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Abstract: 
By transmissions of economic shocks from one country to another and through non-country 

specific shocks, the GDP growth of all countries might be more correlated than ever. This 

should have significant impact on individual countries’ stabilization policy. Therefore we 

want to know if there exists a world common cycle in output. To get more information about 

the cause for existence of these cycles we also investigate earlier periods. The time set is 

divided into three periods: the Gold Standard, Bretton Woods and Post-Bretton Woods. 

Wavelet Analysis and Principal Components are then used to investigate if common cycles 

are found. If they are interpretable we test them against different variables with the help of 

Granger-Causality tests. We find a world cycle in the Gold Standard period and the modern 

period. The Gold Standard world cycle can be explained by specie flows to the US, while we 

do not find any causes for world cycles in the modern period. 

 

Keywords: Wavelet Analysis, World Cycles, Principal Components, Gold Standard, Bretton 

Woods, Specie Flows, International Business Cycles
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1. Introduction 
The world is getting more globalized by the minute. All countries in the world affect each 

other, and both cultural and economic borders are constantly becoming vaguer. Goods travel 

all over the world back and forth to be purchased by consumers 20,000 kilometers from 

where they were produced1. Swedish trade as a percentage of GDP has more than doubled in 

40 years, from 47 percent in 1967 to 97 percent in 2007 (World Development Indicators). 

The United States’ has almost tripled, while some places, such as Singapore, have over 400 

percent trade-to-GDP (ibid.). Thus one can conclude that economists should study an 

interconnected world rather than every country one by one. Otherwise they might not see 

how a change, in for example Danish housing prices will affect the Swedish economy, or 

what effect a change in French crop sizes have on the price level in Germany. Furthermore, 

they might not be able to see how a housing and financial crisis in the US will spread to the 

rest of the world and induce a global downturn. 

 

One way to interpret the interdependence across countries is through the concept 

‘international business cycles’. With business cycles one usually refers to the short run 

deviations from the long run trend. By international business cycles we refer to business 

cycle synchronization over several countries. By transmissions of economic shocks from one 

country to another and through non-country specific shocks, the GDP growth of all countries 

might be more correlated than ever (see cross-correlation matrices in Appendix). If these 

transmissions of shocks are global one could talk about global business cycles. 

 

Both empirical and theoretical studies of international business cycles already exist. The 

majority of the theoretical development of international business cycles springs from the field 

of international economics rather than macroeconomics. This can be seen primarily by the 

limited usage of the dominant macroeconomic theories. A multi-country version of the New-

Keynesian model for example, which models several market and information distortions is 

rarely used2. Instead the field seems to be dominated by so-called real business cycle (RBC) 

models first developed by Kydland & Prescott (1982). This model was generalized by 

Backus et al. (1994) into a 2-country model, and several variants of it exist. Zimmerman 
                                                        
1 One example of this is the computer on which this essay was written. It was shipped from, although not 
produced in, South Korea to Sweden, and bought by a consumer, namely the author. 
2 A search on ELIN@lund (Electronic Library Information Navigator) using the key words “new keynesian” 
AND “two country” gives a total of 7 hits. 
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(1997), for example, generalizes it into a three country model while Kose & Yi (2001) 

examine it with transport costs together with financial autarky. Kose & Yi (2006) examine a 

three-country model with transport costs both under perfect international capital markets and 

under financial autarky. Furthermore, Ghironi & Melitz (2005) examine a 2-country model 

with heterogeneous firms. Nonetheless, models that handle price stickiness do exist. Corsetti 

& Pesenti (2005) examine a two country model with price stickiness while Beetsma & Jensen 

(2005) examine a two-country new-Keynesian model in a currency union.  

 

One example of the empirical studies of international business cycles is Gregory et al. (1997). 

They propose a dynamic common factor method together with Kalman-filters to estimate a 

common G7-cycle. Kose et al. (2003) instead use a Bayesian approach on dynamic common 

factors to measure a world cycle. Artis & Okubo (2008) use cluster analysis and cross-

correlations to investigate world and regional business cycles in three different time periods. 

They call the first period ‘the first globalization wave’ (1870-1914), the second period ‘the 

period of the bloc economy’ (1915-1959) and the third period ‘the period of the second 

globalization’ (1960-2001)’. They find that there are some particular clusters of countries 

with high cross-correlations in the middle period, and a world cycle in the last. The first 

period lies somewhere in between. Selover (1999) investigates if there is a special business 

cycle for the ASEAN countries by using principal component analysis and find a world 

business cycle in the tests. Common for all these studies is that they look only at one time 

horizon – the short run3. Some use log-differentiated data and some separate the data into a 

cycle and a trend component and examine the cycle part. However, this could be problematic, 

since there might exist more than two time horizons. Another problem with the methods used 

is that they do not give any indication on how long the short and the long run are. 

  

Even if the economic shocks only temporarily affect the economy, the time horizon of their 

impact can range from only a few months to several years. One way to interpret this is that 

several cycles of different lengths affect the economy at the same time.  Schumpeter, for 

example, divides the economy into 4, 9 and 54-year cycles (Andersson 2008, pp. 3). Schön 

on the other hand (2006, pp. 26-37), divides it into inventory cycles of 3-5 years, machine-

inventory cycles of 7-11 years, building cycles of 15-25 years and structural cycles of 40-50 

years. Even if one does not have to think of the cycles in such deterministic terms, it is still 

                                                        
3 All authors mentioned in the paragraph divide the economy into two time horizons; the short-run and the long-
run. 
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convenient to statistically divide the time series into different cycles. It is important to know 

if changes in the economy are only short run shocks or if they consist of long run changes in 

some factors. Otherwise economic policy can be misdirected, and hurt more than it helps. 

Ramsey and Lampart (1997) illustrate different policy for different time horizons with the 

Federal Reserve. They monitor long-run instruments for economic growth at the same time as 

it monitors the day-to-day liquidity in the financial system. 

 

This is an empirical study of world business cycles, and contrary to previous studies it takes 

into account more than one time horizon. This is one major difference from the previous 

studies. Another difference is that we analyze the economy with the help of not only theory, 

but also history. A problem with the theories of international business cycles is that they do 

not give much input into the primary cause of the emergence of international business cycles. 

Therefore we complete the study with a historical approach, to see if we are able to find any 

similarities or differences between periods that may explain the emergence of international 

business cycles, and maybe give input into what is driving them. Three different time periods 

are examined, and the economic systems of the three periods are studied. Another advantage 

of this method is that it is a way to circumvent the Lucas critique. The Lucas critique states 

that you cannot evaluate policy based on the past if there have been any regime changes 

(Lucas 1976). 

 

In summary, the purpose of this essay is to investigate if a world cycle can be found in 

different time horizons and three different time periods, namely the period of the gold 

standard (1880-1913), the Bretton Woods system (1950-1972) and the second globalization 

period (1973-2006). If such cycles are found we try to explain their existence, and what 

immediately causes them. We also try to assess what implications on macroeconomic policy 

the existence of such cycles have. 

 

The following chapter will handle two different theories of international business cycles, both 

to try to get a feel for where the theoretical research is today, and also to see if they may give 

any variable suggestions to the granger-causality tests. Chapter three will handle the data and 

information about the economic systems of the three periods. Chapter four will describe the 

method used, chapter five contains the empirical analysis and the last chapter concludes the 

thesis. 
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2. Theory 
This chapter will describe two multi-country models that set out to explain the dynamics of 

international business cycles, as well as a regular single country new-Keynesian model that is 

affected by external shocks.  There are two main reasons for showing the three models. 

Firstly, we want to give the reader some insight into how far the theoretical research of 

international business cycles has come. Secondly, the models might give some insight into 

the causes of international business cycles, which will be investigated further in the analysis. 

 

2.1 The RBC theory of international business cycles 

The RBC model of business cycles is often seen as describing the long run (se e.g.  

Goodfriend & King 1998). The economic shocks are described as technology shocks, and the 

model could perhaps be interpreted as a model of Schön’s (2006) machine inventory cycles 

or building cycles. It might also be interpreted as the long run structural cycles, which is 

driven by new innovations that affect the economy significantly (ibid.). 

 

In these kinds of models only the real economy matters. Therefore money has no impact at 

all. The model includes three countries and transport costs. Intermediate goods are traded 

between countries. These are in turn input goods used in the non-traded final goods. Kose and 

Yi (2006) argue that that the RBC framework is a natural setting to explain international 

business cycles because it models spill-over effects of demand and supply shocks. The model 

is a further development of the one in Backus et al. (1994). There are however some 

advantages with this model. First of all it includes more countries than the 1994 model. This 

makes the model more realistic. More importantly, however, is that it analyzes the economy 

under both perfect international capital markets and under international financial autarky. It 

can also be found in Kose and Yi (2006), where it is more thoroughly explained. 

 

The model assumes a representative individual, who maximizes lifetime-utility by choosing 

between consumption and leisure subject to a budget constraint. The budget constraint differs 

depending on the openness of financial markets. In financial autarky the individual’s income, 

interest and asset dividends must equal consumption and investment every period. If instead 

capital markets are open he can buy insurance on output. If there is a bad state the individual 

gets extra money from the insurance4. Thus income, interest, asset dividends and possible 

                                                        
4 This can be compared to Arrow-Debreu securities (see e.g. Obstfeldt and Rogoff 1996, ch. 5) 
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insurance payouts have to equal consumption, investments and bought insurances in a world 

with open capital markets. 

 

The individual consumes non-traded goods that are created by combining intermediate goods 

from different countries. The intermediate goods are affected by technology shocks which 

create deviations in output. There are also transportation costs between countries that are 

growing exponentially with the amount of traded goods. This means that the cost of 

transportation may limit the amount of trade between countries. 

 

The purpose of the model, which is more thoroughly described in Kose & Yi (2006), is to 

simulate trade linkages between countries, to model the linkage between trade and co-

movement between countries’ output. The model is not analytically solvable, but can of 

course be used in simulations by assigning numbers to the parameters and variables of the 

model. The result of their study is that the correlation between the three countries is only 

marginally different when comparing financial autarky to perfect international financial 

markets. The model does not take the nominal economy such as sticky price levels into 

account. Nor does it take into account that contracts may be written for longer periods which 

may create frictions. It is generally hard to draw any conclusions about the transmission 

mechanism of business cycles using this model. However, it suggests that transportation costs 

and the elasticity of substitution between the different intermediate goods affect output 

synchronization in general. This in turn implies that more specialized intermediate goods 

would lower the elasticity of substitution and thus make the economies more interconnected. 

