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1. Introduction 

1.1 Research focus 
The topic of this book is the determination of long-term interest rates. Long-term 
interest rates are crucial to decision making of economic agents. For instance, 
investors want to know the direction of interest rates so they can increase the 
performance of their investment portfolio. For government bond agencies interest 
rate forecasts are relevant for estimating financing costs and determining when to 
fund their capital needs. As a result of the latter, changing government borrowing 
costs are of high significance to tax payers and society as a whole as well. Interest 
rates are also important as a determinant for savings, household mortgage finance 
and capital expenditure decisions. An investigation of both drivers of interest rate 
explanation and forecasting are of high relevance to society.  
 
The core of the research in this book focuses on the explanation of long-term interest 
rate movements in industrialised countries. The interest rate that is explained is the 
10 year government bond yield. Economic literature has a large empirical body of 
literature that focuses on interest rates, however, often the focus is on short-term 
interest rates.  
 
Economic literature does not offer a general long-term interest rate theory. This does 
not mean that the long-term interest rate, or interest rate determination as such, is 
from a theoretical perspective undiscovered. On the contrary, interest rate formation 
is an element taken into account in many aspects of economic theory, but it is exactly 
that, an element in other theories. It is often used as input to explain other factors. 
Therefore, this book uses several of these relevant theoretical frameworks and both 
connects and applies these as the theoretical foundation of the empirical research. 
This step is essential for identifying the relevant variables that are required for broad 
empirical research that identifies the relevant factors that drive long-term interest 
rates. The central problem of this book is to identify which factors, identified in 
economic theory, explain long-term interest rates in a group of selected developed 
economies. 
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With this approach this book contributes to economic literature in several ways. 
First, this book identifies the partial interest rate theories and indicates how these 
theories can be connected to achieve an overall long-term interest rate theory. 
Second, this book empirically shows how relevant the several and combined theories 
are for explaining long-term interest rates in industrialised countries. This book also 
shows what the differences are between the relative large (United States, Japan, 
Germany, United Kingdom, France, and Italy) and relative small countries (Canada, 
Spain, Australia, the Netherlands, Belgium and Switzerland) in the group of selected 
countries. Third, even though most model estimates cover a period that ends before 
the start of the financial crisis in 2007, it is shown, where possible, how models 
behaved during the financial crisis and what the implications of the crisis are for the 
models and the empirical findings.   
 
In addition to the general empirical explanation of long-term interest rate changes, 
this book discusses three thematic areas of research concerning long-term interest 
rate formation as well. First, long-term interest rate formation in Japan is discussed. 
Japan makes an interesting case since government debt is relatively high, while the 
level of the long-term interest rate is relatively low. In a second thematic topic the 
impact of central banks on long-term interest rate formation through traditional 
interest rate setting is analysed over the past decades. The purpose of this is to 
analyse whether, as a result of global economic and financial market integration, the 
influence of central banks on long-term interest rates has changed. As a third topic, 
interest rate forecasting is evaluated. Section 1.4, which gives an overview of this 
book, discusses these topics in greater detail. 

1.2 Current economic environment 
At the start of this research, and throughout the period that the empirical research 
covers, financial markets were in a relatively stable environment. Therefore, most of 
the findings in this book discuss “normal” economic and financial market 
conditions. Most of the empirical work covers the period since 1960. Of course, this 
period also has seen its regular recessions and crises, of which the oil crisis in the 
1970s, the double dip recession of the early 1980s in the United States and the equity 
market bubble of 2000 standout. It is clear that the 2007-2011 period has seen 
financial market volatility of a completely different order. It is also clear that these 
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events have had significant impact on long-term interest rates. Factors such as falling 
credit quality of governments as a result of the deterioration of government fiscal 
balances, falling credibility in fiscal sustainability for some countries, the fear of 
structural deflation, the increased risk aversion away from risky assets and the direct 
central bank purchases of government bonds have all impacted the long-term interest 
rate environment.  After this crisis, which is, to some extent, still on-going at time of 
publication of this book, the risk free status of government bonds in industrialised 
countries has weakened in absolute sense, and has become more a relative concept. 
Governments with the strongest fiscal discipline and fiscal policy track record are 
still benefiting from the so called safe haven flows. 
 
The economic deterioration in the 2007-2009 period stands out, both in terms of 
speed and global synchronisation. See for instance IMF (2009) chapter one or Bank 
for International Settlement (2009) chapter two for an overview of the early stages of 
the financial crisis and global recession. Figure 1-1 shows economic growth in the 
United States since 1952. The figure shows the sharp decline in economic growth in 
2008 and 2009. It also shows that the Federal Reserve Bank Fed funds target rate fell 
to nearly zero, a level not previously reached in the post second world war period. 
Output fell particularly sharp from peak to trough in open, export-oriented, 
economies. For instance, output declined in Japan by 8.4%, by 6.7% in Germany and 
by 7.2% in the Netherlands.1  
 
A period such as the financial crisis of 2007 and its aftermath has seen monetary 
policy and fiscal policy abilities being stretched significantly. Measures were taken 
that were not (often) seen before, such as the purchases of government bonds by 
central banks. Although the Bank of Japan has purchased government bonds 
previously, this is not something seen in other G7 countries. However, during this 
crisis the Federal Reserve Bank and the Bank of England started purchasing 
government bonds in 2009. The ECB started to buy government bonds as from May 
2010 as part of the Securities Markets Programme. 2  Another unconventional 

                                                      
1 Source: Bloomberg financial data, February 2010. 
2 See further on the SMP: http://www.ecb.int/mopo/liq/html/index.en.html and for Outright 
Monetary Transactions (OMT): 
http://www.ecb.int/press/pr/date/2012/html/pr120906_1.en.html 
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measure was the direct support by central banks to financial institutions, such as, for 
instance, financial support given by the Federal Reserve Bank to the insurance firm 
AIG and the bailout of banks by governments across the world, particularly in the 
United States and Europe.   
 
Figure 1-1 US GDP growth and Federal Reserve interest rate; quarterly data* 

 
Source: Bloomberg and Federal Reserve; * The Federal Funds rate is available since 1954, 
for the preceding period the discount rate has been used; update December 2012.  
 
It is the kind of financial and economic episode that will change the way the world 
will look at economics, policy and finance. At time of publishing this book, it is still 
not completely clear how the crisis and debt overhang will ultimately be dealt with 
(particularly in Europe). Even though the financial crisis escalated in September 
2008 after the Lehman collapse, the world economy was still fragile at the beginning 
of 2013. The exit of monetary and fiscal policy still had not convincingly started yet 
in industrialised countries. Due to the escalation of the European sovereign debt 
crisis a global recession remained still a threat at the beginning of 2013.  
 
The crisis has had a significant impact on the functioning of the government bond 
market. For instance, it was commonly taken for granted that government debt 
within the EMU was “risk free”. This has clearly changed. Debt ratios and fiscal 
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deficits have risen sharply. Several government debt ratings had been downgraded in 
the aftermath of the financial crisis (see for instance Haffner and Jansen (2003) on an 
identification of transmission of shocks within the European Union). Figure 1-2 
shows how government long-term interest rates with a 10 year maturity have 
performed over the past years. The figure shows that Greece, in particular, has 
suffered greatly during the crisis, but also government bond yields in Italy, Spain and 
Portugal have risen relative to German long-term interest rates. 10 year government 
bond yields in safe haven markets fell to record low levels. According to Reid et al. 
(2012) Dutch 10 year government bond yields fell in 2012 to the lowest level in 
almost 500 years (see also the cover of this book). 
 
Figure 1-2 Government bond yields (%, 10 year maturiy) 

 
Source: Bloomberg Financial data; update December 2012. 
 
What does the crisis imply for this book?  In the long run the crisis may prove to be 
an outlier, just like the 1930’s depression. A large and prolonged period of economic 
and financial distress which ultimately returns economies to the “old” world with 
relative stability of market oriented economies. It may be the kind of episode one 
will treat with a dummy to remove the effect from the data sample. It is, after all, an 
episode of market failure while in this book the focus is on how interest rates respond 
to economic and financial phenomena under working market conditions. On the 
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other hand it also makes a few facts clear which are relevant to the research in this 
book: risk matters, while global integration and investor confidence influence 
market and economic conditions very rapidly. Structural shifts in risk aversion and 
saving fundamentals may also lead to structural changes within the models in this 
book. Of course, this can only be verified when enough after crisis data points are 
available. In this book results will, when appropriate, be cross checked with regard 
to how relevant the crisis may be to the findings. 

1.3 History of interest rate determination 
This section gives a very brief overview of how interest on loans has developed 
historically and how interest rate theory has developed in economic literature. 
Interest on loans has a very long history indeed. Homer and Sylla (2005) give a 
thorough and interesting overview of the history of interest rates. They point out that 
credit was used in ancient and medieval times. Credit long antedated industry, 
banking and even coinage. Loans at interest may have begun, according to Homer 
and Sylla, “when the Neolithic farmer made a loan of seed to a cousin and expected 
more back at harvest time, maybe as early as the year 5000 BC non-monetary 
interest may have been in use”. With the rise of the agricultural economy, capital and 
credit became more important. The authors point at some evidence in legal 
documents in which interest rate conditions were arranged in ancient times. In 1800 
BC Hammurabi, king of the first dynasty of ancient Babylonia gave his people the 
first formal code of law, which also arranged the relation between debtor and 
creditor. Interest was maximized at 33% on a loan in grain and at 20% for a loan in 
silver. Examples are also given for Greece, where in 600 BC, in answer to an 
economic crisis, which was fuelled by a credit bubble, the level of the rate of interest 
was deregulated in an attempt to prevent excessive debt. Over time, charged interest 
has become accepted. An example of where charged interest is still prohibited is 
Halal finance (see Hayat et. al, 2011 and Visser, 2009). 

 
Apart from a long history on interest charged on loans, there is also a long history of 
a theoretical debate about conditions under which interest should be allowed to be 
charged and what determines the level of the interest rate. The first has been the 
focus of philosophers and the second of economists. For instance, Ekelund and 
Hébert (1997) discuss this. Greek philosophers generally were opposed to interest 
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charges. According to Aristotle, interest is an unnatural return. He added that coined 
money can lead to development of unnecessary exchange which should be 
discouraged (see Ekelund and Hébert, 1997, pp19-20). With unnecessary exchange 
is meant exchange which merely has the purpose of accumulating wealth for its own 
sake. According to Aristotle, the natural use of money is to spend it, as money cannot 
reproduce itself. Plato also saw interest as potentially destructive and pointed out 
that money can be tolerated but has to be subject to administrative controls. 
Xenophon had a slightly more positive view, arguing that profit seekers make good 
managers, but thought that administrative controls would be appropriate to prevent 
excesses.  
 
In medieval times interest was commonly regarded as compensation for delayed 
payment or loss of profits to lender (opportunity loss). Risk was not seen as a reason 
for interest, because loans were secured by property worth more than the size of the 
loan (Ekelund and Hébert, 1997, p32).  
 
This philosophical debate on interest was purely theoretical. As Homer and Sylla 
(2005) show, interest was common practise in the Greek period while by the 13th 
century, bank deposits had become a form of investment and merchant bankers paid 
interest on these deposits. The development of views on what determines the level of 
interest rates really started in the classical economics period. Richard Cantillon 
(1755) applied a loanable funds theory of interest in which the interest rate level is 
determined by the “proportionate numbers of lenders and borrowers.” (Cantillon, 
1755, p82).  From a philosophical point of view, interest became more acceptable 
with Adam Smith (1776), who linked wealth to profits and capital. According to 
Smith return on capital and compensation of bearing risks determines the level of 
interest. The English economist Nassau Senior (1790-1864) was the first to 
introduce time preference (see Ekelund and Hébert, 1997, p161), claiming that the 
“interest is the return to abstinence.” With abstinence is meant refraining from 
current consumption in order to accumulate capital or intermediate goods. Through 
this, the factors that produce goods are indefinitely increased. Böhm-Bawerk (1922, 
p114) confirms this as well and points out four propositions on the power of capital: 

1) Capital has the capacity of serving towards the production of goods. 
2) Capital has the power of serving towards the production of more goods 
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than could be produced without it. 
3) Capital has the power of serving towards the production of more value 

than could be produced without it. 
4) Capital has the power of producing more value than it has in itself. 

 
Böhm-Bawerk finds the cause of interest in a productive power of capital 
(Böhm-Bawerk (1922, p 4). Irving Fisher (1930) introduced the concept that 
nominal interest consists of two components: the real interest and a component that 
represents the expected average annual inflation over the term of the loan. 

1.4 Overview of this book 
Although much of this book is concerned with empirical analysis chapter two starts 
with the discussion of a theoretical framework. In economic literature, there are a 
number of theories in which long-term interest rate formation is explained. Usually, 
this is part of the explanation of another economic phenomenon or is part of an 
aggregative model. The relation between inflation and the interest rate of Fisher 
(1930) is well known. Also the neoclassical life cycle model of Solow (1956) 
discusses the interest rate. The interest rate is also present in the IS/LM model, the 
interest rate parity model and the capital asset pricing model by Sharpe (1964). 
Theories of the term structure of interest rates show what the relationship is between 
bonds and money market instruments of different maturities. The expectations 
theory, the time preference theory and the preferred habitat theory are three of these 
theories of the term structure. Kenen (1996) discusses an asset demand model, which 
shows how the yield of different assets may be connected. Based on economic 
literature, five key theories can be detected which are relevant for the theoretical 
framework required for the empirical work on long-term interest rate determination. 
With these partial theories, as they are referred to in this book, a general theoretical 
framework is constructed with which the required variables for the empirical work 
are identified.  
 
Chapter two discusses these theories and gives guidance to how these theories can be 
connected. The starting point is a core model in which the interest rate is determined 
in a closed economy through interaction between supply and demand. In this case 
demand for and supply of capital can meet in one single market only. In other words, 
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there is only one investment vehicle with only one single interest rate. From this 
single market closed economy the model is expanded to an open economy and 
alternative investment vehicles are incorporated where demand and supply for funds 
can meet. In a last step the influence of inflation is added.  
 
Chapter two also gives an overview of which theories and factors are used in 
long-term interest rate determination in large monetary models and individual 
empirical studies that try to explain specifically long-term interest rate changes. 
 
Chapter three discusses the empirically encompassed long-term interest rate models. 
This chapter discusses how to incorporate the factors determined in chapter two and 
how well long-term interest rate changes can be explained with variables that can be 
deducted from the theoretical framework of chapter two. 
 
Models are discussed with both quarterly and annual data. This application is chosen 
in order to be able to analyse the impact of both higher and lower frequency data. For 
instance, for many countries current account data is only available on an annual 
basis. For business cycle data it should be expected that it influences interest rates on 
a shorter period, and a quarterly specification might be more suitable. Through these 
different frequencies, different variables can be analysed which can show what kind 
of factors are more relevant at which frequency.  
 
Models are estimated for twelve countries. The G7 countries (the United States, 
Japan, Germany, United Kingdom, France, Italy and Canada) are included plus five 
smaller countries: Spain, Australia, Netherlands, Belgium, and Switzerland. This 
enables a comparison of results between countries. The results for the six largest 
countries versus the six smallest countries are compared, gaining insight into 
differences in results for large relative to small countries. 
 
The specification that is applied is an error correction model (ECM). Chapter three 
discusses in greater detail the statistical characteristics of the time series. Most 
economic data are non-stationary but are stationary when analysed in first 
differences. Figure 1-3 shows the German long-term interest rate, which shows a 
downward trend at least since the early 1980s. The general models are estimated up 
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to 2004. Further, only variables are incorporated if they are statistically significant 
and when the signs are in accordance with what is plausible according to the 
theoretical framework of chapter two. 
 
Figure 1-3 German long-term interest rate (10 year government bond) 

 
Source: Bloomberg financial data; update December 2012. 
 
Chapter three encompasses the partial theories discussed in chapter two, but also 
analyses these separately. Chapter three only discusses the conclusion of this 
exercise but in Annex 3.A the detailed results are shown.  
 
Chapter four discusses interest rate formation in Japan. The case for long-term 
interest rate formation in Japan is very interesting. The government fiscal situation is 
still on an unsustainable path. For instance, a recent estimate by the IMF shows that 
it should be expected that by 2016 the gross debt will have accumulated to almost 
253% of GDP (see IMF, 2011a). The long-term interest rate in Japan is much lower 
than in other countries that have a lower government debt, which is interesting given 
the significant rise of the focus by financial market participants on government debt 
and default risk. Of course, this difference is reduced once a correction is made for 
inflation differentials, but a difference remains. The purpose of chapter four is to 
analyse possible causes for the difference in real interest rates. 
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Three possible reasons for a lower long-term interest rate in Japan are evaluated. 
One reason for the low interest rate could be that positive net national savings are a 
result of ageing. A second reason could be that there is a Ricardian equivalence 
effect. The expectation of higher taxes in the future could induce private saving, 
compensating the effects of higher government deficits. Usually, the assumptions of 
Ricardian equivalence are seen as unrealistic. See for instance Barro (1989) and 
Bernheim (1989) for a discussion of these assumptions. However, the situation is 
different in this case. Ricardian equivalence assumes that generations are linked and 
that in case future generations have to pay for current fiscal spending, via higher 
taxes, rational economic agents would already start saving for these future 
generations. The current situation is different in the sense that the fiscal deficits are 
unsustainable and would have to be corrected earlier. It should be expected that for 
some tax payers the higher tax bill of excess fiscal spending can already come during 
their own lives. The case for a Ricardian response is therefore, theoretically, 
stronger. This is tested in a few ways. After presenting models in which the 
long-term interest rate is explained by the net national savings balance the relation 
between sector savings is discussed. Is there a relation between private savings and 
government savings? Is there a relation between household and government savings 
and is there a relation between corporate savings and government savings? Can 
causality between sector savings be proven? This is tested through applying 
Granger’s causality tests. Finally, the relation between the long-term interest rate 
and these sector savings is tested. The results for Japan are compared with the results 
for other countries. A third possibility is whether there are institutional reasons for 
the lower interest rate level in Japan.  
 
Over time, international capital markets have become more integrated. See for 
instance Buch (2004) or Obstfeld and Taylor (2004). This may have consequences 
for bond market integration and, if this is the case, it may have consequences for the 
effectiveness of monetary policy. This is the topic of chapter five.  
 
Monetary policy influences long-term interest rates directly and indirectly. Indirect 
is the traditional approach: central banks change their (short-term) rates and through 
the linkage of fixed income instruments with different maturities this influences 
long-term interest rates. The direct approach of influencing long-term interest rates 
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can be executed through direct purchases of long-term government bonds. Even 
though this approach is much less common, as already mentioned at the beginning of 
this chapter, it has been applied during times of (near) zero policy rates in the 
aftermath of the 2007 financial crisis/recession. In a larger historical time frame this 
is still unusual. The focus is therefore on the conventional approach, which is the 
indirect channel. The linkage between short- and long-term interest rates is crucial in 
the monetary transmission channel.  
 
Research on capital market integration (see for instance Edwards, 1995) focuses on 
analysing correlations between either capital flows or prices of capital. Much work 
on the first type of measuring capital market integration has been done by Feldstein 
and Horioka (1980). In chapter five the focus is on the correlation between long-term 
interest rates across countries to evaluate whether these correlations have changed 
over time. The relation between short and long-term interest rates is also evaluated.  

 
In order to investigate the change in integration over time, a rolling regression 
technique is applied. Equations are estimated in which the domestic long-term 
interest rate is explained by the foreign long-term interest rate and the domestic 
short-term interest rate under the restriction that the sum of the coefficients is equal 
to one. Equations are estimated for a group of 12 countries. The results for the 
countries are split into a group of large and small countries, to analyse whether the 
results are influenced by the size of the country. 
 
The rolling regression window consists of estimates over ten year periods. After 
each estimate the sample is moved one quarter forward. The first rolling regression 
window starts in the first quarter of 1960 and the final rolling regression window 
ends at the fourth quarter of 2011, which yields 168 regression outputs. 
 
The estimation approach is applied to both the nominal and the real interest rate. 
Apart from estimating equations which incorporate both the domestic short-term 
interest rate and the foreign long-term interest rate, these equations are also 
estimated separately. Finally, also the integration between short-term interest rates 
and the integration between business cycle indicators are discussed.  
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Chapters two through five focus on explaining long-term interest rates. To a large 
extent, the models discussed in these chapters are backward looking. Chapter six 
focuses on long-term interest rate forecasting. Three ways of forecasting are 
distinguished: time series models, structural models and expert knowledge. Quite 
often, experts use models in combination with other factors they consider relevant 
for their forecasting exercise. In words of Hendry and Clements (2003), forecasting 
is a mixture of science and art. Science represents the econometric systems that 
embody consolidated economic knowledge but art, or judgement, plays an important 
role as well.  
 
Chapter six assesses the quality of the various economic forecasting methods 
through comparing the outside sample errors of long-term interest rate predictions 
with the random walk as a benchmark.  The quality of these models is evaluated 
through comparing the mean square forecasting error (MSFE) relative to the random 
walk. Also the direction of forecast of the models (how often can a model predict the 
right direction of interest rate change) is evaluated.  
 
Long-term interest rate forecasts are given for two periods: three months ahead and 
one year ahead. These two frequencies are chosen because expert forecasts that are 
included are only available for these two horizons (source: Consensus Economics). 
For that reason, all the models on long-term interest rate forecasts that are presented 
are applied to these two forecast horizons. Models are estimated for five countries: 
United States, Germany, United Kingdom, Netherlands and Japan. The time series 
models that are evaluated are ARIMA and AR models. Also structural models 
(reduced VAR and a macro factor models) are analysed. The macro factors that are 
taken into account stem from the theoretical framework in chapter two and general 
empirical work in chapter three.  There are two model types to evaluate expert 
forecasts: a model with the original expert forecast and a model which adjusts these 
expert forecasts for a structural bias.  
 
Finally, the effects of combining the different models are evaluated. The information 
content of the various forecasting methods may not be completely overlapping. 
Combining forecasts makes use of additional information contained in individual 
methods. Combined models can outperform individual forecasts (see Bates and 
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Granger, 1969). In the area of combining models there are also different approaches. 
For instance, how to weigh the specific models? Three different weighting schemes 
are applied: equally weighted, optimized weighted and in-sample MSFE weighted.  
 
Chapter seven summarises the key findings of this book and discusses ideas for 
future research.  
 
This book is to a large extent based on published articles. For that reason, the periods 
over which the models are estimated vary. The general models are estimated up to 
2004 (chapter 3 and 4). Forecasting models are estimated up to 2003. The periods 
after this are treated as outside sample periods. These outside sample periods are 
used to evaluate the performance of the models. In that respect, the crisis period 
(2007 until 2011) is not in the estimated models but performance of the models is 
evaluated during this time period. Chapter five is an exception, where rolling 
regressions have been extended until the end of 2011. 
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2. Long-term interest rate theory 

2.1 Introduction 
In modern macroeconomic and financial economic literature there are several 
theories of long-term interest rate formation. For instance in macroeconomics the 
neoclassical life cycle model, the IS/LM model and the interest rate parity theory and 
in financial economic theory the capital asset pricing model give a description of 
interest rate determination. This chapter discusses the long-term interest rate 
determination, building on a number of theoretical concepts. At the end of the 
chapter an overview is given of how these concepts are accounted for in monetary 
models and in empirical research on long-term interest rates. 
 
Section 2.2 presents the core of the real long-term interest rate determination: 
demand for and the supply of capital, based on the neoclassical growth model with 
some attention for (microeconomic) determination of saving and investment 
behaviour. Additionally, a number of extensions are introduced. In 2.3 inflation 
expectations are added. In 2.4 a number of substitutes for bonds are introduced. 
Three types of assets are incorporated in section 2.4: domestic short-term (risk free) 
investments, domestic risky assets and foreign government bonds. In section 2.5 a 
discussion follows of how these interest rate theories are integrated in monetary 
models and empirical research. 

2.2 Real long-term interest rate 

2.2.1 Determination in a single asset closed economy 
The real long-term interest rate is determined by demand for and supply of funds for 
a long time period (for instance 10 years) that pays a fixed coupon. As a starting 
point, the assumption is that lenders and borrowers can meet in a single market: the 
market for domestic bonds. Domestic bonds have an annual real (effective) return of 
r. r is assumed to respond negatively to a rise in the quantity (q) of savings (Supply 
of funds (S)) and positively to the quantity (q) of investment (Demand for funds (I)).  
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(2-1) ISfr ,  
 
Figure 2-1 Supply of Savings (S) and demand for investments (I) 

 
 
This representation of the determination is in accordance with the classical loanable 
funds theory (see for instance Mishkin and Eakins, 1998, p 96-102), but also with the 
IS schedule of the IS/LM model. The IS/LM framework does not distinguish 
between a short-term and long-term interest rate. The interest rate determination in 
the IS schedule is determined by savings and investment (AD) plans. Since 
investments are financed mainly for the long-term, this is effectively the 
determination of the long-term interest rate. On the other hand, the LM schedule 
confronts money demand and money supply. Therefore, LM, where money supply is 
effectively set by the central bank, determines much more the short-term interest 
rate. Even though, the short and long-term interest rates are not necessarily equal, 
they are related. This will be discussed in section 2.4. 
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In the Solow growth model3, savings are equal to investments. Hence, it describes, 
just as the loanable funds theory, a closed economy. In equilibrium, savings are 
equal to required investments. The model assumes that savings are exogenous and 
investments absorb the quantity of the savings that are available. It will simply affect 
the marginal product of capital ( )(' kf ). In equilibrium, the following holds:  

 
(2-2) rkf )('  
 
The decision of accepting or declining investment projects is based on the marginal 
return of the investment project (marginal productivity rate of capital) and the 
marginal cost of financing the investment project (the prevailing interest rate). 
Therefore, on a closed capital market the interest rate cannot differ from the 
marginal productivity rate of capital.  
 
If the interest rate is at a higher level than the marginal product of capital, new 
investment projects will (on a macro level) prove to be too expensive: the cost of 
financing the project is higher than the marginal product of capital. How does this 
effect investment demand? In a Solow type model, where investment in equilibrium 
represents the sum of refinancing depreciated capital and population growth, this 
means that not all capital will be refinanced. As a consequence, overall capital per 
capita will fall, which will increase the marginal product of capital. The process will 
continue until the marginal product of capital is equal to the interest rate and the time 
preference rate (ρ). The time preference rate is discussed in greater detail in the 
consumption/savings equation below.  
 
The Solow model describes the linkage between savings, investment and production. 
The model assumes that savings are exogenous. In modern macroeconomics the 
savings decision has a micro-economic foundation. In a two period model, the 
consumer maximizes the following utility function: 
 
(2-3) Max *1 WCu 2Cu  

                                                      
3 Originally introduced in Solow (1956); see for instance Romer (2001) chapter 1 or Obstfeld 
and Rogoff (1999) chapter 7 for a discussion. 
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W represents the willingness of consumers to postpone consumption. It is a 
measurement of time preference. This willingness is directly related to the 
consumer’s impatience to save. If the impatience is  then W can have the following 
form: W = (1- ).  
 
The price of consumption one period ahead in terms of present consumption is 

r1
1 .  

 
A two period model is applied, where income from labour is generated in period one 
and in period two, the retirement phase, income depends solely on accumulated 
savings from period one. Consumption at t=1 and t=2 are connected as follows: 
 

(2-4) 11
1

2 CrC  

 
If ρ equals r, the interest rate earned on savings exactly offsets the impatience factor. 
The consumption pattern will be flat in this case.  Equation 2-5 shows the relation 
between savings at t=1 and consumption at t=2. 
 

(2-5) 21 1
1 C

r
S  

 
Substituting equation 2-4 into equation 2-5 leads to the following relation between 
savings and consumption in period 1. 
 

(2-6) 11 1
1 CS  

 
If the impatience is higher than the interest rate in a closed economy, individuals will 
prefer to consume rather than save. When the capital market can be accessed by 
domestic participants only, the equilibrium interest rate cannot differ from the 
average, capital weighted, time preference rate of savers. This time preference rate 
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can differ for each individual. The macro time preference rate is therefore an 
average, weighted by individual amounts of savings. When the interest rate is higher 
than the time preference rate, savers are inclined to raise their savings, thereby 
reducing the interest rate. When the interest rate is below the time preference rate a 
reduction of savings will bring the interest rate up to the time preference rate. In a 
closed economy, on a macro level, the time preference rate equals the interest rate, 
given that savers are willing to respond to mismatches between interest rate and their 
time preference rate and are willing to adjust their consumption pattern over the life 
cycle. For individual savers the time preference rate may differ from r, because the 
time preference rate is subjectively set and is dependent on individual preferences. It 
is assumed that the savings decisions by an individual saver are not able to impact 
the equilibrium level of interest rates.  

2.2.2 Determination in an open economy 
The time preference rate of consumers is not necessarily constant. The time 
preference rate could be driven by risk aversion for instance. When risk aversion is 
influenced by cultural factors, it could even differ between countries and lead to 
structural capital flows between open economies. It can also differ over the business 
cycle since confidence in, for example, job security fluctuates over the business 
cycle. When x, which represents the time preference rate in country x, is larger than 
rw, the world interest rate, savers in country x are less patient relative to the rest of the 
world, where rw represents ρw. A country will borrow abroad at rw. Corporations will 
not give up investment opportunities if the domestic savings pool is not sufficient in 
an open economy as long as the expected return on the investment project is equal or 
higher than rw. This illustrates that, at least for a small country that cannot influence 
rw, savings decisions of its residents do not change the interest rate at which 
investment projects can be financed at world capital markets. In this case the 
domestic average time preference rate may differ from the (global) interest rate. This 
can, however, lead to structural current account imbalances, where countries with 
impatient consumers run current account deficits and countries with patient 
consumer run current account surpluses. Default risks could ultimately restrict 
international borrowing. This can be seen in practice as well. A significant current 
account imbalance of the United States, Japan and of some euro area countries could 
be examples of this (see also Spijkerman and Jansen, 2007). Therefore, there are 
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likely limits to the size of the structural deficit. Uncertainty among investors about 
the solvency of the borrowing country would put pressure on the exchange rate and 
increase the domestic interest rate as foreign investors demand a risk premium. 
 
The model described above is a simple version of the overlapping two generations 
model. Further additions can be made by including factors such as the willingness of 
consumers to respond to a rising mismatch between ρ and r (see also Cochrane, 
2005). The permanent income hypothesis assumes absence of liquidity constraints. 
This does not seem to be a problem in the model defined above, since income is 
higher in the first period than on average. This would be different in case income 
earlier in the life cycle is lower than the average lifetime income, or would even be 
zero. The model would assume that the consumer has unrestricted access to credit to 
smooth consumption over the life cycle. In the extreme case where ρ = 1, there is 
maximum impatience. Savings would be zero and all income would be allocated to 
consumption during period 1. The life cycle model also assumes perfect foresight of 
what the permanent income level is and assumes that the consumer is able to make a 
reasonable estimate about the expected longitude. It could also be that income 
uncertainty is higher for individuals than on a macro level (see Weil, 1989). 
 
Still, respecting all these nuances, the model is useful for analysing the dynamics of 
savings in a multi-period model and is especially useful for analysing temporary and 
permanent changes that affect savings and/or investments. Box 2.1 describes two 
examples: the impact of a temporary boost in home country productivity growth and 
a permanent rise of the time preference rate.  
 
A current account model can be applied to analyse the impact of savings and 
investments shocks on the interest rate (see also chapter four). First, the assumption 
is made that the real interest rate (r) is negatively influenced by savings and 
positively by investments, as outlined by equation 2-1. 
 
The saving-investment imbalance, defined as the current account balance (CA), is 
assumed to be the only factor to determine interest rates here. 
 
(2-7) r = f(CA) 
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Where the current account balance is determined by national saving minus national 
investment: 
 
(2-8) CA = SN - IN 

 
National net saving is the sum of private net saving (SP-IP) and government net 
saving, BG

t, as illustrated in equation 2-9. Net government saving is equal to net 
borrowing/net lending balance (BG). The current account balance, as stated by 
equation 2-10, is the difference of net foreign assets (A) held at period t-1 and t. 
 
(2-9) SN

t - IN
t = SP

t + BG
t – IP

t  

 
(2-10) CAt = At+1 – At = (AP

t+1 – AP
t) + (AG

t+1 – AG
t+1) 

 
Equations 2-11 and 2-12 show how private gross saving and government net saving 
are determined. Hence, if there would be government debt, the first term on the right 
hand side of equation 2-12 would be negative. T is total tax receipts/payment, C 
private consumption, Y labour income and Gc equals government consumption. 
 
(2-11) SP

t = rAP
t-1 + Yt – Tt - Ct 

 
(2-12) BG

t = rAG
t-1 + Tt - Gct 
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BOX 2.1:  impact of temporary and permanent productivity and income shocks  
This box discusses the impact on the current account balance through two different 
scenarios. First a temporary productivity shock is discussed followed by a 
permanent shock to the time preference rate. 
 
Temporary productivity shock 
In this scenario a temporary positive productivity shock is assumed. The home 
country is assumed to be small and has unrestricted access to international capital 
markets but has no influence on rw. The current account is in balance prior to the 
shock and ρ = f’(k) = r =  rw. The temporary productivity shock, which only takes 
place in the home country, increases f’(k). f’(k) is now larger than rw, and investment 
demand increases. It is not clear what the effect of this temporary productivity shock 
is on future income, therefore savings remain unchanged. Higher investment 
demand and unchanged savings will push the current account balance into deficit. 
The next period the productivity shock disappears, and f’(k) equals rw again. 
Investment returns to the original level. The current account balance is equal to zero 
again. What is left are the payments made on the loan, so there is still a deficit on the 
investment income balance. The current account balance will be in surplus when 
companies decide to pay off the internationally financed loan with increased 
profitability to which the productivity shock has led. 
 
Because the example concerns a small country, there is in period 1 no effect on the 
globally determined rw. If the country would have been a large country which is able 
to influence global interest rates, the interest rate would have increased in period 1 
and fallen back to its original level in period 2. In that case, once again assuming full 
willingness of consumers to change the consumption pattern over the life cycle when 
there is a difference between interest rates and the time preference rate, an increase 
in savings would be the consequence. This global rise in savings would then meet 
the extra demand for capital in period 1, bringing the interest rate back to its previous 
level.  
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2.2.3 Role of the government 
So far, the government has been excluded in the interest rate theoretical framework. 
In the IS schedule, governments’ demand for funds is integrated with private funds 
for investment demand, in the aggregated funds demand equation.  
 
For consumption, savings are determined by income smoothing and the time 
preference rate. For corporate investment the equilibrium level of interest rates is 
linked to the marginal productivity rate of capital. For the government it is more 
difficult to determine a factor that defines optimal demand for capital. The social 
return of investment projects would have to weigh up against the cost of financing 
the project. See for instance Stiglitz (2000) chapter 7 (public choice) and chapter 11 

Continued BOX 
The outcome for a permanent rise in productivity growth would be different, because it 
would change consumers’ view on permanent income. Higher expected future income 
growth would induce higher consumption at present. This increases the current 
account deficit in period 1 further, but savings would start to pick up later in the 
working life period when income is higher than average life time income. The current 
account deficit would disappear in the long run. 
 
Permanent time preference shock 
If there would be a permanent rise in the time preference rate in a small economy 
which is fully integrated with the international capital market, consumers value current 
consumption more than future consumption. This leads to a fall of the savings rate. If 
the current account balance was in equilibrium before this shock, this permanent 
change of the time preference rate results in a deficit of the current account balance. 
Companies will not reduce their investment demand, but finance it abroad. The current 
account deficit can be permanent and will only disappear and shrink through a 
decrease in the time preference rate or unwillingness of foreign investors to finance the 
savings-investment imbalance. This simple example shows how structural current 
account balances can be caused by differences in time preference rates. In absence of 
policy interventions, exchange rates and investor’s risk aversion are able to counter 
this. 
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(cost-benefit analysis). The level of return is much more difficult to determine. In 
addition to that, a corporation would invest for as long as the marginal return is 
higher than its costs, until cost and return are equal, which might not be optimal for a 
government. The government could take on a larger number of investment projects 
which could potentially lead to substantial distortions.  
 
In this chapter’s interest rate theoretical framework, the government does influence 
the real interest rate through its demand for funds, or, when it is running a budget 
surplus, its supply of funds. Under the assumption that savings and investment will 
grow with a constant rate of GDP, a government that has a budget deficit that is 
higher as a percentage of GDP than GDP growth, would put an upward pressure on 
the interest rate. When the government deficit as percentage of GDP is equal to GDP 
growth, the relative share of capital and its debt to GDP ratio remains constant. 
When the deficit as a percentage of GDP is smaller than economic growth, or when 
there is a surplus, it will have a downward pressure on the interest rate. The net 
capital market growth is for a closed economy: 
 
(2-13) Investment demand4 + Government debt = Private net savings 
 
Tension on the capital market (upward pressure on the interest rate): 
 
(2-14) Investment demand + Government debt - Private net savings 
 
Where investment demand and private net savings behave in a linear manner with 
income growth ( %GDP): 
 
(2-15) pSGDPDIGDP )%()()(%  

 
D is the change in net government debt outstanding, which equals the (deficit as a 

% of GDP) x (government debt share in total capital market). This shows that when 
the government has a larger share in the capital market, the larger will be the impact 
on the interest rate. In a closed capital market there are only two categories of 

                                                      
4 That share that is externally financed through the capital market. 
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participants on the demand side of the capital market: government and private 
investment demand (households are assumed to be net savers).  
 
Both savings and investments will respond to the rise in government demand for 
debt. Savers respond to the increased interest rate and to deviations to permanent 
income. Corporations will respond (crowding out) to increased interest rates (if rw is 
affected). 
 
The response of savers to a rise of a fiscal deficit will depend on two factors: the 
interest rate in relation to the time preference rate and expected consequences for 
future/current income. A fall in future (disposable) income will lead to a fall in 
current consumption. For instance, if current fiscal stimulus leads to an expected rise 
in future taxes (Ricardian equivalence).  
 
If rw is affected, the response of corporations is likely to be much stronger than that 
of savers. Investment projects are implemented when the marginal productivity 
exceeds the interest rate. If both new and replacing investment projects have a lower 
marginal productivity than the new and higher interest rate, then investments could 
theoretically even decline to zero. Savings adjustments can increase and decrease 
consumption, but there will always be a boundary on how far consumption can 
decrease, based on the consumption smoothing characteristics of the savings 
equation. 
 

2.3 Nominal interest rate: the inflation 
expectation component 

The neoclassical demand and supply theory explains the formation and equilibrium 
of the real interest rate. However, an increase in inflation will cause prices to rise on 
the demand and supply side, moving both the demand and supply curves to the right 
in figure 2.1. “Fisher’s interest rate theory” states that investors want to be 
compensated for inflation (Fisher, 1930). Hence, they require a certain real return. 
The expected inflation over the investment period is added to the market clearing 
real interest rate: 
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(2-16) erR 111  

 
Where R = nominal long-term interest rate, r is the real long-term interest rate and e 

is the expected inflation rate over the maturity. 
 
Since the Fisher interest rate equation is thoroughly addressed in standard 
macroeconomic text books, this is not discussed further here. 
 

2.4 Bond yields in relation to substitutes 
So far, the focus has been on a domestic bond market and an external (world) bond 
market. In this section, the number of substitutes is expanded further. Corporations 
and households have the choice of a number of funding sources and investment titles 
(government is assumed to auction government, cq risk free, bonds). Even though 
their prices may differ based on their specific characteristics, they are related. Figure 
2-2 gives an overview of some assets that can be taken into account. From left to 
right the figure first mentions the domestic bond market.  Next, there is the choice to 
invest in a domestic risky asset (for instance equity or corporate bonds) or the money 
market (the part of the fixed income market with a relatively short maturity). Finally, 
there is a possibility to invest abroad at the foreign, or world, interest rate. 
 
Figure 2-2 Stylised overview of asset categories 

  

Total stock 
of funds

bond risky money foreign
market assets market bonds
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2.4.1 Asset demand model  
To integrate a number of assets, such as described in the introduction of section 2.4, 
an asset demand model can be applied (see for instance Kenen, 1996, chapter 18). 
Wealth is invested in a number of assets. The wealth considered here, is essentially 
financial wealth. The larger part of wealth in most industrialised countries exists of 
real estate wealth (see for instance OECD, 2005a, table 58 p 226). The application of 
this type of wealth can be assumed to be inelastic to price changes of other 
investment vehicles, because the principal purpose of real estate is not an investment 
title but mainly serves as place of residence. Of course, other real estate investments 
can also be part of financial wealth, for instance investments in real estate equity 
funds.  
 
In the example of the asset demand model outlined below, financial wealth consists 
of four assets: money (M), domestic bonds (B), foreign bonds (Bf) and domestic risky 
assets (Ra). The domestic bond is the risk free asset. The prices of the four assets do 
not have to be equal. They can differ because of risk differences, or are a result of 
institutional regulatory factors, but also preferences can justify differences. 
However, when the prices are in a certain equilibrium ratio to each other, a price 
change of one asset can lead to reallocation of portfolios causing other assets to 
respond to the price change. Where Rs = short-term interest rate, R= long-term 
interest rate; Rw= foreign long-term interest rate and ra = return on risky assets. 
If λn represents the weight in the portfolio of asset n, Asset Portfolio (Pt) is presented 
as follows: 
 

(2-17) RaBBMPt ra
f

bbm f  

 
Where M, B, Bf and Ra are calculated by multiplying their volume with their 
respective price. The weightings of certain asset classes are linked to prices of the 
asset class and prices of the other asset class.  
 

(2-18) RarrrPtf f
lsm ,,,,  

 

(2-19) RarrrPtf f
lsb ,,,,  
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(2-20) RarrrPtf f
lsb f ,,,,  

 

(2-21) RarrrPtf f
lsra ,,,,  

 
As equations 2-18 through 2-21 show, the weight for a certain asset also depends on 
the total size of financial wealth (Pt). Total wealth may influence risk aversion and 
hence asset allocation (see Reilly and Brown, 2000). A higher level of Pt relative to 
the required asset base that is needed to meet the requirements for future 
consumption implies a lower level of risk aversion. In other words, in this case there 
would be a higher ability to take risk, which would lead to a different weighting of 
assets. Changes in wealth from other sources (cash inflows in the portfolio) could 
therefore by itself induce shifts between asset categories in the portfolio. Also 
changes in the time horizon could lead to adjustments in a similar way. Over time, as 
liquidation of a portfolio may draw nearer, for instance when the purpose of the 
accumulated wealth is the finance of a pension plan, the risk aversion could rise (to 
generate some capital protection). Asset allocation is out of the scope of this book. 
The illustration shows that changes of prices in other assets may lead to substitution 
between asset classes through changes in the weights of the assets, thereby inducing 
price changes of the other assets. 
 
If the domestic long-term interest rate would rise, c.p., this would cause λB to rise, 
while the weights of the other assets would fall. The degree of how much the weights 
change depends on the price elasticities. At a macro level, these portfolio shifts will 
lead to synchronisation between price changes across asset classes. 
 
The asset demand model shows that substitutes are linked and therefore price 
developments in any of these segments influence the long-term interest rate. Each of 
the substitutes mentioned above have their own theoretical determination in 
economics literature. Since these theories are very well established in standard 
literature and straight forward, the discussion of these theories is very brief.  
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2.4.2 Interest rate parity 
The interest rate parity assumes integrated international capital (bond) markets. The 
investor has the choice between investing in the home government bond or the 
foreign government bond. In case there are price differences, arbitrage will cause the 
elimination of price differences. For this reason foreign long-term interest rate 
developments can be of influence on the domestic interest rate. In addition, the 
exchange rate is of influence as it influences the net return on a foreign bond 
investment: 
 
(2-22) R = Rw - Ee 
 
Where R = Domestic long-term interest rate, Rw = Foreign long-term interest rate, 
and Ee = expected appreciation of the domestic currency versus the foreign currency. 
 
There are a number of reasons why interest rates are not equal. Preferences (caused 
by information a-symmetry or institutionalised portfolio restrictions), currency risks, 
credit risks and transaction costs may cause differences in equilibrium between 
interest rates (see also Desroches and Francis, 2006). 
 
The relationship between the interest rate differential (domestic -/- foreign) with the 
exchange rate is negative. When the interest rate is higher at home than abroad 
because of a higher inflation rate, this would theoretically lead to a depreciation of 
the exchange rate. This would keep both the purchasing power of the currency and 
the return on domestic and foreign bond equal in both countries. In case the currency 
of country x is on an appreciating trend, c.p., the bonds of country x becomes more 
attractive to international investors. The prices of bonds in country x rise relative to 
bonds in country y, which reduces interest rates in country x relative to interest rates 
in country y. Total return on investment in bonds would however be the same when 
converted into the same currency. The lower local interest rate in country x would be 
compensated by a higher exchange rate return. This is the uncovered form of the 
interest rate parity theory. 
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2.4.3 Term structure theories 
There are three well-established theoretical concepts that describe the term structure 
of interest rates: the expectations theory, the time preference theory and the preferred 
habitat theory. 
 
The expectations theory is the most commonly tested theory (see Shiller, 1990). The 
theory determines the long-term interest rate as an average of short-term interest 
rates. If the current short-term interest rate is equal to future expected short-term 
interest rates, both short-term interest rate and long-term interest rate are equal to 
each other. At a given point in time, the short-term interest rate might differ from the 
long-term interest rate. For instance, in a situation of a relatively high inflation rate, 
which is credibly fought by the central bank through a tight monetary policy, the 
short-term interest rate might be higher than the long-term interest rate. In this case 
the average expected long-term inflation rate is lower than the short-term expected 
inflation rate. The expectations theory predicts that the long-term interest rate is 
lower than the short-term interest rate, because the current short-term interest rate is 
higher than the average short-term interest rate.  
 
The expectations theory is subject of much empirical research, but results are not 
always consistent with the theoretical assumptions. For instance Hardouvelis (1994) 
finds that the long-term interest rate responds on longer term positively to term 
structure changes, but within a month the response is on average negative. The 
expectations theory predicts that long-term rates do not need to change, for as long as 
they still reflect average short-term interest rates. According to Mehra (1996) 
monetary policy only determines the inflation component on the longer term. In the 
short-term it can affect the real component. 
 
In the expectations theory the long-term interest rate is defined as follows: 
 

(2-23)    snss RRR
n

R ...1
21  

 
The time preference theory explains that investors are less attracted to holding 
long-term deposits, because they lose flexibility to respond to changing economic 
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circumstances, such as unexpected rises of the inflation rate. According to the time 
preference theory investors are only willing to hold longer term maturities if they are 
rewarded for this uncertainty. 
 
The long-term interest rate is therefore, on average, determined as follows: 
 
(2-24)   sRR  

 
Where Ω is the demanded premium. This premium is assumed to be positive (> or 
equal to 0). 
 
The preferred habitat theory indicates that investments in the money market are a 
substitute for investments in the bond market (see e.g. Mishkin and Eakins, 1998, 
chapter 6). Required returns may differ, but when the difference between returns 
changes, it may induce capital movements to or from the money market, leading to 
changing bond prices and yields. This is the same principle as the substitution effects 
discussed in section 2.4.1 between different assets within one portfolio. For instance, 
if the money market interest rate rises, it increases the relative attractiveness to hold 
short-term deposits over long-term deposits. Investors sell bonds (bond prices 
decrease and the effective yield increases) and buy deposits in the money market. 
Borrowers react in an opposite way. Since the short-term interest rate has increased, 
their preference for long-term borrowing over short-term borrowing increases.  
 
