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The purpose of this thesis is to examine the widening of the JPY/EUR cross-currency basis 

spread since the financial crisis as historically, cross-currency basis spreads have been close 

to zero, but since the financial crisis that started in 2007, cross-currency basis swaps have 

been showing a phenomenon of significant cross-currency basis spreads. This thesis sets to 

find out what kind of drivers are behind the JPY/EUR cross-currency basis spread and how 

these drivers explain the changes in the short-end (1 year) and medium part (5 years) of the 

JPY/EUR cross-currency basis curve. In addition, the arbitrage free boundaries in JPY/EUR 

investing and funding are discussed. 

 

The empirical part of this thesis is based on multivariate linear regression and co-integration 

analyses. The time frame of this study is from January 2008 to September 2017 and it is 

further divided into three sub-periods, January 2008 to December 2009 to capture the 

financial crisis, January 2010 to December 2013 to study the European debt crisis and 

January 2014 to September 2017 to examine the monetary policy divergence. Multivariate 

linear regression, Granger-Engle and Johansen’s tests were applied for all the time periods 

and for both, the 1-year and 5-year JPY/EUR cross-currency basis spreads to establish the 

possible short- and long-run relationships between the cross-currency basis spreads and the 

selected liquidity and credit risk, and supply and demand factors. 

 

The results suggest that the short-end of the JPY/EUR cross-currency basis curve is more 

affected by the short- and medium-term credit and liquidity risks while the long-end of the 

JPY/EUR cross-currency basis curve is driven more by the supply and demand. In addition 

to liquidity and credit risk, and supply and demand factors, European market volatility was 

found to have both short- and long-run relationships with the JPY/EUR basis spreads. 

Compared to results from earlier literature, the JPY/EUR basis spread was found not to be 

driven by the same factors during the European debt crisis period from 2013 to 2017 as the 

EUR/USD basis spread. Lastly, arbitrage free boundaries for cross-currency investing and 

funding in JPY/EUR basis swap market were identified and it was exhibited that arbitrage 

opportunities have existed for such market participants who have been able to raise 

unsecured funding in one currency and swap it into another currency. 
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Tämän tutkielman tarkoituksena on tarkastella jeni/euro cross-currency basis spreadien 

levenemistä sitten finanssikriisin. Historiallisesti cross-currency basis spreadit ovat olleet 

lähellä nollaa, mutta sitten finanssikriisin, joka alkoi vuonna 2007, cross-currency basis 

swappeihin on liittynyt ilmiö huomattavista cross-currency basis spreadeista. Tämä 

tutkielma pyrkii selvittämään, mitkä tekijät ajavat jeni/euro cross-currency basis spreadeja 

ja miten nämä tekijät selittävät spreadin muutoksia lyhyessä päässä (1-vuosi) sekä 

keskipitkässä päässä (5-vuotta) jeni/euro cross-currency basis käyrää. Lisäksi arbitraasin 

rajat jeni/euro sijoittamiselle ja rahoitukselle määritellään. 

 

Tämän tutkielman empiirinen osuus perustuu usean selittävän muuttujan lineaariseen 

regressioon sekä yhteisintegroituvuus -testeihin. Tutkimuksen aikaväli on tammikuusta 

2008 syyskuuhun 2017 ja lisäksi tämä aikaväli on jaettu kolmeen lyhyempään periodiin. 

Ensimmäinen periodi kapturoi finanssikriisin tammikuusta 2008 joulukuuhun 2009, toinen 

periodi tarkastelee eurokriisiä tammikuusta 2010 joulukuuhun 2013 ja viimeinen periodi 

eroavaisuuksia kehittyneiden talouksien rahapolitiikoissa tammikuusta 2014 syyskyyhun 

2017. Usean selittävän muuttujan lineaarinen regressio sekä yhteisintegroituvuus -testit 

suoritetaan kaikille aikaperiodeille sekä 1-vuoden ja 5-vuoden JPY/EUR cross-currency 

basis spreadeille. Testien avulla pyritään tunnistamaan sekä lyhyen että pitkän aikavälin 

yhteydet cross-currency basis spreadien ja valittujen likviditeetti sekä luottoriski ja kysyntä 

ja tarjonta muuttujien välillä. 

 

Tulosten perusteella voidaan todeta, että käyrän lyhyessä päässä lyhyet- ja keskipitkät luotto- 

sekä likviditeettiriskit ovat merkittävimipiä tekijöitä ja keskipitkässä osassa käyrää 

mekittävin tekijä on kysyntä ja tarjonta. Likviditeetti- ja luottoriskitekijöiden sekä kysyntä- 

ja tarjontatekijöiden lisäksi Euroopan markkinoiden volatiliteetin havaittiin omaavan sekä 

lyhyen että pitkän aikavälin vaikutusta JPY/EUR cross-currency basis spreadeihin. 

Verrattuna tuloksiin aikaisemmista tutkimuksista, samojen tekijöiden ei havaittu ajavan 

JPY/EUR basis spreadia Eurokriisin periodilla aikavälillä 2013-2017. Lisäksi, arbitraasin 

rajat määriteltiin ja tulosten mukaan arbitraasin mahdollisuuksia on esiintynyt sellaisille 

markkinaosapuolille, jotka ovat kyenneet hankkimaan vakuudetonta rahoitusta toisessa 

valuutassa ja vaihtamaan sen toiseen valuuttaan. 
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1 INTRODUCTION 

 

Historically, cross-currency basis spreads have been close to zero, but since the financial 

crisis that started in 2007, cross-currency basis swaps have been showing a phenomenon of 

significant cross-currency basis spreads. Since 2007, the persistence of a cross-currency 

basis has been connected to a violation of the covered interest parity (CIP). CIP holds that 

the differential between the spot and forward exchange rates should equal the interest rate 

differential between two currencies in the cash money markets. The cross-currency basis is 

an indicator of the difference between the cost of directly borrowing a currency and the 

interest paid to borrow a currency by swapping it against another and therefore, a non-zero 

cross-currency basis implies a violation of CIP.  

 

Most global transactions are U.S. dollar (USD) denominated and thus, the cross-currency 

basis spread is mainly added to the USD London Interbank Offered Rate (USD LIBOR) 

when foreign exchange (FX) swaps are used to fund USD. Euro (EUR) and Japanese Yen 

(JPY) are the most used underlying funding currencies in these transactions. In previous 

literature, the focus has mainly been in the most liquid currency pairs, the EUR/USD and 

the JPY/USD. However, the phenomenon of widening cross-currency basis spreads exists 

in other currency pairs as well. In this study, the focus is on the currency pair JPY/EUR and 

the historical events of JPY/EUR cross-currency basis are reviewed. In particular, the drivers 

that capture changes in the JPY/EUR cross-currency basis are identified and furthermore, 

the arbitrage free boundaries in JPY/EUR investing and funding are discussed.  

 

The outstanding notional amount of the cross-currency swap market was USD 22 207 billion 

in the first half of 2017 (BIS, 2017). As cross-currency basis spread is a significant and 

volatile component of pricing longer term forward contracts and cross-currency basis swaps, 

recognizing the drivers behind cross-currency basis spreads could help in evaluating the fair 

value of the cross-currency basis or to forecast its future trend in this large market. 

Furthermore, it could contribute to understanding the factors driving CIP deviations as the 

differential between the spot and forward exchange rates should equal the interest rate 

differential between two currencies in the cash money markets but this has not been the case 

after significant cross-currency bases between currencies have existed since 2008. 
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Studies by Borio McCauley, McGuire and Sushko (2016), Arai, Makabe, Okawara and 

Nagano (2016), and Baran and Witzany (2017) have empirically investigated the factors 

driving cross-currency bases. In this thesis, the findings of these earlier studies are used as a 

reference for identifying the possible factors driving the JPY/EUR cross-currency basis 

spread. Furthermore, compared to the earlier studies, more profound empirical testing will 

be applied in this thesis to investigate the short-term and long-term effects of the identified 

factors on cross-currency basis spreads. As there has not been any comprehensive studies 

focusing on the JPY/EUR cross-currency spread, it creates a research gap to identify the 

presumed variables driving the JPY/EUR cross-currency basis spread and use them as 

regressors in multivariate regression model and in co-integration analysis to test the 

relevance of these factors in short- and long-run.  

 

1.1 Research Objectives 

 

The purpose of this study is to examine the widening of the JPY/EUR cross-currency basis 

spread since the financial crisis as historically, cross-currency basis spreads have been close 

to zero, but since the financial crisis that started in 2007, cross-currency basis swaps have 

been showing a phenomenon of significant cross-currency basis spreads. This study sets to 

find out what kind of drivers are behind the JPY/EUR cross-currency basis spread and how 

these drivers explain the changes in the short-end (1 year) and medium part (5 years) of the 

JPY/EUR cross-currency basis curve. Furthermore, the arbitrage free boundaries in 

JPY/EUR investing and funding are discussed. As the existence of a non-zero cross-currency 

basis since the significant widening of the cross-currency basis spreads in 2007 made it an 

independent market risk factor, the phenomenon has been connected to violation of the CIP. 

Identifying and understanding the relative importance of the market variables that capture 

the changes in the basis, gives more transparency on the CIP and could contribute on 

predicting its future trends and fair value. 

 

A wide cross-currency basis typically indicates market stress such as increase in 

counterparty risks. The time frame of this study is from January 2008 to September 2017 

and it is further divided into three sub-periods: January 2008 to December 2009 to capture 

the financial crisis, January 2010 to December 2013 to study the European debt crisis and 

January 2014 to September 2017 to examine the monetary policy divergence. 
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As the objective of this study is to identify liquidity and credit risk, and supply and demand 

indicators that capture the changes in cross-currency basis spreads, multivariate regression 

and co-integration analysis are used as empirical methodologies to study the factors driving 

cross-currency basis spreads. In addition, another objective of this study is to identify 

arbitrage-free boundaries for JPY/EUR cross-currency basis spread by comparing a foreign 

currency risk-free investment with implied funding rate of a FX swap. 

 

1.2 Research Problems 

 

Baran and Witzany (2017) state, that cross-currency basis swap spreads arise from liquidity 

and credit risk, and supply and demand pressure of one currency against one another. 

Furthermore, imbalances in supply and demand can push basis spreads outside arbitrage free 

boundaries, thus, creating opportunities for arbitrage. Such events can take place in several 

currency pairs and based on existing literature explaining CIP deviations and determinants 

of cross-currency basis spreads, following research questions have been derived for this 

study: 

 

 What liquidity, credit risk, and supply and demand factors drive the widening of 

JPY/EUR cross-currency basis spread? 

 Are there similarities in the drivers that explain the changes in the 1-year short end 

and the 5-year medium part of the JPY/EUR cross-currency basis curve? 

 Have arbitrage opportunities existed in JPY/EUR cross-currency basis swaps during 

the time frame of this study? 

 

This study aims to contribute to the existing literature by providing evidence from the 

JPY/EUR cross-currency basis as previous literature has mainly focused on EUR/USD and 

USD/JPY cross-currency bases. Answering the above questions should elaborate the driving 

factors behind the JPY/EUR cross-currency basis and whether arbitrage opportunities have 

occurred for market participants with ability to raise unsecured funding at interbank rates in 

one currency and swap it into another currency. 
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In the first part of this thesis, the topic of widening cross-currency basis spreads is presented 

and the motives behind investigating JPY/EUR cross-currency basis spread further are 

presented. The second section of the thesis forms the theoretical framework of cross-

currency basis spreads. The third section presents the data of this thesis and the 

methodologies used are presented in the fourth section. The results are presented in section 

5 and finally, section 6 includes the conclusions and further research suggestions. 
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2 THEORETICAL BACKGROUND 

 

The theoretical framework for this thesis is presented in this section. First the profound 

dynamics of a cross-currency basis swap are presented. Followed by literature review on 

CIP as the persistence of a cross-currency basis has been connected to a violation of the CIP. 

Then the focus is shifted on the literature of the recent failure of the CIP and finally, the 

studies that have examined the determinants of the cross-currency basis spreads are 

reviewed. 

 

2.1 Cross-Currency Basis Swaps 

 

A cross-currency basis swap is a floating/floating swap in which two parties simultaneously 

borrow from and lend to each other an equivalent amount of money denominated in two 

currencies for a predefined period of time. At T0, the start of the swap, the nominals 

denominated in two different currencies are exchanged by the two parties at the spot 

exchange rate. During the term of the swap, typically on a quarterly basis, floating interest 

rate payments are exchanged to compensate for each party’s corresponding loan. The 

reference rates for these payments are interbank offered rates (IBOR), to which the basis is 

added on one leg. At maturity, the nominals exchanged in the start are re-exchanged at the 

FX spot rate of the start. (Flavell, 2010; Baba, Nagano and Packer, 2008) The flows involved 

in JPY/EUR cross-currency basis swap are presented below in Figure 1. 

 

 

Figure 1. Flows involved in JPY/EUR cross-currency basis swap 
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Cross-currency basis swaps are mostly free from FX risk and are usually employed by 

financial institutions and their customers to fund investments in foreign currency. 

Furthermore, foreign currency denominated bond issuers use cross-currency basis swaps as 

a tool to convert their issuance to domestic currency and banks use cross-currency basis 

swaps to meet the required deposit base in the foreign currency by swapping domestic 

currency deposits. (Baba et al, 2008; Baran and Witzany, 2017) 

 

2.2 Covered Interest Parity 

 

Borio et al (2016) state that in international finance, CIP is the nearest thing to a physical 

law. CIP holds that the differential between the spot and forward exchange rates should equal 

the interest rate differential between two currencies in the cash money markets and it can be 

stated as: 

 

𝐹

𝑆
=

(1+𝑟)

(1+𝑟∗)
 ,                ( 1) 

where 𝑆 is the spot exchange rate in units of domestic currency per foreign currency, 𝐹 is 

the corresponding forward exchange rate, 𝑟 is the domestic currency interest rate, and 𝑟∗ is 

the foreign currency interest rate. In practice, the relationship between the spot exchange 

rate and the corresponding forward exchange rate is recited off market transactions in FX 

instruments such as cross-currency swaps and FX swaps. (Borio et al, 2016) Three different 

angles on the relevance of the CIP theorem have been discussed in the literature. The first 

view in the academia is that the framework of CIP partially holds and it has been argued by 

Cosandier and Lang (1981), Taylor (1987, 1989), Kia (1996) and Skinner and Mason (2011). 

The second angle by Stein (1965), Crowder (1995), Balke and Wohar (1998) and Batten 

(2011) disputes the validity of CIP and the third and the one that has recently attracted the 

most interest is the view that studies deviations from the parity condition by Frenkel and 

Levich (1975, 1977), Callier (1981), Oskooee and Das (1985), Aliber (1973), Stoll (1972), 

Popper (1993), Stroble (2011), Baba et al (2008), Baba and Packer (2009) and Du, Tepper 

and Verdelhan (2017).  

 

The first definition of CIP was described by Keynes (1923), as he stated that it theoretically 

holds but is not that precise in practice due to lack of “floating capital”. While literature 
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covering CIP has existed since the 1920’s, the empirical testing of CIP begun in the late 

1960’s. Two main approaches for testing CIP are regression analysis and measuring the 

magnitude of deviations from the parity. The following model was utilized for regression 

analysis (Branson, 1969; Marston, 1976; Cosandier and Liang, 1981): 

 

[(
𝐹𝑡−𝑆𝑡

𝑆𝑡
)] =  𝛼 + 𝛽(𝑖𝑡 − 𝑖𝑡

∗) + 휀𝑡 ,              ( 2) 

 

where 𝑆𝑡 is the spot exchange rate of domestic currency per foreign currency, 𝐹𝑡 is the 

corresponding forward exchange rate, 𝑖𝑡 is the domestic interest rate, 𝑖𝑡
∗ is the foreign 

currency interest rate and 휀𝑡 stands for the regression error. According to CIP, 𝛼 = 0 and 

𝛽 = 1.  

 

In the early studies, Stein (1965) did not find support in his OLS linear regression validation 

for the forward rate and interest rate parity condition. He used daily, weekly and monthly 

averages for Canadian Dollar (CAD), USD and Great Britain Pound (GBP). Using weekly 

USD/GBP and USD-Swiss franc (CHF) interest rate data, Aliber (1973) found evidence 

suggesting that political risk causes deviations from the parity. Cosandier and Lang (1981) 

found similar results, that political risk causes deviation from parity condition and that the 

theory holds better for European-currency pairs of assets than for Swiss-pairs of assets. They 

used monthly data of assets denominated in CHF, USD, GBP, Deutsche Mark (DEM) and 

3-month Treasury Bills and 3-month Euro-deposits. Taylor (1987) argued that strong 

evidence of CIP is not necessarily provided even if the equation holds, as regression errors 

indicating unexploited arbitrage opportunities may be relatively large. In his further studies, 

Taylor (1989) found support that the parity holds in tranquil periods but significantly fails 

to hold in turbulent periods and that there is a tendency for arbitrage opportunities to arise 

in such instable circumstances.  

 

The methodology of measuring the magnitude of deviations from CIP compares transaction 

costs with deviations from the parity condition to define possible arbitrage opportunities. 

Frenkel and Levich (1975) measured the deviations from CIP by focusing on the transaction 

costs of USD/GBP exchange rate. They defined a ‘neutral band’ of the transaction band to 

be 0.145 - 0.15 percent per annum (p.a.). Estimation of the transaction cost band was further 
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studied by Frenkel and Levich (1977), as they assessed the cost band for three periods. First, 

the 1962 to 1967 tranquil period with a neutral band of 0.126 - 0.127 percent p.a., second, 

the 1968 to 1969 turbulent period due to devaluation of the GBP with a neutral band of 0.197 

- 0.262 percent p.a. and finally, a period of managed float from 1973 to 1975 with a neutral 

band of 0.92 - 1.03 percent p.a. 

 

Deardoff (1979), Callier (1981), Bahmani-Oskooee and Das (1985), and Clinton (1988) 

argued that the transaction costs were overestimated in the previous studies. Clinton (1988) 

claimed that 95 percent of the deviations lie among ± 0.15 percent p.a. and that the size of 

the deviations is not more than 0.06 percent p.a. Balke and Wohar (1998) examined daily 

USD/GBP data from January 1974 to September 1993 and found significant deviations from 

the parity. Furthermore, they argued that the persistence of the deviations is higher inside 

the transaction band than outside the transaction band with an average deviation of 0.08 

percent p.a. over the period. Using daily spot and forward USD/JPY prices from 1983 to 

2005, Batten and Szilagyi (2006) studied the sensitivity of the difference between actual 

forward market prices to ones calculated from short-term interest rate differentials. They 

found that significant deviations from CIP equilibrium exist but by 2000, these deviations 

had virtually been reduced close to zero. 

 

2.3 The Recent Failure of Covered Interest Parity 

 

The framework of CIP arbitrage has been disputed in two ways. From the onset of the 

financial crisis in 2007 the focus was on the arbitrage constraints resulting from the concerns 

on counterparty credit risks by banks and the appearance of USD funding distress arising 

during crisis episodes such as the financial crisis and euro area sovereign debt crisis. Since 

2014, other constraints and factors such as FX swap funding demand or imbalances in 

investments and savings have been in the attention of the studies as the sources behind 

persistent deviations from the CIP. Furthermore, the limited literature on cross-currency 

basis has recently been contributed through papers by Baba et al (2008), Baba and Packer 

(2009), Coffey, Hrung and Sarkar (2009), Mancini-Griffoli and Ranaldo (2012), Ivashina, 

Scharfstein and Stein (2015), Iida, Kimura and Sudo (2016), Du, Tepper and Verdelhan 

(2016) and Borio et al (2016) describing the issue in the framework of deviations from the 
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CIP. The basis spread quoted can largely capture violations of CIP and it modifies the 

original CIP equation (1) to: 

 

(1 + 𝑟∗) =
𝐹

𝑆
(1 + (𝑟 + 𝑏𝑠)),              ( 3) 

where 𝑟∗ is the foreign interbank rate, 𝑟 is the domestic interbank rate, 𝐹 is the forward 

exchange rate, 𝑆 is the spot exchange rate, and 𝑏𝑠 is the quoted basis spread (Baran and 

Witzany, 2017). 

 

In the second half of 2007, the money market turbulence in the USD, EUR and GBP caused 

a spillover effect to cross-currency basis and FX swap markets. Baba et al (2008) analyzed 

the liquidity impairment in the swap markets and the CIP deviations of swap market. They 

assessed the USD, EUR, GBP and JPY money market turbulence and its effect on the short-

term deviations of the FX swap markets from no-arbitrage conditions as changing liquidity 

measures and between swap-implied interest rates and cash. Furthermore, as FX swap 

markets are more commonly used in the short maturities and cross-currency basis swap 

markets cover the longer maturities, they discussed the changes in the cross-currency basis 

swap markets as well, in relation to the developments of CIP deviations. They concluded 

that the money market turmoil caused spillover effects to FX swap markets and cross-

currency basis swap markets. The FX swap market CIP deviations were caused by funding 

shortages in USD by financial institutions. In September 2007, even the long-term cross-

currency swap market was affected by the turbulence in form of significantly negative 

EUR/USD basis swap spread. 

 

Baba and Packer (2009) further investigated the CIP deviations during the 2007-2008 

financial market turmoil, covering the period ending before the Lehman Brothers bankruptcy 

in September 2008 by investigating the short-term CIP condition concerning FX swap 

market of EUR and USD. As noted by Baba et al (2008), the EUR/USD FX swap-implied 

three-month USD rate followed USD Libor rate until the September 2007, when the spread 

of USD Libor and FX swap-implied USD rate widened to above 40 basis points, which 

indicated persistent and large CIP deviation. In the beginning of 2008 the spread narrowed 

and from early March it widened again and the empirical results of the study show that the 
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counterparty risk concern over European financial institutions comparative to US financial 

institutions was the main driver in the FX swap market CIP deviations. 

 

Coffey et al (2009) measured significant and persistent CIP deviations by the USD basis 

since the start of the financial crisis in August 2007. They found evidence of sizable and 

positive basis since the beginning of the crisis and after the bankruptcy of the Lehman 

Brothers in September 2008, the basis increased radically. They found a similar pattern of 

rapid increases during the period of crisis and after September 2008 these patterns existed in 

six currency pairs against USD. For example, the basis estimated with USD LIBOR and 

EUR/USD currency pair experienced an increase from a pre-crisis level of basically zero to 

25 basis points as the crisis begun and by the end of September 2008 increasing to over 200 

basis points. Based on their results, Coffey et al (2009) argue that a key driver of deviations 

from CIP is the capital constraints of arbitrageurs. Furthermore, after the Lehman Brothers’ 

bankruptcy, heightened counterparty credit risk became an issue.  

 

As CIP holding was in conditions before Lehman bankruptcy guaranteed by arbitrage, 

Mancini-Griffoli and Ranaldo (2012) studied the limits to arbitrage during the financial crisis 

as a cause for deviations from CIP. They investigated the liquidity constraints in both 

secured and unsecured funding through arbitrage between national money markets. They 

were able to show that excess profits from arbitraging CIP in USD borrowing were persistent 

and significant, particularly after the bankruptcy of Lehman Brothers. Providing USD 

funding liquidity to the market through a policy was found effective in relieving the strains 

between money markets, and they suggest that the role of funding liquidity should be 

considered in policies attempting to avoid future crises. 

 

The euro area sovereign debt crisis took place in 2011 to 2012, shifting the focus of the 

studies of CIP arbitrage framework from the financial crisis. Ivashina et al (2015) studied 

global banks’ lending and funding behavior in USD since the onset of the euro area sovereign 

debt crisis, which worsened in the latter half of 2011. In the year following the escalation of 

the crisis, European banks’ access to U.S. money market funds sharply decreased, leading 

to Eurozone banks’ USD lending to fall compared to their EUR lending. Banks can diminish 

this USD shortage by borrowing in EUR and swapping into USD but when the capital on 

the other side of the swap is limited, it can cause deviations from CIP. As the USD funding 
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for European banks decreased, it caused the EUR/USD basis to rise again, implying a CIP 

violation, which was caused by the currency mismatch of Eurozone banks. 

 

After the euro area sovereign debt crisis, and since 2014, the attention regarding other 

constraints and factors, such as FX swap funding demand or imbalances in investments and 

savings, have been in the attention of the studies as the sources behind persistent deviations 

from the CIP. Iida et al (2016) argued that the divergence in monetary policies between the 

Federal Reserve and other central banks has an effect of widening deviations from CIP. 

Furthermore, they claim that the implemented regulatory reforms have had an effect of 

increasing the sensitivity to CIP deviations, as the cost of USD funding for global banks has 

increased. They were theoretically able to show that factors driving the CIP deviations are 

the wealth endowment of arbitrageurs, liquidity need of banks, default probabilities of banks 

and differentials in interest margin and that the latter one has been the main driver of CIP 

deviation in recent years. Moreover, they point out that the stance in monetary policy largely 

affects interest margin and thus, the FX swap market is increasingly affected by the 

divergence in monetary policy. 

 

Liao (2016) studied credit migration in form of corporate bonds denominated in different 

currencies and as persistent and significant inconsistencies have occurred in the pricing of 

bonds’ credit risk, Law-of-One-Price (LOOP), meaning that the price of a given security, 

commodity or asset has the same price when exchange rates are taken into consideration has 

been violated, which is affiliated to deviations from CIP. He showed that similar bonds 

issued in different markets possess unequal credit risk in form of a credit spread. The 

corporate bond residualized credit spreads in multiple markets were close to zero from 2004 

to 2007, but since 2008, there has been a significant and large deviation from the pre-crisis 

levels. The close relation between the different currency denominated bond credit market 

LOOP violations and CIP deviations is also elaborated through close alignment of the 

direction and magnitude of the movements in both cross selection of currencies and time 

series. Furthermore, a spillover of arbitrage limitations in one market to another are 

documented as well as spillover from option market to dividend market due to arbitrageurs’ 

incentives to correct mispriced options. 
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Du et al (2016) provide a detailed exposition and documentation of CIP violations from the 

perspective of broad investment and saving imbalances. They show that significant 

opportunities for arbitrage in fixed income and currency markets have existed since 2008, 

and they challenge the econometric no-arbitrage models as they suggest that arbitrage 

opportunities exist only for a very limited overnight or weekly period. They also asses the 

CIP violations through the cross-currency basis as a measure of the deviations. They 

illustrate the LIBOR bases’ persistence across G10 currencies, the Australian dollar (AUD), 

CAD, CHF, the Danish krone (DKK), EUR, GBP, JPY, the Norwegian krone (NOK), the 

New Zealand dollar (NZD), and the Swedish krona (SEK), which have had an average 

annualized basis of 24 basis points at the short 3-month end of the curve and 27 basis points 

at the medium-term of 5-years over the time period from 2010 to 2016.  

