 

labor mobility. After that, Kenen (1969) further broaden the theory by highlighting the criterion of 

production diversification. These criteria assumed countries’ diversified production is closely 

related to the openness of the economy. The higher degree of openness in the economy and the 

higher their production is diversified, the higher the potential benefits from the monetary union 

will be. However, the weakness in this phrase is the lack of the unifying framework to reconcile 

the OCA properties and most of the properties were lack clear empirical content. Kenen also 

introduced a crucial condition for the monetary union which is the integration in regional fiscal to 
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reduce the asymmetric shocks in two regions. Thus, he emphasizes the suitability of the fixed 

exchange rate regime in fiscally integrated regions. In this phase, the benefits of the formation of 

Optimal Currency Area were highlighted. As the OCA will increase the usefulness of money and 

fosters fierce competitions. The internal market will be strengthening by the disappearance of 

uncertainty in intra-area nominal exchange rate. Besides the cross-broader foreign direct 

investments will also be promoted (Mongelli, 2002). 

Then in the reconciliation phase, the scholars began to investigate the OCA properties and weighed 

with one another to gauge their relative importance. The field has been moving from theory to 

empirical analyses. Some new insights have been provided during this period, for example, new 

“meta-property”, the similarity of shocks and the analysis of costs and benefits. Ishiyama (1975) 

claimed that for each country, the evaluation of benefits and costs of joining a currency area should 

be based on its own self-interest and welfare. He also emphasized that the differences in social 

preferences will lead the inflation rates and wage increase to vary from others. The importance of 

national demand management policies overwhelms other OCA properties. While Corden (1972) 

pointed out that a currency area is more likely to be formed between a group of countries that 

respond to the shocks in similar ways because less exchange rate adjustment will be needed 

between them. In this phase, the analysis of costs and benefits from joining a currency area raised 

more attention. McKinnon (2001) emphasized the international risk sharing through common 

currency to mitigate the adverse impacts of asymmetric shocks among different countries. An 

idiosyncratic shock will be subjected to participating countries as they ‘insure’ each other through 

private financial markets. On the contrary, the switching costs and administrative costs will prevent 

the national government from the marginal costs equilibrium in taxation and inflation.  

After that, in the reassessment phase, Emerson and his colleagues (1992) argued that the OCA 

theory represents an early analytical framework in EMU as it defined the geographic domain 

mainly based on monetary and economic competencies. That is a narrow and outdated framework 

to explain the EMU question. A new OCA theory starts to appear at the end of the reassessment 

phase. In this phase, the costs of association to a currency union have been compared with the 

costs of the autonomy domestic monetary policies’ loss. The cost of monetary integration depends 

on the significance of lost policies for welfare and whether there are alternative mechanisms to 

compensate for the lack of monetary instruments including the mobility of labor and fiscal policies. 
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The principal OCA criteria is a precondition for entrance into the Eurozone. Maastricht Treaty 

(1992) chose some convergence criteria, such as inflation, government debt, interest rate, exchange 

rate stability and etc. to ensure the monetary, fiscal and structural policies were converged.  

In the final stage, the scholars mainly focus on the European countries and reviewed the OCA 

properties in backward looking to investigate the changes (Mongelli, 2002). Scholars like Frankel 

and Rose (1997) challenged the macroeconomic convergence criteria through empirical research 

and argued that the states can enter a monetary union without fulfilling the preconditions. Dellas 

and Tavlas (2009) indicated the importance of the real convergence in countries for the OCA 

theory. They predicted the possible outcomes for the developing countries in case of the common 

monetary police, which set the stability of price as an objective. Low interest rate, “inappropriate” 

investment structure, optimistic expectations of income and excessive domestic demand led the 

economy hard to improve its competitiveness and voluntarily undergo a prolonged deflation. The 

following researchers were propelled to study both the ex-ante and ex-post convergence in 

business cycles.  

1.1.2 Endogenous of OCA criteria  

Previous literature investigated the Optimal Currency Area (OCA) theories and analyzed the costs 

and benefits of joining a currency union that depends on the extent of the compliance of the 

member countries with the OCA criteria. In particular, the OCA theories mentioned the following 

criteria. First, the degree of openness in the economy may determine the potential gains from the 

OCA. The country will benefit from the currency area if they trade within the OCA accounts for a 

high percentage of domestic output. Second, the importance of the synchronization of the business 

cycles and similarity in shock is highlighted in OCA theory. While for the countries that have 

asymmetric shocks and desynchronized business cycles, the country-specific adjustment should 

be taken which is hard to be achieved in the single-currency union. Third, mobility, especially 

migration, is treated as an alternative adjustment. Through improving labor mobility, the adverse 

effects of the asymmetric shocks could be adjusted so the pressures for the adjustment of the 

exchange rates will be reduced. Fourth, the importance of product diversification is stressed. The 

countries that export high homogenous products will be more vulnerable to sector-specific shocks. 

Fifth, the asymmetric shocks will also be eliminated by the fiscal transfers in a currency area. 

Finally, the degree of policy integration and the similarity between the inflation rates is highlighted 
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in OCA theory. The high degree of integration in the policy before the entering of the currency 

union will lower the costs for participating countries.  

Adopting the common currency consists of both benefits and costs and the Optimal Currency Area 

(OCA) theories addressed these issues and provided the theoretical evidence of adopting a single 

currency in European Countries. The benefits of adopting common currency will be mainly focus 

on two aspects. First, the transaction costs will be reduced and second the currency risk will 

disappear. While the costs of the single currency policies would be the high possibility of an 

unstable economy, as the central bank and domestic governments are unable to pursue independent 

monetary policies and exchange rate policies. The loss of the monetary policies instrument will 

affect the equilibrium that depends on the degree of flexibility of factor markets and the nature of 

shocks that influenced the domestic economy. For example, the more rigid factor markets and 

more country-specific shocks, the loss of monetary autonomy will be more significant. As the 

currency union requires a “one size fits all” monetary policy, the cyclical shock among different 

countries should be symmetric and their business cycles should also be converged. The OCA 

theories highlighted the significance of the symmetric shocks and business cycles and the 

endogenous OCA criteria were thought of as a “political” debate on EMU but it also contains 

economic rationale (Fidrmuc, 2004).  

The OCA theories assumed that the benefits of the monetary union came from whether the union 

shared certain common characteristics (OCA properties) among its members. If the business cycles 

are synchronized, the cost of the possibility of giving up the independent monetary policy would 

be minimized. Thus, before giving up its independent monetary and exchange rate policy and 

entering into the Eurozone, a country should also consider whether its business cycles are 

sufficiently synchronized with the Eurozone countries. Besides, Artis and Zhang (1997) 

investigated the effects of the Exchange rate Mechanism (ERM) of the European Monetary System 

(EMS) on the linkages and synchronization of business cycles between counties. They 

characterized ERM according to Canzoneri (1982) and theoretically, a small economy will 

involuntarily import the disturbances that affected the dominant if they choose to target its 

exchange rate against the currency of the dominant country. Based on that, policy instruments are 

required to enforce this even though there is a possibility that the shocks are imported from the 

country’s own idiosyncratic disturbances. Artis and Zhang further boarded the definition of ERM 
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as a hegemonic system and centered on Germany. Through empirical research, they found that the 

increasing number of intra-EU trades bolster the business cycles affiliation of ERM member states 

transform from the U.S to Germany. Bayoumi and Eichengreen (1997) used ordinary least squares 

to model the bilateral deviation of the currency exchange rate with exogenous variables. The OCA 

indexes were calculated by the estimated parameters of the exogenous variables such as GDP 

formation symmetry, the intensity of mutual trade relations, the export structure and the size of 

economies. They concluded that the lower the value of the OCA index, the higher potential they 

will enter into a monetary union. Then Frydrych and Burian (2017) based on the quantification of 

OCA indexes, re-estimated the parameters from the selected economies. The high determination 

coefficient of the model and significance of parameters support the OCA theory. However, they 

argued due to limited input data, the model is burdened with lower information ability. The 

majority of countries did not lower the nominal exchange rate that is important for the smooth 

membership in EMU.  

While Frankel and Rose (1998) argued that OCA could also be ex-post because the adoption of 

the common currency would stimulate trade between currency union members and the increase of 

trade would also encourage the correlation of the business cycle. Besides, Fidrmuc (2004) 

examined the hypothesis raised by Frankel and Rose. He confirmed the OCA theories and 

addressed the essential of the trade structure for the business cycle co-movement. The sensitivity 

analysis also revealed that when the country is preparing to be a member of EMU, a positive effect 

has already been imposed in the synchronization of the business cycles.  

1.2 Global Value Chains (GVCs) 

1.2.1 Economic integration in Europe 

Economic integration has been extensively studied in previous literature and Balassa (1962) has 

defined the theory of integration in five forms. First is free trade areas, which enable the exports 

and imports among its participates without any restrictions. The member states could have their 

own agreements with non-member countries. The second is custom unions, which impose a 

common external policy to non-member countries but free trade is allowed among member states. 

The third is common markets, which add some freedoms of factors based on the nature of basic 

models, trade-in services. Fourth is the economic unions, which have common rules and national 
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economic principles among participates. Fifth is total integration refers to add a common currency 

(Begg, 2021). These five forms capture the stages of the evolution of the European Union (EU).  

The single market is the economic core in the EU, which characterized by four freedoms of 

movement: goods, services, labor and capital. It eliminated the tariffs and quotas by curbing a 

plethora of non-tariff barriers. The regulatory sovereignty of the member states in the EU has been 

limited by the single markets and the powers have been transferred from the national to the 

supranational level. After the creation of a single market, a bold extension of the European 

integration project is ongoing with the creation of the euro. The members in the EU are subjected 

to fulfill the entry criteria of the euro area and are assumed to be committed to joining the single 

currency. Until now, the rest of the EU members who have not entered into the Eurozone are 

considered ‘derogation’ from their obligation and are supposed to be temporary. Both of the 

advanced measures in the single market and the reduction of the trade barriers in the EU are 

liberalizing the market.  

To be specific, Central and Eastern European Countries (CEECs) outperformed other countries in 

the degree of participation in GVCs and the high levels of FDI in Europe. In the transition period, 

these countries got continuing FDI inflows and they have established their own platform for export. 

Besides, the linkages between the GVCs in Europe are formed around the Machinery 

manufacturing, Basic metals and Chemicals sectors in Germany. For example, the automotive 

industry has become a driving force in the economic development of the Visegrad countries (Czech 

Republic, Hungary, Poland and Slovakia) of Central Europe (IMF, 2013) and the EU (intra-EU) 

export product groups of these Visegrad countries belong to the SITC 7 categories (machinery and 

transport equipment). Among the most important is the trade structure with the non-EU areas 

(extra-EU) export, like rubber tires or medicaments. In the Motor Vehicles manufacturing sector, 

the highest-valued GVC linkage is the exports from Germany to the Czech Republic. The 

Slovakian export is highly concentrated on motor cars (giving almost half of the non-EU exports). 

The Polish leading export product groups contain furniture, cosmetic preparations and plastic 

articles. The cross-border trades propel Visegrad countries to gradually become the center in the 

German-oriented automotive cluster. However, these tendencies do not narrow into a 

specialization niche as the CEECs have also tried to integrate into a wide range of value chains 
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that contained other sectors as well. Thus, a deep integration through production networks for the 

structure upgrading and broad-based competitiveness impose a positive effect on value chains.  

In the literature of GVCs, the gross exports have decomposed into value-added components, 

distinguish domestic value-added, foreign value-added and double-counted value-added to 

compute the forward and backward GVC participation of countries and their sectors (Hummels et 

al., 1998). The increase in FDI encourages many CEECs to begin to search for ways to increase 

the value-added from the investments, for example through increased backward linkages2 and 

forward linkages3. The backward participation refers to the foreign value-added share of gross 

exports, by value-added origin countries (figure 1, upper graph). From figure 1, between 2005 and 

2015, it is clear that for some core Eurozone countries the value-added through backward linkages 

is low compared with the non-Eurozone countries and periphery countries. Specifically, the 

foreign value-added of exports in CEECs such as Hungary, Czech Republic, Slovenia, Slovakia 

and Poland have been highly convergent with Eurozone, which potential implies greater 

interconnectedness with EMU countries. Even though the Czech Republic, Switzerland and Poland 

are non-Eurozone countries, their export-quality are benefited from participation in GVCs with 

Eurozone through backward linkage. 

The forward participation (Figure 1, bottom graph) measures the domestic value-added in foreign 

exports as a share of gross exports, by foreign exports countries. Denmark, Poland, Czech Republic 

and Switzerland are important in domestic foreign value-added of exports among 10 years with 

Eurozone, compared with Germany, Italy and France in figure 1(bottom graph). Especially there 

is an increasing trend for non-Eurozone countries like Poland, Czech Republic and Hungary, 

suggesting they have been increasing their importance as an intermediate goods supplier in GVCs 

with Eurozone countries. The synchronization of their business cycles’ convergence may be 

influenced by the high volumes of trade in Europe as well. There is a positive relationship between 

the degree of bilateral trade integration and bilateral business cycles correlations, because of the 

backward and inward linkages in Europe. 

                                                      
2 Backward linkages(“Sourcing”): the local firm supplies raw materials, intermediate products or services to the foreign affiliates. 
3 Forward linkages (“Distribution”): the foreign affiliates sell goods or services to domestic firms or the domestic company use 
the final products of the foreign affiliates as raw materials in the local production process. 
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Figure 1: Backward (upper graph) and Forward(bottom graph) participation in GVCs with 
Eurozone from 2005 to 2015 

 

 
Source: OECD statistics, TiVA December 2018: principal indicators 

1.2.2 Cooperation of Clusters in the GVCs 

Value Chain is used to analyze the complex procedure from the product design, production, 
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distribution, marketing and delivering to the final consumers. The value is added in each stage of 

this process but the total added value of the product that contributes to different stages of the value 

chain is not equal.  

 The global value chains analyzed the global flows of services and products under the international 

trade and development theories. It imposed a positive impact on export quality and brings the 

export quality of countries closer to the quality frontier. Gereffi and his colleagues (2005) 

introduced GVCs to investigate the value distribution among countries and focused on three factors: 

the complexity of transactions, ability to codify transactions and capabilities in the supply base. 

Recently, researchers and policy makers investigated on the role of GVCs based on 

industrialization strategy, innovation and technology spillover effects, supply chain resilience, 

regional development, labor issues, economic crisis, national accounts and etc (Inomata, 2017). 

The inequality of value-added distribution in the GVCs in different countries is rising as the 

companies locate their factory in different countries to optimize their costs. The concern of policy 

makers towards countries engaged in lower value-added activities in the GVCs is increasing.  

The clusters were defined by Porter (1998) as “geographic concentrations of interconnected 

companies and institutions in a particular field”. The European Commission highlights the 

importance of economic clusters in small specialization strategies (European Commission, 2013) 

The competitive advantages of countries should be based on the specific strengths and assets of 

the countries. The efforts and investments should be allocated within the economics areas of smart 

specializations. With the support of the European Commission, cluster cooperation is improved 

from 2000 to 2017 (figure 2 and 3).  

Artis and Zhang (1997) analyzed the cycle before and after the beginning of ERM and found that 

after 1979, the world business cycles became more group specific. The business cycles of ERM 

countries were tied with the German’s while the countries that were outside the ERM system had 

a weaker cyclical correlation with Germany. While from the GVCs mapping (figure 2), even some 

countries that have not adopted the euro as their common currency will also have a synchronization 

of the business cycles with Germany’s. Therefore, there is a possibility that the business cycles of 

non-Eurozone countries are synchronized with the Eurozone countries because of their cross-

border trade with Germany. It is obvious that Germany, Japan and the USA were three large 

regional supply hubs in 2000. They all had strong linkages to their neighboring countries. In 
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European countries, Germany was the largest value-added supply hub. Both Eurozone and Non-

Eurozone countries were imported from Germany in final products. Apart from Germany, there 

are other supply hubs in Europe for example, France and Switzerland. While compared with the 

situation in 2017, the network in European countries has not changed significantly. But there was 

no longer a linkage among Europe, North America and Asia. China had replaced Japan to became 

a global supply hub of value-added export through final products trade and it also became an 

important linkage with the US and Germany. Trade had fewer linkages among the regional hubs 

and became more concentrated among the countries within the same region. Luxembourg, Ireland 

and UK became an indirect connection between the USA and Germany. The volume of the value-

added flow between Germany and the Netherlands has increased compared to 2017.  

While in the demand hubs (figure 3), weak demand could be found among three continents in both 

2000 and 2017 in complex GVCs trade networks. There were seven demand hubs in Europe and 

the value-added in Germany is the greatest in Europe. In the North-America, the USA, Canada 

and Mexico are the three largest hubs. There is a high volume of demand between the USA and 

Canada. While, in Asia, Indonesia, Turkey and Russia are the partners of raw materials and 

intermediates to Germany. While in 2017, the three largest hubs: Germany, China and the USA 

were closely linked with their regional trading partners. The trade networks were more 

complicated and the cross-border transactions of goods were more concentrated. Compared with 

figure 2, A high interconnection can be observed in Russia within the GVC network because of its 

dominant role as a supplier of materials to downstream sectors. The Motor vehicles manufacturing, 

Chemicals and Transportation services in Russia are also highly integrated into GVC networks. 