The preferred habitat theory acknowledges that investors and borrowers have a 
preference for a certain maturity (which makes this theory differ from the 
expectations theory of the term structure), but that changing prices in either the 
money market or bond market can change the investment and borrowing decisions 
for other markets. Just as in the expectations and time preference theory, short- and 
long-term interest rates are related. The strength of the response may be reduced if a 
preference for a certain maturity is determined by regulation. 
 
(2-25)   sRR     
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Where  is the premium or discount. For the preferred habitat theory in comparison 
with the time preference theory  can be either positive or negative or even be zero.  

2.4.4 Capital Asset Pricing Model 
Portfolio management theory asserts that the difference in asset returns is caused by 
differences in risk, where it is assumed that investors are risk averse and that they 
will only invest in higher risk assets when they are being compensated for this. For 
instance in Sharpe‘s (1964) Capital Asset Pricing Model (CAPM) the assets are 
priced based on the degree of extra risk over the risk free return. Here the risk free 
return is equal to the interest rate on a government bond (R).  
 
(2-26) REe = R + [(REm – R)/σ2

m]x Covi,m 
 
Where REe is the expected return on an investment, REm is the return on the market 
portfolio, σ2

m is the variance of the market portfolio and Covi,m is the covariance 
between asset i and the market portfolio. Acknowledging the relation between risky 
assets and risk free assets, movements in prices on for instance the stock market will 
affect bond prices and the interest rate. Evidence for this is probably the strongest in 
situations of financial turbulence on the stock market. Rising uncertainty on the 
stock market increases the risk of investing in stocks. This leads to a capital flow 
towards a safe haven, for which usually highly liquid government bonds are used 
(German Bund and the United States Treasury Bond). The capital flow from the 
stock market to the bond market reduces stock prices and leads to a rise in bond 
prices. Higher bond prices lower the effective interest rate. The CAPM model can be 
used to extend the asset demand model with more assets, for instance real estate 
investments or corporate bonds could also be incorporated. 
 

2.5 Long-term interest rate determination in 
selected monetary models and 
empirical studies 

In sections 2.2 to 2.4 a number of interest rate theories are discussed. The capital 
demand/supply theory, the Fisher equation (inflation premium), the interest rate 
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parity theory, term structure of interest rates and the CAPM model are discussed. 
These theories show the relationship between the (domestic) long-term interest rate 
with a set of variables. The demand/supply theory shows the link between the 
interest rate and savings and investment. The interest rate parity theory confirms the 
link with foreign government bonds. The term structure shows the link between the 
domestic interest rate and (risk free) fixed income instruments with a different 
maturity, such as money market rates. Finally, the CAPM model shows that there is a 
link with the prices of other (risky) assets. Interest rate theory works through partial 
theories. It shows how the interest rate fits within other concepts. 
 
Which of these theories are present in monetary models and in empirical studies? 
To see which of the (partial) interest rate theories are incorporated in monetary 
models and specific interest rate equations a number of models are evaluated. Table 
2-1 gives an overview of a small selection of models and empirical studies. It 
appears that, in the monetary models, other interest rates are, by far, the dominant 
explanatory variables for explaining the domestic long-term interest rate. Therefore, 
the term structure and the interest rate parity theory are best represented in these 
models. Only the Dutch monetary models and the model of the Federal Reserve 
Bank have non-interest rate variables as explanatory variables for their interest rates 
of all the models mentioned in the table. The Dutch models reflect the strong relation 
of the Dutch and German economy and also, more importantly, the German interest 
rate has been important for explaining the Dutch interest rate as a result of De 
Nederlandsche Bank (DNB) anchoring monetary policy to the German monetary 
policy in the 1980s and 1990s. The strong relation with a foreign long-term interest 
rate restricts the explanatory power of the used macroeconomic variables, even 
though they are significant. Canada has a strong influence of a large neighbour as 
well. The coefficient of the world interest rate (specified as the United States interest 
rate) in the Canadian QPM model is therefore also dominant, like in the Dutch 
models. 
 
In the survey of interest rate equations special attention is given to those 
specifications in which interest rate movements are explained by other, non-interest 
rate, macroeconomic variables. This mainly relates to the discussion in section 2.2 
where interest rate formation from a demand and supply approach is analysed. After 
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all, this part of the interest rate theory determines an equilibrium level while the 
others, with the exception of the Fisher inflation premium, determine how the 
interest rate relates to substitutes. These other variables represent the influence of the 
domestic economy relative to the integration of international capital markets. The 
fact that most models use foreign interest rates points out the validity of 
internationally integrated capital markets. It confirms empirically the importance of 
the interest rate parity theory. The short-term interest rate is used in most models, 
showing the importance of the relation with the money market and central bank 
policy (the term structure theory). Some models, for instance FRB/US of the Federal 
Reserve Bank, make use of the expectation theory of the term structure. Some 
individual empirical studies use non-interest rate variables in their model, which 
contain most variables identified in this chapter (see table 2-1).  
 
Table 2-1 Explanatory variables in interest rate equations in monetary models and 
specific interest rate equations 

Model/Author Explained variable Explanatory variables 
Monetary models   
Deutsche Bundesbank (1986) German LT rate Domestic LT rates, lagged LT rate, STrate 
Deutsche Bundesbank (2000) Euro LT rate German ST rate, long run ST German rate 
Multimod II (IMF) Masson et 
al. (1990) 

World LT rate Expected ST rate, term structure (t-1) 

Multimod III (IMF) Laxton et 
al. (1998) 

World LT rate Expected ST rate 

FRB/US (FED) Brayton and 
Tinsley (1996) 

US LT rate Expected ST rate, term structure (t-1), 
expected output gap 

Interlink (OECD), Richardson 
(1990) 

World LT rate ST rate, term structure (t-1) 

QPM (Bank of Canada), 
Coletti et al. (1996) 

Canada LT rate ST rate, term structure (t-1), world LT rate 

Morkmon I, De 
Nederlandsche Bank (1985) 

Dutch LT rate GDP, ST rate, German LT rate, US LT rate, 
USD/Guilder, Government capital demand 

Morkmon II (Netherlands 
bank), Fase, Kramer and 
Boeschoten (1990) 

Dutch LT rate Inflation difference with Germany, ST rate, 
German LT rate, net foreign capital inflows 
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2.6 Conclusions 
This chapter discusses the long-term interest rate theory. Economic literature offers a 
number of separated (partial) theories, but not a general long-term interest rate 
theory. The neoclassical theory can be used as a starting point, as it is ideal for a 
determination of the equilibrium real interest rate. Interest rate formation is linked to 
savings and investments. From a savings perspective the interest rate is connected to 
the time preference rate of savers. From an investment approach, the equilibrium 
level can be linked to the marginal productivity rate of capital. In a closed economy 
the marginal productivity rate of capital and the time preference rate have to be equal 
to the interest rate. There may be differences between the time preference rate and 
the marginal productivity rate of capital in an open economy. Here, the international 
rate of time preference determines the level of the interest rate and the marginal 
productivity rate of capital. 
 

Individual studies   
Knoester and Mak (1994) German LT rate LT rate (t-1), world LT rate, liquidity ratio, 

savings rate, balance of payment 
Caporale and Pittis (1997) German LT rate GDP, Inflation rate, France LT rate, Swiss LT 

rate, LT rate (t-1) 
Fase and Vlaar (1997) German LT rate ST rate, US LT rate, LT rate (t-1), Industrial 

production (only significant in long run equation) 
Fase (1984) Dutch LT rate GDP, ST rate, GE LT rate, US LT rate, currency 
Van Els and Vlaar (1996) Dutch LT rate German LT rate, ST rate, Inflation, Government 

balance 
Knot (1995) EU LT rate Real return on stock prices, ST rate after tax (t-1), 

temporary income, expected inflation rate, 
investment, real monetary expansion, oil price 
shocks 

Krämer (1998) G7 LT rate ST rate, capacity utilization, government debt 
Gebauer et al. (1994) German LT rate ST rate, Euro/USD  
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Furthermore, a number of theories show the link between interest rate and 
investment vehicles. Through the interest parity theory the relation between 
long-term interest rates across countries can be linked. Through the term structure 
theory the relevance of the short-term interest rate is described. The CAPM model 
shows how risky assets are linked to domestic government bonds. The Fisher interest 
rate equation shows how nominal interest rates link real interest rates with the 
inflation premium. 
 
The chapter concludes with a survey of a selection of monetary models and 
estimated interest rate equations. This survey shows that in most models and 
estimated equations two theories dominate: the interest rate parity theory and the 
term structure theory. Occasionally, these models have included macroeconomic 
variables for the determination of interest rates, but the degree is limited and 
macroeconomic variables are always used in addition to interest rate variables. 
 
The following chapter presents the core empirical work on the determination of 
long-term interest rates. The importance of the partial theories is tested for a set of 
industrialised countries. It is also tested whether combining these theories improves 
the explanatory power of the interest rate equation. 
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3. Empirical findings on theories of the 
long-term interest rate5 

3.1 Introduction 
In chapter two a long-term interest rate theoretical framework that consists of 5 
theoretical concepts (partial theories) is discussed. These concepts are the 
neoclassical demand/supply framework to determine the real long-term interest rate, 
the Fisher interest rate equation, interest rate parity theory, term structure of interest 
rates and the capital asset pricing model. The core theory of capital demand and 
supply could suggest that time preference rate and marginal productivity rate of 
capital are fairly constant. One would also expect, from a theoretical perspective, 
that the long-term interest rate would be fairly constant. After all, the term structure 
expectations theory suggests that the long-term interest rate is an average of 
short-term interest rates. Even in case there are business cycles, these should impact 
a bond with a maturity of 10 years only very slightly. However, in practice, 10 year 
government bond yields do vary sharply and have declined over the past 30 years 
(see Orr et al., 1995 and Desroches and Francis, 2006).  
 
A case can be made that the time preference rate and expectations about the marginal 
productivity of capital are not constant and may even be dependent on the phase in 
the business cycle. For instance, if job security increases during an economic 
upswing, this could lead to a more positive outlook on the economy and hence 
permanent income. This could induce a higher preference to consume now. In this 
case the perceived permanent income might be higher than the actual permanent 
income. On the other hand, the same might hold for marginal productivity of capital.  
In the late 1990s, for example, high productivity growth was perceived as 
non-cyclical but permanent. A new economic era had started according to some 
authors (see for instance Greenspan, 1999 or Cummins and Violante, 2002). The 
thought of a permanent rise of productivity growth implies a permanently higher 
perceived productivity rate of capital, pushing investment spending beyond 

                                                      
5 Partially based on Den Butter and Jansen (2004) 
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equilibrium (see box 2.1 in chapter two). Therefore, business cycle indicators are 
taken into account in the empirical research as well. 
 
This chapter tests empirically the relevance of the partial theories for the 10 year 
government bond yield for a group of 12 industrialized countries (United States, 
Japan, Germany, France, United Kingdom, Italy, Canada, Spain, Australia, 
Netherlands, Belgium, and Switzerland). Models with quarterly and annual data are 
presented. With these two different frequencies the aim is to capture both short-term 
and long-term factors that are relevant for interest rate determination.  For instance, 
models with quarterly data use shorter-term economic data on the business cycle 
while models with annual data use savings-investment data.  
 
The empirical research addresses a number of additional research questions. The 
encompassed models aim to incorporate all partial theories. The relevance of each 
theory is evaluated and it is discussed for which countries which theories are more 
relevant. For that purpose the set of countries are grouped into two subgroups: one 
with the larger countries (measured by their real gross domestic product) in the 
sample (United States, Japan, Germany, United Kingdom, France, Italy) and one 
with the smaller countries (Canada, Spain, Netherlands, Belgium, Australia and 
Switzerland). This does not imply that the large countries are indeed large or small in 
an absolute sense. It means that the countries are relatively large or small within the 
group of selected countries. Additionally, the models for partial theories are also 
tested in isolation.  
 
Section 3.2 discusses the statistical characteristics of the used time series and why an 
Error Correction Model (ECM) specification is chosen. Sections 3.3 and 3.4 present 
the empirical results of models that encompass all partial theories. Section 3.3 
discusses the encompassed models with quarterly data; section 3.4 discusses the 
encompassed models with annual data. Section 3.5 discusses some specific 
empirical findings for the partial theories. A more detailed analysis of the partial 
theories is covered in annex 3.A. Section 3.6 compares other (benchmark) models 
with the estimated ECM models for the German long-term interest rate. Section 3.7 
discusses the performance of the encompassed models in the outside sample period: 
2005-2011. Section 3.8 concludes and summarises the main empirical findings. 
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3.2 Stationarity tests of used time series 
Figure 3-1 shows the development of the 10 year interest rate for Germany over the 
period 1960-2012. The figure shows that the nominal long-term interest rate has 
declined since the early 1980s. Furthermore, the Augmented Dickey Fuller test 
indicates that the time series is integrated at the order I(1) (see Appendix B). All 
variables included in the empirical work (see Appendix A for data sources and data 
description) prove to be integrated at I(1) at a 5% level of significance for the data 
with a quarterly frequency (Appendix B). There are just three exceptions for data 
with an annual frequency: The Australian long-term interest rate, French households 
savings and Japanese corporate savings (Japanese corporate savings is significant at 
10% level). Some variables, such as GDP-growth and economic leading indicators, 
are stationary at I(0) for a limited number of countries. Given the finding that 
basically for all variables the level of stationarity is I(1) an error correction 
mechanism (ECM) seems appropriate. Another reason to estimate an ECM model is 
that this incorporates both the short-term and long-term dynamics (see also Orr et al., 
1995).   
 
Figure 3-1 10 year interest rate Germany (1960-2011; quarterly data) 

 
Source: Bloomberg financial data; update December 2012. 
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3.3 Encompassing 5 partial theories with 
quarterly data  

As discussed in chapter two, five economic theories are identified that link the 
long-term interest rate to other segments of the (international) capital market and the 
domestic economy. This section combines these theories through combining 
variables selected on the basis of these theories in an encompassed model.  
  
The model implies that there is the following long-run equilibrium equation:  
 
(3-1)  1fRx (explanatory variables in levels) 

 
With Rx  the long–term interest rate for country x. The short-run equation with the 
error correction mechanism to the long-run equilibrium is as follows  
 
(3-2)   2fRx (explanatory variables in first differences) 1fRx  

Here represents the adjustment speed of the error correction.  

 
The estimation procedure shows that not all variables collected are statistically 
significant. GDP data does not contribute to explaining movements in long-term 
interest rates. Instead, leading economic indicators prove to be a better guide to 
explain interest rate developments. This cannot be a surprise since leading indicators 
are published ahead of the official GDP estimate and are priced into the bond market 
at that time. Financial markets react to the preliminary information on the stance of 
the business cycle and it seems therefore intuitively correct that the relation between 
the interest rate and the business cycle indicators is stronger than the relation with 
the official GDP estimate. 
 
The economic variables from the five theories lead to the following set of 
explanatory variables which have explanatory power in the estimated models with 
quarterly data (expected sign in parentheses): 
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Foreign long-term interest rates (+) 
Nominal effective exchange rates (-) 
Short-term interest rate (+) 
Business cycle (+) 
Inflation rate (+) 
Ex-ante expected return on equity (+) 
Current account balance (-) 
 
Encompassing the interest rate theories, yields the following intended estimation for 
the encompassed models based on quarterly data. 
 

(3-3) 
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Where c represents the constant term; cycle = business cycle indicator; Rs = short 
term interest rate; NEE = Nominal Effective Exchange rate; Rf = foreign long-term 
interest rate; π = Inflation (% change of the consumer price index); EER = ex-ante 
expected equity return. The formula in between brackets represents the long-term 
error correction term. 
 
For the business cycle the OECD composite leading indicator is used (which is 
available for all 12 countries in the survey). The foreign long-term interest rate is 
based on three main interest rate, or currency, regions: United States, Japan and 
Germany (as a proxy for the euro area). The foreign long-term interest rate for a 
country is calculated as the average of the interest rates of the regions the country is 
not a member of. The foreign rate for Germany consists of the United States rate 
(50%) and the Japanese rate (50%). This is similar for all the other euro countries, 
since the German long-term interest rate is assumed to be the benchmark for the euro 
area countries and it therefore also their “home” country interest rate. The United 
Kingdom and Switzerland are not part of the euro area, therefore their foreign 
long-term interest rate is an unweighted average of the German, United States and 
Japanese long-term rate. For the United States the foreign rate is computed by taking 
the unweighted average of the German and Japanese rate. For Japan the foreign rate 
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is the unweighted average of the German and the United States rate. Finally, the 
foreign rate for Canada and Australia is calculated as the unweighted average of the 
German, United States and Japanese long-term rate. Section 3.5 and Annex 3.A, 
which discuss the empirical results of the partial interest rate parity theory, also 
address the alternative of using individual countries as the foreign rate.  
 
Table 3-1 presents the outcome of the encompassed model with quarterly data. 
Variables without explanatory power (insignificant at the 5% level) have been 
removed, in order to save on degrees of freedom. 
 
Table 3-1 Encompassed interest rate model with quarterly data (t-values in parenthesis; 
Period: 1980/Q1 – 2004/Q2). 

 FRA UK US JPN GER ITA NLD CAN BEL SPA AUS SW 

Cycle 
 

  10.10 
(3.44) 

9.221 
(3.72) 

7.025 
(3.54) 

   3.631 
(1.92) 

   

EER 
 

0.073 
(2.53) 

 0.187 
(2.29) 

      0.148 
(2.88) 

  

π         0.126 
(2.23) 

   

Rs 
 

0.197 
(5.18) 

0.124 
(4.42) 

0.223 
(5.16) 

0.414 
(7.86) 

0.354 
(6.75) 

0.452 
(7.16) 

0.206 
(4.64) 

 0.132 
(3.67) 

0.503 
(6.74) 

0.222 
(5.33) 

0.154 
(5.85) 

NEE 
 

 -0.052 
(-5.13) 

   -0.096 
(-4.38) 

      

Rf 0.677 
(9.43) 

0.783 
(9.92) 

0.551 
(4.38) 

0.450 
(6.55) 

0.484 
(7.55) 

0.568 
(4.38) 

0.593 
(9.73) 

1.249 
(13.47) 

0.444 
(6.06) 

0.804 
(5.07) 

0.735 
(6.15) 

0.407 
(8.00) 

LT  
 

-0.199  
(-4.05) 

-0.107 
(-2.57) 

-0.176 
(-2.98) 

-0.498 
(-5.93) 

-0.215 
(-3.33) 

-0.107 
(-2.21) 

-0.132 
(-2.88) 

-0.231 
(-3.87) 

-0.341 
(-5.44) 

-0.212 
(-2.82) 

-0.173 
(-3.18) 

-0.280 
(-4.43) 

c -0.002  
(-0.07) 

-0.039 
(-1.25) 

0.001 
(0.03) 

-0.012 
(-0.42) 

0.013 
(0.51) 

-0.092 
(-1.51) 

0.010 
(0.382) 

0.010 
(0.26) 

-0.019 
(-0.65) 

0.027 
(0.44) 

0.005 
(0.09) 

0.013 
(0.64) 

Adj R2 0.633 0.605 0.541 0.571 0.659 0.464  0.589 0.667 0.575 0.513 0.464 0.602 
DW  1.528 1.715 1.823 1.901 1.862 1.462 1.801 2.072 1.688 1.402 2.012 1.666 
AIC 0.540 0.517 1.153 0.405 0.172 1.736 0.213 0.871 0.341 1.410 1.367 -0.384 
F-stat 42.45 37.77 23.62 32.95 47.40 21.75 46.79 97.03 26.98 18.41 28.68 49.40 
SD dep 0.511 0.486 0.617 0.441 0.441 0.768 0.411 0.638 0.427 0.677 0.641 0.310 

 
The levels of the adjusted R-squared range between 0.46 and 0.67.  For most 
estimates 1 period autocorrelation is insignificant. There is however statistically 
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significant positive autocorrelation in the models of Italy and Spain, where the 
DW-statistic is below 1.50. Still, all the residuals of the country equations in table 
3-1 are stationary (see Appendix C). Multicolinearity does not seem to be a problem 
in the models as well. The correlation between independent variables in the models 
shown above vary between –0.40 and +0.48 (see Appendix D for correlations 
overview). 
 
The interest rate variables are most important in the encompassed models. This 
confirms results from the survey in chapter two, where it is found that in monetary 
models and interest rate models other interest rate variables are a dominant factor in 
explaining long-term interest rate movements. The unweighted sum of the 
coefficients for the domestic short-term interest rate and the foreign long-term rate is 
0.92 which can be broken down into an average coefficient level for the short-term 
rate of 0.28 and 0.67 for the foreign long-term rate. This indicates that a change of all 
other interest rates with, 1%-point, will, under the ceteris paribus condition, result in 
a change of the long-term interest rate of 0.92%-points for the average country in the 
sample. Table 3-2 shows the levels of the adjusted R-squared when all non-interest 
rate variables are removed (second column) and, alternatively, when all interest-rate 
variables are removed (domestic short-term and foreign long-term interest rate; third 
column). On average, the adjusted R-squared with only interest rate variables is 
0.535 which falls to 0.101 on average when only non-interest rate variables are used. 
 
The long-term interest rate movements are not only explained by foreign long-term 
and domestic short-term interest rates. Only for Canada, The Netherlands and 
Australia long-term interest rate developments are only explained by other interest 
rates. The domestic business cycle indicator (cycle) is statistically significant for the 
largest three countries included in this survey (United States, Japan and Germany) 
and Belgium. Belgium, being a small country, may be a bit of a surprise here, but the 
t-value for Belgium is much lower than for the three largest countries.6 The EER 
explains interest rate movements in France, the United States and Spain. The 
inflation rate only explains interest rate changes for Belgium. Still, the inflation rate 

                                                      
6 The Belgian business cycle indicator is often used as a leading indicator for the euro zone 
by financial market analysts. See for instance Van Haelen, Dresse and Mulder (2000) for an 
evaluation of the leading capabilities of the Belgian business cycle. 
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is indirectly accounted for the other countries in the model through other variables, 
such as the short-term interest rate. Oil price changes are not able to explain 
long-term interest rate changes in the estimated models. Finally, the NEE rate has 
explanatory power for the United Kingdom and Italy. 
 
Table 3-2 Adjusted R-squared of models with only interest rate variables versus models with 
no interest rate variables (quarterly data) 
Country Adjusted R-squared with 

only interest rate variables 
Adjusted R-squared with 
only non-interest rate 
variables 

France 0.612 0.130 
United Kingdom 0.500 0.080 
United States 0.487 0.210 
Japan 0.512 0.098 
Germany 0.617 0.215 
Italy 0.359 0.060 
Netherlands 0.589 0.000 
Canada 0.667 0.000 
Belgium 0.549 0.381 
Spain 0.457 0.040 
Australia 0.464 0.000 
Switzerland 0.602 0.000 
Unweighted average 0.535 0.101 
 
As a graphical illustration, the fit for the German long-term interest rate equation is 
shown in figure 3-2. It appears that the explanatory power of the equation is rather 
high given the fact that the equation tracks almost all fluctuations in the 10 year 
German interest rate over the period 1980-2004.  Figure 3-2 shows the pattern of the 
residuals, which forms, in addition to the usual test statistics, an “eyeball” test on the 
correct specification of the model. The residuals shown in the figure are the 
differences between the estimated interest rate change and the actual interest rate 
change. Although the model is estimated with first differences, levels are calculated 
by starting from the level at the beginning of the period and accumulating the 
estimated first differences. When the other models in this chapter are discussed, 
Germany is used to illustrate developments of the estimated models versus the actual 
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development (where possible). Germany has been chosen for this because this 
country model is relatively broad, it both represents interest rate and non-interest rate 
variables in the model, and second, Germany is to a large degree a representative and 
an anchor for other euro countries. Of course, whether Germany should still be seen 
as a representative for the euro area has been challenged since 2010. During the euro 
area sovereign debt crisis financial markets started to discriminate more between 
euro area government bonds, see for instance section 5.2.  
 
Figure 3-2 German interest rate model level estimate, actual interest rate developments and 
residual (estimate -/- actual); 1982-2004/Q1; quarterly data.  

 
 
For the German long-term interest rate, several authors find a high relevance of the 
short-term interest rate. An exception is Hassler and Nautz (1998), who do not find a 
stable relationship between the German short-term and the German long-term 
interest rate between 1977 and 1995. Gebauer et al. (1994) find that the short-term 
interest rate is the main explaining variable for movements of the German long-term 
interest rate, with a coefficient of 0.26.  
 
The specification procedure leads to an encompassed model where, for the countries 
in the sample, at least one out of five and a maximum of four out of the five 
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identified partial interest rate theories are integrated. The interest rate parity theory is 
accounted for through the foreign long-term interest rate and the nominal effective 
exchange rate. The theory of capital demand and supply is represented in the model 
through the business cycle indicator. The third theory that has statistically significant 
variables in the equation is the term structure of interest rates (3 month interest rate). 
The Fisher interest rate equation theory is represented in the model by the inflation 
rate, but only for Belgium. The portfolio theory is represented through the ex-ante 
expected equity return. Table 3-3 shows which theories are represented in the 
country models. 
 
Table 3-3 Representation of partial theories in encompassed models (quarterly data)  

 FRA UK US JPN GER ITA NLD CAN BEL SPA AUS 
1 Interest rate 
parity 

■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ 

2 Ex-ante 
expected equity 
return 

■  ■       ■  

3 Term structure 
of interest rates 

■ ■ ■ ■ ■ ■ ■  ■ ■ ■ 

4 Demand and 
supply theory 

  ■ ■ ■    ■   

5 Fisher equation         ■   
 

So far, this section has focused on the overall ECM results and the short-term 
dynamics of the ECM. Table 3-4 shows the estimated long-term equation (the 
ECM’s long-term correction term). The table shows that to a large extent similar 
variables are included in these equations as for the short-term equations. The table 
confirms the strong influence of the short-term and foreign long-term interest rates. 
Thanks to the shared declining trend in interest rates across the world, t-values are 
noticeably higher in the long-term equations in comparison with the short-term 
equations.  For all countries both variables are in all country equations. The only 
exception is the absence of the short-term interest rate in the equation for Canada, 
which is similar to the estimated short-term equations (see table 3-1).   
 
The cycle variable is present in the equations for the United States and Germany, 
similar to the short-term equations. For the short-term equation the cycle variable is 
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also present for Japan and Belgium. The inflation variable is only incorporated in the 
long-term equation for Belgium, also this is similar to the estimated short-term 
equations. Finally, the NEE is incorporated in the models for the United Kingdom, 
Italy and Canada, again almost similar to the short-term equations, where the 
variable is included for the United Kingdom and Italy. 

 
Table 3-4 Long-term correction equation in ECM model (quarterly data)  

 FRA UK US JPN GER ITA NLD CAN BEL SPA AUS SW 

Cycle 
 

  12.23 
(4.00) 

 9.731 
(5.79) 

       

EER 
 

0.145 
(3.28) 

 0.378 
(6.21) 

      0.164 
(2.73) 

  

π         0.168 
(4.48) 

   

Rs 
 

0.212 
(3.28) 

0.156 
(4.23) 

0.251 
(5.88) 

0.502 
(21.97) 

0.386 
(15.36) 

0.719 
(10.75) 

0.289 
(7.93) 

 0.165 
(5.08) 

0.444 
(9.11) 

0.451 
(15.20) 

0.311 
(20.40) 

NEE 
 

 -0.041 
(-4.51) 

   -0.066 
(-4.96) 

 -0.025 
(-2.05) 

    

Rf 0.861 
(12.48) 

1.132 
(17.59) 

0.401 
(5.81) 

0.495 
(14.88) 

0.333 
(14.04) 

0.838 
(4.76) 

0.453 
(12.94) 

1.351 
(23.06) 

0.777 
(17.83) 

0.918 
(6.98) 

0.771 
(14.24) 

(0.232) 
(15.00) 

c 0.460 
(2.09) 

4.265 
(5.62) 

-10.58 
(-3.44) 

-1.043 
(-5.83) 

-7.36 
(-4.38) 

6.212 
(5.93) 

2.650 
(16.94) 

3.487 
(3.25) 

1.789 
(13.78) 

-0.711 
(-1.58) 

1.14 
(4.14) 

1.990 
(20.36) 

Adj R2 0.967 0.933 0.928 0.981 0.944 0.935 0.907 0.954 0.976 0.954 0.929 0.909 
AIC 1.94 2.32 2.32 0.84 1.13 3.23 1.78 1.93 1.26 2.53 2.68 0.62 
F-stat 946.2 446.1 309.7 2461.4 543.7 462.2 471.5 989.6 1296.4 459.1 629.9 477.9 
SD dep 3.45 2.92 2.80 2.62 1.77 4.84 1.90 2.90 2.87 3.86 3.42 1.07 

3.4 Encompassing 5 partial theories with 
annual data 

The estimation with annual data consists of the same variables as in the quarterly 
dataset, but includes the current account balance. The current account balance is 
statistically significant for Japan (see table 3.5). The current account balance does 
not have any explanatory power for other countries in the encompassed model. The 
foreign long-term interest rate has the highest t-value. The short-term interest rate is 
not significant for Japan in the encompassed model with annual data. Even though, 
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when a model with only the short-term interest rate is estimated, there is a 
statistically significant relationship. Because correlations between the short-term 
interest rate and the current account balance are relatively low, this is not likely to be 
caused by multicolinearity. Omitting any of the other variables in the model does not 
lead to statistical significance of the short-term interest rate. Table 3-5 summarises 
the results. 
 
Even though, on average, the models with annual data contain fewer variables, the 
explanatory power is higher for each country model relative to the quarterly data 
models. The Adjusted R-squared levels are on average higher (+0.197) and adjusted 
R-squared levels vary between 0.623 and 0.875. For the United States only the 
short-term interest rate adds to explaining long-term interest rate movements. The 
inflation rate and the business cycle indicator are not statistically significant in any 
of the country models.  
 
The sum of the coefficients of the short-term interest rate (0.24) and long-term 
interest rate (0.63) are on average a bit lower in the models with annual data (0.87) 
than in the models with quarterly data (0.92). There is slightly less evidence on 
positive autocorrelation, but for Italy the DW-Statistic is also in the model with 
annual data below 1.50. For almost all countries residuals are stationary at 1% level 
(see appendix C). The residual for the German model is stationary at a 5% 
significance level. The United States model residual is also not statistically 
significant at 10% with a test statistic of –1.704. For the United States model, this is 
caused by the long-term correction component. When this component is removed, 
the Augmented Dickey Fuller test statistics falls to –5.63, confirming stationarity at 
a 1% confidence level. Removing the correction term causes the adjusted R-squared 
to fall to 0.448, while the AIC rises to 2.53 and the DW statistic falls slightly to 2.04. 
The AIC and the standard deviation of the dependent variables are higher in the 
models with annual data. Just as in the models with quarterly data, multicolinearity 
does not seem to be a problem with correlations between independent variables of 
between –0.46 and +0.45 (Appendix D).   
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Table 3-5 Encompassed interest rate model with annual data (1970-2003) 
 FRA UK US JPN GER ITA NLD CAN BEL SPA AUS 

CA     -0.294 
(-2.85) 

       

EER 
 

0.154 
(2.28) 

0.200 
(4.66) 

         

Rs 
 

0.250 
(4.57) 

0.161 
(3.72) 

0.374 
(5.72) 

 0.168 
(4.32) 

0.483 
(6.16) 

0.198 
(5.32) 

0.173 
(4.10) 

0.138 
(3.59) 

0.395 
(6.43) 

0.322 
(6.73) 

NEE 
 

 -0.048 
(-3.74) 

 -0.031 
(-2.26) 

       

Rf 0.723 
(5.98) 

0.896 
(7.04) 

 0.407 
(3.73) 

0.644 
(6.17) 

0.415 
(1.68) 

0.717 
(7.69) 

0.962 
(7.30) 

0.733 
(6.82) 

0.951 
(5.68) 

0.454 
(2.76) 

LT  
 

-0.413 
(-2.64) 

-0.348 
(-2.55) 

-0.399 
(-3.68)  

-0.323 
(-2.52) 

-0.410 
(-3.41) 

-0.472 
(-3.34) 

-0.331 
(-2.71) 

-0.676 
(-4.12) 

-0.448 
(-3.45) 

-0.351 
(-2.61) 

-0.348 
(-3.11) 

c -0.021 
(-0.24) 

-0.074 
(-0.89) 

0.048 
(0.37) 

-0.055 
(-0.61) 

0.006 
(0.08) 

0.014 
(0.08) 

0.018 
(0.26) 

-0.002 
(-0.02) 

0.013 
(0.21) 

0.140 
(0.99) 

0.049 
(0.44) 

Adj R2 0.857 0.856 0.623 0.590 0.764 0.664 0.831  0.875 0.866  0.799 0.723 
DW  1.671 2.052 1.937 1.564 1.751 1.403 1.650 1.909 1.701 1.881 1.713 
AIC 1.451 1.414 2.240 1.563 1.305 2.994 1.041 1.218 0.885 2.208 2.044 
F-stat 44.60 38.90 24.98 12.50 35.62 21.40 53.28 56.94 70.14 34.09 28.90 
SD  1.23 1.19 1.15 0.77 0.90 1.70 0.93 1.17 0.97 1.52 1.21 

 
Non-interest rate variables are even less represented in the models that use annual 
data. Only for three countries (France, United Kingdom and Japan) non-interest rate 
variables have explanatory power. When the interest rate variables are removed the 
adjusted R-squared for these countries ranges between 0.377 and 0.438. Table 3-6 
shows the adjusted R-squared for countries when either only interest rate variables 
(second column) or only non-interest rate variables (third column) are used. The sum 
of the interest rate coefficients is on average 0.96, of which 0.69 for the foreign 
long-term rate and 0.27 for the domestic short-term interest rate.  
 
  



50 

 

Table 3-6 Adjusted R-squared of models with only interest rate variables versus models with 
no interest rate variables (annual data) 
Country Adjusted R-squared with 

only interest rate variables 
Adjusted R-squared with 
only non-interest rate 
variables 

France 0.834 0.438 
United Kingdom 0.685 0.377 
United States 0.623 0.000 
Japan 0.415 0.407 
Germany 0.764 0.000 
Italy 0.664 0.000 
Netherlands 0.831 0.000 
Canada 0.875 0.000 
Belgium 0.866 0.000 
Spain 0.799 0.000 
Australia 0.723 0.000 
Unweighted average 0.734 0.111 
 
The current account balance (CA) proves to be able to explain interest rate 
movements only in Japan. In chapter four this is dealt with in greater detail.  
 
The EER has explanatory for France and the United Kingdom. The NEE has 
explanatory power in the models for the United Kingdom and Japan.  
 
Figure 3-3 shows the fitted interest rate model and actual interest rate development 
for Germany with annual data. Although the model is estimated with first 
differences, levels are calculated by starting from the level at the beginning of the 
period and accumulating the estimated interest rate changes. This is shown in the 
figure. Residuals are shown as the difference between the actual and the estimate 
interest rate change. 
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Figure 3-3 Model fit encompassed model for Germany, actual and residuals; 1970-2003; 
annual data 

 
 
Table 3-7 shows the representation of the different theories in the encompassed 
model with annual data. The interest rate parity theory and term structure of interest 
rates are both well represented. For the United States the interest rate parity theory is 
not represented in the model and for Japan the term structure of interest rates is not 
represented. The demand and supply of capital theory is only present for Japan, 
through the current account balance. The inflation rate appears not statistically 
significant in any of the encompassed models with annual data. The ex-ante 
expected equity return is only present in the models for France and the United 
Kingdom. 
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Table 3-7 Representation of partial theories in encompassed models (annual data)  
 FRA UK US JPN GER ITA NLD CAN BEL SPA AUS 
1 Interest rate 
parity 

■ ■  ■ ■ ■ ■ ■ ■ ■ ■ 

2 Ex ante expected 
equity return 

■ ■          

3 term structure of 
interest rates 

■ ■ ■  ■ ■ ■ ■ ■ ■ ■ 

4 Demand and 
supply theory 

   ■        

5 Fisher equation            
 

Also for the ECM models with annual data the results of the long-term interest rate 
equations are shown (table 3-8). Similar to the ECM models with quarterly data, the 
long-term equations confirm the importance of the short-term interest rate and the 
foreign long-term interest rate. Both variables are incorporated in almost all country 
equations. The short-term interest rate is not included in the model for Japan, similar 
to the short-term equation.  
 
The CA variable is only statistically significant for Japan, but in the long-term 
equation the t-value is lower than in the short-term equation (see table 3-5 for a 
comparison). The EER is included in the long-term equation as well as in the 
short-term equation for France and the United Kingdom. The EER is included in the 
long-term equation for the United States, even though it is not significant in the 
short-term equation. The NEE is included for the United Kingdom and Japan, as is 
the case for the short-term equations, but also for Canada. For Canada the NEE is not 
included in the short-term equation. 

 
In the long-term equation with quarterly data it is found that the t-values of the 
interest rate variables (Rs and Rf) are significantly higher than in the short-term 
equations. This is not confirmed for the models with annual data. It appears that here 
the t-values of the interest rate variables are slightly higher in the short-term equation 
than in the long-term equation. The t-value for the Rs is on average 4.69 in the 
long-term equation versus 5.07 in the short term equation. The t-value for the Rf is 
5.33 in the long-term equation versus 5.49 in the short-term equation. 
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Table 3-8 Long-term correction equation in ECM model (annual data)  
 FRA UK US JPN GER ITA NLD CAN BEL SPA AUS 

EER 
 

0.136 
(2.04) 

0.333 
(6.15) 

0.291 
(2.26) 

        

Rs 
 

0.207 
(2.43) 

0.157 
(2.49) 

0.358 
(3.50) 

 0.313 
(5.80) 

0.773 
(7.44) 

0.272 
(4.69) 

0.173 
(3.18) 

0.272 
(4.09) 

0.357 
(3.93) 

0.613 
(9.39) 

NEE 
 

 -0.013 
(-2.09) 

 -0.055 
(-7.18) 

   -0.052 
(-7.30) 

   

Rf 0.986 
(7.01) 

0.806 
(6.27) 

0.121 
(0.76) 

0.684 
(7.12) 

0.380 
(5.99) 

0.143 
(0.74) 

0.491 
(7.74) 

1.213 
(9.77) 

0.672 
(6.75) 

0.868 
(4.54) 

0.270 
(1.98) 

CA    -0.133 
(-1.09) 

       

C -0.246 
(-0.64) 

1.259 
(2.01) 

2.425 
(3.79) 

3.957 
(3.70) 

2.763 
(7.56) 

1.662 
(2.21) 

2.424 
(7.78) 

5.477 
(9.34) 

1.760 
(5.46) 

1.244 
(2.02) 

1.922 
(2.72) 

Adj R2 0.967 0.951 0.800 0.912 0.839 0.904 0.895 0.964 0.947 0.925 0.866 
AIC 1.98 2.15 3.14 2.37 2.10 3.51 1.79 1.48 1.78 3.17 3.17 
F-stat 290.0 161.1 41.1 115.4 87.0 151.5 142.1 293.3 294.9 160.7 107.5 
SD dep 3.36 2.99 2.45 2.53 1.65 4.32 1.76 2.52 2.45 4.08 3.09 

3.5  Models based on partial theories  
In sections 3.3 and 3.4 partial theories are encompassed into general models. In this 
section the results of estimating these partial theories in isolation are discussed, 
which enables a focus on the specific results of the partial theories. With this focus 
on the partial theories, also differences with alternative variable selection can be 
evaluated. Only the key results are discussed in this section. The details are shown in 
Annex 3.A. 
 
In the encompassed models, the foreign long-term interest rate comes forward as the 
strongest variable in explaining long-term interest rate movements across countries. 
In isolation, the foreign long-term interest rate explains long-term interest rate 
changes slightly better in smaller countries than in larger countries. In a model with 
quarterly data 40% of long-term interest rate changes can be explained for the 6 
small countries and 36% for the 6 large countries. With annual data the adjusted 
R-squared levels are even higher: 50% on average for large countries and 62% for 
small countries. 
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As an alternative to the calculated foreign long-term interest rate, this model is 
estimated with the underlying long-term interest rate of Germany, the United States 
and Japan. The United States long-term interest rate is on average the most important 
foreign long-term interest rate. The significance of the United States long-term rate 
is especially strong for Canada (t-value of 16.5). The United States rate is also 
important for European long-term interest rates. For the United Kingdom, the 
German rate is more important than the United States rate. Overall, with individual 
foreign long-term interest rates instead of the calculated average foreign rate, the 
adjusted R-squared is on average marginally higher. This is caused by the possibility 
to select the best fit. 
 
Although a statistical relation (quarterly data) for the EER is found for the United 
States in the encompassed model, this is not confirmed for the isolated estimate. A 
statistical significant relation exists for the EER for Australia, even though for 
Australia this variable was not present in the general model. Nevertheless, the 
adjusted R-squared for the EER for the countries with a statistically significant 
relation (France, Spain, and Australia) indicates only a very low explanatory power. 
When estimating with annual data, the explanatory power is higher and statistically 
significant for five countries (France, Spain, United Kingdom, United States and 
Italy).  
 
Changes in the short-term interest rate explain long-term interest rate changes in all 
included countries, both with quarterly and annual data. With quarterly data, one 
third of long-term interest rate changes can be explained by the short-term interest 
rate for the United States. Overall, with quarterly data, the explanatory power seems 
to be stronger for large countries relative to small countries. With annual data the 
explanatory power is overall higher, but the ranking of countries is somewhat 
different (see annex 3.A for details).  
 
In models with quarterly data the domestic demand and supply of capital theory is 
represented through the inclusion of an economic leading indicator. For five 
countries a significant relation is found between the business cycle indicator and 
long-term interest rate changes. Surprisingly, the highest level is found for the 
Netherlands. This is most likely a result of a strong link between the Netherlands and 
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Germany: When an equation is estimated where the change in the Dutch long-term 
interest rate is explained by changes in the German business cycle indicator, the 
business cycle indicator has significant explanatory power as well. However, for the 
countries with a statistically significant relation for the business cycle indicator, the 
adjusted R-squared is low (below 0.09). 
 
Estimations with annual data show that the business cycle indicator is insignificant 
for all countries. This is most likely caused by high volatility of the business cycle, of 
which the important fluctuations are smoothed when annual data is used. However, 
the current account balance is statistically significant for France, the United 
Kingdom, Japan and Australia. For Japan the relation is especially strong: 30% of 
the long-term interest changes can be explained with the current account balance. 
 
The last partial theory tested is the Fisher interest rate equation theory. In the models 
with quarterly data the inflation rate is statistically significant for two countries 
(France and Belgium). With annual data this improves to seven countries (France, 
United Kingdom, United States, Japan, Italy, Netherlands and Australia). 
 
In conclusion, estimated models on the partial theories confirm, both with quarterly 
and annual data, that the interest rate parity theory is most important for explaining 
long-term interest rates in comparison with other theories. Still, significant statistical 
proof for the other theories is found as well. 

3.6 Comparison with non-structural time 
series models 

In order to compare the structured encompassed ECM models with time series 
models that do not impose such a structure, unstructured models are estimated and 
evaluated in this section. First a suitable ARIMA model for the German 10-years 
interest rate is estimated. Since this model only uses lagged data on the German 
interest rate itself, it surprises that the standard deviation of the residuals of this 
ARIMA model (1,1,1) is 0.42 (measured in interest rate %-points), which is slightly 
lower than the standard deviation of the residuals of fully specified model for the 
German interest rate (0.44). The adjusted R-squared is however only 0.08. The AIC 
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is with 1.12 much higher than the AIC 0.17 of the encompassed ECM model, which 
indicates that the additional information contained in the explanatory variables is 
significant when the ECM model is used for short run explanation.  
 
Finally, the relation between the dependent variable and the independent variables 
through a VAR analysis is analysed. In the estimated model, all variables that are 
used as exogenous variables in the ECM are endogenous in the VAR equation. Two 
lags are applied. The model has the following specification:  
 
(3-4) 
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β1 Rt-1 β15 Rt-1 β29 Rt-1 β43 Rt-1 β57 Rt-1 Β71 Rt-1 β85 Rt-1 
β 2 Rt-2 β 16 Rt-2 β 30 Rt-2 β 44 Rt-2 β 58 Rt-2 β 72 Rt-2 β 86 Rt-2 
β 3 Rs-1 β 17 Rs-1 β 31 Rs-1 β 45 Rs-1 β 59 Rs-1 β 73 Rs-1 β 87 Rs-1 
β 4 Rs-2 β 18 Rs-2 β 32 Rs-2 β 46 Rs-2 β 60 Rs-2 β 74 Rs-2 β 88 Rs-2 

β 5 Cyclet-1 β 19 

Cyclet-1 
β 33 

Cyclet-1 
β47 

Cyclet-1 
β 61 

Cyclet-1 
β 75 

Cyclet-1 
β 89 

Cyclet-1 
β 6 Cyclet-2 β 20 

Cyclet-2 
β 34 

Cyclet-2 
β 48 

Cyclet-2 
β 62 

Cyclet-2 
β 76 

Cyclet-2 
β 90 

Cyclet-2 
β 7 Rf

t-1 β 21 Rf
t-1 β 35 Rf

t-1 β 49 Rf
t-1 β 63 Rf

t-1 β 77 Rf
t-1 β 91 Rf

t-1 
β 8 Rf

t-2 β 22 Rf
t-2 β 36 Rf

t-2 β 50 Rf
t-2 β 64 Rf

t-2 β 78 Rf
t-2 β 92 Rf

t-2 
β 9 EERt-1 β 23 EERt-1 β 37 EERt-1 β 51 EERt-1 β 65 EERt-1 β 79 EERt-1 β 93 EERt-1 
β10 EERt-2 Β24 EERt-2 β38 EERt-2 β52 EERt-2 Β66 EERt-2 β80 EERt-2 β94 EERt-2 

β11 πt-1 β25 πt-1 β39 πt-1 β53 πt-1 Β67 πt-1 Β81 πt-1 β95 πt-1 
β12 πt-2 Β26 πt-2 β40 πt-2 β54 πt-2 Β68 πt-2 Β82 πt-2 β96 πt-2 

β13 NEEt-1 Β27 NEEt-1 β41 NEEt-1 β55 NEEt-1 Β69 NEEt-1 Β83 NEEt-1 β97 NEEt-1 
β14 NEEt-2 Β28 NEEt-2 β42 NEEt-2 β56 NEEt-2 Β70 NEEt-2 Β84 NEEt-2 β98 NEEt-2 

c1 c2 c3 c4 c5 c6 c7 
 
The VAR-equation has an adjusted R-squared of 0.956 and a standard deviation of 
1.8 (in interest rate %-points). The standard deviation is substantially larger than in 
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the ECM and ARIMA model. The AIC of 0.96 is lower than the AIC of the 
ARIMA(1,1,1) model but higher than the encompassed ECM model. Therefore, the 
encompassed ECM is still to be preferred.  
 
In order to compare the working of the unstructured VAR model with the structured 
ECM, Figures 3-4 to 3-9 show how a one standard deviation shock of each 
explanatory variable propagates to the German long-term interest rate. The shocks 
on the six variables that are included in the VAR equation are shown, only three of 
these variables are included in the encompassed ECM models. For the ECM models 
which contain these variables, also the shocks for a 1 standard deviation shock in the 
ECM model are shown for Germany (figures 3-4 through 3-6). For the other charts it 
only shows the shock for the VAR model.  
 
