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Abstract 

The question of whether a small open economy (SOE) with highly integrated financial markets 

can shield itself from the influence of foreign monetary policy and preserve its monetary inde-

pendence has been the subject of extensive research over the last decades. The growing inte-

gration of world economies owing to globalization, the impacts of recent global pandemic on 

them leading to the use of unconventional monetary policies, and the consequent high levels of 

inflation across the globe have highlighted the importance of further study of this problematic. 

This thesis focuses on two small open economies from different currency areas, Canada and the 

Czech Republic, and evaluates the monetary policies of their central banks, concentrating pri-

marily on their independence, secondarily on the transmission mechanism of the respective 

policies, and also on their foreign exchange reserves. A comparative analysis of these two coun-

tries and their monetary policies on such scale and complexity has not yet been made before. 

The results of cointegration testing of vector autoregression models consisting of three-month 

interbank interest rates representing the monetary policies of the countries under investigation 

revealed that both Canada and the Czech Republic exhibited a considerable degree of monetary 

independence from adjacent currency blocs, i.e. from the US and the euro area, respectively, in 

the period 01/2001-02/2022. This finding has a number of important implications for both coun-

tries, the most relevant of which are also discussed in this thesis.  
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Abstrakt 

Otázka, zda se malá otevřená ekonomika s vysoce integrovanými finančními trhy může chránit 

před vlivem zahraniční monetární politiky a zachovat si měnovou nezávislost, byla v posledních 

desetiletích předmětem rozsáhlého výzkumu. Rostoucí integrace světových ekonomik v dů-

sledku globalizace, dopady nedávné globální pandemie vedoucí k používání nekonvenčních 

monetárních politik a následná vysoká úroveň inflace po celém světě poukázaly na význam 

dalšího studia této problematiky. Tato práce se zaměřuje na dvě malé otevřené ekonomiky z 

různých měnových oblastí, Kanadu a Českou republiku, a hodnotí monetární politiky jejich 

centrálních bank, přičemž se soustředí především na jejich nezávislost, sekundárně na 

transmisní mechanismus příslušných politik a také na jejich devizové rezervy. Srovnávací ana-

lýza těchto dvou zemí a jejich monetárních politik v takovém rozsahu a komplexnosti nebyla 

doposud provedena. Výsledky kointegračního testování vektorových autoregresních modelů 

sestávajících z tříměsíčních mezibankovních úrokových sazeb, které představují monetární po-

litiky zkoumaných zemí, ukázaly, že Kanada i Česká republika vykazovaly v období 01/2001-

02/2022 značnou míru monetární nezávislosti na sousedních měnových blocích, tedy na USA, 

potažmo na eurozóně. Toto zjištění má pro obě země řadu zásadních důsledků, přičemž ty nej-

významnější z nich jsou v této práci rovněž popsány. 
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1 Introduction 

 

The main goal of modern central banks is to maintain price stability (Bank of Canada Monetary 

Policy, 2022; CNB Monetary Policy, 2022a). That is achieved by keeping inflation low, stable 

and above all predictable. Interest rates are the principal instrument for the implementation of 

central bank monetary policy. Thus, independent monetary policy can be defined as the ability 

of a central bank to pursue predetermined inflation targets by setting its key interest rates inde-

pendently of international rates, as stated by (Aizenman et al., 2013).  

 

The diversity of large currency area such as the eurozone, also known as the euro area, i.e. 

monetary union of 19 EU members that have adopted the euro, can be counterproductive with 

respect to the monetary policy needs of individual member states, which are often faced with 

miscellaneous economic indicators. Annual inflation in January 2022 reached 12.3% in Lithu-

ania, whereas in France it amounted to 3.3% (Eurostat Inflation Report, 2022). According to 

the Taylor rule, which determines the ideal interest rates to keep price stability, taking into 

account inflation and the GDP gap, the difference between the lowest and the highest desirable 

interest rate for countries in the eurozone reaches near staggering 8% (Busta, 2022; Hayes, 

2021b).  

 

The European Central Bank (ECB), however, cannot raise its interest rates to fight inflation in 

highly affected countries, because the consequent increase in the debt burden would expose 

highly indebted eurozone countries (Italy, Greece) to the risk of bankruptcy, thereby the ECB 

has no choice but to wait for inflation to subside on its own (Eurostat Financial Stability Re-

view, 2021). Owing to this, Member States with high inflation are unable to control it with 

conventional monetary tools, e.g. interest rates, and are therefore powerless in their pursuit of 

price stability. In the view of these facts, the importance of an autonomous monetary policy 

needs to be further emphasised.  

 

Based on the work of Loungani and Sheets (1997), a high degree of central bank independence 

(CBI) is positively correlated with low inflation and subsequent GDP growth. In their study, 

they consider two major components of CBI. First, political independence, under which central 

banks can conduct their monetary policy without any political or governmental intervention. 
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Second, economic independence derived from the central bank’s ability to control monetary 

policy instruments, which is the focus of this thesis (Loungani and Sheets, 1997). Furthermore,  

an autonomous monetary policy is a fundamental part of the impossible trinity, also known as 

the trilemma, introduced in the Mundell-Fleming framework, according to which a country may 

choose only two of the following three objectives at a time: monetary independence, financial 

integration, and a fixed exchange rate regime (Aizenman et al., 2013). 

 

The decision to concentrate on Canada, the Czech Republic and their respective central banks 

is based on several reasons. First of all, these two countries are typical small open economies 

(SOEs), i.e. they actively participate in international trade and markets, but their size in terms 

of GDP and other macroeconomic indicators is not sufficient to influence world prices (Cao et 

al., 2021; Deardorff, 2016). Secondly, they are strongly commercially integrated with their larg-

est trade partners. Finally, and most importantly, a comparative analysis of the two countries in 

terms of their monetary policies, addressing as many aspects which are associated with mone-

tary policy, has never been done before.  

 

To demonstrate the extent of the trade integration, Canada’s GDP accounted for roughly 2% of 

world GDP in 2020, while the Czech Republic comprised approximately 0.3% of global GDP 

in the same year. By comparison, the United States (US), Canada’s biggest trading partner with 

more or less three-quarter share of total Canadian exports and imports, recorded a GDP of al-

most $21 trillion in 2020, representing circa 25% of global GDP (World Bank WITS Data, 

2022). Opposed to that, the eurozone reached GDP of nearly $13 trillion in 2020 and accounted 

for about 65% of exports and 59% of imports on the Czech Republic’s current account in the 

same year  (CNB Maastricht Convergence Criteria Report, 2020; EU Country Profiles, 2022; 

Trading Economics Country Profiles, 2022; World Bank Database, 2022). The key character-

istics of the two countries for the purposes of this thesis are provided in Table 1. 

 

Besides, both central banks operate under a flexible exchange rate regime. The Bank of Canada 

(BoC) is notoriously reluctant to intervene in foreign exchange markets, having last done so in 

1998, and regards its free-floating exchange rate regime working without redundant interven-

tions as essential to the independence of its monetary policy (Bank of Canada Exchange Rates, 

2022; Lane, 2019). 
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In contrast, the Czech National Bank (CNB) functions in a so-called managed float regime, 

which takes a more accommodative approach to intervening in cases of extreme exchange rate 

fluctuations. Between 2013-2017, for example, the CNB resorted to massive exchange rate in-

terventions when the Czech economy faced the prospect of ongoing recession and possible de-

flation. (CNB Exchange Rate Commitment, 2022; CNB Monetary Policy, 2022b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

By and large, this thesis is motivated by the fact that both countries are consistent with the 

macroeconomic trilemma by which free capital movements combined with flexible exchange 

rates should ensure monetary autonomy. As noted above, they are financially open and pro-

foundly trade-integrated with their economically more powerful partners (the US and the euro 

area). Moreover, the BoC and the CNB follow relatively floating exchange rate regimes, and 

for these reasons their monetary independence should be substantiated. The fact that the United 

States and the eurozone are two of the three largest currency areas by GDP in the world adds 

an intercontinental dimension to the study, which is also rare for this type of research, as usually 

several countries from a similar geopolitical area are compared, and enables to compare mone-

tary policy spillover from these two economic giants on their close neighbours (World Bank 

Database, 2022). 

 

Canada Czech Republic

GDP (USD billions) 2,015.9831 276.9141

share of exports with US 

(Canada)/eurozone (CZE) 65%2

share of imports with US 

(Canada)/eurozone (CZE) 59%2

FX reserves (USD billions.) ~1743 ~1073

exchange rate regime
4 "freely floating" "managed floating"

capital mobility
4 "open" "open"

Notes : 1 IMF report October  2021,  2 World Bank database and CNB Maastricht assessment 

report 2020, 
3
 Figure 2.1,

 4
 Cao et a l . (2021)

~75%2

Table 1.1: Comparison of key country characteristicsTable 1: Comparison of key country characteristics 
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Many research papers have studied monetary policy independence separately in Canada and in 

the Czech Republic, notably Dąbrowski et al. (2019), Goczek and Mycielska (2016), Mahdi 

Barakchian (2015), Obstfeld (2015) and Schembri (2002), who predicted the preservation of 

monetary autonomy for the Czech Republic in the contractionary monetary policy cycle of the 

ECB. However, this has not been the case, as the ECB has continued to ease its monetary strat-

egy in recent years, keeping key interest rates close to or even below zero, while the US Federal 

Reserve (Fed) was forced to cut rates after the emergence of the COVID-19 pandemic in the 

spring of 2020, and up until the time of this writing, has maintained them near zero (ECB Mon-

etary Policy Decision, 2022; Fed Funds Effective Rate, 2022). The primary aim of this thesis is 

to build on these works and extend the research with more recent data by studying the interde-

pendence and cointegration of interbank (money market/short-term) interest rates between 

these SOEs and their proximate currency areas (the US and the euro area) by using a vector 

autoregression (VAR) and consequently a vector error correction model (VECM) in order to 

determine whether the CNB and the BoC have managed to remain independent in the conduct 

of their monetary policies even in the period of unconventionally low interest rate settings de-

scribed above. 