Foreign trade in Germany expanded rapidly in European countries and acted as an important role 

in both supply and demand linkage among European countries. The regional trade agreement in 

Europe has made more progress in promoting cross-border transactions. Germany, as the largest 

backward and forward linkage in Europe, may probably be one of the core reasons for the 

economic integration in Europe after the formation of EMU. There is a possibility that the business 

cycles of Germany’s trade partners will be influenced by the large supply and demand hubs in the 

GVCs. The similarity in business cycles between the CEECs and other Eurozone countries will 

increase in the future since their economies will become more integrated.  
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Figure 2:Supply hubs of trade in value-added in various network at the aggregate level 

 

Source: Recent patterns of global production and GVC participation (2019) 

Figure 3:Demand hubs of trade in value-added in various network at the aggregate level 

 
Note: The size of the circles represents the magnitude of value-added imports and the volume of 
the value-added flow between each pair of trading partners is represented by the thickness of the 
line linking the two. 
Source: Recent patterns of global production and GVC participation (2019) 

1.3 Symmetrical and Asymmetrical Shocks  

In Mundell (1961) research, the OCA is an economic union where the factors of production are 

mobile and the shocks in these regions are symmetric. He also stressed that the main criterion for 

the Optimal Currency Area should be the degree of labor mobility. If the exchange rates are fixed, 

then the disturbances cannot be offset by monetary policies. However, under the fixed exchange 

rates, fiscal policy is an effective way to offset the disturbances. Obviously, the common currency 

will be optimal only when all the countries are affected by the same disturbance and at a similar 

extent. The lower the costs of the cross-border transactions, for example the lower the transaction 

costs, the higher the symmetric shocks between these countries. The monetary union will be more 

beneficial if the degree of inter-dependence of the trade flows between the members of the 
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currency union is higher. The benefits of the EMU are closely related to the nature of the 

macroeconomic shocks. The asymmetric shocks are country-specific shocks. The degree of market 

integration, differences in economic behavior and structures will determine whether the impact of 

the shocks is symmetrical or asymmetrical. Through empirical analysis, Mongelli (2002) found 

that the symmetric shocks come from the sectors that producing homogenous products and with 

few trade barriers.  

There is an inverse correlation between the trade barriers and the degree of symmetry of the shocks. 

The degree of business cycle synchronization also has an influence on the effectiveness of policies 

of the central bank in the monetary union and the implementation of a common market should 

reduce the sector-specific asymmetric shocks. While Frenkel and his colleagues (2005) use 

empirical analysis examined the symmetric and asymmetric shocks in demand and supply between 

Eurozone countries and CEECs, they found that it’s hard to find differences in their shocks 

between advanced CEECs and smaller European countries that have already adopted the common 

currency. Many scholars (see Lane, 2006; Fatás and Mihov, 2009) have emphasized the 

importance of fiscal policy in EMU to smooth countries’ business cycles.  

In the monetary union, using fiscal policy to dampen fluctuations in output will involve reacting 

to asymmetric shocks or symmetric shocks with asymmetric impacts. Due to the heterogeneous 

structural factors (the flexibility of prices and labor mobility) across countries, without the 

intervention of fiscal policy, countries will react differently to the shocks that aforementioned. 

These variances in structure potentially promote the demand of macroeconomic policy 

(Degiannakis et.al, 2016). Consensually, the stabilization of business cycles and controlling of 

inflation through using monetary policy while in the purpose of control of government deficits 

should be constrained by the fiscal policy. The empirical research also noted that the countries that 

are hit by the zero lower bound for interest rate, using the fiscal policy could help in the control of 

inflation and business cycles stabilization (Tomsik, 2012).   

However, the political economy approach of fiscal policy emphasis the fiscal policy may not 

counter the business cycles. Through monitoring the behavior of fiscal policy applied in EMU, 

Fatás and Mihov (2009) found that even though the Maastricht constraints imposed in Eurozone, 

the fiscal policy remains mildly pro-cyclical and there are no strike changes after the adoption of 

common currency. In the post-Maastricht period, Furceri (2009) claimed that the unconstrained 
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idiosyncratic fiscal policy is the reason for the destabilization in macroeconomics and the 

desynchronization in business cycles. Thus, with the constraints in fiscal policy, the volatility in 

business cycles can be reduced.  

Fiscal policy will impact the synchronization of business cycles through direct influence on the 

national economy and indirect impact through spillover effects. However, the influence of fiscal 

policy on the domestic economy is still controversial. After the outbreak of the Global Financial 

Crisis (2007-2009), the politicians accepted the Keynesian approach and there was widespread 

resort to fiscal stimulus. While, critics (Cogan and his colleagues, 2010) claimed the effectiveness 

of financial stimulus due to the fiscal multipliers. Through empirical research, Auerbach and 

Gorodnichenko (2012) claimed that during the economic recession, the sizes of fiscal multiples 

will be much greater. It suggests that the synchronization of business cycles in EMU is 

significantly influenced by fiscal policy. Besides, Corsetti and his colleges (2010) found that the 

spillover effects along with the fiscal policy in individual countries may also influence the 

synchronization of business cycles. Either the proximity of geography or the leadership in 

economics will influence the fiscal decisions. EMU members are interconnected through both 

currency and trade linkages and the spillover effects of fiscal decisions in individual countries may 

indirectly or directly transmit to other countries through trade linkages. For example, a fiscal 

stimulus in one member-state may cause the decrease of the public spending in partner’s exports 

and the expanding fiscal policy may indirectly increase the exports in trading partners as well.  

Degiannakis and his colleagues (2016) assumed that the size of country will be a crucial 

explanation to the spillover effects from fiscal policy. The large country would be expected to have 

greater spillover effects due to the impact scale. For example, Germany, the largest supply and 

demand hub in Europe, the greater potential spillover effects have been observed. Based on that, 

there are sizeable effects between the fiscal policies of larger countries and smaller economies’ 

business cycles.  

1.4 Feature of Countries 

In numerous literature, one approach 4 distinguishes the core and periphery European countries 

inside the Euro area is through comparing the degree of synchronization of their business cycles. 

                                                      
4 Approaches of distinguish core and periphery countries: 
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Less synchronized cycles are categorized as periphery countries, such as GIPS countries (Greece, 

Ireland, Portugal and Spain) have been boosted by capital imports, while capital-exporting 

countries suffered from the low investment rates and lead to economic stagnation in core Eurozone 

countries. The studies concern the convergence of business cycle and economic shock between 

core and periphery EMU members are different. Lumsdaine and Prasad (2003) selected seventeen 

OECD countries including both inside and outside the euro area from 1963 to 1994 and found that 

there is a clear European cycle especially after 1973. Savva (2010) also found that the conditional 

correlation patterns between the euro area and new Eurozone countries or negotiating countries 

have increased over time. Some of the new Eurozone members had a similar business cycle with 

the core EU states like France and Germany. Moreover, Ahmed and his colleagues (2018) analyzed 

eleven Eurozone economies from January 1960 to December 2010 and found that after introducing 

the common currency, the monetary integration encouraged more financial integration.  

However, the impact on business cycles synchronization remains limited and also leads to 

‘decoupling’ of business cycles in periphery counties compared with core countries. However, the 

majority of marginal business cycle effects do not change a lot. Compared with the non-Eurozone 

economies, a high degree of synchronization illustrates that the adopting of common currency 

indeed benefits the synchronization of business cycles in the Eurozone. While a few countries 

experienced non-monotonic co-movement patterns and the shifts of correlation were led by the 

multiple endogenous factors. Darvas and his colleagues (2004) argued that the business cycles of 

Western and Eastern countries are not synchronized. Konstantakopoulou and Tsionas (2011) used 

a dynamic auto-regression model with lag term and the time-span is from 1960 to 2009. The results 

present that the core euro area countries (Germany, Netherlands, Austria, France and Belgium) are 

highly synchronized, while it’s hard to find any convergence of business cycles for periphery 

countries especially Greece and Portugal with the other economies. 

Besides, Lehwald (2013) argued that the introduction of euro would reveal the potential weakness 

in the competitiveness of some peripheral Eurozone member countries. There is a possibility that 

                                                      
a. The core and periphery pattern in the run-up to the formation of EMU and compares the degree of synchronization of their 
business cycles.  (Bayoumi and Eichengreen, 1993) 
b. Identify the demand and supply shocks using long-run restrictions in a structural framework and distinguish the core and 
periphery countries by the correlation of supply-side shock (Blanchard and Quah, 1989) 
c.  Based on the changes of theory-based index (NORD) over time. The NORD of the core economies will decrease over time. 
(Campos and Macchiarelli, 2018) 
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the introduction of common currency resulted in a divergence of the patterns in business cycles 

between core and peripheral Eurozone countries. After the European debt crisis outbreak, Sinn and 

his colleagues (2011) criticized that the imbalance among member countries regarding their 

current accounts, private capital flows and their competitiveness has been promoted by adopting 

common currency. The crisis in the EMU brought a sharp division between the core and peripheral 

member states, the differences in risk perception leaded core countries such as Germany to recover 

quickly from the crisis compared with the periphery countries such as Greece and Portugal 

continue to fight with the weak economic activity and high unemployment rate. Since the European 

Central Bank (ECB) can only react with a “one-size-fits-all” policy to stable the output movement, 

the core-periphery distinction is related to the monetary policy and stability of the EMU may 

threatened by the diverging economic trajectories. The probability of asymmetric shock 

propagation across the member states may be reduced due to the high level of synchronization 

between national business cycles. 

1.5 Vector autoregressive (VAR) model 

The Vector autoregressive (VAR) model is a multivariate time series specification and it is 

developed as the summary of the univariate autoregressive (AR) model. Since the oil price shocks 

lead to the instability of the world economy in the 1970s, the analysis of business cycles has 

brought a renewed interest. Sims (1980) avoid the “incredible identification restrictions” of the 

large-scale structural econometric models and introduce the Vector Autoregressive techniques as 

an alternative to the large-scale macro-econometric models and have become prevalent in the use 

of policy analysis. According to Sims, all variables in the VAR models are treated as endogenous 

variables in both dynamic and static models. Reduced form coefficients are only placed weak 

restrictions by economic theory and on which the reduced form model should be used for the 

variables. After that, Engle and Granger (1987) revised the non-stationarity of the variables and 

these variables have shaped the modern time series econometrics. Then the VAR model has been 

revised by Johansen and Juselius (1990, 1992). They introduced the concepts of cointegration and 

error correction amongst non-stationary variables in long-run relations and the methodology is so-

called vector error correction model (VECM) or the cointegrated VAR (CVAR) model. 

There are many advantages of VAR models over the traditional large-scale macro-econometric 

models. First, the VAR models are more systematic in imposing restrictions so it is easier to 
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capture the empirical regularities that are hidden from standard procedures. Second, the 

simultaneous equation models can be replaced at a time which makes results are easily interpreted. 

Third, the VAR model can compensate for the lack of an appropriate structural model in examining 

the effects of different policies. 

 Lütkepohl (2005) provided a detailed review and basic notations of the VAR model. When dealing 

with the economic variables, the value of the variables sometimes depends on past values of other 

variables instead of only being related to the predecessors in time 

𝑦𝑦𝑡𝑡 = 𝑣𝑣 + 𝐴𝐴1𝑦𝑦𝑡𝑡−1 + ⋯+ 𝐴𝐴𝑝𝑝𝑦𝑦𝑡𝑡−𝑝𝑝 + 𝜇𝜇𝑡𝑡 , 𝑡𝑡 = 0, ±1, ±2 

Where, 𝑦𝑦𝑡𝑡 = (𝑦𝑦1𝑡𝑡, …𝑦𝑦𝐾𝐾𝑡𝑡)′  is a (𝐾𝐾 × 1 ) random vector, 𝐴𝐴𝑖𝑖  is denoted as the fixed (𝐾𝐾 × 𝐾𝐾 ) 

coefficient matrices, 𝑣𝑣 = (𝑣𝑣1, … 𝑣𝑣𝐾𝐾)′  is a fixed (𝐾𝐾 × 1 ) vector of intercept terms when the 

possibility of a nonzero mean Ε(𝑦𝑦𝑡𝑡). 𝜇𝜇𝑡𝑡 = (𝑢𝑢1𝑡𝑡, …𝑢𝑢𝐾𝐾𝑡𝑡)′ is a K-dimensional white noise ( Ε(𝑢𝑢𝑡𝑡) =

0  and Ε(𝑢𝑢𝑡𝑡𝑢𝑢𝑡𝑡′) = ∑𝑢𝑢  and Ε(𝑢𝑢𝑡𝑡𝑢𝑢𝑡𝑡′) = 0  for 𝑠𝑠 ≠ 𝑡𝑡 ). The covariance matrix ∑𝑢𝑢  is assumed 

nonsingular without any stated.  

Many literatures have focused on the non-linear models but there is little evidence of the nonlinear 

behavior in aggregated time series such as real GDP and its components (Brock and Seyers, 1988). 

Quarterly basis is preferable compared with annual data as it allows the intra-year dynamics, 

reduces the possibility of structural breaks and provides larger number of observations. Based on 

that the VAR models can also be estimated through single equation like consistent OLS and the 

normality of the error is assumed to be efficient.  

However, there are some drawbacks of VAR approach. First, in order to avoid the diminish of the 

degree of freedom, a relatively long time series are required in this methodology. Second, the 

model specification (the choice of variables), sample size and the number of lags are essential to 

the results as the VAR models are inherently over-parameterized. Third, there is a possibility of 

losing information because the VAR model usually requires that one fiscal component should be 

excluded from the system of equation to avoid estimating an identity (Martins, 2010). 
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2. Data and Methodology  

2.1 Source of Data 

In this paper, the real GDP are used as a measure of aggregate output. All the real GDP data in the 

paper are drawn from the Eurostat database “Quarterly National Accounts”. Current prices of real 

GDP figures million euro, seasonally adjusted. Besides, current account balance, a proxy for the 

fiscal variable, will be drawn from the IMF (International Monetary Fund) database “Balance of 

Payment”. Current account of US dollar. In this paper, current account per GDP is manually 

calculated by current account divided by real GDP. As the current account is measured in US 

dollar so the real GDP in dollar for each country are drawn from the OECD database “Quarterly 

National Accounts”. Current prices of real GDP figures million US dollar, seasonally adjusted. 

Although the current account is not directly relevant to the fiscal variables but it has close 

correlation with the fiscal variables such as general government deficit or surplus (see 2.2.2) 

The period of time employed in this paper will cover from the first-quarter of 1995 until the fourth-

quarter of 2019 for fifteen selected European countries, including Euro area economies (Austria, 

Estonia, Germany, France, Italy, Netherlands, Spain, Greece, Slovenia and Slovak Republic) and 

non-Eurozone countries (Denmark, Switzerland5, Poland, Czech Republic and Hungary). There 

are eight Central European Countries including Czech Republic, Estonia, Germany, Hungary, 

Poland, Slovenia, Slovakia and Switzerland, which is so-called CEEC-7. The choice of starting 

date (1995Q1) and the European economic and monetary union (EMU) has been established in 

1999. There are several motivations for that. First, the economic system for countries in pre-

transition period (pre-1989) are completely different so it is unmeaning for the business cycles 

analysis. Because of the transformation from the former centrally planned economies into market 

economies, in early 1990s, transformation recessions hit the transition countries significantly. 

Second, the measurement of GDP was varying in the pre-transition period for different countries. 

Third, there are no available data for these transition countries so the analysis is conducted after 

1995 for these countries.  

                                                      
5 Switzerland is not a full member of the European Union but it is strongly interconnected with the EU market as EU 
is the main trading partner for Switzerland. In 1972, the counterstone of EU-Swiss relations is the Free Trade 
Agreement. In 1999 package of seven sectoral agreements was signed between Switzerland and EU. In 2004, a 
further set of sectoral agreements (“Bilaterals II”) was signed. Overall, there are more than 100 bilateral agreements 
currently exist between EU and Switzerland.  
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2.2 Description of data 

The selected countries are divided in to Eurozone countries and Non-Eurozone countries. The 

former are countries adopting the euro as their common currency and ceding monetary policy to 

the European Central Bank. While, the latter are countries with national currency and still not 

adopt euro as common currency. 

From previous literatures, Real GDP is a popular indicator to measure the business cycles of 

different countries. To examine the synchronization of the business cycles in different countries, 

this paper will use the cyclical component of real GDP as dependent variable. The real GDP has 

been transformed to the logarithmic form first. Then in order to minimize the size effects of 

different economies and make it more comparable, we denote GDP_percent (the cycle of real GDP 

cycle/ Log of real GDP) as dependent variables to keep it on a percentage scale. Current account 

is the component of balance of payment are employed in the empirical analysis. Current account 
6(the current account per GDP%) is defined as endogenous variable.  