 

Furthermore, they argue that the argument of interbank panel banks’ levels of 

creditworthiness explaining the CIP deviations is invalid, and that even in the circumstances 

of no difference in credit risk or actual interest rate quotes across countries, cross-currency 

basis exists. Du, Tepper and Verdelhan (2016) were able to identify four empirical 

characteristics for deviations from CIP. First, there is a high correlation between nominal 

interest rates and CIP deviations in the time series and cross section. Second, other near-

risk-free fixed income spreads and CIP deviations move together in direction and magnitude. 

Third, banks’ balance sheet cost proxies create two-thirds of the deviations from CIP and 

fourth, there is an increase in CIP deviations at the quarter ends since the crisis, particularly 

for such contracts that are included in banks’ balance sheets. 

 

Borio et al (2016) approached the lost CIP from the angle of understanding the cross-

currency basis focusing especially in the CIP violations since 2014 after banks’ easy access 

to funding had been resumed and their balance sheets strengthened. Cross-currency bases 

have been widening since 2014 without any obvious reason and they argue that the recent 

constraints issued to arbitrage and growing FX hedge demand have been the reasons behind 

that arbitrage has not reduced the basis to zero. They state that if the high demand for FX 

hedges persists to stay on a high level and in imbalance across currencies, CIP deviations 

will be taking place even in non-crisis periods.  
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2.4 Determinants of Cross-Currency Basis Spread 

 

An increasing attention towards the cross-currency basis spreads has surged since the issue 

has been studied through the CIP violation framework. This literature has been questioning 

the assumptions of the CIP and discussing the possible opportunities for arbitrage caused by 

the violations. The literature of the determinants of cross-currency basis spreads is very 

limited as it has only recently been studied with the focus on the EUR/USD basis swap, 

which is the most actively traded currency pair. As the determinants of cross-currency basis 

spreads in one currency may be similar to the factors influencing interest rate swap spreads, 

some earlier literature on the topic is also noted. 

 

Huang, Neftci and Jersey (2003) studied the drivers of interest rate swap spreads by 

addressing that whether credit, liquidity or both mainly determine interest rate swap spreads. 

They found that swap spreads indicate market liquidity as steepening treasury curve and 

increased supply leads to falling swap spreads and thus, there is a significant adverse 

influence of liquidity on interest rate swap spreads. Cortes (2006) reviewed the 

developments of swap and government bond markets in USD, EUR, GBP and JPY. Using 

principal component analysis, he studied the influence of these markets on the swap spread 

term structure and found that the existence of global bond issuance expectations and a default 

term premium cause the swap spreads to move together in different markets in the two to 

ten-year part of the swap term structure as higher net borrowing steepens the yield curve. 

 

Arai et al (2016) studied the recent trends in cross-currency basis with their focus in the basis 

spread added to USD LIBOR when funding USD through FX swaps using JPY or EUR as 

a funding currency. They name three drivers for the widening of the cross-currency basis 

since 2014. First, regulatory reforms that have caused reduced appetite for arbitrage for 

global banks. Second, divergent monetary policy between central banks driving increasing 

demand for USD and finally, decreased USD supply from sovereign wealth funds and 

foreign reserve managers while the commodity prices have declined and emerging 

currencies depreciated.  

 

The most relevant study for this thesis is the study of Baran and Witzany (2017) who 

analyzed the drivers behind the EUR/USD basis swap spreads widening. They researched 
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the widening of EUR/USD basis swap spread since the financial crisis. They suggested 

proxies of market variables as determinants of the cross-currency basis spread for their 

multivariate regression and co-integration models for a time period from January 2008 to 

May 2017. They used European banks’ credit risk, US banks’ credit risk, the relative size of 

Fed balance sheet to ECB balance sheet, European banks’ CDS spreads, US banks’ CDS 

spreads, EUR/USD spot rate and S&P 500 volatility index as independent variables in their 

regression model explaining the significance of these factors on the EUR/USD basis spread.  

 

They found that the IBOR fixing and the liquidity and credit premium account for the basis 

spread in the short-end of the curve and that supply and demand mainly drive the long-end 

of the curve. The most important EUR/USD basis spread drivers identified by Baran and 

Witzany (2017) were credit risk indicators of EU and US financial sectors of short and 

medium term. For the basis spread in the short-end, market volatility was found to be a 

significant driver and for the medium-term, the EUR/USD exchange rate. The 3-month basis 

spread was found to tighten when US short-term credit risk increased and the 5-year basis 

spread to tighten when the EUR appreciated against USD. Both the 3-month and 5-year basis 

spreads were found to widen as the European banks’ credit risk increased. 
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3 DATA 

 

The data used in this thesis is presented in this chapter. The data is presented as per the 

dependent and independent variables of the regression. Selection of the variables has been 

done in correspondence to Baran and Witzany (2017) as they studied the drivers behind 

EUR/USD cross-currency basis spreads. The data used in this study consists of JPY/EUR 1-

year and 5-year cross-currency basis spreads, which are the dependent variables of the 

regression analyses. Furthermore, the independent variables are 3-month Euribor and 3-

month Eonia from which the short-term EUR spread is calculated, 3-month JPY Libor and 

3-month JPY OIS from which the short-term JPY spread is calculated, BoJ balance sheet 

and ECB balance sheet for the ECB/BoJ balance sheet ratio, JPY/EUR spot rate and EURO 

STOXX 50 volatility index. Finally, CDS indexes are constructed from individual Euribor 

panel banks’ CDS spreads and individual JPY Libor panel banks’ CDS spreads to capture 

the EUR and JPY medium-term spreads. All the data has been acquired from Bloomberg 

L.P. on 29.10.2017 and the data is presented in the following sub-sections. 

 

3.1 JPY/EUR Basis swap spread story 

 

Cross-currency basis spreads are influenced by liquidity, credit, and supply and demand 

factors. JPY/EUR basis swap spreads are affected by the conditions and abilities of funding 

directly in JPY or EUR, the supply and demand of cross-currency financing. The data for 

the JPY/EUR cross currency basis spreads consists of weekly observations of the 1-year and 

5-year cross-currency basis spreads. As we can observe from Figure 2 below, the JPY/EUR 

1-year and 5-year basis spreads have been significantly indifferent from zero since January 

2008. Both the 1-year and 5-year basis spreads increased to being drastically positive since 

the beginning of 2008 due to the financial crisis and the bankruptcy of Lehman Brothers. 

Through the first sub-period from January 2008 to December 2009, the 1-year basis spread 

peaked at over 70 basis points in October 2008 and settled to plus minus 10 basis points 

from zero after the first quarter of 2009, averaging at -2 basis points during the full sample 

period. The 5-year basis spread was on its highest at 28 basis points during the late 2008 and 

turned negative in February 2009. In May 2010, the 5-year basis spread tightened and was 

positive but after that the spread widened to significantly negative and it reached its 

minimum -56 basis points in February 2016. 
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Figure 2. JPY/EUR basis spread, January 2008 to August 2017 

It is noteworthy that the 1-year and 5-year JPY/EUR basis spreads seem to differentiate from 

each other during crisis periods. During the financial crisis, both experienced their positive 

peaks with 1-year basis spread widening to over twice the level of the 5-year basis. 

Furthermore, during the European debt crisis, the divergence between the 1-year and the 5-

years basis spreads was on its highest level as the 1-year basis widened to positive direction 

peaking at 52 basis points in the end of December 2011, and the difference between the basis 

spreads peaking at 90 basis points in early January 2012. With the 5-year basis spread being 

negative since May 2010, the 1-year basis spread also turned negative in September 2012 

and since then, the basis spreads have been following a similar trend. 

 

As we can observe from Table 31 in Appendix 1, overall the 1-year JPY/EUR basis spread 

has been negative but positive during the first two sub-periods from January 2008 to 

December 2013. Over the final sub-period from January 2014 to September 2017, the 1-year 

basis spread averaged at -18,62 basis points. The first sub-period has been the most volatile 

with standard deviation of 13,93, the second most volatile sub-period was the second one 

and the final sub-period was the least volatile with standard deviation of 7,70.  
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 In Table 32 in Appendix 1, the descriptive statistics of the 5-year JPY/EUR basis spread are 

presented and the first sub-period is the only one where the basis spread was positive on 

average. During the second sub-period the 5-year basis spread averaged at -29,34 basis 

points and during the final sub-period at -39,25 basis points. Similarly, to the 1-year basis 

spread, the first sub-period was the most volatile one with standard deviation of 13,80, the 

second sub-period was the second most volatile with standard deviation of 10,77 and the 

final sub-period was the least volatile with standard deviation of 6,81. 

 

3.2 The interbank risk in EUR and JPY 

 

The credit risk element of interbank risk in EUR and JPY can be captured as 3-month Euribor 

to Eonia spread and as JPY Libor to JPY OIS spread. The co-movement of increased EUR-

interbank risk and the 1-year JPY/EUR basis spread is shown in Figure 3, which suggests 

that increased interbank risk in EUR widens the short-term JPY/EUR basis spreads to a 

positive direction during the financial crisis and the European debt crisis. It is noteworthy 

that the explanatory power of such variable can vary over time.  

 

 

Figure 3. Euribor 3M - Eonia spread in basis points and JPY/EUR 1-year cross-currency 

basis spread since 2008. 

 

In Figure 4, the JPY-interbank risk factor and the medium-term JPY/EUR 5Y basis spread 

are presented. As the EUR-interbank risk was showing co-movement with the short-term 
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basis spread, it seems that the JPY-interbank risk has explanatory power over the medium-

term basis spread only during the period of the financial crisis. Furthermore, it seems that 

the explanatory power of the interbank factors is rather limited from the beginning of 2014 

onwards. Recently, since the second half of 2016, the Euribor - Eonia spread has been 

constantly tightening, which proposes easy access to liquidity in EUR while the JPY Libor 

- JPY OIS spread has experienced some widening. 

 

 

 

Figure 4. JPY Libor 3M - JPY OIS spread in basis points and JPY/EUR 5-year cross-

currency basis spread since 2008. 

 

The descriptive statistics of both interbank risk factors are presented in Table 33 in Appendix 

1. On average the Euribor 3M - Eonia spread has been 0,30 % and, on the contrary, the JPY 

Libor 3M - JPY OIS spread significantly lower averaging at 0,14 %. Furthermore, the EUR-

interbank risk has been more volatile with standard deviation of 0,33 over the standard 

deviation of the JPY-interbank risk of 0,15.  As the EUR-interbank spread has been 

significantly wider than the JPY-interbank risk, the EUR-factor has a maximum of 2,06 and 

minimum of -0,001 over the maximum of 0,79 and minimum of -0,04 of the JPY-factor. 
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3.3 European Central Bank and Bank of Japan balance sheets  

 

Weekly observations of the balance sheet sizes of ECB and BoJ were obtained to calculate 

the balance sheet ratio by dividing the ECB balance sheet by the BoJ balance sheet. The co-

movement of the ECB/BoJ balance sheet ratio is shown in Figure 5, and generally, it seems 

that an increase in the supply of EUR liquidity decreases the EUR funding costs driving the 

basis spread widening to positive direction, while an increase in the supply of JPY liquidity 

decreases JPY funding costs and widens the basis to the negative direction. 

 

 

Figure 5. Ratio of ECB to BoJ balance sheet and JPY/EUR 1-year basis spread since 2008. 

 

The BoJ balance sheet expanded from the beginning of 2008 until end of 2016 and after that, 

it has remained relatively stable. On the other hand, the ECB balance sheet expanded from 

2008 to 2012. Between 2012 and 2014 the ECB balance sheet shrunk from EUR 3 000 000 

million to EUR 2 000 000 million due to repayments of long-term refinancing operations, 

which led to basis widening to the negative direction. Simultaneously, the BoJ kept 

expanding its balance sheet and in September 2014, the BoJ balance sheet size reached the 

size of the ECB balance sheet. In June 2014, ECB started its asset purchase programs and 

its balance sheet begun to expand as well as the BoJ’s balance sheet kept expanding. 
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Furthermore, between October 2015 and April 2017, the BoJ balance sheet expanded with a 

higher magnitude than ECB’s, leading to a balance sheet ratio below 1. As the BoJ balance 

sheet started decreasing in May 2017 and the ECB balance sheet further expanded, the ratio 

returned to above 1 values. The descriptive statistics of the ECB/BoJ balance sheet ratio are 

presented in  

Table 34 in Appendix 1. Over the entire time-period of the study, the balance sheet ratio 

averaged at 1,57 as most of the time ECB had larger balance sheet than BoJ. The balance 

sheet ratio had its maximum 2,50 in October 2008 and its minimum 0,82 in August 2016. 

 

3.4 European and Japanese banks’ CDS spreads 

 

To capture medium-term credit risk of Japanese and European banks, a CDS index for both 

groups of banks was constructed. For Japanese banks, the CDS spreads of the JPY ICE Libor 

panel banks were obtained and for European banks, the average CDS spreads of the Euribor 

panel banks were obtained. Descriptive statistics of Euribor and JPY Libor panel banks' 

average CDS spreads are presented in Table 35 in Appendix 1. European banks’ average 

CDS spreads averaging at 137,52 basis points have been significantly higher than Japanese 

banks’, averaging at 106,81 basis points. In November 2011, European banks’ average CDS 

spread peaked at 420,39 basis points and Japanese banks’ at 258,69 basis points. European 

banks’ average CDS spread had its minimum level of 39,66 basis points in January 2008 and 

Japanese banks’ at 35,56 basis points in July 2017. The movements of both CDS spread 

indexes are presented in Appendix 2. 

 

3.5 JPY/EUR spot rate and EURO STOXX 50 volatility index 

 

Finally, the data of JPY/EUR spot rate and EURO STOXX 50 volatility index VSTOXX 

were obtained. JPY/EUR spot rate is included in the data to see if the FX sport market affects 

cross-currency basis spreads. Also, the dependence on the VSTOXX volatility index is tested 

to distinguish the possible effect of European market volatility on cross-currency basis 

spreads.  The movements of the JPY/EUR spot rate and the VSTOXX volatility index are 

presented in Appendix 3. Furthermore, the descriptive statistics of the JPY/EUR spot rate 

and the VSTOXX volatility index are presented in Appendix 4. 
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4 METHODOLOGY 

 

The methodology of this study consists of five sub-chapters where each of the methodologies 

is presented. First, the framework for determining the arbitrage free boundaries for JPY/EUR 

basis spread is introduced. Second, the multivariate linear regression model and the variables 

used are presented. Next, as we move towards the co-integration analysis, Augmented 

Dickey-Fuller test for stationarity is essential and thus, it will be discussed. Finally, the co-

integration analysis tests, Granger-Engle and Johansen are introduced.  

 

4.1 Arbitrage-Free Boundaries for JPY/EUR Basis Spread 

 

The work of Ando (2012) and, Baran and Witzany (2017) will be refreshed to analyze the 

arbitrage-free boundaries. Determining arbitrage-free boundaries is based on the idea of 

comparing a risk-free investment in the foreign currency with FX-swap implied funding rate. 

Four variables are used to determine the possible arbitrage opportunity, foreign currency risk 

free rate, each currency’s interbank market stress and a residual term showing the imbalance 

between supply and demand. If the residual term exists, it indicates that the interbank risk 

does not fully explain the basis. 

 

The case of JPY/EUR cross-currency basis will be discussed and JPY/EUR basis swap 

spreads will be used in the determination of the arbitrage-free boundaries. By standard, a 

JPY/EUR cross-currency basis swap exchanges periodic 3-month Euribor payments against 

the 3-month JPY Libor + spread as shown in Figure 1 and it can be simplified as: 

 

𝑟𝐸𝑈𝑅𝐼𝐵𝑂𝑅~𝑟𝐽𝑃𝑌 𝐿𝐼𝐵𝑂𝑅 + 𝑏𝑠𝑡 ,             ( 4) 

where we assume that funding conditions for domestic banks are reflected by IBOR funding 

rates, which a bank can invest at an over-night risk-free rate in JPY or EUR and 𝑏𝑠𝑡 is the 

basis spread quoted for maturity 𝑡. This creates natural boundaries for risk-free investing as: 

 

𝑟𝐽𝑃𝑌 𝑂𝐼𝑆,𝑡 − 𝑟𝐽𝑃𝑌 𝐿𝐼𝐵𝑂𝑅,𝑡 ≤ 𝑏𝑠𝑡 ≤ 𝑟𝐸𝑈𝑅𝐼𝐵𝑂𝑅,𝑡 − 𝑟𝐸𝑂𝑁𝐼𝐴,𝑡,            ( 5) 

 

and if (5) does not hold, arbitrage opportunities arise as follows: 
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 If 𝑟𝐸𝑈𝑅𝐼𝐵𝑂𝑅,𝑡 − 𝑏𝑠𝑡 < 𝑟𝐸𝑂𝑁𝐼𝐴,𝑡, a bank with access to the unsecured JPY market will 

borrow at JPY Libor, swap the proceeds into EUR and invest at the risk-free Eonia-

rate. 

 If 𝑟𝐽𝑃𝑌 𝐿𝐼𝐵𝑂𝑅,𝑡 + 𝑏𝑠𝑡 < 𝑟𝐽𝑃𝑌 𝑂𝐼𝑆,𝑡, a bank with access to the unsecured EUR market 

will borrow at Euribor, swap the proceeds into JPY and invest at the risk-free JPY 

OIS-rate. 

 

To eliminate the liquidity and credit risks from the covered interest arbitrage, investment 

into the OIS is considered as a representation for risk-free investment. By setting 𝑏𝑠𝑡 =

𝑟𝐽𝐵𝑌 𝑂𝐼𝑆,𝑡 − 𝑟𝐽𝑃𝑌 𝐿𝐼𝐵𝑂𝑅,𝑡 + 𝑋, we can use 𝑋 as an arbitrage opportunity indicator as 

theoretically, for 𝑋 < 0 arbitrage exists. Furthermore, by following Ando (2012), we can 

compose the FX swap-implied EUR funding rate 𝑟𝐹𝑋 𝐸𝑈𝑅,𝑡 from JPY funding rate (JPY 

Libor) into the variables IBOR and OIS rates and 𝑋 leading to: 

 

𝑟𝐹𝑋 𝐸𝑈𝑅,𝑡 = 𝑟𝐸𝑈𝑅𝐼𝐵𝑂𝑅,𝑡 − 𝑏𝑠𝑡 = 𝑟𝐸𝑈𝑅𝐼𝐵𝑂𝑅,𝑡 − (𝑟𝐽𝑃𝑌 𝑂𝐼𝑆,𝑡 − 𝑟𝐽𝑃𝑌 𝐿𝐼𝐵𝑂𝑅,𝑡) − 𝑋 =

        𝑟𝐸𝑂𝑁𝐼𝐴,𝑡 + (𝑟𝐸𝑈𝑅𝐼𝐵𝑂𝑅,𝑡 − 𝑟𝐸𝑂𝑁𝐼𝐴,𝑡) + (𝑟𝐽𝑃𝑌 𝐿𝐼𝐵𝑂𝑅,𝑡 − 𝑟𝐽𝑃𝑌 𝑂𝐼𝑆,𝑡) − 𝑋.             ( 6) 

 

The FX swap-implied rate is presented as a function of the stress in the EUR and JPY money 

markets (IBOR-OIS spreads), ECB funds rate forecast and a residual term 𝑋, standing for 

pressure of supply and demand of one currency on another. Furthermore, Ando (2012) states 

that specific counterparty risk, transaction costs, low liquidity in the unsecured money 

markets and IBOR fixing rate measurement errors can lead to the condition of 𝑋 < 0. 

 

Modifying (5), using 𝑟𝐹𝑋 𝐸𝑈𝑅,𝑡 = 𝑟𝐸𝑈𝑅𝐼𝐵𝑂𝑅,𝑡 − 𝑏𝑠𝑡, leads to: 

 

𝑟𝐸𝑂𝑁𝐼𝐴,𝑡 ≤ 𝑟𝐹𝑋 𝐸𝑈𝑅,𝑡 ≤ 𝑟𝐸𝑈𝑅𝐼𝐵𝑂𝑅,𝑡 + (𝑟𝐽𝑃𝑌 𝑂𝐼𝑆,𝑡 − 𝑟𝐽𝑃𝑌 𝐿𝐼𝐵𝑂𝑅,𝑡),            ( 7) 

 

where 𝑟𝐹𝑋 𝐸𝑈𝑅,𝑡 is delimited by the risk-free EUR rate and by the sum of the unsecured EUR 

money market rate and JPY market stress indicator. If (7) holds, then the 𝑟𝐹𝑋 𝐸𝑈𝑅,𝑡, which 

stands for the FX-implied EUR rate is determined by the forces of supply and demand which, 
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in this framework, does not yet generate an opportunity for arbitrage. In (7), the difference 

between 𝑟𝐹𝑋 𝐸𝑈𝑅,𝑡 and the right-hand-side 𝑟𝐸𝑈𝑅𝐼𝐵𝑂𝑅,𝑡 + (𝑟𝐽𝑃𝑌 𝑂𝐼𝑆,𝑡 − 𝑟𝐽𝑃𝑌 𝐿IBOR,t) equals to 𝑋 

and thus, the condition 𝑋 < 0 is fulfilled if the right-hand-side is differs from the 𝑟𝐹𝑋 𝐸𝑈𝑅,𝑡. 

Given the assumptions made, we can argue that opportunities for arbitrage exist while 𝑋 <

0 or −𝑋 > 0. 

 

4.2 Multivariate Linear regression model 

 

A multivariate linear regression analysis will be conducted to determine the significance of 

the selected independent variables on the first differences of the 1-year and 5-year JPY/EUR 

basis spreads. An ordinary least squares (OLS) method is used and the multivariate linear 

regression model is of the form: 

 

𝑌 = 𝛼 + 𝛽1 ∗ 𝑥1 + 𝛽2 ∗ 𝑥2 … 𝛽𝑘 ∗ 𝑥𝑘 + 휀,             ( 8) 

where 𝑌 is the dependent variable, 𝑥1, 𝑥2 … 𝑥𝑘 are the independent variables, 𝛼 is the 

intercept, 𝛽1, 𝛽2 … 𝛽𝑘 are the slope coefficients and 휀 is the residual error term. The 

underlying assumptions of an OLS linear regression are presented below in Table 1. 

 

Table 1. Linear regression OLS assumptions (Brooks, 2008) 

 

Assumption 

 

Interpretation 
1. 𝑬(𝜺𝒕) = 𝟎 The errors have zero mean 

2. 𝒗𝒂𝒓(𝜺𝒕) = 𝝈𝟐 < ∞ The variance of the errors is constant and finite over all values of 

𝑥𝑡 

3. 𝒄𝒐𝒗(𝜺𝒊, 𝜺𝒋) = 𝟎 The errors are linearly independent of another 

4. 𝒄𝒐𝒗(𝜺𝒕, 𝒙𝒕) = 𝟎 There is no relationship between the error and corresponding 𝑥 

variate 

5. 𝜺𝒕~𝑵(𝟎, 𝝈𝟐)  Errors are normally distributed 

6. No perfect 

multicollinearity 

There should be no perfect linear relationship between the 

independent variables 
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If the data analyzed in linear regression model violates one or more of the linear regression 

assumptions, it may result in ambiguous or incorrect results. In this study, it is assumed that 

differentiated (1st degree) closely qualify the assumptions set for linear regression analysis. 

Estimation of the model in first differences is justified as the level variables are non-

stationary (results presented in section 5). Estimation results of the non-stationary level 

variables indicate spurious regressions and thus, provide misleading statistical evidence of a 

linear relationship between independent non-stationary variables.  

 

The factors driving the JPY/EUR cross-currency basis swap spreads have been discussed 

and to determine the individual importance of each driver, OLS multivariate regression will 

be applied as a statistical approach. Two multivariate regression models will be implemented 

for the first differences of the variables, one with the 1-year JPY/EUR cross-currency basis 

swap spread, as the dependent variable to explain short-term basis spread changes’ drivers, 

and 5-year JPY/EUR cross-currency basis swap spread, as the dependent variable to explain 

medium-term basis spread changes’ drivers. For each dependent variable, four different time 

periods are applied to capture the drivers for specific sub-periods. First, regression is applied 

for the full sample period from January 2008 to September 2017. Second, for January 2008 

to December 2009 to capture the financial crisis, third, for January 2010 to December 2013 

to study the European debt crisis and finally, for January 2014 to September 2017 to examine 

the monetary policy divergence. 

 

The first differences of 1-year and 5-year basis spreads will be explained with first 

differences of seven independent variables. The term Libor-OIS spread can be seen as a 

measure of health of banks because what it reflects is that what banks believe is the risk of 

default associated with lending to other banks. Hence, to capture JPY and EUR rates’ short-

term credit risk, IBOR-OIS spreads are used. It is expected that an increase in European 

banks’ credit risk would widen the basis when it is above zero level and tighten the basis 

when it is below zero level as concerns over their counterparty credit risk increases. 

Opposing, it is expected that an increase in Japanese banks’ credit risk would tighten the 

basis when it is above zero level and widen the basis when it below zero level as it would 

indicate that the Japanese banking sectors credit risk has increased.  
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For capturing medium-term credit risk of Japanese and European banks, a CDS index for 

both groups of banks were constructed. For Japanese banks, the index is constructed as the 

average of CDS spreads of each of the JPY ICE Libor panel banks (JPY ICE Libor, 2017). 

The same is done for the European banks as the average CDS spreads of banks from the 

Euribor panel are used to construct the index (Euribor Panel Banks, 2017). Each CDS spread 

references to the respective currency’s senior unsecured debt.  

 

The changes in supply of each currency are captured by examining the ECB and BoJ balance 

sheets. It is expected that as the ECB balance sheet expands relative to the BoJ balance sheet, 

the basis spread tends to tighten due to increased supply of EUR when the basis spread is 

negative and to widen when the basis spread is positive. To find out whether the JPY/EUR 

spot rate affects the cross-currency basis spreads, it is added to independent variables. There 

are two different expectations for the effect of the depreciation of JPY against EUR. If it 

causes corporates to forward buy JPY it may have an effect of widening of the cross-currency 

basis on a negative basis spread and tightening effect on positive basis spread due to higher 

hedging need by banks against the JPY forwards. On the contrary, appreciation of JPY could 

indicate higher confidence in the Japanese economy and thus, have a tightening effect on 

negative basis spread and widening effect on positive basis spread. As a final independent 

variable, EURO STOXX 50 volatility index VSTOXX is used to describe the volatility of 

the European market. 