 

Having already mentioned the main benefits of an independent monetary policymaking, e.g. 

higher price stability, higher GDP and enhanced possibilities to react to the business cycle, the 

loss of monetary independence is additionally considered to be the most significant cost of 

participation in a monetary union, as suggested by Goczek and Mycielska (2019). Conse-

quently, one of the research questions addresses the possible entry of the Czech Republic into 

the eurozone, which the country committed to when joining the EU, and a similar question in 

the case of Canada when evaluating a possible monetary union with the USA.  

 

In pursuit of assessing monetary policy independence in both countries, it is also desirable to 

look at the transmission mechanism, i.e. the transmission channels and the lags of monetary 

policy actions, as monetary policy shocks have a lagged effect on the economy. Arnoštová and 

Hurník (2005) declare that without a precise understanding of the transmission channels 

through which monetary measures are implemented and affect the economy, and the approxi-

mate length of the lags over which the economy responds to these measures, the conduct of 

monetary policy cannot function properly. VAR methodology is commonly used when estimat-

ing the impacts of monetary policy transmission mechanism on the economy. For this reason, 
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the results of the VAR research to date on the monetary policy transmission mechanism in the 

two SOEs are discussed in more detail in chapters 2 and 4. 

 

Another topic explored in this thesis is the management of foreign exchange (FX) reserves, 

which has recently been the subject of regular discussion in the Czech Republic. Foreign ex-

change reserves have several important functions for central banks. Aside from serving as a 

source of foreign exchange liquidity, they can be used for interventions in case of excessive 

exchange rate fluctuations or even for the stabilization of the banking sector. Additionally, they 

may function as a secondary monetary instrument when interest rates are no longer sufficiently 

effective, or alternatively, cannot be used for various reasons, e.g. when interest rates are at 

their zero lower bound (the Czech Republic in November 2013) or when further interest rate 

hikes could seriously jeopardise the solvency of highly indebted governments. All in all, foreign 

exchange reserves are a relevant element in the conduct of independent monetary policy, hence 

Sections 2.6 and 4.5 provide a thorough analysis of the size, structure, and management of these 

reserves from the perspective of the two countries. (CNB International Reserves, 2022) 

 

In conclusion, the main objective of this work is to test the relevance of the nexus between 

monetary autonomy, flexible exchange rate regime and capital account openness presented in 

the trilemma, similar to Dąbrowski et al. (2019) and Goczek and Mycielska (2016), but for the 

case of Canada and the Czech Republic and to discover whether these SOEs are still able to 

maintain some sort of monetary independence in the world today, or whether they are merely 

following their much larger economic partners. Moreover, to the author’s knowledge, a direct 

comparison between Canada and the Czech Republic in terms of their monetary policies and 

their foreign exchange reserves has not yet been made, which further highlights the contribution 

of this thesis and the author’s motivation to investigate the matter.  

 

The structure of this thesis is as follows: Chapter 2 deals with several topics related to monetary 

policy mentioned in the introduction and provides background for the following chapters, as 

well as presenting a thorough literature overview. Chapter 3 describes the methodology applied 

and the theory behind it, together with the data used for this research, ending with a list of the 

tested hypotheses. Chapter 4 begins with a summary of the modelling results along with robust-

ness checks, continues with implications of the results and an assessment of the transmission 

mechanism in both countries, and then compares Canada and the Czech Republic in the context 

of their foreign exchange reserves. Chapter 5 concludes the thesis. 
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2 Background and literature overview 

 

This chapter serves not only as an overview of the existing literature, but also provides neces-

sary insight into several topics outlined in the introduction. It begins with the concept of the 

impossible trinity and research on monetary independence in multiple  SOEs, with Canada and 

The Czech Republic in focus, continues with a review of the potential entry of both countries 

into currency unions and a summary of the VAR literature on the monetary transmission mech-

anism, ending with a section dedicated to foreign exchange reserves management in Canada 

and the Czech Republic. 

 

2.1 Impossible trinity 

 

In a financially integrated world, floating exchange rates seem to be the only solution to ensure 

monetary autonomy, according to the trilemma. According to Dąbrowski et al. (2019), there 

has been a rekindled interest in the empirical significance of the trilemma by Aizenman et al. 

(2013), who develop new metrics to measure individual aspects of the trilemma and confirm 

that countries still face trade-offs under the impossible trinity. Aizenman et al. (2013) also find 

that the three dimensions of the trilemma appear to converge towards a “middle ground” among 

emerging market economies (EMEs) with managed exchange rate flexibility supported by large 

amounts of FX reserve holdings while maintaining intermediate levels of monetary autonomy 

and financial openness. Aizenman et al. (2013) further argue that the costs associated with re-

cent financial crises, together with the growing importance of holding sufficient volume of FX 

reserves, justify the addition of financial stability to the original trilemma, thereby making it a 

kind of quadrilemma. Finally, Aizenman et al. (2013) add that industrialised countries are mov-

ing towards a configuration of high exchange rate stability and a large degree of financial inte-

gration with low monetary independence, as illustrated by the experience of eurozone members. 

 

The concept of the impossible trinity has faced criticism recently and is constantly under scru-

tiny. Rey (2015) questions the validity of the trilemma by stating that “whenever capital is 

freely mobile, the global financial cycle constrains national monetary policies regardless of the 

exchange rate regime”. Besides, the global financial cycle has turned the trilemma into a di-

lemma and maintaining monetary policy independence is only possible if the capital account is 
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under control, as per Rey (2015). In their study of interest rate dependence between Central and 

Eastern European (CEE) countries and the euro area, Dąbrowski et al. (2019) find that “tri-

lemma policy arrangements still affect the sensitivity of interest rates to policy changes and 

shocks”, but the indices constructed by Aizenman et al. (2013) are considered to be “insufficient 

to describe monetary autonomy”. The relevance of the trilemma is also challenged by Edwards 

(2015), who finds evidence of substantial monetary dependence of Latin American countries 

pursuing floating exchange rates on the interest rate policy of the Fed and explains this policy 

contagion by a possible fear-to-float phenomenon.  

 

Interest rate shocks caused by a larger monetary area lead to an increased volume of capital 

flows that could disrupt smaller economies. Central banks often have no other option but to 

adjust their interest rates by reducing the interest rate gap in order to mitigate excessive financial 

flows and avoid augmented exchange rate volatility. Goczek and Mycielska (2019) question 

the degree of Poland’s monetary independence, while stating that the absence of monetary au-

tonomy in Poland could also be generated by the fear-to-float explained at the top of the para-

graph. They also claim that “the primary cost of participation in a currency area is the country’s 

loss of monetary autonomy” (Goczek and Mycielska, 2019).  

 

2.2 Monetary independence in European SOEs 

 

Most of the research papers below use cointegration testing and VECM to study monetary in-

dependence. These methods build on the cointegration framework developed by Engle and 

Granger (1987), who used a single-equation estimation methodology for non-stationary cointe-

grated time series, by extending it to multivariate models. Based on the results of a cointegrated 

VAR framework using daily interbank interest rates in Sweden and the euro area (STIBOR, 

EURIBOR), which are said to reflect monetary policy well due to the market expectations em-

bedded in them, Reade and Volz (2009b) argue that Sweden would have little to lose by joining 

the final phase of the European Economic and Monetary Union (EMU), which comprises all 

EU members at different stages of monetary integration (European Commission EMU, 2022). 

They provide evidence that Sweden’s monetary policy has more or less replicated euro area 

monetary policy over the 22-year period under review, by finding a clear cointegration rela-

tionship between eurozone and Swedish rates (Reade and Volz, 2009b). 
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In his study on monetary independence in Romania, Goczek (2015) refers to the research of 

Reade and Volz (2009b), who opted to measure monetary autonomy by examining the link 

between interbank rates. Goczek (2015) argues in his paper that “if interbank interest rates are 

largely responsive to changes in foreign interest rates, as evidenced by the tight movements in 

their three-month interbank rates, domestic monetary policy is unlikely to enjoy independence”. 

On the basis of the results obtained from VECM models, he discovers a long-run steady-state 

relationship between Romanian and euro area interbank rates, indicating Romania’s lack of 

monetary autonomy. 

 

The aforementioned Goczek and Mycielska (2019), similarly to Reade and Volz (2009b) and 

Goczek (2015), use cointegration testing of the three-month WIBOR and EURIBOR (inter-

bank) interest rates over the period 2001-2014 and based on these results built a VECM model 

to measure interest rate convergence between Poland and the eurozone. They find that there is 

a “long-run steady-state relationship between interest rates in Poland and the euro area”, more-

over, the hypotheses of interest rate convergence and even a “one-to-one relationship between 

Polish and euro area rates” cannot be rejected, suggesting that the degree of monetary autonomy 

in Poland is relatively low (Goczek and Mycielska, 2019).  