Table 1: Descriptive statistics of variables for whole sample size 

VARIABLES N mean sd min max 
GDP_percent 1,500 -1.4E-05 0.0030624 -0.0161722 0.018611 
Currentaccount 1,500 3.453162 9.874334 -70.9565 107.2372 
EZ_GDP_Percent 1,500 -9.47E-07 0.0008001 -0.0017546 0 .0026428 
NEZ_GDP_Percent 1,500 -8.89E-06 0 .0026352 -0.0081213 0.0056937 

 

Table 2: Descriptive statistics of variables for specific countries 

VARIABLES N mean sd min max 
Austria 100 -1.68E-06 0.001157 -0.00257 0.003459 
Czech Republic 100 -2.02E-05 0.003155 -0.00671 0.0134 
Denmark 100 -2.04E-06 0.00129 -0.00432 0.00349 
Estonia 100 -5.74E-05 0.0065 -0.01617 0.018611 
France 100 -9.15E-07 0.000835 -0.00221 0.00257 
Germany 100 -1.26E-06 0.00106 -0.00301 0.00266 
Greece 100 -1.34E-05 0.00232 -0.00389 0.00572 
Hungary 100 -2.19E-05 0.00374 -0.0112 0.0121 
Italy 100 -2.50E-06 0.00133 -0.00665 0.00326 
Netherlands 100 -2.52E-06 0.00127 -0.00215 0.00355 
Poland 100 -3.23E-05 0.00519 -0.0147 0.0156 

                                                      
6 In this paper, current account, the component of balance of payment, is denoted as a fiscal variable (see Oladipupo, 
2011; Petrevski et al., 2015 and Abbas et al., 2011). “Twin deficits” refers to the budget deficit and trade deficit (see 
Makin, 1990) 
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VARIABLES N mean sd min max 
Slovak Republic 100 -2.71E-05 0.00396 -0.0101 0.0129 
Slovenia 100 -1.02E-05 0.00242 -0.00468 0.00872 
Spain 100 -4.64E-06 0.00132 -0.00266 0.00375 
Switzerland 100 -1.10E-05 0.00287 -0.00618 0.00898 

2.2.1 Preliminary look at data  

Table 1 provides the summary statistics on different indices of real GDP percent (GDP_percent). 

For each country, there are 100 observations available to analyze. The sizes of Euro area and Non-

Eurozone are larger than individual countries so the values of them are larger than others. The 

differences in standard deviation between Eurozone series and other selected countries are obvious. 

Euro area tends to have lower overall volatility because in the development of the large economic 

area in individual economies would offset other partners to some extent. To better analyze the 

synchronization in business cycles, we separate the GDP cycles through the euro area and non-

euro area. EZ_GDP_Percent (the cycle of Eurozone GDP cycle/ Log of Eurozone GDP) are 

referred to nineteen countries in EMU from 2015 (table 1). Besides that, NEZ_GDP_Percent (the 

cycle of Non-Eurozone GDP cycle/ Log of Non-Eurozone GDP) is the sum of twenty countries in 

Europe that do not use the Euro as a common currency. Some of these countries are not the member 

of the European Union. Besides the real GDP, the fiscal policy influences the fluctuation of the 

GDP in countries so the current account (current account) in the balance of payment is employed 

as the indicator of fiscal policy.  

From table 1, there are missing values exist in in the current account some countries like Poland 

and Switzerland before 1999Q4. The standard deviation for the current account is larger than other 

variables which reflects a huge difference in the percentage of current account between individual 

economies. The high volatility in the current account is also reflected in graph 4. 

2.2.2 proxy variables of fiscal data 

In mid-1980s, there is a heated debate in the connection of balance of payment and the Fiscal 

policy. Fiscal policy, which is also called budget policy refers to the government’s ability to alter 

the spending and changes the taxes revenue to stabilized the domestic economy. In this paper, the 

major channels from fiscal policy to the current account are described as: 

𝐶𝐶𝐴𝐴 = 𝐸𝐸𝐸𝐸(𝜀𝜀)− 𝐼𝐼(𝑌𝑌, 𝜀𝜀) + 𝑇𝑇𝑇𝑇 
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𝐶𝐶𝐴𝐴 = �𝑆𝑆𝑝𝑝 − 𝐼𝐼𝑝𝑝� + (𝑆𝑆𝑔𝑔 − 𝐼𝐼𝑔𝑔) 

Where the 𝐶𝐶𝐴𝐴 refers to the current account, 𝐸𝐸𝐸𝐸 is denoted as the exports of the goods and services 

which are decreasing in real exchange rate 𝜀𝜀. 𝐼𝐼 is the imports of goods and services which is 

decreasing in 𝜀𝜀 but increase in national income 𝑌𝑌. 𝑇𝑇𝑇𝑇 represents the transfer payments including 

net interest. 𝑆𝑆𝑔𝑔 − 𝐼𝐼𝑔𝑔 refers to the government saving-investment balance and if it is fiscal balance 

if there are no government transfers to the private sector. The changes in government spending are 

treated as an important component in the fiscal policy which could be used to stabilize the 

macroeconomic business cycles. As the increase in government spending with constant revenues 

and constant net private saving, the deficit of current account caused by merchandise trade deficit 

is also raising correspondingly. However, government spending may stimulate the increase in 

demand for goods and services directly. By the same time, the output and employment in the 

country will also increase through the indirect influence of government spending.  

In standard macroeconomic theory, the budget deficit can be seen as a contributor to the current 

account deficit: 

NX = Y − (C + I + G) 

Where, NX refers to Net exports, Y is denoted as the national income, I represents investment and 

G is government spending. In the absence of supply shock, the sudden changes in the current 

account can be treated as the overall domestic demand, which includes government demand and 

private demand. Thus, the current account shocks are approximately referred to the demand shocks. 

Besides, the “twin deficits” analysis also provided the relationship between the stance of fiscal 

policy and the current account in the balance of payments (Kearney, 1988).  

NX = (S − I) + (T − G) 

Where, (T-G) refers to the gap between revenues and budgets (taxes and similar payments) and 

expenditures on goods and services (budget expenditures without transfers). If (T − G) is negative, 

then the budget deficits exist.  (S − I)  refers to the gap between private savings and private 

investment. If the private sector is zero or at least stable, then changes in current account should 

be related to changes in the difference between T (taxes) and G (expenditures), hence the “twin 

deficits” exist. Based on that, the international economy union such as IMF, highlight the 
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importance of reducing fiscal deficits when facing the balance of payments problem to stabilize 

their economy. Compared with the direct financial data, current account balance are credits and 

debits on the trade and merchandise which includes final goods and services. When combined of 

the goods and services together, a country’s balance of trade is made up. Through measuring the 

trade deficits, the largest component in current account deficits, the competitiveness of a country 

in the global market is measured (Oeking and Zwick, 2015).  

In addition, most of the fiscal data are measured on annually basis, while the current account 

balance is mostly measured on monthly and quarterly basis without too many compromises. In this 

paper, we extract the cyclical component of real GDP on quarterly basis so in order to comply with 

the data for business cycles, the current account of GDP is applied as a proxy variable. In figure 4, 

the general government deficit/surplus data for Switzerland is missing in Eurostat. Government 

deficit can be observed in most countries between 1995 and 2019. Countries like Czech Republic, 

Greece, Hungary and Slovakia always in government deficit. Commonly, the current account can 

also be expressed as the difference between the national savings and investment besides the 

differences between the value of exports and imports. The deficit in the current account may reflect 

a low level of national savings relative to investment or a high rate of investment. The deficit in 

the current account may potentially encourage the countries’ output to grow faster. However, there 

is a lack of evidence that could manifest the developing countries that run current account deficits 

may grow faster than others and that is probably because the financial systems in developing 

countries could not efficiently allocate the foreign capital (Ghosh and Ramakrishnan, 2020). 
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Figure 4: General government deficit/surplus from 1995 to 2019 (% of GDP) 

Source: Eurostat database, general government deficit/surplus, annually data 

There are two major channels from fiscal policy to the current account are intertemporal trade and 

intertemporal responses (Abbas, 2011). The first channel works through changing the fiscal policy 

on aggregate demand. If the government spending is leaned on domestic or non-tradable goods, 

then there will be an increase in the real exchange rates and the imbalances in trade. The second 

channel focusing on the intertemporal response of the private agents and how they react in a one-

commodity world through fiscal policy action. Fiscal impetus the debt financing that seeks to 

increase trade imbalance has prompted private agents to blame their permanent incomes for 

offsetting future increases in tax what is consistent with intertemporal government solvency. 

2.2.3 Current account balance in euro area  

In macroeconomics, the balance of payments means the current account balance can be defined as 

the differences between exports and imports of goods and services, which including the 

merchandise trade, net services and investment income. Aforementioned, we used the current 

account balance as a proxy variable to the fiscal data.  
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While, back to the Financial crisis in Europe, the financial market reacted strongly when the 

financial crisis intensified. The influence of the financial crisis leads the investors to move to safer 

financial assets such as government bonds. The increasing demand for government bonds also led 

to a reduction in sovereign bond yields for most euro area countries. The phenomenon is more 

obvious for the bonds at shorter maturities for which is contributed by the relaxation of monetary 

policy as well. According to Ehrmann and Fratzscher (2015), the German bond yields moves in 

different directions with the bonds of the crisis countries during the euro area crisis and in response 

to the euro area crisis, Germany persistently pursued low bond yields until early 2015. On the 

contrary, an exogenous decrease in the bond yields of Greece induced the capital flows into Greece. 

As the consequences of the financial crisis, the yields on Greek bonds raised with a further scaling 

up of the deficits in Greece and the possibility of Greece becoming insolvent is increasing.  

Due to the financial crisis, the unchanged fiscal policies are assumed to have a clear threat to the 

longer-term sustainability of public finances. Based on that the government in the euro area took 

emergency measures, the crisis-related interventions, to stabilize the financial sector and reduced 

the negative consequences for their economies. In 2008, the European G8 members jointly 

committed to ensure their banking and financial systems maintain soundness and stability at the 

summit and they will spare no efforts to achieve this objective. Then in 2009, the Government of 

the euro area countries also held a concerted European Action Plan to recover the economy in the 

euro area. After that, a new set of liquidity requirements was proposed by the Basel Committee in 

2020. European Central Bank (ECB) and other European banks had prevented the liquidity 

shortage in the banking sector and the national governments took actions to the solvency of the 

affected systematic financial institution. With the help of the exceptional fiscal policy measures 

and monetary policy reaction to the crisis, the economy of the euro area has been stabilized. 

However, as the emerging measures have a high finical cost, the fiscal exist have been adopted to 

replace the loose budgetary in most countries to underpin the sustainability of the public finances. 

In our paper, we divided the time span into pre-crisis (1995Q1-2007Q4) and post-crisis (2008Q1-

2019Q4) to provide more information for synchronization of the business cycles with the influence 

of financial crisis. In figure 5, in general, the current account per GDP is converged in selected 

countries except for France, whose volatility is higher than others. There is a sharp increase during 

the financial crisis for France and Netherland and the current account per GDP is reached a summit 

and a huge drop of their current account in recent years.  
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Figure 5: Current account per GDP from 1995Q1 to 2019Q4 

 
 

2.3 Detrended the business cycles across countries 

To test the hypothesis of the co-movement between business cycles after common currency is 

introduced, we use Stata to do all the empirical analyze. First, we extract the cyclical component 

of real GDP for each country to identify the features of each country.  

Several studies focus on empirical research and the most common way to extracted the business 

cycles from GDP in their analysis is using Hodrick-Prescott(HP) (1997) filter. Hodrick and 

Prescott (1997) uses orthonormal polynomial regression and provided a probabilistic framework 

of penalized maximum likelihood estimation to deliver a quantitative measure of trend.  

The filter is applied to the time series of real GDP (log𝑌𝑌𝑡𝑡) to extract the trend (𝑇𝑇𝑡𝑡) component. By 

subtracting the trend from the original series (𝑌𝑌𝑡𝑡), a new series that contains cyclical component 

(𝑍𝑍𝑡𝑡) is obtained. 

log𝑌𝑌𝑡𝑡 = 𝑇𝑇𝑡𝑡 + 𝑍𝑍𝑡𝑡 

It minimizes the variance of the cyclical component (𝑍𝑍𝑡𝑡) is subject to a penalty for the variation in 

the second difference of growth component (𝑌𝑌𝑡𝑡) to compute the smoothed series. 
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{log𝑌𝑌𝑡𝑡}𝑡𝑡=0𝑇𝑇+1  = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎�[(log𝑌𝑌 − log𝑌𝑌𝑡𝑡)2 + λ[(log𝑌𝑌𝑡𝑡+1 − log𝑌𝑌𝑡𝑡) − (log𝑌𝑌𝑡𝑡 − log𝑌𝑌𝑡𝑡−1)]2]
𝑇𝑇

𝑡𝑡=1

 

The parameters λ controls the smoothness of the series. The larger value of λ, the smoother the 

series is and the growth component corresponds to linear time tend as λ is approaching infinity. 

For quarterly data, λ =1600 is used in graph 5 (left graphs)  

However, Hamilton (2018) has criticized the HP filter as follows. First, in out-of-sample 

forecasting comparisons, the appropriateness for economic time series is suspicious as the 

consequences of applying it to random walk are extremely hard to beat. Second, according to 

Cogley and Nason (1995), the HP filter is equivalent to a two-step linear filter that the data could 

be stationary through first-difference and then smooth the differenced data with the resulting 

symmetric filter. Thus, even there is no data present, the filter can also generate the periodicity of 

business cycles as the filter tends to amplify the cycles in the detrended data at the business cycles 

frequencies and to dampen the long-term and short-term fluctuations. Third, the value for the 

smoothing parameter λ is debatable.  

Apart from the Hodrick-Prescott filter, the Baxter-King filter is also prevalent in business cycles 

study. According to Baxter and King (1995) proposed a finite moving-average of an ideal band-

pass filter was applying to the macroeconomic data when isolating the business cycle component 

from data. Compared with a high pass filter, band pass filter removes both low and high 

frequencies from the data. BK filter passed through the components of time series with fluctuations 

between 6 and 32 quarters. When applied on a quarterly basis, the BK filter takes a 24-quarter 

moving average in graph5 (right graphs). However, it does not correspond to the ideal band pass 

filter because it is a finite approximation of an infinite moving-average filter.  

log𝑌𝑌𝑡𝑡 = �𝑎𝑎ℎ log𝑌𝑌𝑡𝑡+𝑖𝑖−ℎ

𝑚𝑚

ℎ=1

 

Where, L is denoted at the lag operator. The weight 𝑎𝑎ℎ can be derived from the transform of the 

frequency responses function and the linear filter differ in their weights 𝑎𝑎ℎ. The symmetric BK 

filter is characterized by the length 𝑎𝑎 is odd and the date of the output 𝑎𝑎 = 𝐾𝐾 + 1, where 𝐾𝐾 =

(𝑎𝑎− 1)/2, 𝑎𝑎ℎ = 𝑎𝑎𝑚𝑚+1−ℎfor h = 1,1,3…K and ∑ 𝑎𝑎ℎ𝑚𝑚
ℎ=1 = 1 as low-pass condition. When using 
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the weights that the sum is up to zero, the moving average has certain elimination properties and 

generates a stationary time series.  

While it is not useful to analyze contemporaneous data as 12 quarters are involved loss of data for 

the border area of time series. In addition, the inadequate high-frequency components are 

suppressed and only the performance of ordinary moving averages will be shown as a low-pass 

filter. Different from the Hodrick-Prescott filter using asymmetric weight structure to provide 

estimation for the border areas, the symmetric Baxter-King filter has no influence on the phase 

shift in the output it yields lost estimates for K data at the beginning and end of series (Goldrian, 

2005). 

In statistical terms, real GDP is consisted of four components: business cycles, long-run trends, 

seasonal fluctuations and short-run shocks to the economy. While for macroeconomic data, 

trending long-run growth in aggregate economic activity and a cyclical component that reflects the 

fluctuations in economic activities are the two most important features. The latter refers to business 

cycles and they are used to explain the cyclical movement and co-movement of macroeconomic 

variables about long-run trends. The cyclical behavior in the economy is useful for us to understand 

the past contractions and forecast future recessions. Thus, in the analysis of the business cycles, it 

is inevitable to isolate the cyclical component from the trend. 

The results using two filters to extract the cyclical component are presented in figure 6 and 7. 

Roughly, the cyclical patterns extracted from real GDP, using two different filters lead to quite 

similar results. However, due to the internal weakness of losing estimates in the BK filter, the 

business cycles that used the Hodrick-Prescott filter are from 1995Q1 to 2019Q4 and the period 

of time is from 1998Q1 to 2016Q4 using the Baxter-King filter. In addition, the results in Baxter 

King are smoother than the results using Hodrick-Prescott filter. Apart from that, the fluctuation 

in business cycles is quite similar and there are four identical time spot that the economy across 

countries fluctuates a lot. First, both of the filters present an overall increase between 1999 and 

2002 and right after the establishment of EMU in 1999 and the circulation of the euro in 2000. 

After the introduction of the common currency, obviously there is a co-movement within core 

countries between 2000 and 2012. In the early 1990s, countries react differently during the 

transformation recession, however, when hit by the financial crisis and the ongoing Euro crisis, 

most of the countries react in a similar way with different degrees of volatility.   
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After that, a decrease performs between 2001 to 2004, because the decrease in the global economy 

resulted in the recession of world output growth. The share of exports in CEECs to the EU’s total 

exports reached 75% so all the countries in Europe were exposed to the slowdown in economy. 

For Emerging market European countries 7 , in the global slow-down (2001-2004), emerging 

markets have temporarily outperformed advanced economies (figure 8). The Central and Eastern 

European Countries (except Poland) was modest between 2001 and 2002. The policy-related 

factors could be the explanation for the relatively good output performance in CEECs (Kohn et al., 

2021).  