 

2.2 A model of international business cycles with nominal rigidities 

Parts of a model with nominal rigidities are shown below. It has several similarities with the 

RBC model. They both have a general equilibrium structure, and include more than one 

country. The model is not stated in equations, but is instead shortly described in words. The 

equilibrium solution of output is however stated. The most significant difference between this 

model and the model above is the nominal rigidities. With money in the equation there is also 

monetary policy, which has an impact on the economy. A complete review of it can be found 

in Corsetti & Pesenti (2005). 
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Just as the model above this one starts at the individual level. The individual maximizes 

utility as usual. Every country specializes in one specific type of good, but there are several 

brands for each type of good, and the individual consumes a bundle of these goods. He is 

subject to a budget constraint which states that he cannot consume more than his nominal 

income plus the amount of home & foreign bonds and money wealth. They consume goods 

from companies that maximize profits by setting marginal costs equal to marginal revenues. 

The government sets interest rates according to a goal for inflation, which affects the budget 

constraints of the individuals.  

 

The firm’s output y is given by 

 

����� =
�(�)�                                                                                                                      (�.�) 

 

where h is the demanded brand, l(h) is labor demand and α is a technology shock, which 

decides the marginal cost for the firms in the home-country. The model is solved for among 

other things labor demand in equilibrium. However, it is worth noting that current account is 

zero for countries in equilibrium. This is in reality almost never true for open economies 

(based on data from World Development Indicators). Therefore one should be careful to draw 

too far-reaching conclusions from the equilibrium expression for labor demand, which is 

given by 

 

�� = 	
� �������� + (�− �)
��/�����∗������/�����∗� .                                                     (�.�) 

 

φ is the expected level of labor effort in the home country, MCt is the marginal cost for the 

firm and εt is the exchange rate between the two countries. In words labor demand depends 

on the expected labor effort, (one plus) the difference in percentages between marginal cost 

and expected marginal cost.  

 

As opposed to the model above, this model gives different conclusions to the causes of 

international business cycles. This model states an unexpected change in the exchange rate 

will induce changes in output of the exporting firm. The nominal rigidities could hence be a 

driving force in the transmission of business cycles across countries. 
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2.3 The New-Keynesian model with exogenous shocks 

The New Keynesian model can be described by three equations; the IS curve, a rule for 

monetary policy and the Phillips curve. The IS curve can be explained as goods demand and 

is derived from the GDP identity and equations for all parts of it.  

 

The goods demand function is derived by functions for all parts of the GDP identity; � = � + � + � + ��. Since it is assumed that the marginal propensity to spend on 

consumption and investment is below 1, a multiplier effect stating that one unit of money 

spent on government consumption will raise GDP by more than one unit exists. The effect is 

however dampened by imports, which also has a marginal propensity below one. (Sørensen 

& Whitta-Jacobsen 2005, pp. 498-502 and pp. 707-712) 

 

The monetary policy rule may differ depending on the researcher. However, one often used is 

the Taylor Rule (see Taylor 1993), which states that the central bank should change the 

interest rate according to changes in the GDP-gap and deviations from the inflation-goal.  

 

The Phillips curve states the GDP-gap (or the unemployment gap, depending on author) as a 

function of inflation. The model can then be solved for inflation and output. (Woodford 

2003) 

 

Woodford (2003, pp. 246) summarizes the model with the following equations: 

 �� = ��������− ���̂� − �{���� + �����) 
�̂� = ��� + ��!� +

 ��!�"                                                                                                    (�.#) 

�� = $�� + %��{����}  

 

where the hat (^) means the gap between the actual and the goal value of the variable, so that &� is the output gap, '� is the inflation gap. (	 is the interest rate and )̂	
 is the gap between the 

real interest rate and the natural real interest rate. The first equation of (2.13) is the goods 

demand function, and the second is the monetary policy rule. These two equations give the 

demand side of the economy. The demand side can be directly influenced by policy makers, 

by for example a lowering of interest rates or raising government consumption. 
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When a global shock hits the economy (supposedly a supply shock) this can be seen through 

a shock in the Phillips curve (the last equation in 2.13), which means that inflation and 

unemployment increase at the same time. If, ceteris paribus, this supply shock is global and 

all countries follow the kind of monetary rule that is in 2.13 all countries will react in the 

same way. Depending on expectations the central bank will react in different ways. 

Following the interest rate rule above, the central bank raises interest rates, and contracts the 

demand side of the economy. The recession will be even more severe than before, but 

inflation will go down. As the shock fades out the economy will go back to normal. How 

much every country is affected by the oil shock depends on the dependency of foreign oil. 

Since it is plausible to assume that not all countries are the same, the correlation of the 

change in GDP will not be perfect. Nonetheless there will be some correlation. 

 

Assume now that there is an idiosyncratic shock to inflation in one country; say US. As a 

result of this the central bank raises interest rates. This will lower GDP, which will lower 

imports from another country, say Canada. Therefore Canadian exports, and income will 

decrease. This will in turn decrease imports in Canada, which would decrease exports in the 

US and therefore also income. Assuming that the shock goes away, everything will reverse 

back towards normal again. 
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3. Data and time periods 
Since the theory on international business cycles has not come very far, and thus does not 

give much insight into the subject, we are completing our study of analysis by looking at 

history. We compare different periods against each other to find similarities and differences. 

If we find similarities between two periods, and they includes a world cycle while the other 

periods do not, it might be interpreted as an implication that the factor of similarity are a 

cause for existence of world business  cycles. 

 

We identify periods by regime changes in the international monetary system. Three different 

monetary systems have been identified; the gold standard (1879-1913), the Bretton Woods 

Regime (1950-1972) and the Post-Bretton Woods regime (1973-2006). One reason to divide 

the time set into different periods is the Lucas Critique. Lucas (1976) argues that the factors 

affecting the economy have different impact depending on the economic regime. Therefore 

the regimes have to be estimated separately. 

 

The GDP per capita of 23 countries is taken from Maddison World GDP (updated march 

2009). The countries used in the study are Australia, Austria, Belgium, Brazil, Canada, Chile, 

Denmark, Finland, France, Germany, Italy, Japan, New Zealand, Netherlands, Norway, 

Portugal, Spain, Sri Lanka, Sweden, Switzerland, United Kingdom, Uruguay and the United 

States. The selection criterion is data availability. All countries with complete GDP per capita 

data from 1879-2006 are used. 

 

Three criteria are used when comparing the three periods; monetary economic system, 

economic openness and trade and finally international openness of financial capital. The 

monetary system is given as a criterion since we use it when dividing the data set into 

periods. Trade is chosen partially since Kose and Yi (2006) state that trade is an important 

factor for GDP-synchronization between countries. Furthermore, it is chosen because of the 

intuitive link between trade and co-movement (see for example the theory chapter, section 

2.3). Financial openness is chosen as a criterion in the light of the current financial crisis and 

global recession, but also previous financial crises and recessions such as the Mexican and 

East Asian crisis of 1994 and 1997 respectively5. 

                                                        
5 Se Pilbeam (2006 chapter 17) for more information on financial and currency crises. 
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3.1 The Gold Standard 
Even if it is commonly believed that the first globalization wave (the period of the gold 

standard) and the modern period are quite similar economically, Artis & Okubo (2008) state 

that they are significantly different in many aspects. For example, they differ in political 

regimes, international cooperation, international institutions, monetary and fiscal policy and 

the role of the government. With such large differences in general, one may perhaps be more 

certain that similarities found between the periods actually might be important for the result. 

Diagrams 3.1 to 3.3 contain GDP growth per capita in 9 different countries. 

 

Diagram 3.1: GDP per capita growth levels for three European countries 1879-1913 

 
Diagram 3.2: GDP per capita growth levels for three American countries 1879-1913 

 
Diagram 3.3: GDP per capita growth level for three countries in Oceania and in Asia 1879-1913 
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As the name of the period implies, the international monetary system was one where gold 

played a significant role. Many currencies were pegged to gold, so that one could exchange a 

certain amount of currency for a unit of gold. This led to fairly stable exchange rates 

(Schwartz 1984). According to the theory of optimum currency areas, fixed exchange rates 

integrate economies (see for example McKinnon 1963)6. This means that a gold standard 

system should, ceteris paribus, integrate economies more than a fiat money flexible exchange 

rate system that is common today.  

 

The gold monetary system may also have had an impact on the transmission of business 

cycles. Huffman & Lothian (1984) identify two types of transmission mechanisms of 

business cycles in the gold standard period. The first is the law of one price together with 

interest-rate arbitrage and the other one is through specie flows i.e. flows of gold, or currency 

that can be traded into gold, between countries. They provide the example of a decline in UK 

specie, which leads to a decrease in output growth and an increase in real interest rates. This, 

in turn, leads to a decrease in prices that creates a trade surplus, and affects US output the 

same way. After the shocks have worked their way through all affected economies it will 

move back towards equilibrium. Therefore we want to test the international business cycles 

in period one against the specie flows. It is worth noting that this shock is induced by 

monetary changes but works its way through the economic system through the flow of both 

specie and goods, i.e. trade flows. Since the dominant country in the period was the UK 

(Baldwin & Martin), we test the specie inflows to the UK against the found international 

cycles. We also test the international cycle against the US, since it is the dominant country 

over the whole period. The data for specie imports to Britain comes from Mitchell (2006), 

while the data for specie imports to the US comes from Officer (2002). Diagram 3.4 shows 

the specie inflows from the two countries. 