 

The weekly changes in 1-year and 5-year JPY/EUR basis swap spreads (in basis points) are 

regressed against the weekly changes in the selected independent variables. The regression 

equations are as follows: 

 

∆𝐵𝑆1𝑌 = 𝛽1 ∗  ∆€𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚 𝑆𝑝𝑟𝑒𝑎𝑑 + 𝛽2 ∗  ∆¥𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑 + 𝛽3 ∗ ∆
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜 +

𝛽4 ∗ ∆€𝑀𝑒𝑑𝑖𝑢𝑚𝑇𝑒𝑟𝑚 𝑆𝑝𝑟𝑒𝑎𝑑 + 𝛽5 ∗ ∆¥𝑀𝑒𝑑𝑖𝑢𝑚𝑇𝑒𝑟𝑚 𝑆𝑝𝑟𝑒𝑎𝑑 + 𝛽6 ∗ ∆
𝐽𝑃𝑌

𝐸𝑈𝑅
+ 𝛽7 ∗

∆𝑉𝑆𝑇𝑂𝑋𝑋 + 휀                 ( 9) 

 

∆𝐵𝑆5𝑌 = 𝛽1 ∗  ∆€𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚 𝑆𝑝𝑟𝑒𝑎𝑑 + 𝛽2 ∗  ∆¥𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑 + 𝛽3 ∗ ∆
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜 +

𝛽4 ∗ ∆€𝑀𝑒𝑑𝑖𝑢𝑚𝑇𝑒𝑟𝑚 𝑆𝑝𝑟𝑒𝑎𝑑 + 𝛽5 ∗ ∆¥𝑀𝑒𝑑𝑖𝑢𝑚𝑇𝑒𝑟𝑚 𝑆𝑝𝑟𝑒𝑎𝑑 + 𝛽6 ∗ ∆
𝐽𝑃𝑌

𝐸𝑈𝑅
+ 𝛽7 ∗

∆𝑉𝑆𝑇𝑂𝑋𝑋 + 휀              ( 10) 
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where ∆𝐵𝑆1𝑌 and ∆𝐵𝑆5𝑌 are the weekly changes in the JPY/EUR cross-currency basis swap 

spreads and the independent variables are as presented in Table 2. Furthermore, the expected 

signs of the coefficients for the multivariate regression of first differences of the variables 

are presented in Table 2. 

 

Table 2. Independent variables in levels and first differences for multivariate regression 

models, and expected signs for the coefficients of multivariate regression model for first 

differenced variables. 

 

Level variable 

 

1st differenced variable 

 

Expected sign 

 

€𝑺𝒉𝒐𝒓𝒕𝑻𝒆𝒓𝒎 𝑺𝒑𝒓𝒆𝒂𝒅 = 𝑬𝒖𝒓𝒊𝒃𝒐𝒓𝟑𝑴 − 𝑬𝒐𝒏𝒊𝒂𝟑𝑴  

 

∆€𝑺𝒉𝒐𝒓𝒕𝑻𝒆𝒓𝒎 𝑺𝒑𝒓𝒆𝒂𝒅 

 

(+) 

 

¥𝑺𝒉𝒐𝒓𝒕𝑻𝒆𝒓𝒎 𝑺𝒑𝒓𝒆𝒂𝒅 = 𝑱𝑷𝒀 𝑳𝒊𝒃𝒐𝒓𝟑𝑴 − 𝑱𝑷𝒀 𝑶𝑰𝑺𝟑𝑴 

 

∆¥𝑺𝒉𝒐𝒓𝒕𝑻𝒆𝒓𝒎 𝑺𝒑𝒓𝒆𝒂𝒅 

 

(-) 

 

𝑬𝑪𝑩

𝑩𝒐𝑱
 𝒓𝒂𝒕𝒊𝒐 =

𝑬𝑪𝑩 𝒃𝒂𝒍𝒂𝒏𝒄𝒆 𝒔𝒉𝒆𝒆𝒕

𝑩𝒐𝑱 𝒃𝒂𝒍𝒂𝒏𝒄𝒆 𝒔𝒉𝒆𝒆𝒕
 

 

∆
𝑬𝑪𝑩

𝑩𝒐𝑱
 𝒓𝒂𝒕𝒊𝒐 

 

(+) 

 

€𝑴𝒆𝒅𝒊𝒖𝒎𝑻𝒆𝒓𝒎 𝑺𝒑𝒓𝒆𝒂𝒅 = 

𝑬𝒖𝒓𝒊𝒃𝒐𝒓 𝒃𝒂𝒏𝒌𝒔 𝒂𝒗𝒆𝒓𝒂𝒈𝒆 𝑪𝑫𝑺 𝒔𝒑𝒓𝒆𝒂𝒅 

 

∆€𝑴𝒆𝒅𝒊𝒖𝒎𝑻𝒆𝒓𝒎 𝑺𝒑𝒓𝒆𝒂𝒅 
 

(+) 

 

¥𝑴𝒆𝒅𝒊𝒖𝒎𝑻𝒆𝒓𝒎  𝑺𝒑𝒓𝒆𝒂𝒅 = 

𝑱𝑷𝒀 𝑳𝒊𝒃𝒐𝒓 𝒃𝒂𝒏𝒌𝒔 𝒂𝒗𝒆𝒓𝒂𝒈𝒆 𝑪𝑫𝑺 𝒔𝒑𝒓𝒆𝒂𝒅 

 

∆¥𝑴𝒆𝒅𝒊𝒖𝒎𝑻𝒆𝒓𝒎 𝑺𝒑𝒓𝒆𝒂𝒅 
 

(-) 

 

𝑬𝑼𝑹

𝑱𝑷𝒀
=

𝑬𝑼𝑹

𝑱𝑷𝒀
 𝑺𝒑𝒐𝒕 𝑹𝒂𝒕𝒆 

 

∆
𝑬𝑼𝑹

𝑱𝑷𝒀
 

 

(-) 

 

𝑽𝑺𝑻𝑶𝑿𝑿 = 𝑬𝑼𝑹𝑶 𝑺𝑻𝑶𝑿𝑿 𝟓𝟎 𝒗𝒐𝒍𝒂𝒕𝒊𝒍𝒕𝒊𝒚 𝒊𝒏𝒅𝒆𝒙 

 

∆𝑽𝑺𝑻𝑶𝑿𝑿 

 

(-) 

 

 

 

4.3 Augmented Dickey-Fuller test 

 

By definition, a stationary time-series has constant variance, constant mean and constant 

autocovariances for each given lag. Many time series are non-stationary, but tend to be 

moving together over time which implies a binding relationship between the two series in 
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the long run, making them co-integrated. The common factor influencing both time-series 

can be for example market forces. Since co-integrated variables may deviate from their 

relationship in the short-term but be re-associated in the long-term, a co-integrating 

relationship can also be seen as an equilibrium or long-term phenomenon. One can define a 

set of variables as co-integrated if stationarity is achieved by combining them linearly. 

Furthermore, in conditions of no co-integration, the relationship binding two series together 

does not exist and the series could wander apart from one another. Hence the linear 

combination of the time series would be non-stationary. A co-integration between the 

dependent variable and the independent variables raises assumption of the variables being 

of the same process at different points in time and to be affected by given pieces of 

information in a very similar manner. (Brooks, 2008. 318-338)   

 

In stationary process, same parameters exist between different position and time and from 

the data set of this study, for example the JPY/EUR spot rate is not stationary as it shows 

time trends. Conversion of most of the non-stationary time-series to stationary processes can 

be done by differentiating the time-series as many times as necessary to get a stationary time-

series. Stationarity of the data is essential for the linear regression model and for the co-

integration analysis it is essential to determine the degree of integration of the variables. 

Furthermore, for a time-series following an autoregressive process a standard Dickey-Fuller 

test will be invalid as the error term of the test will be auto-correlated. Thus, the Augmented 

Dickey-Fuller test (ADF) will be implemented to test the time-series for stationarity as it 

diminishes the autocorrelation issues by including an additional lagged difference term. The 

test of a unit root existence by Dickey and Fuller (1979) is based on the following three 

regression forms: 

 

∆𝑌𝑡 = 𝛿𝑌𝑡−1 + 휀𝑡,             ( 11) 

∆𝑌𝑡 = 𝛼 + 𝛿𝑌𝑡−1 + 휀𝑡,             (12) 

∆𝑌𝑡 = 𝛼 + 𝛽𝑡 + 𝛿𝑌𝑡−1 + 휀𝑡,            (13) 

 

where (11) is a pure random walk model without constant and trend, (12) is with constant 

and (13) is with constant and trend. Furthermore, ∆ stands for first differences of 𝑌𝑡, 𝛼 is the 
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deterministic element, 𝛿 and 𝛽 are the coefficients estimated, 𝑡 is the trend and the error term 

휀𝑡 is the white noise process. The null hypothesis is 𝛿 = 0 and it stands for existing unit root. 

Rejection of the null hypothesis indicates that the series is stationary and 𝛿 < 0. (Enders, 

2014. 181-183) 

 

The t-statistic will be calculated for each of the estimated coefficients in the ADF unit root 

test to assess the significance of the 𝛿 coefficients estimated. The estimated t-values do not 

follow the distribution of the student’s t-test but rather the t-distribution introduced by 

Dickey and Fuller (1981). The statistical significance of the estimated t-values will be 

henceforth implemented by comparing them with the critical values derived by Dickey and 

Fuller (1981). The null hypothesis of an existing unit root cannot be rejected if the t-value 

estimated is above the critical value. Following the most statistical hypothesis tests, the 

sample size is a determinant of the critical values and as the sample size increases, the critical 

values of the t-statistic decrease. (Enders, 2014. 181-183) Critical values for co-integration 

tests were estimated by McKinnon (1990) and he presented critical values for ADF for any 

sample size. The critical values presented by McKinnon (2010) will be used in this study to 

compare the results of the ADF with critical values. 

 

To further proceed to tests of co-integration, each variable’s degree of integration must be 

examined. If a variable 𝑦𝑡 is stationary, it is defined to be integrated of degree zero Ι (0). On 

the contrary, a variable 𝑦𝑡 integrated of degree one Ι (1) is non-stationary but ∆𝑦𝑡, the first 

difference of the variable is stationary. In its general form a variable integrated of degree 𝑑   

(Ι (𝑑)) must be differentiated 𝑑 times to make the variable stationary. The common evidence 

from the market suggests that an integration of degree zero or one is commonly experienced 

with economic time series’. (Brooks, 2008. 336-338)   

 

Finally, for obtaining an error term, lagged differences ∆𝑦𝑡−𝑖+1 must be added to the 

estimation equation. The required lag length can be for example determined by using 

Bayesian information criteria (BIC) or Aikaike information criteria (AIC) and choosing the 

given lag-length that receives the lowest information criteria value. The correct number of 

lags is essential to avoid biased results as all of the autocorrelation will not be removed if 

too few lags are included, while the standard errors of the coefficients will be increased if 
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too many lags are included. (Enders, 2014. 192) In this study, AIC will be used to determine 

the correct lag number. 

 

4.4 Granger-Engle test 

 

Granger-Engle test will be applied to examine co-integration of the 1-year and 5-year 

JPY/EUR cross-currency basis spread and the other time-series. The co-integration 

regression will be estimated using OLS method as follows: 

 

𝑦𝑡 = 𝛽 +  𝛿𝑥𝑡 + 휀𝑡.                  (14) 

 

The residuals 휀𝑡 of the co-integrating regression will be saved and it is examined whether 

they are integrated of degree zero. Modified critical values are required in augmented 

Dickey-Fuller unit root test as residuals of an estimated model are used instead of raw data. 

(Brooks, 2008) Granger and Engle (1987) formulated critical values for this purpose and 

hence the test is known as the Granger-Engle test. This approach is easy to implement but it 

lacks the ability to estimate more than one co-integrating relationship between multiple 

variables. Additionally, as the McKinnon’s (2010) critical values fit for any sample size, 

they will be used over the Granger-Engle test. 

 

If the residuals are integrated of degree one, re-estimation of the model must be done by 

using only first differences. When the residuals are confirmed to be integrated of degree 

zero, they are used as a single variable in an error correction model. If datasets 𝑦𝑡 and 𝑥𝑡 are 

Ι (1), the variables show co-integration of order ∁Ι (1,1) and in addition a dynamic linear 

model with stationary disturbances exists, the error correction model can be expressed in a 

general form as follows: 

 

∆𝑦𝑡 =  𝛽1 + 𝛽𝑦(𝑦𝑡−1 − 𝛿𝑥𝑡−1) + ∑ 𝛽11(𝑖)∆𝑦𝑡−𝑖 + ∑ 𝛽12(𝑖)∆𝑥𝑡−𝑖 + 휀𝑦𝑡𝑖=1𝑖=1            (15) 

∆𝑥𝑡 =  𝛽2 + 𝛽𝑥(𝑦𝑡−1 − 𝛿𝑥𝑡−1) + ∑ 𝛽21(𝑖)∆𝑦𝑡−𝑖 + ∑ 𝛽22(𝑖)∆𝑥𝑡−𝑖 + 휀𝑥𝑡𝑖=1𝑖=1 ,                (16) 

 

where the term (𝑦𝑡−1 − 𝛿𝑥𝑡−1) is the error correction term. Furthermore, the saved residuals 

(휀�̂�−1) attained in equation (14) can be used to express the error correction term modifying 

the error correcting model to: 
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∆𝑦𝑡 =  𝛽1 + 𝛽𝑦휀�̂�−1 + ∑ 𝛽11(𝑖)∆𝑦𝑡−𝑖 + ∑ 𝛽12(𝑖)∆𝑥𝑡−𝑖 + 𝜖𝑦𝑡𝑖=1𝑖=1             (17) 

∆𝑥𝑡 =  𝛽2 + 𝛽𝑥휀�̂�−1 + ∑ 𝛽21(𝑖)∆𝑦𝑡−𝑖 + ∑ 𝛽22(𝑖)∆𝑥𝑡−𝑖 + 𝜖𝑥𝑡𝑖=1𝑖=1 ,                                  (18) 

 

and it is feasible to estimate the error correction model for more than two variables. If co-

integration is present between 𝑦𝑡 and 𝑥𝑡, 𝛿 expresses the co-integrating vector’s parameters. 

Thus, (𝑦𝑡−1 − 𝛿𝑥𝑡−1) is Ι (0) even under circumstances where the variables are Ι (1). 

Hence, OLS can be used as an estimation method. The interpretation of the error correction 

model can be done as follows, 𝑦 is expected to change between 𝑡 and 𝑡 − 1 due to changes 

in independent variable 𝑥 between 𝑡 and 𝑡 − 1 and to correct for any disequilibrium position 

that existed during the previous period. Furthermore, the long-term relationship between 

𝑥 and 𝑦 is defined by 𝛿.  𝛽1, 𝛽11(𝑖), 𝛽12(𝑖), 𝛽2, 𝛽21(𝑖) and 𝛽22(𝑖) are parameters describing 

the short-term relationship between ∆𝑦𝑡 and ∆𝑥𝑡. The speed of adjusting back to equilibrium 

are described by the speed of adjustment coefficients 𝛽𝑦 and 𝛽𝑥 and the higher the 

coefficient, the higher and more significant is the reaction of the previous periods deviation 

from the equilibrium. (Enders, 2014. 350-365) 

 

4.5 Johansen’s test 

 

Johansen test will be applied to examine co-integration of the 1-year and 5-year JPY/EUR 

cross-currency basis spread and the other time-series. Johansen test allows more than one 

co-integration relationship and it provides supplement to the problems arising from the 

Granger-Engle test. The hypothesis testing of co-integrating relationship using Johansen is 

done by viewing the hypothesis as a restriction on the Π matrix which is defined in equation 

(20). Johansen test is based on an approach of maximum likelihood for multivariate 

autoregressive model co-integration testing and it observes the relationship of the rank 

matrix between its characteristic roots. Two tests for determining the number of co-

integrating vectors are provided, trace and maximum characteristic roots tests.  

 

First, a general version of the n-variable case of vector autoregressive model is considered 

as: 

 

𝑥𝑡 = 𝐴1𝑥𝑡−1 + 휀𝑡.              (19) 
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where 𝑥𝑡 is the (𝑛 ∗ 1) vector (𝑥1𝑡, 𝑥2𝑡, … , 𝑥𝑛𝑡)′, 휀𝑡 is the (𝑛 ∗ 1) vector (휀1𝑡, 휀2𝑡, … , 휀𝑛𝑡)′ 

and 𝐴1 is an (𝑛 ∗ 𝑛) matrix of parameters. By letting 𝐼 be an (𝑛 ∗ 𝑛) identity matrix and 

subtracting 𝑥𝑡−1 we get: 

 

∆𝑥𝑡 =  𝐴1𝑥𝑡−1 − 𝑥𝑡−1 + 휀𝑡,     

∆𝑥𝑡 =  (𝐴1 − 𝐼) 𝑥𝑡−1 + 휀𝑡,              (20) 

∆𝑥𝑡 = Π 𝑥𝑡−1 + 휀𝑡,      

 

where Π is defined to be (𝐴1 − 𝐼). (Enders, 2014. 373-374) Multiple generalizations can be 

obtained from equation (20) for example by adding a drift to the equation if linear trend is 

involved in the process generating the observations. Furthermore, lagged differences can be 

supplemented to eliminate autocorrelation from the co-integrating relation. AIC will be used 

to determine the appropriate number of lags included. (Enders, 2014. 373-380) 

 

The interpretation of the Π matrix and the amount of co-integrating vectors can be 

determined by examining the statistical significance of the characteristic roots of the matrix. 

The rank, 𝑟, of the Π matrix equals the number of individual co-integrating vectors. In a case 

of the rank of the matrix being zero, there are not any characteristic roots statistically 

significantly differing from zero and hence, variables are not co-integrated. On the contrary, 

matrix of rank 𝑛 implies a stationary vector process. These are the extreme cases of none co-

integrating relationships whereas, between the two, in which the rank gets values                   

1 < 𝑟 < 𝑛, co-integrating vectors exist. (Enders, 2014. 373-380) 

 

In practice, we can only obtain estimates of Π and its characteristic roots from the test. 

Following two test statistics can be used to identify the number of characteristic roots that 

are significantly different form unity: 

 

𝜆𝑡𝑟𝑎𝑐𝑒(𝑟) = −𝑇 ∑ ln (1 − 𝜆�̂�
𝑛
𝑖=𝑟+1 ),             (21) 

𝜆𝑚𝑎𝑥(𝑟, 𝑟 + 1) = −𝑇 ∑ ln (1 − �̂�𝑛
𝑖=𝑟+1  𝑟+1),             (22) 
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where 𝑇 is the number of usable observations and 𝜆�̂� are the estimated characteristic roots 

(also called eigenvalues) obtained from the estimated Π matrix. (Enders, 2014. 377-380) 

 

In equation (21), the null hypothesis is that the number of co-integrating vectors is less than 

or equal to 𝑟 against an unspecified or general alternative that there are more than 𝑟 co-

integrating vectors. The 𝜆𝑡𝑟𝑎𝑐𝑒  provides rather general result and one cannot conclude the 

exact number of co-integrating vectors from the test results. Furthermore, the equation (22) 

gives the exact number of co-integrating vectors estimated by the 𝜆𝑚𝑎𝑥. It tests the null 

hypothesis of the number of co-integrating vectors is 𝑟 against the alternative of 𝑟 +1 co-

integrating vectors. In both, the null hypothesis gets rejected if the test statistic is greater 

than the critical value. Critical values used for the 𝜆𝑡𝑟𝑎𝑐𝑒 and 𝜆𝑚𝑎𝑥 are obtained from 

Osterwald-Lenum (1992). (Brooks, 2008. 351; Enders, 2014. 378-380)  

 

After establishing the co-integration rank, a vector error correction model (VECM) will be 

produced to investigate short-term and long-run co-integrating relationships as quite similar 

approach was also taken with the Granger-Engle method. A VECM is a restricted VAR to 

be used with non-stationary time-series that are recognized as co-integrated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

42 

5 RESULTS 

 

In this chapter, the results of this thesis will be presented. First, the results from the 

Augmented Dickey-Fuller unit root test will be introduced. After presenting and analyzing 

the unit root test results, they will be followed by the results of the multivariate linear 

regression model. The short-term relationship between the dependent variables and the 

independent variables is in the scope of the empirical testing done in this stage. The short-

run and long-term relationship between the variables will be presented in the results of the 

co-integration analysis. Two methods presented in chapter 4 are implemented. First, two-

stage Granger-Engle co-integration test and error correction model (ECM). Second, 

Johansen’s co-integration test which provides two test statistics 𝜆𝑡𝑟𝑎𝑐𝑒 and 𝜆𝑚𝑎𝑥 to be 

analyzed. Furthermore, the results of a vector error correction model (VECM) will be 

analyzed to elaborate the short-term and long-run co-integrating relationships between the 

variables. Finally, the arbitrage-free boundaries for JPY/EUR cross-currency basis spread 

are discussed.  In each of the sub-chapters, the results are presented and shortly analyzed. 

Final comments and conclusions will be presented in the chapter 6. 

 

5.1 Unit root tests 

 

The Augmented Dickey-Fuller test was used to test the null hypothesis of a unit root for each 

time series. ADF tests without a constant and time trend, with constant, and with constant 

and a time trend were applied. Appropriate lag length can be decided by the frequency of 

the data and for example, if the data are monthly, use 12 lags, if the data are quarterly, use 4 

lags, and so on. Other approach is to choose the number of lags by using information 

criterion. In such approach, the number of lags that minimizes the value of an information 

criterion will be selected. The appropriate lag length was selected based on AIC and the 

number of maximum lags included was initially set to 20 as for weekly data it will be enough 

to diminish autocorrelation. The ADF test was done separately for the entire sample and the 

three sub-periods and the results for level time-series are presented in Appendix 5. The null 

hypothesis tested was 𝛾 = 0, the time-series has a unit root. If we reject the null hypothesis, 

then the series is stationary and does not contain a unit root. The results of the test were 

compared to MacKinnon (2010) critical values as they fit for any sample size. For 

determining the variables to be considered in the co-integration analysis, the time-series that 
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are found to be stationary at 5 % significance level will be excluded from further analysis. 

Furthermore, as the ADF test without a constant nor trend distinguishes whether the time-

series is a random walk process, results from that test will be used to determine the 

stationarity of the time-series for the use of further testing. The other two cases provide 

useful information on the dynamics of the time-series. The omission of the level stage 

stationary variables comes from the logic that the test variables of a co-integration test must 

be integrated of the same degree, in the case of this study Ι (1) in order to be co-integrated 

𝐶Ι (1,1). Variables that are stationary in level stage are Ι (0), and cannot have a co-

integrating relationship with the variables that are integrated of degree one as they are of 

different degree. It limits the analysis of variables integrated of degree zero to regression 

analysis and thus, only the short-term relationships can be analyzed for such variables. 

 

The level time-series of the entire sample from January 2008 to September 2017 were tested 

first. JPY/EUR 1Y cross-currency basis spread and EUR short term spread were found to be 

stationary at 10 % significance level when no constant nor trend was included. Also, the JPY 

short term spread was found to be stationary at 5 % significance level. When constant was 

included, the JPY/EUR 5Y cross-currency basis spread and VSTOXX were found stationary 

at 5 % significance level. Furthermore, the VSTOXX was also found stationary at 5 % 

significance level when constant and trend were both included. Next the ADF test was 

applied for first differences of the time-series to determine the level of integration of the 

time-series’. All the time-series were found stationary at 1 % significance level in all three 

scenarios. Based on these findings we conclude that all the time-series except the JPY short 

term spread are integrated of degree one Ι (1) when the case without constant nor trend is 

used to determine stationarity and hence, there is a possibility of co-integration between the 

variables during the time period of the entire sample.  

 

For the first sub-period of financial crisis from January 2008 to December 2009, all of the 

level time-series were found to be non-stationary when no constant nor trend was included 

to the ADF test. When constant was included, the EUR medium term spread was found 

stationary at 10 % significance level and the EUR short term spread at 5 % significance 

level. Furthermore, when including both, constant and trend, the EUR short term spread was 

found stationary at 5 % significance level. Similarly to the entire sample, all the variables 

were found stationary at 1 % significance level in all three scenarios when the ADF test was 



 

 

44 

applied to the first differences of the variables. Thus, all the variables were found to be 

integrated of degree one Ι (1) when the case without constant nor trend is used to determine 

stationarity and hence, and there is a possibility of co-integration between the variables 

during the time period of the financial crisis from January 2008 to December 2009.  

 

For the second sub-period of euro crisis from January 2010 to December 2013, the JPY short 

term spread was found to be stationary at 10 % significance level and JPY/EUR 1Y cross-

currency basis spread at 5 % significance level. When constant was included, the VSTOXX 

was found stationary at 10 % significance level. VSTOXX was also found stationary at 10 

% significance level when constant and trend were included. Including constant and trend 

made also the JPY/EUR 5Y cross-currency basis spread stationary at 1 % significance level. 

Furthermore, all the variables were found stationary at 1 % significance level in all three 

scenarios when the ADF test was applied to the first differences of the variables. As the 

JPY/EUR 1Y cross-currency basis spread was found stationary at 5 % significance level, no 

co-integration tests will be applied towards it for the underlying period. For the JPY/EUR 

5Y cross-currency basis spread the co-integration tests will be applied as it and all the 

dependent variables were found to be integrated of degree one Ι (1) when the case without 

constant nor trend is used to determine stationarity and hence, and there is a possibility of 

co-integration between the variables during the time period of the euro crisis from January 

2010 to December 2013.  

 

Finally, the ADF unit root test was applied to the third sub-period from January 2014 to 

September 2017. All the other variables were found non-stationary except the JPY short 

term spread which was found stationary at 10 % significance level in a case of no constant 

nor trend. JPY short term spread was found stationary at 10 % significance level also when 

the constant was included and VSTOXX was found stationary at 1 % significance level in 

cases with constant, and with constant and trend included. Including constant and trend made 

the EUR short-term spread stationary at 5 % significance level. Furthermore, all the variables 

except ECB/BoJ ratio were found stationary at 1 % significance level in all three scenarios 

when the ADF test was applied to the first differences of the variables. The ECB/BoJ ratio 

was found stationary at 5 % significance level when constant was included. Thus, all the 

variables were found to be integrated of degree one Ι (1) when the case without constant nor 
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trend is used to determine stationarity and hence, there is a possibility of co-integration 

between the variables during the time period from January 2014 to September 2017. 

 

As the levels of integration for the variables has now been established, the next stage will be 

testing further empirical testing with regression analysis and co-integration analysis. The 

results suggest to estimate the multivariate regression for first differences of the variables to 

avoid spurious regression with non-stationary variables. Furthermore, the knowledge of the 

levels of integration for the variables is essential for proceeding to co-integration analysis 

with Granger-Engle method and Johansen’s method to exhibit the possible co-integrating 

relationships between the JPY/EUR cross-currency basis spreads and the other variables.  

 

5.2 Multivariate linear regression model 

 

The results of the multivariate linear regression are presented in this chapter. Multivariate 

linear regression was applied for the first differences of JPY/EUR 1Y and 5Y cross-currency 

basis spreads to determine the significance of the selected independent variables on the 

weekly changes of the dependent variables. The regression models were presented in 

equations (9) and (10). The regression and the co-integration tests were applied for the full 

sample period and the three sub-periods and the same independent variables, EUR short-

term spread, JPY short-term spread, ECB/BoJ ratio, EUR medium-term spread, JPY 

medium-term spread, EUR/JPY spot rate and VSTOXX volatility index were used for all 

the tests. First, the results for the JPY/EUR 1Y cross-currency basis spread are presented 

and they will be followed by the results for the JPY/EUR 5Y cross-currency basis spread. In 

case of a full sample, the selected independent variables explained around 25,53 % of the 

variance in 1-year JPY/EUR cross-currency basis spread and roughly   11,58 % in the 5-year 

JPY/EUR cross-currency basis spread measured by R-squared. The results of the 

multivariate linear regression for JPY/EUR 1Y basis spread are presented in Table 3 and the 

results of the regression for JPY/EUR 5Y basis spread are presented in Table 4. 
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Table 3. Multivariate linear regression output and summary statistics for JPY/EUR 1Y basis 

spread. 