 

2.3 Monetary independence in Canada and the Czech Republic 

 

Regarding the monetary independence, Canada has managed to maintain it despite sharing the 

world’s longest international border and having around 80% of its population living “within 

100 miles of the largest currency bloc in the world, the United States”, as per Schembri (2002), 

adding that Canada’s desire to preserve monetary autonomy may be partly driven by the differ-

ent structure of its economy, which is highly dependent on commodity production (Schembri, 

2002). This is subsequently confirmed by Obstfeld (2015) in his work on monetary independ-

ence in 56 countries, who applies dynamic regressions and finds no significant correlation when 

comparing short-term interest rates in Canada and the US, specifically three-month Treasury 

bill interest rates (3m T-bill rates) from 1989-2013.  

 

Mahdi Barakchian (2015) also focuses on Canada and its independence from US monetary 

policy, using cointegration analysis of multivariate quarterly data for the period 1958-2004, and 

discovers that the dominant transmission mechanism of US monetary policy shocks to Canada 
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is the interest rate channel. Further, his paper offers a detailed overview of the cointegration 

literature examining various long-term relationships between the two countries. In particular, 

Mahdi Barakchian (2015) mentions studies by Boothe (1991), Engert and Hendry (1998), 

which found a one-for-one cointegration relationship between US and Canadian interest rates 

when analysing the concept of interest rate parity. 

 

In the case of the Czech Republic, Obstfeld (2015) discovers that hypothesis of no levels rela-

tionship between German and domestic short-term interest rates (3m T-bill rates) in 1996-2013 

can be rejected, while the hypothesis of no levels relationship between German and domestic 

long-term interest rates (10-year government bond rates) in 2000-2013 cannot be rejected. 

Long-term monetary independence in the Czech Republic is further explored by Hsing (2013), 

who asserts that the Czech Republic makes only moderate interest rate adjustments in response 

to euro area interest rate changes. 

 

Another paper based on a cointegration analysis of nominal interest rates and a subsequently 

constructed VECM model to test several hypotheses about interest rates is Goczek and My-

cielska (2016), who examine three-month interbank interest rates in the Czech Republic and 

the euro area (PRIBOR, EURIBOR) over the period 2001-2012 in order to determine the cau-

sality between the monetary policies of these currency areas. Their main findings can be sum-

marised as follows: in the long run, the CNB’s monetary policy is significantly dependent on 

the ECB policy; specifically, hike in EURIBOR by 100 basis points provokes 87-93 basis points 

rise in PRIBOR; moreover, interest rates in the euro area are weakly exogenous, which means 

that the ECB monetary policy is not affected by the CNB’s monetary actions. The observed co-

movement of Czech and euro area interest rates can also be credited to the already presented 

fear-to-float phenomenon. It is also argued that, given the limited monetary autonomy, the costs 

of joining the eurozone could potentially be lower than expected. (Goczek and Mycielska, 

2016) 

 

The previously mentioned Dąbrowski et al. (2019) study monetary independence in CEE coun-

tries with floating exchange rates using the autoregressive distributed lag (ARDL) model also 

employed by Obstfeld (2015). The key variables in their research are three-month money mar-

ket interest rates from the period 2002-2015. Their results are, to some extent, consistent with 

those obtained by Obstfeld (2015). The short-run reaction in the Czech Republic to a 1% in-

crease in the euro area interest rate is significant and corresponds to a 0.27% increase in the 
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domestic interest rate. Romania, on the other hand, has the strongest relationship between for-

eign (euro area) and domestic interest rates based on the magnitude of the long-run coefficients. 

At the same time, Romania has the highest monetary independence index as defined by Aizen-

man et al. (2013), which is somewhat surprising given the strength of its interest rate relation 

and feeds into the critical view of Dąbrowski et al. (2019) on the monetary independence index, 

who even deem it misleading. They conclude that the long-run coefficients for the Czech Re-

public are considerably low to indicate a clear dependence, and the CNB should be able to 

preserve its monetary independence when the ECB decides to tighten its monetary policy. 

(Dąbrowski et al., 2019)  

 

2.4 Canada and the Czech Republic from the perspective of enter-

ing a currency union 

 

The attitude of Canada and the Czech Republic towards a possible entry into a currency union 

with their main economic partners (the US and the euro area) is quite different. On joining the 

EU and EMU in 2004, the Czech Republic undertook to adopt the common currency of the euro 

area, i.e. the euro. Since then, the CNB and the Czech Government have regularly assessed the 

Czech Republic’s readiness to adopt the euro. The conclusions of this assessment are summa-

rised in the Assessment of the Fulfilment of the Maastricht Convergence Criteria and the De-

gree of Economic Alignment of the Czech Republic with the Euro Area, as stated on the official 

website of the CNB. In this regard, the CNB carries out detailed analyses once a year and pub-

lishes them in the Analysis of the Czech Republic’s Current Economic Alignment with the Euro 

Area. (CNB Euro Adoption, 2022) 

Unlike the Czech Republic, Canada has not yet committed to any agreement to enter into a 

monetary union with the US, whether it be “dollarization”, i.e. Canada’s acceptance of the US 

dollar, or the creation of a new common currency between the US and Canada, such as the 

amero proposed by Grubel (1999), who also counted on the participation of Mexico. However, 

this proposal has sparked a wave of criticism and mixed opinions, which is why the topic re-

mains highly controversial in both the US and Canada, leaving the concept only on paper and 

subject to debate (Cusson, 1999). More specific standpoints and potential economic implica-

tions are set out in the following subsections. 
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2.4.1 The stance of the Czech Republic 

Based on the latest 2020 assessment report, the Czech Republic was only “compliant with the 

criterion on the convergence of interest rates” (long-term interest rates on Czech government 

bonds). The criteria on price stability and government financial position, which have often been 

fulfilled in previous years, were not met, largely due to the global pandemic and the related 

economic downturn, which caused high domestic inflation and an excessive government deficit. 

It remains to be seen whether the compliance with these two criteria can be reached in the years 

to come. As written in the 2020 assessment report, “the Czech Republic is formally non-com-

pliant with the last criterion on participation in the exchange rate mechanism, as it has not joined 

the mechanism”. In short, the CNB recommends that “the Czech government should not set a 

target date for joining the euro area for the time being” and that it should not seek to join the 

exchange rate mechanism for now, as summarised in the latest report. (CNB Maastricht Con-

vergence Criteria Report, 2016, 2018, 2020) 

 

2.4.2 The stance of Canada 

 

The North American Free Trade Agreement (NAFTA) is one of the three largest trading blocs 

in the world, and despite the high level of trade integration of its members - Canada, the US 

and Mexico - it has not yet evolved beyond its original purpose as a free trade area, and any 

steps towards monetary or even currency union are nowhere in sight (Crowley, 1999). Accord-

ing to Laidler and Robson (2002), a single currency system between the US and Canada would 

lead to a significant reduction in transaction costs for all interstate trade participants, given the 

commercial interdependence of the two countries. Savings from currency transactions alone 

could reach up to $3 billion, and Canada’s GDP could increase by up to 33% over the next 20 

years if a single currency is adopted, Laidler and Robson (2002) add. In addition, Canadian 

businesses and households could adapt without much difficulty because they are already famil-

iar with the US dollar (USD) (Laidler, 1999). 

 

On the other side, the structure of production in the two countries is still quite different, as the 

Canadian economy remains heavily oriented towards commodity exports. Another argument 

against a common currency would be the potential loss of the flexible exchange rate, which has 
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successfully acted as a buffer against external shocks arising from commodity price fluctuations 

and has been one of the cornerstones of Canada’s monetary independence. (Schembri, 2019) 

 

A 2007 statement by the Canadian Department of Finance presents the authorities’ clear view 

on the matter: “a North American common currency would undoubtedly mean for Canada the 

adoption of the US dollar and US monetary policy, Canada would have to give up its control of 

domestic inflation, interest rates and would effectively lose its economic sovereignty”. (Chase, 

2007) 

 

2.5 VAR framework and transmission mechanism 

The following section reviews the beginnings of VAR modelling in macroeconomics and the 

existing research on VARs in monetary transmission in Canada and the Czech Republic.    

 

2.5.1 VAR origins and transmission puzzles 

 

The seminal work of Sims (1980) heralded the entry of VARs into econometric modelling, and 

since then VAR methodology has been widely used in analyses of monetary policy transmission 

mechanism. In the 1990s, a myriad of papers were devoted to further developing the VAR 

framework to better identify the responses of macroeconomic variables to monetary policy 

shocks, namely Leeper et al. (1996) and Christiano et al. (1999), who also provide a thorough 

review of the literature on monetary transmission mechanism in the US. Individual VAR studies 

differ by number of examined countries, variables contained in the model and selected identi-

fication strategy (Mojon and Peersman, 2001). Gerlach and Smets (1995) investigated G-7 

countries using VAR with 3 inputs: output, the price level and the interest rate. Furthermore, 

Peersman and Smets (2001) perform an aggregate analysis of the euro area, identifying the 

EMU as a whole and investigating the responses of macroeconomic variables to area-wide 

monetary policy impulses, whilst Mojon and Peersman (2001) utilize a country-level identifi-

cation strategy for the 10 members of the EMU to measure transmission mechanism in the pre-

EMU period.  
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Following a monetary contraction, output and prices should fall temporarily, as economic the-

ory indicates. Nevertheless, a number of findings based on VARs document that, on the con-

trary, prices rise after interest rate tightening, i.e. prices exhibit a so-called price puzzle resulting 

from monetary policy response to external shocks (Borys et al., 2009). Including a vector of 

exogenous variables that control for changes in world demand and inflation generally helps to 

solve the price puzzle, as argued by Mojon and Peersman (2001). 