 

 

 

 

 

 

                                                        
6 It’s worth noting that McKinnon’s article is a further development from Mundell (1961), where Mundell 
argues about what constitutes an optimum currency area, while McKinnon argues about what happens within an 
area with constant exchange rates. 
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Diagram 3.4: Specie imports to the US and UK 1879-1913 

 

 

Economic openness is often measured in trade volumes to GDP, and will give a ratio that 

states how important trade is for the country in question. Baldwin & Martin (1999) state that 

trade ratios were relatively high in the period of the gold standard, even though the 

composition was different relative to today. Also the levels of Foreign Direct Investment 
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inter-industry trade, and FDI was mainly so-called inter-industry FDI. Based on nominal data 

from Mitchell (2006) the trade ratio for the evaluated countries was on average 0.527. Even if 

trade was highly present, tariffs were rising in the 19th century Europe, except for the 

Benelux countries and the UK. UK had no tariffs at all on manufactured goods (Baldwin & 

Martin 1999), while the tariffs in the Benelux countries were held relatively constant. 

 

Financial openness was high in the Gold Standard era. Baldwin & Martin (1999) state that it 

is rather a matter of international financial openness moving towards pre-1914 levels than 

countries being more open than ever. With the financial openness followed financial crises. 

Financial crises were at least as common in the Gold standard era as they are now. If one 

goes back some years before the sample of the essay, 1847-1848 saw a financial crisis that 

made hundreds of banks and companies in several countries break down in a period of a year 

or less. (ibid.) 

 

                                                        
7 This value is based on data from Mitchell (2007), and data is found only for 10 countries: Australia, Canada, 
Denmark, France, Germany, Italy, Netherlands, Norway, Sweden, UK, US. When GDP data was not found 
GNP was used instead, except for Germany where NNP was used. 
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3.2 Bretton Woods 

In 1944 the Bretton Woods conference in New Hampshire led to a new international 

monetary system, where countries agreed on creating a system of fixed exchange rates 

pegged to the US dollar, which in turn could be exchanged for gold.  The system was 

supervised by the International Monetary Fund (IMF), and was not fully implemented for the 

whole period, but rather from the late 50s and forward. However, Pilbeam (2006) states that 

fixed parity operations started already in 1947. Some variation of the currency was allowed, 

so that it was not one hundred percent fixed. Devaluation was also something that was used 

as a tool for economic policy makers under the regime. The West German Deutch Mark for 

example, was revalued in 1961, and the UK authorities devaluated the Sterling in 1967 

(Bordo 1993). 

 

We are evaluating the Bretton Woods system with respect to the same properties as for the 

other periods. Diagram 3.5 to 3.7 show GDP growth rates for nine of the examined countries 

in the period. 

 

Diagram 3.5: GDP per capita growth levels for three European countries 1950-1972 

 
Diagram 3.6: GDP per capita growth levels for three American countries 1950-1972 
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Diagram 3.7: GDP per capita growth level for three countries in Oceania and Asia 1950-1972 
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* This value is based on data from Mitchell (2007), and data is found only for 10 countries: Australia, Canada, 

Denmark, France, Germany, Italy, Netherlands, Norway, Sweden, UK, US. When GDP data wasn’t found GNP 

was used instead, except for Germany where NNP was used. 

 

In contrast to the periods of the Gold Standard and the second globalization wave, the middle 

period had significant restrictions of international financial capital (Williamson 1985). 

Furthermore there were no major international financial crises in the period. The fact that 

financial crises seem to be present when financial capital flows freely, while they do not 
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seem to happen when you have significant capital restrictions could be taken as an 

implication that financial crises are more likely to occur under international financial 

openness. 

 

3.3 Post-Bretton Woods 

GDP growth per capita can be seen for nine countries in diagrams 3.8 to 3.10. 

 

Diagram 3.8: GDP per capita growth levels for three European countries 1973-2006 

 

Diagram 3.9: GDP per capita growth levels for three American countries 1973-2006 

 

Diagram 3.10: GDP per capita growth level for three countries in Oceania and Asia 1973-2006 

 

 
The monetary system of the Post-Bretton Woods period is characterized by fiat currencies 

and flexible exchange rates (Baxter & Stockman 1989). Some currencies are, however, tied 

to the US dollar, and in 1999 the Euro was introduced as a single currency for several 
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European countries. There is no specie effect as in the first period. Nonetheless, one could 

argue in a similar way when trying to find a transmission mechanism. Since there is no specie 

and/or fixed exchange rates, the transmission mechanism from the first period is not present. 

However, one could argue in a similar way, although now with floating exchange rates. Say 

for example that there is a monetary shock in the United States, which lowers output. The 

shock is countered from the monetary authorities by lowered interest rates, which will create 

a downward pressure on the exchange rates and therefore lead to trade surpluses. Output will 

then decrease in other countries since it is cheaper to buy items in the US. This is also 

consistent with the theory of international business cycles with nominal rigidities, which says 

that an unexpected change in the exchange rate will affect output. Thus we want to test for 

the inflow of foreign money against a possible world cycle. The inflow of foreign money is 

given by the Capital Account. Capital Account data for the US 1982-2006 is found in table 

3.11. The data are from Bureau of Economic Analysis (BEA). As implied by the second 

theory in chapter two, differences between expected and actual exchange rates might also be 

a source of business cycle transmissions. We use the exchange rate between UK and US 

since they are two large economies that both have a history of economic dominance. The 

expected exchange rate is approximated by the price of exchange rate futures. The difference 

between expected and actual exchange rates from 1983-2006 is shown in diagram 3.12. The 

data comes from Barclay’s BC. 

 

Diagram 3.11: US Capital Account 1982-2006, measured in billions of $US 
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Diagram 3.12: Difference between actual and excepted exchange rates 1983-2006 

 

Another possible source for business cycle transmission, or rather possible cause for world 

business cycles is oil shocks. The oil shocks are not country-specific, and can be argued to 

have a direct effect on GDP and inflation. Therefore we do not think that it is correct to call 

them transmission mechanisms. The oil shocks emerged in the 1970s, and can be argued to 

have ignited the breakdown of the Bretton Woods system (see for example Pilbeam 2006, 

chapter 17). Several countries experienced recessions and stagflation in the 1970’s when the 

oil shocks first emerged. Therefore we want to test if oil price changes cause any found 

international cycles in the third period. Diagram 3.13 shows the percentage change in real oil 

price in US Dollars 1973-2006. The data for the oil price is taken from Dow Jones while the 

data for the deflator which is used to create the real oil price is taken from Bureau of 

Economic Analysis. 

 
Diagram 3.13: Percentage change in Real Oil Price 1973-2006 

 
 

According to the previous statement that trade ratios have been rising continuously since 

1960 one can conclude that trade ratios might be higher than ever for most countries. 

Conversely to the first period the trade is primarily intra-industry trade, and the tariffs are in 

general exceptionally low. (Baldwin & Martin 1999) 
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As stated previously, countries are not as open to international capital movements as in the 

Gold Standard period. It is, however, relatively open, and have become more and more open 

over time during the period (Baldwin & Martin 1999). There have also been several financial 

crises under the period. Examples of this are the East Asian financial crisis of 19978 and the 

Credit Crunch of 2007-2008.  

                                                        
8 For more information about post-Bretton Woods financial Crises, see Pilbeam (2006, chapter 17) 
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4. Method 
Since we investigate the short run, detrending of the time series is necessary. We then use the 

detrended series to estimate common cycles. If a common cycle is present we test it against 

possible causal variables.  

 

Several methods to detrend time series exist. One that is frequently used is the HP-filter 

(Hodrick & Prescott 1997, 1981). The filter separates the time series into two parts that have 

different frequencies; a smooth trend, also called a low-pass filter and a stationary cycle, also 

known as a high-pass filter. However, some problems with the filter exist. Firstly, the filter 

divides the data into only two frequency-bands, while several other might be interesting (see 

for example Ramsey & Lampart 1998). Secondly the researcher has to choose smoothness of 

the trend by choosing a certain smoothing parameter. This is usually set to 1600 on quarterly 

data, as in Hodrick & Prescott (1997). This method is, however, somewhat ad-hoc, and no 

objectively correct value of the smoothing parameter exists (Sørensen and Whitta-Jacobsen 

2005, pp. 425).  
 

Another method that fulfils the same purpose is the Fourier Transform. The Fourier transform 

is an orthogonal transform and the researcher is able to divide the data into more than two 

frequencies. It is based on a linear combination of sine and cosine functions. Unfortunately, 

the Fourier Transform also has some problems. It has finite power and infinite energy. This 

means that it does not die out, and that it does not change over time (Crowley 2007). The 

Fourier Transform is given by 

 

* [+�,-.(���/�

��/�

/0) − 1� 234���/0�]5/                                                                      (".�) 

 

where 6 ∈ [−


�
,


�
] represents the frequency (Andersson 2008, technical appendix). As one 

can see in equation 4.1, the function is constant over time and the cycles will thus have the 

same amplitude in the beginning of the sample as in the end. 

 

An alternative to the Fourier transform is the wavelet transform, which has some similarities 

to Fourier transform but also some important differences. In this essay a Discrete Wavelet 
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Transform (DWT) is used. It is an orthonormal transform that does both die out and changes 

over time. This means that it can take different values for different cycles, which is 

convenient since it is more plausible than them being constant over time. It also means that 

the researcher is able to study the time dimension and the frequency dimension at the same 

time, which may be convenient for some purposes. According to Andersson (2008, pp. 9) the 

intuition behind wavelets is also relatively easy to understand, since it is built on averages 

and differences between averages. Deviations from a weighted average of the time series are 

first taken to get the highest frequency-band. One then takes weighted averages of those 

observations to get the next frequency-band and so on. (Crowley 2007) 

 

4.1 The Discrete Wavelet Transform 

The discrete wavelet transform is based on two different functions. The first one is the 

wavelet function, sometimes called the mother wavelet, and the other is the scaling function, 

also called the father wavelet. The mother wavelet 7 integrates to 0: 

 

* 8�9�59 = :∞

�∞

                                                                                                                  (".�) 

 

while the father wavelet ; integrates to 1: 

 

*  �9�59 = �∞

�∞

                                                                                                                  (".�) 

 

The mother wavelet represents the cyclical part of the data i.e. the high-pass filter, while the 

father wavelet i.e. low-pass filter, represents the trend. (Crowley 2007) 

 

These functions are used in an algorithm to transform the time series data into one or several 

cyclical parts and into a trend. One commonly used algorithm is a pyramid algorithm (see for 

example Percival & Walden 2000, chapter 4 or Andersson 2008, technical appendix). The 

pyramid algorithm uses the wavelet and the scaling functions to make a filter that creates the 

wavelet coefficients when combined with the original time series. The wavelet coefficients 

contain the frequency data. By combining the wavelet coefficients and the same filter one can 

make a so-called multi resolution analysis (MRA). The MRA contains both the frequency 

and time domain. (Percival & Walden 2000, chapter 4) 
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The number of frequencies in a DWT are J, where J is a positive integer, and the number of 

observations < = 2�. If the researcher is not interested in all frequencies, but rather only the 

highest ones he can choose the number of observations to </2�, where K is the chosen 

number of frequencies is a positive integer. (ibid.) 