∆𝐵𝑆1𝑌 
 Full Sample 

01/2008- 

12/2009 

01/2010- 

12/2013 

01/2014- 

09/2017 

Independent 

variables 

Coefficient 

(Std.Error) 

Coefficient 

(Std.Error) 

Coefficient 

(Std.Error) 

Coefficient 

(Std.Error) 
∆€𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑 

 
50.3399*** 

(4.930725) 

67.81881*** 

(12.13572) 

17.19568*** 

(6.421100) 

56.76609*** 

(16.92857) 
∆¥𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑 -7.165190 

(15.24394) 

-48.30881 

(38.27769) 

-10.06888 

(28.08404) 

31.50358* 

(16.73821) 

∆
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜 

-8.366399** 

(4.280918) 

-19.82804** 

(9.583809) 

5.094438 

(3.902132) 

0.106066 

(11.25909) 
∆€𝑀𝑒𝑑𝑖𝑢𝑚𝑇𝑒𝑟𝑚 𝑆𝑝𝑟𝑒𝑎𝑑 -0.044069 

(0.049232) 

-0.006065 

(0.230509) 

0.023600 

(0.041950) 

-0.085515 

(0.102388) 
∆¥𝑀𝑒𝑑𝑖𝑢𝑚𝑇𝑒𝑟𝑚  𝑆𝑝𝑟𝑒𝑎𝑑 0.143305** 

(0.075555) 

0.170470 

(0.238450) 

0.083544 

(0.076494) 

0.112927 

(0.158520) 

∆
𝐸𝑈𝑅

𝐽𝑃𝑌
 

-0.297374*** 

(0.110648) 

-0.312454 

(0.317274) 

-0.195762 

(0.130208) 

-0.360335*** 

(0.142634) 
∆𝑉𝑆𝑇𝑂𝑋𝑋 -0.16995** 

(0.072067) 

-0.305564 

(0.205983) 

-0.254096*** 

(0.088927) 

-0.005095 

(0.096432) 

Observations 508 103 208 195 

R-squared 0.255286 0.379858 0.153877 0.123442 

Adjusted R-squared 0.246368 0.341099 0.128744 0.095761 

Durbin-Watson stat 2.598198 2.656665 1.916107 2.421727 

Log likelihood -1547.612 -369.8132 -545.0866 -506.0395 

AIC 6.120518 7.316761 5.283126 5.208523 

*, **, *** shows significance at 10 %, 5 %, and 1 % level. 

 

 

For the full sample from January 2008 to September 2017, two variables EUR short-term 

spread and EUR/JPY spot rate were statistically significant at 1 %. In addition, ECB/BoJ 

ratio, JPY medium-term spread and VSTOXX were statistically significant at 5 %. The signs 

of the estimated coefficients did not fully confirm the expectations as the JPY medium-term 

spread showed positive coefficient, and ECB/BoJ ratio and EUR medium-term spread 

showed negative coefficients. The results for the EUR short-term spread can be interpreted 

such as 1 percent increase in European banks’ credit risk would cause 50 basis points 

increase in the 1-year JPY/EUR cross-currency basis spread. The depreciation of JPY 

against EUR yielded a negative coefficient and thus, it has a tightening effect on positive 

basis spread and widening effect on a negative basis spread. ECB balance sheet expansion 

relative to BoJ exhibited a negative coefficient. The medium-term financial system credit 

risk in Europe failed to capture any significant changes in the 1-year basis spread but the 

JPY medium-term spread was significant at 5 % and it can be interpreted such as 1 basis 
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point increase in JPY medium-term spread yielded roughly 0,14 basis points increase in the 

basis spread. It is also noteworthy that during the full sample period, increase in the 

VSTOXX volatility, drives the basis spread to decrease. 

 

For the financial crisis sub-period with the highest volatility and lowest number of 

observations from January 2008 to December 2009, the signs of the coefficients remained 

the same as they were for the full sample period and the explanatory power of the model was 

on its highest at 37,99 % measured by R-squared. The EUR short-term spread was the only 

coefficient significant at 1 % and the ECB/BoJ ratio was significant at 5 %. Due to the highly 

volatile nature of the period, the effects of the changes in the dependent variables were 

significantly higher in magnitude towards the 1-year cross-currency basis spread.  

 

For the euro crisis period from January 2010 to December 2013 the goodness of fit of the 

model measured by R-squared was 15,39 %. All the coefficients except the JPY medium-

term spread yielded expected signs as the signs for ECB/BoJ ratio and EUR medium-term 

spread turned positive. EUR short-term spread and VSTOXX volatility index were 

significant at 1 % with the expected signs of VSTOXX driving the basis to negative direction 

as the volatility in the European market increases and EUR short-term spread driving the 

basis to positive direction but with significantly lower coefficient than during the previous 

period. The positive slope of the ECB/BoJ ratio during the period is also noteworthy, as ECB 

expanded its balance sheet, it caused the basis to increase. 

 

The last and the least volatile sub-period from January 2014 to September 2017 shows the 

lowest goodness of fit at R-squared of 12,34 %. The EUR short-term spread which has been 

significant at 1 % during all the periods, showed also significance at 1 % for the final sub-

period. The EUR/JPY spot rate was also significant at 1 % and furthermore, JPY short-term 

spread showed significance at 10 % with unexpected positive coefficient. It seems that 

during the final sub-period, increases in both, European and Japanese interbank risk have 

been tightening the negative basis spread. 

 

These results for short-term JPY/EUR cross-currency basis spread are, for some of the time-

periods, generally in line with the results from Baran and Witzany (2017) who studied the 

drivers for the EUR/USD cross-currency basis spread with corresponding independent 
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variables. Considering the significance of the independent variables, there are similarities in 

significances during the time-periods. The explanatory power of the corresponding variables 

has been considerably higher for the EUR/USD cross-currency basis spread than for the 

JPY/EUR cross-currency basis spread for most of the time-periods examined. For the full 

sample period, the R-squared for the EUR/USD basis spread was 37,4 % over the R-squared 

of 25,53 % for the JPY/EUR basis spread. For the sub-periods, the R-squared for EUR/USD 

basis spread got values 42,9 % (2008-2009), 63,9 % (2010-2013) and 25 % (2014-2017) 

over the significantly lower explanatory power of the model for the JPY/EUR basis spread 

during the same periods. The difference between the explanatory powers was lowest during 

the first sub-period from 2008 to 2009 but as the explanatory power for EUR/USD basis 

further increased for the second sub-period from 2010 to 2013, the explanatory power of the 

model over JPY/EUR basis spread diminished. 

 

The EUR short-term spread is statistically significant at 1 % for every sub-period and the 

full sample for the EUR/USD basis spread making it the most significant individual variable 

driving the short-term EUR/USD basis spread. Correspondingly, the EUR short-term spread 

is also statistically significant at 1 % for every sub-period and the full sample for the 

JPY/EUR basis spread making it the most significant driver for both of the short-term basis 

spreads. Furthermore, the dynamics of the European interbank risk coefficients for both of 

the basis spreads are quite similar as the coefficients are on their highest level during the 

financial crisis period and on their lowest during the Euro crisis period. As expected the 

EUR short-term spread yields a positive coefficient over the JPY/EUR basis spread as it is 

against Euribor and a negative coefficient against EUR/USD basis spread as it is against 

USD Libor. The short-term spreads reflect the interbank risks in the corresponding markets 

and furthermore the stress levels of the money markets. The results suggest that particularly 

the interbank risk levels of the European banks have contributed to both, the EUR/USD basis 

spread and JPY/EUR basis spread widening.  

 

Other variables that have been significant for short-term JPY/EUR basis spread and 

EUR/USD basis spread during equivalent periods are the volatility indexes, medium-term 

spread and FX spot rate for the full sample, central bank balance sheet ratio for the first sub-

period, volatility indexes for the second sub-period from 2010 to 2013, and the 

corresponding FX spot rate and the short-term spreads for the final sub-period. Overall, the 
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dynamics of the factors explaining the changes in the short-term JPY/EUR and EUR/USD 

basis spreads have been in correspondence with each other during all the periods except the 

Euro crisis from 2010 to 2013. In addition, the explanatory power of the corresponding 

variables has mostly been higher for the EUR/USD basis spread. 

 

Table 4. Multivariate linear regression output and summary statistics for JPY/EUR 5Y basis 

spread. 

∆𝐵𝑆5𝑌 
Full Sample 

01/2008- 

12/2009 

01/2010- 

12/2013 

01/2014- 

09/2017 

Independent variables Coefficient 

(Std.Error) 

Coefficient 

(Std.Error) 

Coefficient 

(Std.Error) 

Coefficient 

(Std.Error) 

∆€𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑 
 

9.593722*** 

(3.397849) 

18.50234*** 

(6.501207) 

3.019471 

(6.106571) 

8.550594 

(4.013835) 

∆¥𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑 -9.429693 

(10.51295) 

-31.48693 

(20.34091) 

4.419707 

(27.57645) 

11.04036 

(14.78198) 

∆
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜 

-2.279757 

(2.684739) 

-7.011156 

(5.134126) 

3.113464 

(3.728824) 

-11.76290 

(10.01355) 

∆€𝑀𝑒𝑑𝑖𝑢𝑚𝑇𝑒𝑟𝑚 𝑆𝑝𝑟𝑒𝑎𝑑 -0.007928 

(0.031013) 

0.282491** 

(0.123367) 

0.017440 

(0.039034) 

-0.064981 

(0.090193) 

∆¥𝑀𝑒𝑑𝑖𝑢𝑚𝑇𝑒𝑟𝑚 𝑆𝑝𝑟𝑒𝑎𝑑 -0.006753 

(0.047688) 

-0.207941* 

(0.131500) 

-0.044937 

(0.071449) 

-0.001287 

(0.139613) 

∆
𝐸𝑈𝑅

𝐽𝑃𝑌
 

-0.422955*** 

(0.076327) 

-0.472344*** 

(0. 0.167537) 

-0.097558 

(0.123197) 

-0.483115*** 

(0.121321) 

∆𝑉𝑆𝑇𝑂𝑋𝑋 0.022526 

(0.049194) 

-0.127436 

(0.110347) 

0.121518 

(0.084218) 

0.085643 

(0.082110) 

Observations 508 103 208 195 

R-squared 0.115794 0.312409 0.025590 0.106288 

Adjusted R-squared 0.105205 0.269435 -0.003352 0.078066 

Durbin-Watson stat 2.333571 2.438703 2.291185 2.123112 

Log likelihood -1358.981 -305.5241 -534.5898 -475.1252 

AIC 5.377878 6.068430 5.182677 4.955130 

*, **, *** shows significance at 10 %, 5 %, and 1 % level. 
 

 

For the full sample for the 5-year basis spread from January 2008 to September 2017, two 

variables EUR/JPY spot rate and EUR short-term spread are statistically significant and both 

show significance at 1 %. None of the other variables showed significance at any of the 

given significance levels. The signs of the estimated coefficients did not fully confirm the 

expectations as the VSTOXX showed positive coefficient and ECB/BoJ ratio and EUR 

medium-term spread showed negative coefficients. It appears that the EUR/JPY spot rate 

and the EUR short-term spread are the only factors significantly explaining the variance of 

the 5-year basis spread during the full sample period as omitting all the other variables from 

the regression shows R-squared of 11,24 %.  
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For the financial crisis period, the R-squared increased to its highest level 31,24 %. Again, 

the EUR/JPY spot rate and the EUR short-term spread are the only statistically significant 

variables showing significance at 1 %. In addition, EUR medium-term spread showed 

significance at 5 % and JPY medium-term spread at 10 %. All the other signs of the 

coefficients were as expected except the ECB/BoJ ratio which showed negative sign. 

Furthermore, the explanatory power of the EUR/JPY was very high as it explained 21,15 % 

of the variance of the 5-year basis spread and the appreciation of EUR decreased the basis 

spread.  

 

The sub-period of euro crisis from January 2010 to December 2013 provided the poorest fit 

to changes as only 2,56 % of the 5-year basis spread’s variance was explained by the 

variables. Thus, there could be other factors having influence over the 5-year basis spread 

and the model should be re-fit. None of the variables were significant at any of the given 

significance levels and it is difficult to conclude anything from the euro crisis sub-period as 

the explanatory power of the model is very low.  

 

The goodness of fit of the model increased to 10,63 % measured by R-squared during the 

final sub-period from January 2014 to September 2017. The EUR/JPY spot rate is significant 

at 1 % and none of the other variables shows significance even at 10 %. As was the case in 

other periods where EUR/JPY showed significance at 1 %, it explained most of the R-

squared generated by the model, the R-squared of the EUR/JPY is 8,70 % when omitting 

other variables from the regression. The appreciation of EUR widened the basis during the 

last sub-period. 

 

These results for medium-term JPY/EUR cross-currency basis spread are, for some of the 

variables, in correspondence with the results from Baran and Witzany’s (2017) results for 

medium-term EUR/USD basis spread. Considering the significance of the independent 

variables, there are similarities in significances during the time-periods. The explanatory 

power of the corresponding variables has been considerably higher for the EUR/USD cross-

currency basis spread than for the JPY/EUR cross-currency basis spread for most of the 

time-periods examined. For the full sample period, the R-squared for the EUR/USD basis 

spread was 30,30 % over the R-squared of 11,58 % for the JPY/EUR basis spread. For the 

sub-periods, the R-squared for EUR/USD basis spread got values 30,66 % (2008-2009), 
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45,30 % (2010-2013) and 0,10 % (2014-2017) over the substantially lower explanatory 

power of the model for the JPY/EUR basis spread during the same periods. The difference 

between the explanatory powers was lowest during the final sub-period from 2014 to 2017 

when the explanatory power of the model for JPY/EUR basis spread was marginally higher. 

However, as the explanatory power for EUR/USD basis was considerably higher for the full 

sample and on its highest for the second sub-period, the model had virtually no explanatory 

power over the JPY/EUR basis spread. 

 

The corresponding FX spot rate is statistically significant at 1 % for all the other periods 

except the second sub-period from 2010 to 2013 for JPY/EUR basis spread making it the 

most significant individual variable driving the medium-term JPY/EUR basis spread. 

Correspondingly, the EUR/USD spot rate was also distinguished as the most significant 

variable for EUR/USD basis spread and it was also found statistically significant during 

same periods as the EUR/JPY spot rate for JPY/EUR basis spread. The FX spot rate has 

been identified as the most significant factor driving the longer tenor cross-currency basis 

spreads in both JPY/EUR and EUR/USD. 

 

Other variables that have been significant for medium-term JPY/EUR basis spread and 

EUR/USD basis spread during equivalent periods are EUR short-term spread for the full 

sample, EUR short-term spread and medium-term spreads for the first sub-period. Overall, 

the dynamics of the factors explaining the changes in the short-term JPY/EUR and 

EUR/USD basis spreads have mostly been in correspondence with each other during all the 

periods except the Euro crisis from 2010 to 2013. In addition, the explanatory power of the 

corresponding variables has been higher for the EUR/USD basis spread. 

 

5.3 Granger-Engle co-integration tests 

 

As the linear regression model focused exclusively on the short-term relationship between 

the dependent and the independent variables, co-integration analysis examines both, the 

short- and long-term relationship between the variables. Thus, we can see the co-integration 

analysis complementing the results obtained from the linear regression analysis. In first step, 

the co-integrating regression was implemented using OLS on the level time series. In the 

second step, the residuals from the co-integrating OLS regression were saved, lags taken and 
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ADF unit root test conducted with critical values by MacKinnon (2010).  Table 5 presents 

the results for the multivariate linear regression residuals. 

 

Table 5. Augmented Dickey Fuller unit root test results for multivariate linear regression 

residuals. 

Multivariate regression 

residuals 

01/2008-

09/2017 

01/2008-

12/2009 

01/2010-

12/2013 

01/2014-

09/2017 

𝐵𝑆1𝑌  𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 -2.76449 -8.59228*** 𝐼(0)** -3.628337 

𝐵𝑆5𝑌  𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 -5.9774*** -5.7317** -4.10398 -5.11083* 

*, **, *** shows significance at 10 %, 5 %, and 1 % level. MacKinnon (2010) 

𝐼(0) indicates that the dependent variable is integrated of degree zero and thus, cannot be 

further analyzed in co-integration analysis. 

 

For the full sample, the JPY short-term spread was omitted from the regressions as it showed 

stationarity at 5 % significance level. After running the regressions, ADF unit root test was 

applied for the residuals and the results indicated that the null hypothesis of 𝛾 = 0, the time-

series has a unit root, cannot be rejected for the 1-year basis spread residuals at any of the 

given significance level and there is no co-integration present when all the suitable variables 

are taken into account. For the 5-year basis spread, the regression residuals show stationarity 

at 1 % significance level and thus, according to Granger-Engle method, there is co-

integration among the 5-year JPY/EUR basis spread and the independent variables.  

 

For the first sub-period from January 2008 to December 2009, all the variables were included 

in the co-integrating regressions. The results for 1-year basis spread suggest that the residuals 

are stationary at 1 % significance level and thus, there exists co-integration among the 

variables and the 1-year JPY/EUR cross-currency basis spread. Furthermore, the results for 

5-year basis spread are quite similar as they also suggest that the residuals are stationary at 

5 % significance level and there exists co-integration among the variables and the 5-year 

JPY/EUR cross-currency basis spread. 

 

For the second sub-period from January 2010 to December 2013, co-integration was only 

tested for the 5-year basis spread as the 1-year basis spread showed stationarity at 5 % 

significance level and is thus, integrated of degree 𝐼(0) and cannot co-integrate with the 

variables that are integrated of degree one 𝐼(1). The residuals from the co-integrating 

regression for the 5-year basis spread were not found stationary at any of the given 
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significance levesl and thus, according to Granger-Engle method, there is co-integration 

among the 5-year JPY/EUR basis spread and the independent variables. 

 

For the final sub-period from January 2014 to September 2017, all the variables were 

included in the co-integrating regressions. The results for 1-year basis spread suggest that 

the residuals are not stationary at any of the given significance level and thus, there does not 

exists co-integration among the variables and the 1-year JPY/EUR cross-currency basis 

spread. Furthermore, the results for 5-year basis spread suggest that the residuals are 

stationary at 10 % significance level and there exists co-integration among the variables and 

the 5-year JPY/EUR cross-currency basis spread. 

 

The results obtained for the 1-year and 5-year JPY/EUR cross-currency basis spreads and 

the selected variables suggest that there exist co-integrating relationships between the cross-

currency basis spreads and the variables. Generally, Granger-Engle test is somewhat fragile 

for errors made in the first step. Therefore, it is reasonable to further test different 

combinations of variables. Pairwise co-integrating regressions between all the variables 

integrated of degree one 𝐼(1) and the JPY/EUR cross-currency basis spreads integrated of 

degree one 𝐼(1) were applied to find out if the residuals generated are stationary and thus, 

implying co-integration among the variables and the basis spreads. 

 

In Table 6, the results for the ADF unit root tests for the residuals from the pairwise 

regressions between the JPY/EUR 1Y basis spread and the independent variables are 

presented for all the sample periods except the second sub-period as the 1-year basis spread 

was found to be integrated of degree zero for the period. For the full sample period from 

January 2008 to September 2017, only the residuals for ECB/BoJ ratio showed stationarity 

at 5 % significance level. None of the other variables showed significance at any of the given 

significance level for the full sample. Thus, according to Granger-Engle method, co-

integration for the 1-year basis spread during the full sample exists only with the ECB/BoJ 

ratio.  

 

For the first sub-period from January 2008 to December 2009, the residuals of JPY and EUR 

short-term spreads showed stationarity, EUR short-term spread at 1 % significance level and 

JPY short-term spread at 5 % significance level. Thus, there exists co-integration between 
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the JPY/EUR 1Y cross-currency basis spread and the short-term spreads.  Pairwise 

regressions were not run for the 1-year basis spread for the second sub-period as it showed 

stationarity at 5 % significance level and is thus integrated of degree 𝐼(0) and cannot co-

integrate with the variables that are integrated of degree one 𝐼(1).  

 

For the final sub-period from January 2014 to September 2017, three co-integrating 

relationships were found between the 1-year basis spread and the independent variables. 

EUR medium-term spread residuals showed stationarity at 5 % significance level and JPY 

medium-term spread residuals and EUR/JPY spot rate residuals showed stationarity at 10 % 

significance level. Furthermore, error correction models will be estimated for the variables 

that showed co-integration with the 1-year basis spread. 

 

Table 6. Augmented Dickey Fuller unit root test results for pairwise linear regression 

residuals with JPY/EUR 1Y basis spread as dependent variable. 

Pairwise regression 

residuals 

01/2008-

09/2017 

01/2008- 

12/2009 

01/2014- 

09/2017 
𝐵𝑆1𝑌  𝑣𝑠 €𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑 

𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 
-1.730944 -8.503733*** -1.489908 

𝐵𝑆1𝑌  𝑣𝑠 ¥𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑 

𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 
𝐼(0)** -3.449262** -1.789432 

𝐵𝑆1𝑌  𝑣𝑠 
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜 

𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 
-3.501293** -2.485585 -2.096027 

𝐵𝑆1𝑌  𝑣𝑠 €𝑀𝑒𝑑𝑖𝑢𝑚𝑇𝑒𝑟𝑚  𝑆𝑝𝑟𝑒𝑎𝑑 

𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 
-1.975903 -2.074743 -3.414969** 

𝐵𝑆1𝑌  𝑣𝑠 ¥𝑀𝑒𝑑𝑖𝑢𝑚𝑇𝑒𝑟𝑚  𝑆𝑝𝑟𝑒𝑎𝑑 

𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 
-2.661185 -2.002495 -3.227257* 

𝐵𝑆1𝑌  𝑣𝑠 
𝐸𝑈𝑅

𝐽𝑃𝑌
 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 -1.859846 -1.975572 -3.105441* 

𝐵𝑆1𝑌  𝑣𝑠 𝑉𝑆𝑇𝑂𝑋𝑋 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 -1.893581 2.085404 -2.141224 

*, **, *** shows significance at 10 %, 5 %, and 1 % level. MacKinnon (2010) 

𝐼(0) indicates that the dependent variable is integrated of degree zero and thus, cannot be 

further analyzed in co-integration analysis. 

 

In Table 7, the results for the ADF unit root tests for the residuals from the pairwise 

regressions between the JPY/EUR 5Y basis spread and the independent variables are 

presented for all the sample periods of this study. For the full sample period from January 

2008 to September 2017, the residuals for ECB/BoJ ratio, EUR short-term spread and 

VSTOXX showed stationarity at 10 % significance level. Thus, according to Granger-Engle 
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method, co-integration for the 5-year basis spread during the full sample exists with these 

three variables. None of the residuals were found stationary for the first sub-period from 

January 2008 to December 2009 and thus, there does not exist co-integration between the 

variables and the JPY/EUR 5Y cross-currency basis spread during the sub-period.  

 

For the second sub-period from January 2010 to December 2013, only the residuals for JPY 

short-term spread showed stationarity at 5 % significance level. None of the other variables 

showed significance at any of the given significance level for the full sample. Finally, for 

the last sub-period from January 2014 to September 2017, none of the residuals were found 

stationary and thus, there does not exist co-integration between the variables and the 

JPY/EUR 5Y cross-currency basis spread during the last sub-period. Furthermore, error 

correction models will be estimated for the variables that showed co-integration with the 5-

year basis spread. 

 

Table 7. Augmented Dickey Fuller unit root test results for pairwise linear regression 

residuals with JPY/EUR 5Y basis spread as dependent variable. 

Pairwise regression 

residuals 

01/2008-

09/2017 

01/2008-

12/2009 

01/2010-

12/2013 

01/2014-

09/2017 
𝐵𝑆5𝑌  𝑣𝑠 €𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑 

𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 
-2.829822 -2.302623 -1.206220 -2.187500 

𝐵𝑆5𝑌  𝑣𝑠 ¥𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑 

𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 
𝐼(0)** -2.216199 -3.791916** -2.011965 

𝐵𝑆5𝑌  𝑣𝑠 
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜 

𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 
-3.265163* -1.308963 -1.313895 -2.086976 

𝐵𝑆5𝑌  𝑣𝑠 €𝑀𝑒𝑑𝑖𝑢𝑚𝑇𝑒𝑟𝑚  𝑆𝑝𝑟𝑒𝑎𝑑 

𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 
-2.583915 -1.323113 -1.729462 -2.614160 

𝐵𝑆5𝑌  𝑣𝑠 ¥𝑀𝑒𝑑𝑖𝑢𝑚𝑇𝑒𝑟𝑚  𝑆𝑝𝑟𝑒𝑎𝑑 

𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 
-2.894037 -1.412659 -1.077398 -2.421089 

𝐵𝑆5𝑌  𝑣𝑠 
𝐸𝑈𝑅

𝐽𝑃𝑌
 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 -2.590006 -1.547979 -1.502105 -1.904971 

𝐵𝑆5𝑌  𝑣𝑠 𝑉𝑆𝑇𝑂𝑋𝑋 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 -3.136813* -1.155123 -1.514667 -3.033616 

*, **, *** shows significance at 10 %, 5 %, and 1 % level. MacKinnon (2010) 

 

As the co-integrating relationships between the 1-year and 5-year JPY/EUR basis spreads 

have been established with the Granger-Engle method, error correction models will be 

estimated for the each of the co-integrating relationships for each of the time-periods where 

a co-integrating relationship exists. The error correction models will be estimated as two-
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sided, to verify mutual co-integrating relationship. In general form, the error correction 

models can be written as: 

 

∆𝐵𝑆1𝑌𝑡
= 𝛽1 + 𝛽𝐵𝑆1𝑌

∗ 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 + 𝛽11(𝑖)∆𝐵𝑆1𝑌𝑡−𝑖
+ 𝛽12(𝑖)∆𝑥𝑡−𝑖 + 𝜖𝑦𝑡,              (23) 

∆𝑥𝑡 =  𝛽2 + 𝛽𝑥 ∗ 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 + 𝛽21(𝑖)∆𝐵𝑆1𝑌𝑡−𝑖
+ 𝛽22(𝑖)∆𝑥𝑡−𝑖 + 𝜖𝑥𝑡 and                  (24) 

 

∆𝐵𝑆5𝑌𝑡
= 𝛽1 + 𝛽𝐵𝑆5𝑌

∗ 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 + 𝛽11(𝑖)∆𝐵𝑆5𝑌𝑡−𝑖
+ 𝛽12(𝑖)∆𝑥𝑡−𝑖 + 𝜖𝑦𝑡,              (25) 

∆𝑥𝑡 =  𝛽2 + 𝛽𝑥 ∗ 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 + 𝛽21(𝑖)∆𝐵𝑆5𝑌𝑡−𝑖
+ 𝛽22(𝑖)∆𝑥𝑡−𝑖 + 𝜖𝑥𝑡               (26) 

 

where ∆𝐵𝑆1𝑌 and ∆𝐵𝑆5𝑌 are the JPY/EUR cross-currency basis spreads and 𝑥 is the 

underlying independent variable of each pairwise regression. The term 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 stands for 

the residual term of pairwise regression between the 𝐵𝑆1𝑌 and the independent variable 𝑥 or 

the 𝐵𝑆5𝑌 and the independent variable 𝑥. The coefficients 𝛽11, 𝛽12, 𝛽21 and 𝛽22 refer to the 

coefficients of the selected variables for the pairwise ECM and 𝛽𝑥 to the ECM term of the 

dependent variable 𝑥.  Furthermore, for simplicity, only one (𝑖) lag is included in the error 

correction model estimation. Constants were also included to the ECM’s but all of them 

failed to be significant at any given significance level. 

