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1. INTRODUCTION 

Investors frequently differentiate their portfolios in order to benefit from risk pooling. 

Various economists have argued that holding a portfolio of diversified assets results in less 

risk and smaller losses incurred by the portfolio owner. This also applies to the international 

bond markets. Often, investors hold bonds from more than one national market with the aim 

of reducing the risk of their portfolio. If international bond markets are strongly correlated 

in the long run, reducing the risk through diversification will not be as effective as in the case 

if the bond markets were uncorrelated and thus operated independently of each other. 

Similarly, in their portfolios investors often hold bonds with dissimilar maturities. This is 

also a way of diversifying the risk. Again, if strong correlation occurs between bonds from 

the same national market with different maturities, diversification will not be effective. 

An important indication of the degree to which long-run diversification is an option for 

international bond markets’ investors is given by testing whether these markets are 

cointegrated. 

Numerous papers have studied and analysed these relationships. A paper by Mills and Mills 

(1991) provides a conclusion that bond yields are not cointegrated and in the long run they 

are determined by their own domestic fundamentals. What is more, Clare, Maras and 

Thomas (1995) also find that there is no cointegration between any pair of bond indices 

from their sample of UK, US, German and Japanese bond returns. These two papers, 

however, come from the 1990s and their results may no longer be applicable to today’s 

world. Over the last years globalization has become one of the major forces influencing the 

global financial markets. The surge of liberalization, combined with political, technological, 

and financial developments, has brought about an increased interdependence between the 

world’s most prominent financial markets. In today’s world any information reaching the 

news has a global rather than local impact. Therefore, we believe that the cointegration of 

international government bond markets may no longer be in place. 

Less attention in the literature has been given to the interdependence of government bonds 

with respect to their maturities. One study addressing this issue was performed by Driessen, 

Melenberg and Nijman (2003), who found that positive correlations between bonds were 

driven by their term-structure. With the increasing integration of the European financial and 

capital markets, and especially the introduction of a common currency and common 

monetary policy monitored by the European Central Bank, we believe that cointegration in 

the European government bonds with dissimilar term structures is in place. 

 

2. HYPOTHESES 

This report has two major hypotheses: 

Hypothesis I: Firstly, we believe that there is more evidence of cointegration over the recent 

years between international government bond markets. This hypothesis will be tested on  

the data obtained for government bond yields in the Euro area, USA and Japan over the 

period from 1 January 2005 to 31 December 2011. 
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Hypothesis II: Secondly, we believe that there will be evidence of cointegration within the 

Euro-area for government bonds with different terms to maturity. This hypothesis will be 

tested on  the data obtained for government bond yields in the Euro area over the period 

from 1 January 2005 to 31 December 2011 with maturities of 1 year, 5 years, 10 years and 

15 years. 

The main conclusion from these two hypotheses, if they prove correct, is that investors 

incorrectly believe that risk reduction is possible with portfolio diversification in the case of 

portfolios consisting of government bonds from different national markets and with 

dissimilar term structures. 

 

3. HYPOTHESIS I: INTERNATIONAL MARKETS ANALYSIS 

3.1 Data description 

The data set for testing Hypothesis I consists of daily 10-year maturity government 

bond yields from the Euro area (changing composition of government bonds with 

AAA rating), USA and Japan. All data were subject to logarithmic transformations. 

The data for the Euro area was obtained from the European Central Bank website. 

The data for USA and Japan was obtained from Datastream. Data was collected for 

the period from 1 January 2005 to 31 December 2011. For each country there is 

1825 data points (although in some cases data was non-obtainable, for example 

when the Japanese capital markets closed after the 2010 earthquake). Graphs below 

represent the logarithmised data plots: 
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3.2 Augmented Dickey-Fuller test 

In order to test for stationarity of the data sets we performed the Augmented Dickey-

Fuller (ADF) tests with trend. First, the ADF test was applied to the level series. The 

ADF tests for unit root in levels for all three series were that the series are non-

stationary, i.e. the null hypothesis of unit root existence cannot be rejected. In the 

next step, we tested for unit root existence in first order differences. The result was 

that all three series are difference stationary, i.e. they all are I(1). 

The EViews outputs for both level and first-order differences are presented in 

Appendix A. 

 

3.3 Johansen procedures 

The Johansen procedure is the most common and efficient procedure for estimating 

and testing for cointegration. The steps of the procedure are: 

(1) First, ensure that all variables Xj , j = 1, … , n are either I(1) or I(0); 

(2) Determine the VAR lag order p using the multivariate information criteria; 

(3) Find the cointegrating rank r by sequences of hypothesis tests and estimate β; 

(4) Finally, estimate the full EC-VAR model given p and r to estimate α and all ψj . 

In the previous section, using ADF test it has already been established that all three 

data series are I(1). The next step is to determine the VAR lag order. The output from 

EViews is: 

 

Using the Akaike information criteria (AIC) the lag order was determined to be 2. 

The following step was to run the Johansen cointegration procedure. The EViews 

output is presented in Appendix B and Appendix C. 
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3.4 Results 

The EViews output shows no evidence of cointegration between the three national 

government bond markets in question. Hence, our hypothesis that there will be 

evidence of cointegration between national government bond markets could not be 

proven correct. This is a surprising result considering the developments in 

worldwide information systems, integration of financial markets and globalisation. 

Nonetheless, it is also good news for investors who may benefit from portfolio 

diversification. 