 

Different kinds of DWTs are available to the researcher, depending on the task at hand. 

Crowley (2007) states that all wavelets besides the most simple one; the Haar-wavelet, may 

be used. The reason, according to Crowley is the “discontinuous nature of its waveform”. 

However, there is also another reason to why this wavelet may not be appropriate. When 

choosing a wavelet there is a trade-off between the loss of observations because of unreliable 

boundary points and precision in isolating the correct frequencies. The Haar-wavelet has no 

boundary problems, but bad precision. Instead we choose to use another wavelet in the same 

family of wavelets; the Daubechies-family. While the Haar-wavelet has a lag-structure of 

two, we instead use one with a lag-structure of four, and call the wavelet D(4). It has some 

boundary problems, but is more precise in finding the right frequency. (Percival & Walden 

2008, chapter 4) 

 

The next step is to create the high-pass filter and the low-pass filter. The filters differ 

depending on the choice of wavelet. We illustrate with D(4), since that is the one used in this 

essay. The D(4) takes the value 0 for T-4 observations, and the value ℎ�, … , ℎ� for the others. 

The h’s are then shifted two observations to the right for every row. 

 

=� =

>
?@
�� �� : : : : : : : : : �� ���� �� �� �� : : : : : : : : :
⋮ ⋱ ⋮: : : : : : : �� �� �� �� : :: : : : : : : : : �� �� �� ��A

BC            (".#) 

 

B1 is a (</2 × <) matrix (Andersson 2008, technical appendix). As shown in Percival & 

Walden (2000, chapter 4), the ℎ�’s are given by 
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The filter is used to create the wavelet coefficients for the smallest cycles. Together with 

similar filters for the other frequencies and the low-pass filter, one is able to create the 

coefficients for all frequencies. The low-pass (scaling) filter is quite similar to the wavelet 

filter and is given by  

 

E� =

>
?@
F� F� : : : : : : : : : F� F�F� F� F� F� : : : : : : : : :
⋮ ⋱ ⋮: : : : : : : F� F� F� F� : :: : : : : : : : : F� F� F� F�A

BC          (".G) 

 

It has the dimension (</2 × <). H� is given by 

 

F� = (−�)���������.                                                                                                       (".I) 

 

With these filters, together with wavelet and scaling filters for other frequencies one is able to 

create the matrix that is used for the full wavelet transform. The pyramid algorithm 

mentioned above is found in equation 4.7. Define a matrix ℧ as 

 

J =
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?@
J�J�

⋮J�K� A
BC =

>
?@

=�=�E�
⋮=�E��� × ⋯E�E�E�E��� × ⋯E�E�A

BC                                                                           (".L) 

 

where M is a �</2 × <� matrix. N� is the first quarter of N except for the last two numbers 

of the first row which is the same as the last two numbers in N. Thus the dimension of N� is �</4 × </2�. O� has the same structure as the corresponding N�.  O� is the first quarter of O� except for the last two numbers and so on. Every M� represents 

the j:th frequency and P� represents the trend. (Andersson 2008, technical appendix) 

 

Assume that Q� represents the original time series for country i. Then R = MQ� gives the 

coefficients for the highest frequency. R� = M�Q� represents the coefficients for the second-

highest and so on. S� = P�Q� represents the trend coefficients. (ibid.) 
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The coefficients include data for all cycles. The number of observations in R is </2. In R� 
they will be </2� and R� they will be </2�. To get the time dimension through the MRA one 

only has to perform T = M
�R, where M

� is the transpose of M. As can be seen in 

Percival & Walden (2000, chapter 4), when all of the steps are performed, the original time 

series should be divided into J new time series such that 

 

U� = V 9��

���

                                                                                                                      (".W) 

 

As previously stated, using the D(4) wavelet will create some boundary problems that must 

be accounted for. For some applications boundary problems are not a major concern, but 

since the economies change over time, these problems might be significant. For the D(4), the 

number of coefficients with boundary problems are one for the highest frequency and two for 

the others. This can also be seen in equation 4.3. The last two columns on the first row are 

not zero, since the filter has to assume circularity in the time series to get it to work. In 

R�, … ,R� the first two rows rather than only the first suffer from boundary problems. When 

making MRA this will also affect the end of the sample. This is because the boundary 

observations in the transposed M� will affect it. For the MRA the two first and the two last 

observations will be affected in the highest frequency. For the second-highest the first eight 

observations and the last eight will be affected. For the third-highest the first 16 and the last 

16 will be affected. Because of this problem we will not use the MRA observations when 

creating common cycles in the last period. Thus we do not have to drop any observations at 

the end of the sample. (Percival & Walden 2000, chapter 4)

 

 

4.2 Finding the common component - Principal Components Analysis 

Several methods exist to estimate common components in different time series. Here 

principal components are used, which creates new series through linear combinations of the 

original ones. This method is used in several research areas, both inside and outside the field 

of economics. A non-economic example is Ahamad (1967), who use the method to examine 

the reason for crime rates increases in England and Wales. In the field of economics Fase 

(1972) uses it to examine the common components of Dutch interest rates. Caporale (1993) 

uses it to examine if Europe is an optimum currency area while Selover (1999) uses it to find 

a common business cycle in ASEAN. 
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The principal components are created by estimating linear combinations of the original data 

series. Assume that there are � = 23 different data series and that each has < = 128 

observations. The principal components X�	� will then consist of Y = 23 different series, 

that are all linear combinations of the 23 original series 

 

Z� = V +� 9��!

���

                                                                                                           (".[) 

 

where \�� is the coefficient, for the i:th country in the k:th principal component, and T�	 is the 

t:th observation in the time series for country i. (Ahamad 1967) 

 

From a mathematical point of view there is a computationally easy way to create the common 

components, but to get some intuition for it we first explain how to create the components 

one by one. To create the first component X�	 one has to create a straight line through all the 

points in the (< × �) matrix space, where the columns of the matrix are the original time 

series. Then take the sum of squared deviations from this line to get the coordinates for the 

component. The total variance of the different series can then be divided into two groups; the 

variance that is explained by the coefficient and the variance not explained by it. The second 

component X�	� is then chosen so that it explains as much as possible of the variance not 

explained by X�	, and also so that it is orthogonal to X�	. The third component is also 

chosen so that it is orthogonal to the first two components, and such that it explains as much 

of the variance as possible that is not explained by the first two components. (ibid.) 

 

This can be done by exploiting the so-called eigenvectors and eigenvalues of the co-variance 

matrix. The co-variance matrix is transformed into a correlation matrix if the original 

variables are normalized. Since we are interested in correlation rather than co-variance we 

use the correlation matrix (ibid.). Suppose that the correlation matrix is given by Ω. Now 

observe the following equality: 

 ], = $,                                                                                                                               (".�:) 
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The eigenvalue λ is a scalar, and the eigenvector c is a (� × 1) vector.  (Verbeek, pp. 421-

422). There will be several combinations of λ and c that will satisfy the equality in equation 

4.10. 

 

The eigenvalues and eigenvectors are then sorted according to size. The largest value 

together with the corresponding vector gives the first component, the second-largest together 

with the corresponding vector gives the second component, and so on. The eigenvector gives 

the coefficients for the component, where the first row is the coefficient for the first country 

in the correlation matrix. The corresponding eigenvalue tells you how much of the total 

variance that the particular component explains. (Ahamad 1967) 

 

4.3 Granger-causality tests 

One of the purposes in this essay is to try to find the driving forces behind the international 

business cycle. Therefore we have to test different variables against the estimated common 

cycles to see if we can find causality. Granger (1969) states that if  ̂ in the equations 
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can be shown to be different from zero for the first equation but not for the second, then Yt 

can be said to be caused by Xt . Vice-versa applies to the second equation. If both are true 

they cause each other, which can be seen as an inconclusive result. The rationale for this is 

based on that a change in X can explain and forecast a change in Y, which implies that it also 

causes Y. Naturally this does not have the case. It could exist a third variable that causes both 

Y and X and there is also a possibility that the correlation between the variables is a 

coincidence. Thus we must separate actual causality and the causality mentioned here. We do 

this by using the term Granger-Causality. 
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5 Empirical analysis 
GDP growth cycles of different length are created by using DWT on the 23 countries. The 

frequencies studied are the 1-2-year cycles, 2-4-year cycles and the 4-8-year cycles. The 

longer cycles are excluded due to the shortage of observations that after the removal of 

boundary observations. 

  

PCA on the time series with the same frequencies are then performed for the different 

periods9. It is also performed for the whole time set as a benchmark. If evidence on a 

common component is found granger causality tests are performed. Because of the 

differences between the different time periods, different candidate variables are used in 

different periods. 

 

In the analysis we follow the method of Selover (1999) who investigates if there is a common 

business cycle in ASEAN by analyzing the sign of the coefficients in the PCA. If a group 

within the same region has the same sign but the others do not, it can be interpreted as a 

regional cycle. If all countries have the same sign it indicates the existence of a world cycle. 

Even if two or even three countries deviate from the rest the common factor may be 

interpreted as a world cycle, since it is natural that some countries are more sensitive to 

idiosyncratic shocks than others.  

 

5.1 The benchmark case 

As a benchmark we begin by investigating the whole time set, from 1879-2006. In table 5.1 

coefficients for the two first components of all three examined frequencies are found. 

Positive coefficients are colored dark blue, and are italic, while negative loadings are black 

and normal. 