 

Table 8. Pairwise Error Correction Model results for JPY/EUR 1Y basis spread and 

ECB/BoJ ratio for whole sample from 01/2008 to 09/2017. 

01/2008 – 09/2017     

∆𝐵𝑆1𝑌 Coefficient Std. Error t-Statistic Prob.   

𝐶 -0.027090 0.235546 -0.115011 0.9085 

𝑟𝑒𝑠𝑖𝑑 𝐵𝑆1𝑌 𝑣𝑠 
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜(𝑡 − 1) -0.092073 0.022858 -4.028089 0.0001*** 

∆𝐵𝑆1𝑌(𝑡 − 1) -0.339857 0.041879 -8.115288 0.0000*** 

∆
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜(𝑡 − 1) 10.62758 3.961647 2.682618 0.0075*** 

Observations 507 Durbin-Watson stat 2.024567 
R-squared 0.200332 Log likelihood -1563.085 
Adjusted R-squared 0.195562 AIC 6.181795 

∆
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜 Coefficient Std. Error t-Statistic Prob. 

𝐶 -0.001780 0.002634 -0.676030 0.4993 

𝑟𝑒𝑠𝑖𝑑 𝐵𝑆1𝑌 𝑣𝑠 
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜(𝑡 − 1) 0.000683 0.000256 2.673949 0.0077*** 

∆𝐵𝑆1𝑌(𝑡 − 1) 0.000305 0.000468 0.652262 0.5145 

∆
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜(𝑡 − 1) -0.069208 0.044295 -1.562431 0.1188 

Observations 507 Durbin-Watson stat 1.986522 
R-squared 0.024981 Log likelihood 715.1381 
Adjusted R-squared 0.019166 AIC -2.805278 

*, **, *** shows significance at 10 %, 5 %, and 1 % level. MacKinnon (2010) 
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The first ECM is for the co-integrating relationship between the 1-year basis spread and the 

ECB/BoJ ratio during the full sample from January 2008 to September 2017 and the results 

are presented above in Table 8. The coefficient 𝛽12 is positive and significant at 1 % level 

which denotes that one unit change in ECB/BoJ ratio yields a 10,63 basis points change in 

the same direction in the succeeding period in the JPY/EUR 1Y basis spread. The other 

short-run change coefficient 𝛽11 was also significant at 1 % level indicating that 1 basis point 

change in 1-year basis spread yields an opposite 0,34 basis points change in the subsequent 

period. The coefficient 𝛽𝐵𝑆1𝑌
 denotes that the ECM is significant at 1 % significance level 

and that if a positive difference exists between the variables, the JPY/EUR 1Y basis spread 

will fall during the following period to restore the equilibrium and vice versa. Roughly 9 % 

of the disequilibrium between the variables is corrected each week.  

 

Only the coefficient 𝛽𝑥 is statistically significant at any of the given significance levels when 

the ECB/BoJ ratio is set as the dependent variable. It rejects the null hypothesis at 1 % 

significance level denoting significance of the ECM and that a positive difference from the 

equilibrium between the variables is corrected by an increase of both variables during the 

succeeding period which is not consistent with the nature of existence of a long-run 

convergence between variables. This suggestion is not consistent with the estimation result 

obtained from the ECM other way around. 

 

The second ECM is for the co-integrating relationship between the 1-year basis spread and 

the EUR short-term spread during the first sub-period from January 2008 to December 2009 

and the results are presented below in Table 9. The coefficient 𝛽12 is insignificant at any of 

the given significance levels which indicates that there is significant relationship between 

the two variables only in the long-run. The other short-run change coefficient 𝛽11 was 

significant at 1 % level indicating that 1 basis point change in 1-year basis spread yields an 

opposite 0,24 basis points change in the subsequent period. The coefficient 𝛽𝐵𝑆1𝑌
 denotes 

that the ECM is significant at 1 % significance level and that if a positive difference exists 

between the variables, the JPY/EUR 1Y basis spread will fall during the following period to 

restore the equilibrium and vice versa. Roughly 66 % of the disequilibrium between the 

variables is corrected each week. As the coefficients 𝛽21 and 𝛽22 are statistically significant 

at 1 % level, the ECM other way around suggests that there exists a short-run relationship 
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between the variables. Results indicate that 1 basis point change in 1-year basis spread yields 

an opposite 0,004 percent change in the subsequent period in the EUR short-term spread and 

a one percent change in the EUR short-term spread yields a 0,39 percent change in the 

following period. 

 

Table 9. Pairwise Error Correction Model results for JPY/EUR 1Y basis spread and EUR 

ST spread for financial crisis period from 01/2008 to 12/2009. 

01/2008 - 12/2009         

∆𝐵𝑆1𝑌 Coefficient Std. Error t-Statistic Prob. 

𝐶 -0.025554 0.869876 -0.029376 0.9766 
𝑟𝑒𝑠𝑖𝑑 𝐵𝑆1𝑌 𝑣𝑠 €𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) -0.661928 0.150126 -4.409151 0.0000*** 

∆𝐵𝑆1𝑌(𝑡 − 1) -0.243570 0.118151 -2.061519 0.0419** 
∆€𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) -1.179516 9.664018 -0.122052 0.9031 

Observations 102 Durbin-Watson stat 2.0010686 

R-squared 0.408522 Log likelihood -364.2989 

Adjusted R-squared 0.390415 AIC 7.221546 

∆€𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑 Coefficient Std. Error t-Statistic Prob. 

𝐶 -0.000698 0.010003 -0.069729 0.9446 
𝑟𝑒𝑠𝑖𝑑 𝐵𝑆1𝑌 𝑣𝑠 €𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑𝑡(−1) 0.001165 0.001726 0.674611 0.5015 
∆𝐵𝑆1𝑌(𝑡 − 1) -0.004897 0.001359 -3.604453 0.0005*** 
∆€𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) 0.396354 0.111134 3.566440 0.0006*** 

Observations 102 Durbin-Watson stat 1.906913 

R-squared 0.165113 Log likelihood 91.17442 

Adjusted R-squared 0.139555 AIC -1.709302 

*, **, *** shows significance at 10 %, 5 %, and 1 % level. MacKinnon (2010) 

 

Next ECM was estimated for the 1-year basis spread and JPY short-term spread for the first 

sub-period from January 2008 to December 2009 and the results are presented below in 

Table 10. The coefficient 𝛽12 is positive and significant at 10 % level which denotes that a 

1 % change in JPY short-term spread yields a 61,55 basis points change in the same direction 

in the succeeding period in the JPY/EUR 1Y basis spread. The other short-run change 

coefficient 𝛽11 was significant at 1 % level indicating that 1 basis point change in 1-year 

basis spread yields an opposite 0,40 basis points change in the subsequent period. The 

coefficient 𝛽𝐵𝑆1𝑌
 denotes that the ECM is significant at 1 % significance level and that if a 

positive difference exists between the variables, the JPY/EUR 1Y basis spread will fall 

during the following period to restore the equilibrium and vice versa. Roughly 31 % of the 

disequilibrium between the variables is corrected each week.  

 

Coefficient 𝛽22 is significant at 5 % level and 𝛽21 is not significant at any of the given 

significance levels, indicating that there is not any short-run relationship between the 
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variables the other way around. Furthermore, the coefficient 𝛽x is significant at   5 % level 

but it suggests that a positive difference from the equilibrium between the variables is 

corrected by an increase of both variables during the succeeding period which is not 

consistent with the nature of existence of a long-run convergence between variables as was 

the case with the earlier ECMs as well. 

 

Table 10. Pairwise Error Correction Model results for JPY/EUR 1Y basis spread and JPY 

ST spread for financial crisis period from 01/2008 to 12/2009. 

01/2008 - 12/2009         

∆𝐵𝑆1𝑌 Coefficient Std. Error t-Statistic Prob. 

𝐶 0.112965 0.913957 0.123600 0.9019 
𝑟𝑒𝑠𝑖𝑑 𝐵𝑆1𝑌 𝑣𝑠 ¥𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) -0.308196 0.108913 -2.829731 0.0057*** 
∆𝐵𝑆1𝑌(𝑡 − 1) -0.399996 0.099057 -4.038038 0.0001*** 
∆¥𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) 61.55437 34.57058 1.780542 0.0781* 

Observations 102 Durbin-Watson stat 1.999292 

R-squared 0.351056 Log likelihood -369.0276 

Adjusted R-squared 0.331191 AIC 7.314267 

∆¥𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑 Coefficient Std. Error t-Statistic Prob. 

𝐶 -0.001789 0.002588 -0.691373 0.4910 
𝑟𝑒𝑠𝑖𝑑 𝐵𝑆1𝑌 𝑣𝑠 ¥𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) 0.000718 0.000308 2.329455 0.0219** 
∆𝐵𝑆1𝑌(𝑡 − 1) -0.000275 0.000280 -0.981717 0.3287 

∆¥𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) 0.235706 0.097890 2.407858 0.0179** 

Observations 102 Durbin-Watson stat 1.957279 

R-squared 0.135502 Log likelihood 229.3972 

Adjusted R-squared 0.109038 AIC -4.419552 

*, **, *** shows significance at 10 %, 5 %, and 1 % level. MacKinnon (2010) 

 

Furthermore, three ECMs were estimated for JPY/EUR 1Y basis spread and co-integrating 

variables for the final sub-period from January 2014 to September 2017. The results for the 

ECM for the 1-year basis spread and the EUR medium-term spread are presented below in 

Table 11. The coefficient 𝛽12 is insignificant at any of the given significance levels which 

indicates that there is significant relationship between the two variables only in the long-run. 

The other short-run change coefficient 𝛽11 was significant at 5 % level indicating that 1 basis 

point change in 1-year basis spread yields an opposite 0,15 basis points change in the 

subsequent period. The coefficient 𝛽𝐵𝑆1𝑌
 denotes that the ECM is significant at 1 % 

significance level and that if a positive difference exists between the variables, the JPY/EUR 

1Y basis spread will fall during the following period to restore the equilibrium and vice 

versa. Roughly 13 % of the disequilibrium between the variables is corrected each week. 

The EUR medium-term spread as dependent variable produces one significant coefficient 

which is 𝛽x and it shows significance at 5 % level. It is noteworthy that this time, in both of 
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the cases, the ECM coefficients are negative as they should be when long-run convergence 

exists between variables.  

 

Table 11. Pairwise Error Correction Model results for JPY/EUR 1Y basis spread and EUR 

MT spread for period from 01/2014 to 09/2017. 

01/20104- 09/2017         

∆𝐵𝑆1𝑌 Coefficient Std. Error t-Statistic Prob. 

𝐶 -0.036386 0.233058 -0.156126 0.8761 
𝑟𝑒𝑠𝑖𝑑 𝐵𝑆1𝑌 𝑣𝑠  €𝑀𝑒𝑑𝑖𝑢𝑚𝑇𝑒𝑟𝑚 𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) -0.134757 0.040702 -3.310815 0.0011*** 

∆𝐵𝑆1𝑌(𝑡 − 1) -0.154298 0.071469 -2.158945 0.0321** 
∆€𝑀𝑒𝑑𝑖𝑢𝑚𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) -0.012874 0.031647 -0.406788 0.6846 

Observations 194 Durbin-Watson stat 2.060615 

R-squared 0.103342 Log likelihood -501.5612 

Adjusted R-squared 0.089184 AIC 5.211971 

∆€𝑀𝑒𝑑𝑖𝑢𝑚𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑 Coefficient Std. Error t-Statistic Prob. 

𝐶 -0.256712 0.525011 -0.488965 0.6254 
𝑟𝑒𝑠𝑖𝑑 𝐵𝑆1𝑌 𝑣𝑠  €𝑀𝑒𝑑𝑖𝑢𝑚𝑇𝑒𝑟𝑚 𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) -0.220976 0.091690 -2.410044 0.0169** 

∆𝐵𝑆1𝑌(𝑡 − 1) -0.042632 0.160999 -0.264795 0.7915 
∆€𝑀𝑒𝑑𝑖𝑢𝑚𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) 0.109050 0.071292 1.529614 0.1278 

Observations 194 Durbin-Watson stat 1.991869 

R-squared 0.042325 Log likelihood -659.1148 

Adjusted R-squared 0.027204 AIC 6.836235 

*, **, *** shows significance at 10 %, 5 %, and 1 % level. MacKinnon (2010) 

 

The results for the ECM for the 1-year basis spread and JPY medium-term spread are 

presented below in Table 12. The coefficient 𝛽12 is insignificant at any of the given 

significance levels which indicates that there is significant relationship between the two 

variables only in the long-run. The other short-run change coefficient 𝛽11 was significant at 

5 % level indicating that 1 basis point change in 1-year basis spread yields an opposite 0,16 

basis points change in the subsequent period. The coefficient 𝛽𝐵𝑆1𝑌
 denotes that the ECM is 

significant at 1 % significance level and that if a positive difference exists between the 

variables, the JPY/EUR 1Y basis spread will fall during the following period to restore the 

equilibrium and vice versa. Roughly 13 % of the disequilibrium between the variables is 

corrected each week. The JPY medium-term spread as dependent variable generates two 

significant coefficients both at the 10 % significance level. 𝛽22 and 𝛽x are the significant 

coefficients and they suggest that only long-run relationship exists between the two 

variables. As was the case with the EUR medium-term spread, both of the ECM coefficients 

are negative and significant. 
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Table 12. Pairwise Error Correction Model results for JPY/EUR 1Y basis spread and JPY 

MT spread for period from 01/2014 to 09/2017. 

01/20104- 09/2017         

∆𝐵𝑆1𝑌 Coefficient Std. Error t-Statistic Prob. 

𝐶 -0.039703 0.233259 -0.170208 0.8650 

𝑟𝑒𝑠𝑖𝑑 𝐵𝑆1𝑌 𝑣𝑠  ¥𝑀𝑒𝑑𝑖𝑢𝑚𝑇𝑒𝑟𝑚  𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) -0.127843 0.038791 -3.295708 0.0012*** 
∆𝐵𝑆1𝑌(𝑡 − 1) -0.157636 0.071215 -2.213535 0.0281** 

∆¥𝑀𝑒𝑑𝑖𝑢𝑚𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑𝑡(−1) -0.025545 0.050953 -0.501338 0.6167 

Observations 194 Durbin-Watson stat 2.066064 

R-squared 0.102616 Log likelihood -501.6397 

Adjusted R-squared 0.088447 AIC 5.212780 

∆¥𝑀𝑒𝑑𝑖𝑢𝑚𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑 Coefficient Std. Error t-Statistic Prob. 

𝐶 -0.193031 0.326351 -0.591483 0.5549 

𝑟𝑒𝑠𝑖𝑑 𝐵𝑆1𝑌 𝑣𝑠  ¥𝑀𝑒𝑑𝑖𝑢𝑚𝑇𝑒𝑟𝑚  𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) -0.107023 0.054272 -1.971987 0.0501* 
∆𝐵𝑆1𝑌(𝑡 − 1) -0.056297 0.099636 -0.565027 0.5727 
∆¥𝑀𝑒𝑑𝑖𝑢𝑚𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) 0.128011 0.071288 1.795687 0.0741* 

Observations 194 Durbin-Watson stat 1.983971 

R-squared 0.039561 Log likelihood -566.7890 

Adjusted R-squared 0.024397 AIC 5.884422 

*, **, *** shows significance at 10 %, 5 %, and 1 % level. MacKinnon (2010) 

 

The final ECM for the 1-year basis spread was estimated for the co-integrating relationship 

between EUR/JPY spot rate. The results are presented below in Table 13. The coefficient 

𝛽12 is positive and significant at 10 % level which denotes that one unit change in EUR/JPY 

spot rate yields an opposite change of 0,25 basis points in the succeeding period in the 

JPY/EUR 1Y basis spread. The other short-run change coefficient 𝛽11 was significant at        

5 % level indicating that 1 basis point change in 1-year basis spread yields an opposite 0,17 

basis points change in the subsequent period. The coefficient 𝛽𝐵𝑆1𝑌
 denotes that the ECM is 

significant at 1 % significance level and that if a positive difference exists between the 

variables, the JPY/EUR 1Y basis spread will fall during the following period to restore the 

equilibrium and vice versa. Approximately 14 % of the disequilibrium between the variables 

is corrected each week.  

 

Coefficient 𝛽22 is significant at 10 % level but 𝛽21 is not significant at any of the given 

significance levels, indicating that there is not any short-run relationship between the 

variables the other way around. Furthermore, the coefficient 𝛽𝑥 is significant at   5 % level 

but it suggests that a positive difference from the equilibrium between the variables is 

corrected by an increase of both variables during the succeeding period which is not 

consistent with the nature of existence of a long-run convergence between variables. 
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Table 13. Pairwise Error Correction Model results for JPY/EUR 1Y basis spread and 

EUR/JPY spot rate for period from 01/2014 to 09/2017. 

01/20104- 09/2017         

∆𝐵𝑆1𝑌 Coefficient Std. Error t-Statistic Prob.   

𝐶 -0.044021 0.231035 -0.190540 0.8491 

𝑟𝑒𝑠𝑖𝑑 𝐵𝑆1𝑌 𝑣𝑠 
𝐸𝑈𝑅

𝐽𝑃𝑌
(𝑡 − 1) -0.140914 0.040700 -3.462285 0.0007*** 

∆𝐵𝑆1𝑌(𝑡 − 1) -0.171976 0.073039 -2.354569 0.0196** 

∆
𝐸𝑈𝑅

𝐽𝑃𝑌
(𝑡 − 1) -0.245411 0.133214 -1.842238 0.0670* 

Observations 194 Durbin-Watson stat 2.024453 

R-squared 0.118520 Log likelihood -499.9052 

Adjusted R-squared 0.104602 AIC 5.194899 

∆
𝐸𝑈𝑅

𝐽𝑃𝑌
 Coefficient Std. Error t-Statistic Prob.   

𝐶 -0.040769 0.125985 -0.323604 0.7466 

𝑟𝑒𝑠𝑖𝑑 𝐵𝑆1𝑌 𝑣𝑠 
𝐸𝑈𝑅

𝐽𝑃𝑌
(𝑡 − 1) 0.056496 0.022194 2.545591 0.0117** 

∆𝐵𝑆1𝑌(𝑡 − 1) 0.003612 0.039829 0.090690 0.9278 

∆
𝐸𝑈𝑅

𝐽𝑃𝑌
(𝑡 − 1) 0.122482 0.072642 1.686096 0.0934* 

Observations 194 Durbin-Watson stat 1.996355 

R-squared 0.046912 Log likelihood -382.2629 

Adjusted R-squared 0.031864 AIC 3.982091 

*, **, *** shows significance at 10 %, 5 %, and 1 % level. MacKinnon (2010) 

 

Next, the ECMs estimated for the JPY/EUR 5Y basis spread will be presented. The first 

ECM estimated is for the co-integrating relationship between the 5-year basis spread and the 

ECB/BoJ ratio. The coefficient 𝛽12 is positive and significant at 10 % level which denotes 

that one unit change in ECB/BoJ ratio yields a 4,65 basis points change in the same direction 

in the succeeding period in the JPY/EUR 5Y basis spread. The other short-run change 

coefficient 𝛽11 was significant at 1 % level indicating that 1 basis point change in 5-year 

basis spread yields an opposite 0,17 basis points change in the subsequent period. The 

coefficient 𝛽𝐵𝑆5𝑌
 denotes that the ECM is significant at 1 % significance level and that if a 

positive difference exists between the variables, the JPY/EUR 5Y basis spread will fall 

during the following period to restore the equilibrium and vice versa. Roughly 3 % of the 

disequilibrium between the variables is corrected each week. None of the coefficients except 

the 𝛽22 are statistically significant at any of the given significance levels when the ECB/BoJ 

ratio is set as the dependent variable which does not indicate neither short- nor long-run 

relationship between the variables the other way around. 
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Table 14. Pairwise Error Correction Model results for JPY/EUR 5Y basis spread and 

ECB/BoJ ratio for whole sample from 01/2008 to 09/2017. 

01/2008- 09/2017         
∆𝐵𝑆5𝑌 Coefficient Std. Error t-Statistic Prob.   

𝐶 -0.065096 0.161745 -0.402460 0.6875 

𝑟𝑒𝑠𝑖𝑑 𝐵𝑆5𝑌 𝑣𝑠 
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜(𝑡 − 1) 

-0.032510 0.011828 -2.748520 0.0062*** 

∆𝐵𝑆5𝑌(𝑡 − 1) -0.174505 0.043772 -3.986648 0.0001*** 

∆
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜(𝑡 − 1) 

4.650265 2.710598 1.715586 0.0869* 

Observations 507 Durbin-Watson stat 2.024407 

R-squared 0.059252 Log likelihood -1372.441 

Adjusted R-squared 0.053642 AIC 5.429749 

∆
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜 

Coefficient Std. Error t-Statistic Prob.   

𝐶 -0.001754 0.002653 -0.661311 0.5087 

𝑟𝑒𝑠𝑖𝑑 𝐵𝑆5𝑌 𝑣𝑠 
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜(𝑡 − 1) 

0.000216 0.000194 1.112366 0.2665 

∆𝐵𝑆5𝑌(𝑡 − 1) 0.000513 0.000718 0.714604 0.4752 

∆
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜(𝑡 − 1) 

-0.077318 0.044461 -1.739000 0.0826* 

Observations 507 Durbin-Watson stat 1.981143 

R-squared 0.010824 Log likelihood 711.4837 

Adjusted R-squared 0.004924 AIC -2.790863 

*, **, *** shows significance at 10 %, 5 %, and 1 % level. MacKinnon (2010) 

 

The last ECM for the full sample period was estimated for the co-integrating relationship 

between the 5-year basis spread and VSTOXX volatility index. The coefficient 𝛽12 is 

negative and significant at 10 % level which indicates that a change in VSTOXX yields a 

0,08 basis points change in the opposite direction in the succeeding period in the JPY/EUR 

5Y basis spread. The other short-run change coefficient 𝛽11 was significant at 1 % level 

indicating that 1 basis point change in 5-year basis spread yields an opposite 0,17 basis points 

change in the subsequent period. The coefficient 𝛽𝐵𝑆5𝑌
 denotes that the ECM is significant 

at 5 % significance level and that if a positive difference exists between the variables, the 

JPY/EUR 5Y basis spread will fall during the following period to restore the equilibrium 

and vice versa. Approximately 3 % of the disequilibrium between the variables is corrected 

each week. Similarly to the most of the earlier ECMs, the coefficients 𝛽22 and 𝛽21 are 

statistically significant but instead of showing negative coefficient, the 𝛽𝑥 shows a positive 

sign. Thus, there does not appear to be neither short- nor long-run relationship between the 

variables the other way around. 
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Table 15. Pairwise Error Correction Model results for JPY/EUR 5Y basis spread and 

VSTOXX for whole sample from 01/2008 to 09/2017. 

01/2008- 09/2017         
∆𝐵𝑆5𝑌 Coefficient Std. Error t-Statistic Prob.   

𝐶 -0.074090 0.162039 -0.457235 0.6477 

𝑟𝑒𝑠𝑖𝑑 𝐵𝑆5𝑌 𝑣𝑠 𝑉𝑆𝑇𝑂𝑋𝑋(𝑡 − 1) -0.027277 0.010812 -2.522897 0.0119** 

∆𝐵𝑆5𝑌(𝑡 − 1) -0.173714 0.044216 -3.928765 0.0001*** 

∆VSTOXX(𝑡 − 1) -0.075028 0.041073 -1.826723 0.0683* 

Observations 507 Durbin-Watson stat 2.007385 

R-squared 0.055122 Log likelihood -1373.552 

Adjusted R-squared 0.049487 AIC 5.434129 

∆VSTOXX Coefficient Std. Error t-Statistic Prob.   

𝐶 -0.021801 0.176685 -0.123389 0.9018 

𝑟𝑒𝑠𝑖𝑑 𝐵𝑆5𝑌 𝑣𝑠 𝑉𝑆𝑇𝑂𝑋𝑋(𝑡 − 1) 0.026121 0.011789 2.215731 0.0272** 

∆𝐵𝑆5𝑌(𝑡 − 1) -0.049828 0.048212 -1.033504 0.3019 

∆VSTOXX(𝑡 − 1) -0.133669 0.044785 -2.984682 0.0030*** 

Observations 507 Durbin-Watson stat 2.003755 

R-squared 0.033642 Log likelihood -1417.422 

Adjusted R-squared 0.027879 AIC 5.607186 

*, **, *** shows significance at 10 %, 5 %, and 1 % level. MacKinnon (2010) 

 

The last ECM was estimated for the JPY/EUR 5Y basis spread and the JPY short-term spread 

for the second sub-period from January 2010 to December 2013. There does not seem to be 

a short-run relationship between the variables as neither the 𝛽11 or 𝛽12 were statistically 

significant at any of the given significance levels. Long-run relationship between the 

variables is suggested by the coefficient 𝛽𝐵𝑆5𝑌
 as it is negative and significant at 1 % 

significance level. It indicates that if a positive difference exists between the variables, the 

JPY/EUR 5Y basis spread will fall during the following period to restore the equilibrium 

and vice versa. Approximately 11 % of the disequilibrium between the variables is corrected 

each week.  

 

Finally, ECM with the JPY short-term spread as a dependent variable generates quite similar 

results to the other ones where the basis spread is not the dependent variable. The coefficients 

𝛽22 and 𝛽𝑥 are statistically significant but instead of showing negative coefficient, the 𝛽𝑥 

shows a positive sign. Thus, there does not appear to be neither short- nor long-run 

relationship between the variables the other way around. 
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Table 16.  Pairwise Error Correction Model results for JPY/EUR 5Y basis spread and JPY 

ST spread for euro crisis period from 01/2010 to 12/2013. 

01/2010- 12/2013         
∆𝐵𝑆5𝑌 Coefficient Std. Error t-Statistic Prob.   