Then, ten Central and Eastern European countries (CEE10) became EU members in 2004 and 2007 

and the overall business cycles keep increasing and reach a summit around 2007. The openness of 

CEE10 economies to cross-border trade increased considerably. Even though a convergence gap 

still exists between the CEE10 and twelve Euro Area countries (EA12), the boom of investment 

has propelled the economic convergence. To ease the credit conditions from 2002 to 2008, high-

risk lending and borrowing practices were encouraged in Europe.  

Global financial crisis outbreak, along with the imbalances of international trade, real estate 

bubbles and European debt crisis, a dramatic drop happens again in 2008 and 2009. Driven by the 

exports between partners, the economy is recovered post-crisis. Benefit from the favorable external 

environment and highly accommodative monetary policy of global and domestic banks, the 

economic performance of the CEECs have improved again and the business cycles increase again 

from 2014.  

Figure 9 visually presents a degree of similarity between the business cycles of the Eurozone and 

Non-Eurozone and the additional lags would yield more accurate parameter estimation. The 

movement of business cycles in Eurozone and Non-Eurozone have almost achieved convergence 

between 2004 to 2014. Compared with the business cycles of the Eurozone, a higher voliatility is 

shown in the Non-Eurozone cycles. The volatility differences in business cycles between Eurozone 

and Non-Eurozone countries can be explained by Mills (2000), that the loss fits indicate the high 

volatility do appear to be associated with higher levels of growth. Most of the Eurozone countries 

are well developed and stable economies so the growth of the Eurozone countries is slower than 

                                                      
7 EM Europe countries include: Czech Republic, Greece, Hungary and Poland. (MSCI Emerging markets Europe 
index, 2021) 
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the Non-Eurozone countries. From the comparison, after the euro was adopted as a common 

currency, the differences in business cycles between Eurozone and Non-Eurozone countries are 

enlarged.  

While for CEEC-7 which includes both eurozone countries and Non-eurozone countries, the 

pattern of their business cycles is shown in figure 9. there is a high synchronization that can be 

observed in three member states of the euro area, Germany, Slovakia and Estonia, even before the 

adoption of the common currency. Slovenia also has engaged in EMU, there are no clues of the 

business cycles in Slovenia is converged to other euro area countries. However, for the other three 

countries which have not become the member of EMU, the volatility of the business cycles is 

higher than the eurozone countries, especially during the financial crisis. Based on that, the 

adoption of a common currency is assumed to cause the business cycles in CEECs to more 

desynchronized.    

Figure 6: Business Cycles using HP filter 
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Figure 7: Business Cycles using BK filter 

 
Figure 8:Business Cycles of Eurozone and Non-Eurozone countries 
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Figure 9: Business Cycles of CEEC-7 

 
To further identify the co-movement between business cycles after adopt the common currency, 

each extracted cycle is compared to the cycle of Eurozone and Non-Eurozone individually (figure 

8). Compared to the cyclical component from two different filters in figure 6 and 7, the Hodrick-

Prescott filter 8will be employed to de-trend the cyclical component of GDP in the empirical 

studies for the following reasons. First, the BK filter and the HP filter resemble each other and that 

is supported by similar volatility and cyclical patterns. Both of the filters are well performed when 

applied to series that have a peak in their spectrum at business cycles frequencies (Guay and St.-

Amant, 2005). Second, the time span of the business cycles that are used the Hodrick-Prescott 

filter is from 1995Q1 to 2019Q4. While, using the Baxter-King filter, the period of time is from 

1998Q1 to 2016Q4. The former provides more useful information and practical data to analyze the 

co-movement of business cycles in European countries.  

Since Austria, France, Germany, Italy, Netherland and Spain produce more than two-thirds of the 

total GDP in the euro area, their business cycles are observed similarly in volatility and cyclical 

                                                      
8 The Hodrick-Prescott filter is applied to extract the cyclical component of real GDP after compared with Baxter-
King filter (see, Petrevski et al., 2015; Sideris, 2011and Gogas,2013) 
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patterns with the Eurozone business cycles from the appendix A1 due to sizable effects. Due to 

the synchronization in business cycles, we assumed these five countries as core countries and the 

rest four countries are referred to periphery countries in the euro area. While business cycles in 

emerging economies are substantially more volatile than in developed economies due to the 

structual differences in the pattern of the production and international trade. The production and 

exports system is systematically different between emerging and developed economies, while they 

consume and import similar types of products in both types of economies. The differences in the 

patterns of production and trade account for more than 52% of the differences in average volatility 

among economies (Kohn et al., 2021). The co-movement is hard to observed in EM Europe 

markets even their business cycles are influenced by the spillover effects from cross-border trade. 

Besides, Eurozone countries like Estonia, Slovakia and Slovenia co-move with the business cycles 

of non-Eurozone before they enter into the euro area. With the adoption of the common currency 

and sharing the risk with member states, their business cycles are gradually converged to the 

business cycles of Eurozone. On the contrary, as a part of the European Economic Community 

(EEC) European Exchange Rate Mechanism (ERM) II, a co-movement can be observed between 

the business cycles of Eurozone and Demark even though the latter has not adopted the euro as the 

common currency. As to reduce the exchange rate variability, the exchange rate of the Danish 

Krone is tied to within 2.25% of the euro. Despite the exchange rates, Denmark also borders the 

largest economy in Europe, Germany, and a country obliged to adopt the euro in the future, Sweden. 

The only exception is Switzerland, which has not joined the EEC and the EU. As a small open 

economy, the fluctuations of Switzerland’s output are highly affected by external forces. The 

business cycles in Switzerland are mostly converged with the booms and recession in the world 

economy especially with the linkages between Switzerland and U.S. (and Germany). 

2.4 Correlation coefficient 

The product-moment correlation coefficient ρ is defined by Pearson (1896) as,  

𝜌𝜌� =
∑ 𝜀𝜀𝑖𝑖(𝑥𝑥𝑖𝑖 − �̅�𝑥)(𝑦𝑦𝑖𝑖 − 𝑦𝑦�)𝑛𝑛
𝑖𝑖=1

�∑ 𝜀𝜀𝑖𝑖(𝑥𝑥𝑖𝑖 − �̅�𝑥)2𝑛𝑛
𝑖𝑖=1 �∑ 𝜀𝜀𝑖𝑖(𝑦𝑦𝑖𝑖 − 𝑦𝑦�)2𝑛𝑛

𝑖𝑖=1
 

Where, 𝜀𝜀𝑖𝑖 refers to the weights is specified, otherwise, 𝜀𝜀𝑖𝑖 = 1. �̅�𝑥 = (∑𝜀𝜀𝑖𝑖𝑥𝑥𝑖𝑖)/(∑𝜀𝜀𝑖𝑖) represents the 

mean of 𝑥𝑥. The same is defined to 𝑦𝑦� as well.  
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2.4.1 Overall analysis of correlation 

From the correlation matrix, the economic clusters can be observed within Eurozone and Non-

Eurozone countries. In general, there are more shaded entries in the correlation matrix (table 3&4) 

using the Baxter-King filter than Hodrick-Prescott filter which implying a common cycle is more 

likely to exist within the euro area through using the Baxter-King filter. Within the Eurozone, there 

are many correlation coefficients of the business cycles components that are higher than 60%. For 

the core euro area countries, five out of six countries are highly pairwise correlated and the 

correlation coefficients are higher than 0.6 mostly (table 5). The only exception is Italy, whose 

economy has been nearly stagnant after the financial crisis. While for the periphery countries in 

the euro area, it’s hard to observe a high correlation or positive relationship between Slovenia and 

other countries. While within the periphery countries, there is less pairwise correlation with core 

euro area countries. In addition, due to the recession in Greek Economy is reflected in its business 

cycle, there would be a delay exist compared with others. The correlation coefficients of Greece 

are quite small and a low correlation can be observed between Greek business cycles and core euro 

area countries like Germany and France. Based on that, the degree of the synchronization of 

business cycles is more likely to happen in core Eurozone countries instead of the euro area as a 

whole. 

Besides, in some non-Eurozone countries like Poland and the Czech Republic, their correlation 

coefficients of business cycles with the Eurozone are over 0.6 as well. Besides the synchronization 

of business cycles within the euro area, a convergence of business cycles can also be found across 

non-Eurozone countries. Countries like Poland, Czech Republic, Demark and Hungary, where the 

correlation coefficients are higher than 0.6 with each other. While, Germany and France, two core 

economies in euro area, are highly correlated with the business cycles of non-Eurozone countries 

(Poland, Demark, and Czech Republic) with a correlation level of more than 70%. Similar to Italy, 

Slovenia also imposed a negative correlation with some countries, which suggests the business 

cycles of Italy and Slovenia are regarded as “deviation cycles”.  

From the correlation heat map (table 6&7), the synchronization of the correlation of the business 

cycles is visually shown. The highest value is in orange and the lowest is in yellow and the closer 

to yellow the less possibility of the synchronization of the business cycles. The correlation heat 

map is similar using both filters and the clusters in business cycles are more apparent using Baxter-
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King filter. The darkest color which refers to the highest correlation can be found on the upper-

left (core economy). The other cluster with medium color is on the right, which shows a smaller 

correlation. The brightest color is around Slovenia and Italy. While the differences in business 

cycles between Eurozone countries and non-Eurozone countries are not clearly divided by the 

separation of the euro area. In the correlation heat map for CEEC-7, the darkest color is in the 

middle of the map. There is a cluster of business cycles among Hungary, Czech Republic, Germany 

and Slovakia which shows a high synchronization among the business cycles. While a smaller 

synchronization is among another cluster including Hungary, Poland and Slovakia. The bright 

color in the map is related to Slovenia, which reflects the business cycles of Slovenia could be the 

outlier in the estimation.  

In a nutshell, there is no clear manifestation that the co-movement of the business cycles exists in 

the whole euro area but the synchronization of the business cycles is more obvious in core countries. 

Some non-Eurozone countries also have a close relationship with the Eurozone countries. In order 

to further analyze the influence of common currency on the business cycles, the two sub-sample 

are divided by the established of the EMU.  
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Table 3: Correlation matrix using Hodrick-Prescott filter 

  AT9 CZ DK EE EZ FR DE GR HU IT NL NEZ PL SK SI ES CH 

AT 1                 
CZ 0.841*** 1                
DK 0.910*** 0.885*** 1               
EE 0.255* 0.287** 0.357*** 1              
EZ 0.868*** 0.896*** 0.923*** 0.554*** 1             
FR 0.813*** 0.774*** 0.832*** 0.134 0.813*** 1            
DE 0.687*** 0.598*** 0.688*** 0.458*** 0.826*** 0.682*** 1           
GR 0.285** 0.386*** 0.339*** 0.320** 0.441*** 0.340*** 0.268** 1          
HU 0.533*** 0.521*** 0.586*** 0.664*** 0.664*** 0.344*** 0.399*** 0.377*** 1         
IT -0.101 -0.115 -0.108 0.265** 0.135 0.0352 0.372*** 0.159 0.135 1        
NL 0.564*** 0.554*** 0.523*** 0.223* 0.651*** 0.665*** 0.585*** 0.366*** 0.464*** 0.463*** 1       

NEZ 0.578*** 0.568*** 0.624*** 0.257** 0.587*** 0.444*** 0.257** 0.342*** 0.580*** -0.146 0.284** 1      
PL 0.223* 0.189 0.278** 0.456*** 0.405*** 0.211* 0.331*** 0.422*** 0.630*** 0.407*** 0.489*** 0.323** 1     
SK 0.756*** 0.703*** 0.778*** 0.401*** 0.785*** 0.670*** 0.620*** 0.285** 0.558*** -0.0323 0.403*** 0.626*** 0.257** 1    

SI 0.329*** 0.348*** 0.339*** 
-
0.000875 0.282** 0.366*** 0.221* 0.0762 -0.0863 

-
0.466*** -0.0904 0.216* -0.173 0.283** 1   

ES 0.579*** 0.495*** 0.607*** 0.436*** 0.636*** 0.610*** 0.468*** 0.480*** 0.492*** -0.0133 0.409*** 0.603*** 0.428*** 0.649*** 0.246* 1  
CH 0.474*** 0.394*** 0.463*** 0.566*** 0.592*** 0.474*** 0.592*** 0.498*** 0.433*** 0.185 0.517*** 0.223* 0.456*** 0.460*** 0.146 0.654*** 1 

*** p<0.01, ** p<0.05, * p<0.1 
 
 
 
 
 
 
 
 

                                                      
9 AT = Austria; CZ= Czech Republic; DK= Denmark; EE= Estonia; EZ= Eurozone; FR= France; DE= Germany; GR= Greece; HU= Hungary; IT= Italy; NL= 
Netherland; NEZ= Non-Eurozone; PL= Poland; SK= Slovak Republic; SI= Slovenia; ES= Spain; CH= Switzerland. 
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Table 4: Correlation matrix using Baxter-King filter 

 AT CZ DK EE EZ FR DE GR HU IT NL NEZ PL SK SI ES CH 
AT 1                 
CZ 0.874*** 1                
DK 0.946*** 0.917*** 1               
EE 0.775*** 0.803*** 0.842*** 1              
EZ 0.923*** 0.919*** 0.963*** 0.904*** 1             
FR 0.841*** 0.782*** 0.868*** 0.725*** 0.892*** 1            
DE 0.717*** 0.585*** 0.712*** 0.751*** 0.835*** 0.781*** 1           
GR 0.468*** 0.536*** 0.571*** 0.664*** 0.634*** 0.547*** 0.586*** 1          
HU 0.799*** 0.796*** 0.843*** 0.776*** 0.820*** 0.660*** 0.555*** 0.557*** 1         
IT 0.0371 -0.0207 0.0722 0.172 0.233* 0.245* 0.581*** 0.247* 0.0429 1        
NL 0.636*** 0.593*** 0.632*** 0.607*** 0.726*** 0.741*** 0.720*** 0.507*** 0.634*** 0.568*** 1       

NEZ 0.704*** 0.712*** 0.756*** 0.636*** 0.696*** 0.526*** 0.395*** 0.328** 0.699*** -0.196 0.264* 1      
PL 0.451*** 0.348** 0.523*** 0.573*** 0.531*** 0.442*** 0.506*** 0.474*** 0.605*** 0.358** 0.571*** 0.330** 1     
SK 0.851*** 0.784*** 0.867*** 0.713*** 0.836*** 0.797*** 0.660*** 0.466*** 0.655*** 0.0147 0.448*** 0.753*** 0.313** 1    

SI 0.329** 0.368** 0.292* 0.335** 0.298** 0.270* 0.133 0.164 0.0849 -
0.474*** -0.109 0.370** -0.0158 0.335** 1   

ES 0.683*** 0.584*** 0.695*** 0.597*** 0.658*** 0.726*** 0.498*** 0.493*** 0.535*** -0.0940 0.407*** 0.640*** 0.414*** 0.746*** 0.417*** 1  
CH 0.630*** 0.509*** 0.622*** 0.659*** 0.673*** 0.706*** 0.680*** 0.691*** 0.550*** 0.229* 0.690*** 0.373*** 0.573*** 0.567*** 0.337** 0.690*** 1 

*** p<0.01, ** p<0.05, * p<0.1 
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Table 5: Correlation Heat map of CEEC-7 using Hodrick-Prescott filter 

 CZ EE DE HU PL SK SI 
CZ        
EE        
DE        
HU        
PL        
SK        
SI        

 
Table 6: Correlation Heat map using Hodrick-Prescott filter 

 AT CZ DK EE FR DE GR HU IT NL PL SK SI ES CH 
AT                
CZ                
DK                
EE                
FR                
DE                
GR                
HU                
IT                
NL                
PL                
SK                
SI                
ES                
CH                

 
Table 7: Heat map using Baxter-King filter 

 AT CZ DK EE FR DE GR HU IT NL PL SK SI ES CH 
AT                
CZ                
DK                
EE                
FR                
DE                
GR                
HU                
IT                
NL                
PL                
SK                
SI                
ES                
CH                

Percent:   0                                                   50                                                    100 
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2.4.2 Compare the influence of common currency 

To further investigate, we separate the period of time-based on the formation of the European 

Monetary Union (EMU) using the HP filter. Compared with the correlation heat map (table 8&9), 

the correlation of business cycles across countries is higher after the adoption of the common 

currency. Before the establishing of EMU, the correlation coefficients in many countries are less 

than 0.5 and insignificant. Besides, the cluster of the correlation of business cycles is not obvious. 

France, Germany, Netherland, Spain and Switzerland are highly correlated with each other and the 

correlation coefficients are higher than 0.6 (Appendix A2). From the correlation heat map before 

1999, the correlation coefficients are close to zero not only within the previous Soviet countries 

but also with core European countries. Even for the Czech Republic and Slovakia, former 

Czechoslovak, the relation of business cycles is weakly correlated. Pomenkova and Kapounek 

(2010) also argued that through empirical research, in spite of the similarities between the Czech 

and Slovak economies, the waves of asymmetric character at different frequencies. Besides, the 

Global Value Chain leads the backward and forward linkages between non-Eurozone countries 

and core Eurozone economies like Germany, Netherland and Spain. 

After the adoption of the common currency in 1999 (table 9), there is a cluster of the extreme 

values on the upper left and upper right. The correlation coefficients are higher than 0.8 within 

Germany, Denmark, Estonia, France and Netherland. However, some transition economies which 

is consisted of the former Soviet bloc and its satellite states, including Poland, Slovak Republic, 

Hungary, Czech Republic and Slovenia, show a strong correlation with each other after the 

establishment of EMU. Baltic countries like Estonia were also oriented to the Russian market at 

the beginning of the transition period and gradually become more open to the global markets. 