                                                        
9 Also other periods than the three main periods were tested, such as the Interwar period, but this gave no new 
information that is in the scope of this essay. Actually, a common cycle for all countries in the interwar period 
except for Germany, Austria and Italy, who were allied in the second world war was found. However, an 
analysis of that is not inside the scope of this essay.  
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 Table 5.1: coefficients for the two first components in the Principal Component Analysis, all three cycle lengths, whole data set 
 Cycles of 1-2 years Cycles of 2-4 years Cycles of 4-8 years 
Total variance  
explained by component  → 

Component 1 Component 2 Component 1 Component 2 Component 1 Component 2 
23.1 % 13.0 % 30.0 % 18.8 % 38.5 % 19.3 % 

Australia -0.023 0.067 -0.212 0.248 -0.166 0.206 
Austria -0.278 0.117 -0.320 0.099 -0.258 0.051 
Belgium -0.216 -0.269 0.246 0.273 -0.286 -0.171 
Brazil -0.156 -0.089 -0.018 0.163 -0.144 -0.081 
Canada -0.105 -0.361 -0.200 0.179 -0.102 0.430 
Chile -0.107 -0.178 0.040 0.178 -0.158 0.268 
Denmark -0.306 -0.010 0.043 0.231 -0.231 -0.214 
Finland -0.303 -0.109 0.011 0.410 -0.241 -0.124 
France -0.377 0.059 0.320 0.164 -0.289 -0.181 
Germany 0.207 -0.350 -0.330 0.114 -0.265 0.163 
Italy -0.330 0.170 -0.132 -0.127 -0.143 0.046 
Japan -0.274 0.152 -0.249 0.177 -0.021 -0.017 
New Zealand -0.043 -0.071 0.051 0.302 -0.242 -0.024 
Netherlands -0.338 0.171 0.325 0.051 -0.269 -0.171 
Norway -0.174 -0.307 0.284 0.219 -0.274 -0.175 
Portugal -0.183 -0.137 -0.072 0.128 -0.142 -0.056 
Spain -0.111 -0.001 -0.067 0.146 0.053 0.258 
Sri Lanka -0.059 -0.215 -0.116 0.169 -0.177 0.157 
Sweden -0.269 -0.189 0.173 0.368 -0.279 0.100 
Switzerland 0.063 -0.387 0.308 0.100 -0.291 0.088 
United Kingdom -0.015 -0.135 -0.234 0.199 -0.057 0.400 
Uruguay -0.041 -0.089 0.013 -0.125 -0.235 0.128 
United states 0.018 -0.379 -0.257 0.215 0.009 0.437 
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5.1.1 Cycles of 1-2 years 

In table 5.1 the coefficients for the two first components are found. The first component 

shows some evidence of a world cycle, even if Germany, Switzerland and the United States 

deviate from the others. The coefficients of US and UK are however so small that it might be 

interpreted as they having almost no correlation with the world cycle at all. In addition, 

several countries in the world cycle have relatively small coefficients; New Zealand, 

Australia and Uruguay. One possible reason for deviation and non-correlation with the world 

cycle could be that the countries predate the cycle, and perhaps cause it. Since the UK has 

had a dominant position in the world economy for a long time, and the US has been dominant 

from the end of the Second World War and onwards, we want to test both countries for 

Granger-Causality against the world cycle. The test-results are found in table 5.2. 

 

Table 5.2: Granger-causality tests on UK, US and World cycle, 2-year cycle, full sample 

Null Hypothesis: No casual relationship F-statistic Probability 

World cycle → US cycle 1.045 0.311 

US cycle → World cycle 1.290 0.261 

World cycle → UK cycle 1.401 0.241 

UK cycle → World cycle 1.037 0.313 

 

From the table above we conclude that it is not possible to draw any causality conclusions 

from the benchmark case. Neither the US nor the UK seems to cause the cycle. This does not 

have to mean anything however, since the economic changes over 100+ years can be 

expected to be significant. 

 

5.1.2 Cycles of 2-4 years 

No evidence of a world cycle was found in the first component. As can be seen in table 5.1, 

Belgium, Chile, Denmark, Finland, Germany, New Zealand, Netherlands, Norway, Sweden 

Switzerland and Uruguay shares the same sign. However, Chile, New Zealand and Uruguay 

have relatively small coefficients. All other countries are western European countries. Of 

these countries Denmark and Finland have relatively small coefficients. Furthermore 

Finland’s coefficient is smaller than both Chile’s and Uruguay’s. Perhaps we still might be 

able to interpret it as a Western European cycle though. As for the shortest frequencies we 
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will also test this for Granger Causality against the UK and the US. Since we interpret it as a 

Western European cycle, and Germany is the largest economy of the European continent, we 

also test for causality between Germany and the common cycle. 

 

Table 5.3: Granger-causality tests of UK, US and Germany on a West European cycle of 2-4 years, whole 

time set 

Null Hypothesis: No casual relationship F-statistic Probability 

Western European cycle → US cycle 1.258 0.272 

US cycle → Western European cycle 8.634 0.007 

Western European cycle → UK cycle 0.065 0.920 

UK cycle → Western European cycle 6.820 0.015 

Western European Cycle → German cycle 2.887 0.101 

German cycle → Western European cycle 0.654 0.426 

 

 

Table 5.3 shows that both the US and UK Granger-Causes the European cycle, while 

Germany does not. Since both countries have been dominant in the world economy at least 

for a subset of the whole period, this is not especially surprising. We also have to remember 

that we are still looking at the benchmark case, and that we should not go too far in our 

interpretations. 

 

Conversely from the first component, the second could be interpreted as a world business 

cycle. Only Italy and Uruguay deviate from the rest of the countries. It is also notable that the 

coefficients for all countries that share the cycle are relatively high, except for Austria, 

Netherlands and Switzerland. As opposed to the world cycle, a Granger-Causality test on the 

world cycle against the US does not show anything significant. On the other hand, a granger 

causality test of UK on the world cycle is significant. The results can be seen in table 5.4. 

 

Table 5.4: Granger-causality tests on UK, US and World cycle, 4-year cycle, full sample 

Null Hypothesis: No casual relationship F-statistic Probability 

World cycle → US cycle 0.340 0.565 

US cycle → World cycle 1.077 0.309 
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World cycle → UK cycle 0.010 0.920 

UK cycle → World cycle 6.444 0.017 

 

This result is interesting since it shows that one single country can (at least statistically) have 

a significant effect on the whole world. Nevertheless one should not draw too far fetching 

conclusions based on the benchmark case. We cannot conclude that UK has been a dominant 

force in the world economy for the whole period, since it may perhaps be the case that it was 

so in the beginning or half of the sample but not in the later years. 

 

5.1.3 Cycles of 4-8 years 

A world cycle also seems to be present in the 4-8 year cycle. As opposed to the 2-4 year 

cycle this can be found for the first component rather than the second. Only the US and Spain 

differ from the rest of the countries. Furthermore, both of those countries have relatively 

small coefficients, especially United States. The UK also has quite a small coefficient, but 

has the same sign as the rest of the countries in the cycle. 

 

An interpretation of the second component is hard without more information. Since too many 

continents are included in every subset10 of countries it cannot be interpreted as a regional 

cycle. Therefore we only test for Granger-Causality on the first component. As with 

previously found world cycles found, the causality-candidates are the US and the UK. 

However, no evidence on causality is found. 

 

Table 5.5: Granger-causality tests on UK, US and World cycle, 8-year cycle, full sample 

Null Hypothesis: No casual relationship F-statistic Probability 

World cycle → US cycle 0.884 0.369 

US cycle → World cycle 0.293 0.600 

World cycle → UK cycle 2.360 0.156 

UK cycle → World cycle 0.125 0.731 

                                                        
10 That is subset of countries, where the whole sample can be divided into two groups; one with positive 
coefficients and one with negative. 
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 Table 5.6: coefficients for the two first components in the Principal Component Analysis, all three cycle lengths, the period of the Gold Standard 
 Cycles of 1-2 years Cycles of 2-4 years Cycles of 4-8 years 
Total variance  
explained by component  → 

Component 1 Component 2 Component 1 Component 2 Component 1 Component 2 
17.3 % 15.8 % 25.5 % 19.2 % 49.0 % 28.2 % 

Australia -0.146 0.246 -0.055 0.236 -0.114 0.289 
Austria 0.218 0.148 0.234 0.045 -0.282 0.030 
Belgium 0.237 0.052 0.262 0.283 -0.291 0.072 
Brazil 0.301 0.020 0.222 -0.120 -0.102 -0.351 
Canada 0.242 -0.211 0.337 -0.076 0.121 0.336 
Chile 0.114 0.182 0.337 -0.049 0.041 -0.013 
Denmark 0.187 0.175 -0.266 -0.045 -0.293 0.051 
Finland 0.158 0.251 -0.246 0.250 -0.258 -0.194 
France -0.011 0.218 0.125 0.374 -0.279 0.125 
Germany 0.224 -0.094 -0.023 0.403 -0.285 -0.114 
Italy 0.165 0.360 0.066 0.076 0.233 0.115 
Japan 0.299 0.263 0.070 0.134 0.167 -0.316 
New Zealand 0.120 -0.147 0.302 0.179 -0.126 -0.027 
Netherlands 0.173 -0.283 0.069 -0.142 -0.279 -0.031 
Norway 0.031 -0.454 -0.061 0.030 -0.214 0.095 
Portugal 0.314 -0.052 -0.185 0.281 -0.225 0.221 
Spain 0.171 -0.007 0.041 -0.109 0.004 0.374 
Sri Lanka 0.316 0.105 -0.230 0.225 -0.129 0.304 
Sweden 0.126 -0.176 -0.048 0.383 -0.260 -0.168 
Switzerland 0.252 -0.285 0.287 0.193 -0.227 -0.219 
United Kingdom 0.011 0.048 0.225 0.224 0.205 -0.230 
Uruguay -0.159 -0.188 -0.097 -0.097 -0.120 0.062 
United states 0.328 -0.130 0.326 -0.111 0.141 0.260 
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5.2 The period of the gold standard 

 

5.2.1 Cycles of 1-2 years 

As shown in table 5.6, all countries but three (Australia, France and Uruguay) share a 

common cycle in the first component. Thus we interpret this as a world cycle; especially 

since France’s cycle has a very small coefficient. Except for the UK and Norway, all positive 

coefficients in the component are relatively large.  

 

The second component is not economically interpretable without more information. 