Figure 3-4 Propagation of one SD shock to the short-term interest rate in ECM and VAR 
model  
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Figure 3-5 Propagation of one SD shock to the cycle indictor in ECM and VAR model 

 
 
Figure 3-6 Propagation of one SD shock to the foreign long-term interest rate in ECM  and 
VAR model 
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Figure 3-7 Propagation of one SD shock to the ex-ante expected equity return in VAR model 

 
 
Figure 3-8 Propagation of one SD shock to the inflation in VAR model 
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Figure 3-9 Propagation of one SD shock to the Nominal Effective Exchange rate in VAR 
model 

 

3.7 Outside sample performance of the 
encompassed model 

The models with quarterly data are estimated over the time period 1980q1 until 
2004q2. This section evaluates the performance in the outside sample period 
(2004q3 until 2011q2).  
 
Table 3-9 gives an overview of some of the characteristics of the performance of the 
models, for the 12 industrialised countries, in the outside sample period. The outside 
sample period is additionally also split into two sub periods, which are equal in 
length: 2004q3-2007q4, the pre-recession period (subperiod A), and 
2008q1-2011q2, the recession/financial crisis period (subperiod B). 
 
The table gives information about the hit ratios (how often were the models able to 
indicate the quarterly interest rate direction correctly), the estimated size of interest 
rate changes (for both rise and decline) versus the actual size of the average rises and 
declines. The purpose of the latter is to evaluate whether there is a systematic under- 
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0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.10

0 1 2 3 4 5 6 7 8 9 10

VAR model



61 

  

The hit ratios are fairly strong with an average hit ratio of 69.9% for the total outside 
sample period, 67.3% in subperiod A versus 72.6% in subperiod B.  
 
In the total outside sample period the total number of periods of interest rate declines 
is underestimated (161 estimated periods of decline versus 186 actual periods of 
decline, measured as a sum for all 12 countries), while the number of quarters with 
interest rate rises is overestimated (175 vs 146). However, the size of estimated 
declines and rises are very close to the actual (20bp average decline estimated versus 
an actual of 21bp and an estimated average of 22bp increase versus an actual of 
22bp). 
 
In subperiod A the number of periods with falling interest rates has been 
underestimated (60 periods of declining rates estimated versus an actual of 92 
periods of interest rate declines, measured as a sum for all 12 countries together). 
Also the average size of interest rate declines has been underestimated (9bp versus 
an actual of 24bp).  The results for subperiod B are better (101 periods of decline 
estimated versus 94 actual periods of decline) with a slightly higher average size of 
estimated decline (26) versus actual (18).  
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Table 3-9 Evaluation of outside sample results of the encompassed models with quarterly 
data; # is total observations 

Total Period (2004/3-2011/2) 
Hit ratio Average size R decline in bp Average size R rise in bp 

Estimated Actual Diff Estimated Actual Diff 
France 85.7% 16  #13 25  #17 -9 21  #15 25  #11 -4 
UK 67.9% 14  #21 20  #13 -6 35  #7 21  #14 14 
US 67.9% 19  #12 20  #15 -1 31  #16 25  #13 6 
Japan 67.9% 31  #27 2  #17 29 11  #1 14  #10 -3 
Germany 46.4% 39  #6 25  #17 14 22  #22 24  #11 -2 
Italy 92.9% 33  #19 15  #16 18 16  #9 27  #11 -10 
Netherl. 78.6% 14  #10 21  #16 -7 22  #18 23  #12 0 
Canada 67.9% 15  #9 38  #17 -23 18  #19 13  #10 5 
Belgium 60.7% 9  #9 34  #16 -25 20  #19 25  #12 -5 
Spain 67.9% 28  #15 18  #14 11 18  #13 25  #14 -8 
Australia 71.4% 18  #14 18  #12 1 32  #14 21  #16 11 
Switzerl. 64.3% 9  #6 17  #16 -8 22  #22 21  #12 1 
Average 69.9% 20 #161 21  #186 -0.6 22  #175 22  #146 0.3 
2004/3-2007/4 

Hit ratio Average size R decline in bp Average size R rise in bp 
Estimated Actual Diff Estimated Actual Diff 

France 71.4% 5  #4 26  #8 -22 17  #10 24  #6 -6 
UK 71.4% 13  #10 16  #7 -3 22  #4 20  #6 2 
US 50.0% 3  #2 23  #7 -19 23  #12 18  #7 5 
Japan 64.3% 27  #14 0  #8 27 11  #0 15  #5 -5 
Germany 57.1% 5  #2 29  #8 -24 17  #12 23  #6 -5 
Italy 100.0% 15  #8 17  #8 -2 18  #6 25  #6 -7 
Netherl. 64.3% 4  #3 22  #8 -18 17  #11 23  #6 -6 
Canada 64.3% 8  #4 40  #8 -33 22  #10 15  #5 7 
Belgium 50.0% 6  #1 40  #8 -34 18  #13 24  #6 -6 
Spain 78.6% 16  #5 17  #8 -1 18  #9 24  #6 -6 
Australia 71.4% 5  #4 19  #6 -13 17  #10 16  #8 1 
Switzerl. 64.3% 4  #3 19  #8 -16 17  #11 24  #6 -7 
Average 67.3% 9  #60 24  #92 -13.2 18  #108 21  #73 -2.9 
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2008/1-2011/2 
Hit ratio Average size R decline in bp Average size R rise in bp 

Estimated Actual Diff* Estimated Actual Diff* 
France 100.0% 20  #9 22  #9 -2 23  #5 26  #5 -3 
UK 64.3% 15  #11 27  #6 -11 50  #3 22  #8 28 
US 85.7% 22  #10 13  #8 9 37  #4 32  #6 5 
Japan 71.4% 36  #13 2  #9 34 11  #1 13  #5 -2 
Germany 35.7% 56  #4 19  #9 37 27  #10 26  #5 1 
Italy 85.7% 46  #11 11  #8 35 14  #3 29  #5 -14 
Netherlands 92.9% 18  #7 19  #8 -1 28  #7 23  #6 5 
Canada 71.4% 21  #5 35  #9 -14 15  #9 12  #5 3 
Belgium 71.4% 9  #8 22  #8 -12 21  #6 26  #6 -4 
Spain 57.1% 34  #10 18  #6 16 17  #4 26  #8 -9 
Australia 71.4% 23  #10 15  #6 8 48  #4 26  #8 22 
Switzerland 64.3% 15  #3 14  #8 0 27  #11 17  #6 10 
Average 72.6% 26  #101 18  #94 8.2 27  #67 23  #73 3.5 

* Difference: estimated -/- actual 
 
The second part of the outside sample period (2008q1-2011q2) seems to yield better 
results. The hit ratios are on average higher than in the first half of the outside sample 
period, and there is a smaller bias in the number and size of estimated periods of 
interest rate declines and rises. Nevertheless, as table 3-10 shows, the standard 
deviation of the gap between estimated quarterly change and actual change is higher 
for the second half of the outside sample period versus the first half (0.237 versus 
0.142). In general, the standard deviation is higher in this second half of the period, 
as is shown in the table.  
 
Table 3-10 Standard deviation levels in outside sample period of estimate, actual and 
difference   
 Estimate Actual Estimate-/- Actual 
Total period 0.263 0.271 0.220 
2004q3-2007q4 0.183 0.231 0.142 
2008q1-2011q2 0.286 0.310 0.237 
 
The models have picked up a significant part of the economic and financial market 
volatility that have impacted the bond market in the outside sample period, in 
particular in the recession/crisis period (subperiod B). Shocks are absorbed in the 



64 

 

models through changes in the explanatory variables such as the short-term interest 
rate, the foreign long-term interest rates and economic activity data. This has led to 
the strong hit ratio. As noted above, the standard deviation of the gap between 
estimate and actual is higher in outside sample period B. Table 3-11 shows this for 
the individual countries. In subperiod B the gap seems large for a few countries: 
United Kingdom, Germany and Spain. For all three the gap is larger than 0.3. Part of 
the impact on bond yields has not been picked up in subperiod B. Some determining 
factors are not part of the models, such as bond purchase programs in the United 
Kingdom and the United States. Also the safe haven role of the German (and Swiss) 
government bonds during the European sovereign bond crisis is not represented as a 
variable in the model, while deteriorating credit standards and risk aversion drove 
Spanish and Italian yields higher.  
 
Table 3-11 Standard deviations of the gap between estimate and actual in outside sample 
subperiods.   
 Period A 

2004q3-2007q4 
Period B 
2008q1-2011q2 

France 0.11 0.18 
United Kingdom 0.17 0.33 
United States 0.11 0.18 
Japan 0.17 0.24 
Germany 0.13 0.38 
Italy 0.19 0.24 
Netherlands 0.14 0.18 
Canada 0.09 0.14 
Belgium 0.17 0.18 
Spain 0.17 0.45 
Australia 0.12 0.19 
Switzerland 0.15 0.15 
 
Figures 3-10 and 3-11 show the estimated and actual quarterly interest rate changes 
for Germany and the United States. Even though the quarterly estimated changes 
track the actual changes quite well from a directional point of view, the gap of 
overestimation has risen over the period, particularly for the German 10 year interest 
rate. 
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Figure 3-10 Estimated and actual German 10 year yield change in outside sample period; 
2004/3-2011/2; quarterly data 

 
 
Figure 3-11 Estimated and actual United States 10 year yield change in out of sample period; 
2004/3-2011/2; quarterly data  
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3.8  Conclusions 
This chapter presents the empirical findings on long-term interest rate formation for 
twelve industrialized countries. The five interest rate theories described in chapter 
two are encompassed and those theories are tested individually as well. To include 
both higher and lower frequency data, models are estimated with both quarterly data 
over the period 1980-2004 and with annual data over the period 1970-2003. 
 
The models show that interest rate variables, which are represented through the 
foreign long-term rate and the domestic short-term rate, add most to the explanatory 
power. In the models with quarterly data the unweighted average sum of coefficients 
for these two variables is 0.67 for the foreign long-term interest rate and 0.28 for the 
short-term interest rate. The fully specified encompassed models with quarterly data 
have an unweighted average adjusted R-squared of 0.57. When models are estimated 
with only interest rate variables the adjusted R-squared falls to 0.535. Estimating 
with only non-interest rate variables leads to an adjusted R-squared of 0.101. Still, 
for the United States, Germany and Belgium an adjusted R-squared is found of at 
least 0.20 in the non-interest rate variable models. In the encompassed models with 
annual data fewer non-interest rate variables are present, but the adjusted R-squared 
is on average 0.197 higher than the encompassed models with quarterly data. 
 
Estimated models based on the partial theories confirm, both with quarterly and 
annual data, that the interest rate parity theory is most important for explaining 
long-term interest rates in comparison with other theories. Still, significant statistical 
proof for the other theories is found. Evidence for the relevance of the interest rate 
parity and the term structure theory is shared across the total group of countries in the 
survey. The other theories do not provide an additional explanation of interest rate 
developments for all countries. The EER contributes to explaining interest rate 
changes in France, Spain and Australia with quarterly data (adjusted R-squared 
between 0.023 and 0.063) and for France, United Kingdom, United States, Italy and 
Spain with annual data (adjusted R-squared between 0.075 and 0.423). 
 
Empirical relevance for the domestic demand and supply of capital theory in models 
with quarterly data is found for the three largest countries (United States, Japan and 
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Germany) plus Belgium. This theory is represented through the business cycle 
indicator (Cycle). In models with annual data this theory is tested with the current 
account balance for which a statistically significant relation for France, the United 
Kingdom, Japan and Australia is found with adjusted R-squared levels ranging 
between 0.021 and 0.304. Finally, the fifth partial theory, the Fisher interest rate 
equation is tested. In the models with quarterly data a relationship for France and 
Belgium is found (adjusted R-squared ranges between 0.164 and 0.233) and in 
models with annual data results improve significantly with a statistical significant 
relation for France, the United Kingdom, the United States, Japan, Italy, the 
Netherlands and Australia. The adjusted R-squared ranges between 0.068 and 0.466. 
 
As a benchmark for the encompassed model with quarterly data for Germany, two 
specifications of unstructured models are tested as a benchmark. Both the ARIMA 
and the VAR models report higher AIC readings and confirm the preference for the 
ECM specification. The VAR equation does yield a higher adjusted R-squared than 
the ECM model but also at the cost of a much higher standard deviation.  
 
An evaluation of the performance of the encompassed models with quarterly data in 
the outside sample period (2004q3-2011q2) shows that on average 69.9% of the time 
the correct direction of interest rate change is estimated, with the total number of 
interest rate declines slightly being underestimated.  Underestimation of interest rate 
declines particularly took place in the period before the crisis/recession 
(2004q3-2007q4) with no (systematic) bias in the second half of the outside sample 
period (2008q1-2011q2). The models have picked up a significant part of the 
economic and financial market volatility that has impacted the bond market in the 
outside sample period. Nevertheless, the standard deviation of the gap between the 
estimate and actual interest rate changes is higher in the crisis period of the outside 
sample period versus the first part of the outside sample period. Part of this is caused 
by a higher standard deviation of the interest rate changes in this period. Overall, 10 
year interest rates in the industrialized countries were at a lower level at the end of 
the outside sample period than the models had estimated. One cause could be that 
safe haven flows and central bank intervention in the government bond market are 
not accounted for in the models. Another reason could be a structural rise of risk 
aversion as a result of the crisis.  
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Annex 3.A Empirical analyses of partial interest 
rate theories 

Sections 3.3 and 3.4 discuss estimated encompassed long-term interest rate models 
based on five partial theories. Section 3.5 presents the key results of individual 
models based on each of the partial theories separately. This annex discusses these 
results in greater detail. In section 3.A.1 the interest rate parity theory is discussed. 
Section 3.A.2 discusses the ex-ante expected equity return theory, section 3.A.3 the 
term structure theory, section 3.A.4 the domestic demand and supply of capital 
theory and section 3.A.5 discusses the Fisher interest rate equation theory.   

3.A.1 Interest rate parity theory 
This section presents the results of the interest rate parity theory. In the encompassed 
models, the foreign long-term interest rate comes forward as the most important 
variable in explaining long-term interest rate movements across countries. The same 
statistical approach is applied to the partial theories as is applied to the encompassed 
models. In the estimated ECM the domestic long-term interest rate is explained by 
the foreign long-term interest rate. The equation has the following specification: 
 

(3.A.1) 211111 cRRRcR ff  

Interest rate parity: quarterly data 
Table 3-12 shows the results of the models based on quarterly data of equation 3.A.1. 
When the twelve countries are divided in two groups, called large (consisting of 
France, United Kingdom, United States, Japan, Germany and Italy) and small 
(Netherlands, Canada, Belgium, Spain, Australia and Switzerland), a slightly higher 
explanatory power of the foreign long-term interest rate for the smaller country 
group (adjusted R-squared: 0.40) is found, on average, versus the larger country 
group (adjusted R-squared: 0.36). Nevertheless, the explanatory power is substantial 
for all countries.  T-values vary between 3.86 and 8.90 for large countries and 
between 3.16 and 12.50 for small countries. The DW-Statistic indicates positive 
autocorrelation for France, Italy and Spain. Nevertheless, all residuals appeared to be 
stationary (appendix C). 
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Table 3-12 Interest rate parity model (quarterly data) 
 FRA UK US JPN GER ITA NLD CAN BEL SPA AUS SWI 

Rf 0.729 
(8.90) 

0.727 
(7.55) 

0.955 
(7.06) 

0.474 
(5.54) 

0.625 
(8.41) 

0.605 
(3.86) 

0.627 
(9.42) 

1.240 
(12.5) 

0.519 
(7.38) 

0.516 
(3.16) 

0.835 
(6.30) 

0.471 
(7.76) 

LT -0.23 
(-4.6) 

-0.14 
(-3.0) 

-0.05 
(-1.4) 

-0.03 
(-0.8) 

-0.13 
(-2.8) 

-0.14 
(-3.6) 

-0.11 
(-2.6) 

-0.06 
(-1.2) 

-0.33 
(-5.9) 

-0.05 
(-1.6) 

-0.10 
(-3.0) 

-0.08 
(-1.8) 

c -0.02 
(-0.6) 

-0.05 
(-1.3) 

-0.01 
(-0.2) 

-0.05 
(-1.3) 

0.001 
(0.03) 

-0.06 
(-0.9) 

-0.01 
(-0.2) 

0.01 
(0.3) 

-0.03 
(-1.0) 

-0.07 
(-1.0) 

0.003 
(0.1) 

0.016 
(0.7) 

Ad R2 0.510 0.387 0.334 0.232 0.471 0.207 0.502 0.619 0.485 0.092 0.326 0.398 
DW St 1.229 1.721 1.682 1.910 1.705 1.221 1.779 2.212 1.527 1.335 1.941 1.520 
AIC 0.810 0.937 1.495 0.968 0.591 2.107 0.393 1.004 0.503 2.180 1.585 0.019 
F-stat 50.97 31.30 25.09 15.50 43.80 13.52 49.48 79.01 46.28 5.87 24.25 32.79 
SD  0.511 0.486 0.617 0.441 0.441 0.768 0.411 0.638 0.427 0.744 0.641 0.310 

 
Figure 3-12 Estimated interest rate parity equation for Germany (quarterly data) 

 
 
Figure 3-12 illustrates the fit of equation 3-A-1 for Germany. The residuals shown in 
the figure are the differences between the estimated interest rate change and the 
actual interest rate change. Although the model is estimated with first differences, 
levels are calculated by starting from the level at the beginning of the period and 
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accumulating the estimated first differences. The model captures many of the 
interest rate changes quite well. At times, there can be a substantial dispersion 
between the fitted and actual interest rate development, such as in the late 1980s. 
This shows that there are gaps that can be explained by other factors, since figure 
3-2, which shows the encompassed model for Germany, captures these changes 
better and has smaller differences between actual and fitted.  
 
As an alternative to a foreign rate, equation 3-A-2 is estimated with individual 
foreign long-term rates, which are used in the “world” interest rate calculation (the 
United States, Japanese and German long-term rate). The specification is as follows: 
 

(3-A-2) 
213

12111
3211

cR

RRR
RRRcR

jp

usge
jpusge  

 
Incorporating three foreign rates, which are to a certain extent substitutes, increases 
the risk of multicolinearity. In all cases not all foreign rates are statistically 
significant at the same time when brought together in one equation, even though they 
are in isolation statistically significant.  The weakest individual relation is omitted. 
Nevertheless, for a number of equations it does not appear to be a problem to bring 
two foreign rates together as explanatory variables in one estimate. The estimation 
results are shown in table 3-13. 
 
The United States long-term interest rate comes on average forward as the most 
important foreign long-term interest rate and is significant in 9 equations (of a 
potential of 11). The significance of the United States 10 year interest rate is 
especially high for Canada (t-value 16.5). The United States long-term interest rate 
also explains European interest rates quite well. The t-value of the United States 
long-term interest rate for France is 6.5, for the Netherlands 6.8 and for Belgium 5.1. 
As a foreign rate, the German long-term interest rate is most important for 
Switzerland (t-value: 11.0), followed by the United States (7.6) and Japan (5.8). The 
German rate can only be tested as foreign rate for five countries, since seven out of 
twelve countries are euro countries. For euro area countries the German interest rate 
is treated as the “home” interest rate, not a foreign interest rate. For each of these five 
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countries estimates show that the German rate does explain long-term interest rate 
changes. For the United Kingdom the German rate has the highest t-value (4.7), 
slightly higher than the United States rate (t-value 3.9). Overall, with individual 
foreign rates instead of the calculated average world foreign rate, adjusted R-squared 
levels are on average marginally higher. This is caused by the possibility to select the 
best fit with specific foreign rates. A broader proxy of a world interest rate is more in 
line with chapter two, while using specific foreign rates indicates more the economic 
and monetary integration with a certain country. The results confirm the economic 
integration of the United Kingdom and Switzerland with Europe and of Canada with 
North America.  
 
Table 3-13 Estimation results of equation with specific foreign rates (quarterly data) 

 FRA UK US JPN GER ITA NLD CAN BEL SPA AUS SWI 
Rge  0.459 

(4.72) 
0.863 
(7.56) 

0.536 
(5.76) 

      0.418 
(2.70) 

0.516 
(11.0) 

Rus 0.418 
(6.47) 

0.271 
(3.89) 

  0.322 
(3.66) 

0.276 
(2.36) 

0.357 
(6.81) 

0.883 
(16.5) 

0.282 
(5.08) 

0.399 
(3.46) 

0.296 
(2.69) 

 

Rjp 0.278 
(3.06) 

   0.298 
(3.66) 

0.376 
(2.28) 

0.244 
(3.32) 

 0.222 
(2.86) 

   

LT  -0.24 
(-4.7) 

-0.09 
(2.2) 

-0.05 
(-1.5) 

-0.05 
(-1.2) 

-0.13 
(-2.7) 

-0.16 
(-4.3) 

-0.12 
(-2.7) 

-0.11 
(-2.4) 

-0.33 
(-5.9) 

-0.06 
(-1.8) 

-0.09 
(-3.0) 

-0.11 
(-2.7) 

c -0.03 
(-0.7) 

-0.06 
(-1.9) 

-0.03 
(-0.5) 

-0.05 
(-1.3) 

0.000 
(0.0) 

-0.14 
(-2.1) 

-0.00 
(-0.3) 

-0.01 
(-0.2) 

-0.03 
(-1.0) 

-0.08 
(-1.2) 

-0.01 
(-0.2) 

0.001 
(0.5) 

Adj 
R-sq 

0.511 0.536 0.362 0.247 0.466 0.308 0.503 0.736 0.482 0.108 0.302 0.562 

DW  1.264 1.684 1.826 1.993 1.707 1.397 1.792 1.804 1.528 1.269 1.870 1.777 

AIC 0.819 0.670 1.443 0.948 0.612 1.992 0.402 0.618 0.520 2.143 1.612 -0.315 

F- 
stat 

34.42 29.11 28.82 16.73 28.91 11.66 33.41 137.8 30.72 6.91 15.16 63.89 

SD  0.511 0.485 0.614 0.441 0.441 0.768 0.411 0.632 0.427 0.737 0.636 0.308 

Interest rate parity: annual data 
In a model with annual data there is a slightly stronger relation between the domestic 
long-term interest rate and the foreign long-term interest rate. Adjusted R-squared 
levels are slightly higher. Table 3-14 shows the results of equation 3-A-1 for models 
with annual data. Coefficient values range between 0.536 and 1.258. Japan has the 
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lowest coefficient value for the foreign rate, as a result of lower interest rate levels in 
Japan (t-value for Japan is in line with the other countries). The table shows that the 
DW criteria for the United Kingdom and Italy indicate there is evidence for positive 
autocorrelation. However, with the exception of the United States model, all 
residuals are stationary according to the Dickey Fuller test (Appendix C). 
  
Table 3-14 Interest rate parity model (annual data) 

 FRA UK US JPN GER ITA NLD CAN BEL SPA AUS 
Rf 1.087 

(8.15) 
1.272 
(7.63) 

0.828 
(3.95) 

0.536 
(4.02) 

0.833 
(6.46) 

0.842 
(2.76) 

0.947 
(8.27) 

1.258 
(9.28) 

0.975 
(9.35) 

1.040 
(4.53) 

0.819 
(3.78) 

LT -0.64 
(-4.2) 

-0.25 
(-2.2) 

-0.15 
(-1.6) 

-0.08 
(-0.8) 

-0.23 
(-2.1) 

-0.34 
(-3.2) 

-0.34 
(-2.7) 

-0.17 
(-1.7) 

-0.28 
(-2.3) 

-0.33 
(-2.7) 

-0.17 
(-2.2) 

c 0.002 
(0.02) 

0.044 
(0.35) 

0.029 
(0.18) 

-0.12 
(-1.1) 

-0.00 
(-0.0) 

0.014 
(0.06) 

0.017 
(0.19) 

0.068 
(0.66) 

0.023 
(0.30) 

-0.02 
(-0.1) 

0.072 
(0.44) 

Adj R2 0.744 0.639 0.351 0.314 0.581 0.384 0.691 0.750 0.807 0.445 0.400 
DW  1.671 1.493 1.774 1.989 1.685 1.344 1.900 2.020 1.875 2.037 1.504 
AIC 1.904 2.254 2.715 2.024 1.854 3.541 1.614 1.858 1.228 3.009 2.791 
F-stat 47.55 29.28 9.656 8.34 23.17 10.99 36.81 49.03 67.74 13.84 11.67 
SD  1.187 1.190 1.118 0.770 0.905 1.734 0.935 1.173 0.974 1.400 1.208 

 
Figure 3-13 illustrates the actual and fitted German long-term interest rate. Again, 
the residuals shown in the figure are the differences between the estimated interest 
rate change and the actual interest rate change while levels are calculated for the 
fitted by starting from the level at the beginning of the period and accumulating the 
estimated first differences. 
 
  



74 

 

Figure 3-13 Estimated interest rate parity equation Germany (annual data) 

 
 
Also for the models with annual data the effect of using individual foreign long-term 
interest rates instead of a calculated foreign rate is evaluated and also for these 
models this leads to a slightly higher adjusted R-squared level for the country 
models. Table 3-15 shows the results of this procedure. The United States foreign 
long-term rate is included in most interest equations. The German rate is present as 
the foreign long-term interest rate in four equations. 
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Table 3-15 Estimation results of equation with specific foreign rates (annual data) 
 FRA UK US JPN GER ITA NLD CAN BEL SPA AUS 
Rge  1.180 

(8.77) 
0.773 
(4.49) 

0.582 
(5.73) 

   0.262 
(2.50) 

   

Rus 0.774 
(7.81) 

   0.453 
(3.77) 

0.659 
(3.09) 

0.371 
(4.19) 

0.835 
(9.83) 

0.558 
(8.03) 

  

Rjp 0.286 
(2.00) 

     0.569 
(4.43) 

 0.377 
(3.49) 

0.918 
(3.43) 

0.667 
(3.09) 

LT -0.80 
(-4.9) 

-0.07 
(-0.9) 

-0.12 
(-1.4) 

-0.27 
(-2.3) 

-0.20 
(-1.2) 

-0.35 
(-3.0) 

-0.43 
(-3.0) 

-0.45 
(-3.0) 

-0.50 
(-3.4) 

-0.17 
(-1.9) 

-0.34 
(-3.4) 

c -0.02 
(-0.2) 

-0.07 
(-0.6) 

-0.00 
(-0.0) 

-0.04 
(-0.5) 

-0.08 
(-0.6) 

-0.51 
(-1.8) 

0.025 
(0.27) 

0.014 
(0.20) 

0.010 
(0.15) 

0.006 
(0.03) 

0.082 
(0.49) 

Adj 
R2 

0.778 0.699 0.379 0.568 0.368 0.449 0.708 0.872 0.833 0.311 0.405 

DW  1.653 1.483 1.713 1.839 1.607 1.369 1.930 1.878 1.682 1.986 1.520 

AIC 1.791 2.098 2.670 1.590 2.264 3.457 1.584 1.222 1.105 3.225 2.783 

F- 
stat 

38.27 25.78 10.77 15.01 10.33 9.69 26.90 73.13 54.38 8.24 11.90 

SD  1.187 1.190 1.118 0.770 0.905 1.734 0.935 1.174 0.974 1.400 1.208 

3.A.2 Ex-ante expected equity return 
In the encompassed models the ex-ante expected equity return (EER) is only 
significant for France, United States and Spain. The EER is measured as the inverse 
relation of the price-earnings ratio. Equation 3-A-3 shows which relation is tested for 
this partial theory. 
 
(3-A-3) 211111 cEERREERcR  

Ex-ante expected equity return: quarterly data 
Table 3-16 presents the results of equation 3-A-3 for the countries for which a 
statistically significant relation of this partial theory could be estimated. Although a 
statistical relation for the United States is found in the encompassed model, this is 
not confirmed when a specific model with only the EER is estimated. A statistically 
significant relation for Australia is found, even though the EER is not present in 
Australia’s encompassed model. Adjusted R-squared levels of the models in table 
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3-16 are very low. The highest adjusted R-squared is found for France (0.06). There 
is an indication of positive autocorrelation for France and Spain, but both models 
residuals are stationary. 
 
Table 3-16 Ex-ante expected equity return model (quarterly data)  

 FRA UK US JPN GER ITA NLD CAN BEL SPA AUS SWI 
EER 0.126 

(2.77) 
        0.122 

(1.69) 
0.143 
(2.07) 

 

LT -0.05 
(-1.8) 

        0.008 
(0.28) 

-0.05 
(-1.5) 

 

c -0.06 
(-1.2) 

        -0.12 
(-1.7) 

-0.04 
(-0.6) 

 

Adj R2 0.063         0.023 0.032  
DW  1.162         1.032 1.762  
AIC 1.440         2.051 1.930  
F-stat 4.30         1.82 2.62  
SD  0.506         0.668 0.636  

Ex-ante expected equity return: annual data 
The adjusted R-squared levels are much higher when estimating with annual data 
and statistically significant for 5 instead of 3 countries with quarterly data. This may 
indicate that the EER is more relevant for the longer term. In addition to France and 
Spain, for which a statistical significant relation is found with quarterly data, the 
relationship is also significant for the United Kingdom, United States and Italy. 
However, with annual data the EER does not appear to be statistically significant for 
Australia. The DW statistic signals a possibility of one period autocorrelation for 
France and Italy, but for all models residuals are stationary (for Italy at 5% 
confidence level and for the others at 1%). 
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Table 3-17 Ex-ante expected equity return model (annual data) 
 FRA UK US JPN GER ITA NLD CAN BEL SPA AUS SWI 
EER 0.538 

(4.55) 
0.387 
(5.04) 

0.358 
(2.74) 

  0.384 
(1.76) 

   0.349 
(2.09) 

  

LT -0.16 
(-1.8) 

-0.22 
(-1.7) 

-0.38 
(-2.8) 

  -0.27 
(-2.71 

   -0.011 
(-0.1) 

  

c -0.20 
(-1.1) 

-0.10 
(-0.6) 

-0.06 
(-0.4) 

  -0.04 
(-0.2) 

   -0.25 
(0.9) 

  

Adj R2 0.410 0.423 0.395   0.281    0.075   
DW  1.406 1.852 1.708   1.113    1.737   
AIC 2.816 2.723 2.713   3.796    3.617   
F-stat 11.06 12.72 10.49   6.674    2.183   
SD  1.228 1.190 1.15   1.816    1.465   

3.A.3 Term structure 
The partial theory of the term structure indicates that there is a relationship between 
interest rates of different maturities. The short-term interest rate is included as an 
explanatory variable in this model, which performs quite well in the encompassed 
model for most countries. The following equation is estimated: 
 

(3-A-4) 21111 1
cRRRcR ss  

Term structure: quarterly data 
Changes in the short-term interest rate explain long-term interest rate changes in all 
surveyed countries. The highest t-value (7.0) is found for the United States, where 
the short-term interest rate roughly explains one third of long-term interest rate 
movements. Ranked by t-value, the United States is followed by Italy (6.3) and 
Germany (6.2). The lowest significance is found for Canada (2.7).  Overall, it seems 
that the explanatory power is stronger for the larger countries than for smaller 
countries. In chapter five this is discussed in further detail. Table 3-18 shows that for 
7 countries there is some positive autocorrelation. However, Appendix C shows that 
for all models residuals are stationary at a 1% confidence level.  
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Table 3-18 Term structure model (quarterly data) 
 FRA UK US JPN GER ITA NLD CAN BEL SPA AUS SWI 
Rs 0.291 

(5.32) 
0.176 
(4.32) 

0.332 
(6.95) 

0.315 
(4.49) 

0.463 
(6.16) 

0.457 
(6.26) 

0.275 
(4.39) 

0.108 
(2.66) 

0.182 
(3.46) 

0.220 
(5.12) 

0.265 
(5.15) 

0.183 
(4.93) 

LT -0.06 
(-1.4) 

-0.05 
(-1.5) 

-0.13 
(-3.1) 

-0.19 
(-2.9) 

-0.10 
(-2.0) 

-0.08 
(-1.6) 

-0.10 
(-2.5) 

-0.16 
(-3.0) 

-0.04 
(-1.2) 

-0.13 
(-2.9) 

-0.04 
(-1.0) 

-0.12 
(-2.5) 

c -0.04 
(-0.9) 

-0.08 
(-1.7) 

-0.02 
(-0.5) 

-0.05 
(-1.2) 

-0.01 
(-0.3) 

-0.05 
(-0.8) 

-0.02 
(-0.6) 

-0.05 
(-0.8) 

-0.05 
(-1.2) 

-0.09 
(-1.3) 

-0.04 
(-0.6) 

-0.01 
(-0.3) 

Adj 
R2 

0.212 0.148 0.347 0.174 0.272 0.275 0.174 0.093 0.093 0.209 0.200 0.208 

DW  1.232 1.488 1.782 1.996 1.509 1.258 1.336 1.896 1.283 1.322 1.820 1.378 
AIC 1.267 1.249 1.466 1.041 0.892 1.997 0.884 1.853 1.053 2.022 1.739 0.278 
F-stat 14.18 9.52 27.08 11.09 19.31 19.63 11.29 6.003 5.99 13.95 13.28 13.84 
SD  0.506 0.482 0.614 0.441 0.437 0.760 0.408 0.632 0.424 0.737 0.636 0.308 

 
Figure 3-14 shows the estimation outcome of equation 3-A-4 for Germany. Also 
here, the residuals shown in the figure are the differences between the estimated 
interest rate change and the actual interest rate change while levels are calculated for 
the fitted interest rate by starting from the level at the beginning of the period and 
accumulating the estimated first differences. It captures the general trend but misses 
the short-term volatility. 
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Figure 3-14 Estimated term structure equation Germany (quarterly data) 

 

Term structure: annual data 
In models with annual data the explanatory power is slightly higher, but the ranking 
of countries is different. The highest t-value is now found for Canada (8.3) followed 
by Italy (7.4), Australia (7.2) and Belgium (7.0). The models for Italy, Netherlands 
and Spain indicate first order positive autocorrelation. All residuals are stationary at 
1% level except for the residual in the United States model, which is according to the 
Dickey Fuller test not statistically significant on a 10% confidence level. Removing 
the correction term solve this the problem. In this case the adjusted R-squared falls to 
0.448 and the DW statistic rises to 2.04. 
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Table 3-19 Term structure model (annual data) 
 FRA UK US JPN GER ITA NLD CAN BEL SPA AUS 
Rs 0.505 

(6.78) 
0.393 
(5.50) 

0.353 
(5.80) 

0.237 
(4.20) 

0.286 
(5.46) 

0.558 
(7.41) 

0.352 
(6.41) 

0.401 
(8.28) 

0.376 
(7.03) 

0.444 
(5.30) 

0.385 
(7.18) 

LT -0.295 
(-2.4) 

-0.211 
(-2.1) 

-0.363 
(-3.4) 

-0.293 
(-2.7) 

-0.356 
(-3.0) 

-0.494 
(-3.4) 

-0.310 
(-2.6) 

-0.481 
(-4.0) 

-0.520 
(-4.2) 

-0.506 
(-3.9) 

-0.408 
(-3.5) 

c -0.036 
(-0.3) 

-0.067 
(-0.4) 

-0.021 
(-0.2) 

-0.109 
(-1.0) 

-0.050 
(-0.5) 

-0.030 
(-0.2) 

-0.049 
(-0.5) 

-0.033 
(-0.3) 

-0.039 
(-0.4) 

-0.010 
(-0.1) 

0.000 
(0.0) 

Adj R2 0.579 0.476 0.590 0.348 0.510 0.642 0.564 0.705 0.630 0.602 0.619 
DW  1.543 1.651 1.885 1.904 1.712 1.320 1.470 1.874 1.570 1.430 1.685 
AIC 2.402 2.626 2.255 1.975 2.011 3.027 1.959 2.023 1.876 2.859 2.336 
F-stat 23.02 15.55 24.05 9.52 17.64 28.85 21.68 39.28 28.29 19.88 27.05 
SD  1.187 1.190 1.118 0.770 0.905 1.759 0.935 1.174 0.974 1.517 1.208 

 
Figure 3-15 shows again the residuals as differences between the estimated interest 
rate change and the actual interest rate change while levels are calculated for the 
fitted by accumulating the estimated first differences from the level at the beginning 
of the period. This figure illustrates that the standard deviation levels of the residual 
are larger in the model for Germany with annual data relative to the model with 
quarterly data. The fall of long-term rates in the last few years of the sample period 
was captured by the interest rate parity model (and the encompassed model) but is 
missed by this model. Even though the term structure model with quarterly data 
(figure 3-14) captures this. 
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Figure 3-15 Estimated term structure equation Germany (annual data) 

 

3.A.4 Domestic demand and supply of capital 
To test the domestic demand for and supply of capital theory, data on economic 
growth (economic leading indicator) and the current account balance are used (GDP 
data is not statistically significant). Chapter four discusses the relationship between 
the current account balance and the long-term interest rate in greater detail. This 
section includes the current account balance (for the annual data models), but sector 
savings-investment balances are not incorporated (see chapter four for this analysis). 
The following equation is tested for the models with quarterly data: 
 
(3-A-5) 211111 cCycleRCyclecR  
 
The following equation is tested for the models with annual data: 
 
(3-A-6) 211111 cCARCAcR  
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Domestic demand and supply of capital: quarterly data 
In the quarterly data models the domestic demand for and supply of capital model is 
represented by use of an economic leading indicator (cycle). For five countries a 
significant relation is found between the cycle and long-term interest rate changes. 
Surprisingly, the highest level is found for the Netherlands. This is most likely a 
caused by trade integration with Germany. Also for Germany a strong relation 
between the business cycle and the long-term interest rate is found.  When an 
equation is estimated where the change in the Dutch long-term rate is explained by 
changes in the German economic leading indicator, the economic leading indicator 
has a t-value of 6.53.  
 
Still, adjusted R-squared levels are below 0.09 for all countries with a statistically 
significant relationship. A statistically significant long-term relation cannot be 
estimated for four countries. Therefore, table 3-20 does not include the correction 
term for these countries. 
 
Table 3-20 Domestic demand/supply model (quarterly data) 

 FRA UK US JPN GER IT NLD CAN BEL SP AU SW 
Cycle   9.925 

(2.81) 
10.24 
(3.18) 

9.180 
(3.01) 

 12.93 
(3.20) 

 7.783 
(2.93) 

   

LT       -0.01 
(-0.5) 

     

c   -0.07 
(-1.2) 

-0.07 
(-1.7) 

-0.04 
(-1.0) 

 -0.04 
(-1.0) 

 -0.06 
(-1.5) 

   

Adj R2   0.066 0.087 0.076  0.085  0.072    
DW   1.465 1.826 1.509  1.258  1.170    
AIC   1.815 1.131 1.121  0.996  1.065    
F-stat   7.92 10.14 9.04  5.53  8.58    
SD    0.614 0.441 0.437  0.410  0.424    

 
Figure 3-16 shows the estimation output for Germany graphically. The residuals 
shown in the figure are the differences between the estimated interest rate change 
and the actual interest rate change, while levels are calculated for fitted by 
accumulating the estimated first differences from the level at the beginning of the 
period. 
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A model which is based only on the cycle has difficulty to track the long-term 
interest rate, even though it contributes positively in the encompassed model.  
 
Figure 3-16 Estimated domestic demand/supply model Germany (quarterly data) 

 

Domestic demand and supply of capital: annual data 
With annual data, the cycle loses all explanatory power. Another demand/supply 
indicator, the current account balance (CA), is statistically significant for France, the 
United Kingdom, Japan and Australia. Explanatory power of the CA is quite 
different for these countries and very low for the United Kingdom (0.02) but much 
higher for Japan (0.30). For Japan almost a third of long-term interest rate changes 
can be explained with the CA. Chapter four discusses the relation between the 
long-term interest rate in Japan and the CA in more detail. Positive autocorrelation is 
signalled for Australia, but for all countries residuals are stationary. 
 
As shown in table 3-21 a statistically significant relation for Germany for the current 
account balance cannot be estimated. Therefore, figure 3-17 shows the results for 
France. The model for France has an explanatory power of 0.192. The figure shows 
that gaps are occasionally quite large, where the early part of the sample is 
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characterized by underestimation. The standard deviation of the model is 1.2%, 
which is similar for the models for the United Kingdom and Australia. Only for 
Japan this is lower. 
 
Table 3-21 Domestic demand/supply model (annual data) 

 FRA UK US JPN GER ITA NLD CAN BEL SPA AUS SWI 
Cycle             
CA -0.74 

(-2.9) 
-0.29 
(-1.6) 

 -0.46 
(-3.8) 

      -0.38 
(-2.8) 

 

LT -0.08 
(-0.7) 

0.01 
(0.11) 

 -0.07 
(-1.3) 

      -0.02 
(-0.3) 

 

c -0.21 
(-1.0) 

-0.15 
(-0.8) 

 -0.14 
(-1.3) 

      -0.08 
(-0.4) 

 

Adj R2 0.192 0.021  0.304       0.156  
DW  1.559 1.535  1.557       1.348  
AIC 3.084 3.251  2.039       3.132  
F-stat 4.22 1.34  8.00       3.97  
SD  1.196 1.190  0.770       1.208  

 
Figure 3-17 Estimated demand/supply model France (annual data) 

 
  

-5

0

5

10

15

20

1976 1984 1992 2000

Residuals of first difference estimates
Actual values in levels
Fitted values in levels



85 

  

3.A.5 Fisher equation: the inflation rate as 
explanatory factor 

The last partial theory discussed in this annex is the Fisher interest rate equation. The 
variable tested here is the inflation rate. Theoretically, it is the expected inflation rate 
that should be tested here but these are not for all countries available with a history 
that is long enough. Therefore, as a compromise, the actual inflation rate is used. 
Equation 3-A-7 is estimated for both the models with quarterly and annual data.  
  
(3-A-7) 212111 cRcR  

Fisher equation: quarterly data 
Table 3-22 shows that inflation rates explain changes in the long-term interest rate 
for only two countries: France and Belgium with an adjusted R-squared of 
respectively 0.23 and 0.16. Both models appear to have 1 period positive 
autocorrelation in the residual terms.  
 
Table 3-22 Fisher theory model (quarterly data) 

 FRA UK US JPN GER ITA NLD CAN BEL SP AUS SWI 
π 0.332 

(4.16) 
       0.318 

(4.55) 
   

LT -0.09 
(-3.1) 

       -0.03 
(-1.2) 

   

c -0.04 
(-0.9) 

       -0.05 
(-1.4) 

   

Adj R2 0.233        0.164    
DW  1.199        1.367    
AIC 1.241        0.971    
F-stat 15.85        10.60    
SD  0.506        0.424    

 
Once again, the figure shows the results for France, since for Germany no significant 
statistical relation is found. Again, the residuals shown in the figure are the 
differences between the estimated interest rate change and the actual interest rate 
change while levels are calculated for the fitted values by starting from the level at 
the beginning of the period and accumulating the estimated first differences. 
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Figure 3-18 Estimated Fisher equation model France (quarterly data) 

 

Fisher equation: annual data 
In a model with annual data a statistically significant relation for 7 countries with the 
inflation rate is estimated. The adjusted R-squared is highest in France, Italy and the 
Netherlands with levels of over 0.30. With annual data this partial theory performs 
quite well, even though the theory is not represented in any of the encompassed 
models with annual data. The DW statistics show positive autocorrelation for Italy, 
but for all countries residuals are stationary. 
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Table 3-23 Fisher theory model (annual data) 
 FRA UK US JPN GER ITA NLD CAN BEL SPA AUS SWI 
π 0.393 

(4.05) 
0.150 
(2.79) 

0.190 
(2.03) 

0.073 
(1.88) 

 0.236 
(2.34) 

0.413 
(3.82) 

   0.234 
(2.94) 

 

LT -0.18 
(-1.9) 

-0.22 
(-2.1) 

-0.19 
(-2.1) 

-0.08 
(-1.2) 

 -0.19 
(-2.1) 

-0.11 
(-1.1) 

   -0.10 
(-1.4) 

 

c -0.08 
(-0.5) 

-0.05 
(-0.3) 

-0.04 
(-0.2) 

-0.16 
(-1.2) 

 -0.04 
(-0.2) 

-0.03 
(-0.2) 

   -0.01 
(-0.1) 

 

Adj R2 0.466 0.210 0.236 0.068  0.315 0.308    0.250  
DW  1.595 1.953 1.614 1.683  1.130 2.104    1.622  
AIC 2.673 3.063 2.886 2.361  3.678 2.452    3.049  
F-stat 14.55 5.13 5.80 2.14  8.13 7.90    6.16  
SD  1.206 1.205 1.121 0.781  1.759 0.948    1.227  

 
Figure 3-19 Estimated Fisher equation model France (annual data)  
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4. Long-term interest determination in Japan7  

4.1  Introduction 
When the nominal long-term interest rate is observed, it seems that the Japanese 
long-term interest rate deviates from the Uncovered Interest rate Parity (UIP). For 
instance, the nominal interest rate differential with the United States was 299 basis 
points (bp) on average from early 2000 till June 2010. When these differences are 
corrected for inflation differences, the interest rate differential is reduced 
significantly to 15 bp, but the “gap” in real terms is still large between Japan and 
other industrialised countries (23-101 bp). This is shown in table 4-1. This chapter 
aims to answer the question why it is possible that the Japanese interest rate is so low 
in comparison with other large economies. 
 
Table 4-1 Nominal and real long-term interest rate differentials (foreign rates -/- Japanese 
long-term interest rates) (in basis points, from early 2000 until June 2010)  
 Germany United Kingdom France Canada United States 
Nominal  +266 +322 +281 +338 +299 
Real  +65 +23 +80 +101 +15 

Source: Thomson Financial Datastream 
 
Figures 4-1 and 4-2 show the long-term interest rate developments in Japan, 
Germany and the United States in nominal and real terms. The Japanese nominal 
long-term interest rate has not always been below the German and United States 
long-term interest rates. However, it has been slightly lower during the 1980s and the 
gap increased during the 1990s. The gap is substantially smaller in real terms. The 
real yield is calculated by deflating the nominal yield by a long-term average of the 
inflation rate (see also annex 4.A and section 5.2 for a discussion on extracting the 
inflation premium out of the nominal long-term interest rate).  
  

                                                      
7 This chapter is based on Jansen (2011) 
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Figure 4-1 Nominal Japanese, United States and German long-term interest rates  

 
Source: Thomson Financial Datastream  
 
Figure 4-2 Real Japanese, United States and German long-term interest rates   

 
Source: Thomson Financial Datastream  
 
At first glance, the assumption of investment theory that the yield on a specific bond 
instrument is related to the risk of the borrower does not seem to hold for Japanese 

0

2

4

6

8

10

12

14

16

66 71 76 81 86 91 96 01 06 11
Japan United States Germany

-4

-2

0

2

4

6

8

10

12

66 71 76 81 86 91 96 01 06 11

Japan United States Germany



91 

  

government bonds (see for instance Mishkin and Eakins, 1998 or Fabozzi, 2000). 
The Japanese government budgetary position deteriorated substantially during the 
1990s and has been on an unsustainable path for some years (see for instance IMF, 
2003, 2011b, OECD, 2003a, Jansen and Lambregts, 2003 and Haffner and Jansen, 
2002). Moody’s and Standard and Poor’s have lowered the Japanese sovereign bond 
rating to below the United States Treasuries rating in 2003 (See 
www.standardandpoors.com or www.moodys.com). During the financial crisis of 
2007-2009, the public debt rose even further in Japan. In 2009 gross public debt 
stood at over 200% of GDP. According to the IMF (2011b), the Japanese structural 
primary fiscal balance would have to gradually increase by 10%-points in the 
following decade to reduce net government debt to 115% by 2030. Without this 
adjustment the IMF estimates that the net debt ratio would rise further to 250%. 
Downside risk to the credit rating remains, as in January 2011 Standard & Poor’s 
announced that the rating for Japanese government bonds was lowered to AA- while 
the outlook remained negative.  
 