Before the establishing of EMU, Estonia is highly correlated with Italy and Netherland. After that, 

the business cycle of Estonia, especially after becoming a member of the euro area, is significantly 

co-move with most European countries except Greece and Switzerland. Because of historical and 

geographical reasons, the Slovak Republic and Slovenia are significantly related to some Non-

Eurozone countries like the Czech Republic, Estonia, Hungary and Poland. That indicates that the 

geographic proximity and historical factors impose a significant influence on the economic 

integration of countries.  
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Table 8: Heat map of correlation before EMU (1995Q1-1998Q4) 

 AT CZ DK EE FR DE GR HU IT NL PL SK SI ES CH 
AT                
CZ                
DK                
EE                
FR                
DE                
GR                
HU                
IT                
NL                
PL                
SK                
SI                
ES                
CH                

Table 9: Heat map of correlation after EMU (1999Q1-2019Q4) 

 AT CZ DK EE FR DE GR HU IT NL PL SK SI ES CH 
AT                
CZ                
DK                
EE                
FR                
DE                
GR                
HU                
IT                
NL                
PL                
SK                
SI                
ES                
CH                

Percent: 0                                         50                                                 100 

              
 
2.5 Stationarity tests 

Aforementioned the VAR models will be employed and the stationary test will be presented in this 

section. The following table shows the previous literature concerned with the test of stationary for 

vector auto-regression through different tests. Most of them find it is stationary for the indicators, 

while according to Fidrmuc and Korhonen (2003), they used industrial production indicators from 
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1992 to 2002 to analyze the integration of economic activity between the Eurozone area and the 

accession countries. It shows that the indices contained a unit root and is on the contrary of our 

test. The reason is probably that Korhonen and his colleagues use a shorter time period for the 

testing which may lead to an unreliable result. 

Beine, M., Candelon, B., and Sekkat, K. 

(2003). EMU membership and business cycle 

phases in Europe: Markov-switching VAR 

analysis. Journal of Economic Integration, 

pp.214-242. 

Beine and his colleagues (2003) used two 

different unit root tests, the Augmented 

Dickey-Fuller(ADF) test and the non-

parametric Phillips-Perrom unit root test to 

provide evidence of stationary inflation and 

unemployment process for 11 countries over 

the 1975Q1-1996Q4 periods. Inflation is found 

stationary for 9 countries except for France and 

Norway.  

Dees, S., Mauro, F., Pesaran, M., and Smith, L. 

(2007). Exploring the international linkages of 

the euro area: a global VAR analysis. Journal 

of applied econometrics, 22(1), pp.1-38. 

Dees and his colleagues (2007) used 

Augmented Dickey-Fuller and WS unit root 

tests of 33 countries between 1979 to 2003. 

Real GDP, interest rates (short and long), 

exchange rates and real equity prices (domestic 

and foreign) are stationary for the first 

difference across the focused countries with 

two exceptions.  

Fidrmuc, J. and Korhonen, I. (2003). 

Similarity of supply and demand shocks 

between the euro area and the CEECs. 

Economic systems, 27(3), pp.313-334.ISO 690 

According to Korhonen (2003), they used 

industrial production indicators from 1992 to 

2002 to analyze the integration of economic 

activity between the Eurozone area and the 

accession countries. In the empirical study, 

they used Augmented Dickey-Fuller (ADF) 

test to check the order of integration of the 
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series in vector auto-regression. It shows that 

the indices contained a unit root. 

Iacoviello, M. (2002). House prices and 

business cycles in Europe: A VAR analysis. 

Working Papers in Economics, 81. 

lacoviello (2002) used Gross domestic 

production, monetary aggregate, consumer 

prices, house prices and inflation rate from 

1973Q1 to 1998Q4 to analysis to check how 

house prices interact with the economic 

shocks. They used the Augmented Dickey-

Fuller (ADF)test and the Phillips-Perron test 

the indicators and it showed that the null 

hypothesis is rejected in favor of stationarity. 

Similar results are present when the GDP cycle 

as an indicator is used. 

Petrevski, G., Exterkate, P., Tevdovski, D. and 

Bogoev, J. (2015). The transmission of foreign 

shocks to South Eastern European economies: 

A Bayesian VAR approach. Economic 

Systems, 39(4), pp.632-643. 

According to Petrevski and his colleagues 

(2015), they used the Augmented Dickey-

Fuller test with various lag-length selection 

criteria, the Phillips-Perron (PP) and the 

Kwiatkowski-Phillips-Schmidt-Shin (KPSS) 

tests to provide stationary for GDP and 

inflation rate (CPI-based) from 1999q1 to 

2011q4. It revealed that all the series are 

stationary except for the monetary market rates 

in Eurozone, Croatia and Macedonia and these 

countries have been found stationary at first 

differenced.  

For the stationarity test, both panel data and the senses of time series are examined. Hadri (2000) 

used a statistical test for the hypothesis of stationarity around a level or linear trend. He claimed 

that the null hypothesis of Lagrange multiplier (LM) tests are all pane data are trend stationary. He 

proposed an LM_LBI test and assumed the disturbance terms are normally distributed. The tests 

can be used to applied to the disturbance terms are both heterogeneous and serially uncorrelated 
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and heteroscedastic and serially correlated. The test of the null hypothesis of a unit root can be 

used in conjunction with panel data tests as well. By testing the hypothesis of stationarity and unit 

root, we can distinguish whether the series is stationary or integrated.  

Levin-Lin-Chu (LLC) test, Im-Pesaran-Shin (IPS) and Fisher-type unit-root test are applied to test 

the possibility of non-stationarity within the observed variables in three different panels 10and have 

a null hypothesis that all panels contain a unit root. The Bayesian information criterion is applied 

to specify the lags term to choose the minimize number of lags of the series to make the regression. 

For different panels, the process is done with different lag terms. The results including pre-crisis 

and post-crisis are listed in table 10. All three tests have the same conclusion that the null 

hypothesis can be significantly rejected and all the endogenous variables (the GDP cycle for 

Eurozone countries, non-Eurozone countries and Current account) are panel-stationarity. 

Table 10: Unit root test for stationarity 

  A   B   C  

variables Im-Pesaran-
Shin 

Levin-Lin-
Chu Fisher-type 

Im-
Pesaran-

Shin 

Levin-Lin-
Chu Fisher-type 

Im-
Pesaran-

Shin 

Levin-Lin-
Chu Fisher-type 

GDP_percent -12.5777*** -10.1740*** 130.8048*** -5.9417*** -5.9417*** 110.4850*** -10.7206 -7.8131*** 102.7728*** 
EZ_percent -13.4300*** -12.9221*** 56.6821*** -11.4296**  -12.3526*** 65.3272***   -17.6492 -14.8069*** 96.9680*** 
NEZ_percent -8.3058*** -5.2936*** 130.7404*** -6.0826 -4.5962*** 97.4523***   -11.4804 -8.7944*** 134.9170*** 
Currentaccount -19.3876*** -18.2409*** 854.8793*** -2.8816*** -2.4639*** 83.5493 -17.3029 -2.5041*** 590.9448*** 

Note: The statistical significance reported in the results for Im-Pesaran-Shin unit-root rest (𝑍𝑍𝑡𝑡−𝑏𝑏𝑏𝑏𝑏𝑏), Levin-Lin-Chu 
unit-root rest (t statistics), Fisher-type (p-values). *** p<0.01, ** p<0.05, * p<0.1 

After that, the time-series stationary test, Augmented Dickey-Fuller (ADF) test are employed to 

test the bilateral relations on each of the series in data. The percent of GDP cycles and current 

account are applied to ADF tests for stationarity in each country. As the breaking of the rend can 

be observed occurs around the establish of EMU and Global Financial Crisis in most of the selected 

countries. For most of the economies, there is an increase after the adoption of common currency 

and a sharp drop since the Global Financial Crisis. In most of the series, the non-stationarity can 

be found in the trend component. Based on that, the trend-stationarity test is applied to separately 

identify in each country and under the null hypothesis that the true process is a random walk or a 

random walk with drift.  

                                                      
10 Three different panels: A refers to the overall time span (1995Q1-2019Q4); B refers to the pre-crisis period 
(1995Q1-2007Q4); C refers to the post-crisis period (2008Q1-2019Q4)  
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While, depending on the transformations that are applied to obtain the stationary series, the trend 

can be either deterministic or stochastic. In the technical definition, the stochastic process is a 

collection of random variables. The joint distribution of the random variables is often captured to 

assess the behavior of the associated processes. For each n ϵ 𝑍𝑍+  and (𝑡𝑡1, 𝑡𝑡2, … , 𝑡𝑡𝑛𝑛) ∈ 𝑇𝑇 × 𝑇𝑇 ×

…𝑇𝑇 = 𝑇𝑇𝑛𝑛 . Under the suitable conditions, the joint distribution can be established as 

{𝐸𝐸(𝑡𝑡) ∶ 𝑡𝑡 ∈ 𝑇𝑇 }. In the series, the variance is constant across time. 

The results are shown in table 11 and the stationary are tested for GDP percent and current account 

balance. For GDP percent, the majority of countries’ GDP are tested stationarity, except for France, 

Netherlands and Spain. While for the current account, the stationarity can be observed in all 

countries. In addition, as aforementioned, in Baxter-King filters, the moving average has certain 

elimination properties and generates a stationary time series. As the results of Hodrick-Prescott 

filter is similar to the Baxter-King filter, so the variables are stationary time series as well. 

Table 11: Augmented Dickey-Fuller for Unit roots 

VARIABLES GDP_percent Current account 
Czech Republic -3.514*** -8.882*** 

Denmark -3.546*** -9.966*** 
Estonia -2.653* -3.060** 
France -2.342 -7.785*** 

Germany -3.009** -5.473*** 
Greece -2.831* -5.140*** 

Hungary -4.721*** -3.280** 
Italy -3.556*** -7.266*** 

Netherlands -2.334 -7.592*** 
Poland -3.455*** -4.098*** 

Slovak Republic -3.987*** -7.360*** 
Slovenia -2.822* -4.763*** 

Spain -2.387 -3.076** 
Switzerland -3.198** -7.273*** 

Note: The statistical significance reported in the results for Augmented Dickey-Fuller test (p-value) *** p<0.01, ** 
p<0.05, * p<0.1 

3. Empirical Research  

As the vector auto-regressions, a prevalent methodology in macroeconomics for the purpose of 

analyzing the synchronization of business cycles, are employed in a bilateral setting. In this section, 

the bilateral relations between the business cycles of real GDP and current account will be 

identified. After the VAR models have been constructed, the granger causality will be employed 

to analyze the possible direction of influences from variables. We also interpreted the impulse 



46 
 

responses generated by the shocks in foreign variables (GDP percent and current account, 

respectively).  

3.1 Specification and estimation of VAR model  

Because of the increased economic and financial integration, the implications for macro-economic 

policy spillovers across countries One of the features of the business cycles among countries are 

the patterns of co-movement of real GDP, fiscal policy and monetary policy. Bayoumi and 

Eichengreen (1997) used ordinary least squares to model the bilateral deviation of the currency 

exchange rate with exogenous variables (GDP formation symmetry, the intensity of mutual trade 

relations, the export structure and the economic sizes) among twenty countries for three decades. 

Returned to Gorgas (2013), they examined the synchronization of business cycles through linear 

regression among twelve countries. They use sub-groups of countries’ cyclical components of real 

GDP as indicators. G3 includes Germany, France and Italy and those are the largest countries in 

Europe in terms of GDP. Besides using real GDP as indicators, Petrevski and his colleagues (2015) 

also used the primary cyclical government balance as an indicator of fiscal policy. They analyzed 

the macroeconomic effects of foreign shock in South-East European countries and add the fiscal 

data into their approach. 

Based on previous literature, the benchmark of the specification of the VAR model includes the 

following four variables: the 𝐺𝐺𝐺𝐺𝑇𝑇−𝑝𝑝𝑝𝑝𝑎𝑎𝑝𝑝𝑝𝑝𝑎𝑎𝑡𝑡 (percentage of the cyclical component of real GDP), 

𝐸𝐸𝑍𝑍_𝑝𝑝𝑝𝑝𝑎𝑎𝑝𝑝𝑝𝑝𝑎𝑎𝑡𝑡  (the percentage of GDP cycle for Eurozone countries),  𝑁𝑁𝐸𝐸𝑍𝑍_𝑝𝑝𝑝𝑝𝑎𝑎𝑝𝑝𝑝𝑝𝑎𝑎𝑡𝑡  (the 

percentage of GDP cycle for non-Eurozone countries) and Current account (current account per 

GDP). The first two variables are denoted as the endogenous variables which will be considered 

inside the model and the rest of the two variables are exogenous variables. All the GDP variables 

are log-transformed before calculating the percentage.  

In the benchmark of our VAR models of order (p): 

𝐺𝐺𝐺𝐺𝑇𝑇−𝑝𝑝𝑝𝑝𝑎𝑎𝑝𝑝𝑝𝑝𝑎𝑎𝑡𝑡1,𝑡𝑡 = 𝛼𝛼10 + ∑ 𝛽𝛽1𝑖𝑖𝐺𝐺𝐺𝐺𝑇𝑇_𝑝𝑝𝑝𝑝𝑎𝑎𝑝𝑝𝑝𝑝𝑎𝑎𝑡𝑡1𝑡𝑡−𝑖𝑖
𝑝𝑝
𝑖𝑖=1 +∑ 𝛾𝛾1𝑗𝑗𝐶𝐶𝑢𝑢𝑎𝑎𝑎𝑎𝑝𝑝𝑎𝑎𝑡𝑡 𝑎𝑎𝑝𝑝𝑝𝑝𝑎𝑎𝑢𝑢𝑎𝑎𝑡𝑡1𝑡𝑡−𝑗𝑗

𝑝𝑝
𝑗𝑗=1 + 𝛿𝛿10𝐸𝐸𝑍𝑍_𝑝𝑝𝑝𝑝𝑎𝑎𝑝𝑝𝑝𝑝𝑎𝑎𝑡𝑡𝑡𝑡 + 𝜃𝜃10𝑁𝑁𝐸𝐸𝑍𝑍_𝑇𝑇𝑝𝑝𝑎𝑎𝑝𝑝𝑝𝑝𝑎𝑎𝑡𝑡𝑡𝑡 + 𝑢𝑢1𝑡𝑡              (I) 

𝐶𝐶𝑢𝑢𝑎𝑎𝑎𝑎𝑝𝑝𝑎𝑎𝑡𝑡 𝑎𝑎𝑝𝑝𝑝𝑝𝑎𝑎𝑢𝑢𝑎𝑎𝑡𝑡2,𝑡𝑡 = 𝛼𝛼20 +∑ 𝛾𝛾2𝑗𝑗𝐶𝐶𝑢𝑢𝑎𝑎𝑎𝑎𝑝𝑝𝑎𝑎𝑡𝑡 𝑎𝑎𝑝𝑝𝑎𝑎𝑢𝑢𝑎𝑎𝑡𝑡2𝑡𝑡−j
𝑝𝑝
𝑗𝑗=1 + ∑ 𝛽𝛽2𝑖𝑖𝐺𝐺𝐺𝐺𝑇𝑇_𝑝𝑝𝑝𝑝𝑎𝑎𝑝𝑝𝑝𝑝𝑎𝑎𝑡𝑡2𝑡𝑡−𝑖𝑖

𝑝𝑝
𝑖𝑖=1 + 𝛿𝛿20𝐸𝐸𝑍𝑍_𝑝𝑝𝑝𝑝𝑎𝑎𝑝𝑝𝑝𝑝𝑎𝑎𝑡𝑡𝑡𝑡 + 𝜃𝜃20𝑁𝑁𝐸𝐸𝑍𝑍_𝑇𝑇𝑝𝑝𝑎𝑎𝑝𝑝𝑝𝑝𝑎𝑎𝑡𝑡𝑡𝑡 + 𝑢𝑢2𝑡𝑡        (II)      

Through VAR methodologies, the reactions of one variable to the other variables an vice versa can 

be examined. All the variables in the VAR models are assumed endogenous variables and can be 

written as a linear function of its own lagged values the lagged values of other variables in the 



47 
 

model. Besides the endogenous variables (𝐺𝐺𝐺𝐺𝑇𝑇−𝑝𝑝𝑝𝑝𝑎𝑎𝑝𝑝𝑝𝑝𝑎𝑎𝑡𝑡 and Current account), the current values 

of the exogenous variables (𝐸𝐸𝑍𝑍_𝑝𝑝𝑝𝑝𝑎𝑎𝑝𝑝𝑝𝑝𝑎𝑎𝑡𝑡 and 𝑁𝑁𝐸𝐸𝑍𝑍_𝑝𝑝𝑝𝑝𝑎𝑎𝑝𝑝𝑝𝑝𝑎𝑎𝑡𝑡) will influence the current values of 

the two endogenous variables. 

In each equation, the choice of the number of lags is decided from the consequences of the 

likelihood ration (LR) tests and calculated by four information criteria11. The number of lags is 

different to each equation. Through applying to the augmented Dickey-Fuller and unit root test, it 

is proved that variables are stationary.  