Furthermore, the different subsets include the same regions, so a regional interpretation is 

hard. Thus we only do Granger-Causality tests on the first component. As stated in chapter 3, 

Huffman & Lothian (1984) identified the specie flows as an international transmission 

mechanism of business cycles during the period of the Gold Standard. We test specie flows 

from UK and US against the common cycle. Besides testing for the specie flows, we also test 

if the UK cycle could have induced a world cycle. As for the individual countries, the specie 

flow data is transformed with DWT. 

 

Table 5.7: Granger-causality tests on UK and World cycle, 2-year cycle 

Null Hypothesis: No casual relationship F-statistic Probability 

World cycle → UK cycle 2.949 0.979 

UK cycle → World cycle 1.916 0.167 

World cycle → Specie flows to USA 0.547 0.585 

Specie flows to USA → World cycle 3.938 0.032 

World Cycle → Specie flows to UK 0.830 0.447 

Specie flows to UK → World Cycle 2.460 0.105 

 

It seems that the UK cycle does not granger-cause the world cycle. However, the specie flows 

into the US seems to have a causality effect on the world cycle. It is notable that specie 

imports to the UK do not cause the cycle, even though it is the dominant economy of the 

world in the period. 

5.2.2 Cycles of 2-4 years 

For the 4-year cycles we find that no world cycle is found. The coefficients for both 

components have several signs that are both positive and negative. The second component 
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might however be interpreted as a regional cycle. Australia, New Zealand and Sri Lanka were 

all British colonies at the time, and the only country that is not European except those 

countries is Japan. Therefore it could be interpreted as a European cycle. It is noteworthy that 

both Norway and Austria have relatively small coefficients. 

 

At the time of the first period, Britain was the dominant world economy. Furthermore, 

several of the countries in the positive-coefficients subset were British colonies. It is 

therefore natural to test if the British cycle causes the common cycle. As above we also test if 

UK specie imports cause the common cycle. As can be seen in table 5.7, US specie imports 

seem to Granger-cause the regional cycle. The UK specie imports and the regional cycle 

cause each other. Therefore we cannot draw any conclusions about causality. As seen in table 

5.6, US imports also cause the world cycle on the 1-2-year level. One interpretation of this 

result is that the whole world is affected in the beginning, but that different countries react 

differently over time, but that some countries are still affected, perhaps because of their 

similarity or closeness to each other.  

 
Table 5.8: Granger-causality tests on UK, US and UK Stock against Regional cycle, 4-year cycle 

Null Hypothesis: No casual relationship F-statistic Probability 

European cycle → UK cycle 1.808 0.190 

UK cycle → European cycle 0.865 0.190 

European cycle → US specie imports 2.047 0.135 

US specie imports → European cycle 4.172 0.017 

European cycle → UK specie imports 5.962 0.006 

UK specie imports → European cycle 4.486 0.017 

 

5.2.3 Cycles of 4-8 years 

The PCA for the 8-year cycles show inconclusive results. We can not  find a world or a 

regional cycle from analyzing the signs of the coefficients. The coefficients for the two first 

components are found in table 5.6. 
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 Table 5.9: coefficients for the two first components in the Principal Component Analysis, all three cycle lengths, Bretton Woods 
 Cycles of 1-2 years Cycles of 2-4 years Cycles of 4-8 years 
Total variance  
explained by component  → 

Component 1 Component 2 Component 1 Component 2 Component 1 Component 2 
30.7 % 17.9 % 31.2 % 22.7 % 31.6 % 30.0 % 

Australia -0.109 0.116 -0.101 0.310 -0.273 0.107 
Austria -0.305 0.145 -0.271 0.112 0.225 0.030 
Belgium -0.330 -0.101 -0.354 -0.005 0.135 -0.062 
Brazil -0.006 0.015 -0.128 -0.320 0.311 -0.159 
Canada 0.153 -0.385 -0.257 0.200 -0.200 -0.239 
Chile 0.067 -0.147 0.166 -0.311 -0.328 0.108 
Denmark -0.102 -0.318 0.143 -0.253 0.199 0.200 
Finland -0.290 0.183 -0.329 -0.079 0.257 -0.154 
France -0.291 0.085 -0.289 -0.228 0.162 0.133 
Germany -0.118 -0.364 -0.198 0.173 0.317 0.128 
Italy 0.199 -0.299 -0.076 -0.190 0.163 0.310 
Japan -0.153 -0.161 -0.329 -0.101 0.095 0.333 
New Zealand 0.135 0.032 -0.041 0.009 0.032 -0.278 
Netherlands -0.258 -0.151 -0.026 0.084 0.158 0.157 
Norway -0.169 0.006 0.018 0.016 0.151 0.212 
Portugal -0.256 -0.134 0.070 0.048 0.118 -0.293 
Spain 0.098 0.304 -0.211 -0.252 -0.226 -0.130 
Sri Lanka -0.133 -0.049 -0.235 0.135 -0.037 0.373 
Sweden -0.325 -0.055 -0.293 -0.202 -0.222 -0.024 
Switzerland -0.270 -0.129 -0.278 0.005 0.264 -0.250 
United Kingdom -0.311 -0.004 -0.084 0.315 0.058 -0.267 
Uruguay -0.144 0.193 -0.135 -0.335 -0.213 0.233 
United states 0.022 -0.450 -0.141 0.331 -0.248 -0.080 
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5.3 The period of the Bretton Woods system 

The coefficients for the two first components for the three different cycle lengths are found in 
table 5.9. 
 

5.3.1 Cycles of 1-2 years 

For the highest frequency in the Bretton Woods period, no interpretable results are found. 

The signs of the coefficients are neither consistent over regions nor the whole country set. 

Even if one excludes the US, which has a very small coefficient, too many countries are 

deviating. Therefore we do not interpret it as a world cycle. Neither is a regional 

interpretation possible. Even if we exclude the countries with small coefficients, the subset 

still include countries from several regions of the world. 

 

5.3.2 Cycles of 2-4 years 

In the cycles of 2-4 years, the second component shows a common cycle between the Anglo-

Saxon countries and Europe. The only other country that is in the set of positive coefficients 

is the former British colony Sri-Lanka. Even though Sri-Lanka is in there, we choose to 

interpret it as an Anglo-Saxon/European cycle, especially since Sri-Lanka has ties to one of 

the countries. 

Unfortunately there is nothing special about Bretton Woods that we can Granger-Causality 

test on except for particular countries. We choose to test against the US and UK, as in the 

Benchmark case. The result is interesting since it means that there existed common cycles 

also in the Bretton Woods-period, even if it was not a world cycle. Since financial capital 

movements were relatively restricted in the period, this means that it must have been 

something other that induced them. 

Table 5.10: Granger-causality tests for Regional cycle on US and UK 2-4-year cycle, period 2 

Null Hypothesis: No casual relationship F-statistic Probability 

Regional cycle → US cycle 2.802 0.085 

US cycle → World cycle 1.509 0.272 

World cycle → UK cycle 0.502 0.736 

UK cycle → World cycle 0.377 0.820 

 

As table 5.10 shows, we could not find any evidence on the two countries causing the cycle. 

This might be because they affect the countries faster than a whole cycle before. It might also 

be because something else is causing it. 
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5.3.3 Cycles of 4-8 years 

Just as the two other frequencies in the Bretton Woods period, no conclusive evidence of a 

world cycle is found. Neither the positive nor the negative signs of the coefficients can be 

tied to less than three continents. This holds for both components in table 5.9. 

 

5.4 The second globalization wave 

Since we do not want to lose observations in the end of the sample we use the wavelet 

coefficients rather than the multi resolution analysis series for the last period. This means that 

we lose the time domain. However, because of the way the principal components are 

constructed, we do not see this as a major problem. In table 5.11 the coefficients for two 

components in every cycle length is found. 

 

5.4.1 Cycles of 1-2 years 

The PCA shows evidence of a common world common cycle for the highest frequency. In 

the first component only Sri Lanka differs, which has a positive coefficient while all other 

countries have negative coefficients. As can be seen in table 5.11, all negative coefficients 

take a value over 0.05, and all but two take a value over 0.1. The second component does not 

seem to show any evidence of an interpretable cycle. The conclusion is that we have decisive 

evidence of a world cycle. Thus it should be natural to take it into account the world cycle 

when performing stabilization policy. 
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 Table 5.11: coefficients for the two first components in the Principal Component Analysis, all three cycle lengths, the Post-Bretton Woods period 
 Cycles of 1-2 years Cycles of 2-4 years Cycles of 4-8 years 
Total variance  
explained by component  → 

Component 1 Component 2 Component 1 Component 2 Component 1 Component 2 
30,3 % 18,3 % 47,2 % 19,4 % 39,6 % 32,5% 

Australia -0,189 0,228 -0.080  0.418  0.049  0.322 
Austria -0,135 -0,207 -0.269 -0.112  0.103 -0.345 
Belgium -0,274 -0,089 -0.264 -0.016 -0.010 -0.259 
Brazil -0,130 0,037 -0.195  0.326  0.227 -0.266 
Canada -0,278 0,162 -0.146 -0.145  0.300  0.004 
Chile -0,185 0,382 -0.248  0.147 -0.316  0.111 
Denmark -0,282 -0,265 -0.129  0.250  0.244  0.182 
Finland -0,086 -0,272 -0.245 -0.252  0.137  0.333 
France -0,283 -0,120 -0.263 -0.056 -0.097 -0.098 
Germany -0,297 -0,047 -0.260 -0.014  0.220 -0.271 
Italy -0,235 -0,017 -0.213 -0.278 -0.238  0.220 
Japan -0,124 -0,237  0.093  0.301 -0.263  0.146 
New Zealand -0,170 0,258  0.093  0.301  0.155 -0.136 
Netherlands -0,266 0,199 -0.281 -0.039  0.224  0.100 
Norway -0,192 0,152 -0.172  0.228  0.260  0.163 
Portugal -0,218 -0,270 -0.233 -0.258 -0.227 -0.195 
Spain -0,077 -0,241 -0.182 -0.128  0.114 -0.153 
Sri Lanka 0,045 -0,081 -0.177  0.098 -0.140  0.259 
Sweden -0,150 -0,025 -0.144  0.249  0.173  0.298 
Switzerland -0,194 0,179 -0.271 -0.103 -0.261 -0.111 
United Kingdom -0,170 -0,300 -0.200  0.197  0.236  0.081 
Uruguay -0.109 0,279 -0.093  0.324 -0.205  0.079 
United states -0,271 0,112 -0.246  0.070  0.249  0.181 
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Granger causality tests are performed on the US against the world cycle, because it is the 

dominant economy in the world and may therefore possibly have an impact on several other 

countries at the same time. We also perform a granger-causality test on the world cycle 

against the wavelet transformed real oil price, the US Capital Account and against the 

differences between actual and expected US/UK exchange rates.  The tests, for which the 

results are shown in table 5.12, show that none of the above candidates cause a world cycle. 