  

Another counterintuitive phenomenon observed in many VAR-based papers is the exchange 

rate puzzle, i.e. depreciation of exchange rate as a consequence of monetary contraction (Borys 

et al., 2009). Mojon and Peersman (2001) claim that this exchange rate behaviour may again 

be due to the effect of foreign monetary policy on the smaller economy, and state that neglecting 

to include the large economy’s foreign interest rate in the vector of endogenous variables may 

lead to price and exchange rate puzzles in the SOE model. However, Arnoštová and Hurník 

(2005) refer to their results for the Czech Republic, which show the existence of an exchange 

rate puzzle between 1994-2004 even after controlling for the foreign interest rate and explicate 

it by the behaviour of monetary policy during the exchange rate crisis after the change from a 

fixed to a floating exchange rate in 1997 and the subsequent switch of the CNB’s monetary 

policy regime to inflation targeting at the end of 1997. 

 

2.5.2 Research on monetary transmission in Canada and the Czech Re-

public using VAR 

 

Moving to the studies concerning SOEs, Cushman and Zha (1997) extend the research of Chris-

tiano et al. (1999) in the context of a small open economy to explore interactions between the 

U.S. and Canadian economies. They exploit the assumption that a SOE cannot substantially 

affect the large economy and, on that account, incorporate a block exogeneity restriction into 

the model by treating all foreign variables as exogenous. The block restriction is introduced 

because of the assumption that SOEs cannot have a significant influence on the large economy, 

although the opposite is possible (Cushman and Zha, 1997). Hence, the euro area or US varia-

bles can affect the SOE variables, but not vice versa, as employed by Cushman and Zha (1997) 

or Havránek et al. (2012). Zha (1999) asserts that failing to impose the block exogeneity re-

striction is not only economically unappealing but may also lead to misleading conclusions. 

Besides, Cushman and Zha (1997) prove that “US shocks are a very important source of forecast 
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error for all Canadian variables”, specifically, about 70% of the variance of Canadian output 

can be attributed to US shocks with a four-year lag (Cushman and Zha, 1997). Bhuiyan (2012), 

Giordani (2004) and Kim (2001) further confirm the findings of Cushman and Zha (1997) that 

US shocks are a relevant source of variation in all Canadian macroeconomic variables. 

 

Unlike Cushman and Zha (1997) who used the market interest rate as a policy instrument, Bhui-

yan (2012) employs overnight rate target and discovers that Canadian monetary policy influ-

ences the economy through both the interest rate and the exchange rate channel. A contraction-

ary monetary policy shock lowers output with a lag bottoming out after approximately 6 

months, while prices decline after longer delay than output and start to recover after about 24 

months (Bhuiyan, 2012). One of the more recent papers focusing on Canada is Champagne and 

Sekkel (2018), who estimate monetary policy effects constructing a VAR model with monthly 

data from 1974 to 2015. They show that it is necessary to take into account the change in the 

conduct of monetary policy in 1991, when the BoC switched to an inflation targeting regime, 

because ignoring this turning point leads to monetary policy shocks that generate a lasting de-

cline in real GDP and a price puzzle. Based on their results, a positive 100-basis-point monetary 

policy shock decreases real GDP by 1% between 18 to 24 months after the shock, whereas the 

consumer price index (CPI) reacts more slowly, falling by 0.4% after 3 years (Champagne and 

Sekkel, 2018). 

 

Regarding research on monetary policy transmission in the Czech Republic within the VAR 

framework, Arnoštová and Hurník (2005) built two models, one incorporating the change in 

the monetary policy regime to inflation targeting in 1997 using quarterly data from 1994 to 

2004 and the other covering only the period after the regime switch (1998-2004). The extended 

data sample yields less reliable results showing signs of price and exchange rate puzzles even 

after accounting for the foreign interest rate. The authors explain the limited reliability by 

changes in the exchange rate and monetary policy regimes during 1997. The shorter data sample 

provides a more intuitive behaviour, output falls immediately following a contractionary inter-

est rate shock with a trough after one year, prices show moderate persistence in the first two 

quarters (the price puzzle) but then gradually decline and bottom out after about a year and a 

half, while the exchange rate appreciates significantly (showing signs of delayed overshooting) 

before the progressive depreciation, in line with the theory of uncovered interest parity (UIP) 

(Borys et al., 2009; Hayes, 2021a). (Arnoštová and Hurník, 2005)  

 



 

 19 

SOEs in Central Europe are also analysed by Maćkowiak (2006), who uses a VAR with block 

exogeneity restriction to investigate the extent to which variations in real aggregate output and 

the aggregate price level are caused by external shocks. He estimates that, roughly 60-85% of 

the long-run variance in aggregate price level and between 25-50% of the long-run variance in 

the real aggregate output in the Czech Republic is attributable to external shocks. What’s more, 

euro area interest rate shocks are responsible for more than a third of the impact of external 

shocks on real aggregate output and for about 50% of the impact on the aggregate price level 

in the Czech Republic. (Maćkowiak, 2006) 

 

Another complex research on the Czech monetary policy transmission is conducted by Borys 

et al. (2009), who use several VAR models, such as a classical VAR, a structural VAR (SVAR), 

a Bayesian VAR (BVAR), and a factor-augmented VAR (FAVAR) to evaluate the inflation 

targeting period based on monthly frequency data from 1998 to 2006. While the FAVAR esti-

mates are surrounded by a high degree of uncertainty and have large confidence intervals, all 

the remaining VAR models exhibit similar impulse responses to monetary policy shocks and 

collectively demonstrate well-functioning transmission mechanism resembling the eurozone 

countries. Both output and price level drop, showing a hump-shaped response, as a consequence 

of the monetary policy tightening with signs of recovery after about one year. The single mon-

etary policy regime (inflation targeting) ensures that there are no indications of a price puzzle. 

On top of that, exchange rate responses signal delayed overshooting behaviour, i.e. relatively 

sustained appreciation of the domestic currency after monetary contraction (usually lasting 

about 6-8 months), ensued by a gradual depreciation. (Borys et al., 2009)  

 

In contrast, Havránek et al. (2012) employ relatively simple two-country VAR model of the 

Czech Republic and the euro area with block restriction to assess the interactions and predictive 

power of financial variables for macroeconomic forecasts. The results confirm a well-function-

ing monetary transmission mechanism in the Czech Republic triggered by a domestic monetary 

policy shock, as previously demonstrated by Borys et al. (2009). GDP declines and bottoms out 

after one year or so, while the price level also reacts negatively with a bottom after about 15 

months as a result of the monetary tightening, with both variables illustrating hump-shaped 

responses, again a sign of a well-working transmission mechanism. The authors conclude that 

shocks in the euro area are important for the Czech economy, but the reactions of GDP and 

price level to euro area monetary policy contraction is associated with a large degree of uncer-

tainty. The impulse responses of GDP and the price level are positive in the first five months or 
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so, with the product responding positively up to 20 months after the monetary shock and the 

price level response oscillating around zero over time. (Havránek et al., 2012) 

 

One of the more recent papers focusing on the Czech Republic and similar SOEs is Babecká 

Kucharčuková et al. (2016), who compare the effects of conventional and unconventional ECB 

policy measures on the euro area and their spillover to EU countries outside the euro area over 

the period 2000-2015. The results suggest that the spillover of conventional monetary policy to 

non-euro area EU countries is relevant and similar to the behaviour of eurozone members with 

typical hump-shaped output and inflation responses. Impacts of unconventional policy actions 

are rather weaker and unclear, inflation in the Czech Republic stays more or less unaffected, 

output reacts with a slight increase and after 10 months slowly declines until it enters negative 

territory after about 25 months, the exchange rate reacts in the opposite direction to conven-

tional shocks and the initial depreciation is followed by an appreciation that persists until 25 

months after the contractionary monetary policy shock, when the impulse response dissipates. 

(Babecká Kucharčuková et al., 2016) 

 

2.6 Foreign exchange reserves management in Canada and the 

Czech Republic 

This section provides an overview of the size of FX reserves in Canada and the Czech Republic. 

A more detailed analysis of the structure and management of FX reserves in both countries is 

performed in Section 4.5. 

By the end of 2021, the CNB held foreign exchange reserves totalling approximately $174 bil-

lion (CNB FX Reserves Series, 2022). Canada, by contrast, had roughly $107 billion worth of 

international reserves at its disposal at the same time (BoC FX Reserves, 2022). Taking into 

account the estimated GDP for 2021, the ratio of Canadian reserves to GDP is about 5%, 

whereas the CNB has reserves worth around 63% of the Czech GDP (IMF Economic Outlook 

Database, 2021; OECD Country Database GDP, 2022). One of the things to point out is the 

striking difference in the ratio of reserves to GDP in the two countries. According to Timothy 

Lane, Deputy Governor of the Bank of Canada, long-term averages hover around 13% of GDP 

for advanced economies and 20% of GDP for EMEs (Lane, 2019). In their paper for the Bank 

of International Settlements (BIS), Arslan and Cantú (2019) indicate a growing tendency of FX 
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reserves accumulation in EMEs, where the average level of reserves moved from 5% in the 

early 1990s to almost 30% of GDP over the following 30 years. Arslan and Cantú (2019) also 

claim that high amounts of reserves help countries overcome and survive major shocks or crises, 

acting as a precautionary measure against them. 