Government debt and the fiscal balance do not seem to drive long-term interest rates 
in Japan. Tokuoka (2010) finds, for instance, that there is no statistically significant 
relationship between the Japanese primary fiscal balance and the long-term interest 
rate, while he does find a statistical relationship for other industrialized countries. 
Also Hauner and Kumar (2011) find in a recent study a small but significant effect of 
fiscal deficits on long-term interest rates in industrialized countries.8  
 
 
  

                                                      
8 A large body of literature has focused on whether fiscal deficits impact long-term interest 
rates. See for instance Gale and Orszag (2002), Spijkerman and Jansen (2002, 2003), Jansen 
and Spijkerman (2004). 
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Figure 4-3 Gross government debt (% GDP) 

 
Source: Bloomberg/IMF; Update December 2012. 
 
Figure 4-4 Government bond yields (10 years maturity) 

 
Source: Bloomberg; Update December 2012. 
 
However, in the aftermath of the 2007 crisis, financial markets started to focus more 
on sovereign risks. For instance, Greek government bonds came under pressure by 
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the end of 2009 and the pressure increased further in the first half of 2010. Even 
though government debt in Greece was high by both historical and international 
standards, it was still lower than in Japan (figure 4-3). A consequence of the fiscal 
problems in Greece was that the Greek government bond yield rose sharply as is 
shown in figure 4-4. The Japanese government bond yield continued to decline 
throughout the crisis, even though the fiscal balance also deteriorated sharply in 
Japan.  
 
Chapter three shows that the savings-investment balance seems to be a more 
important factor in explaining Japanese long-term interest rate movements in 
comparison with other industrialised countries. The relation between the 
savings-investment balance and the long-term interest rate is discussed in section 
4.2. Fukao and Okuba (1984) find a statistically significant relation between the 
Japanese interest rate and the current account surplus, which gained significance 
after implementation of capital market liberalisation in the 1970s in Japan. In section 
4.3 (demographic changes) and section 4.4 (Ricardian equivalence) possible reasons 
for the savings-investment surplus are discussed. Section 4.5 argues that institutional 
factors and home bias might cause the coefficient value for the savings-investment 
balance to be higher in Japan than elsewhere. Section 4.6 concludes. 

4.2 The model 
In this section a model is presented in which the long-term interest rate is explained 
by the current account balance. The Japanese model is compared with models of 
other industrialised countries (the same set of countries as used throughout this 
book). Figure 4-5 shows that a historically negative relationship between the two 
variables exists (the current account balance is shown on the right axis in reverse 
order).  Nevertheless, in the 1990s this relation had not been as strong. For instance, 
in the period 1992 to 1996 both the long-term interest rate and the current account 
balance decreased (in the figure they move in opposite direction).  
 
 
 
 
 
 



94 

 

Figure 4-5 Japanese current account balance and the long-term interest rate 

 
Source: Thomson Financial Datastream 

 
For the theoretical determination of the long-term interest rate, using the current 
account balance as explanatory variable, a standard life cycle consumption-saving 
framework can be applied, which is discussed in chapter two section 2.2.2. First, it is 
assumed that the (real) long-term interest rate (r) is negatively influenced by savings 
(S) and positively by investments (I). Hence, the CA (current account balance) is an 
indication of tension on the capital market. With a CA deficit it is relatively difficult 
to finance investments domestically, putting upward pressure on r. 
 
 (4-1) ISfr ,  

 

The savings-investment balance, defined as CA, is assumed to be the only variable to 

explain the interest rate in this model.  

 

(4-2) CAfr  

  
Where the current account balance is determined by national saving minus national 
investment: 
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(4-3)   nn ISCA  

 

Chapter three shows that only for Japan the current account balance contributes to 
the explanatory power of long-term interest rate movements in an encompassed 
model. In this section ECM equations for the group of countries are estimated using 
only the current account balance as explanatory variable. The purpose of this is to 
isolate the current account balance and remove possible disturbance of the other 
independent variables, similar to paragraph 3.4 and annex 3.A. 
 
Since both the nominal long-term interest rate and the current account balance (% 
GDP) are integrated at the first order, as confirmed by the Augmented Dickey Fuller 
test (Appendix B), an ECM model is estimated with the following specification:  
 

(4-4)   21111 1
cCARCAcR  

The model is estimated with annual data over the period 1971 to 2003 (for France the 
period starts in 1976 because of limited data availability). The four countries for 
which a statistically significant relationship is found are presented in table 4-2 
(which is the same as table 3.19). No statistically significant relationship is found for 
the United States, Germany, Italy, Canada, Netherlands, Belgium and Spain.  
 
Table 4-2 Estimation results ECM CA model 

 CA LT C Adj 
R-sq 

DW Akaike SD dep. 
Var. 

F-stat 

Japan -0.46* 
(-3.8) 

-0.07 
(-1.3) 

-0.14 
(-1.3) 

0.304 1.56 2.04 0.77 8.00 

France -0.74 
(-2.9) 

-0.08 
(-0.7) 

-0.21 
(-1.1) 

0.192 1.56 3.08 1.20 4.22 

UK -0.29 
(-1.6) 

0.01 
(0.11) 

-0.15 
(-0.8) 

0.021 1.54 3.25 1.19 1.34 

Australia -0.38 
(-2.8) 

-0.02 
(-0.3) 

-0.08 
(-0.4) 

0.156 1.35 3.13 1.21 3.97 

* Coefficients values with t-value in brackets 
 
 



96 

 

For Japan, the current account balance is statistically significant at the 1% 
confidence level with a t-value of –3.8. The adjusted R-squared is 0.304. Also for 
France and Australia the current account balance is significant on the 1% level, but 
the adjusted R-squared is somewhat lower. For the United Kingdom, current account 
movements have very limited significance in explaining long-term interest rate 
movements. 
 
Although for a Vector Auto Regression (VAR) analysis the number of data points is 
limited, a VAR model is, as a benchmark, additionally estimated. In the estimated 
model, both the CA balance and the long-term interest rate itself are used as 
endogenous variable in the VAR equation9:  
 
(4-5)   24132211 ttttt CACARRR  
 
Where  28172615 ttttt CACARRCA  
 
The VAR-equation for Japan has an adjusted R-squared of 0.933 and a standard 
deviation of 2.7 (in interest rate %-points). The standard deviation is substantially 
larger than in the ECM (0.74). The AIC shows a lower reading for the ECM, 
confirming a preference of the ECM specification over the VAR specification. Table 
4-3 is arranged by the level of explanatory power (adjusted R-squared). The 
strongest relation is also here found for Japan, followed by Belgium and France. 
Only for Japan, Belgium, Canada, Italy and The Netherlands a convincing negative 
relation is found between the interest rate and the CA balance.  
  

                                                      
9 At two lags, both the Akaike and Schwarz criterion are minimised while the residual of the 
VAR estimate shows no unit root according to the Augmented Dickey Fuller test. 
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Table 4-3 Estimation results VAR CA model 

4.3 Has Japan over saved? 
The strong negative relation between the long-term interest rate in Japan and the 
savings-investment balance raises the question whether this is due to a strong 
imbalance in net national savings. In other words: is over saving the reason for the 
low interest rate in Japan? In a number of OECD countries the gross national saving 
rate decreased during the 1970s and 1980s and stabilised or rose marginally during 
the 1990s. In Japan the gross national saving rate decreased slightly during the 
1990s, but remained higher (26.4% in 2001; see table 4-4) than in other OECD 
countries, except for Korea, Norway and Finland (OECD, 2003b). According to the 
OECD (2001) government savings are the main indicator of the direction of 
movement of the saving rate in the 1990s for the OECD countries. However, in 
Japan government savings decreased in the period 1995-1999 by 4% of GDP, while 
private savings rose with 2% of GDP (OECD, 2001). In other OECD countries there 
was a tendency towards fiscal consolidation in the 1990s, causing the government 
savings to increase, while private savings decreased.  
 
 
 
 

 R(-1) R(-2) CA 
(-1) 

CA 
(-2) 

c Adj 
R-sq 

F- 
stat 

AIC SD 

Japan 0.85 0.11 -0.43 0.38 0.18 0.933 122.4 2.27 2.72 
Belgium 0.97 -0.13 -0.31 0.10 1.67 0.916 82.3 2.69 2.97 
France 1.23 -0.24 -0.18 0.39 -0.17 0.912 78.6 3.21 3.76 
Australia 1.15 -0.21 0.05 0.23 1.59 0.893 74.2 3.06 3.20 
Italy 1.35 -0.42 -0.25 0.26 0.68 0.896 74.2 3.79 4.67 
Spain 1.22 -0.26 -0.07 0.10 0.33 0.897 66.6 3.71 4.49 
UK 1.15 -0.21 -0.20 0.29 0.54 0.885 68.4 3.19 3.30 
Canada 1.08 -0.24 -0.31 0.13 1.03 0.866 57.4 3.04 2.83 
US 1.03 -0.20 0.17 0.00 1.56 0.831 44.0 3.05 2.54 
Netherl. 1.10 -0.26 -0.10 -0.03 1.56 0.808 37.9 2.73 2.03 
Germany 1.12 -0.27 -0.12 -0.12 0.87 0.794 33.7 2.69 1.92 
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Table 4-4 Gross national savings as a percentage of nominal GDP  
 Japan US Germany France UK Italy 
1985 32.0 17.2 --- 18.1 18.2 22.6 
1990 33.6 15.9 --- 21.5 16.2 20.7 
1995 29.4 16.4 21.8 19.5 15.7 21.6 
2001 26.4 16.1 19.8 21.4 15.4 20.0 
Source: OECD (2003b) 
 
Does this indicate that Japan is over saving? Oyama and Yoshida (1999) tested, 
using the modified golden rule approach, whether the Japanese are over saving in 
relation to other major industrialised countries. According to Oyama and Yoshida 
the capital to GDP ratio in Japan is not different than in other industrialised countries 
(approximately 30-35%), while the saving rate is clearly higher in Japan than in 
some other industrial countries.  
 
In the modified golden rule approach the optimal saving rate is determined through 
the share of capital to GDP, social time preference and the natural growth rate. It 
appears, in Oyama and Yoshida’s study, that at a time preference rate of zero Japan’s 
saving behavior is optimal. Other industrialised countries are on the optimal saving 
rate, when the time preference rate equals the real interest rate. A small time 
preference rate for Japan is defended by Miranda (1995). Miranda calculates a time 
preference rate of below 2% and concludes that Japan does not over save.  
 
Two main reasons for high net savings could be identified: demographic influences 
and Ricardian equivalence. These are discussed in section 4-4 and 4-5, respectively. 
 

4.4 Demographic influences caused high 
net savings? 

Ageing effects could have kept the national net savings rate high while government 
net savings deteriorated. As countries are getting closer to the eve of retirement of 
the baby boom generation, and individual savings are peaking according to the life 
cycle savings model, this could theoretically lead to the expectation of large current 
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account surpluses just before retirement of the baby boomers. The life cycle 
saving-investment framework can be used for such an analysis. In a two period 
model, economic agents smooth their consumption equally over their expected 
lifetime. There is no bequest motive in this model, contrary to the Ricardian 
assumption. In this model there are two types of agents: young (y) and old (o). It is 
assumed that only generation y works. In period t generation y saves for retirement, 
these savings are dissaved in period +1 by what is then generation o, It is assumed 
that this is the only income to o. Consumption in period t is determined as follows: 
 

(4-6)   o
t

y
tt CCC  

 
The present value of an individual lifetime consumption pattern at t: 
 

(4-7)  PV
r

CCC
o

y
tt 1

1  

As shown in chapter two, how much an individual consumes at each stage of his/her 
life depends on the time preference rate ( ). When  equals r, than consumption at 
both stages are equal.  and r theoretically do not necessarily have to be equal in an 
open economy (see section 2.2.1). Individuals then attempt to smooth their 
consumption perfectly over their lifetime. Consumption of an individual at the two 
stages in life are related according to the presentation in equation 4-8. 
 

(4-8) y
t

o CrC )1(11  

 
Or rewritten: 
 

(4-9) y
tCrCo

1
1

1  

 
In period +1 o sells its savings, of which a part may be invested abroad when savings 
exceed domestic investment demand. Because y saves the same amount as o initially 
did at t and there is no real income growth, assuming also that o and y consist of the 
same number of people, the current account balance remains unchanged: 
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(4-10)   p
t

p SS 1  
 
(4-11)   tCACA 1  
 
Demographic shocks lead to a mismatch between savings of the working population 
and dissavings of the retired generation. Equation 4-10 and 4-11 will not balance. 
Ageing is a phenomenon which is observed in most industrialised countries. Ageing 
countries cannot have a significant current account surplus as a whole, because the 
non-ageing world is relatively small in economic terms and also emerging 
economies, like China, are ageing. This means that ageing will have to be absorbed 
domestically, for instance induced through interest rate changes.  
 
In case of a positive birth rate shock in a country, by the time this generation reaches 
working age, there will, c.p., be a generation y that is larger than o. When the 
demographic shock is temporary, the next generation will be smaller. Therefore, 
when the “baby boom” generation retires and starts dissaving, the dissaving will be 
larger than the saving of the working population.  
 
Still, the effect on the current account remains ambiguous. There are two other 
effects that are relevant: government savings and private investments. According to 
Higgins (1998), investments peak earlier in the life cycle than savings. Investments 
keep capital/labour ratios constant early in working life. This means that by adding 
more periods to the theoretical model there is possibly a current account deficit early 
in working life of the baby boom generation, a surplus later during working life and 
a deficit after the working life. Net government savings, which are mainly affected 
through retirement payments and health care payments, incurred tax on pensions and 
labour, are likely to show the same pattern as private savings. If larger expenditures 
are met by increased revenues (tax hikes or expenditure reductions) the effect on net 
government savings is reduced.  
 
For a detailed analysis of ageing influences on gross and net savings, see for instance 
McMorrow and Roeger (2003), Turner et al. (2003) or Higgins (1998). The relation 
between demographics and net savings in Japan is shown in OECD (2001) estimates. 
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These estimates show that there was actually dissaving in the period 1995-1999 as a 
result of demographic changes. The OECD estimates that this dissaving effect as a 
result of ageing was 2.2% of GDP. In other words, ageing has unlikely been a driver 
of high net savings in Japan in the 1990s and 2000s. 
 

4.5 Is Ricardian equivalence a cause for 
high net savings? 

Ricardian equivalence could be a reason for higher net savings as well. The Japanese 
government budget balance decreased from +2.0% of GDP in 1990 to -9.2% in 2010 
(IMF, 2011b). Despite a weaker government balance, the current account balance 
remained in surplus while the long-term interest rate fell over the years. A low real 
GDP growth rate and continuing presence of deflation (measured by the GDP 
deflator for instance) since 1998, have resulted in a sharp rise of the government debt 
to GDP ratio. The unsustainability of the fiscal situation in Japan has been analysed 
by both the IMF (2003, 2011b) and the OECD (2003a). This unsustainability could 
justify a Ricardian response by the private sector. First it is, theoretically, discussed 
how the impact of unsustainable government deficit impacts the interest rate in a 
neoclassical model. Further on, sector savings developments in Japan are 
empirically analysed with the purpose to identify the causes of the rise of net savings 
in the private sector and whether this can reasonably be expected to be a result of 
Ricardian equivalence.  
 
If the current unsustainable deficit is assumed to be a temporary deficit, which they 
are by definition, once again the Neoclassical savings-investment model can be 
applied. Current high government borrowing will have to be compensated through 
higher taxes in the future. These higher taxes could very well fall within the 
economic planning horizon of current economic agents. Hence, the outcome of the 
Ricardian dynasty savings model is the same as the outcome in the Neoclassical life 
cycle model: the current taxpayer will end up with the bill of the fiscal deficits. 
While rising government debt remains at an unsustainable trajectory, it is likely that 
any further deterioration is met by an increase of private savings, keeping the net 
national savings relatively constant. 
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Net national savings is the sum of private net savings (SP-IP) and government net 
savings. Government net savings is equal to net borrowing/net lending balance (BG). 
The current account balance, as stated by equation 4-12, is the difference between 
foreign assets (A) held at period t-1 and t. 
 

(4-12)   p
t

g
t

p
t

n
t

n
t IBSIS  

 

(4-13)   ggp
t

p
tt AAAAAACA 1111  

 
Equations 4-14 and 4-15 show how private gross savings and government net 
savings are determined. Hence, if there would be a government debt, the first term on 
the right hand side of equation 4-15 would be negative. T is total tax 
receipts/payment, C private consumption, Y labour income and G equals government 
consumption. 
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(4-15)   tt
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t

g
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This model is used to theoretically simulate unsustainable fiscal policy, which are 
assumed in the model as a temporary budget deficit. The temporary deficit is 
compensated in the next period. The first period starts with a fiscal stimulus of D, a 
change in government savings of –D, which will be fully paid back in period +1 
through a lump sum tax of D(1+r). In the two generations model this does not impact 
generation o. To this generation the fiscal deficit is permanent, therefore, in the 
absence of a bequest motive, generation o will consume its share of the stimulus. It 
does change the consumption smoothing decisions of y. If the population is equally 
balanced between y and o, this will lead to a rise in consumption of ½(D). y 
consumers at t reduce their consumption and smooth their consumption over the two 
periods. At +1 y will have to pay ½(D)(1+r) in taxes. y responds in a Ricardian way, 
by investing its share at r to be able to pay ½(D)(1+r) at +1. The result is that the 
current account balance will fall by ½(D), because government saving (SG

t) declines 
by D and private saving (SP

t) rises by ½(D).  
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In period +1 the government will pay off its debt of D through higher taxes in period 
+1 of (1+r)D. Generation y in period t has become generation o in period +1. It 
dissaves ½(D) to pay for the extra tax which accumulated including interest to 
½(D)(1+r). Generation y in +1 is confronted with a one period extra tax expenditure 
of ½(D)(1+r). y will try to smooth consumption over periods +1 and +2, so y 
decreases its savings by half of its share in this incidental tax. In period +1 the 
current account balance increases by ¼ (D)(1+r); see equation 4-18. 
 
At period +2 y is not confronted with tax consequences of the fiscal stimulus of t. 
Generation o (y at period +1) dissaves another ¼ D(1+r).10 The difference is ¼ 
(D)(1+r). From period +3 the current account balance is back to zero.  
The developments of the current account balance from t to +2 are shown in the 
equations 4-16 through 4-18 and Figure 4-6. 
 

(4-16)   DDDCAt 2
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1  
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4
102 rDrDCA  

 
  

                                                      
10 For simplicity reasons a time preference rate of zero is assumed. See further section 2.2.1. 
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Figure 4-6 Change in savings of a 1 period temporary fiscal stimulus of 1 (for simplicity r is 
not taken into account here but would be of influence in t=1) 

 
 
This simple example shows that temporary deficits have less effect on the current 
account balance than permanent deficits in the neoclassical savings-investment life 
cycle framework and through this on the interest rate. In the example one of the two 
generations responds at period=t through higher savings (y) and one generation does 
not (o). There is a partial Ricardian response. Looking at the Japanese budgetary 
situation, the unsustainability and high future ageing costs, a case can be made for a 
short-term or medium-term budgetary correction. Hence, a correction within the 
generation in which the budgetary expansion was initiated, implying a full Ricardian 
effect, would be reasonable to expect. This would encourage savings and keep the 
interest rate low, maybe even when the government credit rating deteriorates further. 
The urgency of the situation (a quick correction is required) would mean that most of 
the Ricardian assumptions, which are often argued to be unrealistic, do not need to 
be tested (see for an explanation of the assumptions for instance Barro, 1989 and 
Bernheim, 1989). Any additional fiscal stimulus would likely be corrected within the 
currently living generations, without the need for a bequest motive. 
 
Is there currently evidence of Ricardian equivalence in Japan? Some studies address 
this issue, but unfortunately some date back to before the unsustainability of the 
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government finance got apparent. Horioka (1993) finds that the Neoclassical 
lifecycle theory is more applicable to Japan than the Ricardian Dynasty theory. 
According to Horioka bequests are prevalent but a result of risk aversion 
(uncertainty with regards to timing of death and medical costs). Even in the Japanese 
case there could be liquidity constraint consumers and also myopic consumers. 
Kimura on quote in Oyama and Yoshida (1999), finds that 60-80% of the residents 
respond in a Ricardian equivalent way, while 20-40% responds in a Keynesian way. 
Also Kuttner and Posen (2001) find that Ricardian equivalence is perhaps in 
evidence, but claim it does not perfectly neutralise fiscal policy. So even in the 
Japanese situation, there is some evidence of a Keynesian reaction. Both Ricardian 
and Neoclassical theories neglect liquidity constraintness of the Keynesian 
framework. Campbell and Mankiw (1989) claim that liquidity constraintness of 
consumers is substantial in industrialised countries. Campbell and Mankiw (1989) 
estimate this at 50%. Masson, Bayoumi and Samiei (1996) estimate that 60% of a 
change in government savings is compensated by private savings in a number of 
industrialised countries.  
 
While there is a theoretical case for the private sector to respond to further fiscal 
deterioration by increasing savings, this section evaluates how private entities have 
responded in the 1980s, 1990s and early 2000s. Figure 4-7 shows net national 
savings, net private savings and net government savings in Japan since 1980. The 
figure shows that despite a deterioration in government savings, national net savings 
remained quite stable, even a minor rise over the 1990s can be detected. Especially 
the private response to fiscal stimulus since the early 1990s is striking in the figure. 
Masson, Kremers and Horne (1994) find a statistically significant relation between 
net Japanese foreign assets and government debt (negative relationship) in the period 
1950-1990, but this relation is not confirmed by figure 4-7 for the 1990s, since the 
net national savings remained strong while government net savings fell deeper in 
deficit. 
 
Figure 4-8 shows that the private response to deteriorating government finances does 
not find its cause in a rise of net household savings, which has slowly fallen since the 
1980s (from 15% GDP to 4.5% in 2011). Corporate net savings have offset the 
government financial deterioration.   
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Figure 4-7 Japanese public and private savings (% of GDP) 

 
Source: Own calculations based on Thomson Financial Datastream. 
 
Figure 4-8 Japanese private savings components (% of GDP) 

 
Source: Own calculations based on Thomson Financial Datastream. 
 
 

-15

-10

-5

0

5

10

15

70 72 74 76 78 80 82 84 86 88 90 92 94 96 98 00 02 04 06 08 10

Net government savings Net national savings
Net private savings

-20

-15

-10

-5

0

5

10

15

20

70 72 74 76 78 80 82 84 86 88 90 92 94 96 98 00 02 04 06 08 10

Net government savings
Net household savings
Net corporate savings



107 

  

Is this increase of corporate savings really a Ricardian response or would one expect 
this behaviour to take place mainly through households? The rise in corporate 
savings is more likely to be caused by other factors such as a lack of investment 
opportunities through a fall of potential growth, overcapacity and the need for debt 
restructuring (see also Koo, 2003). In the 1990s a further slowdown in economic 
growth and large corporate losses as a result of the collapse of the asset price bubble, 
which led to overcapacity and a rise of nonperforming loans, have most likely 
stimulated corporate savings. As long as overcapacity is a problem, corporate 
savings are likely to remain high. The relationship between corporate savings and 
government savings seems likely to be related through the business cycle and is 
probably not a direct Ricardian type reaction to expected increased future corporate 
taxation.  
 
The correlation matrix in table 4-5 shows that in all countries there is a strong 
negative correlation between first differences of government net savings (Sg) and 
private net savings (Sp) (between -0.72 and -0.92). Almost in all countries the 
relation is stronger between government and corporate savings (Sc) than between 
government and household savings (Sh). The correlation between R and Sh has a 
positive sign (see table 4-5) in most countries. The correlation between Sh and R is 
basically zero in Japan. 
 
Investigating the causality is another way of looking at whether Sg influences Sp. The 
Granger causality method indicates that the causality runs from Sc to Sg  for Japan and 
not vice versa. Overall (see annex 4.B at the end of this chapter) not much evidence 
for causality can be found between sector savings for a set of 11 industrialised 
countries. Only statistically significant causality from Sg to Sc in Germany and the 
Netherlands and from Sc to Sg in Japan and Belgium can be found. 
 
A model is estimated to test how components of private savings explain changes in 
government savings, and further, how all savings components explain long-term 
interest rate movements.  
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Table 4-5 Correlation matrix (first differences; annual data; 1970-2003) 
 R-Sg R-Sp R-Sc R-Sh Sg-Sp Sg-Sc Sg-Sh Sc-Sh 
UK 0.01 0.01 -0.11 0.25 -0.92 -0.82 -0.49 0.11 
Spain 0.14 -0.22 -0.35 0.16 -0.89 -0.67 -0.54 -0.08 
US 0.38 -0.32 -0.47 0.33 -0.88 -0.75 -0.18 -0.34 
Japan 0.16 -0.37 -0.42 0.01 -0.88 -0.81 -0.31 -0.04 
Belgium 0.33 -0.45 -0.48 -0.08 -0.83 -0.70 -0.44 -0.02 
Australia 0.19 -0.37 -0.50 0.35 -0.83 -0.74 -0.12 -0.32 
Canada 0.22 0.10 -0.04 0.30 -0.81 -0.74 -0.60 0.42 
France 0.15 0.43 -0.62 0.29 -0.77 -0.64 -0.35 -0.16 
Netherlands -0.07 -0.02 -0.16 0.18 -0.76 -0.35 -0.77 -0.04 
Italy 0.04 -0.19 -0.37 0.17 -0.75 -0.51 -0.53 -0.06 
Germany 0.01 -0.25 -0.35 0.34 -0.72 -0.66 -0.44 0.16 

 
The first equation is the following: 
 

(4-19)   21211211 1 cSSSSScS chgchg  
 
Table 4-6 shows that for all countries Sh and Sc are statistically significant and 
explain changes in Sg in the period 1970-2003. All have the theoretically expected 
negative sign. The correlation between Sc and Sh

 is usually quite low (see table 4-5), 
therefore, multicolinearity does not seem to be a problem here. That Sp and Sg 

negatively correlate could be coincidental through the business cycle. Sg
 usually 

deteriorates through automatic stabilizers and discretionary fiscal stimulus when the 
economy turns into a recession. The recession induces savings of private entities. 
This response indicates risk aversion and does not indicate consumption smoothing. 
From a neoclassical perspective, it could also indicate a previous overestimation of 
permanent income, for instance by overestimating job security during an economic 
boom. Table 4-6 shows that the statistical relation (based on t-value) is stronger for 
Sc than for Sh. This supports the argument made earlier: especially for corporations, 
with limited investment opportunities, savings are likely to respond stronger to an 
economic downturn than household savings. Table 4-6 also shows that the results for 
Japan are not that different from other countries. The equations for eight out of 
eleven countries show a higher t-value for Sc than for household savings Sh. The 
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adjusted R-squared for the Japanese equation ranks roughly in the middle. The 
adjusted R-squared is for all countries high. They range between 0.534 for Australia 
to 0.833 for the United States. The adjusted R-squared for Japan is 0.770%. Overall, 
a slightly stronger relation is found between Sg and the Sp component than found by 
Masson, Bayoumi and Samiei (1996), possibly because the savings components are 
individually tested in this chapter.  
 
Table 4-6 Estimation results of the ECM government savings model (1980-2003) 

 Sh Sc LT c Adj R2 DW F-stat AIC 
US -0.68* 

(-4.76) 
-0.79 
(-12.2) 

-0.08 
(-0.72) 

-0.12 
(-1.13) 

0.833 1.55 54.03 1.88 

BE -0.67 
(-3.43) 

-0.90 
(-8.01) 

-0.14 
(-1.52) 

0.32  
(1.79) 

0.809 1.65 32.07 2.69 

SP -0.74 
(-5.81) 

-0.53 
(-7.08) 

-0.22 
(-1.01) 

0.04  
(0.27) 

0.791 1.48 28.72 2.05 

JP -0.68 
(-3.76) 

-0.82 
(-8.18) 

-0.29 
(-2.39) 

0.17  
(1.05) 

0.770 0.90 25.62 1.86 

UK -0.89 
(-6.20) 

-0.58 
(-7.98) 

-0.31 
(-2.64) 

-0.12 
(-0.84) 

0.763 1.48 35.26 2.57 

IT -0.87 
(-5.94) 

-0.54 
(-3.99) 

-0.26 
(-1.57) 

-0.04 
(-0.21) 

0.689 1.52 17.28 2.67 

CA -0.67 
(-3.04) 

-0.47 
(-3.55) 

-0.29 
(-2.29) 

0.12  
(0.48) 

0.685 1.28 16.25 2.94 

GE -1.12 
(-3.72) 

-0.51 
(-5.13) 

-0.19 
(-1.30) 

-0.06 
(-0.37) 

0.646 1.726 19.88 2.79 

FR -0.70 
(-3.77) 

-0.66 
(-5.61) 

-0.25 
(-1.66) 

-0.05 
(-0.41) 

0.646 1.34 15.61 1.93 

NL -0.74 
(-6.48) 

-0.45 
(-4.60) 

-0.27 
(-1.94) 

0.01  
(0.08) 

0.627 1.49 15.03 2.59 

AU -0.41 
(-2.68) 

-0.47 
(-6.21) 

-0.23 
(-1.98) 

-0.03 
(-0.17) 

0.534 1.49 13.25 2.65 

Average -0.74 
(-4.51) 

-0.61 
(-6.59) 

      

* Coefficient values with t-values in brackets 
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This section tests further whether sector savings can explain long-term interest rate 
changes (equation 4-20). The sector savings explain on an adjusted basis 26.6% of 
the movements of the Japanese long-term interest rate (see table 4-7). Government 
savings and household savings are not statistically significant for Japan.  
 

(4-20)   21312113211 1
cSSSRSSScR gchgch   

 
It appears that a model estimated with savings components does not explain interest 
rate movements better for Japan than for other industrialised countries. Sg does not 
have any statistically significant explanatory power for any industrialised country. 
For Spain and Belgium none of the three savings components are statistically 
significant. 
 
Table 4-7 Estimation results of the ECM long-term interest rate model (period 1970-2003) 

Country Sg Sh Sc LT c Adj  
R-Sq 

Canada  0.69 (4.27)  -0.54 (-3.20) -0.03 (-0.19) 0.385 
Germany  0.68 (2.87)  -0.44 (-2.68) -0.06 (-0.40) 0.232 
US  0.68 (3.00)  -0.19 (-1.83) 0.01 (0.06) 0.226 
Australia   -0.25 (-2.86) -0.08 (-1.23) -0.01 (-0.05) 0.223 
France   -0.52 (-2.56)  -0.16 (-0.70) 0.188 
UK  0.41 (2.01)  -0.02 (-0.30) -0.12 (-0.60) 0.062 
Japan   -0.21 (2.16) -0.30 (-2.14) -0.18 (-1.24) 0.266 
Italy  0.90 (3.10)  -0.36 (-1.94) -0.01 (-0.04) 0.261 
Netherl.  0.27 (2.57)  -0.12 (-1.20) -0.19 (-1.13) 0.161 
Spain       
Belgium       
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4.6 Institutional factors and home bias  
Even though a mismatch between savings and investments seems to influence the 
Japanese long-term interest rate, this is not what is found for other countries. For a 
country integrated in international financial markets, the savings-investment balance 
should not have a significant impact on domestic long-term interest rate formation. 
Institutional factors could have increased the importance of net savings on domestic 
long-term interest rate formation in Japan. In this section a number of these 
institutional factors are discussed.   
 
Jorion (1996) shows that it would be very expensive to hedge the currency risk for 
foreign investments, in case the home country has a structural current account 
surplus like Japan has. The large current account surplus increases the home 
currency relative to other currencies. Even though the variability of the exchange 
rate is lower over a longer term, a country with a structural current account surplus 
could see its currency appreciate substantially, as the history of the yen versus the 
dollar shows. Between the beginning of 1970 and September 2010, the yen 
appreciated in real effective terms by 79%.11  In nominal terms the yen appreciated 
76% over the same time period versus the dollar. This probably has stimulated 
domestic investments in bonds, despite the large Japanese structural fiscal problems.  
In conclusion, the exchange rate risk, which is for a large net creditor such as Japan 
difficult to hedge, can be a reason for Japanese investors to be home biased in their 
investment decisions. Large exchange rate losses in the past might also have had a 
psychological effect. Home bias may have been more important than worries over 
the government’s solvency ratio. For instance, according to The Economist (2010) at 
least 70% of Greek government bonds were not held in Greece, while for Japan only 
5% of government bonds were held by non-residents (table 4-8).  
 
If a country with a high savings rate has a strong home bias, the interest rate could 
still remain low, despite a high debt level. A strong home bias can also indicate that 
the explanation of the savings balance is dominant in explaining the interest rate 
movements, which turns an economy with open capital markets effectively into a 
closed economy because of low capital mobility.  

                                                      
11 Source: Bloomberg Financial Data 
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A significant share of the Japanese debt is held domestically. Table 4-8 reports on 
bonds held by the domestic residents. The share of bonds held domestically in Japan 
is higher than in other large economies. Besides a strong home bias, the amount of 
government bonds held by the government itself is substantial, especially when 
compared with other countries. According to Tokuoka (2010), the government and 
the Bank of Japan held about 48% of total government bonds by early 2010. 
 
Table 4-8 Share of government bonds held domestically (% of total bonds outstanding) 
Japan 95% 
United States 55% 
United Kingdom 70% 
Germany 45% 
France 65% 
Source: IMF (2011b) 
 
In March 2001, the Bank of Japan started buying government bonds as part of its 
monetary policy framework. According to the OECD (2005b), the Bank of Japan 
bought between March 2001 and the end of 2004 one-third of new government bond 
issues. The total amount in government bonds that the bank held by mid-2010 was 
75 trillion yen (8.3% of total outstanding debt; source: Bank of Japan). This 
monetization of government debt may have contributed to the low level of the 
long-term interest rate in Japan. Besides the Bank of Japan, the postal saving, postal 
insurance and fiscal loan fund also own a significant size of the debt. According to 
Tokuoka (2010), Japan post and the government pension investment fund together 
held 35% of outstanding government bonds by early 2010. Significant demand for 
government bonds stemming from government institutions and the Bank of Japan 
are likely to have kept the long-term interest rate much lower than otherwise would 
have been the case.  

  



113 

  

4.7 Conclusions 
In relation to other industrialised countries the Japanese government pays a low 
interest on its government debt, especially when the relative weak credit rating is 
taken into account. Chapter four shows that the current account balance significantly 
explains movements in the Japanese interest rate. Much better for Japan than for 
other industrialised countries. For most countries there is no statistical significant 
relation at all.  
 
Two possible causes are investigated for the existence of high net savings: ageing 
and Ricardian equivalence. Ageing actually had a negative effect on net savings 
since the early 1990s. Although a theoretical case can easily be made for Ricardian 
equivalence in Japan, no evidence is found to confirm this. The strong response of 
private saving to government deficits is not caused by household savings but by 
corporate savings. It seems more likely that the rise in corporate savings is a 
response to losses and the worsened investment outlook rather than it being 
Ricardian in nature. A statistically significant Granger causality runs from corporate 
savings to government savings in Japan, but not vice versa. 
 
Although Japan has a higher savings surplus than elsewhere, it seems likely that the 
higher coefficient value is caused by institutional factors and a strong home bias. 
Institutional factors, such as a substantial domestic holding of government bonds by 
international standards and the purchases of government bonds by the Bank of 
Japan, keep demand for Japanese government bonds relatively high. This has likely 
increased the downward pressure on the Japanese long-term interest rate.  
 
Nevertheless, risks to the Japanese government bond market may increase. Ongoing 
ageing may continue to reduce the household savings rate. A key counter driver of 
the rising government fiscal deficit has been a rising corporate savings surplus. 
According to Lam and Tokuoka (2011) this may also come under pressure. Even 
though there is no clear evidence yet that sovereign risk spillovers and rating 
downgrades have had a material negative impact on Japanese government bond 
yields, it seems crucial, as Lam and Tokuoka (2011) argue, to restore long-term 
government fiscal sustainability. 
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Annex 4.A: Inflation smoothing 
This annex shows two measures of inflation smoothing. Together with the actual rate 
of inflation, measured as the year-over-year change of the consumer price index, the 
five year moving average of inflation and the Hodrick and Prescott (1997) trend 
measure are shown. Figure 4-9 shows this for the United States and Figure 4-10 for 
Germany. The figures suggest that the HP filter and the 5 year average inflation 
measure lead to very similar results.  
 
 Figure 4-9 Actual inflation, 5 year average and HP filter for the United States  
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Figure 4-10 Actual inflation, 5 year average and HP filter for Germany  
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Annex 4.B: Granger causality test on savings 
components 

Table 4-9 shows the results of the Granger causality tests. The H0 hypothesis 
represents that the first mentioned variable does not Granger cause changes in the 
second mentioned variable. Only in three cases, highlighted in grey in the table, 
there is a causal relationship. The tests for these annual time series are calculated up 
to 8 lags.  
 
Table 4-9 Granger causality test results 
  Sg to Sh Sh to Sg Sg to Sc Sc to Sg 
  F-stat P-value F-stat P-value F-stat P-value F-stat P-value 

Canada 1.08 0.52 7.37 0.06 3.12 0.19 0.72 0.67 
Germany 0.99 0.51 0.27 0.96 4.91 0.02 0.84 0.59 
US 0.94 0.53 0.78 0.63 0.63 0.73 0.63 0.73 
Australia 0.32 0.94 0.44 0.87 1.60 0.26 2.10 0.16 
France 2.48 0.24 1.60 0.38 0.14 0.99 0.06 1.00 
UK 0.62 0.74 3.09 0.07 0.93 0.54 0.96 0.52 
Japan 0.87 0.68 107.50 0.07 40.50 0.12 4243.00 0.01 
Italy 10.26 0.24 0.76 0.71 26.50 0.15 0.33 0.87 
Netherl. 1.29 0.60 0.33 0.88 483.60 0.04 1.35 0.59 
Spain 6.08 0.30 0.17 0.95 7.40 0.28 0.21 0.93 
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5. Capital market convergence and the 
effectiveness of the interest rate as policy 
tool12  

5.1 Introduction 
It seems plausible that integration of international capital markets in the last three 
decades increased the convergence between long-term interest rates across countries 
(see for instance IMF, 2005, chapter 3). This might have decreased the effectiveness 
of domestic monetary policy and would have important implications for 
conventional monetary policy transmission. 
 
Monetary policy can influence long-term interest rates directly and indirectly. The 
indirect transmission, which runs through the term structure of interest rates, is the 
traditional approach. The direct channel runs through purchases and sales of 
government bonds, but, historically, has been much less common practice. The term 
structure of interest rates is an important channel for monetary authorities to 
influence the real economy. Bond yields are related to money yields and bond yields 
are an important factor for investment and saving decisions (see section 2.2). By 
changing conditions for the money market rates, central banks can influence bond 
yields and investment and savings conditions. The relation between the short-term 
and long-term interest rates is therefore the crucial link between the execution of 
monetary policy and setting price incentives for saving and investment in the real 
economy. The theoretical relation between short- and long-term rates is discussed in 
section 2.4.3. 
 
Research on capital market integration can roughly be grouped in two main areas: 
research on capital flows and research on price differences (see Edwards, 1995,  p 4). 

The first approach is a well-known area of research introduced by Feldstein and 
Horioka (1980). This type of research measures the correlation between savings and 
investments. A low correlation would indicate a higher degree of integration in the 

                                                      
12 This chapter is based on Jansen (2009) 
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international capital market. The Feldstein and Horioka savings and investment 
puzzle has received much attention among empirical researchers. In this chapter the 
focus is on the second approach. This approach investigates the convergence of 
yields, better known as the interest rate parity conditions. This chapter approaches 
international capital market integration from two angles: the relation of domestic 
bond yields with international bond yields and the relation of bond yields with the 
short-term interest rate. Through the interest rate parity and the term structure of 
interest rate theories it is tested whether international capital market integration led 
to increased synchronisation between long-term interest rates and whether at the 
same time this has led to lower relevance of domestic short-term interest rates. 
 
Studying capital market integration using long-term interest rate differentials is an 
area investigated by others as well. For instance by Fell (1996), Fase and Vlaar 
(1997), Sutton (2000). Christiansen and Pigott (1997) and Sasaki et al. (2000) 
confirm that the relation between long-term interest rates has gained significance in 
the period commencing 1980 in comparison with the 1970s. Fase and Vlaar (1997) 
consider the removal of capital restrictions, lower exchange rate volatility 
(especially for European countries since 1992) and cohesion of monetary policy 
approaches as the main reasons for this. Some other researchers claim there is still a 
risk premium. According to Sasaki et al. (2000) this risk premium exists because 
domestic and foreign assets are imperfect substitutes and because investors are home 
biased. Also, Pierdzioch (2003) indicates that in a world with free capital mobility 
home bias can still make domestic monetary policy effective. 
 
A substantial amount of research concentrates on the relation between the long-term 
interest rate and the short-term interest rate, but the results are not consistent. 
Atesoglu (2005) finds that since the mid-1980s, long-term interest rates in the United 
States respond slowly to fed fund changes and that especially within a period of one 
year the effect is limited. But according to Sellon (2002) and Mehra (1996) the 
short-term response of long-term interest rates to changes in short-term rates has 
increased over time. Christiansen and Pigott (1997) find increased influence of 
foreign long-term interest rates on domestic long-term rates, but they do not find a 
weakened relation between long-term and short-term interest rates over time. 
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This chapter updates previous research on monetary policy influence on the 
long-term interest rate and the relation between long-term interest rates across 
countries. A rolling regression technique is applied to evaluate the change of the 
relation over time. This chapter tries to add to empirical literature in a few areas. 
First, two theoretical concepts (interest rate parity and term structure of interest 
rates) are combined in a single equation. Second, results are compared between large 
and small countries. Third, both nominal rates and real interest rates are considered. 
Fourth, it is evaluated how the relations have behaved during the financial crisis of 
2007-2011. 
 
This chapter is structured in four sections. Section 5.2 discusses the rolling 
regression estimate outcomes concerning convergence with the domestic short-term 
interest rate and the foreign long-term interest rate. Section 5.3 looks further into the 
consequences for global business cycle convergence and relevance for domestic 
interest rates. Finally, section 5.4 concludes. 

5.2 Test results of the relation between the 
short-term interest rate and long-term 
interest rate 

A rolling regression is estimated to see whether the relation has changed over time. 
The estimates are conducted in quarterly estimation intervals covering the period 
1960/1-2011/4. The rolling regressions are estimated over 10 year periods. After 
each estimate both starting and ending point are rolled over one quarter. This yields 
168 regression outputs. The equations are estimated for 12 industrialised countries: 
United States, Japan, Germany, United Kingdom, France, Italy, Canada, Spain, 
Australia, The Netherlands, Belgium, and Switzerland. To see whether the results 
are different for larger than smaller countries, the countries are divided in two 
groups: the first six are in the large country group, the latter six in the small country 
group. 
 
The foreign long-term interest rate is determined according to the analogy presented 
in chapter three. Three main interest rate regions are identified: United States, Japan 
and Germany (euro area). The foreign long-term interest rate for a country is 
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calculated as the average of the interest rates of the regions the country is not a 
member of.  Exchange rate developments are not included in the nominal interest 
equations. Although exchange rate expectations are a key component in the interest 
rate parity theory, taking into account exchange rate development could make it 
more difficult to interpret the relative importance of the domestic short-term rate and 
the foreign long-term rate for the long-term interest explanation, which is the 
purpose of this chapter. In addition to that, exchange rate developments do not 
explain long-term interest rate variability very well. See for instance Den Butter and 
Jansen (2004) or Christiansen and Pigott (1997).  
 
Both nominal and real interest rates are taken into account. Calculating real 
long-term interest rates has limitations. Approaches to calculating real interest rates 
can roughly be grouped in two categories: forward-looking and backward-looking. 
A forward-looking measure is the use of inflation-indexed bonds. A downfall here is 
that for a limited number of countries data are available and the history of available 
data is limited. Another limitation is that inflation-indexed bonds have lower 
liquidity than nominal bonds, which affects the real rate. Another forward looking 
approach is the use of consensus forecast data on inflation. Upper and Worms (2003) 
use this method. The disadvantage of this method is that data is mainly available for 
a shorter term (3-12 months). An example of backward looking methods is the use of 
the HP filter to calculate long-term inflation rates (see Hodrick and Prescott, 1997). 
For instance, Krämer (1998) applies this method. This method smooths long-term 
inflation developments. OECD (2005a) deflates long-term interest rates with an 
average inflation rate over 12 previous months. Fase (1972) and Fase and Van 
Nieuwkerk (1975) discuss different weighting schemes to calculate expected 
inflation. An obvious downfall of backward looking methods is that they are 
relatively slow in identifying structural changes in inflation levels which might 
already have been priced in bonds. Because of problems with availability of 
long-term forward looking data for the broad set of countries, the real long-term 
interest rates are in this chapter calculated by discounting nominal rates with 5 years 
moving averages of the consumer price index. The results are comparable to the use 
of the HP filter (see figures in annex 4.A for a comparison for the inflation 
developments in Germany and the United States). 
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Before discussing the results of the rolling regression estimates, first the estimation 
results of an ECM model for both equations 5-1 and 5-2 over the period 
1980/1-2011/4 for the above mentioned 12 countries are discussed to identify the 
importance of the short-term and the foreign long-term interest rate. 
 

(5-1)   212111211 cRRRRRcR f
s

f
s   

 

(5-2)    212111211 crrrrrcr f
s

f
s  

 
Where, R is the nominal long-term interest rate, fR is the nominal foreign 

long-term interest rate and sR is the nominal short-term interest rate and r is the real 

long-term rate. 
 
Equations 5-1 and 5-2 are estimated under the restriction that the sum of the 
coefficient values of the short-term interest rate and the foreign long-term rate is 
equal to one. Theoretically this is what one would expect, since both dependent and 
independent variables are interest rates. Estimating the equations in unrestricted 
form shows that this can empirically be confirmed. On average, the nominal 
equation shows a coefficient value sum of 0.7 (table 5-1). Over time, the average 
sum of coefficient values has risen from 0.6 in the 1960s and 1970s to 1.0 in the 
2000s (table 5-2). During the 10 year period which includes the financial crisis 
(2000-2010), the sum drops to 0.4. For the equation in real terms, the path of the sum 
of coefficient values for the 10 year periods has been lower up to the 2000-2010 
period. For this period the performance is markedly better than for the nominal 
interest rate models.  
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Table 5-1 Average sum of coefficient values of the short-term interest rates and the foreign 
long-term interest rate in unrestricted form (1980-2011) 
 Nominal Real 
Australia 0.8 0.9 
Belgium 0.5 0.5 
Canada 1.0 1.1 
France 0.7 0.8 
Germany 0.8 0.7 
Italy 0.6 0.7 
Japan 0.6 0.5 
Netherlands 0.7 0.7 
Spain 0.5 0.5 
Switzerland 0.6 0.6 
United Kingdom 0.9 0.9 
United States 0.7 0.5 
Total unweighted 0.7 0.7 
 
Table 5-2 Sum of coefficient values, t values and adjusted R-squared of the short-term and 
foreign long-term interest rate in an unrestricted ECM 

 65- 75 70-80 75-85 80-90 85-95 90-00 95-05 00-10 
Nominal          
Sum t-values 5.1 6.2 6.4 8.2 8.3 7.6 6.8 3.1 
Sum 
coefficients 0.6 0.6 0.7 0.8 0.9 1.0 1.0 0.4 
Adj-R squared 0.36 0.37 0.38 0.48 0.49 0.45 0.42 0.13 
Real          
Sum t-values 3.6 5.1 4.5 6.2 6.6 6.0 5.7 2.5 
Sum 
coefficients 0.6 0.7 0.6 0.7 0.8 0.8 0.7 0.9 
Adj-R squared 0.28 0.28 0.26 0.34 0.36 0.37 0.37 0.61 

 
Table 5-3 shows the results of the nominal interest rate equation (5-1) over the 
period 1980-2011, under the restriction that the sum of the coefficient values is equal 
to one. The table shows that the coefficient value of the short-term interest rate is 
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higher for the larger six countries (average: 0.32) than for the smaller six countries 
(average: 0.21). Nevertheless, the results indicate that the significance of foreign 
long-term interest rate changes is higher than that of domestic short-term interest 
rates for both groups (0.79 for small countries and 0.69 for large countries). This is in 
line with findings of Hardouvelis (1994) who finds higher first difference 
correlations between domestic long-term interest rates and foreign long-term interest 
rates than between domestic long-term interest rates and domestic short-term interest 
rates. For Canada the long-term interest rate is completely determined by the foreign 
long-term interest rate. 13  The Granger causality test (see annex 5.A) does not 
confirm causality from foreign to home or vice versa. Causality between long-term 
interest rates has also been investigated by Bruneau and Jondeau (1999). The authors 
could not identify the causality direction between the United States and Germany (in 
line with annex 5.A). In a few cases a causal relation is found from the foreign 
long-term rate to the domestic long-term rate such as from the United States to 
Australia and from Germany to the Switzerland. 
 