Oil prices could be argued to have an impact, since its p-value is under 0.1, but the evidence 

is not overwhelming. This might be because most of the oil shocks were in the beginning of 

the period rather than over the whole time set. Thus we neither want to accept nor reject that 

oil price changes cause world business cycles. 

 

Table 5.12: Granger-causality tests for World cycle on US, real oil price, US Capital Account and differences 

between actual & expected exchange rates 1-2-year cycle, period 3 

Null Hypothesis: No casual relationship F-statistic Probability 

World cycle → US cycle 0.833 0.378 

US cycle → World cycle 0.885 0.364 

Oil cycle → World cycle 3.245 0.095 

World cycle → Oil cycle 0.299 0.594 

US Capital Account → World Cycle 0.731 0.421 

World Cycle → US Capital Account 1.734 0.229 

Expected Exchange rate diff → World Cycle 0.212 0.662 

World Cycle → Expected Exchange rate diff 1.192 0.317 

 

5.4.2 Cycles of 2-4 years 

The coefficients for the cycle of 2-4 years also show evidence of a world cycle. As opposed 

to the cycle of the highest frequency two countries deviate; Japan and New Zealand. The 

coefficients are in general relatively high, and only one coefficient of the ones that do not 

deviate are under 0.1. The two lowest coefficients are also the ones that deviate. The second 

component has no immediate interpretation. The negative signs and the positive signs are 

spread over several continents each. 
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Neither the US cycle nor the oil price seems to Granger-Cause the 2-4 year world cycle. The 

test results are found in table 5.13. Neither tests on the US capital account nor the differences 

between actual and expected exchange rates are performed. This is because of lack of data. 

 

Table 5.13: Granger-causality tests for World cycle on US and real oil price 4-year cycle, period 3 

Null Hypothesis: No casual relationship F-statistic Probability 

World cycle → US cycle  0.450  0.540 

US cycle → World cycle  1.381  0.305 

Oil cycle → World cycle  4.493  0.101 

World cycle → Oil cycle  0.034  0.862 

 

5.4.4 Cycles of 4-8 years 

No evidence for a world or a regional cycle is found in the 4-8-year cycles. This may perhaps 

be because of a shortage data, since the components were estimated with only four 

observations per country. Table 5.11 shows that both subsets of positive and negative signs 

respectively include countries residing in several continents. It is therefore not possible to 

interpret the cycles as regional cycles. 
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6. Conclusions 
According to Sørensen & Whitta-Jacobsen, the length of a business cycle can range from one 

year to over ten. As our study show, a world cycle can only be found at fairly high 

frequencies, i.e. on the shortest cycles. This could be seen as evidence that world shocks 

influence several individual economies the same way, but that they move in different 

directions after a while. Since all countries are different, having different political systems 

together with different labor market structures and rules, it would not be very surprising if 

this is the case. 

 

Assuming that short run world cycles actually existed in the first and third periods we can 

compare them against the second to try to explain why. A starting point for that could be the 

three criteria stated in chapter 2; economic openness, financial openness and the monetary 

system. Two out of the three criteria are candidate reasons. The one that is not is the 

monetary system. The three periods are characterized by three distinctly different monetary 

systems. Since we found World Cycles in two of them, and those two periods have 

significantly different systems, we cannot conclude that the choice of monetary system have 

a significant effect on their existence. 

 

As seen in chapter 3, the trade ratios were significantly higher in the first and last periods 

than in the second. This indicates that trade indeed impacts business cycle correlation, just as 

expected. This is also in line with the common beliefs, as in for example Kose & Yi (2006). 

However, since the data is not directly comparable, we do not want to draw too far-fetching 

conclusions. It is notable though, that this is a link that is already well known, as well as 

modeled. 

 

The international financial markets in the pre-First World War period were completely open, 

so that individuals could move financial capital between countries without any formal 

obstructions. In contrast there was near international financial autarky in the Bretton Woods 

period. The last period is characterized by increasing openness over time, to be close but not 

completely back to the level of openness of period 1 in the end. This implies that financial 

openness could be a reason for existence of world business cycles. It is notable though that 
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the evidence for world cycles is stronger for the last period than for the first. That implies that 

more factors matter for common cycles than the openness of financial capital. 

 

It seems to be conventional wisdom that increased trade induces more correlated business 

cycles. That financial openness has the same effect is yet to be proven, but the results from 

this essay indicate that a connection between world business cycles and financial openness 

may exist. However, this cannot be stated for sure, and must be more thoroughly 

investigated. 

 

No driving forces of the international business cycle could be found in the last period. One 

would expect oil prices to have a significant impact, because of the oil shocks in the 1970s. 

The inference on the granger-causality test, however, does not give strong enough evidence 

that it is the case. In the first period specie imports to the US seem to be a causing factor for 

the world cycle. This is in line with what was stated in Hoffman & Lothian (1984). 

 

So what are the implications of the existence of world business cycles on macroeconomic 

stabilization policy? First of all one can note that the economy indeed is global. If countries 

are serious about macroeconomic stabilization, coordination between countries’ stabilization 

policies should be performed. One could even go a step further and propose the creation of a 

special international organ to handle these kinds of policies. Coordination of stabilization 

policy is something that already exists to some degree, at least for the contemporary global 

economic downturn (see for example economist.com). However, it may perhaps be an idea to 

coordinate on a more systematic level. 

 

Macroeconomic policy on an international level could create some difficulties though, if one 

is not careful. Regular macroeconomic policy generally assumes high factor mobility, 

including labor, in the policy area, at least for the models that use a representative individual 

(this can easily be concluded by noting that when there is a representative individual he 

should have no problems with borrowing and lending from himself. Nor would he have any 

problems changing between the different companies that he already works in). This is not the 

case between most countries. Therefore, global economic policy should perhaps not be 

similar to the policies that are proposed for individual countries today. How the policy should 

be designed is however not within the scope of this essay. 
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7 Appendix: Correlation matrices 
 

Table 7.1 Correlation matrix 1879-2006 GDP-growth per capita, data from Maddison World GDP 
1879-2006 Aus Aus Bel Bra Can Chi Den Fin Fra Ger Ita Jap New Net Nor Por Spa Sri Swe Swi UK Uru USA 

Australia 1.00                       

Austria 0.22 1.00                      

Belgium 0.06 0.18 1.00                     

Brazil 0.10 0.14 0.28 1.00                    

Canada 0.22 0.20 -0.01 0.08 1.00                   

Chile 0.18 0.12 0.13 0.18 0.32 1.00                  

Denmark -0.08 0.28 0.51 0.24 -0.08 0.04 1.00                 

Finland 0.25 0.28 0.64 0.32 0.05 0.10 0.48 1.00                

France -0.02 0.24 0.65 0.21 -0.06 0.19 0.52 0.45 1.00               

Germany 0.28 0.53 0.07 0.03 0.24 0.07 -0.10 0.14 -0.28 1.00              

Italy 0.09 0.48 -0.01 0.09 0.16 0.16 0.17 0.03 0.41 -0.02 1.00             

Japan 0.23 0.66 0.12 0.19 0.06 0.06 0.22 0.26 0.16 0.32 0.54 1.00            

New Zealand 0.20 0.03 0.17 0.09 0.17 0.11 0.22 0.23 0.20 0.05 0.07 -0.01 1.00           

Netherlands 0.00 0.23 0.42 0.22 -0.08 0.02 0.36 0.33 0.81 -0.39 0.48 0.20 0.14 1.00          

Norway -0.03 -0.04 0.57 0.18 0.05 0.07 0.37 0.41 0.57 -0.13 0.12 -0.03 0.25 0.51 1.00         

Portugal 0.08 0.24 0.32 0.19 0.05 -0.02 0.31 0.36 0.22 0.08 0.16 0.22 -0.08 0.18 0.17 1.00        

Spain 0.06 0.23 0.21 0.11 0.19 0.02 0.08 0.10 0.14 0.09 0.21 0.31 -0.11 0.07 0.02 0.30 1.00       

Sri Lanka 0.21 0.17 0.07 -0.04 0.26 0.25 0.02 0.15 0.05 0.22 0.08 0.15 -0.01 0.04 0.09 0.11 0.04 1.00      

Sweden 0.16 0.21 0.53 0.17 0.23 0.16 0.51 0.63 0.50 0.02 0.09 0.08 0.41 0.38 0.51 0.21 0.15 0.11 1.00     

Switzerland -0.17 -0.26 0.43 0.16 0.06 0.15 0.08 0.24 0.34 -0.14 -0.12 -0.29 0.18 0.26 0.47 0.21 0.01 -0.03 0.37 1.00    

UK 0.36 0.23 -0.22 0.07 0.53 0.20 -0.26 0.04 -0.17 0.34 0.24 0.20 0.08 -0.13 -0.06 0.14 0.12 0.23 0.12 -0.11 1.00   

Uruguay -0.02 0.14 0.08 0.04 0.10 0.11 0.06 0.13 0.11 0.08 -0.01 -0.08 -0.04 0.15 0.16 -0.02 0.01 -0.06 0.16 0.04 0.01 1.00 

 USA 0.20 0.10 -0.04 0.18 0.59 0.27 0.01 0.08 -0.30 0.35 -0.11 0.11 0.14 -0.31 -0.12 -0.02 0.08 0.18 0.18 0.00 0.36 -0.03 1.00 

 

 

  



49 

 

Table 7.2 Correlation matrix 1879-1913 GDP-growth per capita. data from Maddison World GDP 
1879-1913 Aus Aus Bel Bra Can Chi Den Fin Fra Ger Ita Jap New Net Nor Por Spa Sri Swe Swi UK Uru USA 