𝐶 -0.142598 0.214874 -0.663635 0.5077 

𝑟𝑒𝑠𝑖𝑑 𝐵𝑆5𝑌 𝑣𝑠 ¥𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) -0.114399 0.034188 -3.346169 0.0010*** 

∆𝐵𝑆5𝑌(𝑡 − 1) -0.083328 0.069709 -1.195379 0.2333 

∆¥𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) -30.16228 26.54773 -1.136153 0.2572 

Observations 207 Durbin-Watson stat 2.031070 

R-squared 0.072438 Log likelihood -524.7344 

Adjusted R-squared 0.058730 AIC 5.108545 

∆¥𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑 Coefficient Std. Error t-Statistic Prob.   

𝐶 -0.000630 0.000521 -1.209024 0.2281 

𝑟𝑒𝑠𝑖𝑑 𝐵𝑆5𝑌 𝑣𝑠 ¥𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) 0.000150 8.28E-05 1.810766 0.0717* 

∆𝐵𝑆5𝑌(𝑡 − 1) 0.000194 0.000169 1.148741 0.2520 

∆¥𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) -0.376006 0.064330 -5.844950 0.0000*** 

Observations 207 Durbin-Watson stat 1.996537 

R-squared 0.184555 Log likelihood 721.9589 

Adjusted R-squared 0.172504 AIC -6.936801 

*, **, *** shows significance at 10 %, 5 %, and 1 % level. MacKinnon (2010) 

 

In this chapter, the Granger-Engle method was applied to identify possible co-integrating 

relationships between the 1-year JPY/EUR basis spread and the independent variables and 

the 5-year JPY/EUR basis spread and the independent variables. For the 1-year basis spread, 

co-integrating relationships were found for the full sample period with ECB/BoJ ratio, first 

sub-period with EUR and JPY short-term spreads and for the final sub-period with the EUR 

and JPY medium-term spreads and EUR/JPY spot rate. 

 

Furthermore, ECMs were estimated for the co-integrating relationships to further establish 

the dynamics between the variables. For the 1-year basis spread during the full sample, ECM 

supported both the short- and long-run relationships for the 1-year basis spread and ECB/BoJ 

ratio. For the first sub-period, a long-run relationship was established between the 1-year 

basis spread and both short-term spreads. For the final sub-period, a mutual long-run 

relationship was found between the 1-year basis spread and both medium-term spreads and 

also a short- and long-run relationship between the 1-year basis spread and the EUR/JPY 

spot rate. 

 

Similar long-run relationships to Baran and Witzany (2017) were established for the 

JPY/EUR short-term basis spread. As ECB/BoJ ratio, EUR and JPY short-term spreads, 

EUR and JPY medium-term spreads and EUR/JPY spot rate were found to be co-integrated 
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with the short-term JPY/EUR basis spread. Baran and Witzany (2017) found that all 

corresponding variables except USD medium-term spread had co-integrating relationship 

with the short-term EUR/USD basis spread. 

 

For the 5-year basis spread, co-integrating relationships were found for the full sample 

period with ECB/BoJ ratio and VSTOXX and for the second sub-period with the JPY 

medium-term spread. These relationships were further observed through ECMs where long-

run relationship was established between the 5-year basis spread and the ECB/BoJ ratio and 

short- and long-run relationships between the 5-year basis spread and VSTOXX for the full 

sample. Furthermore, a long-run relationship was also established for the 5-year basis spread 

and the JPY short-term spread. 

 

For the medium-term EUR/USD basis spread, Baran and Witzany (2017) found co-

integrating relationships for EUR short- and medium-term spreads, USD short- and medium-

term spreads, EUR/USD spot rate, and the Fed/ECB ratio. Co-integration for the medium-

term JPY/EUR basis spread was not established to the same extent as from the corresponding 

variables, EUR medium-term spread and JPY short-term spread were found to have long-

run relationship with the medium-term JPY/EUR basis spread. What Baran and Witzany 

(2017) found surprising, was that volatility index did not have co-integrating relationship 

with the medium-term EUR/USD basis spread. For the medium-term JPY/EUR basis spread, 

such relationship was established. 

 

The results for Granger-Engle method and the error correction models estimated were 

presented in this sub-chapter. The results suggested that there exists co-integration between 

the JPY/EUR 1Y basis spread and the selected variables and as well as between the 

JPY/EUR 5Y basis spread and the selected variables. Furthermore, based on the initial 

results from the two-step Granger-Engle method, ECMs were estimated between the basis 

spreads and the selected variables that had shown co-integration. The ECM results showed 

that there exists significant short- and long-run relationships between the basis spreads and 

the co-integrated variables. In addition, the obtained results establish the magnitudes of the 

corrections for the disequilibrium positions. In the next sub-section, co-integration among 

the variables is tested with the Johansen’s method and furthermore, vector error correction 

models for the co-integrating relationships are estimated. 
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5.4 Johansen’s co-integration test 

 

In this sub-chapter, the results for the Johansen’s co-integration tests and the estimated 

vector error correction models are presented. First, the results for the two test statistics, trace 

and maximum eigenvalue are presented to determine the number of co-integrating vectors 

for the 1-year and 5-year JPY/EUR basis spreads for all the time-periods of this study. The 

critical values are obtained from Osterwald-Lenum (1992). Following, the vector error 

correction models are estimated for the periods where co-integration is found. 

 

First, the full sample period from January 2008 to September 2017 was tested using 

Johansen’s test. The JPY short-term spread was omitted from the test as it was found to be 

integrated of degree zero 𝐼 (0) in the unit root test and thus, it cannot co-integrate with the 

variables that are integrated of degree one 𝐼 (1).  The results for the JPY/EUR 1Y basis 

spread are presented below in Table 17. The trace test indicates 4 co-integrating equations 

at the 5% level and 3 co-integrating equations at the 1% level. The maximum-eigenvalue 

test indicates 2 co-integrating equations at the 5% level and 1 co-integrating equation at the 

1% level. As the co-integration rank has been established, VECM will be estimated for the 

JPY/EUR 1Y basis spread for the full sample period. 

 

Table 17. Johansen's co-integration test results, trace and maximum eigenvalue tests for 

JPY/EUR 1Y basis spread for time period from January 2008 to September 2017. 

𝐵𝑆1𝑌 01/2008 - 09/2017   

Rank Eigenvalue 𝜆𝑡𝑟𝑎𝑐𝑒 𝜆𝑚𝑎𝑥 

0  0.120720  221.8723***  64.84075*** 

1  0.094020  157.0316***  49.76390* 

2  0.073300  107.2677***  38.36734 

3  0.060193  68.90034**  31.28865 

4  0.029367  37.61170  15.02287 

5  0.025841  22.58882  13.19495 

6  0.017082  9.393873  8.683541 

 Trace test indicates 4 co-integrating equations at the 5% level 

 Trace test indicates 3 co-integrating equations at the 1% level 

Max-eigenvalue test indicates 2 co-integrating equations at the 5% level 

Max-eigenvalue test indicates 1 co-integrating equation at the 1% level 

*Osterwald-Lenum (1992)   

 



68 

The results for the Johansen's co-integration test for the JPY/EUR 5Y basis spread for the 

full sample period are presented below in Table 18. The trace test indicates 3 co-integrating 

equations at both 5 % and 1 % levels. The maximum-eigenvalue test indicates 3 co-

integrating equations at the 5% level and 1 co-integrating equation at the 1% level. As the 

co-integration rank has been established, VECM will be estimated for the JPY/EUR 5Y basis 

spread for the full sample period. 

Table 18. Johansen's co-integration test results, trace and maximum eigenvalue tests for 

JPY/EUR 5Y basis spread for time period from January 2008 to September 2017. 

𝐵𝑆5𝑌 01/2008 - 09/2017

Rank Eigenvalue 𝜆𝑡𝑟𝑎𝑐𝑒 𝜆𝑚𝑎𝑥
0  0.114123  182.5549***  61.07320*** 

1  0.083199  121.4817***  43.77971** 

2  0.066671  77.70203***  34.77459** 

3  0.046399  42.92744  23.94504 

4  0.020781  18.98240  10.58375 

5  0.014256  8.398654  7.236568 

6  0.002303  1.162086  1.162086 

 Trace test indicates 3 co-integrating equations at both 5% and 1% levels 

 Max-eigenvalue test indicates 3 co-integrating equations at the 5% level 

 Max-eigenvalue test indicates 1 co-integrating equation at the 1% level 

*Osterwald-Lenum (1992)

In tables 19 and 20, the Johansen's co-integration test results for the first sub-period from 

January 2008 to December 2009 for the 1-year and the 5-year JPY/EUR basis spreads are 

presented. For the JPY/EUR 1Y basis spread the trace test indicates 5 co-integrating 

equations at the 5% level and 4 co-integrating equations at the 1% level. The maximum-

eigenvalue test indicates 2 co-integrating equations at the 5% level and no co-integration at 

the 1% level. As the co-integration rank has been established, VECM will be estimated for 

the JPY/EUR 1Y basis spread for the first sub-period. 
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Table 19. Johansen's co-integration test results, trace and maximum eigenvalue tests for 

JPY/EUR 1Y basis spread for time period from January 2008 to December 2009. 

𝐵𝑆1𝑌 01/2008 - 12/2009   

Rank Eigenvalue 𝜆𝑡𝑟𝑎𝑐𝑒 𝜆𝑚𝑎𝑥 

0  0.436805  216.5263***  56.83876** 

1  0.372465  159.6875***  46.12964** 

2  0.305456  113.5579***  36.08551 

3  0.247162  77.47234***  28.10657 

4  0.212184  49.36578**  23.61063 

5  0.147823  25.75514  15.83614 

6  0.054528  9.919006  5.551082 

7  0.043161  4.367924  4.367924 

 Trace test indicates 5 co-integrating equations at the 5% level 

 Trace test indicates 4 co-integrating equations at the 1% level 

 Max-eigenvalue test indicates 2 co-integrating equations at the 5% level 

 Max-eigenvalue test indicates no co-integration at the 1% level 

*Osterwald-Lenum (1992)   

 

The results for the Johansen's co-integration test for the JPY/EUR 5Y basis spread for the 

first sub-period are presented below. The trace test indicates 4 co-integrating equations at 

the 5% level and 3 co-integrating equations at the 1% level. The maximum-eigenvalue test 

indicates 1 co-integrating equation at both 5% and 1 % levels. As the co-integration rank has 

been established, VECM will be estimated for the JPY/EUR 5Y basis spread for the first 

sub-period. 

 

Table 20. Johansen's co-integration test results, trace and maximum eigenvalue tests for 

JPY/EUR 5Y basis spread for time period from January 2008 to December 2009. 

𝐵𝑆5𝑌 01/2008 - 12/2009   

Rank Eigenvalue 𝜆𝑡𝑟𝑎𝑐𝑒 𝜆𝑚𝑎𝑥 

0  0.503808  221.3966***  69.37835*** 

1  0.336472  152.0183***  40.60831 

2  0.319633  111.4100***  38.12711 

3  0.249000  73.28286**  28.34858 

4  0.173008  44.93428  18.80612 

5  0.125019  26.12816  13.22173 

6  0.084495  12.90643  8.739629 

7  0.041215  4.166797  4.166797 

 Trace test indicates 4 co-integrating equations at the 5% level 

 Trace test indicates 3 co-integrating equations at the 1% level 

 Max-eigenvalue test indicates 1 co-integrating equation at both 5% and 1% levels 

*Osterwald-Lenum (1992)   
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For the second sub-period from January 2010 to December 2013, the Johansen’s 

 test was applied only for the JPY/EUR 5Y basis spread as the 1-year basis spread was found 

integrated of degree zero 𝐼 (0) in the unit root test and thus, it cannot co-integrate with the 

variables that are integrated of degree one 𝐼 (1). The results are presented below in Table 

21. The trace test indicates 2 co-integrating equation at 5% level 1 at 1% level. The

maximum-eigenvalue test indicates 1 co-integrating equations at the 5% level and no co-

integration at the 1% level. As the co-integration rank has been established, VECM will be 

estimated for the JPY/EUR 5Y basis spread for the first sub-period. 

Table 21. Johansen's co-integration test results, trace and maximum eigenvalue tests for 

JPY/EUR 5Y basis spread for time period from January 2010 to December 2013. 

𝐵𝑆5𝑌 01/2010 - 12/2013

Rank Eigenvalue 𝜆𝑡𝑟𝑎𝑐𝑒 𝜆𝑚𝑎𝑥

0  0.227606  178.9450***  52.68517** 

1  0.196543  126.2598**  44.64158 

2  0.130320  81.61827  28.48451 

3  0.092375  53.13375  19.77255 

4  0.087224  33.36120  18.61804 

5  0.041851  14.74316  8.721501 

6  0.024875  6.021660  5.138614 

7  0.004319  0.883046  0.883046 

 Trace test indicates 2 co-integrating equations 5% level 

 Trace test indicates 1 co-integrating equation 1% level 

 Max-eigenvalue test indicates 1 co-integrating equation at the 5% level 

 Max-eigenvalue test indicates no co-integration at the 1% level 

*Osterwald-Lenum (1992)

In tables 22 and 23, the Johansen's co-integration test results for the last sub-period from 

January 2014 to September 2017 for the 1-year and the 5-year JPY/EUR basis spreads are 

presented. For the JPY/EUR 1Y basis spread the trace test indicates 1 co-integrating 

equations at both 5 % and 1 % levels. The maximum-eigenvalue test indicates 1 co-

integrating equations at both 5 % and 1 % levels. As the co-integration rank has been 

established, VECM will be estimated for the JPY/EUR 5Y basis spread for the final sub-

period. 
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Table 22. Johansen's co-integration test results, trace and maximum eigenvalue tests for 

JPY/EUR 1Y basis spread for time period from January 2014 to September 2017. 

𝐵𝑆1𝑌 01/2014 - 09/2017   

Rank Eigenvalue 𝜆𝑡𝑟𝑎𝑐𝑒 𝜆𝑚𝑎𝑥 

0  0.236881  172.3554***  51.63506** 

1  0.182139  120.7203  38.40301 

2  0.136756  82.31732  28.08808 

3  0.092879  54.22923  18.61857 

4  0.073243  35.61067  14.52812 

5  0.053685  21.08254  10.53925 

6  0.039903  10.54329  7.777733 

7  0.014375  2.765560  2.765560 

 Trace test indicates 1 co-integrating equations at both 5% and 1% levels 

 Max-eigenvalue test indicates 1 co-integrating equation at the 5% level 

Max-eigenvalue test indicates no co-integration at the 1% level 

  
 The results for the Johansen's co-integration test for the JPY/EUR 5Y basis spread for the 

final sub-period are presented below in Table 23. The trace test indicates 4 co-integrating 

equations at the 5% level and 3 co-integrating equations at the 1% level. The maximum-

eigenvalue test indicates 2 co-integrating equation at 5% level and no co-integration at 1% 

level. As the co-integration rank has been established, VECM will be estimated for the 

JPY/EUR 5Y basis spread for the final sub-period. 

 

Table 23. Johansen's co-integration test results, trace and maximum eigenvalue tests for 

JPY/EUR 5Y basis spread for time period from January 2014 to September 2017. 

𝐵𝑆5𝑌 01/2014 - 09/2017   

Rank Eigenvalue 𝜆𝑡𝑟𝑎𝑐𝑒 𝜆𝑚𝑎𝑥 

0  0.243163  194.9003***  53.21392** 

1  0.221050  141.6863***  47.71335** 

2  0.135609  93.97299  27.83433 

3  0.107258  66.13866  21.67051 

4  0.079339  44.46814  15.78864 

5  0.076643  28.67951  15.23031 

6  0.051844  13.44920  10.16808 

7  0.017032  3.281125  3.281125 

 Trace test indicates 4 co-integrating equation(s) at the 5% level 

 Trace test indicates 3 co-integrating equation(s) at the 1% level 

 Max-eigenvalue test indicates 2 co-integrating equation at 5% level 

 Max-eigenvalue test indicates no co-integration at the 1% level 

*Osterwald-Lenum (1992)   
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Next, the results for the VECMs will be presented. Results for 1-year and 5-year JPY/EUR 

bases are presented one sample period at a time, starting from the full sample. As was the 

case with the ECM in the Granger-Engle methodology, in VECM, it is preferred that the 

sign of the speed of adjustment coefficient is negative and significant in order to establish 

the long-run convergence between the variables. The tables 24 to 30 can be interpreted as 

follows, the first rows present long-run relationship for the coefficients for the co-

integrating equation (or equations) which imply the speed of adjustment back to 

equilibrium for the variables, the columns show the impact of the lagged variables denoting 

the short-run relationships between the variables. 

The first VECM was estimated for the co-integrating relationship between JPY/EUR 1Y 

basis spread and explanatory variables for time period from January 2008 to September 

2017. Two co-integrating equations were distinguished from the Johansen’s test and the 

error correction coefficients can be interpreted from the first two rows in Table 24. For the 

first co-integrating equation, the coefficients for JPY/EUR 1Y basis spread and ECB/BoJ 

ratio are statistically significant at 1 % and furthermore, the JPY medium-term spread shows 

significance at 5 %. From these statistically significant coefficients, the coefficients for 

JPY/EUR 1Y basis spread, JPY medium-term spread show correct signs. The results suggest 

that approximately 10 % of the disequilibrium is corrected each week by changes in the 

JPY/EUR 1Y basis spread, 10 % of the disequilibrium is corrected each week by changes in 

the JPY medium-term spread. For the second co-integrating equation, none of the 

coefficients are statistically significant and show a correct sign. 
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Table 24. VECM estimation results for co-integrating relationship between JPY/EUR 1Y 

basis spread and explanatory variables for time period from January 2008 to September 

2017. 

Error Correction: ∆𝐵𝑆1𝑌 ∆€𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑 
∆

𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜 

∆€𝑀𝑇 𝑆𝑝𝑟𝑒𝑎𝑑 ∆¥𝑀𝑇𝑆𝑝𝑟𝑒𝑎𝑑 
∆

𝐸𝑈𝑅

𝐽𝑃𝑌
 

∆𝑉𝑆𝑇𝑂𝑋𝑋 

CointEq1 -0.095153*** -0.000261 0.001347*** -0.104704 -0.104496** -0.000998 -0.028275 

CointEq2 2.577609*** 0.013320 -0.014297 4.543225* 2.601198 0.426365 4.025460*** 

∆𝐵𝑆1𝑌(𝑡 − 1) -0.399487*** -0.002345*** -0.000346 -0.118959 -0.036168 0.069060*** -0.115048*** 

∆𝐵𝑆1𝑌(𝑡 − 2) -0.030794 0.000998** -0.001908*** -0.041269 0.002525 -0.039805* 0.071045** 

∆€𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑(t-1) 11.19612*** 0.248723*** 0.020593 -2.295108 -11.91036 -1.873385 17.62472*** 

∆€𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑(t-2) 2.342203 0.068380 0.139651*** 24.08927 3.858024 -9.790542*** 7.855920** 

∆
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜(𝑡 − 1) 13.75783*** 0.100966** -0.105358*** -24.19865*** -15.19020** -1.094671 1.839812 

∆
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜(𝑡 − 2) -1.258222 0.010240 -0.032591 -17.89219 -13.32516* -1.174735 -1.098863 

∆€𝑀𝑇  𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) -0.086421* -0.000460 0.000991* 0.136802 -0.011655 -0.030093 0.017577 

∆€𝑀𝑇  𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 2) 0.044987 -0.001015** 0.000396 -0.217899* -0.162926** 0.031185 -0.039257 

∆¥𝑀𝑇𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) 0.305479*** 0.001824** -0.001425* -0.238148 0.013849 0.046746 -0.022606 

∆¥𝑀𝑇𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 2) -0.115912 0.002235*** -0.000406 0.324046 0.273453** -0.056600* 0.137110*** 

∆
𝐸𝑈𝑅

𝐽𝑃𝑌
(𝑡 − 1) -0.371978*** -0.003615*** 0.003759*** 0.073182 0.098036 0.063104 -0.280003*** 

∆
𝐸𝑈𝑅

𝐽𝑃𝑌
(𝑡 − 2) 0.021507 0.002419** 0.002827* 0.224938 0.093004 -0.089753* 0.214861*** 

∆𝑉𝑆𝑇𝑂𝑋𝑋(𝑡 − 1) -0.415398*** -0.002311*** 0.001431 -0.273339 -0.208796 0.006617 -0.168184*** 

∆𝑉𝑆𝑇𝑂𝑋𝑋(𝑡 − 2) 0.165830** 0.000832 8.02E-05 0.220003 0.141490 -0.015874 -0.076798 

*, **, *** shows significance at 10 %, 5 %, and 1 % level.  
 

For the short-run relationship, most of the interest is towards the coefficients obtained in the 

first column as they denote for the short-run changes between the variables and the JPY/EUR 

1Y basis spread. JPY/EUR 1Y basis spread (t-1), EUR short-term spread  (t-1), ECB/BoJ 

ratio (t-1), JPY medium-term spread (t-1), EUR/JPY (t-1) and VSTOXX (t-1) are significant 

at 1 % level. The results significant at 1 % indicate that a one basis point change in 1-year 

basis spread yields an opposite change of 0,40 basis points in the subsequent period, one 

percent change in the EUR short-term spread yields 11 basis points change in the following 

period,  one unit change in the ECB/BoJ ratio yields 14 basis points change in the following 

period, one percent change in JPY medium-term spread yields 0,31 basis points change in 

the following period, one unit change in the EUR/JPY yields an opposite 0,37 basis points 

change in the subsequent period and one unit change in the VSTOXX yields an opposite 

0,42 basis points change in the subsequent period in the 1-year basis spread.  

 

Furthermore, VSTOXX (t-2) was significant at 5 % level and EUR medium-term spread (t-

1) at 10 %. These results suggest that one basis point change in EUR medium-term spread 

yields an opposite 0,09 basis points change in the subsequent period, one unit change in 

VSTOXX yields 0,17 basis points change in the second following period. The lagged values 
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of the 1-year basis had explanatory power over the EUR short-term spread, ECB/BoJ ratio, 

the EUR/JPY spot rate and the VSTOXX. 

 

The second VECM was estimated for co-integrating relationship between JPY/EUR 5Y 

basis spread and explanatory variables for full sample period from January 2008 to 

September 2017. Three co-integrating equations were distinguished from the Johansen’s test 

and the error correction coefficients can be interpreted from the first three rows in Table 25. 

For the first co-integrating equation, the coefficients for EUR short-term spread, ECB/BoJ 

ratio, EUR medium-term spread and JPY medium-term spread are statistically significant at 

1 % and furthermore, the JPY/EUR 5Y basis spread and VSTOXX show significance at        

5 %. From these statistically significant coefficients, the coefficients for JPY/EUR 5Y basis 

spread, JPY and EUR medium-term spread and VSTOXX show correct signs. The results 

suggest that approximately 4 % of the disequilibrium is corrected each week by changes in 

the JPY/EUR 5Y basis spread, 15 % of the disequilibrium is corrected each week by changes 

in the JPY medium-term spread, 21 % of the disequilibrium is corrected each week by 

changes in the EUR medium-term spread and 3 % of the disequilibrium is corrected each 

week by changes in the VSTOXX. For the second co-integrating equation, only the 

coefficient for EUR short-term spread was significant and had the preferred negative sign. 

The model suggests at 1 % significance level that through changes in EUR short-term spread, 

5 % of the disequilibrium is corrected in the subsequent period. For the third co-integrating 

equation, only the coefficients for EUR short-term spread and ECB/BoJ ratio were 

significant and had the preferred negative sign. The model suggests at 1 % significance level 

that through changes in ECB/BoJ ratio, 5 % of the disequilibrium is corrected in the 

subsequent period and at 10 % significance level that 2 % of the disequilibrium is corrected 

in the subsequent period by changes in EUR short-term spread. 
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Table 25. VECM estimation results for co-integrating relationship between JPY/EUR 5Y 

basis spread and explanatory variables for time period from January 2008 to September 

2017. 

Error Correction: ∆𝐵𝑆5𝑌 ∆€𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑 
∆

𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜 

∆€𝑀𝑇 𝑆𝑝𝑟𝑒𝑎𝑑 ∆¥𝑀𝑇𝑆𝑝𝑟𝑒𝑎𝑑 
∆

𝐸𝑈𝑅

𝐽𝑃𝑌
 

∆𝑉𝑆𝑇𝑂𝑋𝑋 

CointEq1 -0.038628** 0.000769*** 0.000925*** -0.207722*** -0.146149*** 0.006709 -0.033564** 

CointEq2 1.237769 -0.052883*** 0.017290 9.755117** 5.091297** -0.295783 3.547634*** 

CointEq3 1.582347*** -0.015795* -0.050688*** 6.834899*** 5.287769*** -0.166770 0.813629 

∆𝐵𝑆5𝑌(𝑡 − 1) -0.184315*** -0.001344** 0.000265 -0.387012** -0.230167* 0.032498 -0.061844 

∆𝐵𝑆5𝑌(𝑡 − 2) -0.107435** -2.21E-07 -0.002469*** -0.074911 -0.109037 -0.002647 0.000107 

∆€𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑(t-1) -6.561749** 0.126065*** 0.028240 -3.602172 -11.93368 1.951328 11.36951*** 

∆€𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑(t-2) 18.49231*** 0.158961*** 0.052191 20.88276 3.534706 -12.52810*** 13.06483*** 

∆
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜(𝑡 − 1) 5.778960** 0.132756*** -0.111419** -25.49935** -15.85720** -1.380117 2.600836 

∆
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜(𝑡 − 2) 0.991455 -0.005102 -0.027123 -20.32366* -14.95621** -0.076068 -2.936731 

∆€𝑀𝑇  𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) -0.053714* -0.000432 0.000864* 0.142683 -0.007526 -0.029085 0.017701 

∆€𝑀𝑇  𝑆𝑝𝑟𝑒𝑎𝑑𝑡(−2) -0.003250 -0.000957** 0.000385 -0.236704* -0.169111** 0.033174* -0.040834 

∆¥𝑀𝑇𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) 0.118603** 0.001353* -0.001591** -0.206544 0.035242 0.046774 -0.024545 

∆¥𝑀𝑇𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 2) 0.029595 0.001727** -0.000670 0.387951* 0.308443** -0.059618* 0.138398*** 

∆
𝐸𝑈𝑅

𝐽𝑃𝑌
(𝑡 − 1) -0.307667*** -0.003835*** 0.003568*** 0.020475 0.081271 0.034722 -0.246485*** 

∆
𝐸𝑈𝑅

𝐽𝑃𝑌
(𝑡 − 2) 0.033617 0.001571 0.002411* 0.269318 0.093242 -0.091255* 0.203021** 

∆𝑉𝑆𝑇𝑂𝑋𝑋(𝑡 − 1) -0.112471** -0.002127*** 0.002050** -0.258623 -0.211882 -0.008362 -0.162778*** 

∆𝑉𝑆𝑇𝑂𝑋𝑋(𝑡 − 2) 0.002976 0.001187 0.000722 0.213871 0.129209 -0.026688 -0.070470 

*, **, *** shows significance at 10 %, 5 %, and 1 % level.  