Table 5-3 Estimation results of nominal long-term interest rate changes under restriction that 
sum of coefficients for Rs and Rf equals 1 (1980-2011) 

 c Rs Rf LT Adj R2 DW SD 
Australia -0.02 0.25 (6.23) 0.75 (18.94) -0.08 (-2.01) 0.382 2.00 0.59 
Belgium -0.00 0.24 (7.05) 0.76 (21.85) -0.12 (-2.51) 0.285 2.06 0.39 
Canada -0.04 -0.00 (-0.22) 1.01 (40.76) -0.09 (-2.23) 0.555 2.08 0.56 
France -0.01 0.23 (6.41) 0.77 (21.57) -0.09 (-2.22) 0.447 1.70 0.46 
Germany 0.02 0.38 (8.67) 0.62 (13.88) -0.08 (-2.45) 0.513 1.84 0.41 
Italy 0.01 0.44 (8.00) 0.56 (10.08) -0.07 (-1.66) 0.333 1.43 0.69 
Japan 0.04 0.42 (10.39) 0.58 (14.07) -0.31 (-4.50) 0.332 1.91 0.39 
Netherl. 0.02 0.28 (7.41) 0.72 (19.51) -0.10 (-3.17) 0.461 1.97 0.38 
Spain -0.01 0.24 (6.81) 0.76 (21.99) -0.12 (-2.83) 0.236 1.71 0.66 
Switzerl. 0.03 0.26 (8.13) 0.74 (23.59) -0.08 (-2.58) 0.200 2.09 0.30 
UK -0.04 0.18 (6.25) 0.82 (27.89) -0.10 (-2.77) 0.410 1.79 0.46 
US 0.00 0.24 (5.48) 0.76 (17.17) -0.11 (-2.43) 0.400 2.01 0.57 

                                                      
13 When an ECM equation for the Canadian long-term interest rate is estimated using 

only the short-term interest rate as explanatory variable, there is a positive but weak 
relationship. This model yields an adjusted R-squared of 0.093, which was together with 
results for Belgium (also 0.093) the lowest in the group of twelve countries.  

 



126 

 

Table 5-4 shows the results for real interest rates (equation 5-2). For the larger 
countries an average coefficient value for the short-term interest rate of 0.20 is 
found. For the smaller countries this is slightly lower (0.15). The foreign long-term 
interest rate coefficient value is, on average, 0.80 for the larger countries and 0.85 for 
the smaller countries. The explanatory power for the real interest rate equations 
(0.346 versus 0.380) is only slightly lower than for nominal interest rates.  
 
Table 5-4 Estimation results of real long-term interest rate changes under restriction that sum 
of coefficients for rs and rf equals 1 (1980-2011) 

 c rs rf LT Adj 
R2 

DW 
 

SD 

Australia 0.04 0.10 (2.83) 0.90 (24.34) -0.06 (-2.74) 0.313 1.79 0.60 
Belgium 0.01 0.21 (7.40) 0.80 (29.46) -0.07 (-2.67) 0.278 2.06 0.37 
Canada 0.02 -0.01 (-0.46) 1.01 (41.58) -0.05 (-2.85) 0.599 1.98 0.57 
France 0.04 0.20 (6.86) 0.80 (27.72) -0.06 (-2.92) 0.516 1.61 0.44 
Germany 0.00 0.09 (3.89) 0.91 (38.45) -0.05 (-2.05) 0.273 1.67 0.40 
Italy 0.06 0.31 (6.16) 0.69 (13.48) -0.04 (-1.37) 0.180 1.41 0.64 
Japan 0.02 0.30 (6.70) 0.70 (15.96) -0.06 (-1.95) 0.131 2.00 0.39 
Netherlands 0.01 0.20 (6.86) 0.80 (28.16) -0.08 (-3.74) 0.484 1.82 0.38 
Spain 0.08 0.20 (6.29) 0.80 (25.00) -0.08 (-2.45) 0.214 1.66 0.68 
Switzerland 0.02 0.19 (7.72) 0.81 (32.53) -0.04 (-2.72) 0.291 1.82 0.30 
UK 0.02 0.14 (5.11) 0.86 (31.84) -0.03 (-2.46) 0.451 1.88 0.46 
US 0.04 0.17 (4.04) 0.83 (19.60) -0.07 (-2.33) 0.419 1.61 0.58 

 
ECM estimations with both the foreign long-term interest rate and the domestic 
short-term interest rate (table 5-3 and 5-4) show that the foreign long-term interest 
rate is more important for the long-term interest rate formation in both the larger and 
smaller countries, even though a slightly higher relevance for smaller countries is 
found. Nevertheless, the short-term interest rate also adds to the explanatory power, 
and it is slightly more important for the larger countries than for smaller countries.  
 
Figures 5-1 and 5-2 illustrate the development of the coefficient value in a rolling 
regression estimate for the short-term interest rate of respectively equation 5-1 and 
5-2. The x-axis shows the midpoints of the rolling regression, i.e. 1972 is the 
midpoint of the 1967-1977 rolling regression. When the periods of the rolling 
regressions are discussed, for sake of simplicity, the midpoints of these regressions 
are mentioned. 
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Figure 5-1 Coefficient value of the domestic nominal short-term interest rate in a rolling 
regression equation explaining long-term interest rate movements 

 
 
Figure 5-2 Coefficient value of the domestic real short-term interest rate in a rolling 
regression equation explaining the long-term interest rate movements 

 
 
The rolling regression results may, at first glance, contradict what one would expect. 
Even though capital restrictions have slowly been removed over time and the global 
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economy became increasingly more integrated, the rolling regression results do not 
show a fall of the short-term interest rate coefficient value. From the early 1970s 
until the mid-1990s an increasing trend of the short-term interest rate coefficient can 
be detected, after that the coefficient has remained more or less unchanged. 
However, there is a difference between larger and smaller countries. For small 
countries the short-term interest rate coefficient (red line) has fallen during the 
1990s, and hence, the coefficient of the foreign long-term interest rate has risen (sum 
coefficients is equal to one). Based on real interest rates, as shown in figure 5-2, the 
developments are similar, although there is a moderate decline of the coefficient 
value from early 1990s. 
 
During the 2007-2011 crisis period there is initially a decline of the short-term 
interest rate coefficient value, as soon as the 2008 quarters are included in the rolling 
regressions, but coefficient values recover again once the 2009 quarters are included. 
This applies both to larger and smaller countries.  
 
The introduction to this chapter refers to a number of studies that find that the 
relation between long-term interest rates has gained strength in the period after 1980. 
The short-term interest rate and the foreign long-term interest rate are separated and 
estimated in singular equations to see how the  explanatory power of both variables 
changed over time when studied in isolation. Both equations are as follows: 
 

(5-3)   fRR 1   

(5-4)   sRR 1  

 
Between 1970 and 2000 there is a rising relevance of the foreign long-term interest 
rate (figure 5-3) for larger and smaller countries. The adjusted R-squared is mostly 
higher for smaller than larger countries. For the short-term interest rate (figure 5-4) 
the relevance declines between the mid-1980s until 2000 for both larger and smaller 
countries. There is initially a much higher relevance of the short-term interest rate 
for larger countries, but as of 1986 this gap has closed significantly.  
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Figure 5-3 Adjusted R-squared for rolling first difference equations, explaining changes in 
the nominal long-term interest rate with the nominal long-term foreign interest rate  

 
 
Figure 5-4 Adjusted R-squared for rolling first difference equations, explaining changes in 
the nominal long-term interest rate with the nominal short-term interest rate  

 
 
As from 2000 the relevance of the foreign long-term interest rate has fallen. The 
short-term interest rate adjusted R-squared starts to improve from 2002.  
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Two reasons may have contributed to the sharp decline of the adjusted R-squared of 
the foreign long-term interest rate after 2000. First, the decline of bond yield 
volatility may be a reason. The standard deviation of long-term interest rate changes 
has declined significantly, as figure 5-5 shows, during the period over which the 
adjusted R-squared shown in figure 5-3, has fallen. At the end of the period the 
standard deviation started to rise again, but this is mainly caused (in 2011) by a 
sharper rise of bond yields in Belgium, Italy and Spain as a result of the European 
sovereign bond crisis. A second reason may be that investors have become more 
aware during the crisis that government bonds are not risk free and as a result review 
a country’s risk profile on an individual basis. As a result, 10 year government bonds 
would no longer be perfect substitutes. Whether this will prove to be a temporary 
phenomenon is as yet unclear. If government balance sheets improve the relevance 
of the foreign long-term interest rate may increase in importance again, a trend that 
was in place until the late 1990s.  
 
Figure 5-5 Moving standard deviation of quarterly changes of long-term interest rates 
(1980-2011)* 

 
Source: Own calculation, Thomson Financial Datastream  
* Standard deviation is calculated over 4 quarters 
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5.3 Integration of short-term interest rates 
and business cycles 

This section investigates the synchronisation of short-term interest rates and global 
business cycles. To measure this, the same empirical approach of estimating rolling 
regressions is applied. The purpose of estimating equation 5-5 is to investigate 
whether the relation between the domestic short-term rate and the foreign short-term 
rate has changed over time. The purpose of equation 5-6 is to investigate whether 
this development is more or less in accordance with the business cycle integration. 
As proxy for the business cycle, OECD leading indicators are used. 
 

(5-5)   f
ss RR 1  

 

(5-6)   fCycleCycle 1  

 
The results of both rolling equations are shown in figures 5-6 and 5-7, respectively. 
Figure 5-6 shows that there is a stronger convergence in the 1970s and that this 
convergence gained strength again in the second half of the 1990s. The 
synchronization accelerated to very high levels during the financial crisis. Similar 
peaks can be found in figure 5-7. The strong convergence in the 1970s can be 
attributed to two oil-inflation shocks, which affected inflation and interest rate 
developments in all industrialised countries and called for monetary tightening 
across the industrialised world. In the 1990s the situation is slightly different. Here, 
business cycle synchronisation is more likely to be a consequence of increased 
global trade. According to the IMF (2005, pp 129) the real economy had 
synchronised noticeably between industrialised countries. Upper and Worms (2003) 
find that in the late 1990s monetary policy synchronised across industrialised 
countries. As 2007 quarters are included in the rolling regressions (midpoint 2002 in 
the figure) a significant increase takes place. 
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Figure 5-6 Adjusted R-squared of rolling equations in which domestic nominal short-term 
interest rate is explained by the foreign nominal short-term interest rate 

 
 
Figure 5-7 Adjusted R-squared of rolling equations in which the domestic business cycle is 
explained by the foreign business cycle 

 
 
In the traditional theory on monetary policy transmission the short-term interest rate 
is exogenously set. If the short-term interest rate is determined by the international 
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business cycle, economic integration has led to the short-term interest rate being 
determined endogenously and is therefore placed outside the control of the central 
bank. In this case it is not the domestic short-term interest rate that matters for the 
domestic bond market, but the global average of short-term interest rates. This 
complicates the ability to respond to country specific shocks with a traditional 
monetary policy framework, especially for policy makers in smaller countries. 
While no convincing signs of causality for long-term interest rates can be found, 
there is more evidence on causality between short-term rates, but in most cases it 
runs two ways (annex 5.A gives an overview). 
 
Apart from synchronisation of international economic conditions in the second half 
of the 1990s, other authors identify a number of other reasons which could explain 
monetary policy synchronisation. Sutton (2000) for instance claims that there could 
be similar, but not necessarily coordinated, views on the importance of fighting 
inflation. Sutton argues that from the 1960s to the early 1990s there is a pickup of 
inflation and then a reduction of inflation to very low levels in a number of 
industrialised countries. This shared view on conducting monetary policy will 
especially lead to convergence when price shocks have a global or external origin, 
like oil price shocks.  
 
Some authors argue that short-term interest rates have become more important 
because of institutional factors. Sellon (2002) argues that more mortgages are 
financed at flexible rates and that costs of refinancing mortgages have fallen. These 
institutional effects have led to broadening of the impact of monetary policy on the 
real economy. They also point out that the passing through of policy rate changes to 
mortgage rates has increased from 20% in the early 1970s to almost 100% at the end 
of the 1990s. Several authors point out that the development of the capital market led 
to more anticipation of bond investors to expected policy rates (see for instance 
Sellon, 2002, Roley and Sellon, 1995 and Wu, 2005). At the time of policy rate 
changes, the reaction of long-term interest rates could be either way. There will be 
no change when the policy rate change was fully expected and anticipated, the 
response would be positive if the policy rate change was not (fully) expected and the 
response could be negative if the policy rate change falls short of expectations.  
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The assumption that central banks set the short-term interest rate through which 
longer-maturity instruments are influenced has been challenged during the financial 
crisis of 2007-2011. This chapter investigates money market yields as short-term 
yields. As figure 5-8 shows, due to banking stress, these money market yields rose 
significantly during the crisis.14 Ultimately these bank balance sheet problems can 
either directly (need for bailing out of banks) or indirectly (weaker bank lending, 
weaker economic growth and higher government deficits/debt) spillover into the 
longer maturity government bond market as well. Figure 5-9 shows for instance a 
co-movement in Italian government bond yield spreads over Germany’s long-term 
interest rate at a 10 year maturity versus the money market premium in Italy (spreads 
of 3m Italian money market yield versus 3 month government yield). After the 
banking stress started to ease, it proved difficult to calm the Italian government bond 
market (Italian government bond yield relative to Germany government bond yields 
continued to rise in 2011).  
 
It is not the aim of this chapter to investigate further the specific circumstances of the 
European government bond crisis of 2010-2011. However, it is illustrative that there 
are several factors (problems in the money market) that can influence the 
transmission channel in addition to the higher synchronization of the global 
economy discussed in this section. To a large extent central banks, in such distressed 
circumstances, focus on alternative policy instruments, such as direct intervention in 
government bond instruments.  
 
 
 

                                                      
14 In 2000 discussions started that the swap market would take over the benchmark role of 
government debt instruments given the better linkage with corporate bonds. Clearly, the 
swap market has grown since, but the swap market may reflect a banking stress premium at 
times of a banking crisis as well. On top of that, discussions were taking place in 2000, 
particularly in the United States, that the government debt could be completely paid off, 
reducing liquidity in the government bond market further (see for instance Doornekamp et 
al., 2000). In a US presidential press release of 28th of December 2000 it says: “Today, 
President Clinton will announce that The United States is on course to eliminate its public 
debt within the next decade” (Source: 
http://clinton4.nara.gov/WH/new/html/Fri_Dec_29_151111_2000.html). More than a 
decade later, unsustainable government debt is back in focus.  
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Figure 5-8 Average money market yield premium over government securities at 3 month 
maturity for 12 industrialised countries  

 
Source: Bloomberg Financial Data 
 
Figure 5-9 Italian money market spread and Italian government bond (10 year yield) spread 
over Germany 

 
Source: Bloomberg Financial Data 
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5.4 Conclusion 
This chapter tests whether traditional term structure-based monetary policy lost 
effectiveness due to international capital market integration. A rolling regression 
technique is applied to test whether the relation between the domestic short-term 
interest rate and the long-term interest rate lost significance.  
 
In the period 1980-2011 foreign long-term interest rates have been more important 
for long-term interest rate formation than short-term interest rates, both in smaller 
and larger countries. Even though for smaller countries the foreign long-term interest 
rates are slightly more important than for larger countries. Rolling regressions show 
that there has been a rising trend of the relevance of the foreign long-term interest 
rate until 2000, after which the relevance declined. The relevance of the short-term 
interest rate declined between the mid-1980s and 2000, but has picked up since 
2002.  Since the mid-1990s the synchronization between domestic short-term 
interest rates and foreign short-term interest rates has risen significantly. This is also 
confirmed by the synchronization between economic activity indicators, which has 
increased in the 1990s and even stronger during the financial crisis.  
 
The increased relevance of the international business cycle for domestic long-term 
interest rates has important implications for the effectiveness of monetary policy. It 
means that the short-term interest rate has become more endogenous, where it is set 
by the international business cycle while it was previously set by the central bank. In 
that case the coefficient value of the short-term interest rate may overstate the true 
impact of the central bank on the domestic long-term interest rate. A second problem 
for the monetary transmission in the financial crisis was that banking sector 
problems have led to a higher money market risk premium. For short-term interest 
rate the 3 month libor interest rates are used. Higher banking stress makes it 
impossible to pass on lower interest rates through the fixed income market in the 
traditional monetary policy framework. However, this is most likely only linked to 
the crisis and should not, once banking balance sheets are restructured and 
profitability is restored, be a structural phenomenon in future economic downturns 
(normal recessions without banking crisis).  The weakening of the foreign long-term 
interest rate with regards to domestic long-term interest rates during the crisis may 
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also be temporary. It could be that investors differentiate more between government 
bonds after the risk-free status of government bonds has been challenged during the 
crisis and government bonds are no longer seen as “perfect substitutes”. Also, some 
central banks, such as the Federal Reserve Bank and the Bank of England, have 
aggressively bought government bonds. Therefore, the demand profile may have 
changed. Once economic conditions, government budgetary conditions, and 
monetary policy practice normalize again, it cannot be ruled out that in an 
environment of heightened global economic synchronization, the relevance of the 
foreign long-term interest rate increases again, returning to the trend that was in 
place in the 1990s.  
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Annex 5.A: Granger causality tests results 
This annex shows the results of the Granger causality tests. The H0 hypothesis 
represents that the first mentioned variable does not Granger cause changes in the 
second mentioned variable. Statistically significant relations are highlighted in grey. 
Tables 5-5 and 5-6 show the results of the Granger causality tests between long-term 
interest rates for the calculated foreign interest rates and for the United States, 
German and Japanese long-term interest rates (the three components of the 
calculated foreign long-term interest rate). Tables 5-7 and 5-8 show the results for 
the short-term interest rates. Table 5-9 show the results for the Granger causality 
tests applied to the long-term and short-term interest rates. Tables 5-10 and 5-11 
show the results for the business cycle indicators.  
 
Table 5-5 Granger causality test results on long-term interest rates (foreign and United States 
to home and vice versa); quarterly data, 1970-2004 

 
  

 Foreign to home Home to foreign From United States To United States 
  F-stat P-value F-stat P-value F-stat P-value F-stat P-value 

Canada 1.01 0.55 0.60 0.84 1.52 0.11 0.94 0.57 
Germany 0.56 0.87 1.92 0.21 1.57 0.09 1.45 0.14 
United States 1.46 0.34 1.04 0.54 x x x x 
Australia 1.11 0.49 2.68 0.11 2.24 0.01 0.93 0.58 
France 2.04 0.19 1.18 0.45 3.01 0.00 2.11 0.02 
UK 1.40 0.36 0.92 0.61 1.72 0.06 1.20 0.29 
Japan 2.49 0.13 0.41 0.95 1.12 0.37 0.88 0.63 
Italy 1.06 0.52 1.47 0.33 1.71 0.06 1.49 0.12 
Netherlands 0.85 0.65 1.16 0.47 1.62 0.08 1.83 0.04 
Spain 0.80 0.69 0.88 0.64 1.76 0.12 3.23 0.01 
Belgium 4.58 0.03 4.42 0.03 1.40 0.16 1.33 0.20 
Switzerland 0.91 0.61 1.45 0.34 0.82 0.71 1.25 0.26 
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Table 5-6 Granger causality test results on long-term interest rates (Germany and Japan to 
home and vice versa); quarterly data, 1970-2004 

 
Table 5-7 Granger causality test results on short-term interest rates (foreign and United 
States to home and vice versa); quarterly data, 1970-2004 

 

 From German To German From Japan To Japan 
  F-stat P-value F-stat P-value F-stat P-value F-stat P-value 

Canada 1.55 0.10 0.82 0.71 1.18 0.32 1.42 0.15 
Germany x x x x 0.82 0.71 1.25 0.26 
US 1.45 0.14 1.57 0.09 0.88 0.63 1.12 0.37 
Australia 0.93 0.58 0.81 0.72 0.35 1.00 0.85 0.68 
France 2.33 0.18 0.79 0.75 1.52 0.11 2.94 0.00 
UK 1.10 0.39 1.08 0.41 0.85 0.67 0.95 0.55 
Japan 1.25 0.26 0.82 0.71 x x x x 
Italy 1.80 0.04 1.55 0.10 1.04 0.46 1.58 0.10 
Netherlands 1.03 0.46 1.72 0.06 1.06 0.43 1.12 0.37 
Spain 1.26 0.33 1.6 0.17 1.24 0.35 1.52 0.22 
Belgium 0.49 0.98 0.66 0.88 0.88 0.64 1.45 0.14 
Switzerland 1.32 0.21 1.56 0.10 2.52 0.01 1.88 0.06 

 Foreign to home Home to foreign From US To US 
  F-stat P-value F-stat P-value F-stat P-value F-stat P-value 

Canada 1.77 0.07 1.31 0.24 1.01 0.50 1.33 0.23 
Germany 2.40 0.01 4.64 0.00 2.82 0.00 5.74 0.00 
United States 1.31 0.21 0.99 0.51 x x x X 
Australia 1.22 0.28 0.81 0.73 18.2 0.00 1.65 0.07 
France 2.09 0.02 1.29 0.23 2.03 0.02 1.03 0.46 
UK 2.99 0.00 4.29 0.00 1.71 0.06 3.18 0.00 
Japan 3.66 0.00 4.19 0.00 4.22 0.00 4.40 0.00 
Italy 0.71 0.83 1.75 0.05 0.85 0.68 1.62 0.08 
Netherlands 1.23 0.27 5.40 0.00 2.09 0.02 9.14 0.00 
Spain 3.89 0.00 3.19 0.00 4.07 0.00 1.62 0.09 
Belgium 1.04 0.45 4.39 0.00 1.33 0.20 5.50 0.00 
Switzerland 3.12 0.00 1.41 0.21 2.09 0.03 1.30 0.25 
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Table 5-8 Granger causality test results on short-term interest rates (Germany and Japan to 
home and vice versa); quarterly data, 1970-2004 

 
 Table 5-9 Granger causality test results on domestic long-term and short-term rates; 
quarterly data, 1970-2004 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 From German To German From Japan To Japan 
  F-stat P-value F-stat P-value F-stat P-value F-stat P-value 

Canada 1.91 0.05 1.06 0.44 2.04 0.03 2.57 0.01 
Germany x x x x 1.58 0.09 2.87 0.00 
United States 5.74 0.00 2.82 0.00 4.40 0.00 4.22 0.00 
Australia 2.78 0.00 1.90 0.03 3.90 0.00 1.55 0.10 
France 3.80 0.00 1.14 0.34 1.39 0.17 1.10 0.39 
UK 1.50 0.12 0.97 0.53 1.89 0.03 2.90 0.00 
Japan 2.87 0.00 1.58 0.09 x x X X 
Italy 1.3 0.22 1.34 0.19 1.96 0.03 3.30 0.00 
The Netherl 1.61 0.08 2.09 0.02 1.57 0.09 7.16 0.00 
Spain 2.34 0.01 3.02 0.00 6.66 0.00 5.01 0.00 
Belgium 4.62 0.00 1.26 0.25 1.85 0.04 3.89 0.00 
Switzerland 3.44 0.00 1.45 0.17 2.95 0.00 1.61 0.12 

 
from long-term to  
short-term rate 

From short-term to 
long-term rate 

  F-stat P-value F-stat P-value 
Canada 0.93 0.58 1.17 0.34 
Germany 0.54 0.96 1.17 0.32 
United States 1.10 0.39 1.97 0.02 
Australia 1.73 0.06 1.15 0.34 
France 0.79 0.75 1.37 0.18 
United Kingdom 1.78 0.05 1.50 0.12 
Japan 1.25 0.26 1.32 0.21 
Italy 1.12 0.36 0.92 0.59 
The Netherlands 1.31 0.21 1.12 0.37 
Spain 1.42 0.24 3.66 0.01 
Belgium 1.00 0.50 1.78 0.05 
Switzerland 0.76 0.76 1.94 0.05 
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 Table 5-10 Granger causality test results on business cycle indicators (foreign and United 
States to home and vice versa); quarterly data, 1970-2004 

  
Table 5-11 Granger causality test results on business cycle indicators (Germany and Japan to 
home and vice versa); quarterly data, 1970-2004 

 Foreign to home Home to foreign From United States To United States 
  F-stat P-value F-stat P-value F-stat P-value F-stat P-value 

Canada 1.82 0.04 3.72 0.00 0.96 0.55 0.59 0.93 
Germany 1.49 0.12 1.02 0.47 1.59 0.09 1.04 0.45 
United States 1.65 0.07 2.11 0.02 x x x x 
Australia 1.35 0.19 1.17 0.32 0.44 0.99 0.62 0.91 
France 1.50 0.12 1.16 0.33 1.48 0.13 1.33 0.20 
UK 1.21 0.28 0.98 0.52 0.94 0.56 1.96 0.03 
Japan 2.11 0.02 1.28 0.23 1.30 0.22 1.44 0.14 
Italy 1.05 0.44 1.15 0.34 1.37 0.18 0.82 0.71 
The Netherl 0.77 0.76 1.24 0.27 1.13 0.36 1.39 0.17 
Spain 0.96 0.54 1.35 0.19 0.85 0.67 1.22 0.28 
Belgium 1.15 0.34 1.22 0.28 0.70 0.84 1.15 0.33 
Switzerland 1.40 0.16 0.91 0.60 2.00 0.02 2.02 0.02 

 From Germany To Germany From Japan To Japan 
  F-stat P-value F-stat P-value F-stat P-value F-stat P-value 

Canada 1.35 0.19 1.62 0.08 1.92 0.03 2.01 0.02 
Germany x x x x 1.11 0.37 1.29 0.23 
United States 1.04 0.45 1.59 0.09 1.44 0.14 1.00 0.22 
Australia 1.51 0.11 1.04 0.45 1.50 0.12 0.97 0.53 
France 1.07 0.42 2.02 0.02 1.03 0.46 2.14 0.01 
United Kingdom 0.71 0.83 0.92 0.58 1.40 0.16 1.52 0.11 
Japan 1.29 0.23 1.11 0.37 x x x x 
Italy 0.80 0.74 0.91 0.60 1.12 0.37 1.50 0.12 
The Netherlands 1.97 0.02 0.66 0.88 0.63 0.90 1.98 0.02 
Spain 1.07 0.42 1.24 0.26 0.94 0.57 1.49 0.12 
Belgium 1.32 0.21 1.10 0.39 1.12 0.37 1.27 0.24 
Switzerland 1.31 0.21 0.80 0.74 1.28 0.23 0.81 0.72 
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6. Performance evaluation of interest rate 
forecasting models15 

6.1 Introduction 
Future developments of long-term interest rates are key to strategic decision-making 
by economic agents. Financial markets analysts have set up a whole “industry” of 
interest rate forecasting. Even though all the specialists in this area try to develop a 
view on future interest rate movements, they do so for very different reasons. For 
instance, investors want to know the direction of interest rates so they can increase 
the performance of their investment portfolio. On the other hand, government bond 
agencies predict the interest rate to estimate financing costs and determine when is a 
good time to fund their capital needs.  

 
Mainstream economic literature distinguishes, broadly speaking, three methods of 
economic forecasting, namely time series models, structural models and forecasts 
that are (also) based on expert knowledge. The latter category uses tacit knowledge, 
based on intuition and experience. Quite often experts use model outcomes in 
combination with other factors they consider relevant for expected interest rate 
developments.  It makes forecasting a mixture of science and art (Hendry and 
Clements, 2003). Science represents the econometric systems that embody 
consolidated economic knowledge, but art (judgement) plays an important role as 
well. 

 
This chapter aims to assess the quality of the various economic forecasting methods 
by comparing the outside sample errors of long-term interest rate predictions with 
the random walk as benchmark prediction method. The quality of the models is 
evaluated through comparing the Mean Squared Forecast Errors (MSFE) and the 
success rate in forecasting the correct direction of interest rate movements (hit 
ratios). A comparison of forecasting methods is somewhat hindered by the fact that 
much interest rate forecasting is conducted in the private sector, where, in general, 

                                                      
15 This chapter is based on Den Butter and Jansen (2012) 
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the models or methodologies are not published. Especially in the investment industry 
it is unlikely that successful interest rate forecasters would like to inform 
competitors about the quality of their model. In order to include the quality of these 
forecasting models for the assessment of long-term interest rate forecasts for a large 
group of private forecasters, expert forecasts collected and published by Consensus 
Economics are analysed. These consensus forecasts can be seen as the output of the 
forecasting methodologies of experts.    

 
The information contents of the various forecasting methods may not completely 
overlap. In that case combining forecasts makes use of the additional information 
that is contained in the individual methods, so that a combined forecast is likely to 
outperform the individual forecasts (Bates and Granger, 1969). Therefore also 
combined forecasts using different weighting schemes, are constructed and the 
quality of these forecasts is compared with the forecasts which stem from the single 
methodologies. Empirical research has convincingly shown that combining 
forecasts leads to a better forecast performance (e.g. Hendry and Clements, 2004, 
Aiolfi and Timmermann, 2004 and Timmermann, 2005).  

 
This chapter is in line with other studies which compare interest rate forecasting 
methods (see e.g. Fauvel et al., 1999). Pooter et al. (2007) also discuss different 
model specifications, but do so with regards to the term structure of interest rates. 
Chun (2008) surveys individual expert forecasts across the term structure. The 
analysis in this chapter extends these studies with a number of novelties. First, the 
focus is on long-term interest rates, whereas most studies focus on short-term 
interest rate or on the term premia. As a proxy for the risk free long-term interest 
rate, government bond yields with a 10 year maturity are used. Second, time series 
models, macroeconomic causal models and expert models are compared. This 
comparison relates to forecasting performance across countries (United States, 
Germany, United Kingdom, The Netherlands and Japan) and considers the 
difference between two forecast horizons: a 3 month forecast period and a 12 month 
forecast period. Additional information is given about the added value of combining 
structural models with information contained in expert forecasts. The empirical 
analysis is based on monthly data with 1992:1 to 2010:6 as observation period. The 
analysis also includes the financial crisis.  
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This chapter is structured as follows. Section 6.2 discusses various aims of interest 
rate forecasting and describes the practical implementation of the forecasting models 
and the setup of the performance assessment. Section 6.3 introduces the benchmarks 
for the interest rate forecast models, i.e. the random walk model, and compares its 
“predictive performance” with somewhat more sophisticated times series models. 
Section 6.4 considers the structural forecasting models, where long-term interest rate 
forecasts stem from causal economic relationships that use information on leading 
economic indicators as determinants. Section 6.5 discusses the outcome of the 
expert-based forecasts. Section 6.6 assesses whether pooling of forecast models 
improves the predictive performance. Section 6.7 provides the final comparative 
quality judgement. Here the forecasting performance of all four forecasting 
methodologies is compared with the random walk benchmark. Finally, section 6.8 
concludes. 

6.2 Aims of interest rate forecasting and 
methodology 

For an assessment of the quality of interest rate forecasts, it is necessary to establish 
the aim of the forecasting exercise. Section 6.1 already mentions that economic 
agents have different aims in their use of interest rate forecasts.  A comparative 
analysis of the quality of the forecasts should be aware of these different aims. A first 
difference relates to the time horizon of the forecast. Some investors base their 
investment decisions on very short horizons, others focus more on a longer time 
horizon. The first group can be categorised as tactical investors and the second group 
as strategic investors. In the short run, interest rate volatility determines the change 
in bond prices and hence the bond investment returns. It is relevant for the asset 
portfolio. However, the interest rate also feeds into the valuation of pension 
liabilities. Pension funds discount their future liability at the long-term interest rate.  

 
Besides investors, interest rate forecasts are also relevant for borrowers. For instance 
government agencies, people who hold a mortgage on their property or corporations 
that are considering financing an investment plan, all take into account the interest 
rate forecast.  
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Different aims imply that different loss functions are to be considered when 
assessing the quality of the forecasts. The investor will be more worried about a 
forecast error that leads to a lower investment return, whereas the mortgage holder 
will be more hurt by higher finance costs than anticipated. The risks are asymmetric. 
This chapter compromises between these various aims by taking the “goodness of 
fit” as the main criterion for comparison. Models with the lowest (outside sample) 
forecast error are considered as the “best” forecasting models so that the mean 
squared forecast error acts as loss function. Moreover, in the last part of this chapter, 
also the ability of the models to capture the direction of interest rate changes is 
considered.  

 
As mentioned in section 6.1, this chapter considers four categories of forecasting 
models: 

1. Time series models (section 6.3) 
2. Structural models (section 6.4) 
3. Experts consensus forecasts (section 6.5) 
4. A combination of structural models and experts forecasts (section 6.6) 
 

With respect to the time series models, where long-term interest rates are explained 
solely by past values of these rates, only the class of ARIMA-models, which are 
commonly used for (interest rate) forecasting, are considered. The models with the 
best possible fit are selected given the usual identification and specification 
procedure of these models. Structural time series models (see e.g. Durbin and 
Koopman, 2001) are not included as identification of the various components of the 
interest rates time series as this does not seem appropriate for the evaluation of 
unstructured benchmark models.  

 
With respect to structural econometric models where long-term interest rates are 
explained, along with other economic variables of interest, by causal relationships, a 
large variety in techniques and methodologies can be used: single equation 
approaches, structural systems of equations models, VAR, VECM models and 
non-linear neural network models. In this comparative analysis single equations and 
the reduced form VAR approach are considered. There are also differences in the 
amount of data which is used to apply to the structural models. On the one hand, 
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there is a tendency in empirical research towards working with large datasets (see for 
instance Ludvigson and Ng, 2005, Pooter et al., 2007, Stock and Watson, 1998,  
2005 and Mönch, 2005). Stock and Watson (2005), for instance, argue that with a 
large data set more information is included which protects the robustness of the 
model against structural instability.  On the other hand, Boivin and Ng (2003) point 
out that smaller, pre-screened, datasets can lead to better results. In section 6.4, the 
same approach as in chapter three with regards to incorporating macroeconomic data 
in causal models is followed. It means that the model specifications are based on a 
relatively small group of qualified data. 

6.3 The random walk and ARIMA-models 
This chapter uses the simple random walk model, predicting no change, as 
benchmark model in order to investigate whether incorporating the additional time 
series information, the information on additional explanatory variables and expert 
forecasts knowledge pays off to get a better forecasting performance. 

6.3.1 The random walk as benchmark 
The simple random walk model is specified as follows: 

 
 (6-1)   tft RR  

Where ftR  represents the interest rate at month t+f, where f stands for the forecast 

period, tR the interest rate at month t and is the disturbance term.  has a mean of 
0 and an expected value of 0. This implies that the expected value of R at time t+f is 
equal to tR . 

 

(6-2) t
e

ft RR )(  

 
Table 6-1 summarises the mean squared forecast errors (MSFE) of the random walk 
model for the two forecast horizons (3 months and 12 months) for the five countries 
included in this chapter. The table shows both the results for the outside sample 
period of monthly data (2003:5 to 2010:6) and the total observation period (1992:1 
to 2010:6). As the random walk model uses no parameter estimates, within sample 
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MSFE’s are not, as compared to outside sample forecasts, downward biased. With 
respect to the random walk benchmark, table 6-1 shows that, as intuitively expected, 
the MSFE is higher for the longer period (12 months) while the MSFE is quite low 
for the 3 month forecast period. It also shows that the average MSFE is higher for the 
total observation period than for the outside sample period. This may reflect the 
lower volatility of long-term interest rates in the outside sample period compared to 
the earlier period of the total sample, which is in line with the observation of chapter 
five. For the five countries the standard deviation in the in-sample period is 1.24% 
while it is only 0.44% in the outside sample period on average. Yet, this lower 
volatility does not affect the quality assessment when comparing the various 
forecasting methods in the outside sample period because it is relative forecasting 
performance that matters.   

 
Table 6-1 MSFE of random walk model 

 Outside sample period 
(2003:5-2010:6) 

Total observation 
period (1992:1-2008:3) 

 3 month 
forecast 

12 month 
forecast 

3 month 
forecast 

12 month 
forecast 

United States 0.186 0.450 0.213 0.849 
Germany 0.111 0.385 0.150 0.765 
United Kingdom 0.163 0.385 0.171 0.726 
The Netherlands 0.091 0.343 0.117 0.647 
Japan 0.052 0.128 0.136 0.432 
Average 0.121 0.338 0.157 0.684 

6.3.2 ARIMA-models as alternatives 
As first alternatives to the benchmark model the best fitting specification from the 
class of ARIMA models is selected. For example Fauvel et al. (1999) find that 
ARIMA models are satisfactory and useful for interest rate forecasting. Application 
of the usual specification selection procedure leads to two alternative specifications 
of an ARIMA model, namely the AR(2) model: 

 
(6-3) txtxtt RRR 121 **   
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Where x (=3,12) is the number of months to be forecasted ahead,    
and the ARIMA(2,1,0) model: 

 
(6-4) txtxtt RRR 121 **  

 
Where  is the first difference of the corresponding variable. The MA-parameters 
are not specified in these ARIMA models as these specifications do not appear 
appropriate for forecasting several months ahead (see also Den Butter, 1976).  

 
Table 6-2 presents the MSFE scores of the AR(2) and ARIMA (2,1,0)  models for 
both forecast horizons in the outside sample period 2003:5 – 2010:6. Table 6-2 
shows that the ARIMA(2,1,0) model overall performs quite similar as the AR(2) 
model on a 3 and 12 month horizon. The results are comparable with the random 
walk.  
 
Table 6-2 MSFE of ARIMA-models in the outside sample period (2003:5 – 2010:6). 

 3 month forecast horizon 1 year forecast horizon 
 AR(2) ARIMA(2,1,0) AR(2) ARIMA(2,1,0) 

United States 0.198 0.185 0.439 0.444 
Germany 0.117 0.112 0.353 0.386 
United Kingdom 0.165 0.165 0.386 0.387 
Netherlands 0.095 0.092 0.315 0.345 
Japan 0.054 0.051 0.155 0.129 
Average 0.126 0.121 0.330 0.338 

6.4 Structural model forecasts  
Most structural econometric models used for macroeconomic policy analysis 
contain interest rate equations which can be used for forecasting interest rates (see 
table 2.1). Other studies focus more specifically on interest rate forecasting, using 
causal economic relationships. Ludvigson and Ng (2005) identify several economic 
variables that have forecasting ability for future excess returns on United States 
government bonds. Also Ang and Piazzesi (2003) find evidence of macroeconomic 
factors for long-term interest rates (even though forecasting power is weaker for long 
maturity bonds than shorter maturity bonds). Pooter et al. (2007) show that 
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macroeconomic factors improve the forecasting performance of term structure 
models. Dewachter and Lyrio (2006) find that long-run inflation expectations are 
important in the modelling of long-term bond yields, although, according to the 
authors, this relationship is better in explaining than forecasting interest rates. 
Finally, Bikbov and Chernov (2006) also find that macro factors and the term 
structure are useful for forecasting long-term bond yields. Härtl and Mattern (2010) 
give a ranking of the influence of economic data on government bonds and other 
asset classes. Gürkaynak et al. (2003) find that long-term rates respond to 
macroeconomic data surprises.  

 
This chapter follows the methodology of estimating structural long-term interest rate 
equations through encompassing five partial interest rate theories, namely the 
theories of the term structure theory, demand and supply of capital theory, Fisher’s 
interest rate theory and the capital asset pricing model, in line with chapters two and 
three. Variables which are available on a monthly basis, which represent these 
theories, are selected. This chapter uses monthly data, since the expert forecast 
update also has a monthly frequency. Use of monthly data, relative to the quarterly 
data used in chapter three, is also justified here because short-term forecast models 
would probably benefit from a quicker identification of changing dynamic in 
economic variables. The following variables are taken as possible explanatory 
variables in the interest rate equation: short-term interest rate, inflation, oil price, 
leading indicator for economic activity, equity valuation and finally a lagged 
long-term interest rate variable. Obviously, in order to use these structural models 
for forecasting, lagged values of the explanatory variables have to be used.    
 
Two alternative structural models are specified and estimated using the above 
explanatory variables, namely a VAR specification and a structured interest rate 
equation where expected changes in interest rates act as dependent variable. 

6.4.1 VAR-models 
The system of VAR equations incorporates all possible explanatory variables from 
interest rate theories mentioned above. The VAR models are specified with a 
maximum lag length of two month, so that: 
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(6-5) 
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(6-6) 
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Here, Y is the variable to be forecasted, the long-term interest rate. X to Xn represent 
the explanatory macro variables mentioned in the introduction of this section. This 
equation is estimated to forecast the long-term interest rate at time t+3, the 
observations for the variables available at that time are used. The forecast period is 
indicated in equation 6-5 as f. Similar to the observation by Pooter et al. (2007) it 
should be acknowledged that macroeconomic data is published with a delay and 
Pooter et al. (2007) are followed in the specifying all real sector explanatory 
variables with a one month lag. However, such publication delay, in order to mimic 
the actual forecasting process, is not required for financial market variables (10 year 
interest rate, short-term interest rate and the oil price), as they are available without 
delay. For instance, when in January the long-term interest rate for April is 
forecasted, macro data, which are published with a one month lag, i.e., the data from 
December are included. These observational lags are included in equations 6-5 and 
6-6 as t-2 and t-3, respectively. 
 
When estimating these systems of VAR equations the economic plausibility of the 
estimates are not considered, e.g. by a further structuring of the VAR models, but the 
estimation results, whenever they are statistically feasible, are accepted. A 
disadvantage is that this model might be over-parameterised. The period of 
estimation contains 133 observations while by using 5 external variables with two 
lags 72 parameters are estimated.  

 
Table 6-3 summarises the results of the MSFE of the VAR equations. The table 
shows that on a 3 month forecast horizon, the outside sample results are quite good 
for Japan and Germany but weak for the other countries. On a 12 month horizon the 
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performance of the VAR model forecasts is substantially poorer, and shows a large 
variation between countries. This may be caused by the unstructured character of the 
VAR-models, so that on the longer run, the forecasts diverge strongly from the range 
of plausible realisations.  

 
Table 6-3 Outside sample MSFE of VAR equations 

 3 month horizon 12 month horizon 
United States 0.319 0.866 
Germany 0.075 0.675 
United Kingdom 0.312 0.460 
Netherlands 0.317 1.505 
Japan 0.087 0.192 
Average 0.222 0.740 

6.4.2 Structured interest equation 
Due to the weak overall performance and high variation across countries of the VAR 
models a second type of specification to forecast long-term interest rates using the 
set of macroeconomic explanatory variables is estimated. These structured interest 
rate equations use the information in the explanatory variables as follows. First it is 
investigated how a change in a level of a variable over a period preceding the time of 
forecast is able to explain interest rate movements for the two forecast horizons. This 
specification reads as follows for a model with one explanatory variable X: 

 
(6-7) )(* 11 ptttft XXRR    

 
In this equation the lag length p is optimized, considering changes in the level of the 
explanatory variables from levels at the month of forecast up to 6 months preceding 
the month of forecast. This means that for the forecasts of the interest rate at month t 
for t+3 the changes in the explanatory dataset from t-1 to t=t up to t-6 to t=t are 
considered. The result is that through this method both the set of explanatory 
variables and actual and forecast interest rate changes are stationary, according to the 
Augmented Dickey-Fuller test. 
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Table 6-4 shows which variables have been incorporated in the country models. For 
each variable it shows how many months change (t – t-p) led to the best within 
sample performance. R, Rs, Cycle and oil are included in most equations. On the 
other hand it appears that the EER does not improve the forecast of long-term 
interest rates by the models.  
 
Table 6-4 Structured interest equations for 3 month ahead forecasts#; monthly data; 
1992/1-2003/4 

  US GE UK Netherl Japan 
Cycle no lags in mnts  

t-value 
1 

0.18 
3 

1.86*** 
 1 

3.91* 
6 

2.54** 
π no lags in mnts  

t-value 
   3 

3.87* 
4 

-1.94*** 
Oil no lags in mnts  

t-value 
  2 

-1.36 
6 

-3.81* 
2 

-2.85* 
Rs no lags in mnts  

t-value 
3 

-1.77*** 
5 

-3.08* 
3 

-4.32* 
  

R  no lags in mnts  
t-value 

1 
2.38** 

2 
3.02* 

3 
1.18 

3 
1.25 

 

c t-value -2.29** -3.01* -4.09* -3.99* -3.62* 
Adj 
R-Sq 

 0.030 0.146 0.157 0.227 0.095 

AIC  1.30 0.93 0.31 0.49 1.29 
#Standard errors significant at 1% are marked with *, 5% with **  
and 10% with *** 

 
Table 6-5 gives the results for the models which are used to predict the change of the 
long term interest rate in the next 12 months.  
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Table 6-5 Structured interest equations for 12 month ahead forecasts #; monthly data; 
1992/1-2003/4 

  US GE UK Netherl. Japan 
Cycle no lags in 

mnts  t-value 
 3 

1.82* 
 1 

1.85*** 
 

π no lags in 
mnts  t-value 

 6 
-3.09* 

 4 
2.51** 

 

Oil no lags in 
mnts  t-value 

   5 
-1.34 

 

Rs no lags in 
mnts  t-value 

 4 
-2.14** 

4 
2.83* 

 3 
0.28 

R  no lags in 
mnts  t-value 

6 
-3.75* 

   4 
-1.91*** 

c t-value -4.94* -4.82* -4.74* -5.73* -8.22* 
Adj R-Sq  0.078 0.101 0.043 0.045 0.021 
AIC  2.70 2.62 2.68 2.42 2.34 
#Standard errors significant at 1% are marked with *, 5% with ** and 10% with *** 
 
Table 6-6 presents the outside sample MSFE results for the structured interest rate 
equations of tables 6-4 and 6-5. It appears that the structured interest equations yield, 
on average, forecasts better than the VAR models for the 3 and 12 month forecast 
horizon. It seems that the variable selection based on interest rate theory in these 
structured equations does pay off in order to improve the one year ahead predictive 
performance. Nevertheless, on average on neither time horizon they outperform the 
random walk. 
 