The sample period runs from 1996q1 to 2019q4 and the estimates of the equation (I) and (II) are 

presented in table 12 and table 13. From the result of vector auto-regression, all the equations have 

rejected the hypothesis that collectively all lagged terms are statistically significant. So the lag 

length is used in estimating the VAR models. Through lag selection criteria, the number of lags is 

varied for different countries. In the VAR models, as the variable current account is the current 

account balances thus the coefficient in the equation is relatively small. From the results, the 

changes in the current account will cause an increase in Italy’s GDP percent. However, the increase 

in the percentage of current account will cause a decrease in the percentages of Switzerland’s GDP. 

The negative relation can also be found in Denmark’s and Spain’s GDP percent with lags 2 and 

the percentage of GDP in Austria, Italy and Czech Republic at its own lags of 3. Besides, most of 

the selected countries except Slovenia are significantly and positively influenced by the changes 

in Eurozone GDP percent. The percentage of non-Eurozone countries increase in 1 percent will 

cause a percent decrease in Germany and Italy’s GDP while the positive influences can be found 

in other countries. In the pre-crisis period, the current account changes on its first lags will cause 

a decrease in the GDP percent of Netherlands and when the current account on its ow lags of 2 

have a positive influence on Germany’s GDP percent. The current values of the Eurozone’s GDP 

percent changes will cause the increase in the GDP percent increase in core economies of the euro 

area such as Austria, Germany, France and Netherlands. Compared with the pre-crisis period, the 

changes of current account could influence more countries’ GDP percent. A percent of the increase 

in current account at lags 1 will cause the GDP of Estonia, Slovenia and Spain to increase while 

                                                      
11 four information criteria: the final prediction error (FPE), Akaike’s information criterion (AIC), 
Schwarz’s Bayesian information criterion (SBIC) and the Hannan and Quinn information criterion 
(HQIC) 
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at the same time the GDP of France and Netherlands will decrease. Current account on its own 

lags of two also has a negative influence on the GDP percent of the Czech Republic and Italy. The 

current values of Eurozone GDP percent increase can impose a positive effect on countries GDP 

percent except for Greece, Spain and Switzerland. While the changes in only a few countries’ GDP 

can be explained by the GDP percent for non-Eurozone countries. Compared with others, more 

countries’ GDP percent changes can be explained by the changes in current account at selected 

lags in the post-crisis period. In order to establish the causality relationships and stimulate shocks 

to trace out the effects of shock on endogenous variables, Granger-causality and impulse response 

function will be applied in the next section.
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Table 12: Vector Auto-regression for equation of GDP_percent 

z-statistics in parentheses, *** p<0.01, ** p<0.05, * p<0.1 
 
 
 
 
 

VARIABLES AT CZ DK EE FR DE GR HU IT NL PL SK SI ES CH 

L.GDP_percent 0.374*** 0.374*** 0.547*** 0.938*** 0.822*** 0.567*** 0.834*** 0.689*** 0.788*** 0.820*** 0.711*** 0.542*** 0.959*** 0.650*** 0.964*** 

 -3.72 -4.34 -5.76 -8.89 -8.41 -8.54 -8.35 -6.57 -8.08 -8.62 -8.01 -5.56 -9.87 -6.89 -9.47 

L2.GDP_percent 0.119 0.004 0.144 -0.066 -0.217*  -0.349*** 0.338*** 0.076 -0.111 0.043 -0.196** -0.234** -0.114 -0.520*** 

 -1.18 -0.04 -1.3 (-0.52) (-1.70)  (-2.84) -2.74 -0.6 (-1.25) -0.5 (-2.41) (-2.44) (-1.00) (-3.96) 

L3.GDP_percent 0.021 0.025 -0.269*** -0.150* 0.201  0.069 -0.09 -0.094     -0.004 0.132 

 -0.22 -0.27 (-3.82) (-1.89) -1.61  -0.75 (-0.71) (-0.75)     (-0.04) -1.44 

L4.GDP_percent -0.116 -0.136**  -0.088 -0.121   -0.239** 0.03     -0.047  

 (-1.58) (-2.08)  (-1.49) (-1.43)   (-2.55) -0.32     (-0.57)  

L.Currentaccount 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000** 0.000 0.000 0.000 0.000 0.000 -0.000*** 

 -0.08 -0.54 (-0.58) (-0.19) -0.61 -0.25 -0.39 (-0.54) -2.27 -0.71 -1.49 -0.77 (-1.07) (-0.19) (-2.82) 

L2.Currentaccount 0.000 0.000 -0.000* 0.000 0.000  0.000 0.000 0.000 0.000 0.000 0.000 0.000 -0.000** 0.00 

 -0.66 (-0.62) (-1.76) -0.62 -1.25  -0.39 -0.01 (-0.09) -0.43 (-0.20) -0.36 (-0.11) (-2.16) (-0.67) 

L3.Currentaccount -0.001* -0.000** 0.000 0.000 0.000  0.000 0.000 0.000*     0.000 0.000 

 (-1.95) (-2.33) (-0.56) (-0.20) (-0.13)  (-1.46) (-0.63) -1.72     (-1.19) (-0.45) 

L4.Currentaccount 0.001** 0.000  -0.000** 0.000   0.000 0.000     0.000  

 -2.28 (-1.54)  (-2.11) (-1.06)   (-0.33) -1.26     (-0.87)  

NEZ_percent 0.061*** 0.029 0.031*** -0.009 0.048** -0.052* 0.152 0.225** -0.255*** 0.027 0.174* 0.101*** 0.126 0.570*** 0.053 

 -2.73 -1.5 -2.59 (-0.43) -2.09 (-1.83) -1.29 -2 (-4.10) -0.5 -1.68 -3.21 -1.61 -4.38 -0.57 

EZ_percent 0.596*** 0.774*** 0.460*** 0.278*** 0.385*** 0.744*** 0.688* 0.890** 0.505*** 0.728*** 0.655* 0.607*** 0.176 1.531*** 1.362*** 

 -5.83 -8.51 -7.85 -3.16 -4.28 -5.57 -1.73 -2.04 -2.79 -3.52 -1.88 -4.54 -0.62 -3.27 -3.84 

Constant 0 0 0 0 0 0 0 0 -0.000** 0 0 0 0 0.002*** 0 

 (-1.00) -1.39 -0.84 -1.28 (-0.63) (-0.09) (-0.06) -0.43 (-2.16) (-0.76) (-0.72) (-0.44) -0.44 -3.04 -1.44 

Observations 96 96 97 96 96 99 97 96 96 98 98 98 98 96 97 
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Table 13: Vector Auto-regression for equation of Current account 

VARIABLES AT CZ DK EE FR DE GR HU IT NL PL SK SI ES CH 

L.GDP_percent 13.162 -507.589* 3,632.32 1,279.227* -346.448 -330.752 223.729 565.694 -80.216 -2,223.13 -51.997* -578.155 -
540.588*** -81.83 -

2,138.537** 
 -0.64 (-1.93) -0.98 -1.8 (-0.20) (-0.55) -1.03 -1.23 (-0.38) (-1.35) (-1.90) (-1.29) (-2.81) (-0.86) (-2.24) 

L2.GDP_percent -0.19 513.659* -2,077.02 -
2,159.695** -2,241.90  -665.036** -910.908* 88.418 -157.862 12.226 671.275* 334.356* -44.956 2026.71 

 (-0.01) -1.74 (-0.48) (-2.53) (-0.97)  (-2.48) (-1.68) -0.32 (-0.10) -0.47 -1.79 -1.76 (-0.39) -1.64 

L3.GDP_percent -22.56 -421.49 -1,199.61 481.338 -1,204.60  720.800*** 696.411 -177.509     -79.707 -815.636 

 (-1.14) (-1.48) (-0.44) -0.9 (-0.54)  -3.6 -1.26 (-0.65)     (-0.69) (-0.95) 

L4.GDP_percent -5.862 -88.683  379.24 1,719.88   79.785 7.577     82.691  

 (-0.39) (-0.45)  -0.96 -1.13   -0.19 -0.04     -0.98  

L.Currentaccount 0.117 0.188* -0.165 0.121 0.102 -0.037 0.009 -0.027 0.08 -0.021 0.175* -0.057 0.195* 0.252*** -0.035 

 -1.27 -1.77 (-1.55) -1.2 -1.13 (-0.33) -0.1 (-0.25) -0.82 (-0.23) -1.69 (-0.58) -1.87 -2.66 (-0.36) 

L2.Currentaccount 0.01 0.143 0.055 0.118 -0.03  0.333*** 0.067 0.109 0.565*** -0.081 -0.025 -0.038 0.012 0.063 

 -0.1 -1.37 -0.5 -1.15 (-0.32)  -3.46 -0.63 -1.11 -6.39 (-0.79) (-0.25) (-0.35) -0.12 -0.63 

L3.Currentaccount 0.023 -0.235** -0.014 -0.021 -0.081  -0.076 -0.021 0.095     0.031 0.335*** 

 -0.25 (-2.28) (-0.13) (-0.20) (-0.86)  (-0.76) (-0.20) -0.97     -0.31 -3.3 

L4.Currentaccount 0.492*** 0.165  -0.077 0.629***   -0.144 0.412***     0.379***  

 -5.22 -1.58  (-0.71) -6.3   (-1.35) -4.02     -3.99  

NEZ_percent -2.407 -26.636 262.488 88.885 -1.404 403.664 96.323 165.313 35.166 1,159.93 54.994* -124.979 240.091 309.385** 1,527.192* 

 (-0.53) (-0.45) -0.55 -0.65 (-0.00) -1.58 -0.38 -0.34 -0.26 -1.23 -1.73 (-0.86) -1.55 -2.36 -1.75 

EZ_percent 12.091 732.067*** 888.231 132.69 1,874.48 1,278.52 210.291 1,937.14 -728.281* 1,200.61 36.276 86.395 630.52 -491.743 -3732.372 

 -0.58 -2.64 -0.39 -0.22 -1.16 -1.07 -0.24 -1.02 (-1.84) -0.33 -0.34 -0.14 -1.13 (-1.04) (-1.12) 

Constant 0.01 0.616*** 5.960*** 1.895*** 1.996* 5.324*** 1.001* 1.800* 0.73 6.898*** 0.370*** 1.197*** 1.488*** 1.158** 4.826** 

 -1.03 -3.31 -4.34 -3.87 -1.76 -7.39 -1.81 -1.75 -1.48 -2.59 -4.32 -3.51 -3.72 -2.27 -2.25 

Observations 96 96 97 96 96 99 97 96 96 98 98 98 98 96 97 

z-statistics in parentheses, *** p<0.01, ** p<0.05, * p<0.1 
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3.2 Granger non-causality test 

Based on the VAR models, the linear causality test will be applied in this section. The concept of 

causality is defined by Granger (1969a) based on the cause that cannot come after the effect. The 

idea is if one variable affects the second variable, then the first one should help improve the 

predictions of the second variable.  

In this paper, the rolling window granger non-causality test is applied to determine the Granger-

Causal relationships between the between the endogenous variable (Current account and 

GDP_percent) in VAR process 𝑦𝑦𝑡𝑡. 

𝑦𝑦𝑡𝑡 = 𝛾𝛾 + � 𝛽𝛽𝑞𝑞𝐸𝐸𝑡𝑡−𝑞𝑞
𝑞𝑞

𝑚𝑚=1
+ � 𝛼𝛼𝑚𝑚𝑌𝑌𝑡𝑡−𝑚𝑚 +

𝑝𝑝

𝑚𝑚=1

𝜀𝜀𝑡𝑡 

𝑥𝑥𝑡𝑡 = 𝜃𝜃 + � 𝜏𝜏𝑞𝑞𝐸𝐸𝑡𝑡−𝑞𝑞
𝑞𝑞

𝑚𝑚=1
+ � 𝜋𝜋𝑚𝑚𝑌𝑌𝑡𝑡−𝑚𝑚 +

𝑝𝑝

𝑚𝑚=1

𝜔𝜔𝑡𝑡 

Where, 𝜀𝜀𝑡𝑡 and 𝜔𝜔𝑡𝑡 are the error terms and are uncorrelated. 

The Wald-test is performed to test the null hypothesis and if the null hypothesis can be rejected, 

then the variable X is the granger cause of Y. While in Greene (1999), the adjustment of the 

equation for the granger-causality test for VAR models with lag terms can be listed as following: 

𝑦𝑦𝑡𝑡 = �
𝛾𝛾1
𝛾𝛾2� + �𝛽𝛽11 𝛽𝛽12

𝛽𝛽21 𝛽𝛽22
� 𝑦𝑦𝑡𝑡−1 + �

𝜀𝜀1
𝜀𝜀2� 

Where, 𝑦𝑦𝑡𝑡 = [𝑌𝑌𝑡𝑡,𝐸𝐸𝑡𝑡]′ . In the Wald-test, the variable X is the granger cause of Y if the null 

hypothesis of the statistically significant of the coefficient is different from zero. The null 

hypothesis is the endogenous variables do not granger cause the dependent variables. In the VAR 

results, through lags selection criteria, the lags terms are employed in different countries.  

The causality results (table 14) are that focus on the effect of current account on the percentage of 

GDP cycles. (I) refers to the equation of the GDP_percent, and the null hypothesis will be rejected 

if the coefficients on the Current account with a number of lags are jointly zero. (II) is the panel 

for the equation of the Current account, and the null hypothesis would be rejected if the 

coefficients on GDP_percent with the number of lags are jointly zero. 
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The Current account granger causes Austria’s GDP percent on 4 of its own lags but the reverse 

causality cannot be found in full-time span and post-crisis period. However, in pre-crisis, no 

granger causes can be observed between the current account and Austria’s GDP percent in either 

direction. 

The bilateral causality can be found between the current account and Czech Republic’s GDP 

percent on 4 of its own lags. Besides, the current account granger causes the GDP percent of Czech 

Republic on its own lags of 3 but the causality cannot be found reversely in the post-crisis period. 

For Estonia, bilateral causality can be found between the current account and Estonia’s GDP 

percent at lags 4 with a non-zero coefficient in the pre-crisis period. While in the post-crisis period, 

the null hypothesis of granger non-causality with a current account can be rejected with lags 1 at 

5% significant level.  In France, that Current account and the percent of France GDP does not 

bilateral granger cause on 4 of its own lags. But the percentage of France’s GDP granger cause the 

current account at lags 4. In addition, for the post-crisis period, there is a bilateral causality can be 

observed on its own lags of 4 at 5% significant level. In the post-crisis periods of Germany, the 

GDP percent of Germany granger cause of the current account with lags 4 at 5% significant level. 

However, no granger causes that can be observed between the current account and Germany’s 

GDP percent in either direction in other panels. For Greece, a bilateral granger cause can be 

observed in between the current account and Greece’s GDP percent on 3 of its own lags at 1% 

significant level. While the single direction of granger causality between Greece’s GDP and 

current account can be observed at lags 2 for the pre-crisis period. In Italy, the current account 

grange causes the GDP percent of Italy’s economies with a non-zero coefficient at its own lags of 

4. However, the GDP percent in Italy in turn does not granger cause the current account in both 

panel A and Panel C. while no granger causality can be observed in the pre-crisis period in Italy. 

The GDP percent of Netherlands granger cause the current account on its own lags of 2 at 5% 

significant level. While both in pre and post-crisis period, the current account granger causes the 

GDP percent in Netherlands with its own lags of 4 in a single direction. While in the equation of 

Poland’s GDP percent, in panel A and C, the GDP percent can reject the null hypothesis of non-

causality at 1% significant level with a non-zero coefficient. However, in panel B, the null 

hypothesis of the current account does not granger cause GDP percent can also be rejected at its 

own lags of 4. In Slovenia, a single direction can be observed in panel A and B. The GDP percent 

can granger cause the current account at lags 2 with non-zero coefficient and reversely in the pre-
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crisis period, the current account can granger cause the GDP percent of Slovenia at lags 3. 

Moreover, there is a bilateral causality relation between the GDP percent and the current account 

in Slovenia at its own lags of 1. In Spain, the null hypothesis of current account does not granger 

cause Spain’s GDP percent on its own lags can be observed in three panels. Finally, the current 

account does granger cause the percentages of GDP in Switzerland at lags 3. The GDP percent of 

Switzerland’s does granger cause the current account with non-zero coefficients at 1% significant 

level. In essence, no granger causes can be observed between the current account and the GDP 

percent of Denmark, Hungary and Slovakia in either direction for three panels, which means that 

there is not a causality relationship among the variables. To further investigate the bilateral 

relationship among different variables, Impulse Response Function will be applied in next section. 