Australia 1.00                       

Austria 0.16 1.00                      

Belgium 0.07 0.01 1.00                     

Brazil -0.03 0.06 0.06 1.00                    

Canada -0.09 0.22 0.00 0.13 1.00                   

Chile 0.14 0.11 0.14 0.09 -0.01 1.00                  

Denmark -0.13 -0.01 0.13 0.33 -0.09 0.02 1.00                 

Finland 0.05 -0.07 0.14 0.14 -0.24 -0.06 0.28 1.00                

France 0.07 0.32 0.31 -0.09 0.00 -0.15 0.02 0.08 1.00               

Germany 0.13 0.22 0.10 -0.11 -0.27 -0.37 0.02 0.38 0.14 1.00              

Italy 0.12 0.08 0.03 0.13 -0.10 0.14 0.41 0.42 0.32 -0.07 1.00             

Japan 0.12 0.26 0.18 0.20 -0.07 0.21 0.11 0.28 0.08 0.00 0.28 1.00            

New Zealand 0.13 0.15 0.38 -0.01 0.12 -0.23 0.10 0.02 0.15 0.29 0.03 -0.09 1.00           

Netherlands 0.01 0.08 0.29 0.20 0.18 -0.17 -0.17 -0.02 0.14 0.16 -0.15 -0.03 0.20 1.00          

Norway -0.18 -0.11 0.17 -0.10 0.14 -0.04 -0.16 0.00 0.16 0.13 -0.08 -0.13 0.17 0.23 1.00         

Portugal -0.12 0.16 0.01 0.08 0.11 -0.07 0.16 0.33 -0.06 0.39 0.08 0.10 0.14 0.10 -0.06 1.00        

Spain -0.07 0.07 0.05 0.24 0.15 -0.08 0.02 -0.25 0.38 -0.07 0.15 0.31 0.00 0.45 0.25 -0.11 1.00       

Sri Lanka 0.02 0.31 0.38 -0.05 0.17 0.38 0.37 0.07 -0.01 0.19 0.06 0.18 0.02 -0.05 0.00 0.34 -0.02 1.00      

Sweden 0.09 -0.05 0.47 0.06 -0.03 -0.08 0.10 0.38 0.16 0.37 -0.10 0.10 0.63 0.21 0.23 0.12 0.05 0.22 1.00     

Switzerland -0.33 0.00 0.13 0.27 0.06 -0.06 -0.09 -0.09 -0.07 0.15 -0.11 0.06 0.30 0.19 0.10 0.36 -0.01 -0.04 0.11 1.00    

UK 0.27 0.27 0.38 0.21 0.33 0.01 -0.13 0.18 0.36 0.11 0.00 0.04 0.28 0.29 0.21 -0.01 0.02 0.15 0.30 -0.04 1.00   

Uruguay 0.01 -0.06 -0.28 -0.21 -0.24 -0.13 -0.27 0.08 0.12 0.16 -0.08 -0.26 -0.05 0.26 0.18 -0.09 0.00 -0.38 0.12 -0.10 -0.06 1.00 
 

USA -0.19 -0.10 0.26 0.51 0.45 0.05 0.21 -0.15 0.04 -0.35 0.06 0.11 0.03 0.23 0.00 -0.05 0.28 0.11 0.11 0.24 0.12 -0.32 1.00 
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Table 7.3 Correlation matrix 1950-1972 GDP-growth per capita. data from Maddison World GDP 
1950-1972 Aus Aus Bel Bra Can Chi Den Fin Fra Ger Ita Jap New Net Nor Por Spa Sri Swe Swi UK Uru USA 
Australia 1.00                       

Austria 0.02 1.00                      

Belgium 0.42 0.47 1.00                     

Brazil -0.12 0.05 0.06 1.00                    

Canada 0.02 -0.10 0.19 -0.26 1.00                   

Chile -0.40 -0.05 -0.20 0.01 0.12 1.00                  

Denmark 0.05 -0.01 0.26 0.10 -0.04 -0.13 1.00                 

Finland 0.03 0.34 0.62 0.30 -0.17 -0.38 0.09 1.00                

France 0.15 0.54 0.77 -0.04 0.17 0.16 0.14 0.61 1.00               

Germany -0.14 0.65 0.11 -0.15 0.09 -0.07 0.14 0.06 0.14 1.00              

Italy -0.17 -0.07 -0.12 -0.21 -0.10 0.17 0.07 -0.24 -0.12 0.29 1.00             

Japan -0.02 -0.10 0.38 0.08 0.13 0.09 0.09 0.38 0.41 -0.04 0.41 1.00            

New Zealand 0.04 0.30 0.00 -0.08 -0.09 -0.19 0.33 0.06 -0.04 0.33 -0.11 -0.39 1.00           

Netherlands 0.55 0.19 0.48 -0.04 0.13 -0.14 0.16 0.15 0.33 0.10 -0.14 0.12 0.00 1.00          

Norway -0.14 0.08 0.39 -0.31 0.06 -0.16 0.17 0.37 0.36 -0.03 -0.08 0.15 0.09 0.09 1.00        

Portugal 0.35 -0.16 0.48 0.16 0.08 -0.16 0.09 0.14 0.18 -0.51 -0.35 0.09 -0.36 0.43 0.22 1.00        

Spain -0.07 -0.17 0.23 -0.21 0.24 0.03 -0.17 0.22 0.32 -0.37 0.06 0.24 -0.06 -0.27 0.23 0.06 1.00      

Sri Lanka 0.42 0.15 0.32 -0.09 0.06 -0.18 0.02 0.08 0.24 0.28 0.32 0.43 -0.33 0.22 -0.04 0.10 0.04 1.00      

Sweden 0.26 0.33 0.70 -0.24 -0.11 -0.18 0.36 0.54 0.67 0.13 0.09 0.44 0.07 0.34 0.30 0.28 0.24 0.27 1.00     

Switzerland 0.08 0.54 0.69 -0.06 0.11 -0.32 0.01 0.64 0.62 0.27 -0.05 0.28 -0.07 0.33 0.47 0.25 0.04 0.08 0.59 1.00    

UK 0.25 0.20 0.49 0.05 -0.10 -0.28 0.08 0.40 0.25 -0.08 -0.14 0.26 -0.15 0.59 0.32 0.50 -0.15 0.02 0.40 0.52 1.00   

Uruguay -0.19 0.48 0.24 -0.07 -0.16 0.34 -0.21 0.27 0.42 0.32 0.02 0.12 0.09 0.02 -0.02 -0.21 0.22 0.07 0.23 0.17 -0.01 1.00 
USA 0.10 0.03 0.30 -0.26 0.68 -0.05 0.28 -0.05 0.13 0.34 0.17 0.18 0.01 0.14 0.19 0.06 -0.07 0.19 0.01 0.21 0.12 -0.21 1.00 
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Table 7.4 Correlation matrix 1973-2006 GDP-growth per capita. data from Maddison World GDP 
1973-2006 Aus Aus Bel Bra Can Chi Den Fin Fra Ger Ita Jap New Net Nor Por Spa Sri Swe Swi UK Uru USA 

Australia 1.00 

                      Austria -0.06 1.00 

                     Belgium 0.20 0.57 1.00 

                    Brazil 0.19 0.25 0.42 1.00 

                   Canada 0.66 0.22 0.40 0.18 1.00 

                  Chile 0.26 0.04 0.11 0.13 0.09 1.00 

                 Denmark 0.25 0.37 0.37 0.32 0.36 0.00 1.00 

                Finland 0.38 0.32 0.40 0.04 0.52 -0.09 0.18 1.00 

               France 0.11 0.71 0.78 0.37 0.41 0.10 0.39 0.39 1.00 

              Germany 0.26 0.46 0.46 0.44 0.47 0.22 0.53 0.13 0.55 1.00 

             Italy 0.22 0.66 0.80 0.39 0.46 0.23 0.42 0.37 0.81 0.64 1.00 

            Japan 0.00 0.21 0.29 0.10 0.07 0.07 0.23 0.12 0.39 0.29 0.45 1.00 

           New Zealand 0.39 -0.18 0.14 -0.13 0.36 -0.04 0.11 0.29 -0.05 -0.06 0.10 -0.24 1.00 

          Netherlands 0.34 0.61 0.59 0.23 0.48 0.24 0.41 0.29 0.61 0.44 0.56 0.03 0.01 1.00 

         Norway 0.22 0.14 0.14 0.42 0.30 0.08 0.43 -0.02 -0.06 0.37 0.25 0.07 -0.04 0.26 1.00 

        Portugal 0.10 0.61 0.63 0.21 0.19 0.25 0.23 0.30 0.79 0.44 0.74 0.50 -0.08 0.49 -0.10 1.00 

       Spain 0.06 0.48 0.63 0.21 0.36 -0.16 -0.02 0.41 0.64 0.21 0.43 0.10 -0.03 0.57 -0.16 0.49 1.00 

      Sri Lanka -0.18 0.03 -0.08 -0.19 0.00 0.24 0.21 -0.01 -0.13 -0.12 -0.13 0.00 0.04 0.01 0.09 -0.11 -0.33 1.00 

     Sweden 0.38 0.24 0.45 0.19 0.58 -0.20 0.33 0.76 0.31 0.20 0.29 -0.05 0.37 0.36 0.11 0.07 0.49 0.02 1.00 

    Switzerland 0.23 0.49 0.52 0.09 0.42 0.46 0.22 0.54 0.52 0.23 0.57 0.21 0.10 0.56 0.00 0.55 0.31 0.25 0.32 1.00 

   UK 0.38 0.22 0.32 0.05 0.61 -0.03 0.53 0.51 0.48 0.37 0.36 0.35 0.20 0.34 0.01 0.40 0.37 0.01 0.46 0.24 1.00 

  Uruguay 0.17 0.04 0.06 0.28 0.16 0.44 -0.03 0.02 -0.06 0.15 0.09 0.07 -0.13 0.14 0.35 0.00 -0.01 0.15 0.03 0.11 -0.05 1.00 

 USA 0.58 0.18 0.31 0.16 0.77 0.34 0.52 0.29 0.42 0.50 0.40 0.32 0.18 0.54 0.27 0.29 0.15 0.15 0.29 0.43 0.68 0.19 1.00 

 