To demonstrate the overall sharp increase in FX reserves, it is worth mentioning that the total 

volume of global FX reserves multiplied almost tenfold between 1995 and 2020 (Nikolova, 

2021). While Arslan and Cantú (2019) argue that determining the adequate FX reserve quantity 

remains to be challenging, they underline the large differences in reserve holdings under differ-

ent exchange rate regimes. Countries with managed float have an average reserves-to-GDP 

ratio of around 70%, whilst free-floating economies reach just under 20% (Arslan and Cantú, 

2019). The results presented in the study of Arslan and Cantú (2019) are therefore consistent 

with the two countries’ regimes described earlier. 

Timothy Lane further explains the relatively moderate level of Canadian reserves by the BoC’s 

goal of maintaining a freely floating exchange rate. In the last 20 years, there has been no at-

tempt to intervene in the FX market to stabilize the Canadian dollar, as monetary policymakers 

concluded that frequent interventions proved rather ineffective in the mid-1990s. The combi-

nation of the exchange rate regime and the “no unnecessary intervention” policy means that 

Canada does not need to hold any excess reserves and has set its minimum required level of 

liquid reserves at 3% of GDP, which is sufficient to meet its main purpose of hedging against 

contingencies. Canada is thereby capable to take full advantage of its free-floating exchange 

rate policy, which is essential to achieving monetary independence, and can utilize it to absorb 

external shocks with the potential support of a cushion of FX reserves. (Lane, 2019) 

On the contrary, the Czech Republic seems like an exemplary economy operating under man-

aged float regime with respect to the current ratio of FX reserves on the CNB’s balance sheet 

to Czech GDP, based on the report from Arslan and Cantú (2019). The size of reserves has been 

almost constantly increasing since November 2013, when the CNB opted for the exchange rate 

commitment for the purpose of depreciating the Czech koruna, until April 2017, by which the 

interventions were discontinued (CNB Exchange Rate Commitment, 2022). During this period, 

FX reserves nearly tripled to approximately $140 billion (CNB FX Reserves Series, 2022).  
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The level of FX reserves remained more or less constant until April 2020, when the world was 

hit by the COVID-19 pandemic crisis. Since then, the volume of foreign exchange reserves has 

gradually increased to its current level, as can be seen in Figure 1 on the evolution of the volume 

of foreign exchange reserves in both countries (See Figure 1). (BoC FX Reserves, 2022; CNB 

ARAD Database FX Reserves, 2022) 

 

The most recent activity on the foreign exchange market for the purpose of mitigating excessive 

fluctuations and depreciation of the Czech koruna took place in March 2022 in connection with 

the war in Ukraine (CNB Interventions March, 2022). The main reason why Czech FX reserves 

are much higher relative to GDP than Canadian reserves is the different type of flexible ex-

change rate. A managed float requires a larger quantity of reserve holdings than a freely floating 

exchange rate by its nature of more frequent exchange rate interventions. Moreover, these in-

terventions tend to accumulate large amounts of reserves, as has been proven in the past (CNB 

Exchange Rate Commitment, 2022). 
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3 Methodology and data 

 

The third chapter of this thesis begins with a brief outline of how monetary independence is 

analysed in the referenced research papers and continues by elaborating and describing the 

modelling used in this study. Further, the selection of the data sample and the period under 

study is explained and finally, the list of hypotheses tested in chapter 4 is presented and justi-

fied. 

 

3.1 Monetary independence in the context of interest rates 

 

The main objective of this Section 3.1 is to describe the cointegrated VAR methodology used 

to test the degree of monetary independence of the CNB from the euro area and of the BOC 

from the Fed. These two pairs are examined simultaneously in order to find any existing coin-

tegrating vectors, i.e. steady-state relationships, between the two economies (the Czech Repub-

lic – the eurozone, Canada – the USA) and possibly decide which countries adjust and which 

remain exogenous. In constructing the models presented later in chapter 3, this thesis draws 

inspiration from similar studies by Goczek (2015), Goczek and Mycielska (2016, 2019), Reade 

and Volz (2009a, 2009b) mentioned earlier. The main aim is not to forecast, but to investigate 

the historical co-dependence of individual monetary policies and, based on the results, to draw 

possible implications for the question of entry into the currency union from the position of 

SOEs, thus research established purely on historical data is conducted. 

 

Although the classical uncovered interest parity (UIP) condition includes domestic and foreign 

nominal interest rates, the nominal exchange rate, as well as the country risk premium (See 

equation (1), p. 24), many studies of monetary autonomy model interest rates in isolation 

(Reade and Volz, 2009b). This principle stems from the so-called “sectoral general-to-specific” 

property of cointegration as described by Juselius (2006). According to this theory, any cointe-

grating vector associated with a long-term relationship found in a smaller system will also be 

present in a larger system if the information set is expanded (Juselius, 2006). If the model is 

well specified, the properties of a cointegrating VAR framework model based solely on interest 

rate relationships, should transmit to more complex models incorporating these rates, i.e., UIP-

related modelling that considers not only interest rates but also exchange rates, the output gap, 
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inflation, and other external factors, as per Goczek and Mycielska (2019). In light of these facts, 

this thesis also follows the concept of modelling only interest rates. 

 

  𝑈𝐼𝑃:                                           𝑟𝑡 = 𝑟𝑡
∗ + 𝐸𝑡(𝑒𝑡+1 − 𝑒𝑡) +  𝜌,                                (1)   

 

r is the domestic nominal interest rate, r* is the foreign nominal interest rate, E is the expectation 

operator, e is the nominal exchange rate, ρ is the country risk premium, t is the time index 

 

Before proceeding to the next part of the methodology, it is useful to define several terms that 

are abundantly mentioned in the text. A process is said to be stationary if its probability distri-

bution is stable over time, i.e. the mean and variance are constant over the course of the obser-

vation. By contrast, non-stationary time series have statistical properties that vary over time. 

Moreover, a time series is assumed to be integrated of order d, i.e., I(d), or to have d unit roots 

if it needs to be differenced d-times to be stationary. The time series I(0) satisfies stationarity, 

while I(1) does not.  

 

Furthermore, if two time series are individually non-stationary, then they are said to be cointe-

grated if there exists a stationary linear combination of them. In the context of interest rates, 

cointegrating vectors, i.e. stationary combinations of non-stationary variables or steady-state 

relationships between them, represent uncovered interest parity relationships. A serious prob-

lem with many economic time series is their high persistence, i.e. they are strongly dependent 

and possibly non-stationary, and therefore statistical inferences may be invalid due to spurious 

significance when applying simple OLS regression. The construction of a classical OLS regres-

sion of the UIP with the domestic interest rate as the dependent variable and the foreign interest 

rate as explanatory variable also fails to account for the direction of causality, since it is impos-

sible to detect which country adjusts (or even both) to the established relationship from the 

equation. (Reade and Volz, 2009a) 

 

Non-stationarity of interest rates may be implausible from the economic theory viewpoint be-

cause the variance of interest rates would increase over time to infinity (Reade and Volz, 

2009b). On the other hand, looking at the evolution of world interest rates over the last decades, 

as well as the observed data sample, it is difficult to find stationarity in their means and vari-

ances. This leaves the important question of whether interest rates should be examined from a 

statistical or theoretical perspective.  
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Disregarding near non-stationarity, if that is the closest characterization of interest rates, can 

lead to spurious significance and consequently invalid inference, treating near non-stationary 

processes as non-stationary is therefore less harmful than adhering to the economic theory 

(Moon and Perron, 2007). What’s more, “the data-generating process for interest rates is com-

monly accepted in the empirical literature on interest rates as being integrated of order one – 

I(1), and as such implies non-stationarity”, Goczek and Mycielska argue (2019). Similar results 

are found for our data in levels, with stationarity rejected for all interest rate series, while using 

multiple tests, the unit root cannot be rejected in most cases. Thus, for the purposes of this 

thesis, all interest rates in levels are handled as non-stationary. The opposite results were ob-

tained for the observed data in their first differences, they are therefore considered to be sta-

tionary.1 

 

3.2 Modelling strategy 

 

The standard solution to non-stationarity commonly used in econometrics is to add lags of both 

interest rates and difference the model until stationarity holds. However, there is a risk of losing 

important information in the levels of the data, so an alternative error correction mechanism (2) 

is often used. (Reade and Volz, 2009a) 

 

                                        𝛥𝑟𝑡 = 𝛼0∆𝑟𝑡
∗ + 𝛼1[𝛿0 −  𝛿1𝑟𝑡−1 −  𝛿2𝑟𝑡−1

∗ ] + 𝜖𝑡.                       (2) 

 

In this setting, α0 determines how the domestic interest rate (rt) adjusts each period to any dis-

turbance of this equilibrium relationship. The coefficients δk constitute the long-run equilibrium 

relationship between the two interest rates and assuming that both of them form a cointegrating 

vector with coefficients [δ0, δ1, δ2], a possible spurious significance is avoided. Nevertheless, 

(2) still presumes only unidirectional causality (foreign interest rate to domestic interest rate) 

and, by not modelling the foreign interest rate, automatically assumes its exogeneity, which 

could prove problematic and reduce the credibility of this strategy. (Reade and Volz, 2009a) 

 

 
1 A summary of these tests is presented in Table 2, Table 3 in Section 4.1.1 and Table 6, Table 7 in the 

appendix. 
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The cointegrated VAR methodology employed below builds on the work of Engle and Granger 

(1987) on the application of the cointegration framework to non-stationary time series models, 

with a further extension to multivariate modelling, which is mainly inspired by the modelling 

techniques of Goczek and Mycielska (2016, 2019) together with Reade and Volz (2009a, 

2009b). The multivariate approach makes it possible, as Reade and Volz (2009b) claim, to 

model every series in the system, thereby avoiding a priori assumptions about the exogeneity 

and causality direction of individual variables. Unlikely as it may seem, it is desirable not to 

rule out the possibility that our selected SOEs are influencing interest rate settings in the euro 

area or the US, and to have leeway for this option in the model (Reade and Volz, 2009b). Fi-

nally, as Reade and Volz (2009b) add, “the multivariate context allows a much richer modelling 

of the dynamics of the variables under consideration and allows more than one cointegrating 

vector to exist”, which can be very useful when constructing a VAR model with two or more 

variables. 