Table 14：Granger Causality test for VAR 

     Pre-crisis   Post-crisis 

 df 
Excluded 
Current 
account 

Excluded 
GDP_percent df 

Excluded 
Current 
account 

Excluded 
GDP_percent df 

Excluded 
Current 
account 

Excluded 
GDP_percent 

Austria 4 8.1357* 6.5731 4 4.45 4.7324 1 0.11406 .08556   
Czech 
Republic 4 10.271** 10.271** 2 1.5447 2.3356 3 17.68*** 4.998 

Denmark 3 3.2113 1.8443 1 2.5277 0.77164 3 4.1908 3.0781 
Estonia 4 4.7037    6.9317 4 0 .83242** 6.9378* 1 6.433** 1.9412 
France 4 3.6194 11.587** 3 1.8581 6.6099 4 10.722** 11.162** 
Germany 1 0.06273 0.3073   4 2.1206 0.17346 1 1.7134 6.898** 
Greece 3 2.3056 12.976*** 2 0.71679* 5.5532* 1 0.00553 0.00328   
Hungary 4 0.77326 7.6541 2 3.0293* 0.93668 2  0.24587 2.9929 
Italy 4 10.203** 2.1978 4 1.9782 4.9913 4 19.794*** 4.855 
Netherland 2 0.68541 6.4528** 4 3.3172** 1.7475 4 22.886*** 3.3523 
Poland 2 2.2162 5.8809* 4 2.2008*** 2.4169 2 3.937 4.6823* 
Slovak 
Republic 2 0.70259 3.2759   2 1.7919 0.7284 2 1.4201 3.9498 

Slovenia 2 1.1869 8.3026** 3 7.618** 3.9128 1 3.4975* 3.3588* 
Spain 4 13.226** 6.1972 4 4.47438* 1.9106 1 3.1685* 1.5449 
Switzerland 3 8.3008** 5.0288 1 4.2545 2.4849 1 0.81423 8.6089*** 

z-statistics in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

3.3 Current account shocks on regional GDP percent 

In this section, the interactions between the variables will be specify through applying the Impulse 

Response Function (IRFs) analysis identified how the endogenous variables respond to a shock in 

all endogenous variables over time and it can trace the endogenous variables to such shock through 

IRFs.  

The impulse responses to a VAR model in the terms of MA representation: 
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𝑦𝑦𝑡𝑡 = 𝜇𝜇 + � Ψ𝑖𝑖
∞

𝑖𝑖=0
𝑤𝑤𝑡𝑡−𝑖𝑖 

Where, the components of the 𝑤𝑤𝑡𝑡 = (𝑤𝑤1𝑡𝑡, … ,𝑤𝑤𝐾𝐾𝑡𝑡)
′ are uncorrelated and have unit variance (∑𝑤𝑤 =

𝐼𝐼𝐾𝐾). Due to the components are orthogonal (uncorrelated), the changes in one component of the 𝑤𝑤𝑡𝑡 

has no effect on the other components. The unit innovation is just an innovation of size one 

standard deviation because the variances of the components are one (L). The elements of the 𝜙𝜙𝑖𝑖 

are interpreted as responses of the system to such innovation. Obviously, Ψ𝑗𝑗𝑗𝑗(0) refers to the 

instant effects of shocks. To be specific, he jk-th element of the 𝜙𝜙𝑖𝑖 is assumed to the effect on 

variable j of a unit innovation in the k-th variable that has occurred i periods ago.  

To assess the time profile of the effects of shock to current account balance 12on both Eurozone 

and Non-Eurozone economy, we investigate three different shocks: (a) a standard shock of the 

current account to the percentages of countries’ GDP; (b) a standard shock of the percentage of 

Eurozone countries GDP to the percentages of countries’ GDP; and (c) a standard shock of the 

percentage of Non-Eurozone countries GDP to the percentages of countries’ GDP. Hence, the 

Orthogonalized Impulse Responses which is proposed by Sims (1980). The OIR approach requires 

the impulse response to be computed to a set of orthogonalized shocks and follow a 95% 

confidential interval in this section.  

In order to analyze the influence of the financial crisis on the current account deficits, the time 

span will be separated into three panels (Panel A: 1995Q1-2019Q4; Panel B:1995Q1-2007Q4; 

Panel C:2008Q1-2019Q4). The reacts of the GDP percent on the shock of current account will be 

presented in this section. 

3.3.1 Bilateral-relation on regional economy  

The shocks of the fiscal policy in selected countries are shown in Appendix A2. One standard 

deviation to the current account increases the GDP percent in the Czech Republic, Estonia and 

Greece. The positive response gradually declines until three periods and the shocks become 

negative in the short run. Beyond period four, the current account rises but remains in the negative 

region. It reflects the current account balance shocks are persistent and strongly increase in long 

                                                      
12  In Appendix A8, graphs of unit root circle indicate visually that these eigenvalues are just inside the unit circle, 
so the VAR models that is applied in this paper are all in stability condition.   
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run. While in Germany, Netherlands, Poland and Slovakia the regional GDP percent react 

positively and the response increase in short run, peak after around one period then gradually 

decrease to a stable value. The GDP percent of Slovenia reacts negatively and declines to the 

bottom at three periods then gradually increases to a steady value close to zero and remains in the 

negative region. 

3.3.2 Pre-crisis bilateral-relation  

In the pre-crisis period (Appendix A3), in countries like Switzerland and Denmark, a standard 

deviation to the current account decreases the GDP percent decrease in short run at the first period 

and sharply rising in long run. While the GDP percent in Austria, Germany, Poland and Slovenia 

have a similar pattern in the response of current account balance. The positive current account 

shocks rising to peak after around two periods then declines in long run. While, the shocks of 

current account on Slovakia and Greece decline in first three quarters and gradually increases in 

long run in the negative region.  

3.3.3 Post-crisis bilateral relation  

In the post-crisis period (Appendix A4), one standard deviation to the current account decreases 

the GDP percent in Austria and Hungary in the short-run and then increases in the long-run. While 

the similar pattern of current account shocks can be observed in countries such as Estonia, 

Germany, Greece, Slovenia, Spain and Switzerland. The response to the shock first increases to a 

peak in the first two periods and then decreasing to a stable value. To be noted, the shocks on 

Spain’ GDP percent are more strong and persistent compared with others. While the reacts of 

Czech Republic, Italy and Netherland declines in the first period and then gradually increase to 

zero in the negative region.  

4. Discussion  

There are different reactions to the current account shocks among CEEC-7. To further distinguish 

the influence of the financial crisis and current account deficits in GDP percent of CEEC-7. The 

results will be discussed in detail in this section.  

Czech Republic: 
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In Czech Republic, one standard deviation to current account increases have more influence on the 

GDP in the Czech Republic in the post-crisis period (figure 10). Before the financial crisis, Czech 

Republic has lower private debt and the credit growth rates were sustainable. Thus, the GDP 

responses in the pre-crisis period remain at a stable value around zero. As the Czech Republic is 

not a member of the euro area, the direct fiscal impact of the financial crisis and the euro area crisis 

is limited compared with other countries. The solid fiscal fundamentals and lower fiscal risks have 

contributed to the stabilization in the macroeconomic. While, in the post-crisis period, a decline 

can be observed in the first period and then sharply rising at the period of 5 then a positive effect 

impulse on GDP of Czech Republic in long run. The influence of the global financial crisis on 

their internal balances was mainly caused by external factors for example the decrease in exports 

and the inflows of foreign direct investment. Besides, the balance of payment was also affected by 

the economic crisis and the government deficits were rising (Bolotov et.al, 2013). Influenced by 

the shock of the global economic recession, the government of the Czech Republic taken a floating 

exchange rate regime of current account balance and large fiscal stimulus. Thus, influenced by the 

financial crisis, the GDP responses in Czech Republic of the model react differently due to the 

changes of the fiscal policy and the differences between Slovakia and Czech Republic were 

enlarged as well.  

Figure 10: IRFs of fiscal policy shock on Czech Republic 

Panel A (1995Q1-2019Q4)                Panel B (1995Q1-2007Q4)            Panel C (2008Q1-2019Q4) 

 
Estonia: 

Estonia’s GDP percent declines to the bottom in the short run and beyond period three, the effects 

of the current account gradually increase in negative region in the pre-crisis period (figure 11). In 
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the pre-crisis period, the economy in Estonia was gradually integrated into the international 

production networks and rapid growth in foreign demand. Even before the financial crisis in 2008, 

there is a pre-boom and imbalances in foreign trade. The government was accustomed to the high 

inflation and the budget surplus policy which despite tax cuts was committed and the government 

activities were also reduced to meet the Maastricht criterion. While the anti-crisis policy 

undertaken by Estonia, so-called “Baltic Tigers”, was different from other Baltic countries and it 

had taken the fixed exchange rate policy to preserve the economic integration in the EU. While, in 

post-crisis, the shocks of current account after the financial crisis rising sharply in the first period 

and then declining to zero in the positive region. The fiscal authorities in Estonia undertaken a 

loose fiscal policy to meet the criterion of the euro area and the fixed exchange rate policy to 

preserve the wealth benefits from the transformation of market economies and monetary 

integration of Europe. Besides, the government applied a short-run and austerity-oriented fiscal 

policy to get rid of inflation. Through internal devaluation, the external trade position is weakened 

and the integration with the common market was promoted.  

Figure 11: IRFs of fiscal policy shock on Estonia 

Panel A (1995Q1-2019Q4)                Panel B (1995Q1-2007Q4)            Panel C (2008Q1-
2019Q4) 

 
Germany: 

The positive demand shocks, which refers to current account shocks, rising to peak after around 

two periods then decline in long run in the pre-crisis period (figure 12). The shocks of current 

account rising to peak after around two periods then fluctuate declines in the long run. Before the 

crisis, the federal government in Germany cut the budget deficits to make the economy sustainable 

in long run. Due to the introduction of the common currency in 1999, the current account surplus 
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is boosting further and the surplus of current account was maintained throughout the financial 

crisis. The GDP percent of Germany in post-crisis period reacts positively and the response 

increase in short-run, peak after around one period then gradually decrease to a stable value in long 

run. Due to the outbreak of financial crisis, the tax and benefit system has been changed and the 

basic allowances of federal income increased as well. The tightened fiscal policy is adopted in 

response to the positive shock in Germany and the policy attempters trying to offset the spillover 

effects from the external trading expansion. As the largest finished goods export country, Germany 

exploits the favorable environment to improve the fiscal balances and it kept increasing its current 

account surplus and the trade surplus even after the financial crisis.  

Figure 12: IRFs of fiscal policy shock on Germany 

Panel A (1995Q1-2019Q4)                Panel B (1995Q1-2007Q4)            Panel C (2008Q1-
2019Q4) 

 
Hungary: 

The GDP percent of Hungary in the pre-crisis period reacts strongly and negatively to one-unit 

shocks imposed on the current account and the response gradually decreases in long run (figure 

13). Before the financial crisis, due to the high external financial exposure and debt stock, the 

expansive fiscal policy was applied in Hungary where a high deficit can be found in the current 

account and negatively influence its GDP. In the post-crisis of Hungary, one standard deviation to 

current account declines and beyond period four, the current account rises but remains in the 

negative region and reacts positively at 10. After the financial crisis, the external and internal 

imbalances have enlarged and the government has taken the fiscal consolidation policy to stabilize 

the economy in Hungary. Besides, the financial integration in the EU contributed to improving the 

net external financing capacity and the deficit of the current account in Hungary which leads to 
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moderate development in Hungary. However, the excessive deficit reflects that the fiscal policies 

in Hungary are not conducive to long-term growth in the economy.   

Figure 13: IRFs of fiscal policy shock on Hungary 

Panel A (1995Q1-2019Q4)                Panel B (1995Q1-2007Q4)            Panel C (2008Q1-
2019Q4) 

 
Poland: 

In Poland’s pre-crisis period, the positive current account shocks rising to peak after around two 

periods then declines in long run in the positive region (figure 14). Fiscal authorities adopted fiscal 

consolidation to reduce the deficit and public debt and support the recovering processes of the 

economy and public finances. This approach has been widely used in European post-crisis 

countries. Poland in post-crisis period is rising in the first period and then decrease to the bottom 

in four quarters and finally to a stable value in the negative region. Even after the financial crisis, 

Poland still has a high public finance deficit, inflation and long-term interest rates. Thus, the fiscal 

attempters employed the fiscal rules focus on the limitation in debts and structural deficit. Poland 

also participates in the new European fiscal pact which is recommended by the European Council 

to improve its finance deficits. The effect of changes in the fiscal policy is more strong and more 

persistent in the post-crisis period.   

Figure 14: IRFs of fiscal policy shock on Poland 

Panel A (1995Q1-2019Q4)                Panel B (1995Q1-2007Q4)            Panel C (2008Q1-
2019Q4) 
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Slovak Republic: 

In Slovakian pre-crisis period, the negative current account shocks declining to the bottom and 

after around two periods then gradually running in the long run (figure 15). Before the financial 

crisis outbreak, Slovakia has established itself as one of the leading economies in Central Europe 

with a balanced budget policy. The fiscal authorities adopted a loose fiscal policy to improve the 

investment climate by offering the most favorable conditions and offer deeper tax cuts and reliefs. 

However, to become a member of EMU, the fiscal authorities in Slovakia adopted the strict fiscal 

policy and undermined the expansion of a budget deficit. When facing the financial crisis, the 

global financial crisis has little influenced on Slovakia initially because of the convergence criteria 

but in late 2008, there was a major slowdown in the Slovak economy. To recover from the 

recession, Slovakia undertook the fiscal stimulus from European Commission to tackle the 

financial crisis (Daborowski, 2011). In addition, after adopting the single currency, the negative 

consequences of the financial crisis have been mitigated. In the post-crisis period, the response to 

the shock first increases to a peak in two periods and then decreasing to a stable value.  

Figure 15: IRFs of fiscal policy shock on Slovakia 

Panel A (1995Q1-2019Q4)                Panel B (1995Q1-2007Q4)            Panel C (2008Q1-
2019Q4) 
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Slovenia: 

The positive current account shocks to pre-crisis GDP of Slovenia rising to peak after around two 

periods then fluctuate declines to a stable value in long run (figure 16). Slovenia was the richest 

region of former Yugoslavia and even after the transformation of the market economy, it still was 

the richest post-communist nation and adopted the euro in 2007. In the pre-crisis period, the 

response to the current account balance is stronger and persistent. Fiscal authorities in Slovenia 

adopted a strict fiscal policy to meet the requirement of a single market. However, the financial 

crisis and subsequently euro area crisis hit Slovenia hardly. The response of post-crisis GDP –

percent to the shock first increase to a peak in the first two periods and then sharply decreasing to 

a stable value. The membership in EMU undermined Slovenia’s fiscal discipline. Facing the 

financial crisis, abandoned the traditional conservative fiscal policy to follow the EMU 

requirements.  

Figure 16: IRFs of fiscal policy shock on Slovenia 

Panel A (1995Q1-2019Q4)                Panel B (1995Q1-2007Q4)            Panel C (2008Q1-
2019Q4) 
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becomes the largest exports country. Since the introduction of the euro, the increase in wages and 

migration erode the competitiveness of the small periphery countries on their exports. In EMU, 

some periphery countries are unable to compensate for the high labor and other production costs 

with the devalued currency so they seem to rely heavily on the current account deficits and debts 

to finance the growth of their economy and that eventually leads to high current account 

imbalances in EMU in 2007. To finance the deficit, the country has to attract additional funds from 

outside. For the countries that still have their own national currency, a deviation of their own 

national currency may attract more foreign investors to finance their domestic assets. In contrast, 

EMU member states share the euro as a common currency and the unlimited usage of the euro 

provides extra protection for this situation. Even if a country does not have sufficient private funds, 

cross-border payments can also be processed and financed. When the private sector stopped the 

financing to the periphery countries, the intra-bank payment system involuntarily takes this role 

and leading to sizeable intra-euro claims and liabilities of national central banks. Countries that 

suffered from deficits could debit to the euro-system and that enables them to continue running 

the intra-EMU deficits. To be noted, periphery countries represent the major share of the 

imbalances in EMU and the fundamentals of the member states such as productivity and 

competitiveness may not have fully converged. Because of the fundamental differences between 

the member states, the outbreak of financial crisis subsequently led to the sovereign debt crisis. 

Some member states such as Greece, Spain and Slovenia are on the verge of a financial collapse 

because of the crisis. In order to recover from the economic recession, EMU achieved in rebalance 

at the expense of their domestic demand and the central bank funding provides extra fiscal support 

for deficit countries in Central Eastern Europe such as Estonia, Slovakia, Slovenia to help them 

smooth their adjustment process. While other countries that using their own national currency such 

as the Poland and Hungary have more severe current account deficits and they are slow recovery 

from the crisis.   

Conclusion  

The synchronization of business cycles is an important ingredient to assess whether the monetary 

policy applied within the euro area is successful or not. In this paper, the synchronization of 

business cycles which is influenced by the adoption of the common currency in 1999 have been 

assessed and the current account shocks to CEEC-7 are examined with the influence of the 
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financial crisis. As the CEEC-7 contains countries from the euro area such as Estonia, Germany, 

Slovakia and Slovenia and the rest have been the member states of European Union. To be noted, 

most of the CEEC-7 countries are periphery countries in euro area. However, there is a high 

synchronization observed in core Eurozone countries and the periphery countries are weakly 

correlated with the core countries. So the criterion of separating the core countries from periphery 

countries is redefined in the paper through the synchronization of their business cycles.  

According to previous literature (Boschi and Girardi, 2011) identified that the synchronization of 

the business cycles among member states would facilitate the currency union. Nevertheless, there 

is a little empirical evidence regarding the impact of fiscal policy on the synchronization of 

business cycles We assumed the potential effects of the fiscal policy plays an essential role in the 

synchronization of business cycles in EMU. After the financial crisis and the subsequent Eurozone 

debt crisis, there is a heated debate about fiscal consolidation and its impact on economic activities 

and business cycles. 