 

Compared to the 1-year basis spread, there are not as many significant variables indicating 

short-run relationship with the 5-year basis spread. The JPY/EUR 5Y basis spread (t-1), 

EUR short-term spread (t-2) and EUR/JPY (t-1) are significant at 1 % level suggesting that 

one basis point change in the JPY/EUR 5Y basis spread yields an opposite change of 0,18 

basis points in the following period, one percent change in the EUR short-term spread yields 

a 18 basis points change in the second subsequent period and that one unit change in the 

EUR/JPY yields an opposite change of 0,31 basis points in the following period in the 5-

year basis spread. ECB/BoJ ratio (t-1), JPY/EUR 5Y basis spread (t-2), EUR short-term 

spread (t-1), JPY medium-term spread (t-1) and VSTOXX (t-2) were significant at 5 % level 

indicating that one unit change in the ECB/BoJ ratio yields 6 basis points change in the 

following period, one basis point change in the JPY/EUR 5Y basis spread yields an opposite 

0,1 basis point change in the second subsequent period, one percent change in the EUR short-

term spread yields an opposite 7 basis points change in the subsequent period, one basis 

point change in JPY medium-term spread yields a 0,11 basis point change in the following 

period and one unit change in the VSTOXX yields 0,11 basis points change in the following 

period in the 5-year basis spread. Furthermore, EUR medium-term spread was significant at 

10 % level indicating that one basis point yields an opposite change of 0,05 basis points in 
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the subsequent period in the 5-year basis spread. The lagged values of the 5-year basis had 

explanatory power over the EUR short-term spread, the EUR and JPY medium-term spreads 

and the ECB/BoJ ratio. 

 

Next, VECMs for 1-year and 5-year JPY/EUR basis spreads are estimated for the first sub-

period from January 2008 to December 2009. The results for the VECM estimated for the 

JPY/EUR 1Y basis spread are presented below in Table 26. Three co-integrating equations 

were distinguished from the Johansen’s test and the error correction coefficients can be 

interpreted from the first three rows of the Table 26. For the first co-integrating equation, 

only the JPY/EUR 1Y basis spread shows significance and a correct sign. For the second co-

integrating equation, the coefficient for ECB/BoJ ratio is statistically significant at 1 % level, 

the coefficient for VSTOXX shows significance at 5 % level and a desired negative sign.  

 

Indicating the short-run relationships, the JPY/EUR 1Y basis spread (t-1) , EUR short-term 

spread (t-1), JPY short-term spread (-2) and VSTOXX (-1) are statistically significant at 1 

% level. These coefficients suggest that one basis point change in the JPY/EUR 1Y basis 

spread yields an opposite change of 0,58 basis points in the following period, one percent 

change in the EUR short-term spread yields 33 basis points change in the following period, 

one percent change in the JPY short-term spread yields an opposite 93 basis points change 

in the second following period and one unit change in the VSTOXX yields an opposite 0,87 

basis points change in the succeeding period in the 1-year basis spread. Furthermore, it is 

noteworthy that the lagged differences of the JPY/EUR 1Y basis spread have explanatory 

power over the EUR and JPY short-term spreads, the EUR/JPY spot rate and VSTOXX. 
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Table 26. VECM estimation results for co-integrating relationship between JPY/EUR 1Y 

basis spread and explanatory variables for time period from January 2008 to December 

2009. 

Error 

Correction: 
∆𝐵𝑆1𝑌 ∆€𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑 ∆¥𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑 

∆
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜 

∆€𝑀𝑇 𝑆𝑝𝑟𝑒𝑎𝑑 ∆¥𝑀𝑇𝑆𝑝𝑟𝑒𝑎𝑑 
∆

𝐸𝑈𝑅

𝐽𝑃𝑌
 

∆𝑉𝑆𝑇𝑂𝑋𝑋 

CointEq1 -0.22275** 0.000858 0.00093*** 0.00368*** 0.058197 -0.075225 0.005431 0.092539 

CointEq2 7.28160*** 0.004982 0.03198*** -0.039280 -3.842969 0.673727 -0.770969 -4.65209** 

∆𝐵𝑆1𝑌(𝑡 − 1) -0.5788*** -0.0043*** -0.00086** -0.001790 -0.198034 -0.059991 0.093102* -0.22404** 

∆𝐵𝑆1𝑌(𝑡 − 2) -0.040933 0.001642 -4.36E-05 -0.00289** -0.293892 -0.209545 -0.064168 0.025296 

∆€𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑(t-1) 33.285*** 0.33299** 0.009197 0.022809 -20.28082 -28.53561 -5.193990 22.516*** 

∆€𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑(t-2) 0.930074 -0.017894 -0.0978*** 0.220544 23.98362 4.378436 -7.932131 17.6513** 

∆¥𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑(t-1) 31.56774 0.480962 0.143850 -0.89898** 87.01899 55.53863 3.892560 13.23881 

∆¥𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑(t-2) -93.655*** -0.461587 -0.143091 0.640979 -35.02940 -26.03212 14.66690 6.174060 

∆
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜(𝑡 − 1) 1.575277 0.2602** 0.0491* 0.099731 -27.22418* -20.93534 -3.615924 9.910268 

∆
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜(𝑡 − 2) -3.652786 0.111812 0.05181** 0.152783 -17.31549 -15.75739 -3.677515 0.739016 

∆€𝑀𝑇  𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) 0.146482 -4.91E-05 0.001210 0.0060** 0.084878 -0.010346 -0.131057 -0.126372 

∆€𝑀𝑇  𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 2) 0.025916 -0.00515* -4.86E-06 6.00E-05 -0.534540 -0.536476 0.2444*** -0.26835* 

∆¥𝑀𝑇𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) 0.139776 0.002173 -0.000828 -0.004590* -0.042299 0.056621 0.135281* 0.161226 

∆¥𝑀𝑇𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 2) -0.067313 0.0073*** 0.000622 0.000165 0.545625 0.571378* -0.2906*** 0.37152** 

∆
𝐸𝑈𝑅

𝐽𝑃𝑌
(𝑡 − 1) -0.296421 -0.0108*** -0.001000 0.002680 0.565678 0.464811 0.138451 -0.7040*** 

∆
𝐸𝑈𝑅

𝐽𝑃𝑌
(𝑡 − 2) 0.167349 0.003139 0.001081 0.002581 -0.308893 -0.334011 -0.029861 0.134590 

∆𝑉𝑆𝑇𝑂𝑋𝑋(𝑡 − 1) -0.8724*** -0.00536** -0.0015*** 0.000977 -0.067181 -0.143158 0.111322 -0.3956*** 

∆𝑉𝑆𝑇𝑂𝑋𝑋(𝑡 − 2) 0.143586 0.001888 0.000309 -0.001092 0.405208 0.219788 -0.060573 -0.155746 

         

*, **, *** shows significance at 10 %, 5 %, and 1 % level.  

 

One co-integrating equation was distinguished from the Johansen’s test for the JPY/EUR 5Y 

basis spread and the results for the VECM for the first sub-sample period from January 2008 

to December 2009 are presented below in Table 27. The first row shows the coefficients for 

the co-integrating equation. JPY short-term spread shows significance at 1 % level but it has 

a positive sign and VSTOXX shows significance at 5 % and suggests that 8 % of the 

disequilibrium is corrected each week by the changes in VSTOXX.  

 

Indicating the short-run relationships, only the JPY/EUR 5Y basis spread (t-1), EUR short-

term spread (t-2) and EUR/JPY (t-1) are statistically significant at 1 % level. VSTOXX (t-

1) is significant at 10 % level. These coefficients suggest that one basis point change in the 

JPY/EUR 5Y basis spread yields an opposite change of 0,33 basis points in the following 

period, one percent change in the EUR short-term spread yields 26 basis points change in 

the second following period, one unit change in the VSTOXX yields an opposite 0,27 basis 

points change in the succeeding period and one unit change in the EUR/JPY yields an 

opposite 0,51 basis points change in the following period in the 1-year basis spread. 

Furthermore, it is noteworthy that the lagged differences of the JPY/EUR 5Y basis spread 

have explanatory power over the EUR and JPY medium-term spreads. 
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Table 27. VECM estimation results for co-integrating relationship between JPY/EUR 5Y 

basis spread and explanatory variables for time period from January 2008 to December 

2009. 

Error 
Correction: ∆BS5Y ∆€STSpread ∆¥STSpread 

∆
ECB

BoJ
 ratio 

∆€MT Spread ∆¥MTSpread 
∆

EUR

JPY
 

∆VSTOXX 

CointEq1 -0.050781 0.000244 0.0009*** 0.000565 -0.026722 0.007212 0.006164 -0.08271** 

∆BS5Y(t − 1) -0.3250*** 0.001201 -0.000590 -0.002435 -0.8099*** -0.56257** 0.091137 -0.006257 

∆BS5Y(t − 2) -0.070630 0.002730 2.18E-05 -0.00407* -0.57849** -0.53137** -0.031689 0.097788 

∆€STSpread(t-1) -2.633156 0.001806 -0.028756 0.089977 -12.24721 -19.78050 1.069960 10.29100 

∆€STSpread(t-2) 25.675*** 0.095434 -0.0922*** 0.073406 7.516517 -5.337211 -12.722*** 19.303** 

∆¥STSpread(t-1) 27.68727 0.9320** 0.23873** -0.80303* 49.69314 19.30522 -1.073740 32.29685 

∆¥STSpread(t-2) -30.41063 -0.242311 -0.031607 0.8370** -14.97234 -19.85010 7.658987 17.63709 

∆
ECB

BoJ
 ratio(t − 1) 2.506114 0.3276*** 0.0652** -0.050314 -32.776** -20.68338 -5.246573 5.993079 

∆
ECB

BoJ
 ratio(t − 2) 0.865640 0.030438 0.04892* 0.041081 -20.95810 -14.41122 -2.237222 -7.626740 

∆€MT Spread(t − 1) 0.124396 -0.001376 0.000888 0.004454 0.162520 0.043437 -0.129589 -0.178467 

∆€MT Spread(t − 2) -0.195847 -0.0083*** -0.000683 0.000639 -0.377941 -0.328055 0.305*** -0.4047** 

∆¥MTSpread(t − 1) 0.007364 0.003205 -0.000625 -0.003874 -0.155015 -0.007240 0.129359 0.189216 

∆¥MTSpreadt(−2) 0.241752 0.0096*** 0.00124* -0.000117 0.433129 0.389895 -0.3437*** 0.4831*** 

∆
EUR

JPY
(t − 1) -0.5112*** -0.00839** -0.001076 0.002252 0.094628 0.082946 0.149084 -0.5971*** 

∆
EUR

JPY
(t − 2) -0.072591 0.005479 0.00136* 0.003943 -0.558301 -0.630862 0.002222 0.280713 

∆VSTOXX(t − 1) -0.2745** -0.00419* -0.0014*** 0.001653 -0.106044 -0.182823 0.091214 -0.31631** 

∆VSTOXX(t − 2) 0.098907 0.00433* 0.000394 -0.001542 0.339931 0.183151 -0.096848 -0.048973 

*, **, *** shows significance at 10 %, 5 %, and 1 % level. 

 

For the second sub-period from January 2010 to December 2013, VECM was estimated only 

for the JPY/EUR 5Y basis spread as JPY/EUR 1Y basis spread was found to be integrated 

of degree zero 𝐼 (0) in the unit root tests and thus, it cannot have co-integrating relationships 

with the variables integrated of degree one 𝐼 (1). The VECM estimation results are presented 

below in Table 28. One co-integrating equation was distinguished from the Johansen’s test 

and the error correction coefficients can be interpreted from the first row. The coefficients 

for VSTOXX, EUR medium-term spread and JPY medium-term spread were statistically 

significant at 1 % level and had a desired sign. Results indicate that 25 % of the 

disequilibrium is corrected each week by changes in the EUR medium-term spread, 15 % by 

changes in the JPY medium-term spread and 5 % by changes in VSTOXX.  
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Table 28. VECM estimation results for co-integrating relationship between JPY/EUR 5Y 

basis spread and explanatory variables for time period from January 2010 to December 

2013. 

Error 

Correction: ∆𝐵𝑆5𝑌 ∆€𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑 ∆¥𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑 
∆

𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜 

∆€𝑀𝑇 𝑆𝑝𝑟𝑒𝑎𝑑 ∆¥𝑀𝑇𝑆𝑝𝑟𝑒𝑎𝑑 
∆

𝐸𝑈𝑅

𝐽𝑃𝑌
 

∆𝑉𝑆𝑇𝑂𝑋𝑋 

CointEq1 -0.013456 0.00030* 6.23E-05* 0.00057** -0.2549*** -0.1531*** -0.013185 -0.0525*** 

∆𝐵𝑆5𝑌(𝑡 − 1) -0.14753** -0.001399 0.000298* 0.000497 -0.191088 -0.082145 -0.040749 -0.000524 

∆𝐵𝑆5𝑌(𝑡 − 2) -0.13248* 0.000583 -6.28E-05 3.14E-05 0.362443 0.201217 -0.064568 0.021677 

∆€𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑(t-1) -4.429556 0.033321 -0.010438 -0.047048 60.71125 39.8214* -1.082072 17.0796** 

∆€𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑(t-2) 7.162929 0.14243* 0.018519 -0.3416*** 114.92*** 64.129*** -7.08575* -2.358608 

∆¥𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑(t-1) -18.52507 -0.540760 -0.4465*** -0.144105 -40.07425 3.375974 19.53718 -38.24122 

∆¥𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑(t-2) -39.58110 0.041333 -0.054460 0.120238 -45.57667 24.36909 39.1739** -8.647463 

∆
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜(𝑡 − 1) 2.689437 -0.032889 -0.010039 -0.060253 -21.79283 -9.620097 2.891003 2.965736 

∆
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜(𝑡 − 2) 3.228466 -0.034462 -0.014324 -0.048463 -11.28623 -9.801232 -0.819887 -2.264988 

∆€𝑀𝑇  𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) -0.039676 0.000702 -1.17E-05 -1.50E-05 0.43909* 0.170310 -0.016453 0.058721 

∆€𝑀𝑇  𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 2) 0.043682 0.000581 6.34E-05 -0.000411 -0.298192 -0.202832 -0.038724 -0.011030 

∆¥𝑀𝑇𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) 0.065206 -0.001285 3.26E-05 0.001042 -0.82763* -0.373588 0.034966 -0.100250 

∆¥𝑀𝑇𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 2) -0.011393 -0.001045 -7.58E-05 0.001451 0.414824 0.324428 0.048488 0.076905 

∆
𝐸𝑈𝑅

𝐽𝑃𝑌
(𝑡 − 1) -0.205925 0.000411 0.00073** 0.008*** -0.717897 -0.360249 0.005266 -0.142154 

∆
𝐸𝑈𝑅

𝐽𝑃𝑌
(𝑡 − 2) 0.154290 0.001517 0.000410 0.000709 -0.068333 -0.170502 -0.121592 0.177335 

∆𝑉𝑆𝑇𝑂𝑋𝑋(𝑡 − 1) -0.058740 0.000306 0.000269 -0.00328** -0.665898 -0.230129 0.021073 -0.22654** 

∆𝑉𝑆𝑇𝑂𝑋𝑋(𝑡 − 2) -0.15606* 0.000631 6.53E-05 -0.001697 0.099365 0.112806 0.062712 0.010597 

*, **, *** shows significance at 10 %, 5 %, and 1 % level. 

 

For short-term relationships, the coefficient for VSTOXX (t-2) is significant at 10 % level 

implying that one unit change in the VSTOXX, yields an opposite -0,16 basis points change 

in the second following period. In addition, JPY/EUR 5Y basis spread (t-1) and (t-2) were 

also significant at 5 % and 10 % levels indicating that one basis point change in JPY/EUR 

5Y basis spread yields and opposite change of 0,15 basis points in the following period and 

0,13 basis points change in the second following period. The lagged differences of the 5-

year basis spread showed explanatory power over JPY medium-term spread.  

 

For the final sub-period from January 2014 to September 2017, VECM was estimated for 

both the the 1-year and 5-year JPY/EUR basis spreads. Johansen’s test indicated one co-

integrating equation and it is presented in the first row in Table 29. The coefficient for 

VSTOXX was statistically significant at 1 % level, indicating that 8 % of the disequilibrium 

is corrected by changes in VSTOXX during the following period. The JPY/EUR 5Y basis 

spread was significant at 5 % and suggested that 4 % of the disequilibrium is corrected each 

week by changes in the 5-year basis spread. 
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Table 29. VECM estimation results for co-integrating relationship between JPY/EUR 1Y 

basis spread and explanatory variables for time period from January 2014 to September 

2017. 

Error Correction: ∆𝐵𝑆1𝑌 ∆€𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑 ∆¥𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑 
∆

𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜 

∆€𝑀𝑇 𝑆𝑝𝑟𝑒𝑎𝑑 ∆¥𝑀𝑇𝑆𝑝𝑟𝑒𝑎𝑑 
∆

𝐸𝑈𝑅

𝐽𝑃𝑌
 

∆𝑉𝑆𝑇𝑂𝑋𝑋 

CointEq1 -0.0438** 1.17E-05 9.80E-06 -2.86E-05 -0.039673 -0.007500 0.016095 -0.076*** 

∆𝐵𝑆1𝑌(𝑡 − 1) -0.296*** -0.00066** -8.53E-05 0.000531 -0.185362 -0.135126 0.039063 0.053069 

∆𝐵𝑆1𝑌𝑡(−2) -0.279*** -0.000352 -0.000302 0.0014*** -0.242917 -0.13118 0.07717* -0.024062 

∆€𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑(t-1) 8.812212 -0.3307*** 0.020200 -0.099788 -56.50463 -18.57663 5.337265 -21.49407 

∆€𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑(t-2) 8.812212 -0.330746 0.020200 -0.099788 -56.50463 -18.57663 5.337265 -21.49407 

∆¥𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑(t-1) -11.18484 -0.048448 -0.2617*** -0.011831 47.58842 31.46604 0.222145 -21.02062 

∆¥𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑(t-2) 2.436418 -0.051670 0.034583 -0.125650 32.21619 38.29806 -0.792962 18.08927 

∆
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜(𝑡 − 1) -7.558570 0.001559 0.079923 -0.144711* 2.161801 -3.663984 1.849678 -5.260138 

∆
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜(𝑡 − 2) 13.07054 0.076197 0.010879 -0.086998 -8.495127 -1.286490 -1.918479 15.24537 

∆€𝑀𝑇  𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) -0.137216 -0.000165 -0.000217 0.000694 -0.189030 -0.212971 0.092283 -0.105546 

∆€𝑀𝑇  𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 2) -0.010658 0.000824* 0.000391 -7.32E-05 0.186398 0.044070 0.013100 0.058256 

∆¥𝑀𝑇𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 1) 0.085661 0.000242 0.000842 -0.000188 0.517479 0.48169** -0.099510 0.149871 

∆¥𝑀𝑇𝑆𝑝𝑟𝑒𝑎𝑑(𝑡 − 2) -0.005139 -0.00126* -0.000650 0.000187 -0.529927 -0.231785 -0.058337 -0.038604 

∆
𝐸𝑈𝑅

𝐽𝑃𝑌
(𝑡 − 1) -0.3588** -0.000553 -0.000300 0.0025*** 0.015530 0.086550 0.14358* -0.176041 

∆
𝐸𝑈𝑅

𝐽𝑃𝑌
(𝑡 − 2) 0.078636 0.000390 -0.000456 0.001685* 0.119764 0.151769 0.015655 -0.010589 

∆𝑉𝑆𝑇𝑂𝑋𝑋(𝑡 − 1) 0.20815** 0.000394 -0.0012*** -0.000712 0.014564 -0.058243 -0.179*** 0.100692 

∆𝑉𝑆𝑇𝑂𝑋𝑋(𝑡 − 2) 0.088309 0.000299 0.000472 -0.000187 0.316944 0.228348 -0.001752 -0.070720 

*, **, *** shows significance at 10 %, 5 %, and 1 % level. 

 

Indicating short-term relationhip, JPY/EUR 1Y basis spread (t-1) and (t-2) were significant 

at 1 % suggesting that one basis point change in JPY/EUR 1Y basis spread yields and 

opposite change of 0,29 basis points in the following period and 0,26 basis points change in 

the second following period. EUR/JPY (t-1) and VSTOXX (t-1) were statistically significant 

at 5 %. These results suggest that one unit change in EUR/JPY yields and opposite change 

of 0,36 basis points in the subsequent period and one unit change in VSTOXX yields 0,21 

basis points change in the JPY/EUR 1Y basis spread. 

 

Two co-integrating equations were distinguished by the Johansen’s test for the 5-year basis 

spread for the final sub-period and the results are presented in Table 30 below. For the first 

equation, VSTOXX showed significance and a negative sign at 1 % level, suggesting that 

13 % of the disequilibrium is corrected each week by changes in the VSTOXX. Furthermore, 

correct signs and significance at 5 % level was shown by the EUR medium-term spread and 

JPY/EUR 5Y basis spread suggesting that 15 % of the disequilibrium is corrected each week 

by changes in EUR medium-term spread and 6 % by changes in JPY/EUR 5Y basis spread. 

For the second co-integrating equation, ECB/BoJ ratio and EUR medium-term spread 

showed statistical significance and correct signs. 



 

 

81 

 

Table 30. VECM estimation results for co-integrating relationship between JPY/EUR 5Y 

basis spread and explanatory variables for time period from January 2014 to September 

2017. 

Error Correction: ∆𝐵𝑆5𝑌 ∆€𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑 ∆¥𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑 
∆

𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜 

∆€𝑀𝑇 𝑆𝑝𝑟𝑒𝑎𝑑 ∆¥𝑀𝑇𝑆𝑝𝑟𝑒𝑎𝑑 
∆

𝐸𝑈𝑅

𝐽𝑃𝑌
 

∆𝑉𝑆𝑇𝑂𝑋𝑋 

CointEq1 -0.06074** 0.000190 -6.90E-05 -0.000214 -0.15365** -0.044476 0.013517 -0.1309*** 

CointEq2 -4.084084 0.017673 -0.010697 -0.0585*** -15.0444** -4.865630 -0.636374 -3.393990 

∆𝐵𝑆5𝑌(−1) -0.026088 -0.00061* 7.21E-05 5.67E-05 -0.275023 -0.21906* -0.002331 0.048614 

∆𝐵𝑆5𝑌(−2) -0.120172 -0.00067* -0.000557 0.001022 0.076559 0.049420 0.032709 0.030693 

∆€𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑(-1) 0.996673 -0.3969*** 0.024724 -0.029538 -38.54759 -12.93227 8.475292 -19.26176 

∆€𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑(-2) 11.54295 -0.095845 0.023487 0.122879 -46.34981 -31.29400 -6.418696 -4.318128 

∆¥𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑(-1) 15.32451 -0.084364 -0.2429*** 0.145503 74.90547* 39.61860 2.624634 -14.22349 

∆¥𝑆𝑇𝑆𝑝𝑟𝑒𝑎𝑑(-2) -0.951742 -0.062872 0.047881 0.023770 55.93955 46.61853* 1.347371 22.16638 

∆
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜(−1) -18.68065 0.003725 0.068061 -0.2096*** -14.24634 -10.54546 1.119784 -4.201984 

∆
𝐸𝐶𝐵

𝐵𝑜𝐽
 𝑟𝑎𝑡𝑖𝑜(−2) -4.905441 0.081690 -0.004019 -0.14513** -22.56175 -7.108577 -3.572111 17.67221 

∆€𝑀𝑇 𝑆𝑝𝑟𝑒𝑎𝑑(−1) -0.119069 -0.000165 -0.000212 0.000751 -0.175808 -0.214722 0.084747 -0.073361 

∆€𝑀𝑇 𝑆𝑝𝑟𝑒𝑎𝑑(−2) 0.066136 0.000756* 0.000410 8.81E-06 0.253145 0.062944 -0.000120 0.105376 

∆¥𝑀𝑇𝑆𝑝𝑟𝑒𝑎𝑑(−1) 0.051592 0.000102 0.000823 -0.000310 0.526379 0.4882** -0.093354 0.136115 

∆¥𝑀𝑇𝑆𝑝𝑟𝑒𝑎𝑑(−2) -0.061611 -0.001253* -0.000680 0.000215 -0.581976 -0.247926 -0.042346 -0.081302 

∆
𝐸𝑈𝑅

𝐽𝑃𝑌
(−1) -0.240601* -0.000609 -0.000294 0.0025*** -0.040289 0.027745 0.118649 -0.126565 

∆
𝐸𝑈𝑅

𝐽𝑃𝑌
(−2) -0.050426 0.000286 -0.000631 0.00189** 0.246117 0.212672 -0.015240 0.040809 

∆𝑉𝑆𝑇𝑂𝑋𝑋(−1) 0.21203** 0.000333 -0.0012*** -0.000639 0.051610 -0.039284 -0.1645*** 0.099172 

∆𝑉𝑆𝑇𝑂𝑋𝑋(−2) 0.031041 0.000269 0.000531 -0.000361 0.330715 0.238823 0.008355 -0.075866 

*, **, *** shows significance at 10 %, 5 %, and 1 % level. 

 

Only two coefficients showed significance for the short-run relationship with the 5-year 

basis spread. VSTOXX (t-1) at 5 % level suggested that one unit change would yield 0,21 

basis points change in the succeeding period and EUR/JPY at 10 % level indicating that one 

unit change yields an opposite change of 0,24 basis points in the 5-year basis spread. EUR 

short-term spread and JPY medium-term spreads were the only variables that the lagged 

differences of the 5-year basis spread had explanatory power over at any of the given 

significance levels.  

 

In this chapter, co-integrating relationships between the 1-year and 5-year basis spreads and 

the independent variables were established. For the 1-year basis spread, co-integrating 

equations were found for full sample and first and the last sub-periods. With VECM, 

significant long-run relationships between 1-year basis spread and JPY medium-term spread 

and VSTOXX were established. Furthermore, for 5-year basis spread, co-integrating 

equations were found for full sample and all sub-periods. With VECM, significant long-run 

relationships between 5-year basis spread and EUR short-term spread, ECB/BoJ ratio, EUR 
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and JPY medium-term spreads and VSTOXX were established. In addition to establishing 

the long-run relationships, estimating VECMs has also given more insight to the short-run 

relationships and the effects of the variables on JPY/EUR cross-currency basis spreads. 

 

5.5 Arbitrage-free boundaries for JPY/EUR cross-currency basis spread 

 

The FX swap-implied EUR rate from JPY is the sum of the costs of raising JPY in the 

unsecured market and exchanging JPY for EUR through cross-currency basis swaps. The 

decomposition presented in the methodology was applied to both tenors, 1-year and 5-year 

JPY/EUR cross-currency basis spreads and cross-currency basis swaps exchanging 3-month 

Libor rates. It can be observed from the results that arbitrage opportunities arose and 

persisted over long periods during the time frame of this study. 