 

The following equations (4)-(8) and the development of the related models together with the 

supporting theory are largely inspired by the methodology of Reade and Volz (2009a, 2009b).   

 

Hence, a vector autoregression (VAR) is introduced that includes both domestic and foreign 

interest rate series. The bivariate data vector Rt is defined as follows:  

 

                                                             𝑅𝑡 =  ( 𝑟
𝑟∗)

𝑡
.                                                              (3) 

The domestic rate (rt), represented by Canadian or Czech interbank rates, and the foreign rate 

(rt*), represented by euro area or US interbank rates, form a VAR model for each SOE-large 

economy pair described by the following equation: 

 

                          𝑅𝑡 =  𝛱0 + 𝛱1𝑡 + ∑ (𝛱𝑖𝑅𝑡−𝑖)𝐾
𝑖=1 + 𝑢𝑡 , 𝑢𝑡~𝑁(0, 𝜎2).           (4) 

 

The data vector Rt has dimension 𝑝 × 𝑇 𝑤𝑖𝑡ℎ 𝑡 = 1, … , 𝑇, Πi are 𝑝 × 𝑝 coefficient matrices, 

where Π0 and Π1relate to deterministic terms: a constant and a time trend, which are free to 

exist in this framework (See Section 3.4). Next, the disturbances must be uncorrelated across 

time, thus no serial correlation can be present among error terms and K stands for the number 

of lags in this Kth-order VAR model. Assuming the non-stationarity of the data in levels, i.e., 
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Rt ~ I(1) and provided the stationarity condition of the error term, i.e., ut ~ I(0), then for (4) 

to be balanced, it needs to be rearranged to construct a vector error correction model (VECM): 

 

                                ∆𝑅𝑡 =  𝛱∗𝑅𝑡−1
∗ + ∑ (𝛷𝑖𝛥𝑅𝑡−𝑖)𝐾−1

𝑖=1 + 𝑢𝑡 ,                  (5) 

 

where Π∗ = (Π0, Π1, Π), 𝑅𝑡−1
∗ = (1, 𝑡, 𝑅𝑡−1)′, Π = ∑ (Π𝑖 − 𝐼)𝐾

𝑖=1 ,  

 Φ𝑖 =  − ∑ Π𝑗
𝐾
𝑗=𝑖+1  and 𝑡 = 1, … , 𝑇.  

 

Further, since Rt ~ I(1), ut ~ I(0) together with the stationarity of the data generation process 

in first differences, so ∆Rt ~ I(0), then for (5) to be balanced, Π must be of reduced rank. If Π 

is of reduced rank, there exist 𝑝 × 𝑟 matrices 𝛼, 𝛽 such that Π =  𝛼𝛽′and (5) can be transformed 

to: 

  

                                ∆𝑅𝑡 =  𝛼�̃�′𝑅𝑡−1
∗ + ∑ (𝛷𝑖𝛥𝑅𝑡−𝑖)𝐾−1

𝑖=1 + 𝑢𝑡 ,           (6) 

 

where 𝛽 = (𝛽0, 𝛽1, 𝛽)′, 𝑅𝑡−1
∗ = (1, 𝑡, 𝑅𝑡−1)′ and 𝑡 = 1, … , 𝑇.  

The vector 𝛼 displays the adjustment coefficients to the disequilibrium described by 

𝛽′𝑅𝑡−1
∗  (when 𝛽′𝑅𝑡−1

∗ ≠ 0, then disequilibrium exists) and the information from the coefficients 

of 𝛽′ enables to  examine the long-run equilibrium properties. The expression 𝛽′𝑅𝑡−1
∗  are the 

cointegrating vectors, i.e., stationary links between non-stationary variables that indicate 

steady-state relationships between the selected interest rates. In addition, in the context of in-

terest rates, the cointegrating vector denotes the UIP relationship.  

 

If Π is of rank one, signalling the existence of a single cointegrating vector 𝛽′𝑅𝑡−1
∗ , then 𝛽′ has 

dimension 1 × 𝑝 and 𝛽′ is 1 × 𝑝 + 2 with a constant and a time trend, moreover the cointegrat-

ing vector can be written as: 

 

       �̃�′𝑅𝑡−1
∗ = (𝛽0, 𝛽1, 𝛽2, 𝛽3)(1, 𝑡, 𝑟𝑡−1, 𝑟𝑡−1

∗ )′ =  𝛽0 +  𝛽1𝑡 + 𝛽2𝑟𝑡−1 + 𝛽3𝑟𝑡−1
∗ .  (7) 

 

Next, (6) can be reformulated using (7) as follows: 

 

        ( 𝛥𝑟
𝛥𝑟∗)

𝑡
=  (𝛼1

𝛼2
) (𝛽0, 𝛽1, 𝛽2, 𝛽3)(1, 𝑡, 𝑟𝑡−1, 𝑟𝑡−1

∗ )′ +  ∑ (𝛷𝑖𝛥𝑅𝑡−𝑖)𝐾−1
𝑖=1 + 𝑢𝑡 .         (8) 



 

 28 

Turning to the empirical analysis of the equations described above, if the rank of Π is indeed 

one, this implies that there exists a single cointegrating vector, i.e. a steady-state relationship 

between the observed interest rates, hinting at monetary dependence between the economies 

under study. The coefficients from the 𝛼 vector, together with their significance and signs, pro-

vide detailed insights into the response dynamics of individual interest rates to a specific coin-

tegrating vector, if one is detected, by showing which interest rate adjusts to the other and at 

what speed. The value  𝛼𝑦 therefore characterizes how much of the potential disequilibrium is 

corrected in each period, specifically 𝛼 =  ∆𝑅𝑡 (𝛽′𝑅𝑡−1⁄ ). It can be said that the smaller this 

coefficient 𝛼𝑦 is, the more monetary independence a country exhibits because it pays less at-

tention to how other interest rates behave and to corrections for what they do. (Reade and Volz, 

2009a) 

 

The larger economies (the eurozone and the US) are expected to exercise monetary autonomy 

and thereby not adjust to the cointegrating vector, thus 𝛼2 = 0, which is consistent with the 

exogeneity assumption of the dominant economy presented earlier in the VAR research papers. 

On the contrary, SOEs (Canada and the Czech Republic) are anticipated to adjust to the larger 

economy, hence 𝛼1 ≠ 0. If the economy does not adjust to the cointegrating vector, it is con-

sidered to be the driving force of the bivariate interest rate system, it is also assumed to dictate 

the level of the cointegration relationship that describes the equilibrium combinations of do-

mestic and foreign interest rates. (Reade and Volz, 2009b)  

 

Goczek and Mycielska (2019) contend: “If a steady-state relationship exists between interest 

rates in the two monetary areas, and furthermore, one country adjusts to this relationship while 

the other does not, then this is the evidence in favour of monetary dependence of the adjusting 

country on the non-adjusting one.” So, the 𝛼 vector is obviously very useful in research on 

monetary independence.  

 

If a cointegrating vector is found, it means that one of the two economies under analysis is 

adjusting, otherwise the vector would not have been discovered. The vector is found based on 

the eigenvalues, these are the squared correlations between the first differences of interest rates 

(∆𝑅𝑡) and the linear combinations of their levels (𝛽′𝑅𝑡). (Reade and Volz, 2009b) 
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For our chosen SOEs not to adjust, the larger foreign economy would have to adjust, which 

seems highly improbable and counter-intuitive, as explained above. Possible monetary inde-

pendence of the SOE should rather be reflected in the absence of cointegration between the 

domestic (SOE) and foreign interest rates (Reade and Volz, 2009a). Ultimately, if there is a co-

movement between their interest rate series, then for the reasons already stated and according 

to economic intuition, the larger economy (the US or the eurozone) should influence the SOE 

(Canada or the Czech Republic), suggesting a dependence of the SOE on the larger economy, 

not the other way around.  

 

3.3 Data description 

 

Interbank (money market/short-term) interest rates are the most fitting measure of monetary 

policy when comparing two currency areas (Bernanke and Blinder, 1992). To certain extent, 

markets take expected monetary policy actions into account before they actually occur, and 

therefore short-term money market rates are a good proxy for a country’s monetary policy 

(Goczek and Mycielska, 2016). Besides, reference rates based on interbank lending and bor-

rowing are profoundly encompassed in financial systems and have become the cornerstone of 

the world’s banking systems, with more than 50% of all lending in the world related to only 

two rates - LIBOR and EURIBOR (Goczek, 2015; Nakaso, 2013).  