Table 6-6  Outside sample MSFE of the structured interest equations 

 Outside sample 
 3 month horizon 12 month horizon 

United States 0.218 0.475 
Germany 0.133 0.408 
United Kingdom 0.196 0.512 
Netherlands 0.160 0.451 
Japan 0.113 0.470 
Average 0.164 0.463 
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6.5 Expert forecasts  
The opinion of the experts is a crucial component in applied economic forecasting. 
Franses et al. (2007) point out that “…official forecasts of international institutions 
are never purely model-based. Preliminary results of models are adjusted with expert 
opinions.” This is also in line with Fauvel et al. (1999) who state that “ ….judgement 
is a heavy component in forecasting economic data”. As a matter of fact the 
combination of model-based forecasts and expert knowledge illustrates how 
economic forecasting is partly science and partly an art. This tension between the 
science of forecasting and the art of forecasting was already noted by Samuelson 
(1975):  
 "When Robert Adams wrote a MIT-thesis on the accuracy of different forecasting 

methods, he found that 'being Sumner Slichter' was apparently one of the best 
methods known at that time. This was a scientific fact, but a sad scientific fact. 
For Slichter could not and did not pass on his art to an assistant or to a new 
generation of economists. It died with him, if indeed it did not slightly 
predecease him. What he hoped to get by scientific breakthrough is a way of 
substituting for men of genius, men of talent and even just run-of-the-mill men. 
That is the sense in which science is public, reproducible knowledge." 

Hence Samuelson's main concern with forecasting is that a forecasting artist may 
outperform a forecasting scientist, while the art of forecasting is nonreproducible. The 
quotation suggests that, in that time, experts were indeed able to outperform 
forecasters who rely on models. In this vein Fair and Shiller (1989, 1990) compare 
the informational content in forecasts from economic models and in forecasts 
combining economic models with judgement. Such investigation does not only 
indicate to what extent forecasters use different information, or all relevant 
information available, but also gives a clue for combining the forecasts in order to 
improve them (see also section 6.6). In the same vein, McNees (1990) investigates 
the extent to which judgement is helpful to improve mechanically generated 
forecasts. He concludes that the historical records suggest that judgemental adjust-
ment improves the forecasts, despite instances of success of mechanically generated 
forecasts. Moreover, he looks at whether forecasters who combine their forecasts 
with judgement overadjust or underadjust. In other words, either they put too much 
or too little trust in their mechanically generated forecast from their models. McNees 
finds a slight overadjustment. The message therefore is that forecasters should adjust 
their models using judgement, but that they should be very careful about it. It is, 
according to McNees, a mistake to accept adjustments that are made at face value, 



156 

 

especially when the adjustments appear without any explanation of the reasoning 
behind them. 

 
A number of more recent studies focus more specifically on the quality of survey 
based financial forecasts of experts. The outcomes of these studies are mixed. 
Brooks and Gray (2003) evaluate the bond yield forecasts which are published on a 
semi-annually basis in The Wall Street Journal. These authors conclude that the 
performance is poor: in 67% of the forecasts the directional forecast is wrong. Chun 
(2008) finds that for long maturity interest rates econometric models consistently 
outperform the survey forecasters over a forecast horizon of over 3 to 4 quarters. On 
a short term (1 to 2 months ahead) the random walk outperforms.  

 
Kolb and Stekler (1996) investigate whether there is a consensus among financial 
forecasters and conclude that probably in 50 to 65% of the cases there is a consensus 
about the direction long-term interest rates are expected to move. A consensus may 
be absent because of different assumptions about the future development of 
economic indicators, but it may also be because there is not a consensus about which 
economic indicators are most leading. The latter is confirmed by a survey by Härtl 
and Mattern (2010). The consensus forecast is, in fact, an (unweighted) average of a 
panel of individual forecasts. Therefore, the consensus forecast is already a 
combined model when assuming that the forecasters that participate in the survey 
use different information and different models. Bauer et al. (2003) compare the 
consensus forecast from the Blue Chip Consensus forecasts survey for a number of 
economic variables. They conclude that the average forecast performs better than the 
best forecaster. The advantages of combining forecasts are further discussed in 
section 6.6. 

 
A specific characteristic of expert forecasts, which hampers a comparative analysis, 
is that there is entry and exit of forecasters (see also Capistran and Timmermann, 
2006). The group of forecasters is not constant throughout the sample period. 
Information through personal communication we had about this issue with financial 
institutions reveals that interest rate forecasts are primarily connected to a forecaster. 
The experts who are responsible for forecasting time series, use their own models 
and interpretation. This suggests that forecasts are probably more closely linked to 
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individual forecasters and not necessarily to the institution. This would make an 
assessment of forecasts of individual institutions troublesome.  For that reason, only 
average expert forecasts are considered in the assessment in order to test the overall 
ability of experts in the industry to forecast long-term interest rates.  

 
This chapter uses expert forecasts for long-term interest rates (10 year government 
bond yields) published by Consensus Economics. Consensus Economics asks 
prominent financial and economic forecasters each month about their forecasts on a 
range of economic variables. The results are published in the third week of each 
month. These long-term interest rate forecasts are available on a monthly basis, but 
only provide forecasts for three month ahead and one year ahead. That is why, in this 
comparative analysis, the quality judgement is confined to the 3 month and 12 month 
ahead forecasts throughout this chapter, whereas forecasts could have been made for 
other time horizons with the estimated time series models. The forecast data starts 
for most countries in October 1989 (United States, Germany, Japan and the United 
Kingdom). Only for the Netherlands the period of available long-term interest rate 
forecasts is shorter (as from December 1994). The forecasts are partially 
overlapping, but every month’s forecast update is the result of a new forecast round.  

 
Table 6-7 shows how often the experts were able to forecast the direction of 
long-term interest rate changes. In accordance to findings of Brooks and Gray (2003) 
the outcome is disappointing. On average, experts were only for 43.3% of the time 
able to forecast the right direction on a 3 month horizon. On a 12 month horizon 
these results are similar (42.5%). In both cases it is worse than throwing a coin! 
 
Table 6-7 Successful directional forecast of consensus forecasts (% total observations; 
1992:1- 2008:3) 

 3 month horizon 12 month horizon 
United States 41.9 44.8 
Germany 37.1 36.7 
United Kingdom 47.1 51.4 
The Netherlands 44.8 42.9 
Japan 45.7 36.7 
Average 43.3 42.5 
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The quality of the expert forecasts is also assessed by means of the MSFE, which are 
presented in table 6-8. The consensus forecasts can all be considered as outside 
sample forecasts, since they only use information from the past. For that reason, 
table 6-8 shows the MSFE for the total observation period as well. The table shows 
that, on average, the MSFE is equal to 0.18 over a 3 month horizon and 0.55 on a 12 
month forecast horizon in the outside sample period. The spread for the 12 month 
forecast horizon for the various countries appears quite large. Again it is noted that 
the forecast errors are much larger for the total reference period than for the outside 
sample period (2003:5-2010:6), due to higher volatility of interest rates in the 
in-sample period. Expert forecasts cannot beat the random walk, nor on the 3 month 
horizon or on the 12 month horizon.  

 
Table 6-8 MSFE of consensus experts forecasts (outside sample period) 

 Outside sample period Total sample period 
 3 month 

horizon 
12 month 
horizon 

3 month 
horizon 

12 month 
horizon 

United States 0.242 0.786 0.309 1.072 
Germany 0.258 0.861 0.362 1.285 
United Kingdom 0.178 0.354 0.282 0.805 
The Netherlands 0.149 0.551 0.174 0.694 
Japan 0.072 0.201 0.384 1.288 
Average 0.180 0.550 0.302 1.029 
 
One key element of the expert forecast data is that the expert forecasts consistently 
underestimate interest rate changes. This may be the result of two factors. First, these 
survey data are averages of expert forecasts where, in case of diverging views, 
expected interest rate changes are smoothed out. Second, in case of uncertainties, the 
interest rate forecast may also reflect probabilities of risk scenarios which differ 
from the base forecast. Figure 6-1 shows ratios of the means square of the expert 
forecast (expected interest rate change) relative to the mean square of the actual 
interest rate changes in the total observation period. In all but two cases the ratio has 
a value which is significantly lower than 1. This means that the expected interest rate 
change of the experts is smaller than the mean squared of the actual change. Hence 
the experts have a systematic bias to underestimate the size of interest rate changes.  



159 

  

Figure 6-1 Ratio of mean squared expected interest rate change relative to mean square of 
actual interest rate changes (1990.1 – 2010.6) 

 
 
Yet it appears to be of interest to correct for this underestimation bias of the 
consensus forecast of experts in order to come up with a more adequate assessment 
of their forecasting performance as compared to the model-based methods. For that 
reason, for each country the following specification is estimated which relates the 
true interest change to the expected interest change: 

 
(6-8) ))((*1 tnttnt RRERR    

 
In this equation, the coefficient symbolizes the structural bias in the expert 
forecast. This is quite similar to the approach to expert forecasts of Capistran and 
Timmermann (2006). They suggest that the best way to deal with the problem of 
entry and exit of forecasters is equal weighting and adding a constant variable to 
adjust for noise in the aggregate forecast. The expert forecast dataset of Consensus 
Economics is equally weighted. Table 6-9 shows the MSFE for the outside sample 
period of this corrected expert consensus forecast for both time horizons. For nearly 
all countries the MSFE is lower in the outside sample period for the corrected expert 
forecast in comparison with the original expert forecasts of table 6-8. The gap is even 
larger on average for the total observation period, albeit that the MSFE of the total 
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sample period is now based on parameter values of α and β1, which use information 
from this period.   
   
Table 6-9 MSFE of corrected expert forecasts  

 Outside of sample period Total sample period 
 3 month 

horizon 
12 month 
horizon 

3 month 
horizon 

12 month 
horizon 

United States 0.212 0.344 0.229 0.754 
Germany 0.118 0.386 0.151 0.677 
United Kingdom 0.169 0.415 0.133 0.617 
The Netherlands 0.148 1.012 0.095 0.667 
Japan 0.062 0.500 0.165 0.520 
Average 0.142 0.531 0.155 0.647 

6.6 Combining interest rate forecasts 
In case the information content of forecasting methods differs, a combined forecast 
will be superior to both individual forecasts. Empirical evidence confirms that 
combined forecasts often lead to better forecasting performance. Hendry and 
Clements (2003) point out that structural breaks are a major source of forecast 
failure. Timmermann (2005) adds that models differ due to a different information 
set and different modeling approaches, so that they may generate a diverging view 
on the occurrence of structural breaks. In that case combining forecasts can be seen 
as a form of diversification, which reduces the likelihood that the model is missing a 
structural break.  

 
Another reason for combining the expert forecasts with a macro factor model is 
given by Crowe (2010). Crowe notes that the consensus forecast tends to overweight 
the prior at the expense of new information as a result of the aggregation process. 
Crowe argues that adding information, which is more reflective of recent economic 
developments, may lead to better results. Chun (2011) and Cushing and Rosenbaum 
(2010) find that their results improve after incorporating survey info data in 
combination with other data.  
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Then, the question is how to combine forecasts. Methods that are used, apart from 
equal weighting, are in-sample performance weighted, optimal weighted, trimming, 
shrinkage, and time varying weights (see for instance Stock and Watson, 2005, 
Chan, Stock and Watson, 1999, Aiolfi and Timmermann, 2004, Timmermann, 2005, 
Poorter et al., 2007 and Chun, 2008). Studies that use a large group of forecasts have 
found positive outcomes for trimming and shrinkage (Aiolfi and Timmermann, 
2004). Other studies find positive results for equal weighting (Chan, Stock and 
Watson, 1999 and Timmermann, 2005). Genre et al. (2010) find that some advanced 
ways of combining in some cases outperform the equal weighting method, but not in 
all cases. 

 
Trimming and shrinkage makes sense when a large set of forecasts are combined. 
This chapter only combines two forecasts. The performance assessment in this 
chapter considers three ways of combining: (i) equal weighting (50% structured 
interest rate model and 50% model based on expert forecasts), (ii) optimized weights 
(based on estimated optimal weights during the in-sample period) and (iii) 
MSFE-based weighting (the structured interest rate model weight is calculated by 
taking the inverse of the ratio of the MSFE structured interest rate model as a share 
of the sum of MSFE structured interest rate model and MSFE model based on expert 
forecasts in the in-sample period). Using these three weighting schemes, two types 
of combined forecasts are considered, namely: 
 
Combination 1: the corrected expert forecast combined with the structured interest 
model; 
Combination 2: the original expert forecast combined with the structured interest 
model.  

 
Table 6-10 gives the estimated weights in the combined models according to the 
relative performance of the models in the in-sample period 1992:1-2003:4. The table 
shows that, for the 3 month forecast period, the weight of the models based on the 
corrected expert forecast is on average larger than those of the structured interest 
equations. For the Netherlands the weights of the corrected expert forecasts is one 
versus zero for the structured interest rate equation. It indicates that the structured 
interest rate equations, in the in-sample period contain no additional information 
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vis-à-vis the corrected expert forecast. For the other countries both models have a 
positive weight, which indicates that both methods contain additional information. 
The underestimation bias is largely responsible for the good contribution of the 
expert forecasts, as in combination 2, with the uncorrected expert forecast, these 
forecasts obtain relatively low weights compared to the structured interest rate 
equation.  

 
For the 12 month horizon, the weight of the corrected expert forecasts is on average 
higher relative to the 3 month horizon. For both horizons the weight of the structured 
interest rate model is significantly higher relative to the original expert forecasts.  
  
Table 6-11 presents the MSFE of the combined forecasts according to combinations 
1 and 2 for both horizons. For each combination three alternative weighing schemes 
are considered. Table 6-11 shows that combination 2 yields on average a lower 
MSFE than combination 1, particularly on the 12 month horizon. The results are 
very close on a 3 month horizon. It shows that the original expert forecasts contain 
more information in combination with the structured interest rate models in the 
outside sample period for 12 months. Of all three combination methods the MSFE 
weighted models have the lowest outside sample MSFE on a 3 and 12 month 
horizon. 
 
Table 6-10 Optimized model weightings (based on in-sample estimate) 

 3 month horizon 12 month horizon 
 Combination 1 Combination 2 Combination 1 Combination 2 
 Interest 

equation 
Corr. 
expert 

forecast 

Interest 
equation 

Expert 
forecast 

Interest 
equation 

Corr. 
expert 

forecast 

Interest 
equation 

Expert 
forecast 

US 0.531 0.469 1.000 0.000 0.109 0.891 0.962 0.038 
Germany 0.654 0.346 0.956 0.044 0.145 0.855 0.962 0.038 
UK 0.984 0.016 0.955 0.045 0.338 0.662 0.895 0.105 
Netherl 0.000 1.000   0.952 0.048 0.371 0.629 1.000 0.000 
Japan 0.206 0.794 0.931 0.069 0.315 0.685 0.951 0.049 
Average 0.475 0.525 0.959 0.041 0.256 0.744 0.954 0.046 
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Table 6-11 MSFE for Combination 1 and 2 models in outside sample period 
 3 month forecast horizon 12 month forecast horizon 
 Optimized 

weights 
Equal 

weights 
MSFE 
based 

weights 

Optimized 
weights 

Equal 
weights 

MSFE 
based 

weights 
Combination 1 

US 0.21 0.21 0.21 0.35 0.38 0.37 
Germany 0.12 0.12 0.12 0.38 0.39 0.39 
UK 0.20 0.18 0.18 0.43 0.45 0.44 
Netherl 0.15 0.13 0.13 0.74 0.66 0.57 
Japan 0.07 0.08 0.07 0.49 0.48 0.48 
Average 0.15 0.14 0.14 0.48 0.47 0.45 

Combination 2 
US 0.22 0.19 0.19 0.45 0.40 0.38 
Germany 0.13 0.15 0.14 0.39 0.41 0.36 
UK 0.19 0.16 0.16 0.45 0.32 0.31 
Netherl 0.15 0.11 0.11 0.45 0.27 0.27 
Japan 0.10 0.06 0.05 0.42 0.15 0.13 
Average 0.16 0.13 0.13 0.43 0.31 0.29 

6.7 Summary comparison in outside 
sample period  

Table 6-12 summarises the results of all relevant forecasting models by comparing 
the MSFE of the 3 month forecasting horizon in the outside sample period 2003:5 – 
2010:6. By presenting the MSFE of the models as a ratio to the MSFE of the random 
walk benchmark model, an easier interpretation of the differences in performance is 
obtained. The models with a score of higher than 1 perform poorer than the 
benchmark model, while models with a ratio of lower than 1 outperform the 
benchmark model. 
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Table 6-12 MSFE ratios relative to random walk in outside sample period for 3 month 
forecast horizon 
 US GE UK NL JP Avg No of models 

of out- 
performance 

Benchmark        
Random walk 1.00 1.00 1.00 1.00 1.00 1.00  
Time series models        
AR (2) 1.07 1.05 1.01 1.05 1.04 1.04 0 
ARIMA (210) 1.00 1.01 1.01 1.02 0.99 1.01 1 
Macro driven models        
 VAR (M1) 1.72 0.68 1.91 3.50 1.68 1.90 1 
Structured interest rate 
equation (M2) 1.18 1.20 1.20 1.76 2.18 1.50 

 
0 

Expert forecasts        
Corrected expert forecast (E1) 1.14 1.07 1.04 1.63 1.21 1.22 0 
Original expert forecast   (E2) 1.30 2.33 1.09 1.64 1.40 1.55 0 
Combined models        
Optimal weights: M2 and E1 1.13 1.12 1.21 1.65 1.26 1.27 0 
Optimal weights: M2 and E2 1.18 1.19 1.18 1.67 1.96 1.44 0 
Equal weights: M2 and E1 1.13 1.10 1.11 1.45 1.47 1.25 0 
Equal weights: M2 and E2 1.05 1.36 0.99 1.19 1.07 1.13 1 
MSFE weights: M2 and E1 1.13 1.09 1.10 1.45 1.35 1.23 0 
MSFE weights: M2 and E2 1.05 1.23 0.99 1.18 1.04 1.10 1 

 
Yet, it appears that almost all standalone models are unable to beat the random walk 
for the 3 month forecasting horizon and that there are only a few combined models 
which can beat the random walk.  
 
Table 6-13 gives the same summary for comparing the forecasting performance on a 
12 month forecast horizon. On a 12 month horizon the AR and the ARIMA (2,1,0) 
perform well, but are on average not able to beat the random walk. 

 
 
 
 



165 

  

Table 6-13 MSFE ratios relative to random walk in outside sample period for the 12 month 
forecast horizon 

 US GE UK NL JP Avg No models 
of out- 
performance 

Benchmark        
Random walk 1.00 1.00 1.00 1.00 1.00 1.00  
Time series models        
AR (2) 0.98 0.92 1.00 0.92 1.21 1.01 3 
ARIMA (210) 0.99 1.00 1.00 1.01 1.01 1.00 1 
Macro driven models        
 VAR (M1) 1.92 1.75 1.19 4.38 1.50 2.15 0 
Structured interest rate 
equation (M2) 1.05 1.06 1.33 1.31 3.68 1.69 

 
0 

Expert forecasts        
Corrected expert forecast (E1) 0.76 1.00 1.08 2.95 3.91 1.94 1 
Original expert forecast   (E2) 1.74 2.24 0.92 1.60 1.58 1.62 1 
Combined models        
Optimal weights: M2 and E1 0.77 1.00 1.12 2.15 3.82 1.77 1 
Optimal weights: M2 and E2 1.01 1.02 1.18 1.31 3.30 1.56 0 
Equal weights: M2 and E1 0.85 1.01 1.16 1.93 3.78 1.74 1 
Equal weights: M2 and E2 0.88 1.07 0.83 0.80 1.19 0.95 3 
MSFE weights: M2 and E1 0.82 1.01 1.15 1.65 3.78 1.68 1 
MSFE weights: M2 and E2 0.84 0.93 0.80 0.80 0.99 0.87 5 

  
Corrected expert forecasts perform better on a 3 month horizon, while the original 
expert forecasts perform better on a 12 month horizon. The structured interest rate 
equation forecasts cannot outperform the benchmark models for any country. Two of 
the combination models outperform on average the benchmark on the 12 month 
forecasting horizon. The combination of original expert forecasts and the structured 
interest rate equation, with weights based on in-sample MSFE, beat the random walk 
for all five countries.  
 
In addition to comparing the absolute MSFE level of the models with the random 
walk, it is also tested whether for the models with a lower MSFE on the 12 month 
horizon this is statistically significantly lower than the random walk. This has been 
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tested with the Diebold-Mariano test (see Diebold and Mariano, 1995). Table 6-14 
shows the results. Of the 17 models, where the absolute MSFE is lower than that of 
the random walk, for 10 models this is according to the Diebold-Mariano test  
 
Table 6-14 Diebold-Mariano test results for 12 month forecast model with MSFE ratios 
versus the random walk of lower than 1 

Statistically significant outperformance of the random walk at 1% are marked with 
*, 5% with ** and 10% with *** 
 
statistically significant. Particularly for the combined models the outperformance is 
statistically significant (8 out of 11 models). Of the standalone models only the 
German AR model (at 10% level) and the corrected expert forecast model for the 
United States (at 1% level) are statistically significantly better than the random walk.   
 
Which way of combining models leads to the best results? The MSFE weights 
method leads to the lowest average MSFE on a 3 and 12 month horizon. Overall it 
can be concluded that the combination models in general perform better on both a 3 

Model 
Type of 
model Country 

DM Test 
statistic p-value 

AR (2) Standalone  US -0.60 0.27 
AR (2) Standalone  Germany -1.41*** 0.08 
AR (2) Standalone  Netherlands -1.12 0.13 
ARIMA (210) Standalone  US -1.11 0.13 
Corrected expert forecast (E1) Standalone  US -3.21* 0.00 
Original expert forecast    (E2) Standalone  UK -1.22 0.11 
Optimal weights: M2 and E1 Combined  US -3.30* 0.00 
Equal weights: M2 and E1 Combined  US -2.38* 0.01 
Equal weights: M2 and E2 Combined  US 0.26 0.40 
Equal weights: M2 and E2 Combined  UK -1.77** 0.04 
Equal weights: M2 and E2 Combined  Netherlands -2.26* 0.01 
MSFE weights: M2 and E1 Combined  US -2.68* 0.00 
MSFE weights: M2 and E2 Combined  US -0.46 0.32 
MSFE weights: M2 and E2 Combined  Germany -1.62** 0.05 
MSFE weights: M2 and E2 Combined  UK -1.84** 0.03 
MSFE weights: M2 and E2 Combined  Netherlands -2.12** 0.02 
MSFE weights: M2 and E2 Combined  Japan 0.18 0.43 
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month and 12 month horizon compared with individual macro and expert models. 
The time series models cannot outperform the random walk, on average, on either 
time horizons. The combination models perform better on a 12 month horizon than 
on a 3 month horizon.  

 
The MSFE as an indicator to compare forecasting performance assumes a quadratic 
and symmetric loss function with respect to forecast errors. As an alternative table 
6-15 presents percentages on how often the models correctly predict the direction of 
change of the long-term interest rate. A percentage higher than 50% outperforms the 
throwing of a coin (here zeros are included for the random walk because it does not 
predict any change). These over 50% hits are presented in bold characters in the 
table. The table shows that for most countries, at a 3 and 12 month horizon, the 
corrected expert forecasts beat the throwing of the coin. The original expert forecasts 
both have, on average, a directional score of 50% or lower for 3 month and the 12 
month horizon. The structured interest rate equation (on average) correctly forecast 
the interest rate direction in the outside sample period of at least 50% of the time.  

 
The outside sample period consists both of a period of relative quiet economic and 
financial market conditions and a volatile period including the deep global recession 
and the financial crisis. To evaluate the performance of the forecast models in these 
different financial market circumstances the outside sample period is additionally 
split in two periods of each 43 months. Period A runs from 2003.5-2006.11 and 
period B from 2006.12-2010.6. The tables with MSFE and hit ratios are shown in 
annex 6.B, this section discusses the key findings.  
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Table 6-15 Successful directional forecast (% of total; outside sample) 
 3m horizon 
 US GE UK NL JP average 

Benchmark       
Random walk 0.0 0.0 0.0 0.0 0.0 0.0 
ARIMA models       
AR(2) 47.7 55.8 54.7 61.6 52.3 54.4 
ARIMA(210) 58.1 55.8 41.9 54.7 55.8 53.3 
Macro driven models       
VAR (M1) 57.0 72.1 53.5 57.0 52.3 58.4 
Struct. interest rate equation (M2) 41.9 47.7 51.2 53.5 55.8 50.0 
Expert forecasts       
Corrected expert forecast (E1)  50.0 52.3 51.2 55.8 54.7 52.8 
Original expert forecast (E2) 48.8 40.7 50.0 41.9 50.0 46.3 
Combined models       
Optimal weights: M2 and E1 46.5 47.7 50.0 55.8 55.8 51.2 
Optimal weights: M2 and E2 41.9 48.8 48.8 51.2 53.5 49.3 
Equal weights: M2 and E1 46.5 48.8 50.0 53.5 54.7 50.7 
Equal weights: M2 and E2 45.3 38.4 50.0 44.2 60.5 47.7 
MSFE weights: M2 and E1 46.5 48.8 51.2 53.5 57.0 51.4 
MSFE weights: M2 and E2 47.7 37.2 53.5 45.3 61.6 49.1 

 12m horizon 
Benchmark       
Random walk 0.0 0.0 0.0 0.0 0.0 0.0 
ARIMA models       
AR(2) 54.7 62.8 51.2 69.8 51.2 57.9 
ARIMA(210) 46.5 48.8 50.0 40.7 59.3 49.1 
Macro driven models       
VAR (M1) 67.4 65.1 55.8 62.8 55.8 61.4 
Structured interest rate equation (M2) 58.1 62.8 51.2 59.3 48.8 56.0 
Expert forecasts       
Corrected expert forecast (E1)  74.4 62.8 51.2 61.6 48.8 59.8 
Original expert forecast (E2) 46.5 40.7 59.3 51.2 52.3 50.0 
Combined models       
Optimal weights: M2 and E1 73.3 62.8 51.2 61.6 48.8 59.5 
Optimal weights: M2 and E2 58.1 62.8 51.2 59.3 48.8 56.0 
Equal weights: M2 and E1 60.5 62.8 51.2 61.6 48.8 57.0 
Equal weights: M2 and E2 67.4 48.8 52.3 51.2 53.5 54.6 
MSFE weights: M2 and E1 64.0 62.8 51.2 61.6 48.8 57.7 
MSFE weights: M2 and E2 76.7 53.5 54.7 57.0 55.8 59.5 
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The 3 month MSFE of the random walk is lower in period A than in period B. This is 
shown in table 6-16. On the 3 month time horizon the time series models, the 
corrected expert forecast models and the combined models perform better in period 
B than in period A. The MSFE increased in period B for the estimated model, but 
less than the rise of the MSFE of the random walk (VAR model is the only 
exception). On the 12 month time horizon the AR model performs better in period B 
relative to period A. However, the macro and expert based models are weak. As a 
result of that, also the combination models, with the exception of the equal weighted 
model for combination 2, are also weaker in period B. Nevertheless, two 
combination models (combination 2 for equal weighted and MSFE weighted) still 
outperform the random walk for 5 and 4 countries, respectively. 
 
Table 6-16 MSFE of the random walk in the split outside sample period 
 3 month 12 month 
Total outside sample period (2003.5-2010.6) 0.120 0.338 
Outside sample period A (2003.5-2006.11) 0.087 0.315 
Outside sample period B (2006.12-2010.6) 0.156 0.361 
 
The hit ratios for the time series models, the structured interest rate equation, the 
expert forecasts and the combination models are mostly better in period B relative to 
period A. For the combination models the hit ratios are, on average, all higher than 
59% in period B. This seems to be the result of the higher volatility in period B.  

6.8 Conclusions  
The comparative analysis of this chapter shows that it is hard to beat the random 
walk when forecasting long-term interest rates. Especially when the forecasting 
horizon is relatively short – 3 months – the random walk model almost consistently 
outperforms the other forecasting methods investigated in this chapter. A 
combination of expert consensus forecasts and forecasts calculated by structured 
interest rate equations, where the explanatory variables are suggested by interest rate 
theories, performs best on the criterion of lowest squared forecast errors. These 
combined models appear to beat the random walk more often when the longer 
forecasting horizon of 12 month is looked upon. In that case the additional 
information of other relevant leading macroeconomic variables and of (tacit) expert 
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knowledge seems to pay off. Also the time series models perform well on a 12 month 
horizon.  
 
It should be noted that this assessment relates to a specific reference period (1989:1 – 
2003:4) and to a specific outside sample forecasting period (2003:5- 2010: 6), and 
only 5 major OECD countries with well-developed capital markets are considered 
(United States, Germany, United Kingdom, The Netherlands and Japan), so that in a 
strict sense, the results are only applicable to those periods and countries. However, 
the scope of the assessment seems sufficiently broad that the results may contribute 
to the knowledge on the adequacy of forecasting methods. In that sense it 
corroborates with results from other studies that combination of forecasts may be 
useful to enhance the forecasting performance (see e.g. Den Butter and Van de 
Gevel, 1989 and Den Butter and Van Dijken, 1997). 

 
It may be that for some active investors even a three month horizon is long. For 
instance, very short-term investors rely more on technical analysis than fundamental 
economic data. It suggests that such interest rate forecasts serve another aim than 
just be accurate with lowest possible forecast errors. The alternative indicator of 
forecast performance, namely the relative amount of correct forecasts of the 
direction of change of the interest rate, shows that more sophisticated models using 
additional macroeconomic information and combining that information with expert 
knowledge can be useful.  

  



171 

  

Annex 6.A Estimates of ARIMA models  
The estimation results, described in section 6.3.2., of the AR(2) model are 
summarised in table 6-17 and for the ARIMA (2,1,0) model in table 6-18. The tables 
show the results for both the 3 month and 12 month forecast horizon. The second 
column shows which lags are incorporated. The explanatory variables, as described 
in equations (6-3) and (6-4), are lagged long-term interest rates and the lagged first 
differences of long-term interest rates respectively.The sample period for estimating 
the monthly ARIMA-models is 1992:1 - 2003:4 

 
 Table 6-17 Estimation results of AR (2) model   

 Lags 
(mnts) of  
φ1and φ2 

�1 �2 Adj R-sq AIC 

3m forecast      
US -3,-4 1.33 (8.42) -0.35 (-2.20) 0.860 1.32 
Germany -3,-4 1.58 (10.2) -0.58 (-3.78) 0.934 1.06 
Netherl. -3,-4 1.56 (10.0) -0.56 (-3.64) 0.936 0.83 
Japan -3,-4 1.15 (7.49) -0.17 (-1.10) 0.938 1.50 
UK -3,-4 1.26 (8.16) -0.27 (-1.74) 0.957 1.26 
12m forecast      
US -12 0.94 (85.8) -0.61 (-1.58) 0.403 2.70 
Germany -12,-13 1.57 (4.05) -0.89 (-2.23) 0.607 2.87 
Netherl. -12,-13 1.85 (4.63) -0.39 (-1.28) 0.599 2.69 
Japan -12,-13 1.28 (4.21) -0.20 (-0.60) 0.750 2.88 
UK -12,-13 1.15 (3.43)  0.794 2.79 
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 Table 6-18 Estimation results of ARIMA (2,1,0) model 

 
 

 Lags 
(mnts) of  
φ1and φ2 

φ1 φ2 Adj 
R-sq 

AIC 

3m forecast      
US -5 -0.10 (-1.36)  -0.000 -0.14 
Germany -3,-4 0.16 (2.04) 0.06 (0.77) 0.028 -0.36 
Netherlands -3,-4 0.12 (1.46) 0.12 (1.48) 0.026 -0.61 
Japan -3,-4 -0.12 (-1.59) -0.09 (-1.12) 0.018 0.12 
UK -3,-4 0.02 (0.21) 0.08 (0.97) -0.009 -0.10 
12m forecast      
US -13 -0.15 (-1.93)  0.007 -0.14 
Germany -12,-13 -0.13 (-1.66) -0.09 (-1.18) 0.007 -0.51 
Netherlands -12,-13 -0.12 (-1.53) -0.08 (-1.07) 0.002 -0.70 
Japan -12,-13 0.03 (0.42) -0.07 (-0.94) -0.020 0.10 
UK -12,-13 -0.09 (-1.13) -0.02 (-0.26) -0.026 -0.14 
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Annex 6.B Results for sub periods of the outside 
sample period 

The outside sample period (2003.5-2010.6) for the interest rate forecast models, 
which are discussed in chapter six, are divided in this annex in two subperiods: 
2003.5-2006.11 (Period A) and 2006.12-2010.6 (Period B). The periods, each 
consisting of 43 months, show the pre-crisis outside sample period A and period B 
that incorporates the recession and crisis. This annex shows the results of the MSFE 
and hit ratios for these subperiods. Tables 6-19 and 6-20 shows the MSFE for 
respectively the 3 month and 12 month horizon for Period A. Table 6-21 shows the 
hit ratios for Period A. Table 6-22 and 6-23 show the MSFE for respectively the 3 
and 12 month horizon for Period B. Finally, table 6-24 shows the hit ratios for Period 
B. The key findings are discussed at the end of section 6.7. 
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 Table 6-19 MSFE ratios relative to random walk in outside sample period A 
(2003.5-2006.11) for 3 month forecast horizon 
 US GE UK NL JP Avg No models that 

outperform  
Benchmark        
Random walk 1.00 1.00 1.00 1.00 1.00 1.00  
Time series models        
AR (2) 1.16 1.09 1.05 1.06 1.04 1.08 0 
ARIMA (210) 0.98 1.01 1.03 1.01 1.01 1.01 1 
Macro driven models        
 VAR (M1) 1.80 0.80 2.61 1.86 0.60 1.53 2 
Structured interest rate 
equation (M2) 1.36 1.22 1.52 2.16 1.74 1.60 0 
Expert forecasts        
Corrected expert forecast (E1) 1.26 1.13 1.14 1.79 1.26 1.32 0 
Original expert forecast   (E2) 1.20 4.08 2.34 1.90 1.30 2.16 0 
Combined models        
Optimal weights: M2 and E1 1.26 1.14 1.51 1.79 1.32 1.40 0 
Optimal weights: M2 and E2 1.36 1.19 1.46 2.01 1.60 1.52 0 
Equal weights: M2 and E1 1.25 1.13 1.29 1.72 1.43 1.36 0 
Equal weights: M2 and E2 0.95 1.69 1.38 1.29 1.08 1.28 1 
MSFE weights: M2 and E1 1.25 1.12 1.27 1.71 1.37 1.35 0 
MSFE weights: M2 and E2 0.95 1.34 1.49 1.29 1.07 1.23 1 
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 Table 6-20 MSFE ratios relative to random walk in outside sample period A 
(2003.5-2006.11) for the 12 month forecast horizon 

 US GE UK NL JP Avg No models that 
outperform 

Benchmark        
Random walk 1.00 1.00 1.00 1.00 1.00 1.00  
Time series models        
AR (2) 1.31 0.91 1.01 0.86 1.27 1.07 2 
ARIMA (210) 0.98 1.00 1.00 1.01 1.00 1.00 3 
Macro driven models        
 VAR (M1) 3.37 0.98 1.76 1.14 0.60 1.57 2 
Structured interest rate 
equation (M2) 1.46 1.04 1.60 1.03 3.28 1.68 0 
Expert forecasts        
Corrected expert forecast (E1) 0.88 0.95 1.66 3.02 3.48 2.00 2 
Original expert forecast   (E2) 1.88 3.25 2.21 2.16 0.71 2.04 1 
Combined models        
Optimal weights: M2 and E1 0.90 0.96 1.61 2.08 3.41 1.79 2 
Optimal weights: M2 and E2 1.35 1.00 1.40 1.03 3.01 1.56 0 
Equal weights: M2 and E1 1.05 0.98 1.60 1.81 3.38 1.76 1 
Equal weights: M2 and E2 0.79 1.29 1.20 0.81 1.23 1.07 2 
MSFE weights: M2 and E1 1.01 0.98 1.60 1.46 3.37 1.68 1 
MSFE weights: M2 and E2 0.78 0.98 1.37 0.72 0.85 0.94 4 
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 Table 6-21 Successful directional forecast in outside sample period A (% total forecasts; 
2003.5-2006.11) 

 3m horizon 
 US GE UK NL JP average 

Benchmark       
Random walk 0.0 0.0 0.0 0.0 0.0 0.0 
ARIMA models       
AR(2) 41.9 62.8 60.5 65.1 39.5 54.0 
ARIMA(210) 60.5 62.8 37.2 53.5 51.2 53.0 
Macro driven models       
VAR (M1) 58.1 67.4 60.5 58.1 72.1 63.3 
Struct. interest rate equation (M2) 32.6 48.8 58.1 58.1 44.2 48.4 
Expert forecasts       
Corrected expert forecast (E1)  48.8 55.8 58.1 55.8 39.5 51.6 
Original expert forecast (E2) 53.5 41.9 37.2 41.9 51.2 45.1 
Combined models       
Optimal weights: M2 and E1 44.2 51.2 55.8 55.8 39.5 49.3 
Optimal weights: M2 and E2 32.6 53.5 51.2 53.5 44.2 47.0 
Equal weights: M2 and E1 44.2 51.2 55.8 53.5 39.5 48.8 
Equal weights: M2 and E2 53.5 41.9 41.9 39.5 58.1 47.0 
MSFE weights: M2 and E1 44.2 51.2 55.8 53.5 39.5 48.8 
MSFE weights: M2 and E2 55.8 37.2 37.2 41.9 58.1 46.0 

 12m horizon 
Benchmark       
Random walk 0.0 0.0 0.0 0.0 0.0 0.0 
ARIMA models       
AR(2) 30.2 69.8 51.2 79.1 27.9 51.6 
ARIMA(210) 51.2 46.5 53.5 39.5 58.1 49.8 
Macro driven models       
VAR (M1) 69.8 72.1 48.8 72.1 69.8 66.5 
Struct interest rate equation (M2) 37.2 67.4 51.2 74.4 23.3 50.7 
Expert forecasts       
Corrected expert forecast (E1)  69.8 67.4 51.2 74.4 23.3 57.2 
Original expert forecast (E2) 72.1 34.9 44.9 27.9 79.1 51.6 
Combined models       
Optimal weights: M2 and E1 67.4 67.4 51.2 74.4 23.3 56.7 
Optimal weights: M2 and E2 39.5 67.4 51.2 74.4 23.3 51.2 
Equal weights: M2 and E1 41.9 67.4 51.2 74.4 23.3 51.6 
Equal weights: M2 and E2 79.1 34.9 39.5 58.1 32.6 48.8 
MSFE weights: M2 and E1 48.8 67.4 51.2 74.4 23.3 53.0 
MSFE weights: M2 and E2 81.4 48.8 34.9 72.1 69.8 61.4 
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 Table 6-22 MSFE ratios relative to random walk in outside sample period B 
(2006.12-2010.6) for 3 month forecast horizon 

 US GE UK NL JP Avg No models that 
outperform 

Benchmark        
Random walk 1.00 1.00 1.00 1.00 1.00 1.00  
Time series models        
AR (2) 0.99 1.01 0.99 1.03 1.03 1.01 2 
ARIMA (210) 0.99 1.00 1.00 1.01 0.94 0.99 3 
Macro driven models        
 VAR (M1) 1.64 0.60 1.75 4.87 4.15 2.60 1 
Structured interest rate 
equation (M2) 1.04 1.16 1.13 1.38 3.14 1.57 0 
Expert forecasts        
Corrected expert forecast (E1) 1.05 1.01 1.01 1.46 1.07 1.12 0 
Original expert forecast   (E2) 1.34 1.37 0.82 1.40 1.62 1.31 1 
Combined models        
Optimal weights: M2 and E1 1.02 1.07 1.12 1.46 1.08 1.15 0 
Optimal weights: M2 and E2 1.04 1.15 1.10 1.33 2.69 1.46 0 
Equal weights: M2 and E1 1.02 1.04 1.05 1.17 1.48 1.15 0 
Equal weights: M2 and E2 1.09 1.16 0.89 1.07 1.02 1.05 1 
MSFE weights: M2 and E1 1.02 1.04 1.05 1.17 1.23 1.10 0 
MSFE weights: M2 and E2 1.10 1.13 0.86 1.08 0.96 1.03 2 
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 Table 6-23 MSFE ratios relative to random walk in outside sample period B 
(2006.12-2010.6) for the 12 month forecast horizon 

 US GE UK NL JP Avg No models that 
outperform 

Benchmark        
Random walk 1.00 1.00 1.00 1.00 1.00 1.00  
Time series models        
AR (2) 0.74 0.93 1.00 1.01 0.86 0.91 4 
ARIMA (210) 0.99 1.00 1.01 1.00 1.08 1.02 1 
Macro driven models        
 VAR (M1) 0.91 2.63 1.07 10.0 7.62 4.44 1 
Structured interest rate 
equation (M2) 0.77 1.09 1.27 1.81 6.35 2.26 1 
Expert forecasts        
Corrected expert forecast (E1) 0.68 1.06 0.95 2.82 6.78 2.46 2 
Original expert forecast   (E2) 1.65 1.11 0.63 0.65 7.42 2.29 2 
Combined models        
Optimal weights: M2 and E1 0.68 1.05 1.02 2.28 6.57 2.32 1 
Optimal weights: M2 and E2 0.77 1.05 1.13 1.81 5.24 2.00 1 
Equal weights: M2 and E1 0.70 1.04 1.06 2.13 6.49 2.28 1 
Equal weights: M2 and E2 0.94 0.83 0.75 0.79 0.90 0.84 5 
MSFE weights: M2 and E1 0.70 1.04 1.05 1.97 6.48 2.25 1 
MSFE weights: M2 and E2 0.87 0.87 0.67 0.93 1.97 1.06 4 
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 Table 6-24 Successful directional forecast in outside sample period B (% total forecasts; 
2006.12-2010.6) 

 3m horizon 
 US GE UK NL JP average 

Benchmark       
Random walk 0.0 0.0 0.0 0.0 0.0 0.0 
ARIMA models       
AR(2) 53.5 48.8 48.8 58.1 65.1 54.9 
ARIMA(210) 55.8 48.8 46.5 55.8 60.5 53.5 
Macro driven models       
VAR (M1) 55.8 76.7 46.5 55.8 32.6 53.5 
Struct. interest rate equation (M2) 51.2 46.5 44.2 48.8 67.4 51.6 
Expert forecasts       
Corrected expert forecast (E1)  51.2 48.8 44.2 55.8 69.8 54.0 
Original expert forecast (E2) 44.2 39.5 62.8 41.9 48.8 47.4 
Combined models       
Optimal weights: M2 and E1 48.8 44.2 44.2 55.8 72.1 53.0 
Optimal weights: M2 and E2 51.2 44.2 46.5 48.8 67.4 51.6 
Equal weights: M2 and E1 48.8 46.5 44.2 53.5 69.8 52.6 
Equal weights: M2 and E2 37.2 34.9 58.1 48.8 62.8 48.4 
MSFE weights: M2 and E1 48.8 46.5 46.5 53.5 74.4 53.9 
MSFE weights: M2 and E2 39.5 37.2 69.8 48.8 65.1 52.1 

 12m horizon 
Benchmark       
Random walk 0.0 0.0 0.0 0.0 0.0 0.0 
ARIMA models       
AR(2) 79.1 55.8 51.2 60.5 74.4 64.2 
ARIMA(210) 41.9 51.2 48.8 41.9 62.8 49.3 
Macro driven models       
VAR (M1) 65.1 58.1 62.8 53.5 41.9 56.3 
Struct. interest rate equation (M2) 79.1 58.1 51.2 44.2 74.4 61.4 
Expert forecasts       
Corrected expert forecast (E1)  79.1 58.1 51.2 48.8 74.4 62.3 
Original expert forecast (E2) 23.3 48.8 76.7 76.7 27.9 50.7 
Combined models       
Optimal weights: M2 and E1 79.1 58.1 51.2 48.8 74.4 62.3 
Optimal weights: M2 and E2 76.7 58.1 51.2 44.2 74.4 60.9 
Equal weights: M2 and E1 79.1 58.1 51.2 48.8 74.4 62.3 
Equal weights: M2 and E2 58.1 65.1 65.1 46.5 74.4 61.8 
MSFE weights: M2 and E1 79.1 58.1 51.2 48.8 74.4 62.3 
MSFE weights: M2 and E2 72.1 58.1 76.7 44.2 44.2 59.1 
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7. Summary and conclusion 
This book focuses on the empirical research on long-term interest rates. Section 7.1 
summarises the key findings while section 7.2 discusses a few suggestions for future 
research.  

7.1 Key findings 
The key research problem that this book addresses is the empirical identification of 
the key factors that determine long-term interest rates in developed economies. In 
modern macro and financial economic literature there are several theoretical 
concepts in which the long-term interest rate is determined. However, these are 
partial theories, not an overall long-term interest rate theory. These theories are the 
following: classical demand and supply of capital, inflation expectation theory 
(Fisher), term structure theory, capital asset pricing model theory and the interest 
rate parity theory. These partial theories enable an identification of variables, which 
can be included in empirical research on long-term interest rates. 
 
Nearly all included time series in the empirical research are stationary on level I(1). 
Taking this into account, models are estimated with an error correction specification. 
This book contributes to economic literature through encompassing the partial 
theories in general models and a comparison of the relevance of the partial theories. 
The estimated error correction models (ECM) with quarterly data can explain 
between 46% and 67% of the interest rate changes for a set of twelve countries 
(United States, Japan, Germany, United Kingdom, France, Italy, Canada, Spain, 
Australia, Netherlands, Belgium, Switzerland) based on these five partial theories. 
The interest rate variables that are incorporated (the short-term and foreign 
long-term interest rate) have the highest explanatory power among the explanatory 
variables. Estimates with only the short-term interest rate and the foreign long-term 
interest rate can still explain 36% to 61% of the interest rate movements for the set of 
countries. However, non interest rate variables are still relevant for explaining 
long-term interest rate changes, especially for larger countries. Estimating with 
annual data leads to a similar conclusion: 62% to 88% of interest rate variability can 
be explained, somewhat better than with quarterly data and with fewer variables. 
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As a benchmark to the encompassed models both unstructured and structured time 
series models are estimated. The selected ARIMA and VAR models have a weak 
AIC information ratio, leading to the conclusion that the encompassed models are to 
be preferred over these benchmark models.  The standard error of the ARIMA model 
(0.42) is almost equal to the encompassed model for the German long-term interest 
rate (0.44), but the explanatory power of this ARIMA model is much lower than the 
explanatory power of the encompassed model. The VAR model scores better on 
explanatory power, but has a much higher standard deviation than the encompassed 
ECM model.  
 
In addition to the main research problem of long-term interest rate explanation, there 
are also three thematic issues addressed in this book: investigation of the causes of 
the low long-term interest rate in Japan, the impact of global economic integration 
on the influence of central banks on long-term interest rates and forecasting 
long-term interest rate rates.  
 
In comparison with other countries, the long-term interest rate in Japan is much 
better explained by the current account balance. The low long-term interest rate in 
combination with high government debt and fiscal deficit is another reason to focus 
more specifically on Japan. One may wonder whether the Ricardian equivalence 
motive applies to Japan. The Granger causality test does not indicate that causality 
runs from the government savings to corporate or household savings. In addition to 
that, mainly corporate savings have increased and not household savings. It is 
probably not the size of net savings that has resulted in higher relevance for 
explaining long-term interest rates, but the relatively high t-value. What is different 
in Japan is that the domestic government bond market is financed to a much larger 
degree through domestic sources. The (semi)government and central bank hold a 
relative large share of the Japanese government debt. There also seems to be some 
evidence of a stronger home bias.  
 