 

Figure 6 shows the development of the 1-year FX-implied EUR rate from JPY decomposed 

into the EUR risk-free rate and European and Japanese market stress indicators. It can be 

observed that the interbank risk cannot fully capture the movements in the basis spread and 

the residual term −𝑋 indicates imbalances in the supply and demand. In the case of a 1-year 

JPY/EUR basis spread, first arbitrage opportunities arose in September 2013 but the 

magnitude of the opportunity was very limited and it diminished for a short period in January 

2014. After that the arbitrage opportunity has persisted until September 2017. The arbitrage 

opportunities peaked in the end of 2015 and beginning of 2016 and yet again in the latter 

part of 2016. The 1-year JPY/EUR basis spread narrowed significantly during the end of 

2016 and in the first half of 2017, shrinking the arbitrage opportunity.  
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Figure 6. Arbitrage-free boundaries through FX-implied EUR rate and a residual term 

suggesting imbalances in supply and demand for 1-year tenor. 

 

Figure 7 shows the development of the 5-year FX-implied EUR rate from JPY decomposed 

into the EUR risk-free rate and European and Japanese market stress indicators. It can be 

observed that the interbank risk cannot fully capture the movements in the basis spread and 

the residual term −𝑋 indicates imbalances in the supply and demand. In the case of a 5-year 

JPY/EUR basis spread, first arbitrage opportunities arose in November 2009 and January 

2010 but the magnitude of the opportunities was very limited it did not persist longer than a 

two weeks period at a time. After that the arbitrage opportunity arose again in September 

2010 and has persisted ever since until September 2017. The arbitrage opportunities peaked 

at the same time as with the 1-year tenor, in the end of 2015 and beginning of 2016. Similarly 

to the 1-year tenor, the 5-year basis spread narrowed significantly during the end of 2016 
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and in the first half of 2017, shrinking the arbitrage opportunity but with the 5-year tenor, 

the arbitrage opportunity remained on a more significant level. 

Figure 7.. Arbitrage-free boundaries through FX-implied EUR rate and a residual term 

suggesting imbalances in supply and demand for 5-year tenor. 

These arbitrage opportunities that were shown in figures 6 and 7, arose for the issuers who 

were able to raise JPY at around JPY Libor rate and persisted over a substantial period of 

time. The long periods of existing arbitrage opportunities suggest that there is only a 

limited amount of capital available to fully exploit the imbalance. Furthermore, restrictions 

to the capital flows support the supply and demand imbalances between EUR and JPY and 

the persistence of a non-zero cross-currency basis implies an excessive supply of one 

currency on another. 
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6 CONCLUSIONS 

In this thesis, the drivers behind JPY/EUR cross-currency basis swap spreads widening were 

studied. The 1-year short-end and 5-year medium-part of the curve were examined and 

moreover, the arbitrage free boundaries in JPY/EUR funding and investing were discussed. 

As the phenomenon of a significantly non-zero cross-currency basis has existed since the 

financial crisis that started in 2007, identifying and understanding the relative importance of 

the market variables that capture the changes in the basis spread, gives more transparency 

on the Covered Interest Parity and could contribute on predicting its future trends and fair 

value.  

The time frame of this thesis was from January 2008 to September 2017 which was further 

divided into three sub-periods: January 2008 to December 2009 to capture the financial 

crisis, January 2010 to December 2013 to study the European debt crisis and January 2014 

to September 2017 to examine monetary policy divergence. To identify the liquidity and 

credit risk, and supply and demand indicators that capture the changes in JPY/EUR cross-

currency basis spread, multivariate linear regression and co-integration analysis were used 

as empirical methodologies to identify the factors that drive the cross-currency basis spreads. 

Linear regression model provides evidence on the short-run relationships between the cross-

currency basis spreads and the independent variables. Furthermore, Granger-Engle method, 

Johansen’s test and the error correction models provide suggestions for both short- and long-

run relationships. 

In the previous literature, the focus has mainly been towards EUR/USD and JPY/USD cross-

currency bases and this thesis contributes to elaborating the driving factors behind the 

JPY/EUR cross-currency basis spread.  Based on the existing literature, seven variables: 

EUR and JPY short-term spreads, ECB/BoJ central bank balance sheet ratio, EUR and JPY 

medium-term spreads, EUR/JPY spot rate and VSTOXX volatility index were identified as 

potential drivers of the JPY/EUR cross-currency basis spread. 

The results from the multivariate linear regression for the 1-year JPY/EUR basis spread 

suggest that the EUR short-term spread is the most significant driver of the short-term basis 

spread. Similar results have been established in earlier literature concerning EUR/USD 
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cross-currency basis spread.  This short-term spread reflects the European interbank risk and 

money market stress and it can be argued that the interbank risk levels of the European banks 

have contributed to both, the JPY/EUR basis spread and EUR/USD basis spread widening. 

Furthermore, the supply and demand factors EUR/JPY spot rate and ECB/BoJ ratio were 

found as significant factors as was the medium-term Japanese credit risk. Additionally, the 

European market volatility index VTSOXX was identified to be an important driver for the 

short-end basis spread. 

 

The explanatory power of the multivariate linear regression model was significantly lower 

for the 5-year JPY/EUR basis spread. Moreover, as the short-end of the curve is more 

influenced by interbank and credit risk factors, the longer-end of the curve is mostly a 

function of supply and demand. This is shown with the EUR/JPY spot rate as the most 

significant factor. Furthermore, the European interbank risk showed significance but to a 

lesser extent than for the short-end of the curve. 

 

The results from the regression analysis mostly confirmed the expectations towards the 

dynamics between the independent variables and the cross-currency basis spreads. 

Considering the most significant factors, increase in short-term European banks’ interbank 

risk widens both 1-year and 5-year JPY/EUR basis spreads if they are positive and drives 

the basis tighter if they are negative. Furthermore, depreciation of JPY against EUR drives 

the basis wider if it is negative and tighter if it is positive. The findings of the most significant 

factors are in correspondence with earlier literature by Baran and Witzany (2017) as they 

studied the drivers of EUR/USD cross-currency basis spread.  

 

Moreover, the explanatory power (R-squared) of the linear regression models for JPY/EUR 

and EUR/USD cross-currency basis spreads was reasonably in correspondence for the full 

sample, first sub-period from January 2008 to December 2009 and final sub-period from 

January 2014 to September 2017. As the corresponding linear regression models for both 

short- and medium-term EUR/USD basis spreads showed their highest goodness of fits 

during the European debt crisis period, the fit of the model for both short- and medium-term 

JPY/EUR basis spreads was very poor during the equivalent period.  
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For this period from January 2010 to December 2013, two significant factors, EUR short-

term spread and VSTOXX were identified for the 1-year JPY/EUR basis spread. Same 

factors were also found significant for EUR/USD basis spread but in addition, both medium-

term spreads, central banks’ balance sheet ratio and USD short-term spread were significant. 

The dynamics for both short-run JPY/EUR and EUR/USD were rather similar during the 

period as both cross-currency basis spreads experienced significant widening between the 

second half of 2011 and the first half of 2012. The effect of European and US interbank 

credit risk was extremely significant for EUR/USD basis spread during the period. 

Moreover, the effect of European interbank risk was found significantly higher for 

EUR/USD basis spread than for JPY/EUR basis spread and simultaneously, the Japanese 

interbank credit risk remained very stable and being unable to explain the changes in 

JPY/EUR basis spread. The expansion of the ECB balance sheet over the FED balance sheet 

yielded significance in explaining the changes in EUR/USD basis spread but as the 

expansion of ECB balance sheet over BoJ balance sheet was not as large in extent, it was 

not a significant factor for short-run JPY/EUR basis spread. 

 

The behavior of the 5-year JPY/EUR basis spread for the same period is intriguing as it does 

not seem to have any response to the European debt crisis as the 5-year basis spread remained 

significantly negative during the entire period and kept widening to negative direction as the 

1-year basis spread widened to positive direction. During this period, none of the factors was 

significantly able to explain the changes of the 5-year basis spread and the fit of the model 

was very low. It seems that the longer tenor of the JPY/EUR cross-currency basis curve does 

not react to the credit and liquidity risk increases in the European market, nor to supply and 

demand factors used in the model during the European debt crisis period. As the medium-

term has been shown to be mostly driven by supply and demand factors, some other supply 

or demand related factors could be the ones explaining the 5-year basis spread. Such factors 

have been identified in the earlier literature by Borio et al (2016) as they argued that the 

forward hedging demand from Japanese banks, life insurance companies and corporate 

issuers is a significant factor driving CIP violations. Thus, it could be the case that EUR 

demand for longer tenors remained strong over JPY due to the positioning of the Japanese 

banking system and Japanese banks’ EUR funding gap exceeding the demand for JPY. 
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The results from the co-integration analysis established the long-run convergence between 

the JPY/EUR basis spread and the variables under the scope of this thesis. Co-integration 

was tested for both of the basis spreads and for all the periods, except for the 1-year basis 

during 2010 to 2013 as the 1-year basis spread was found to be integrated of degree one 

during the period and thus, it cannot co-integrate with the other variables that are integrated 

of degree zero. Based on the Engle-Granger method, the ECB/BoJ ratio, EUR and JPY short-

term spreads and EUR medium-term spread had statistically significant co-integrating 

relationship with the 1-year basis spread. For the 5-year basis spread, only the JPY short-

term spread was found to have a co-integrating relationship on a statistically significant level 

and it is noteworthy that this long-run relationship occurred during the European debt crisis 

period from 2010 to 2013 during which there was not found to be any short-term 

relationships between the 5-year basis spread and the independent variables. Furthermore, 

error correction models were estimated for the statistically significant factors. All the ECMs 

estimated for the variables that showed statistically significant co-integrating relationship, 

exhibited statistical significance and thus, it can be argued that long-run convergence exists 

between these variables and the JPY/EUR basis spreads.   

 

In Johansen’s tests, at least one co-integrating equation was found for all the periods that the 

test was implemented for and hence, vector error correction models were estimated for these 

periods. For the 1-year JPY/EUR basis spread, significant long-run relationship was 

established with JPY medium-term spread and VSTOXX and for the 5-year JPY/EUR basis 

spread with EUR and JPY medium-term spreads, VSTOXX, EUR short-term spread, 

ECB/BoJ ratio. From these variables both medium-term spreads and VSTOXX illustrated 

long-run convergence with the 5-year basis spread during the European debt crisis period 

from 2010 to 2013. 

 

Following, the arbitrage free boundaries for both, 1-year and 5-year JPY/EUR basis spreads 

were decomposed through the FX-implied EUR rate. From the results, it can be argued that 

arbitrage opportunities arose and persisted over long periods during the time frame of this 

study. These arbitrage opportunities indicate that there exist limits to arbitrage and it can be 

claimed to be one of the reasons why the cross-currency basis does not close. For the 5-year 

basis spread, arbitrage opportunity has existed since September 2010. As argued earlier, this 

could be due to persistent and high demand for currency hedges, limits to available capital 
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to exploit the imbalance or due to restrictions to capital flows. The beneficiaries of the wide 

JPY/EUR cross-currency basis have been supranationals, sovereigns and bond issuers who 

have been able to raise funding around IBOR rates. 

 

The factors driving the 1-year short-end and the 5-year medium-part of the JPY/EUR cross-

currency basis spread have been examined. It has been argued that the short-end of the curve 

is more affected by the short- and medium-term credit and liquidity risks while the long-end 

of the curve is driven more by the supply and demand. In addition to liquidity and credit 

risk, and supply and demand factors, European market volatility was found to have both 

short- and long-run relationships with the JPY/EUR basis spreads. Compared to results from 

earlier literature, the JPY/EUR basis spread was found not to be driven by the same factors 

during the European debt crisis period from 2013 to 2017 as the EUR/USD basis spread. 

Lastly, arbitrage free boundaries for cross-currency investing and funding in JPY/EUR basis 

swap market were identified and it was exhibited that arbitrage opportunities have existed 

for such market participants who have been able to raise unsecured funding in one currency 

and swap it into another currency. 

 

For further studies regarding JPY/EUR cross-currency basis spread, the dynamics of the 

basis spread during the European debt crisis could be investigated with some other potential 

drivers. Some additional supply and demand factors could be included in the analysis to 

examine what drove the divergence between the 1-year and 5-year basis spreads during the 

European debt crisis and furthermore, to understand whether these other potential factors 

could also explain the changes in the basis spreads post-crisis from 2014 onwards as that has 

been identified as a period of monetary policy divergence between developed economies. 

There could be an effect over the widening of the cross-currency basis spread due to 

extraordinary monetary adaptation by the European Central Bank and the Bank of Japan. 

Finally, as significant cross-currency basis spreads appear to persist even during non-crisis 

periods it would be interesting to establish the possible contribution of the identified 

significant factors on predicting its future trends and fair value. 
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APPENDICES 

 

Appendix 1 

Table 31. Descriptive statistics of weekly observations of JPY/EUR 1Y basis spread during 

the time periods of the study. 

JPY/EUR 1Y  

basis spread  

01/2008- 

09/2017 

01/2008- 

12/2009 

01/2010- 

12/2013 

01/2014- 

09/2017 

     

Mean -2,0974 9,8673 7,4450 -18,6214 

Standard Error 0,7700 1,3660 0,8888 0,5497 

Median -2,6000 6,3325 4,0300 -17,2750 

Mode -8,8000 10,0000 11,4000 -12,5000 

Standard Deviation 17,3725 13,9307 12,8497 7,6958 

Sample Variance 301,8045 194,0657 165,1140 59,2247 

Kurtosis 0,5282 3,8909 0,5634 -1,1284 

Skewness 0,5755 1,9002 0,9657 -0,2040 

Range 98,8000 73,6500 61,9000 30,3000 

Minimum -34,5000 -9,3500 -11,0000 -34,5000 

Maximum 64,3000 64,3000 50,9000 -4,2000 

Sum -1067,5985 1026,1950 1556,0050 -3649,7985 

Count 509 104 209 196 

 

Table 32. Descriptive statistics of weekly observations of JPY/EUR 5Y basis spread during 

the time periods of the study. 

JPY/EUR 5Y  

basis spread 

01/2008- 

09/2017 

01/2008- 

12/2009 

01/2010- 

12/2013 

01/2014- 

09/2017 

     

Mean -27,1450 0,0857 -29,3439 -39,2491 

Standard Error 0,7857 1,3530 0,7451 0,4865 

Median -32,2000 3,5300 -30,9150 -39,4000 

Mode -8,5000 8,2500 -8,5000 -41,0000 

Standard Deviation 17,7267 13,7980 10,7711 6,8114 

Sample Variance 314,2360 190,3860 116,0167 46,3958 

Kurtosis 0,5347 -0,9611 0,0158 -0,2412 

Skewness 1,0999 0,1370 0,7399 0,1456 

Range 83,7500 52,6250 49,8800 35,3750 

Minimum -55,5000 -24,3750 -47,1300 -55,5000 

Maximum 28,2500 28,2500 2,7500 -20,1250 

Sum -13816,7934 8,9100 -6132,8750 -7692,8284 

Count 509 104 209 196 
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Table 33. Descriptive statistics of Euribor 3M - Eonia and JPY Libor 3M - JPY OIS spreads 

in %. 

  Euribor 3M-Eonia spread JPY Libor 3M-JPY OIS spread 

   

Mean 0,3039 0,1433 

Standard Error 0,0147 0,0068 

Median 0,1510 0,0945 

Mode 0,0950 0,1127 

Standard Deviation 0,3321 0,1539 

Sample Variance 0,1103 0,0237 

Kurtosis 5,4985 2,7545 

Skewness 2,1221 1,8405 

Range 2,0630 0,8274 

Minimum 0,0010 -0,0351 

Maximum 2,0640 0,7923 

Sum 154,6681 72,9385 

Count 509 509 

 

Table 34. Descriptive statistics of ECB to BoJ balance sheet ratio. 

  ECB/BoJ balance sheet ratio 

  

Mean 1,5677 

Standard Error 0,0218 

Median 1,6863 

Standard Deviation 0,4912 

Sample Variance 0,2412 

Kurtosis -1,5012 

Skewness -0,1549 

Range 1,6826 

Minimum 0,8207 

Maximum 2,5033 

Sum 797,9682 

Count 509,0000 

 

 

 

 

 

 

 

 



 

 

92 

Table 35. Descriptive statistics of Euribor and JPY Libor panel banks' average CDS 

spreads. 

  

Euribor panel banks’ 

 average CDS spread 

JPY Libor panel banks' 

 average CDS spread 

   

Mean 137,5270 106,8142 

Standard Error 3,3061 1,9889 

Median 113,2138 99,1158 

Standard Deviation 74,5881 44,8710 

Sample Variance 5563,3802 2013,4052 

Kurtosis 1,3489 0,7173 

Skewness 1,3914 1,0544 

Range 380,7302 223,1247 

Minimum 39,6618 35,5608 

Maximum 420,3920 258,6854 

Sum 70001,2596 54368,4153 

Count 509 509 

 

Appendix 2 

 

Figure 8. European banks' average CDS spread 
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Figure 9. Japanese banks' average CDS spread 

Appendix 3 

 

Figure 10. JPY/EUR spot rate. 
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Figure 11. VSTOXX volatility index. 

 

 

 

 

Appendix 4 

Table 36. Descriptive statistics of JPY/EUR spot rate EUROSTOXX 50 volatility index 

VSTOXX. 

  JPY/EUR spot rate VSTOXX 

   

Mean 0,008038 24,88071 

Standard Error 0,000044 0,424187 

Median 0,007889 22,6093 

Mode 0,007691 19,7693 

Standard Deviation 0,000986 9,570091 

Sample Variance 0,000001 91,58664 

Kurtosis -0,309989 7,229097 

Skewness 0,225247 2,175551 

Range 0,004581 69,8695 

Minimum 0,005900 11,1647 

Maximum 0,010480 81,0342 

Sum 4,091308 12664,28 

Count 509 509 
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Appendix 5 

Table 37. Augmented Dickey Fuller unit root test results for level data of time period from 

01/2008 to 09/2017. 

01/2008-09/2017 

No constant  

nor trend 

Constant no 

trend 

Constant & 

trend Lags 

JPY/EUR 1Y basis spread -1,693463 -1,755802 -2,916191 14 

JPY/EUR 5Y basis spread -0,577477 -2,948281 -2,19186 12 

€ST Spread 
-1,848427 

-2.227216 
-3.193556 

16 

¥ST Spread -2,4926 -2,395359 -2,773245 11 

ECB/BoJ ratio -1,323958 -1,205989 -1,980425 20 

€MT Spread -0,904773 -1,772607 -1,884518 14 

¥MT Spread -0,840596 -1,847117 -2,299834 14 

EUR/JPY -0,805688 -2,34412 -2,175979 0 

VSTOXX -1,069696 -2,922361 -3,748556 12 

*Critical values 

(10 % significance) -1,6156 -2,5671 -3,1279   

*Critical values 

(5 % significance) -1,9393 -2,8621 -3,4126  

*Critical values 

(1 % significance) -2,5658 -3,4336 -3,9638   

 

Table 38. Augmented Dickey Fuller unit root test results for first difference data of time 

period from 01/2008 to 09/2017. 

01/2008-09/2017 

No constant  

nor trend 

Constant  

no trend 

Constant  

& trend Lags 

DJPY/EUR 1Y basis  

spread -7,028174 -7,03431 -7,02576 13 

DJPY/EUR 5Y basis  

spread -7,836791 -7,91236 -8,179694 11 

D€ST Spread -6,481825 -6.490670 -6.498230 15 

D¥ST Spread -5,417479 -5,5189 -5,578316 10 

DECB/BoJ ratio -5,451709 -5,57904 -5,552489 20 

D€MT Spread -5,885895 -5,88103 -6,613982 13 

D¥MT Spread -9,410957 -9,40777 -9,433304 9 

DEUR/JPY -22,28825 -22,2787 -22,33973 0 

DVSTOXX -9,092468 -9,08944 -9,087475 11 

*Critical values 

(10 % significance) -1,6156 -2,5671 -3,1279   

*Critical values 

(5 % significance) -1,9393 -2,8621 -3,4126  

*Critical values 

(1 % significance) -2,5658 -3,4336 -3,9638   
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Table 39. Augmented Dickey Fuller unit root test results for level data of time period from 

01/2008 to 12/2009. 

01/2008-12/2009 

No constant  

nor trend 

Constant  

no trend 

Constant  

& trend Lags 

DJPY/EUR 1Y basis 

spread -1,586231 -2,01041 -2,716442 2 

DJPY/EUR 5Y basis 

spread -1,318436 -1,303234 -2,588075 1 

D€ST Spread -1,199046 -3,059063 -3,42148 0 

D¥ST Spread -0,852729 -0,791153 -1,418109 1 

DECB/BoJ ratio 0,164955 -2,337139 -2,279936 6 

D€MT Spread -0,48766 -2,788727 -2,660195 1 

D¥MT Spread -0,31321 -2,370786 -2,018391 0 

DEUR/JPY -0,961469 -1,284367 -1,353042 0 

DVSTOXX -0,816348 -2,359027 -2,318979 0 

*Critical values 

(10 % significance) -1,6156 -2,5671 -3,1279   

*Critical values 

(5 % significance) -1,9393 -2,8621 -3,4126  

*Critical values 

(1 % significance) -2,5658 -3,4336 -3,9638   

 

Table 40. Augmented Dickey Fuller unit root test results for first difference data of time 

period from 01/2008 to 12/2009. 

01/2008-12/2009 

No constant  

nor trend 

Constant  

no trend 

Constant  

& trend Lags 

DJPY/EUR 1Y 

basis  

spread -10,6622 -10,60841 -10,57635 1 

DJPY/EUR 5Y 

basis  

spread -14,26338 -14,21642 -14,16753 0 

D€ST Spread -8,953459 -8,907537 -8,902554 1 

D¥ST Spread -7,388595 -7,394481 -6,795128 0 

DECB/BoJ ratio -5,642462 -5,61947 -5,716515 7 

D€MT Spread -10,31207 -10,26328 -10,274 0 

D¥MT Spread -9,553682 -9,516802 -9,582469 0 

DEUR/JPY -10,70081 -10,72795 -10,69981 0 

DVSTOXX -11,47032 -11,41343 -11,41295 0 

*Critical values 

(10 % significance) -1,6156 -2,5671 -3,1279   

*Critical values 

(5 % significance) -1,9393 -2,8621 -3,4126  

*Critical values 

(1 % significance) -2,5658 -3,4336 -3,9638   
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Table 41. Augmented Dickey Fuller unit root test results for level data of time period from 

01/2010 to 12/2013. 

01/2010-12/2013 

No constant  

nor trend 

Constant  

no trend 

Constant  

& trend Lags 

JPY/EUR 1Y basis  

spread -2,062516 -2,310264 -2,59093 2 

JPY/EUR 5Y basis  

spread 0,813345 -1,12877 -4,16998 6 

€ST Spread -0,849786 -1,128257 -2,00723 13 

¥ST Spread -1,726355 -2,197619 -2,99581 1 

ECB/BoJ ratio -0,801625 -1,572988 -1,60611 0 

€MT Spread -0,608925 -1,998315 -1,59175 0 

¥MT Spread -0,403228 -1,768692 -1,49196 1 

EUR/JPY 0,32851 -0,499737 -1,29836 0 

VSTOXX -0,898614 -2,706266 -3,20346 1 

*Critical values 

(10 % significance) -1,6156 -2,5671 -3,1279   

*Critical values 

(5 % significance) -1,9393 -2,8621 -3,4126  

*Critical values 

(1 % significance) -2,5658 -3,4336 -3,9638   

 

Table 42. Augmented Dickey Fuller unit root test results for first difference data of time 

period from 01/2010 to 12/2013. 

01/2010-12/2013 

No constant  

nor trend 

Constant  

no trend 

Constant  

& trend Lags 

JPY/EUR 1Y basis  

spread -12,92249 -12,9259 -12,92249 0 

JPY/EUR 5Y basis  

spread -8,306909 -8,4143 -8,392483 5 

€ST Spread -5,187689 -5,19372 -5,298953 14 

¥ST Spread -21,91352 -21,9811 -21,94515 0 

ECB/BoJ ratio -14,43501 -14,4316 -14,40723 0 

€MT Spread -15,77248 -15,7357 -15,87131 0 

¥MT Spread -16,80261 -16,7625 -16,89614 0 

EUR/JPY -13,67724 -13,6527 -14,15572 0 

VSTOXX -18,46625 -18,4229 -18,3922 0 

*Critical values 

(10 % significance) -1,6156 -2,5671 -3,1279   

*Critical values 

(5 % significance) -1,9393 -2,8621 -3,4126  

*Critical values 

(1 % significance) -2,5658 -3,4336 -3,9638   
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Table 43. Augmented Dickey Fuller unit root test results for level data of time period from 

01/2014 to 09/2017. 

01/2014-09/2017 

No constant  

nor trend 

Constant  

no trend 

Constant  

& trend Lags 

JPY/EUR 1Y basis  

spread -0,328909 -1,592701 -1,18144 6 

JPY/EUR 5Y basis  

spread -0,894826 -1,99188 -2,10422 5 

€ST Spread -1,295246 -1,542998 -3,96164 13 

¥ST Spread -1,75157 -2,830414 -2,99461 3 

ECB/BoJ ratio -0,480331 -2,480277 -1,60074 10 

€MT Spread -1,173309 -1,53213 -1,49926 4 

¥MT Spread -1,040631 -1,489104 -1,44457 6 

EUR/JPY -0,470368 -1,790441 -1,67975 1 

VSTOXX -1,125306 -4,147817 -4,23076 8 

*Critical values 

(10 % significance) -1,6156 -2,5671 -3,1279   

*Critical values 

(5 % significance) -1,9393 -2,8621 -3,4126  

*Critical values 

(1 % significance) -2,5658 -3,4336 -3,9638   

 

Table 44. Augmented Dickey Fuller unit root test results for first difference data of time 

period from 01/2014 to 09/2017. 

01/2014-09/2017 

No constant  

nor trend 

Constant  

no trend 

Constant  

& trend Lags 

JPY/EUR 1Y basis  

spread -7,513478 -7,49659 -7,573408 5 

JPY/EUR 5Y basis  

spread -7,791446 -7,80452 -7,809069 4 

€ST Spread -6,35811 -6,38192 -6,479982 20 

¥ST Spread -10,05945 -10,0463 -10,01969 2 

ECB/BoJ ratio -3,09934 -3,07483 -5,065685 9 

€MT Spread -8,979846 -9,01276 -8,991718 0 

¥MT Spread -5,709154 -5,75062 -5,75031 5 

EUR/JPY -12,52326 -12,4995 -12,53073 0 

VSTOXX -7,758592 -7,19662 -7,247321 7 

*Critical values 

(10 % significance) -1,6156 -2,5671 -3,1279   

*Critical values 

(5 % significance) -1,9393 -2,8621 -3,4126  

*Critical values 

(1 % significance) -2,5658 -3,4336 -3,9638   
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