 

If money market rates respond to domestic monetary policy measures as expected and their 

settings mirror the monetary needs of the economy, then a country is considered to have a sig-

nificant degree of monetary independence. However, if money market rates are heavily influ-

enced by foreign monetary policy shocks and external economic events from larger economies, 

leading to a close co-movement of foreign and domestic money market rates, then a country is 

said to exert little or no monetary autonomy in its monetary policymaking. (Reade and Volz, 

2009b)  

 

Alternatively, individual central bank policy rates can be used, but these variables have low 

variance and change relatively infrequently, additionally, their values may not represent a coun-

try’s true monetary stance when central bank’s monetary policy actions are ineffective, and 

markets do not react to them (Goczek and Mycielska, 2019). For the above reasons, this thesis, 

as well as many other research papers on the subject already mentioned, uses the three-month 
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interbank rates as the relevant representative of monetary policy. In terms of frequency, 

monthly data are a common tool when analysing long-run monetary convergence because they 

display relationships to a greater extent than daily frequency data, which often contain undesir-

able noise and jumps due to their volatility (Goczek and Mycielska, 2016). This study utilizes 

monthly averages of daily values of selected interbank rates from the OECD database, primarily 

due to their described suitability for the purposes of this research and also because of data avail-

ability. 

 

Specifically, this thesis examines four series of three-month short-term interest rates for two 

pairs of economies, i.e. the Czech Republic vis-à-vis the euro area and Canada vis-à-vis the 

USA, over the period 01/2001-02/2022, with 254 observations in each series. Reade and Volz 

(2009b) state that in order to detect cointegration and stationarity, it is best to observe data over 

a longer time period, especially for macroeconomic variables, because over the longer time 

horizon these variables are subject to macroeconomic shocks that cause a large number of cor-

rections to the equilibrium relationship. This relationship can only be discovered by cointegra-

tion if there is sufficient data to portray these reversions to the mean (Reade and Volz, 2009b). 

The author believes that the chosen period of more than 20 years should satisfy this condition 

to determine whether there exists any cointegration between the monetary policies under inves-

tigation, given that previous research papers have often analysed shorter periods. 

 

For the first couple of economies, three-month PRIBOR (Prague InterBank Offered Rate) and 

EURIBOR (Euro InterBank Offered Rate) are used, which are reference rates for deposits in 

Czech koruna and euro offered by one prime bank to another prime bank with a maturity of 3 

months. In choosing the 01/2001-02/2022 period of interest, we follow Goczek and Mycielska 

(2016), who decided to explore the PRIBOR and EURIBOR rates in 2001-2012 on the grounds 

that the Czech Republic introduced a floating exchange rate regime and inflation targeting in 

1997 and excluded the disinflationary years 1998-2000.  

 

The three-month LIBOR (London InterBank Offered Rate) and CDOR (Canadian Dollar Of-

fered Rate) rates, which control interbank deposits in US and Canadian dollars, are employed 

to analyse US and Canadian monetary policy. For various reasons, the same period 01/2001-

02/2022 is selected as for the PRIBOR vs. EURIBOR study. Canada successfully moved away 

from reacting to exchange rate movements and introduced an inflation targeting regime in the 

1990s, and since 1998 the BoC has stuck to its “no unnecessary intervention” policy 
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(Champagne and Sekkel, 2018; Lane, 2019). In addition, at the end of 2000, the BoC adopted 

a fixed-dates regime for the announcements of its key policy rates (Gravelle and Moessner, 

2001). In the author’s view, all of these factors have contributed to the sovereignty of Canada’s 

monetary policy and increased its general credibility for the period under review. The fact that 

the periods covered are the same for both pairs of economies adds to the overall comparability 

of the study. 

 

In short, monthly averages are used, a total of 254 observations for each time series, with 

PRIBOR plotted vis-à-vis EURIBOR in Figure 2 and CDOR vis-à-vis LIBOR in Figure 3.2 

 

All data are from the OECD database, and looking at both charts, the impact of the global 

financial crisis in 2008 is clearly visible, the extensive low interest rate policy of the ECB and 

the Fed during 2010s is also evident, and the Covid pandemic in early 2020 represented another 

notable shock to all rates (OECD Database Short-Term Interest Rates, 2022). 

 

 
2 The LIBOR series was missing one value for April 2020, this figure (1.09%) was added manually after 

calculating the average of the daily values for the relevant month. Source: Macrotrends 3m LIBOR (2022) 
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Figure 3.1

PRIBOR EURIBOR

Figure 4: PRIBOR-EURIBOR 

 

Table 1: Unit root/stationarity tests in LEVELSFigure 
5: PRIBOR-EURIBOR 

Source: OECD Database Short-term Interest Rates, 2022  

Figure 2: PRIBOR-EURIBOR 
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3.4 Formulation of hypotheses 

 

Several hypotheses are tested for both pairs of economies, i.e. the Czech Republic and the eu-

rozone, Canada and the USA:  

 

1. H0 : Π is of rank one: There is a single cointegrating vector, i.e. a long-run steady-state 

relationship between interest rates in the Czech Republic (Canada) and the eurozone (the 

USA). 

2. H0 : 𝛼1 ≠ 0: Domestic economy (the Czech Republic or Canada) adjusts to the steady-state 

relationship, indicating its monetary dependence on the larger economy. 

3. H0 : 𝛼2 = 0: The eurozone (the USA) drives the bivariate interest rate system, it does not 

adjust to Czech (Canadian) interest rates.   

4. H0 : 𝛽0 = 0: No risk premium in the Czech Republic (Canada) over the eurozone (the USA).   

5. H0 : 𝛽1 = 0: No interest rate convergence between the Czech Republic (Canada) and the 

eurozone (the USA) 

 

Source: OECD Database Short-term Interest Rates, 2022  
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CDOR LIBOR

Figure 6: CDOR-LIBOR 

 

Table 2: Unit root/stationarity tests in 
FIRST DIFF.Figure 7: CDOR-LIBOR 

Figure 3: CDOR-LIBOR 
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The first hypothesis follows on equation (7) (See p. 27) and the related paragraph, H0 implies 

the existence of a single cointegrating vector and a certain degree of monetary dependence 

between the studied economies. In addition, a zero-rank test can be complemented, and if not 

rejected, it suggests that there is no long-run relationship between the respective interest rate 

series, indicating monetary independence of the SOE from the larger economy, as declared by 

Reade and Volz (2009a) for the case of the UK and Germany. This ability to discriminate be-

tween dependence and independence further demonstrates the adequacy of the chosen model-

ling strategy. Hypotheses (2) and (3) are based on equation (8) (See p. 27) and the discussion 

below. 

 

Regarding the hypothesis (4), in the UIP equation (1) (See p. 24), a country’s domestic interest 

rate equals the foreign interest rate plus the country’s risk premium. Reade and Volz (2009a) 

interpret the risk premium as a constant term (𝛽0) in the cointegrating vector (See equation (7), 

p. 27). It is intuitive to expect a positive risk premium in a smaller SOE relative to a larger 

economy when it comes to the interbank market because the SOE is considered riskier (Reade 

and Volz, 2009a). Therefore, the test of sign and significance of 𝛽0 serves as a test for the 

existence of a risk premium in the SOE.3 

 

As for the hypothesis (5), it can be assumed that with increasing financial and trade integration 

between the observed SOEs and neighbouring large economic blocs, especially in the case of 

the Czech Republic due to its inevitable future adoption of the euro, the risk premium of the 

SOEs will gradually diminish, and thus domestic and foreign interest rates should converge in 

the long run. Introducing the time trend into the cointegrating vector (See equation (7), p. 27) 

and testing the corresponding coefficient 𝛽1 provides an analysis of this phenomenon. This 

model (See equation (8), p. 27) is not appropriate for long-term forecasting because the time 

trend eventually implies divergence, i.e., one of the interest rates going to infinity, which is not 

plausible. Nonetheless, given the fixed period of the data samples, the time trend is eligible and, 

moreover, suitable for the main objective of this thesis, which is to study historical co-depend-

ence. (Reade and Volz, 2009a, 2009b) 

 

 
3 Of course, other factors such as capital flow control, etc., may also influence the interest rate differen-

tial, but for the purposes of this study they are not considered. 
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4 Results and comparative analysis 

 

Chapter 4 consists of several sections and addresses all the objectives outlined in the introduc-

tion. First of all, the results of the cointegration and VECM modelling are presented, followed 

by a robustness checks of the methods adopted. Implications with respect to the possible entry 

of both SOEs into currency unions are then discussed, while the monetary policy transmission 

in both countries is also reviewed. Finally, the management and structure of foreign exchange 

reserves in each of the two SOEs is examined. 

 

4.1 Cointegration results 

 

The first section of chapter 4 tests the unit root and stationarity of each interest rate series, then 

the appropriate specification of the model with the most suitable number of lags is selected, and 

finally the results of the cointegration testing of the two VAR models are presented and inter-

preted. 

 

4.1.1 Results of unit root and stationarity tests 

 

In order for the VECM to be balanced and also for the cointegration testing (See equation (5), 

p. 27), the belonging assumptions need to be checked. The model variables (money market 

rates) are supposed to be integrated of order one in levels, i.e. non-stationary, whereas stationary 

in first differences. Adequate unit root and stationarity tests are therefore performed to meet 

these requirements, in a similar fashion to Goczek (2015) and Goczek and Mycielska (2016). 

Their summary is presented in Table 2 for the data in levels and Table 3 for the first-differenced 

data with supplementary information in Table 6 and Table 7 in the appendix. Multiple testing 

techniques were applied for better decision metrics and are briefly introduced individually in 

the following paragraphs. 