Global financial integration may have led to a higher synchronization between 
long-term interest rates worldwide and a weakened relation between the domestic 
short-term interest rate and the long-term interest rate. The empirical analysis shows 
that in the period 1980 to 2011 the foreign long-term interest rate has indeed been 
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more important for explaining long-term interest rate changes. This applies both to 
large and small countries, even though the results are slightly stronger for small 
countries. The relevance of the foreign long-term interest rate, when tested in 
isolation through rolling regressions, has risen between the early 1970s and the 
mid-2000s. Nevertheless, Granger causality tests cannot systematically confirm that 
causality runs from the foreign long-term interest rate to the home long-term interest 
rate for the group of twelve countries. When statistically significant causality is 
found, it often runs both ways.  
 
The relevance of the domestic short-term interest rate has fallen between the 1980s 
and mid-2000s. The relationship between domestic and foreign short-term interest 
rates has increased, in particular since the 1990s. This seems to be a result of the 
integration of the global economic cycle, as also the relationship between economic 
cycle indicators has risen since the 1990s. This may potentially have important 
consequences for central bank policy. Global financial market integration may 
restrict a central bank in influencing domestic long-term interest rates, and 
consequently, influencing conditions for savings and investments in case of a 
country specific shock.  
 
In addition to explaining long-term interest rate movements, forecasting models for 
long-term interest rates are compared in this book. Time series models (AR and 
ARIMA), macro factor models (structured interest rate equation and VAR) and 
expert based forecasts are compared individually and in combination for two time 
horizons (three months and twelve months) for a set of five countries (United States, 
Japan, Germany, United Kingdom, the Netherlands). The forecast models show that 
on a 3 month horizon the standalone models can hardly beat the random walk (which 
forecasts no change), when evaluated with the mean square forecast error (MSFE).  
Expert forecasts contain a structural bias, correcting for this, leads to a lower MSFE. 
Combining models leads to a lower MSFE, but it is still not possible to beat the 
random walk consistently on a 3 month horizon.  
 
On a twelve month horizon the results of the AR time series model, structured 
interest rate equation and the expert forecasts are better relative to the random walk. 
The original expert forecasts outperform the corrected expert forecasts on this time 
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horizon. Also on the twelve month horizon the combined models lead to better 
results than the standalone models. The combinations with weights based on the 
in-sample MSFE and equal weights, where the original expert forecast and the 
structured interest rate equation are combined, outperform the random walk for all 
five countries and three countries, respectively. Of the three methods of combining 
forecasts (MSFE based weights, estimated weights and equal weights) the weights 
based on the in-sample MSFE yield the best performance in the outside sample 
period on both time horizons. In the combinations, the original expert forecasts yield 
better results with the macro factor model on both horizons. Nevertheless, by itself, 
the corrected expert forecasts lead to better hit ratios (correctly forecasted direction 
as a percentage of total forecasts) on both the three and twelve month horizon. The 
hit ratios are better on a twelve month horizon than on a three month horizon. This is 
also true for the structured interest rate model, which yields for both time horizons 
hit ratios of at least 50% on average. The hit ratios of the combined models are 
higher than those of the standalone models and are also higher on a twelve month 
horizon than three month horizon. For the twelve month horizon all six combinations 
(three combination techniques for each with the two variations of original and 
corrected expert forecasts) have hit ratios of above 50% in the outside sample period.  
 
Much of the empirical research covers the period before the financial crisis/global 
recession of 2007-2011.  Most models have a starting period between 1960 and 1980 
and end in 2004. This leaves an outside sample period which consists of a relative 
quiet financial market period 2004-2006 and a volatile period 2007-2011. How have 
the models performed during the relative volatile period? Of the explanatory 
encompassed models the hit ratios are better in the crisis period versus pre-crisis 
outside sample period (72.6% versus 67.3%), indicating that the models are quite 
well specified to track the direction in which interest rates have moved in both parts 
of the outside sample period. Although from a hit ratio perspective the results appear 
to be strong, the standard deviation of the difference between the estimate and the 
actual interest rate changes is higher in the second part of the outside sample period, 
partially a result of a higher volatility of interest rates in this period. For the United 
States and Germany, which both fulfil a safe haven role, the interest rate level has 
been overestimated while for countries that came under pressure during the 
sovereign crisis, such as Spain and Italy, the level of interest rates are 
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underestimated. Although much of the volatility is picked up by the models, factors 
such as government bond purchases by central banks, safe haven flows and 
deterioration of credit standards are not included in the models.  
 
The rolling regressions have shown that the influence of the foreign long-term 
interest rate has risen since the 1970s. However, the relation collapsed during the 
crisis. A reason for this could be that during the crisis government bonds were no 
longer perfect substitutes. The relationship with the short-term interest rate 
weakened initially as well, but improved soon after. The integration between 
economic cycle indicators rose to very high levels during the crisis, confirming the 
global character of the shock. The relevance of the foreign long-term interest rate 
may return after the crisis, once banking problems are resolved and investors are 
convinced of the return of sustainable government finances.  
 
With regards to the forecast models the MSFE of the random walk is higher during 
the crisis period of the outside sample period relative to the first part of the outside 
sample period, particularly for the three month forecast period. However, the MSFE 
increase of the estimated models is less than that of the random walk. Therefore, the 
performance in the outside sample period is better for the three month horizon 
relative to the random walk. On the twelve month horizon the expert based, macro 
factor based and combined models perform poorer relative to the random walk. The 
hit ratios are better in the volatile period for most models on both time horizons, 
which is probably again a result of higher volatility. Also with regards to the forecast 
models it is concluded that a large part of the higher volatility is picked up by the 
models, and particularly the three month performance has improved. Nevertheless, 
the total outside sample conclusion that the combined models outperform the 
standalone models and that the performance of combined models relative to the 
random walk is better on a twelve month horizon is also confirmed during the crisis 
period of the outside sample period.    

7.2 Suggestions for future work 
Research in this book focuses on factors that determine long-term interest rates, with 
a focus on twelve industrialised countries. At the end of the period over which the 
research for this book has been conducted, the risk free characteristics of 
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government bonds have become a relative concept, rather than an absolute concept. 
The variations in risk characteristics of government bonds between countries have 
increased as a consequence. For that reason, researching diverging risk premia could 
be an interesting approach. Also dynamic models that identify regime changes may 
be useful in identifying which variables and theories are more relevant in differing 
financial market and economic circumstances.  
 
Even though the long-term interest rate is a central theme in economic literature, 
theory lacks an overall long-term interest rate theory. This book identifies a number 
of partial theories that discuss aspects of long-term interest rate determination and 
suggests where the theories can be connected. However, future work could build 
further on this to establish a formal long-term interest rate theory.  
 
The empirical analysis of this book discusses interest rate formation in twelve 
industrialised countries. These countries are divided in large and small to compare 
results for the relative large versus smaller countries. This could be developed 
further, through incorporating more countries, and using different definitions to 
determine whether a country belongs in the “large” or “small” group. Also with 
respect to countries, in line with the increasing importance on financial markets and 
in the world economy, it would be interesting to incorporate emerging economies in 
the analysis as well. 
 
With regards to specific variables that are used in this book it would be beneficial to 
explore further the expected inflation premium, since only limited evidence is found 
with realized inflation data. With regards to equities, for which a valuation measure 
(P/E) is used, equity performance measures could be analysed.  
 
This book finds a significant explanatory power for interest rate variables and some 
explanatory power for non-interest rate variables. To be able to incorporate more 
economic cyclical information, models could be estimated with a monthly 
frequency. In addition to that, economic growth surprises could perhaps identify the 
impact of economic data on long-term interest rates even better. Perhaps estimating 
with monthly data would capture the business cycle data better. 
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The combination of forecast models for long-term interest rates indicates that 
forecast errors can be reduced. This can be explored further. A research project 
combining model based and consensus forecasts with forecasts from technical 
analysis may show how much additional information, if any, technical analysis 
provides for improving interest rate forecasts. The latter may particularly improve 
the forecasting ability on a shorter time horizon, where it seems particularly difficult 
to beat the random walk.  Also, the short-term forecasts may benefit from including 
economic growth surprises and indicators specifically designed to track changes in 
economic momentum. Finally, short-term forecasting models for long-term interest 
rates may also benefit from other factors that drive interest rates, such as capital 
flows into asset classes and surveys on investor positioning or market volatility 
measures (as a proxy for risk aversion).   
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Appendix A Data sources 
Throughout this book the same set of economic time series is used, even though the 
period and goal of the models (explaining vs forecasting) may differ. For instance, in 
the encompassed models of chapter three the models with quarterly data use data 
since 1980. In chapter five, where a rolling regression technique is applied to 
investigate how relations have changed over time, data since 1960 is used. Table A-1 
gives an overview of details of the time series that are used.  
 
The long-term interest rate data, R, is the 10 years government bond yield. The 
benchmark rate published by Thomson Financial Datastream is used, for which the 
OECD is the source, with the exception of Germany, for which the Bundesbank is 
the source. This time series represents the effective yield of the latest auctioned 
government bond with a 10 year maturity, which implies an almost constant maturity 
in a liquid bond. 
 
The economic time series data used in the interest rate models are the short-term 
interest rate, inflation, oil price, leading indicator for economic activity, ex-ante 
expected equity return. The short-term interest rate is the 3 month interbank lending 
rate (in chapter six 3 month government bill rates are used as well, source: 
Bloomberg financial data). The inflation is the year-over-year change of the national 
CPI basket price index (source: IMF). The oil price used in the estimation is the US 
dollar future price of one barrel of Brent oil (Source: United Kingdom department of 
energy). The first available future contract has been used.  As forward looking 
indicator for the business cycle the OECD composite leading indicator is used 
(source Thomson Financial Datastream). Finally, the ex-ante equity return, 
measured as the inverse of the price/earnings ratio, is used. These are benchmark 
price/earnings indicators in Thomson Financial Datastream. 
 
The foreign long-term interest rate is, depending on the country, an average of up to 
three of the following long-term interest rates: Germany, United States, Japan. The 
rule applied is that the foreign long-term interest rate is the average of the large 
economic areas for as long as the specific country is not a member of these. For 
example, for the euro area countries the average is therefore calculated as the 
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average of the United States and Japanese long-term interest rate.  
 
In the encompassed models quarterly data, running from 1980 until the first quarter 
of 2004, are used as in-sample period. For data that are available at a higher 
frequency (such as the interest rate time series and the oil price) quarterly averages 
are calculated. The models with annual data run from 1970 until 2003 (in-sample).  
Also in chapter four, the data has an annual frequency and data from 1970 to 2003 
are used. 
 
In chapter five, 10 years rolling regression windows are tested to evaluate how 
correlations have changed over time. The first equations are estimate from the first 
quarter of 1960 and the last regression estimate ends at the fourth quarter of 2011. 
 
In chapter six interest rate forecast equations are estimated with monthly data from 
the beginning of 1992 until April 2003. For data with a higher available frequency 
monthly averages are calculated. The period May 2003 until June 2010 is the outside 
sample period in chapter six. 
 
The expert forecasts data used in chapter six has been collected from Consensus 
Economics. The consensus economics forecast data is published around the third 
week of the month. Data on the explanatory variables in the structural models are 
lagged, to correct for the publication lag. This is in order to make sure that the data is 
actually available at the time of the forecast. 
 
Table A-1 shows some details on all the time series used in this book. The table gives 
information on the availability of the time series, the available frequency, and the 
source of the time series. 
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 Table A-1: Data specification information  

Data series Available 
from 

Frequency Country Source 

Long-term interest rate 1960 Q1 Quarterly Australia OECD 
Long-term interest rate 1960 Q1 Quarterly Belgium OECD 
Long-term interest rate 1960 Q1 Quarterly Canada OECD 
Long-term interest rate 1960 Q1 Quarterly France OECD 
Long-term interest rate 1960 Q1 Quarterly Germany Bundesbank 
Long-term interest rate 1960 Q1 Quarterly Italy OECD 
Long-term interest rate 1966 Q4 Quarterly Japan OECD 
Long-term interest rate 1964 Q4 Quarterly Netherlands OECD 
Long-term interest rate 1978 Q1 Quarterly Spain OECD 
Long-term interest rate 1964 Q1 Quarterly Switzerland OECD 
Long-term interest rate 1960 Q1 Quarterly United Kingdom OECD 
Long-term interest rate 1960 Q1 Quarterly United States OECD 
Business cycle indicator January 1960  Monthly Australia OECD 
Business cycle indicator July 1962 Monthly Belgium OECD 
Business cycle indicator July 1952 Monthly Canada OECD 
Business cycle indicator July 1962 Monthly France OECD 
Business cycle indicator January 1960 Monthly Germany OECD 
Business cycle indicator January 1973 Monthly Italy OECD 
Business cycle indicator January 1957 Monthly Japan OECD 
Business cycle indicator July 1961 Monthly Netherlands OECD 
Business cycle indicator Sept 1963 Monthly Spain OECD 
Business cycle indicator Nov 1966 Monthly Switzerland OECD 
Business cycle indicator Dec 1957 Monthly United Kingdom OECD 
Business cycle indicator January 1959 Monthly United States OECD 
CPI Inflation 1957 Q1 Quarterly Australia IMF 
CPI Inflation January 1957 Monthly Belgium IMF 
CPI Inflation January 1957 Monthly Canada IMF 
CPI Inflation January 1957 Monthly France IMF 
CPI Inflation January 1957 Monthly Germany IMF 
CPI Inflation January 1957 Monthly Italy IMF 
CPI Inflation January 1957 Monthly Japan IMF 
CPI Inflation January 1957 Monthly Netherlands IMF 
CPI Inflation January 1957 Monthly Spain IMF 
CPI Inflation January 1957 Monthly Switzerland IMF 
CPI Inflation January 1957 Monthly United Kingdom IMF 
CPI Inflation January 1957 Monthly United States IMF 
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Table A-1 continued  
Data series Available 

from 
Frequency Country Source 

Short-term interest rate 1960 Q3 Quarterly Australia OECD 
Short-term interest rate 1960 Q1 Quarterly Belgium OECD 
Short-term interest rate 1975 Q1 Quarterly Canada OECD 
Short-term interest rate 1964 Q1 Quarterly France OECD 
Short-term interest rate 1960 Q1 Quarterly Germany OECD 
Short-term interest rate 1971 Q1 Quarterly Italy OECD 
Short-term interest rate 1960 Q1 Quarterly Japan OECD 
Short-term interest rate 1960 Q1 Quarterly Netherlands OECD 
Short-term interest rate 1974 Q1 Quarterly Spain OECD 
Short-term interest rate 1975 Q3 Quarterly Switzerland OECD 
Short-term interest rate 1972 Q1 Quarterly United Kingdom OECD 
Short-term interest rate 1960 Q1 Quarterly United States OECD 
Nom.eff exchange rate January 1975 Monthly Australia IMF 
Nom.eff exchange rate January 1975 Monthly Belgium IMF 
Nom.eff exchange rate January 1975 Monthly Canada IMF 
Nom.eff exchange rate January 1975 Monthly France IMF 
Nom.eff exchange rate January 1975 Monthly Germany IMF 
Nom.eff exchange rate January 1975 Monthly Italy IMF 
Nom.eff exchange rate January 1975 Monthly Japan IMF 
Nom.eff exchange rate January 1975 Monthly Netherlands IMF 
Nom.eff exchange rate January 1975 Monthly Spain IMF 
Nom.eff exchange rate January 1975 Monthly Switzerland IMF 
Nom.eff exchange rate January 1975 Monthly United Kingdom IMF 
Nom.eff exchange rate January 1975 Monthly United States IMF 
Current account balance 1970 Q1 Quarterly Australia OECD 
Current account balance 1975 Q1 Quarterly Belgium OECD 
Current account balance 1970 Q1 Quarterly Canada OECD 
Current account balance 1973 Q1 Quarterly France OECD 
Current account balance 1991 Q1 Quarterly Germany OECD 
Current account balance 1971 Q1 Quarterly Italy OECD 
Current account balance 1971 Q1 Quarterly Japan OECD 
Current account balance 1970 Q1 Quarterly Netherlands OECD 
Current account balance 1975 Q1 Quarterly Spain OECD 
Current account balance 1972 Q1 Quarterly Switzerland OECD 
Current account balance 1970 Q1 Quarterly United Kingdom OECD 
Current account balance 1970 Q1 Quarterly United States OECD 
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Table A-1 continued   
Data series Available 

from 
Frequency Country Source 

Households savings 1970 Annual Australia OECD 
Households savings 1980 Annual Belgium OECD 
Households savings 1970 Annual Canada OECD 
Households savings 1978 Annual France OECD 
Households savings 1970 Annual Germany OECD 
Households savings 1980 Annual Italy OECD 
Households savings 1980 Annual Japan OECD 
Households savings 1977 Annual Netherlands OECD 
Households savings 1980 Annual Spain OECD 
Households savings 1970 Annual United Kingdom OECD 
Households savings 1970 Annual United States OECD 
Corporate savings 1970 Annual Australia OECD 
Corporate savings 1980 Annual Belgium OECD 
Corporate savings 1970 Annual Canada OECD 
Corporate savings 1978 Annual France OECD 
Corporate savings 1970 Annual Germany OECD 
Corporate savings 1980 Annual Italy OECD 
Corporate savings 1980 Annual Japan OECD 
Corporate savings 1977 Annual Netherlands OECD 
Corporate savings 1980 Annual Spain OECD 
Corporate savings 1970 Annual United Kingdom OECD 
Corporate savings 1970 Annual United States OECD 
Government savings 1970 Annual Australia OECD 
Government savings 1970 Annual Belgium OECD 
Government savings 1970 Annual Canada OECD 
Government savings 1970 Annual France OECD 
Government savings 1991 Annual Germany OECD 
Government savings 1970 Annual Italy OECD 
Government savings 1970 Annual Japan OECD 
Government savings 1970 Annual Netherlands OECD 
Government savings 1970 Annual Spain OECD 
Government savings 1970 Annual United Kingdom OECD 
Government savings 1970 Annual United States OECD 
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Table A-1 continued 

  

Data series Available 
from 

Frequency Country Source 

Price Earnings ratio 1973 Q1 Quarterly Australia Datastream 
Price Earnings ratio 1973 Q1 Quarterly Belgium Datastream 
Price Earnings ratio 1973 Q2 Quarterly Canada Datastream 
Price Earnings ratio 1973 Q1 Quarterly France Datastream 
Price Earnings ratio 1973 Q1 Quarterly Germany Datastream 
Price Earnings ratio 1986 Q2 Quarterly Italy Datastream 
Price Earnings ratio 1973 Q1 Quarterly Japan Datastream 
Price Earnings ratio 1973 Q1 Quarterly Netherlands Datastream 
Price Earnings ratio 1987 Q2 Quarterly Spain Datastream 
Price Earnings ratio 1973 Q1 Quarterly Switzerland Datastream 
Price Earnings ratio 1965 Q1 Quarterly United Kingdom Datastream 
Price Earnings ratio 1973 Q2 Quarterly United States Datastream 
Brent crude oil price ($) January 1957 Monthly  UK depart 

of energy 
Consensus forecast LT 
interest rate 1yr out 

Oct-1989 Monthly Germany Consensus 
Economics 

Consensus forecast LT 
interest rate 1yr out 

Oct-1989 Monthly Japan Consensus 
Economics 

Consensus forecast LT 
interest rate 1yr out 

Dec-1994 Monthly Netherlands Consensus 
Economics 

Consensus forecast LT 
interest rate 1yr out 

Oct-1989 Monthly United Kingdom Consensus 
Economics 

Consensus forecast LT 
interest rate 1yr out 

Oct-1989 Monthly United States Consensus 
Economics 

Consensus forecast LT 
interest rate 3m out 

Oct-1989 Monthly Germany Consensus 
Economics 

Consensus forecast LT 
interest rate 3m out 

Oct-1989 Monthly Japan Consensus 
Economics 

Consensus forecast LT 
interest rate 3m out 

Dec-1994 Monthly Netherlands Consensus 
Economics 

Consensus forecast LT 
interest rate 3m out 

Oct-1989 Monthly United Kingdom Consensus 
Economics 

Consensus forecast LT 
interest rate 3m out 

Oct-1989 Monthly United States Consensus 
Economics 
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Appendix B: Augmented Dickey Fuller test 
results for used data series 

This appendix shows the Augmented Dickey Fuller test results of the data used in 
chapter three for both the annual and quarterly data series. The covered period for 
quarterly data is 1980Q1 until 2004Q2, for annual data 1970 until 2003. 
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AUSTRALIA  
Annual 
data 

Test results Critical values (for 1st 
differences) 

 level 1st 
difference 

2nd 
difference 

1% 
level 

5% 
level 

10% 
level 

R -3.46 0.018) -1.35 (0.59) -1.88 (0.337) -3.71 -2.98 -2.62 

Rs -1.68 (0.429) -5.83 (0.000) -7.22 (0.000) -3.66 -2.96 -2.62 

Rf -0.31 (0.913) -4.20 (0.003) -5.76 (0.000) -3.65 -2.96 -2.62 

CA -2.89 (0.058) -9.65 (0.000) -6.86 (0.000) -3.65 -2.96 -2.62 

Sg -2.89 (0.057) -4.02 (0.004) -5.51 (0.000) -3.65 -2.96 -2.62 

Sp -1.33 (0.603) -6.45 (0.000) -7.80 (0.000) -3.65 -2.96 -2.62 

Sh 0.54 (0.986) -4.42 (0.002) -4.54 (0.001) -3.67 -2.96 -2.62 

Sc -2.98 (0.048) -5.62 (0.000) -5.77 (0.000) -3.66 -2.96 -2.62 

EER -1.33 (0.588) -3.15 (0.044) -3.62 (0.021) -3.96 -3.08 -2.68 

GDP -4.98 (0.000) -4.28 (0.003) -6.97 (0.000) -3.72 -2.99 -2.63 

π -1.53 (0.508) -4.92 (0.000) -7.40 (0.000) -3.67 -2.96 -2.62 

NEE -3.16 (0.034) -4.01 (0.005) -6.86 (0.000) -3.70 -2.98 -2.63 

 
 

Quarterly 
data 

Test results Critical values (for 1st 
differences) 

 level 1st 
difference 

2nd 
difference 

1% 
level 

5% 
level 

10% 
level 

R -0.48 (0.890) -8.52 (0.000) -13.35 (0.00) -3.50 -2.89 -2.58 

Rs -1.62 (0.470) -7.95 (0.000) -10.14 (0.00) -3.50 -2.89 -2.58 

Rf -1.04 (0.736) -7.62 (0.000) -12.94 (0.00) -3.50 -2.89 -2.58 

CA -3.69 (0.006) -10.24 (0.00) -9.43 (0.000) -3.50 -2.89 -2.58 

EER -2.05 (0.266) -8.84 (0.000) -12.05 (0.00) -3.50 -2.89 -2.58 

GDP -6.78 (0.000) -10.87 (0.00) -8.62 (0.000) -3.50 -2.89 -2.58 

Cycle 0.94 (0.996) -6.37 (0.000) -8.06 (0.000) -3.50 -2.89 -2.58 

π -6.96 (0.000) -6.49 (0.000) -6.96 (0.000) -3.50 -2.89 -2.58 

NEE -1.61 (0.470) -8.24 (0.000) -8.80 (0.000) -3.50 -2.89 -2.58 
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BELGIUM  
Annual 
data 

Test results Critical values (for 1st 
differences) 

 level 1st 
difference 

2nd 
difference 

1% 
level 

5% 
level 

10% 
level 

R -1.08 (0.712) -3.92 (0.005) -7.13 (0.000) -3.65 -2.96 -2.62 

Rs -1.46 (0.542) -5.57 (0.000) -4.34 (0.003) -3.65 -2.96 -2.62 

Rf -0.16 (0.934) -4.27 (0.002) -6.25 (0.000) -3.65 -2.96 -2.62 

CA -1.15 (0.68) -4.57 (0.001) -5.36 (0.000) -3.69 -2.97 -2.62 

Sg -1.02 (0.736) -3.13 (0.035) -13.33 (0.00) -3.65 -2.96 -2.62 

Sp -0.77 (0.813) -6.79 (0.000) -7.06 (0.000) -3.69 -2.97 -2.63 

Sh -1.62 (0.459) -4.75 (0.001) -9.21 (0.000) -3.77 -3.00 -2.64 

Sc -0.47 (0.879) -3.90 (0.008) -6.26 (0.000) -3.79 -3.01 -2.65 

EER -2.47 (0.132) -5.87 (0.000) -5.35 (0.000) -3.67 -2.96 -2.62 

GDP -3.52 (0.017) -6.51 (0.000) -7.79 (0.000) -3.79 -3.01 -2.65 

π -1.80 (0.373) -10.28 (0.00) -12.95 (0.00) -3.66 -2.96 -2.62 

NEE -3.15 (0.033) -3.14 (0.033) -6.14 (0.000) -3.65 -2.96 -2.62 

 

Quarterly 
data 

Test results Critical values (for 1st 
differences) 

 level 1st 
difference 

2nd 
difference 

1% 
level 

5% 
level 

10% 
level 

R -0.96 (0.766) -6.41 (0.000) -10.55 (0.00) -3.50 -2.89 -2.58 

Rs -1.30 (0.628) -10.33 (0.00) -9.93 (0.000) -3.50 -2.89 -2.58 

Rf -1.29 (0.630) -8.31 (0.000) -14.20 (0.00) -3.50 -2.89 -2.58 

CA --------- --------- --------- --------- --------- --------- 

EER -2.20 (0.218) -11.08 (0.00) -10.95 (0.00) -3.50 -2.89 -2.58 

GDP -9.58 (0.000) -11.60 (0.00) -7.88 (0.000) -3.50 -2.90 -2.58 

Cycle -5.57 (0.000) -8.13 (0.000) -8.10 (0.000) -3.50 -2.89 -2.58 

π -1.57 (0.495) -4.84 (0.00) -8.17 (0.000) -3.50 -2.89 -2.58 

NEE -2.24 (0.192) -6.31 (0.000) -9.05 (0.000) -3.50 -2.89 -2.58 
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CANADA 
Annual 
data 

Test results Critical values (for 1st 
differences) 

 level 1st 
difference 

2nd 
difference 

1% 
level 

5% 
level 

10% 
level 

R -0.87 (0.785) -4.68 (0.001) -6.43 (0.000) -3.65 -2.96 -2.62 

Rs -1.63 (0.458) -5.51 (0.000) -5.68 (0.000) -3.65 -2.96 -2.62 

Rf -0.31 (0.913) -4.20 (0.003) -5.76 (0.000) -3.65 -2.96 -2.62 

CA -1.64 (0.450) -6.93 (0.000) -4.69 (0.000) -3.65 -2.95 -2.62 

Sg -1.40 (0.565) -3.69 (0.012) -5.14 (0.000) -3.76 -3.00 -2.64 

Sp -2.48 (0.134) -6.52 (0.000) -7.37 (0.000) -3.77 -3.00 -2.64 

Sh -0.11 (0.940) -4.11 (0.000) -8.63 (0.000) -3.65 -2.96 -2.62 

Sc -3.94 (0.007) -4.92 (0.000) -5.35 (0.000) -3.79 -3.01 -2.65 

EER -1.44 (0.549) -5.52 (0.000) -10.40 (0.00) -3.68 -2.97 -2.62 

GDP -3.93 (0.005) -6.86 (0.000) -5.90 (0.000) -3.66 -2.96 -2.62 

π -1.48 (0.530) -4.69(0.001) -5.43(0.000) -3.66 -2.96 -2.62 

NEE -1.70 (0.423) -4.32 (0.002) -7.49 (0.000) -3.65 -2.96 -2.62 

 

Quarterly 
data 

Test results Critical values (for 1st 
differences) 

 level 1st 
difference 

2nd 
difference 

1% 
level 

5% 
level 

10% 
level 

R -0.79 (0.817) -8.93 (0.000) -7.54 (0.000) -3.50 -2.89 -2.58 

Rs -1.23 (0.657) -13.77 (0.00) -9.69 (0.000) -3.50 -2.89 -2.58 

Rf -1.04 (0.736) -7.62 (0.000) -12.94 (0.00) -3.50 -2.89 -2.58 

CA -1.66 (0.450) -9.80 (0.000) -7.43 (0.000) -3.50 -2.89 -2.58 

EER -2.31 (0.170) -8.40 (0.000) -11.65 (0.00) -3.50 -2.89 -2.58 

GDP -5.41 (0.000) -10.43 (0.00) -7.50 (0.000) -3.50 -2.89 -2.58 

Cycle -5.15(0.000) -7.24 (0.000) -8.37 (0.000) -3.50 -2.89 -2.58 

π -1.80 (0.378) -4.12 (0.001) -8.81 (0.000) -3.50 -2.89 -2.58 

NEE -1.52 (0.520) -7.46 (0.000) -12.98 (0.00) -3.50 -2.89 -2.58 
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FRANCE 
Annual 
data 

Test results Critical values (for 1st 
differences) 

 level 1st 
difference 

2nd 
difference 

1% 
level 

5% 
level 

10% 
level 

R -0.97 (0.753) -4.00 (0.004) -7.02 (0.000) -3.65 -2.96 -2.62 

Rs -1.23 (0.650) -5.43 (0.000) -5.73 (0.000) -3.65 -2.96 -2.62 

Rf -0.16 (0.934) -4.27 (0.002) -6.25 (0.000) -3.65 -2.96 -2.62 

CA -1.93 (0.313) -5.50 (0.000) -5.34 (0.000) -3.69 -2.97 -2.63 

Sg -1.87 (0.344) -5.24 (0.000) -8.21 (0.000) -3.65 -2.95 -2.62 

Sp -1.80 (0.373) -5.91 (0.000) -7.25 (0.000) -3.69 -2.97 -2.63 

Sh -1.78 (0.379) -2.52 (0.124) -8.55 (0.000) -3.75 -3.00 -2.64 

Sc -1.97 (0.295) -3.83 (0.008) -6.98 (0.000) -3.73 -2.99 -2.64 

EER -2.10 (0.246) -5.04 (0.000) -7.51 (0.000) -3.67 -2.96 -2.62 

GDP -2.83 (0.069) -5.54 (0.000) -8.48 (0.000) -3.75 -3.00 -2.64 

π -1.22 (0.655) -4.55 (0.001) -8.12 (0.000) -3.66 -2.96 -2.62 

NEE -1.36 (0.589) -5.54 (0.000) -10.03 (0.00) -3.65 -2.96 -2.62 

 

Quarterly 
data 

Test results Critical values (for 1st 
differences) 

 level 1st 
difference 

2nd 
difference 

1% 
level 

5% 
level 

10% 
level 

R -1.03 (0.740) -6.01 (0.000) -10.70 (0.00) -3.50 -2.89 -2.58 

Rs -0.89 (0.787) -8.66 (0.000) -8.96 (0.000) -3.50 -2.89 -2.58 

Rf -1.29 (0.630) -8.31 (0.000) -14.20 (0.00) -3.50 -2.89 -2.58 

CA -1.80 (0.378) -4.97 (0.000) -7.29 (0.000) -3.50 -2.89 -2.58 

EER -2.42 (0.138) -9.52 (0.000) -11.77 (0.00) -3.50 -2.89 -2.58 

GDP -4.02 (0.002) -12.32 (0.00) -9.14 (0.000) -3.50 -2.89 -2.58 

Cycle -4.27 (0.001) -6.74(0.000) -12.58(0.000) -3.50 -2.89 -2.58 

π -2.04 (0.270) -3.21 (0.022) -4.74 (0.000) -3.50 -2.89 -2.58 

NEE -3.04 (0.035) -7.57 (0.000) -13.25 (0.00) -3.50 -2.89 -2.58 
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GERMANY 
Annual 
data 

Test results Critical values (for 1st 
differences) 

 level 1st 
difference 

2nd 
difference 

1% level 5% level 10% 
level 

R -1.07 (0.717) -4.40 (0.002) -7.23 (0.000) -3.65 -2.96 -2.62 

Rs -2.97 (0.048) -4.45 (0.002) -6.36 (0.000) -3.73 -2.99 -2.64 

Rf -0.16 (0.934) -4.27 (0.002) -6.25 (0.000) -3.65 -2.96 -2.62 

CA -2.66 (0.093) -4.33 (0.002) -7.21 (0.000) -3.65 -2.96 -2.62 

Sg -3.46(0.015) -6.36(0.000) -7.62(0.000) -3.65 -2.96 -2.62 

Sp -2.67 (0.091) -5.36 (0.000) -7.53 (0.000) -3.65 -2.96 -2.62 

Sh -2.19 (0.213) -4.17 (0.003) -7.21(0.000) -3.67 -2.96 -2.62 

Sc -3.79 (0.007) -4.84 (0.001) -6.83(0.000) -3.66 -2.96 -2.62 

EER -1.80 (0.372) -4.45(0.001) -3.34 (0.024) -3.67 -2.96 -2.62 

GDP -4.10 (0.003) -6.35 (0.000) -8.43(0.000) -3.67 -2.96 -2.62 

π -3.13(0.035) -6.01 (0.000) -5.60(0.000) -3.67 -2.96 -2.62 

NEE -2.32 (0.173) -4.37 (0.002) -7.95 (0.000) -3.65 -2.96 -2.62 

 

Quarterly 
data 

Test results Critical values (for 1st 
differences) 

 level 1st 
difference 

2nd 
difference 

1% level 5% level 10% 
level 

R -1.44 (0.559) -7.29 (0.000) -11.75 (0.00) -3.50 -2.89 -2.58 

Rs -1.93 (0.319) -6.52 (0.000) -14.12 (0.00) -3.50 -2.89 -2.58 

Rf -1.29 (0.630) -8.31 (0.000) -14.20 (0.00) -3.50 -2.89 -2.58 

CA -3.03 (0.036) -11.74 (0.00) -9.64 (0.000) -3.50 -2.89 -2.58 

EER -3.02 (0.036) -11.73 (0.00) -11.44 (0.00) -3.50 -2.89 -2.58 

GDP -8.97 (0.000) -11.70 (0.00) -9.02 (0.000) -3.50 -2.89 -2.58 

Cycle -5.23 (0.000) -5.79 (0.000) -9.55 (0.000) -3.50 -2.89 -2.58 

π -3.32 (0.017) -7.70 (0.000) -6.48 (0.000) -3.50 -2.89 -2.58 

NEE -1.37 (0.592) -7.30 (0.000) -11.96 (0.00) -3.50 -2.89 -2.58 
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ITALY 
Annual 
data 

Test results Critical values (for 1st 
differences) 

 level 1st 
difference 

2nd 
difference 

1% level 5% level 10% 
level 

R -1.69 (0.428) -3.67 (0.010) -5.91 (0.000) -3.66 -2.96 -2.62 

Rs -1.15 (0.682) -5.88 (0.000) -7.64 (0.000) -3.66 -2.96 -2.62 

Rf -0.16 (0.934) -4.27 (0.002) -6.25 (0.000) -3.65 -2.96 -2.62 

CA -2.85 (0.060) -5.64 (0.000) -9.25 (0.000) -3.65 -2.96 -2.62 

Sg -1.33 (0.603) -6.93 (0.000) -11.40 (0.00) -3.65 -2.96 -2.62 

Sp -1.86 (0.345) -8.05 (0.000) -4.78 (0.001) -3.65 -2.96 -2.62 

Sh 0.46 (0.981) -4.68 (0.001) -7.87 (0.000) -3.76 -3.00 -2.64 

Sc -2.07 (0.258) -5.30 (0.000) -6.08 (0.000) -3.76 -3.00 -2.64 

EER -1.84 (0.355) -5.85 (0.000) -8.44 (0.000) -3.67 -2.96 -2.62 

GDP -3.53 (0.014) -7.74 (0.000) -9.36 (0.000) -3.67 -2.96 -2.62 

π -0.70 (0.830) -4.43 (0.001) -7.33 (0.000) -3.66 -2.96 -2.62 

NEE -4.42 (0.001) -3.19 (0.030) -8.43 (0.000) -3.65 -2.96 -2.62 

 

Quarterly 
data 

Test results Critical values (for 1st 
differences) 

 level 1st 
difference 

2nd 
difference 

1% level 5% level 10% 
level 

R -1.07 (0.760) -6.00 (0.000) -9.89 (0.000) -3.50 -2.89 -2.58 

Rs -0.57 (0.872) -8.10 (0.000) -12.72 (0.00) -3.50 -2.89 -2.58 

Rf -1.29 (0.630) -8.31 (0.000) -14.20 (0.00) -3.50 -2.89 -2.58 

CA -2.57 (0.103) -5.26 (0.000) -7.41 (0.000) -3.50 -2.89 -2.58 

EER -3.61 (0008) 7.36 (0.000) -9.48 (0.000) -3.52 -2.90 -2.59 

GDP -9.38 (0.000) -9.09 (0.000) -9.10 (0.000) -3.50 -2.89 -2.58 

Cycle -4.06 (0.002) -6.53 (0.000) -9.16 (0.000) -3.50 -2.89 -2.58 

π -2.21 (0.206) -4.20 (0.001) -7.98 (0.000) -3.50 -2.89 -2.58 

NEE -2.67 (0.083) -6.59 (0.000) -10.96 (0.00) -3.50 -2.89 -2.58 
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JAPAN 
Annual 
data 

Test results Critical values (for 1st 
differences) 

 level 1st 
difference 

2nd 
difference 

1% level 5% level 10% 
level 

R -0.05 (0.947) -4.69 (0.001) -6.23 (0.000) -3.65 -2.96 -2.62 

Rs -1.55 (0.494) -5.40 (0.000) -4.37 (0.003) -3.65 -2.96 -2.62 

Rf -0.78 (0.813) -4.42 (0.001) -6.51 (0.000) -3.65 -2.96 -2.62 

CA -2.68 (0.087) -4.42 (0.001) -6.75 (0.000) -3.65 -2.96 -2.62 

Sg -0.85 (0.792) -4.28 (0.002) -6.98 (0.000) -3.65 -2.95 -2.62 

Sp -0.96 (0.756) -4.70 (0.001) -7.02 (0.000) -3.65 -2.95 -2.62 

Sh -.01 (0.731) -4.12 (0.005) -3.44 (0.025) -3.80 -3.02 -2.65 

Sc -0.26 (0.917) -2.92 (0.059) -5.22 (0.000) -3.77 -3.00 -2.64 

EER -1.51 (0.514) -5.95 (0.000) -8.98 (0.000) -3.67 -2.96 -2.62 

GDP -2.31 (0.178) -5.35 (0.000) -7.23 (0.000) -3.80 -3.02 -2.65 

π -1.54 (0.500) -5.88 (0.000) -6.87 (0.000) -3.67 -2.96 -2.62 

NEE -1.03 (0.731) -5.18 (0.000) -6.85 (0.000) -3.67 -2.96 -2.62 

 

Quarterly 
data 

Test results Critical values (for 1st 
differences) 

 level 1st 
difference 

2nd 
difference 

1% level 5% level 10% 
level 

R -1.15 (0.693) -9.25 (0.000) -9.80 (0.000) -3.50 -2.89 -2.58 

Rs -1.78 (0.389) -5.99 (0.000) -10.16 (0.00) -3.50 -2.89 -2.58 

Rf -1.31 (0.624) -7.32 (0.000) -11.46 (0.00) -3.50 -2.89 -2.58 

CA -1.85 (0.353) -8.76(0.000) -8.72 (0.000) -3.51 -2.90 -2.59 

EER -1.93 (0.317) -10.57 (0.00) -8.82 (0.000) -3.50 -2.89 -2.58 

GDP -3.42 (0.012) -8.30 (0.000) -9.44 (0.000) -3.50 -2.89 -2.58 

Cycle -3.57 (0.008) -5.69 (0.000) -12.66 (0.00) -3.50 -2.89 -2.58 

π -2.13 (0.233) -6.25 (0.000) -7.90 (0.000) -3.50 -2.89 -2.58 

NEE -1.69 (0.435) -8.15 (0.000) -13.44 (0.00) -3.50 -2.89 -2.58 
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THE NETHERLANDS 
Annual 
data 

Test results Critical values (for 1st 
differences) 

 level 1st 
difference 

2nd 
difference 

1% level 5% level 10% 
level 

R -1.41 (0.563) -4.47 (0.001) -7.12 (0.000) -3.65 -2.96 -2.62 

Rs -2.41(0.147) -.57 (0.000) -5.67 (0.000) -3.65 -2.96 -2.62 

Rf -0.16 (0.934) -4.27 (0.002) -6.25 (0.000) -3.65 -2.96 -2.62 

CA -3.30 (0.024) -5.89 (0.000) -11.26 (0.00) -3.65 -2.95 -2.62 

Sg -1.9 (0.314) -5.73 (0.000) -7.52 (0.000) -3.65 -2.96 -2.62 

Sp -2.47 (0.132) -3.93 (0.005) -10.36 (0.00) -3.67 -2.96 -2.62 

Sh -2.51 (0.125) -4.68 (0.001) -8.17 (0.000) -3.72 -2.99 -2.63 

Sc -3.48 (0.020) -3.87 (0.009) -2.23 (0.204) -3.83 -3.03 -2.66 

EER -214 (0.232) -3.37 (0.028) -4.58 (0.004) -3.88 -3.05 -2.67 

GDP -2.62 (0.103) -3.74 (0.010) -1.00 (0.728) -3.73 -2.99 -2.64 

π -1.48 (0.532) -3.92 (0.005) -6.16(0.000) -3.66 -2.96 -2.62 

NEE -2.03 (0.274) -4.46 (0.001) -7.3 (0.000) -3.65 -2.96 -2.62 

 

Quarterly 
data 

Test results Critical values (for 1st 
differences) 

 level 1st 
difference 

2nd 
difference 

1% level 5% level 10% 
level 

R -1.74 (0.407) -4.57 (0.000) -14.52 (0.00) -3.50 -2.89 -2.58 

Rs -2.53 (0.111) -4.75 (0.000) -8.05 (0.000) -3.50 -2.89 -2.58 

Rf -1.29 (0.630) -8.31 (0.000) -14.20 (0.00) -3.50 -2.89 -2.58 

CA -2.42 (0.140) -12.09 (0.00) -13.04 (0.00) -3.50 -2.89 -2.58 

EER -1.61 (0.476) -8.79 (0.000) -8.03 (0.000) -3.50 -2.89 -2.58 

GDP -1032 (0.00) 9.92 (0.000) -6.80 (0.000) -3.50 -2.89 -2.58 

Cycle -4.28 (0.001) -5.93 (0.000) -13.22 (0.00) -3.50 -2.89 -2.58 

π -1.82 (0.371) -5.53 (0.000) -8.04 (0.000) -3.50 -2.89 -2.58 

NEE -1.47 (0.544) -6.97 (0.000) -11.32 (0.00) -3.50 -2.89 -2.58 

 
  



218 

 

SPAIN 
Annual 
data 

Test results Critical values (for 1st 
differences) 

 level 1st 
difference 

2nd 
difference 

1% level 5% level 10% 
level 

R -0.33 (0.911) -4.23 (0.002) -7.10 (0.000) -3.65 -2.96 -2.62 

Rs -.571 (0.861) -7.04 (0.000) -4.96 (0.001) -3.72 -2.99 -2.63 

Rf -0.16 (0.934) -4.27 (0.002) -6.25 (0.000) -3.65 -2.96 -2.62 

CA -3.27 (0.027) -3.44 (0.019) -6.53 (0.000) -3.72 -2.99 -2.63 

Sg -1.57 (0.488) -5.55 (0.000) -9.62 (0.000) -3.65 -2.96 -2.62 

Sp -1.74 (0.402) -4.28 (0.002) -7.99 (0.000) -3.69 -2.97 -2.63 

Sh -3.73 (0.013) -7.47 (0.000) -12.19 (0.00) -3.76 -3.00 -2.64 

Sc -2.21 (0.209) -3.00 (0.051) -4.29 (0.004) -3.76 -3.00 -2.64 

EER -2.54 (0.115) -5.02 (0.000) -7.79 (0.000) -3.67 -2.96 -2.62 

GDP -3.55 (0.018) -3.99 (0.006) -5.11 (0.001) -3.78 -3.01 -2.65 

π -0.81 (0.803) -4.82 (0.001) -9.02 (0.000) -3.66 -2.96 -2.62 

NEE -1.50 (0.522) -4.40 (0.002) -5.30 (0.000) -3.65 -2.96 -2.62 

 

Quarterly 
data 

Test results Critical values (for 1st 
differences) 

 level 1st 
difference 

2nd 
difference 

1% level 5% level 10% 
level 

R -1.06 (0.730) -6.47 (0.000) -8.90 (0.000) -3.50 -2.89 -2.58 

Rs -1.15 (0.693) -7.83 (0.000) -8.94 (0.000) -3.50 -2.89 -2.58 

Rf -1.29 (0.630) -8.31 (0.000) -14.20 (0.00) -3.50 -2.89 -2.58 

CA -2.12 (0.239) -3.50 (0.010) -28.40 (0.00) -3.50 -2.89 -2.58 

EER -2.20(0.209) -9.27 (0.000) -6.93 (0.000) -3.52 -2.90 -2.59 

GDP -1.95 (0.310) 6.56 (0.000) -7.90 (0.000) -3.50 -2.89 -2.58 

Cycle -3.33 (0.016) 5.69 (0.000) -12.44 (0.00) -3.50 -2.89 -2.58 

π -2.30 (0.174) -5.99 (0.000) -15.14 (0.00) -3.50 -2.89 -2.58 

NEE -3.2 (0.03) -6.7 (0.00) -7.12 (0.00) -3.50 -2.89 -2.58 
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SWITZERLAND 
Quarterly 
data 

Test results Critical values (for 1st 
differences) 

 level 1st 
difference 

2nd 
difference 

1% level 5% level 10% 
level 

R -2.03 (0.274) -6.38 (0.000) -8.00 (0.000) -3.50 -2.89 -2.58 

Rs -1.50 (0.528) -7.87 (0.000) -10.29 (0.00) -3.50 -2.89 -2.58 

Rf -1.04 (0.736) -7.62 (0.000) -12.94 (0.00) -3.50 -2.89 -2.58 

CA -1.72 (0.420) -14.29 (0.00) -9.38 (0.000) -3.50 -2.89 -2.58 

EER -1.27 (0.641) -10.29 (0.00) -7.80 (0.000) -3.50 -2.89 -2.58 

GDP -9.54 (0.000) -12.48 (0.00) -7.84 (0.000) -3.50 -2.89 -2.58 

Cycle -3.43 (0.012) -5.69 (0.000) -15.33 (0.00) -3.50 -2.89 -2.58 

π -2.14 (0.228) -7.91 (0.000) -8.54 (0.000) -3.50 -2.89 -2.58 

NEE -1.73 (0.411) -7.87 (0.000) -12.44 (0.00) -3.50 -2.89 -2.58 

 
  



220 

 

UNITED KINGDOM 
Annual 
data 

Test results Critical values (for 1st 
differences) 

 level 1st 
difference 

2nd 
difference 

1% level 5% level 10% 
level 

R -0.48 (0.882) -4.56 (0.001) -6.39 (0.000) -3.67 -2.96 -2.62 

Rs 1.37 (0.586) -4.79 (0.001) -5.42 (0.000) -3.66 -2.96 -2.62 

Rf -0.31 (0.913) -4.20 (0.003) -5.76 (0.000) -3.65 -2.96 -2.62 

CA 2.45 (0.138) -472 (0.001) -5.70 (0.000) -3.65 -2.96 -2.62 

Sg -3.54 (0.013) -3.77 (0.007) -5.48 (0.000) -3.65 -2.96 -2.62 

Sp -3.09 (0.037) -3.97(0.004) -6.79 (0.000) -3.65 -2.96 -2.62 

Sh -3.17 (0.032) -4.56 (0.001) -5.31 (0.000) -3.65 -2.96 -2.62 

Sc -3.26 (0.025) -4.69 (0.001) -7.57 (0.000) -3.65 -2.96 -2.62 

EER -1.98 (0.294) -5.59 (0.000) -8.19 (0.000) -3.65 -2.96 -2.62 

GDP -3.78 (0.009) -6.24 (0.000) -4.53 (0.001) -3.67 -2.96 -2.62 

π -2.46 (0.137) -2.68 (0.091) -2.37 (0.161) -3.71 -2.98 -2.63 

NEE -3.31 (0.024) -3.46 (0.017) -6.61 (0.000) -3.67 -2.97 -2.62 

 

Quarterly 
data 

Test results Critical values (for 1st 
differences) 

 level 1st 
difference 

2nd 
difference 

1% level 5% level 10% 
level 

R -1.63 (0.463) -8.49 (0.000) -8.35 (0.000) -3.50 -2.89 -2.58 

Rs -1.58 (0.490) -10.35 (0.00) -8.50 (0.000) -3.50 -2.89 -2.58 

Rf -1.04 (0.736) -7.62 (0.000) -12.94 (0.00) -3.50 -2.89 -2.58 

CA -2.93 (0.046) -12.10 (0.00) -10.17 (0.00) -3.50 -2.89 -2.58 

EER -1.90 (0.332) -10.18 (0.00) -7.67 (0.000) -3.50 -2.89 -2.58 

GDP -3.05 (0.034) -12.37 (0.00) -9.06 (0.000) -3.50 -2.89 -2.58 

Cycle -4.07 (0.000) -7.07 (0.000) -8.17 (0.000) -3.50 -2.89 -2.58 

π -4.30 (0.000) -4.24 (0.000) -5.05 (0.000) -3.50 -2.89 -2.58 

NEE -1.94 (0.313) -8.16 (0.000) -8.17 (0.000) -3.50 -2.89 -2.58 
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UNITED STATES 
Annual 
data 

Test results Critical values (for 1st 
differences) 

 level 1st 
difference 

2nd 
difference 

1% level 5% level 10% 
level 

R -0.85 (0.791) -4.71 (0.001) -8.26 (0.000) -3.65 -2.96 -2.62 

Rs -2.11 (0.242) -4.30 (0.002) -4.51 (0.002) -3.65 -2.96 -2.62 

Rf -0.32 (0.911) -4.28 (0.002) -6.97 (0.000) -3.65 -2.96 -2.62 

CA -0.92 (0.770) -4.87 (0.000) -9.47 (0.000) -3.65 -2.96 -2.62 

Sg -2.72 (0.081) -4.56 (0.001) 7.46 (0.000) -3.65 -2.96 -2.62 

Sp -2.32 (0.171) -4.82 (0.001) -8.00 (0.000) -3.65 -2.96 -2.62 

Sh -0.37 (0.902) -7.38 (0.000) -12.46 (0.00) -3.65 -2.96 -2.62 

Sc -2.58 (0.108) -5.71 (0.000) -6.72 (0.000) -3.65 -2.96 -2.62 

EER -1.39 (0.575) -5.72 (0.000) -6.88 (0.000) -3.67 -2.96 -2.62 

GDP -4.54 (0.001) -6.85 (0.000) -7.63 (0.000) -3.66 -2.96 -2.62 

π -2.67 (0.092) -4.75 (0.001) -6.87 (0.000) -3.73 -2.99 -2.64 

NEE -2.77 (0.075) -3.54 (0.013) -6.03(0.000) -3.65 -2.96 -2.62 

 

Quarterly 
data 

Test results Critical values (for 1st 
differences) 

 level 1st 
difference 

2nd 
difference 

1% level 5% level 10% 
level 

R 1.28 (0.635) -7.96 (0.000) -12.26 (0.00) -3.50 -2.89 -2.58 

Rs -1.63 (0.462) -9.26 (0.000) -10.66 (0.00) -3.50 -2.89 -2.58 

Rf -1.07 (0.726) -7.87 (0.000) -12.96 (0.00) -3.50 -2.89 -2.58 

CA -0.38 (0.908) -9.21 (0.000) -10.38 (0.00) -3.50 -2.89 -2.58 

EER -2.04 (0.269) -8.22 (0.000) -8.09 (0.000) -3.50 -2.89 -2.58 

GDP -6.76 (0.000) -15.21 (0.00) -9.79 (0.000) -3.50 -2.89 -2.58 

Cycle -4.70 (0.000) -7.36(0.000) -7.40 (0.000) -3.50 -2.89 -2.58 

π -3.17 (0.025) -5.22 (0.000) -4.48 (0.000) -3.50 -2.89 -2.58 

NEE -1.56 (0.500) -7.22 (0.000) -12.35 (0.00) -3.50 -2.89 -2.58 
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Appendix C Augmented Dickey Fuller test 
results for model residuals  
This appendix shows the test results of the Augmented Dickey Fuller tests which are 
applied to the residuals for the models in chapter three. The sample period for 
quarterly data is 1980Q1 until 2004Q2, for annual data 1970 until 2003. 
 