 

4. HYPOTHESIS II: TERM STRUCTURE ANALYSIS 

4.1 Data description 

The data set for testing Hypothesis II consists of government bond yields from the 

Euro area (changing composition of government bonds with AAA rating) with 

maturities of 1 year, 5 years, 10 years and 15 years. All data were subject to 

logarithmic transformations. The data was obtained from the European Central Bank 

website. Data was collected for the period from 1 January 2005 to 31 December 

2011. For each term structure there is 1825 data points. 
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4.2 Augmented Dickey-Fuller test 

In order to test for stationarity of the data sets we performed the Augmented Dickey-

Fuller (ADF) tests with trend. First, the ADF test was applied to the level series. The 

ADF tests for unit root in levels for all four series were that the series are non-

stationary, i.e. the null hypothesis of unit root existence cannot be rejected. In the 

next step, we tested for unit root existence in first order differences. The result was 

that all four series are difference stationary, i.e. they all are I(1). 

The EViews outputs for both level and first-order differences are presented in 

Appendix D. 

 

4.3 Johansen procedure 

The steps of the Johansen procedure were the same as those described in section 3.3. 

Having determined that all four series are I(1), we determined the VAR lag order. The 

EViews output is: 

 

Using the Akaike information criteria (AIC) the lag order was determined to be 9. 

The following step was to run the Johansen cointegration procedure. The EViews 

output is presented in Appendix E and Appendix F. 

From the EViews output it can be concluded that the null hypothesis of no 

cointegration has been rejected. The bond yields with dissimilar maturity structures 

seem to be cointegrated, usually with one cointegrating vector. Thus we can proceed 

with the Granger Causality test. 
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4.4 Granger Causality test 

Finally, as a VAR may include many lags of variables, it is often difficult to observe 

which sets of variables do and which do not have significant effects on each 

dependent variable. The Granger Causality test aims to address this issue. The 

method is used to find out whether changes in x1 cause changes in x2. The logic 

behind it is that if x1 causes x2, lags of x1 should be significant in the equation for x2. If 

such a relationship exists then it may be assumed that x1 ‘Granger causes’ x2 or that 

there is an unidirectional causality from x1 to x2. The same applies if these variables 

were reversed. If both sets of lags are significant, the relationship is described as a 

‘bi-directional causality’. 

The EViews output for the Granger Causality test is presented in Appendix G. 

The results show significant evidence of lead-lag interactions between the series. The 

yields on 1-year government bonds ‘Granger cause’ each of the remaining maturities 

at a 5% significance level, but there is no causality in the opposite direction. This is 

consistent with the general intuition that yields on short-term bonds might influence 

those with longer-term maturities. 

 

4.5 Results 

The EViews output showed that the null hypothesis of no cointegration has been 

rejected. Hence, our hypothesis that there will be evidence of cointegration between 

government bond markets with dissimilar maturities proved correct. This is not a 

surprising result considering the introduction of a single currency and the fact that 

the Euro area countries share a common monetary policy. However, it is also bad 

news for investors who probably will not benefit from portfolio diversification in 

terms of maturity structure. What is more, we have found evidence that the yields on 

short term (1-year) government bonds influence the yields on longer term (5-, 10-, 

and 15-years) bonds. 

 

5. CONCLUSION 

The results of our study are in line with the literature we have reviewed in section 1 of this 

report. For Hypothesis I, both approaches described in the papers by Mills and Mills (1991) 

and Clare, Maras and Thomas (1995), as well as our research have suggested that 

international bond markets are not cointegrated. This implies that investors can gain 

substantial diversification benefits. Clare, Maras and Thomas (1995) report that the lack of 

long-term integration between the markets may be due to things like heterogeneous 

maturity and taxation structures, as well as dissimilar investment cultures, issuance patterns 

and macroeconomic policies between the countries in question. This would infer that the 

markets operate mainly independently of one another. 

For Hypothesis II, we have found that the null hypothesis of no cointegration has been 

rejected. Therefore, our hypothesis that there will be evidence of cointegration between 
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government bond markets with dissimilar maturity structures was correct. This conclusion 

is supported by the intuition behind the functioning of financial and capital markets in the 

Euro area. Since the Euro area countries share a common monetary policy, the interest rates 

are set by the ECB for all countries which are part of the Euro area. The government bond 

yields are largely influenced by the interest rates and thus a common change in interest rates 

for these countries will have the same or similar effect on all government bond yields in the 

Euro area. What is more, we found that long-term bond yields may be influenced by those 

with short term maturity structure. 

Overall, investors may benefit from diversifying their government bonds portfolio in terms 

of nationality, but there no evidence supporting their eagerness of benefiting from terms 

structure diversification. 
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7. APPENDICES 

7.1 Appendix A 

ADF - Euro area bond yields (10Y maturity) 

   
 

ADF - US bond yields (10Y maturity) 
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ADF - Japanese bond yields (10Y maturity) 

  
 

 

7.2 Appendix B 

Johansen procedure – summary 
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7.3 Appendix C 

Johansen procedure – final output 
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7.4 Appendix D 

ADF - Euro area bond with maturity of 1 year 

   
 

ADF - Euro area bond with maturity of 5 years 

   
 

ADF - Euro area bond with maturity of 10 years 
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ADF - Euro area bond with maturity of 15 years 
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7.5 Appendix E 

Johansen procedure - summary 
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7.6 Appendix F 

Johansen procedure – final output 
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7.7 Appendix G 

Granger causality - results 

 