Specifically, we employed the filters to de-trend the cyclical component from real GDP and 

compared the correlation coefficients across countries. Besides, we developed a simple macro-

econometric model driven by two endogenous variables (GDP percent and current account) and 

two exogenous variables (GDP percent in Eurozone and non-Eurozone). In particular, the granger 

causality between the current account and the percentage of the country’s GDP has been examined 

and the responses of the GDP percent to the fiscal policy shocks based on impulse response 

functions estimated by VAR models have been traced. 

Generally, the results of the cycles of real GDP visually tell that there is a high synchronization of 

the business cycles can be observed in the core countries and high correlation coefficient between 

the core countries than periphery countries after the introduce of common currency. While for the 

non-Eurozone countries, the co-movement of the business cycles is not obvious but the 

desynchronization in business cycles is more significant after the introduction of euro. As CEEC-

7 contains both Eurozone and non-Eurozone countries, different clusters of correlation can be 

observed in the correlation Heat map and the clusters are more significant after the adoption of the 

single currency.  

Besides, the regression results reflect a positive and statistically significant relation of the 

Eurozone countries’ GDP percent to that of the most selected countries. Probably the variable of 
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Eurozone countries’ GDP percent is consisted of most selected countries’ GDP percent. Thus the 

impacts of the Eurozone GDP percent are more significant. Besides, the current account is also 

can be observed positive and statistically in some countries, especially in the post-crisis period. 

The estimated results imply that the econometric expansion in the euro area has significant fiscal 

policy effects on CEEC-7 economies especially after the financial crisis. As for the periphery 

countries that have current account deficits were debit to the euro-system and that enable them to 

continue running the intra-EMU deficits. With the extra funding from the central bank, the 

economies in EMU recover more quickly from the recession. Based on that, if the fiscal policy is 

conducive to the operation of the common currency area, it could influence the synchronization of 

the common currency. However, the fiscal policy is changed over time based on the domestic 

economies throughout the sample period. The results also show that the de-synchronization of the 

business cycles could be explained by the fiscal policy. Besides the institutional responses in the 

euro area impose the restrictions on the build-up of debt and fiscal deficit could limit the 

stabilization roles that the fiscal policy plays in EMU.  

Based on the aforementioned results the fiscal policy is an indispensable tool to stabilize the 

monetary union and propel the synchronization of the business cycles. The design of the fiscal 

constraints should ensure the fiscal policy is focused on the roles of promoting convergence and 

sustainability in public finances while constraining idiosyncratic policy induced de-

synchronization. With these constraints, a union-wide borrowing facility would be useful to reduce 

the asymmetric shocks. Alternatively, it would be necessary for the other system to ensure the 

stability of fiscal transfer across EMU. 
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Appendices 

Appendix A1: Business cycles for individual economies 
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Appendix A2: IRFs for individual economies (Panel A) 
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Appendix A3: IRFs for individual economies (Panel B) 
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Appendix A4: IRFs for individual economies (Panel C) 
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Appendix A4: VAR results for the equation GDP_percent (Panel B) 

VARIABLES AT CZ DK EE FR DE GR HU IT NL PL SK SI ES CH 
L.GDP_percent 0.261* 1.041*** 0.471*** 0.643*** 0.509*** 0.326*** 0.720*** 0.857*** 0.829*** 0.845*** 0.649*** 0.706*** 0.849*** 0.437*** 0.695*** 

 -1.96 -8.01 -3.67 -4.7 -4.25 -3.04 -5.53 -6.43 -5.74 -5.9 -4.94 -5.48 -6.14 -3.41 -6.88 

L2.GDP_percent 0.417*** -
0.405***  0.416*** 0.209 -0.049 -0.115 -0.116 0.091 -0.148 0.048 0.029 -0.333* 0.029  

 -3.14 (-3.14)  -2.61 -1.51 (-0.43) (-0.81) (-0.89) -0.51 (-0.81) -0.3 -0.23 (-1.93) -0.2  

L3.GDP_percent 0.028   -0.086 
-

0.411*** -0.034   -0.154 0.317* 0.031  0.157 -0.206  
 -0.22   (-0.54) (-4.25) (-0.31)   (-1.59) -1.77 -0.2  -1.15 (-1.34)  

L4.GDP_percent -
0.403***   -0.269**  -0.091   -0.126 

-
0.364*** -0.145   -0.036  

 (-3.77)   (-2.08)  (-1.02)   (-1.59) (-2.85) (-1.16)   (-0.31)  
L.Currentaccount 0 0 0 0 0 0 0 0 0 -0.000* 0 0 0 0 0 

 -0.23 (-0.25) (-0.56) -0.2 -1.04 -1.4 (-0.74) -0.24 -0.49 (-1.84) -0.19 (-0.17) -0.3 -0.98 (-0.38) 
L2.Currentaccount 0.001 0  0 0 0.000* 0 0 0 0 0.001 0 0 0  

 -1.3 (-0.03)  (-0.83) (-0.91) -1.75 (-0.70) (-0.66) -0.22 -0.39 -0.74 (-0.38) -1.58 (-0.76)  
L3.Currentaccount 0   0 0 0   0 0 -0.001  0 0  

 (-0.43)   (-1.22) -0.43 (-0.68)   -0.37 -1 (-0.72)  (-0.87) -0.05  
L4.Currentaccount 0   0  0   0 0 0.001   0  

 -0.84   -1.5  -0.16   (-1.24) -0.57 -0.99   -0.99  

NEZ_percent 0.051* 0.027 0.088* -0.034 0.011 -0.027 
-

0.250*** 0.029 -0.025 0.045 0.613*** 0.17 0.071 
-

0.135*** 0.193** 
 -1.77 -0.2 -1.76 (-0.22) -0.72 (-1.08) (-2.96) -0.18 (-0.69) -1.41 -3.03 -0.93 -0.91 (-3.99) -2.45 

EZ_percent 0.839*** 0.73 0.538** 0.127 0.670*** 1.248*** -0.3 0.322 0.179 0.522*** 1.784* -0.178 0.161 0.923*** 1.020** 
 -4.02 -1.19 -2.1 -0.17 -5.89 -7.37 (-0.72) -0.46 -0.99 -2.82 -1.96 (-0.21) -0.47 -4.97 -2 

Constant 0 0 0 0 0 -0.000** 0 0 0 0 0 0 0 0 0 
 (-1.64) -0.33 -0.53 -0.51 (-0.84) (-2.02) -0.72 0 -0.54 (-0.43) (-0.17) -0.12 (-0.87) (-0.95) -0.23 

Observations 48 50 51 48 49 48 50 50 48 48 48 50 49 48 51 
z-statistics in parentheses, *** p<0.01, ** p<0.05, * p<0.1 
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Appendix A5: VAR results for the equation Current account (Panel B) 

VARIABLES AT CZ DK EE FR DE GR HU IT NL PL SK SI ES CH 
L.GDP_percent 44.725 1.041*** 1033.35 207.683** 817.379 271.992 -352.851 33.963 45.777 -773.268 -20.864 158.040* -24.95 1,264.111** -396.359 

 -1.39 -8.01 -0.86 -2.14 -0.32 -0.29 (-1.52) -0.19 -0.09 (-0.20) (-0.93) -1.65 (-0.10) -1.97 (-0.24) 

L2.GDP_percent 5.295 -
0.405***  -147.137 -

3075.305 1205.057 586.018** -58.811 365.109 3305.004 -43.844 -93.309 27.103 -815.272  
 -0.17 (-3.14)  (-1.30) (-1.03) -1.21 -2.31 (-0.33) -0.57 -0.67 (-1.63) (-0.98) -0.08 (-1.09)  

L3.GDP_percent -41.585   -250.468** 832.333 -945.689   -252.856 -3432.051 14.996  -230.738 13.411  
 (-1.36)   (-2.24) -0.4 (-0.99)   (-0.72) (-0.71) -0.57  (-0.89) -0.02  

L4.GDP_percent -0.562   295.630***  -412.196   -385.012 -2504.244 1.453   161.741  
 (-0.02)   -3.22  (-0.53)   (-1.33) (-0.73) -0.07   -0.28  

L.Currentaccount 0.211* 0 0.114 0.201 0.246* 0.220* 0.101 0.094 0.089 0.046 0.001 -0.06 0.389*** 0.174 -0.08 
 -1.67 (-0.25) -0.82 -1.64 -1.82 -1.75 -0.9 -0.71 -0.64 -0.37 0 (-0.42) -3.01 -1.4 (-0.55) 

L2.Currentaccount -0.001 0  0.285** 0.05 0.056 0.565*** 1.016*** -0.014 0.252** -0.003 -0.182 0.018 -0.047  
 (-0.01) (-0.03)  -2.3 -0.34 -0.44 -4.84 -7.57 (-0.09) -2.03 (-0.02) (-1.30) -0.13 (-0.34)  

L3.Currentaccount 0.021   0.225* 0.399*** 0.113   0.127 0.17 0.417***  0.454*** 0.122  
 -0.16   -1.65 -2.81 -0.81   -0.78 -1.31 -3.26  -3.37 -0.85  

L4.Currentaccount 0.500***   0.488***  0.562***   0.477*** 0.616*** 0.433***   0.488***  
 -3.7   -3.42  -3.59   -3.07 -4.47 -3.12   -3.47  

NEZ_percent -8.737 0.027 471.597 -157.051 -50.453 -138.213 -246.214 -57.176 73.853 
-

1,445.404* 28.02 11.63 16.931 352.081** 1715.104 
 (-1.27) -0.2 -1.01 (-1.41) (-0.15) (-0.63) (-1.63) (-0.26) -0.55 (-1.67) -0.81 -0.09 -0.11 -2.08 -1.3 

EZ_percent -31.489 0.73 -
1525.348 653.714 263.472 

-
1457.765 723.547 602.998 

-
1,894.641*** 2144.93 256.347* -586.094 81.078 

-
2,641.963*** 2125.407 

 (-0.63) -1.19 (-0.64) -1.26 -0.11 (-0.99) -0.97 -0.63 (-2.89) -0.43 -1.65 (-0.94) -0.12 (-2.84) -0.25 
Constant 0.022 0 6.064*** 0.092 2.257** 0.921 0.643* 0.422 1.043* 2.39 0.131 0.609** 0.518 1.311* 13.427*** 

 -1.49 -0.33 -4.66 -0.27 -1.98 -0.79 -1.76 -0.82 -1.72 -1.33 -1.46 -2 -1.3 -1.79 -4.19 
Observations 48 50 51 48 49 48 50 50 48 48 48 50 49 48 51 

z-statistics in parentheses, *** p<0.01, ** p<0.05, * p<0.1 
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Appendix A6: VAR results for the equation GDP_percent (Panel C) 

VARIABLES AT CZ DK EE FR DE GR HU IT NL PL SK SI ES CH 
L.GDP_percent 0.345*** 0.649*** 0.496*** 0.655*** 0.657*** 0.157** 0.777*** 0.396*** 0.471*** 0.456*** 0.466*** 0.466*** 0.371*** 0.763*** -834.829 

 -4.1 -5.33 -3.88 -12.72 -4.78 -2.3 -9.79 -3.68 -3.93 -4.03 -4.37 -4.77 -4.87 -7.87 (-1.24) 

L2.GDP_percent 0 -0.338** -0.084  0.01   -
0.456*** -0.094 -0.15 -0.403*** -0.178**    

 (-0.34) (-2.36) (-0.60)  -0.06   (-5.16) (-0.69) (-1.15) (-5.07) (-2.13)    

L3.GDP_percent  0.185** -
0.300***  -0.362**    -0.149 0.145      

  -1.99 (-3.19)  (-2.38)    (-1.16) -1.2      
L4.GDP_percent     0.216**    0.032 -0.186**      

     -2.09    -0.42 (-2.10)      

L.Currentaccount  0 0 0.000** -
0.000*** 0 0 0 0 -0.000* 0 0 0.000* 0.000* 0 

  (-0.10) -0.81 -2.54 (-2.82) -1.31 -0.07 (-0.31) -0.03 (-1.70) -1.53 (-0.12) -1.87 -1.78 -0.9 

L2.Currentaccount  -0.000** 0  0   0 -
0.000*** 0 0 0    

  (-2.28) -0.33  -0.65   (-0.41) (-2.86) (-1.19) (-1.29) -1.12    

L3.Currentaccount  -
0.000*** 0.000*  0    -

0.000*** 
-

0.000***      

  (-3.11) -1.8  (-1.20)    (-3.23) (-2.89)      
L4.Currentaccount     0    0 -0.000**      

     (-1.36)    (-0.25) (-2.26)      

NEZ_percent 0.029 0.104 0.045 0.252* 0.029* 0.054** -0.054 0.224 -
0.089*** 0.015 0.542*** 0.267*** -

0.180*** -0.006 0.203 

 -0.78 -0.92 -1.07 -1.75 -1.72 -2.09 (-0.60) -1.56 (-5.25) -0.63 -4.1 -3.61 (-2.96) (-0.13) -1.25 
EZ_percent 0.827*** 2.316*** 0.665*** 2.285*** 0.515*** 0.983*** -0.227 2.673*** 1.188*** 0.649*** 2.308*** 1.014*** 1.775*** 0.223 0.445 

 -5.48 -4.47 -3.78 -4.49 -5.39 -7.76 (-0.76) -4.21 -8.64 -6.05 -4.23 -3.58 -7.44 -1.17 -0.78 
Constant 0 0.001*** 0 -0.001* 0.000* 0 0 0 0.000*** 0.000*** 0 0 0 0 0 

 (-0.16) -2.84 (-1.34) (-1.93) -1.71 (-1.25) -0.3 -0.13 -3.34 -3.09 -0.22 -0.47 (-0.24) (-1.09) -0.02 
Observations 47 45 45 47 44 47 47 46 44 44 46 46 47 47 47 

z-statistics in parentheses, *** p<0.01, ** p<0.05, * p<0.1 
 

 
 
 
 
 
 
 



83 
 

Appendix A7: VAR results for the equation Current account (Panel C) 

z-statistics in parentheses, *** p<0.01, ** p<0.05, * p<0.1 
 

 
 
 
 
 
 
 
 

VARIABLES AT CZ DK EE FR DE GR HU IT NL PL SK SI ES CH 

L.GDP_percent -4.634 -251.915** -636.652 -143.379 6,244.81 -2,827.320*** 35.815 1,396.47 -1,335.59 10,513.33 -80.868 -811.841** -796.152* -834.829 2,272.109*** 
 (-0.29) (-2.15) (-0.26) (-1.39) -1.06 (-2.63) -0.06 -1.6 (-0.86) -1.21 (-1.56) (-1.98) (-1.83) (-1.24) -2.93 

L2.GDP_percent -0.164 223.977 2,068.94  -14,527.535**   -99.991 467.017 -10,570.79 -8.178 473.152    
 (-1.13) -1.63 -0.77  (-2.10)   (-0.14) -0.26 (-1.05) (-0.21) -1.35    

L3.GDP_percent  -105.021 -2,863.72  3,239.99    2,135.02 -1,434.84      
  (-1.17) (-1.58)  -0.5    -1.28 (-0.15)      

L4.GDP_percent     2,155.38    -2,020.860** 496.748      
     -0.49    (-2.06) -0.07      

L.Currentaccount  0.144 -0.341** -0.017 0.058 -0.274* -0.094 -0.052 0.015 -0.142 0.035 -0.252* 0.031 0.352** -0.06 
  -0.9 (-2.17) (-0.11) -0.46 (-1.85) (-0.62) (-0.34) -0.13 (-1.05) -0.23 (-1.77) -0.22 -2.48 (-0.44) 

L2.Currentaccount  -0.081 -0.148  0.002   0.093 0.237** 0.384*** -0.155 -0.167    
  (-0.55) (-0.91)  -0.02   -0.62 -2.11 -2.86 (-0.98) (-1.17)    

L3.Currentaccount  -0.253* -0.175  -0.298**    -0.012 0.079      
  (-1.73) (-1.15)  (-2.20)    (-0.11) -0.6      

L4.Currentaccount     0.640***    0.301*** 0.242*      
     -4.41    -2.71 -1.78      

NEZ_percent -3.462 2.78 -312.164 203.375 2.121 94.521 777.581 1,467.15 -183.441 2,109.86 88.06 -684.977** -67.081 -165.739 1,136.55 
 (-0.50) -0.03 (-0.38) -0.71 0 -0.23 -1.09 -1.26 (-0.84) -1.15 -1.38 (-2.21) (-0.19) (-0.53) -0.93 

EZ_percent 43.273 740.191 898.417 -47.591 1,805.05 5,908.922*** -2,838.16 -6,606.05 389.423 -9,718.93 184.935 2,266.719* 1,162.90 1,684.50 -10,736.270** 
 -1.52 -1.48 -0.27 (-0.05) -0.44 -2.95 (-1.21) (-1.28) -0.22 (-1.18) -0.7 -1.91 -0.86 -1.28 (-2.50) 

Constant 0.004 0.918*** 5.186*** 2.379*** 2.036 5.915*** 1.114 0.863 1.028** 5.78 0.466*** 2.509*** 1.241** 1.668*** 1.733 
 -0.31 -3.4 -2.94 -3.93 -1.31 -5.82 -0.99 -0.43 -2.03 -1.25 -3.29 -3.87 -2.21 -2.94 -0.84 

Observations 47 45 45 47 44 47 47 46 44 44 46 46 47 47 47 
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Appendix A8: Unit root circle 
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