Table C-1 Encompassed model 
 Quarterly data Annual data 
Country Test statistic Probability Test statistic Probability 
Germany -9.038 0.000 -3.083 0.040 
France -7.642 0.000 -4.415 0.002 
United Kingdom -8.427 0.000 -5.628 0.000 
United States -8.947 0.000 -1.704 0.418 
Japan -9.349 0.000 -4.699 0.001 
Italy -7.772 0.000 -3.960 0.005 
Netherlands -9.676 0.000 -4.790 0.001 
Canada -10.080 0.000 -5.595 0.000 
Belgium -8.295 0.000 -4.732 0.001 
Spain -6.011 0.000 -4.600 0.001 
Australia -9.741 0.000 -4.788 0.001 
Switzerland -8.400 0.000   

 
Table C-2 Interest rate parity model 
 Quarterly data Annual data 
Country Test statistic Probability Test statistic Probability 
Germany -8.359 0.000 -4.820 0.001 
France -6.522 0.000 -4.703 0.001 
United Kingdom -8.435 0.000 -4.425 0.001 
United States -8.559 0.000 -2.097 0.247 
Japan -9.308 0.000 -5.260 0.000 
Italy -6.429 0.000 -4.111 0.003 
Netherlands -4.068 0.000 -5.220 0.000 
Canada -10.932 0.002 -6.119 0.000 
Belgium -7.614 0.000 -5.232 0.000 
Spain -6.932 0.000 -5.584 0.000 
Australia -9.477 0.000 -4.272 0.002 
Switzerland -7.726 0.000   
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Table C-3 Ex-ante expected equity return model 
 Quarterly data Annual data 
Country Test statistic Probability Test statistic Probability 
Germany     
France -6.831 0.000 -4.053 0.004 
United Kingdom   -5.086 0.000 
United States   -4.452 0.002 
Japan   -3.116 0.036 
Italy     
Netherlands     
Canada     
Belgium     
Spain -5.116 0.000 -4.625 0.001 
Australia -8.771 0.000   
Switzerland     

 
Table C-4 Term structure model 
 Quarterly data Annual data 
Country Test statistic Probability Test statistic Probability 
Germany -7.992 0.000 -4.790 0.001 
France -7.218 0.000 -4.501 0.001 
United Kingdom -7.545 0.000 -4.586 0.001 
United States -9.017 0.000 -2.305 0.177 
Japan -9.780 0.000 -5.299  
Italy -6.764 0.000 -3.779 0.008 
Netherlands -4.697 0.000 -4.206 0.003 
Canada -10.182 0.000 -5.134 0.000 
Belgium -7.115 0.000 -4.379 0.002 
Spain -7.039 0.000 -3.866 0.007 
Australia -9.080 0.000 -4.699 0.001 
Switzerland -7.994 0.000   
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Table C-5 Domestic capital demand and supply model 
 Quarterly data Annual data 
Country Test statistic Probability Test statistic Probability 
Germany -4.638 0.000   
France   -4.015 0.005 
United Kingdom   -4.341 0.002 
United States -8.175 0.000   
Japan -9.385 0.000 -4.739 0.001 
Italy     
Netherlands -3.756 0.005   
Canada     
Belgium -7.034 0.000   
Spain     
Australia   -3.866 0.006 
Switzerland     

 
Table C-6: Fisher model 
 Quarterly data Annual data 
Country Test statistic Probability Test statistic Probability 
Germany     
France -6.536 0.000 -4.451 0.001 
United Kingdom   -5.262 0.000 
United States   -4.394 0.002 
Japan   -4.590 0.001 
Italy   -3.369 0.020 
Netherlands   -5.745 0.000 
Canada     
Belgium -7.311 0.000   
Spain     
Australia   -4.667 0.001 
Switzerland     

 
 

  



226 

 

  



227 

  

Appendix D: Correlation matrices 
This appendix gives an overview of the correlations between used variables. Chapter 
three refers to this appendix. Quarterly data correlations are calculated over the 
period 1980Q1-2004Q2, annual data over the period 1970-2003.  
 
AUSTRALIA 
Annual data 

 CA Sc EER GDP Sg Sh π NEE Sp Rs R Rf Rus Rjp Rge 
CA 1.00               
Sc 0.78 1.00              
EER 0.03 0.16 1.00             
GDP -0.43 -0.39 -0.43 1.00            
Sg -0.47 -0.39 -0.38 0.29 1.00           
Sh 0.11 -0.30 0.17 -0.04 -0.02 1.00          
π -0.20 -0.40 0.14 -0.08 0.20 0.47 1.00         
NEE -0.21 -0.39 -0.06 -0.04 0.33 0.22 -0.33 1.00        
Sp 0.86 0.93 0.24 -0.42 -0.86 0.07 -0.23 -0.32 1.00       
Rs -0.50 -0.71 -0.01 0.06 0.48 0.46 0.65 0.24 -0.56 1.00      
R -0.50 -0.67 0.30 -0.07 0.33 0.57 0.53 0.38 -0.48 0.73 1.00     
Rf 0.00 -0.19 0.45 -0.49 -0.04 0.56 0.19 0.36 0.02 0.19 0.68 1.00    
Rus -0.08 -0.36 -0.02 -0.23 0.25 0.47 0.16 0.45 -0.20 0.26 0.69 0.79 1.00   
Rjp -0.02 -0.16 0.56 -0.46 -0.07 0.50 0.10 0.34 0.03 0.08 0.52 0.90 0.51 1.00  
Rge 0.08 -0.02 0.58 -0.58 -0.24 0.51 0.24 0.18 0.18 0.19 0.60 0.94 0.63 0.83 1.00 

 
Quarterly data 

 CA Cycle EER GDP π R Rs NEE Rf Rge Rjp Rus 
CA 1.00            
Cycle -0.08 1.00           
EER -0.05 -0.10 1.00          
GDP 0.10 0.15 0.05 1.00         
π -0.06 -0.20 0.20 0.03 1.00        
R -0.08 0.08 0.08 0.03 0.08 1.00       
Rs -0.23 -0.09 0.22 -0.04 0.38 0.28 1.00      
NEE -0.05 0.18 -0.06 -0.25 -0.22 0.26 0.22 1.00     
Rf -0.04 0.01 -0.07 -0.12 -0.06 0.63 0.09 0.38 1.00    
Rge -0.05 -0.07 -0.06 -0.09 0.03 0.51 0.09 0.17 0.86 1.00   
Rjp -0.09 -0.05 -0.06 -0.18 -0.08 0.37 0.10 0.34 0.84 0.56 1.00  
Rus 0.04 0.15 -0.06 -0.02 -0.09 0.72 0.03 0.45 0.84 0.64 0.51 1.00 
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BELGIUM 
Annual data 

 CA Sc EER GDP Sg Sh π NEE Sp Rs R Rf Rus Rjp Rge 
CA 1.00               
Sc 0.56 1.00              
EER -0.58 -0.46 1.00             
GDP -0.08 -0.27 -0.35 1.00            
Sg -0.16 -0.63 0.07 0.37 1.00           
Sh 0.49 -0.12 0.12 0.09 0.21 1.00          
π -0.27 -0.00 0.52 -0.02 0.28 -0.15 1.00         
NEE -0.05 -0.38 -0.09 0.39 -0.03 -0.10 -0.38 1.00        
Sp 0.79 0.78 -0.07 -0.40 -0.32 0.52 -0.09 0.02 1.00       
Rs -0.14 0.07 0.42 0.10 0.09 0.05 0.57 -0.26 0.09 1.00      
R -0.22 -0.47 0.33 0.48 0.21 0.29 0.40 0.15 -0.22 0.45 1.00     
Rf -0.22 -0.51 -0.07 0.56 0.28 0.17 0.37 0.01 -0.33 0.09 0.84 1.00    
Rus -0.20 -0.37 -0.02 0.82 0.46 -0.18 0.23 -0.20 -0.42 0.09 0.63 0.84 1.00   
Rjp -0.19 -0.50 -0.10 0.20 0.06 0.42 0.41 0.18 -0.17 -0.14 0.82 0.89 0.51 1.00  
Rge -0.18 -0.41 0.01 0.30 0.05 0.31 0.37 0.16 -0.15 0.39 0.96 0.85 0.63 0.83 1.00 

 
Quarterly data 

 CA Cycle EER GDP π R Rs NEE Rf Rge Rjp Rus 
CA 1.00            
Cycle 0.11 1.00           
EER 0.22 -0.08 1.00          
GDP 0.22 0.44 -0.06 1.00         
π -0.09 -0.10 0.09 -0.10 1.00        
R 0.19 0.24 0.00 0.12 -0.09 1.00       
Rs 0.08 -0.31 0.19 -0.15 0.18 0.30 1.00      
NEE 0.05 0.18 0.08 -0.18 0.05 -0.04 -0.14 1.00     
Rf 0.15 0.25 -0.21 0.13 -0.15 0.78 0.23 0.13 1.00    
Rge 0.07 0.18 -0.22 -0.02 -0.04 0.61 0.21 0.12 0.86 1.00   
Rjp 0.12 0.08 -0.16 0.19 -0.19 0.59 0.21 0.12 0.84 0.56 1.00  
Rus 0.11 0.13 -0.02 -0.00 -0.13 0.80 0.17 0.08 0.84 0.64 0.51 1.00 
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FRANCE 
Annual data 

 CA Sc EER GDP Sg Sh π NEE Sp Rs R Rf Rus Rjp Rge 
CA 1.00               
Sc 0.49 1.00              
EER 0.21 -0.07 1.00             
GDP -0.19 -0.36 -0.07 1.00            
Sg -0.01 -0.77 -0.19 0.40 1.00           
Sh 0.33 0.09 0.25 -0.29 -0.37 1.00          
π -0.59 -0.52 0.06 -0.21 0.22 -0.13 1.00         
NEE -0.04 0.56 0.29 -0.30 -0.63 0.00 -0.29 1.00        
Sp 0.56 0.91 0.04 -0.44 -0.83 0.49 -0.51 0.49 1.00       
Rs -0.23 -0.36 0.29 0.01 -0.04 0.53 0.23 -0.08 -0.10 1.00      
R -0.48 -0.52 0.65 0.28 0.14 0.17 0.19 -0.03 -0.38 0.45 1.00     
Rf -0.41 -0.50 0.26 0.21 0.38 -0.26 0.26 -0.15 -0.55 -0.01 0.74 1.00    
Rus -0.31 -0.56 0.07 0.54 0.51 -0.27 0.16 -0.37 -0.60 -0.20 0.62 0.84 1.00   
Rjp -0.40 -0.34 0.36 -0.11 0.18 -0.20 0.28 0.07 -0.37 0.16 0.66 0.89 0.51 1.00  
Rge -0.46 -0.57 0.49 0.09 0.22 0.15 0.37 -0.10 -0.44 -0.41 0.90 0.85 0.63 0.83 1.00 

 
Quarterly data 

 CA Cycle EER GDP π R Rs NEE Rf Rge Rjp Rus 
CA 1.00            
Cycle 0.06 1.00           
EER 0.05 -0.24 1.00          
GDP -0.00 0.28 -0.26 1.00         
π -0.22 -0.06 -0.22 -0.07 1.00        
R 0.09 0.21 0.02 0.05 0.25 1.00       
Rs -0.11 -0.32 0.15 0.09 0.09 0.14 1.00      
NEE -0.09 -0.24 0.23 -0.15 -0.31 0.06 0.05 1.00     
Rf 0.02 0.36 -0.40 0.08 -0.20 0.66 -0.24 -0.15 1.00    
Rge 0.03 0.35 -0.09 0.10 0.31 0.84 0.08 -0.13 0.69 1.00   
Rjp -0.02 0.19 -0.29 0.07 0.11 0.53 -0.18 -0.04 0.89 0.56 1.00  
Rus 0.06 0.46 -0.41 0.07 0.24 0.63 -0.24 -0.24 0.85 0.64 0.51 1.00 
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GERMANY 
Annual data 

 CA Sc EER GDP Sg Sh π NEE Sp Rs R Rf Rus Rjp Rge 
CA 1.00               
Sc 0.70 1.00              
EER 0.43 0.43 1.00             
GDP -0.59 -0.40 -0.04 1.00            
Sg -0.02 -0.72 -0.19 0.02 1.00           
Sh 0.02 0.32 0.09 -0.09 -0.59 1.00          
π 0.51 0.18 0.02 -0.92 0.18 0.11 1.00         
NEE 0.04 0.37 0.24 -0.29 -0.49 0.26 0.11 1.00        
Sp 0.66 0.99 0.42 -0.39 -0.77 0.46 0.18 0.39 1.00       
Rs -0.25 -0.43 -0.09 0.12 0.26 0.27 0.17 -0.26 -0.36 1.00      
R -0.26 -0.31 0.07 0.35 0.11 0.28 -0.08 -0.05 -0.25 0.53 1.00     
Rf -0.24 -0.40 0.05 0.41 0.19 0.15 -0.13 -0.22 -0.26 0.24 0.85 1.00    
Rus -0.17 -0.42 0.02 0.38 0.43 -0.28 -0.15 -0.42 -0.43 -0.00 0.63 0.84 1.00   
Rjp -0.16 -0.14 0.07 0.29 -0.06 0.48 -0.08 0.01 -0.05 0.39 0.83 0.89 0.51 1.00  
Rge --- --- --- --- --- --- --- --- --- --- --- --- --- --- 1.00 

Rge here same as R. 
 
Quarterly data 

 CA Cycle EER GDP π R Rs NEE Rf Rge Rjp Rus 
CA 1.00            
Cycle 0.21 1.00           
EER -0.19 -0.25 1.00          
GDP -0.08 0.03 0.06 1.00         
π 0.16 0.11 -0.08 -0.34 1.00        
R 0.18 0.53 -0.25 -0.01 0.04 1.00       
Rs -0.22 -0.00 -0.06 0.10 0.12 -0.31 1.00      
NEE 0.15 -0.38 0.28 0.16 -0.07 -0.14 -0.14 1.00     
Rf 0.21 0.48 -0.35 -0.08 0.06 0.69 0.04 -0.34 1.00    
Rge --- --- --- --- --- --- --- --- --- 1.00   
Rjp 0.27 0.34 -0.28 -0.05 0.03 0.56 0.16 -0.25 0.89 0.56 1.00  
Rus -0.09 0.51 -0.33 -0.09 0.08 0.64 -0.11 -0.34 0.85 0.64 0.51 1.00 

Rge here same as R.  
  



231 

  

ITALY 
Annual data 

 CA Sc EER GDP Sg Sh π NEE Sp Rs R Rf Rus Rjp Rge 
CA 1.00               
Sc 0.68 1.00              
EER -0.20 -0.07 1.00             
GDP -0.26 -0.29 -0.09 1.00            
Sg -0.06 -0.53 -0.46 0.51 1.00           
Sh 0.22 0.06 0.50 -0.55 -0.65 1.00          
π -0.18 0.09 0.57 0.13 -0.46 0.28 1.00         
NEE -0.62 -0.53 0.05 -0.13 -0.13 0.24 -0.09 1.00        
Sp 0.66 0.82 0.23 -0.54 -0.79 0.62 0.24 -0.28 1.00       
Rs -0.34 -0.35 0.51 0.10 -0.10 0.24 0.57 0.14 -0.13 1.00      
R -0.28 -0.22 0.59 0.15 -0.21 0.27 0.82 -0.08 -0.02 0.81 1.00     
Rf -0.33 -0.47 0.10 0.38 0.09 0.17 0.21 0.36 -0.27 0.02 0.31 1.00    
Rus -0.28 -0.53 -0.08 0.72 0.41 -0.11 0.05 0.19 -0.8 -0.02 0.16 0.84 1.00   
Rjp -0.29 -0.30 0.23 0.01 -0.21 0.37 0.29 0.41 -0.02 0.36 0.05 0.89 0.51 1.00  
Rge -0.35 -0.46 0.33 0.31 -0.00 0.26 0.51 0.23 -0.21 0.45 0.68 0.85 0.63 0.83 1.00 

 
Quarterly data 

 CA Cycle EER GDP π R Rs NEE Rf Rge Rjp Rus 
CA 1.00            
Cycle -0.08 1.00           
EER -0.09 -0.38 1.00          
GDP -0.08 0.19 -0.12 1.00         
π -0.09 -0.10 0.02 -0.16 1.00        
R 0.07 0.02 0.06 0.02 0.22 1.00       
Rs -0.11 -0.29 0.24 -0.03 0.28 0.50 1.00      
NEE -0.00 0.02 -0.04 0.05 -0.14 -0.16 0.15 1.00     
Rf 0.06 0.22 -0.18 0.01 -0.02 0.35 -0.13 0.12 1.00    
Rge 0.02 0.17 -0.10 -0.01 0.10 0.51 0.32 0.27 0.69 1.00   
Rjp 0.06 0.11 -0.12 -0.01 0.05 0.31 -0.11 0.17 0.89 0.56 1.00  
Rus 0.05 0.29 -0.20 0.03 -0.10 0.30 -0.11 0.03 0.85 0.64 0.51 1.00 
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JAPAN 
Annual data 

 CA Sc EER GDP Sg Sh π NEE Sp Rs R Rf Rus Rjp Rge 
CA 1.00               
Sc 0.36 1.00              
EER 0.28 -0.51 1.00             
GDP -0.47 0.03 -0.35 1.00            
Sg -0.16 -0.86 0.71 -0.10 1.00           
Sh 0.44 -0.14 -0.01 -0.27 -0.20 1.00          
π -0.18 -0.75 0.27 0.03 0.68 0.12 1.00         
NEE 0.05 0.46 -0.68 0.28 -0.59 0.16 -0.44 1.00        
Sp 0.55 0.88 -0.48 -0.10 -0.91 0.35 -0.65 -0.52 1.00       
Rs -0.35 -0.72 0.27 0.08 0.46 0.30 0.66 -0.44 -0.54 1.00      
R -0.50 -0.51 0.04 0.32 0.27 0.10 0.43 -0.22 -0.43 0.77 1.00     
Rf -0.46 -0.41 -0.05 0.46 0.24 -0.01 0.28 0.09 -0.40 0.50 0.75 1.00    
Rus -0.36 -0.12 -0.38 0.44 -0.06 0.05 0.17 0.20 -022 0.23 0.51 0.88 1.00   
Rjp --- --- --- --- --- --- --- --- --- --- --- --- --- 1.00  
Rge -0.47 -0.54 0.15 0.30 0.33 0.07 0.32 -0.02 -0.48 0.63 0.83 0.92 0.63 0.83 1.00 

Rjp here same as R. 
 
Quarterly data 

 CA Cycle EER GDP π R Rs NEE Rf Rge Rjp Rus 
CA X            
Cycle -0.20 X           
EER -0.04 -0.40 X          
GDP 0.12 0.14 -0.03 X         
π 0.07 0.04 0.23 -0.28 X        
R -0.13 0.48 -0.22 -0.18 0.15 X       
Rs -0.10 0.06 0.06 0.04 0.29 0.46 X      
NEE -0.25 -0.03 -0.01 -0.11 0.04 -0.14 0.21 X     
Rf -0.06 0.48 -0.16 -0.05 0.03 0.59 0.28 -0.10 X    
Rge -0.10 0.35 -0.07 -0.00 0.11 0.16 0.39 -0.10 0.90 X   
Rjp --- --- --- --- --- --- --- --- --- X X  
Rus -0.01 0.51 -0.22 -0.08 -0.06 0.51 0.13 -0.08 0.91 0.64 0.51 X 

Rjp here same as R. 
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THE NETHERLANDS 
Annual data 

 CA Sc EER GDP Sg Sh π NEE Sp Rs R Rf Rus Rjp Rge 
CA 1.00               
Sc 0.87 1.00              
EER -0.02 0.08 1.00             
GDP 0.18 0.02 -0.63 1.00            
Sg -0.09 -0.29 -0.24 0.03 1.00           
Sh 0.02 -0.05 0.14 0.12 -0.83 1.00          
π -0.15 -0.26 0.09 -0.16 0.24 -0.10 1.00         
NEE 0.14 0.25 0.22 -0.30 -0.50 0.38 -0.31 1.00        
Sp 0.70 0.76 0.16 0.09 -0.77 0.61 -0.27 0.45 1.00       
Rs -0.31 -0.39 -0.20 0.11 -0.03 0.21 0.41 -0.33 -0.17 1.00      
R -0.15 -0.20 -0.09 0.26 -0.12 0.23 0.41 -0.06 -0.01 0.63 1.00     
Rf -0.04 -0.16 -0.20 0.35 0.03 0.12 0.30 -0.18 -0.05 0.29 0.83 1.00    
Rus 0.12 0.02 -0.21 0.55 0.17 -0.09 0.15 -0.39 -0.05 0.07 0.62 0.84 1.00   
Rjp -0.17 -0.28 -0.15 0.09 -0.10 0.28 0.36 0.04 -0.04 0.40 0.81 0.89 0.51 1.00  
Rge -0.11 -0.16 -0.11 0.21 -0.08 0.18 0.37 -0.03 -0.01 0.57 0.99 0.85 0.63 0.83 1.00 

 
Quarterly data 

 CA Cycle EER GDP π R Rs NEE Rf Rge Rjp Rus 
CA 1.00            
Cycle 0.00 1.00           
EER 0.13 -0.34 1.00          
GDP -0.15 -0.03 -0.02 1.00         
π -0.18 0.11 0.01 -0.15 1.00        
R -0.16 0.51 -0.22 -0.02 0.23 1.00       
Rs -0.00 0.14 -0.03 0.07 0.10 0.30 1.00      
NEE 0.16 -0.42 0.39 -0.20 -0.16 -0.09 -0.11 1.00     
Rf -0.23 0.41 -0.42 0.16 0.20 0.67 0.06 -0.33 1.00    
Rge -0.22 0.52 -0.26 0.03 0.18 0.95 0.34 -0.15 0.69 1.00   
Rjp -0.21 0.24 -0.29 0.19 0.29 0.53 0.16 -0.24 0.89 0.56 1.00  
Rus -0.18 0.49 -0.46 0.08 0.04 0.65 -0.08 -0.35 0.85 0.64 0.51 1.00 
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SPAIN 
Annual data 

 CA Sc EER GDP Sg Sh π NEE Sp Rs R Rf Rus Rjp Rge 
CA 1.00               
Sc -0.69 1.00              
EER -0.03 -0.36 1.00             
GDP -0.23 -0.19 -0.04 1.00            
Sg -0.53 -0.59 0.09 0.43 1.00           
Sh 0.50 -0.02 0.29 -0.37 -0.65 1.00          
π -0.68 -0.50 0.30 0.08 0.19 -0.16 1.00         
NEE -0.62 -0.74 0.32 -0.11 0.40 -0.03 0.48 1.00        
Sp 0.86 0.73 -0.07 -0.39 -0.89 0.67 -0.48 -0.57 1.00       
Rs -0.26 -0.45 0.43 -0.35 -0.04 0.32 0.70 0.50 -0.12 1.00      
R -0.31 -0.43 0.55 0.05 -0.10 0.31 0.81 0.37 -0.11 0.75 1.00     
Rf -0.52 -0.32 0.35 0.43 0.17 -0.21 0.36 0.26 -0.39 0.00 0.45 1.00    
Rus -0.40 -0.24 0.22 0.73 0.36 -0.36 0.25 -0.05 -0.43 -0.21 0.27 0.84 1.00   
Rjp -0.51 -0.31 0.38 0.07 -0.02 -0.04 0.37 0.45 -0.26 0.18 0.49 0.89 0.51 1.00  
Rge -0.44 -0.41 0.60 0.20 0.00 0.10 0.52 0.41 -0.24 0.38 0.71 0.85 0.63 0.83 1.00 

 
Quarterly data 

 CA Cycle EER GDP π R Rs NEE Rf Rge Rjp Rus 
CA 1.00            
Cycle -0.11 1.00           
EER -0.09 -0.45 1.00          
GDP 0.08 -0.01 0.12 1.00         
π -0.11 0.01 0.03 0.16 1.00        
R 0.04 -0.48 0.23 -0.06 0.14 1.00       
Rs 0.11 -0.51 0.18 -0.00 0.16 0.52 1.00      
NEE -0.20 -0.15 -0.00 -0.06 -0.13 0.18 0.14 1.00     
Rf -0.08 0.11 -0.19 -0.06 0.01 0.33 -0.15 0.12 1.00    
Rge -0.02 -0.07 -0.07 -0.06 0.16 0.56 -0.03 0.26 0.69 1.00   
Rjp 0.00 0.02 -0.18 -0.08 -0.06 0.27 -0.05 -0.04 0.89 0.56 1.00  
Rus -0.14 0.18 -0.14 -0.02 0.08 0.30 -0.22 0.05 0.85 0.64 0.51 1.00 

 
  



235 

  

SWITZERLAND 
Quarterly data 

 CA Cycle EER GDP π R Rs NEE Rf Rge Rjp Rus 
CA 1.00            
Cycle 0.03 1.00           
EER 0.08 -0.19 1.00          
GDP 0.15 0.29 0.18 1.00         
π 0.01 -0.15 -0.05 0.03 1.00        
R -0.03 0.01 0.05 0.04 0.07 1.00       
Rs -0.10 0.02 -0.19 -0.11 0.26 0.53 1.00      
NEE -0.16 -0.25 0.19 -0.34 -0.13 -0.22 -0.39 1.00     
Rf -0.07 0.09 -0.15 0.24 0.27 0.65 0.30 -0.21 1.00    
Rge -0.10 0.04 -0.05 0.13 0.28 0.82 0.43 -0.13 0.86 1.00   
Rjp -0.09 0.04 -0.08 0.23 0.31 0.41 0.15 -0.12 0.84 0.56 1.00  
Rus 0.01 0.16 -0.24 0.24 0.07 0.45 0.20 -0.30 0.84 0.64 0.51 1.00 
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UNITED KINGDOM 
Annual data 

 CA Sc EER GDP Sg Sh π NEE Sp Rs R Rf Rus Rjp Rge 
CA 1.00               
Sc 0.54 1.00              
EER -0.01 0.10 1.00             
GDP -0.02 0.10 -0.14 1.00            
Sg -0.23 -0.82 -0.11 0.14 1.00           
Sh 0.27 0.06 -0.01 -0.47 -0.47 1.00          
π -0.13 -0.35 0.62 -0.15 0.35 -0.09 1.00         
NEE 0.21 -0.35 -0.26 0.03 0.56 -0.17 0.12 1.00        
Sp 0.59 0.89 0.09 -0.12 -0.92 0.50 -0.34 -0.38 1.00       
Rs -0.22 -0.53 0.45 -0.40 0.42 0.06 0.91 0.24 -0.44 1.00      
R -0.02 -0.10 0.66 -0.20 0.02 0.13 0.71 -0.07 -0.03 0.61 1.00     
Rf 0.10 -0.15 0.34 -0.17 0.13 0.13 0.52 0.12 -0.07 0.43 0.89 1.00    
Rus 0.05 -0.36 0.16 0.21 0.48 -0.15 0.37 0.35 -0.37 0.27 0.62 0.79 1.00   
Rjp 0.06 0.07 0.36 -0.27 -0.11 0.13 0.47 -0.05 0.11 0.37 0.83 0.90 0.51 1.00  
Rge 0.16 -0.14 0.36 -0.34 0.05 0.33 0.53 0.05 0.03 0.50 0.86 0.94 0.63 0.83 1.00 

 
Quarterly data 

 CA Cycle EER GDP π R Rs NEE Rf Rge Rjp Rus 
CA 1.00            
Cycle -0.02 1.00           
EER -0.19 -0.38 1.00          
GDP -0.02 0.03 -0.01 1.00         
π -0.06 -0.39 0.16 -0.22 1.00        
R 0.06 0.05 -0.01 0.08 0.15 1.00       
Rs 0.01 -0.23 0.00 0.15 0.50 0.15 1.00      
NEE 0.07 0.04 -0.02 -0.30 0.24 -0.16 0.07 1.00     
Rf 0.06 0.21 -0.20 -0.11 0.23 0.70 0.08 0.18 1.00    
Rge 0.04 0.05 -0.10 0.01 0.27 0.65 0.18 0.19 0.86 1.00   
Rjp 0.03 0.17 -0.24 -0.10 0.16 0.55 0.11 0.06 0.84 0.56 1.00  
Rus 0.07 0.30 -0.15 -0.17 0.16 0.59 -0.09 0.21 0.84 0.64 0.51 1.00 
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UNITED STATES 
Annual data 

 CA Sc EER GDP Sg Sh π NEE Sp Rs R Rf Rus Rjp Rge 
CA 1.00               
Sc 0.54 1.00              
EER -0.10 0.19 1.00             
GDP -0.59 -0.36 -0.24 1.00            
Sg -0.12 -0.81 -0.13 0.05 1.00           
Sh 0.10 -0.02 -0.30 0.08 -0.39 1.00          
π -0.13 -0.19 0.29 -0.21 0.30 -0.35 1.00         
NEE -0.03 -0.34 -0.26 -0.19 0.38 -0.04 -0.16 1.00        
Sp 0.54 0.92 0.06 -0.30 -0.90 0.37 -0.31 -0.33 1.00       
Rs -0.19 -0.65 0.23 0.07 0.71 -0.23 0.61 0.02 -0.69 1.00      
R -0.16 -0.27 0.13 0.18 0.33 -0.25 0.40 -0.09 -0.35 0.57 1.00     
Rf 0.15 0.21 -0.01 -0.23 -0.18 0.05 0.51 -0.21 0.22 0.19 0.60 1.00    
Rus --- --- --- --- --- --- --- --- --- --- --- --- 1.00   
Rjp 0.10 0.27 -0.02 -0.17 -0.22 -0.04 0.50 -0.22 0.23 0.08 0.51 0.96 0.51 1.00  
Rge 0.19 0.13 -0.00 -0.27 -0.12 0.15 0.48 -0.18 0.18 0.29 0.63 0.96 0.63 0.83 1.00 

Rus here same as R. 
 
Quarterly data 

 CA Cycle EER GDP π R Rs NEE Rf Rge Rjp Rus 
CA 1.00            
Cycle -0.25 1.00           
EER 0.32 -0.29 1.00          
GDP -0.03 0.26 -0.16 1.00         
π -0.25 -0.33 0.02 -0.19 1.00        
R -0.23 0.53 -0.22 0.20 0.23 1.00       
Rs -0.24 -0.00 0.06 -0.12 0.42 0.32 1.00      
NEE -0.04 0.36 -0.28 -0.01 -0.17 0.22 0.01 1.00     
Rf -0.10 0.25 -0.24 -0.01 0.26 0.65 0.27 0.07 1.00    
Rge -0.11 0.23 -0.16 -0.01 0.21 0.64 0.33 -0.02 0.86 1.00   
Rjp -0.07 0.21 -0.26 -0.00 0.25 0.51 0.16 0.13 0.90 0.56 1.00  
Rus --- --- --- --- --- --- --- --- --- --- --- 1.00 

Rus here same as R. 
  



238 

 

  



239 

  

Appendix E: List of used symbols and 
abbreviations 

A Foreign assets 
AD Aggregated demand 
AIC Akaike information criterion 
B Bonds 
Bf Foreign bonds 
Bg Government net lending 
bp Basispoint (1/100 of a percentage point) 
C Consumption 
c Constant 

CA Current account balance 
Covi,m Covariance of return between asset I and m 
Cycle business cycle indicator 

D Government debt 
DW Durbin Watson Statistic 
Ee Expected currency appreciation (domestic versus foreign) 

EER Ex-ante equity return 
Gc Government consumption 
I Investments 
IN National investments 
IP Private investments 
k Capital 

LT Long term equation in ERM specification 
M Money 

MAX Maximize 
NEE Nominal effective exchange rate 
Pt portfolio of assets 
q Quantity of money 
R Nominal long-term interest rate 
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r Real long-term interest rate 
Ra Return on risky assets 
RE Return on investment (%) 
Rf Nominal foreign long-term interest rate 
rf Real foreign long-term interest rate 
Rs Nominal short-term interest rate 
Rw Nominal world long-term interest rate 
rs Real short-term interest rate 
rw Real world long-term interest rate 
S Savings 
SN National savings 
SP Private savings 
T Tax income 

SD dep Standard deviation dependent variable 
u Utility 
W Willingness of consumers to postpone consumption 
Y Labour income 
Ω premium to own long-term bonds over short term bills 

 Coefficient value of variables in long-term correction equation 

 parameter for adjustment speed of the error correction 
f  Function  
ρw World time preference rate 
ρ Time preference rate 
λ Weight asset in portfolio 
π Inflation 
πe Expected inflation 
σ Standard deviation 
β Coefficient value 
εt Disturbance factor 
ϕ Lags in months (time series models) 
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Samenvatting (Summary in Dutch) 
Dit proefschrift heeft als titel empirisch onderzoek naar lange rente determinanten. 
De focus is daarbij gericht op de verklaring van kapitaalmarktrentebewegingen in 
ontwikkelde landen. In de literatuur ontbreekt een algemene theorie voor de 
kapitaalmarktrente. Niettemin zijn in de moderne macro- en financieel-economische 
literatuur verschillende concepten terug te vinden waarin de kapitaalmarktrente 
wordt verklaard. Het betreft vijf theorieën: de klassieke vraag- en aanbodtheorie van 
kapitaal, inflatieverwachtingstheorie (Fisher) en drie theorieën die de relatie met 
andere financiële waarden beschrijven (rentetermijnstructuur, capital asset pricing 
model en de rentepariteitstheorie).  
 
De foutencorrectiemodellen, waarin alle partiele theorieën zijn samengebracht, 
kunnen met kwartaaldata gemiddeld 46% tot 67% van de rentebewegingen verklaren 
voor een groep van twaalf geïndustrialiseerde landen in de periode 1980-2004. Met 
jaarlijkse data (1970-2003) kan gemiddeld 62%-88% worden verklaard. De 
rentevariabelen (binnenlandse korte rente en buitenlandse kapitaalmarktrente) 
hebben de sterkste verklaringskracht. Alleen met deze rentevariabelen kan 36% tot 
61% van de rentebewegingen met kwartaaldata worden verklaard. Toch hebben ook 
andere (niet rente) variabelen toevoegde waarde in de modellen. Voor grote landen 
dragen bijvoorbeeld indicatoren voor economische activiteit bij aan de verklaring 
van de rentebeweging.  
 
Vergelijkingen met eenvoudige ongestructureerde en gestructureerde 
tijdreeksmodellen voor het Duitse rentemodel laten zien dat het 
foutencorrectiemodel de voorkeur geniet. Bij beide geselecteerde benchmark 
modellen (ARIMA en VAR) is sprake van een zwakkere AIC informatieratio.  
 
Een interessante casus is Japan, waar de kapitaalmarktrente zeer laag is ondanks een 
hoge overheidsschuld. In vergelijking met de andere landen verklaart het 
lopenderekeningsaldo in Japan de kapitaalmarktrentebeweging beter. Indien 
huishoudens verwachten dat in de toekomst de belastingheffing zal toenemen als 
gevolg van slechte overheidsfinanciën, kunnen zij daar nu op anticiperen door alvast 
meer te sparen. Dit fenomeen staat in de economische literatuur beter bekend als 
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Ricardiaanse equivalentie, wat een verklaring zou kunnen zijn voor het grotere 
particuliere spaaroverschot in Japan. Dit blijkt echter vooral te zijn gedreven door 
een toename van bedrijfsbesparingen, niet door huishoudensbesparingen. Daarmee 
lijkt het grotere particuliere spaaroverschot niet een gevolg van Ricardiaanse 
equivalentie te zijn maar een gevolg van een derde factor: de verslechtering van de 
economische situatie. Ook de Granger causaliteitstoets toont niet aan dat er een 
verloop van overheidsspaarsaldi naar bedrijfs- of huishoudensbesparingen bestaat. 
Ricardiaanse equivalentie lijkt daarmee niet te wijzen op hogere netto besparingen in 
Japan. 
 
De verklaring voor de relatief sterke relatie tussen het netto spaarsaldo en de 
kapitaalmarktrente moet niet worden gezocht in de verklaring voor de hoogte van het 
spaarsaldo maar de hoogte van de t-waarde van het nettospaarsaldo. Wat Japan van 
andere landen onderscheidt zijn institutionele factoren. Zo is de obligatiemarkt in 
Japan voornamelijk binnenlandse gefinancierd en lijkt sprake van een home bias. De 
(semi-)overheid houdt zelf relatief veel staatsobligatiepapier aan en ook bij de 
uitvoering van het monetair beleid worden staatsobligaties met lange looptijd 
gekocht. Deze institutionele factoren hebben waarschijnlijk bijgedragen aan een 
lagere kapitaalmarktrente in Japan. 
 
De transmissie van korte rente naar kapitaalmarktrente is belangrijk voor centrale 
banken. Centrale banken zijn grotendeels zelf in staat de korte rente te bepalen. Via 
de transmissie naar de kapitaalmarktrente wordt invloed op de reële economie 
uitgeoefend. Door toenemende internationale economische en 
kapitaalmarktintegratie kan het zijn dat de kapitaalmarktrente meer wordt bepaald 
door internationale factoren en minder door nationale factoren.  
 
Een modelschatting laat zien dat de buitenlandse kapitaalmarktrente beter de 
binnenlandse kapitaalmarktrentebewegingen verklaart dan de korte binnenlandse 
rente in de periode 1980-2011. Rollende regressieschattingen, waarbij 
vergelijkingen worden geschat over een periode van 10 jaar en waarbij telkens de 
schattingsperiode een kwartaal wordt doorgeschoven, laten zien dat de 
verklaringskracht van de buitenlandse kapitaalmarktrente over de tijd is 
toegenomen. De verklaringskracht van de korte rente is tussen de jaren `80 en 2005 
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afgenomen. Sinds 1990 is de relatie tussen de binnenlandse korte en buitenlandse 
korte rente toegenomen. De toegenomen synchronisatie tussen monetair beleid kan 
een gevolg zijn van de integratie van de wereldwijde economische cyclus. Ook de 
relatie tussen de economische cyclus indicatoren is navenant toegenomen. De 
toegenomen relatie tussen binnenlandse en buitenlandse rentes kan gevolgen hebben 
voor de effectiviteit van het monetair beleid, indien een centrale bank niet de invloed 
op de binnenlandse kapitaalmarktrente kan uitoefenen via de rentetermijnstructuur 
wanneer een land door een geïsoleerde schok wordt getroffen.  
 
Naast verklaringsmodellen besteedt dit boek ook aandacht aan 
voorspellingsmodellen. Daarbij zijn expert voorspellingen, economische factor 
modellen en tijdreeksmodellen geëvalueerd. De expert en economische variabelen 
modellen zijn vervolgens op verschillende manieren gecombineerd. Bij de 
combinatie zijn drie methoden voor het bepalen van de gewichten toegepast: gelijke 
gewichten, gewichten op basis van de in-sample voorspelfout en geschatte 
gewichten op basis van de in-sample prestatie. De modellen zijn geschat voor twee 
voorspelhorizons (drie en twaalf maanden) en voor vijf landen (Verenigde Staten, 
Duitsland, Verenigd Koninkrijk, Nederland en Japan). Op een tijdshorizon van drie 
maanden blijkt het moeilijk de random walk, waarbij de voorspelling een 
ongewijzigde rente is, te verslaan. Wel leiden de gecombineerde modellen tot betere 
resultaten dan de individuele modellen. Voor de twaalf maands voorspelperiode 
presteren de gecombineerde modellen op basis van de expert voorspellingen en de 
economische variabelen beter dan de random walk. Ook hier is de prestatie van de 
gecombineerde modellen beter dan van de individuele modellen. Alle 
gecombineerde modellen zijn bij een twaalf maands voorspelperiode in meer dan 
50% van de tijd in de outside sample periode in staat de juiste richting van de 
rentebeweging te voorspellen. Voor beide voorspelhorizons is de combinatie 
methode gebaseerd op de in-sample voorspelfout het meest succesvol.  
 
Het empirisch onderzoek heeft grotendeels betrekking op de periode vooraf aan de 
financiële crisis. De meeste modellen zijn geschat tot 2004, waardoor de outside 
sample period uit een relatief rustige periode bestaat (2004-2006) en een volatiele 
periode (2007-2011). Hoe hebben de modellen in de crisis periode gepresteerd? De 
verklaringsmodellen zijn beter in staat de richting in te schatten in de crisisperiode 
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van de outside sample periode (72,6%) dan tijdens de rustigere periode (67,3%). 
Daarentegen is de standaarddeviatie van het verschil tussen geschatte rente 
verandering en de werkelijke rente verandering wel hoger in deze periode. Deze 
twee kenmerken geven aan dat een belangrijk deel van de toegenomen volatiliteit is 
opgevangen door de modellen, maar niet volledig. Factoren zoals aankopen van 
staatsobligaties door centrale banken en verslechtering van kredietwaardigheid van 
een aantal landen die in het onderzoek zijn meegenomen zijn niet vertegenwoordigd 
in de geschatte modellen. 
 
Hoewel het belang van de buitenlandse kapitaalmarktrente voor de binnenlandse 
kapitaalmarktrente is toegenomen sinds 1980, is de relatie volledig weggevallen 
tijdens de crisis. Tijdens de crisis maakten beleggers meer onderscheid tussen 
staatsobligaties van verschillende landen, voor sommige liep de rente op door 
afnemende kredietwaardigheid (Italië en Spanje) voor sommige leidde dit tot 
toevlucht van kapitaal vanwege de veilige status (Verenigde Staten en Duitsland). 
Toch steeg de integratie tussen de economische cyclus indicatoren van de landen 
tijdens de crisis naar zeer hoge niveaus. In de toekomst, als overheidsfinanciën weer 
hersteld zijn, kan de trend van grotere integratie tussen internationale rentes zich 
wellicht weer hervatten.  
 
Voor de rentevoorspelmodellen was tijdens de crisisperiode de voorspelfout groter, 
maar liep de voorspelfout van de geschatte modellen minder sterk op voor de drie 
maands voorspelhorizon dan voor de random walk. Hierdoor verbeteren de prestatie 
van de modellen tegenover de random walk. Voor de twaalf maands horizon 
presteren de modellen (expert modellen, economische factoren modellen en 
gecombineerde modellen) minder goed in de crisisperiode. De geschatte 
voorspellingsmodellen waren wel vaker in staat de juiste richting te voorspellen in 
de crisisperiode van de outside sample periode voor zowel de drie als twaalf maands 
voorspelperiode. Ook hier is dit waarschijnlijk een gevolg van de hogere volatiliteit. 
De conclusie voor de totale outside sample periode dat de modellen beter presteren 
bij de twaalf maands periode, de combinatie modellen beter presteren dan de 
individuele modellen en dat het moeilijk is de random walk op de drie maands 
tijdshorizon te verslaan, wordt ook voor de crisisperiode bevestigd. 



 
 

 
 
 

  



 
 

 
 
 

  