 

First, an Augmented Dickey-Fuller (ADF) test is conducted to test the H0 hypothesis of the 

presence of a unit root in four selected time series of short-term interest rates. In the levels (See 

Table 2), the unit root for PRIBOR cannot be rejected, but for the other the unit root can be 
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rejected with 5% significance. In first differences (See Table 3), the unit root process is strongly 

rejected for all variables with p-values much smaller than 1%. The number of lags in the first 

simple ADF test is selected using both Akaike information criterion (AIC) and Bayes/Schwarz 

information criterion (BIC/SIC), whose outputs are equal in this case. However, ADF tests can 

be highly erroneous and misleading if the number of lags or the form of the model is not cor-

rectly determined, with the test statistic being very sensitive to their changes (Arltová and Fe-

dorová, 2016). Thus, the analysis is complemented by an ADF "TREND" test of trend and drift, 

i.e. the intercept and time trend contained in the test regression, an ADF "DRIFT" test of only 

the intercept included, and an ADF test using Schwert’s lag length parameter (See Table 6, 

Table 7). The results for the data in first differences (Table 7) are similarly unambiguous to 

those in Table 3, but the findings for the data in levels (See Table 6) are much less conclusive 

in terms of unit root rejection, with most p-values greater than 10%. The equivocal results of 

various ADF tests further support the need to pursue additional alternatives to test for unit root 

and stationarity of the variables. 

 

Second, the Phillips-Perron (PP) test is employed for testing the same H0 hypothesis as in ADF 

tests. Its advantage over ADF is that it corrects for possible serial correlation and heteroskedas-

ticity of errors and does not need to specify the lag length, on the other hand, it is sensitive to 

small sample size and structural breaks (Arltová and Fedorová, 2016). With the exception of 

CDOR, the unit root process cannot be rejected in interest rate levels with 10% significance, 

while it is heavily rejected in the first differences of all of the rates with a margin of error much 

lower than 1% (See Table 2, Table 3). 

 

Next, the Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test is performed. This method is purely 

a stationarity test, not a unit root test like the others. Stationarity in levels is strongly rejected 

with a 1% level of significance for each of the interbank rates, whilst stationarity in first differ-

ences cannot be rejected with a p-value higher than 10% for every rate but PRIBOR (See Table 

2, Table 3). Although the trend stationarity of the first-differenced PRIBOR at 10% significance 

cannot be rejected (See Table 7). 

 

Lastly, the Dickey-Fuller-GLS (DF-GLS) test is applied, which again tests for the presence of 

a unit root (same H0 as ADF and PP). It uses generalized least-squares regression to transform 

the time series and provides better performance for inputs with small sample sizes than the 

standard ADF (Enders and Liu, 2014). The number of lags is automatically determined by BIC 
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and in all cases in Table 2 and Table 3 was equal to 4. For level data, the unit root cannot be 

rejected for any of the rates with p-values substantially exceeding the 10% critical value, con-

versely, unit root processes in first-differenced data are rejected at 5% significance for LIBOR 

and 1% significance for the other rates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PRIBOR EURIBOR LIBOR CDOR

ADF statistic -1.2475 -2.2209 -2.2322 -2.0771

1% Critical

5% Critical

10% Critical

p-value 0.213 0.0273 0.0265 0.0388

Z-tau statistic -2.1328 -1.7547 -2.4309 -2.6139

1% Critical

5% Critical

10% Critical

p-value 0.1~ 0.1~ 0.1~ 0.1*

KPSS statistic 2.2012 3.3508 1.339 2.3349

1% Critical

5% Critical

10% Critical

p-value 0.01*** 0.01*** 0.01*** 0.01***

DF-GLS statistic -1.033 -0.1377 -0.4074 -0.1703

1% Critical

5% Critical

10% Critical

p-value 0.3026 0.8906 0.6840 0.8649

Phillips-Perron test (PP)

Kwiatkowski-Phillips-Schmidt-Shin test (KPSS)

Dickey-Fuller-GLS test (DF-GLS)

Interbank rates in LEVELS

Table 4.1: Unit-root/stationarity tests

Augmented Dickey-Fuller test (ADF)

0.739

0.463

0.347

-2.57

-1.94

-1.62

-3.457668

-2.873053

-2.572854

-2.58

-1.95

-1.62

Note: ***p-value<0.01, **p-value<0.05, *p-value<0.1, ~p-value>0.1

Table 3: Unit root/stationarity tests in LEVELS 

 

 

Table 2: Unit root/stationarity tests in LEVELS 
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In conclusion, taking all tests into account, the non-stationarity (presence of a unit root process 

in the data) of the rates in levels cannot be rejected in majority of the cases, and their stationarity 

is rejected at 1% significance level, and for these reasons they are hereafter referred to as I(1). 

The findings for the rates in their first differences are even more convincing of their stationarity 

and the rejection of a possible unit root contained in them, so they are henceforth treated as 

PRIBOR EURIBOR LIBOR CDOR

ADF statistic -6.7116 -6.4962 -8.8577 -6.8951

1% Critical

5% Critical

10% Critical

p-value 0.01*** 0.01*** 0.01*** 0.01***

Z-tau statistic -6.8742 -6.5558 -11.0707 -7.2653

1% Critical

5% Critical

10% Critical

p-value 0.01*** 0.01*** 0.01*** 0.01***

KPSS statistic 0.47814 0.09832 0.18181 0.132

1% Critical

5% Critical

10% Critical

p-value 0.04659 0.1~ 0.1~ 0.1~

DF-GLS statistic -2.7351 -5.3042 -2.0481 -2.5887

1% Critical

5% Critical

10% Critical

p-value 0.01*** 0.01*** 0.0416 0.01***

Table 4.2: Unit-root/stationarity tests

Interbank rates in FIRST DIFFERENCES

Augmented Dickey-Fuller test (ADF)

Phillips-Perron test (PP)

Kwiatkowski-Phillips-Schmidt-Shin test (KPSS)

Dickey-Fuller-GLS test (DF-GLS)

0.739

0.463

0.347

-2.57

-1.94

-1.62

-3.457766

-2.873097

-2.572877

-2.58

-1.95

-1.62

Note: ***p-value<0.01, **p-value<0.05, *p-value<0.1, ~p-value>0.1

Table 4: Unit root/stationarity tests in FIRST DIFF. 

 

Table 5: AIC model and lag length selectionTable 
6: Unit root/stationarity tests in FIRST DIFF. 

Table 3: Unit root/stationarity tests in FIRST DIFF. 
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stationary, i.e. I(0). Nevertheless, even if some series are stationary and others are non-station-

ary, Johansen’s cointegration methodology remains valid, no correlation would be found be-

tween the unit root series and the stationary series, which means that no cointegration could be 

detected between them, as Reade and Volz (2009a) suggest.  

 

4.1.2 Model specification and lag length selection 

 

This subsection deals with the construction and specification of the best-fitting unrestricted 

VAR model (See equation (4), p. 26), which is then subjected to a cointegration test. First of 

all, the correct lag order for the VAR model must be determined. The VARselect function used 

to perform this procedure has several types of possible deterministic regressors that can be in-

corporated – “const” indicates the inclusion of an intercept, “trend” a linear time trend, and 

“none” no intercept or time trend included in the model. VARselect uses 4 different information 

criteria, i.e. Akaike (AIC), Hannan-Quinn (HQ) and Schwarz (SIC), as well as Akaike’s final 

predictor error (FPE).  

 

For the appropriate lag order parameter, each model variant is assigned the number of lags that 

the four criteria recommend most frequently. Similar to Goczek (2015), Goczek and Mycielska 

(2016, 2019), minimization of AIC is applied to select the best-fitting version of the model. 

This technique is based on finding the model with the lowest AIC parameter relative to other 

models in order to minimize the estimated information loss in the modelling process (Profillidis 

and Botzoris, 2019). Table 4 summarizes the results of the described methods for AIC minimi-

zation and lag order selection. 

 

Looking at the Table 4, an unrestricted VAR model with a linear time trend and 4 lags is best 

for the PRIBOR-EURIBOR pair and an unrestricted 13th order VAR model with an intercept 

is most suitable for LIBOR-CDOR, all while minimizing AIC. Hence, for the purpose of this 

study, the best-fitting models are selected, but a thorough analysis of the residuals of both VAR 

models is still needed before proceeding to test the cointegration. 
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Beyond this, the residuals of both models must satisfy several requirements, namely normality 

and no serial correlation (See equation (4), p. 26). Accordingly, multiple residuals testing is 

conducted, starting by checking for any serial correlation of errors that could potentially bias 

the cointegration rank tests. For the European VAR with a trend term and 4 lags, the null hy-

pothesis of no serial correlation between the error terms can be rejected at 5% significance level 

(p-value of 3.4%), and that is why the number of lags is increased to 7 to tackle this issue. With 

7 lags and a time trend, the H0 of no serial correlation cannot be rejected at 5% significance (the 

p-value is higher than 20%), so the best-fitting VAR model for the PRIBOR-EURIBOR pair is 

again selected according to the minimization of the AIC for 7 lags (See Table 4), which is again 

the one with a time trend. 

 

For the US-Canada VAR with a constant term and 13 lags, the null hypothesis of no serial 

correlation in the residuals can be rejected at the 5% significance level independent of lag 

length, with the highest p-value of 3.2% for the variant with 13 lags, as determined by AIC 

minimization. Nevertheless, we proceed with the analysis with autocorrelation in the errors of 

the LIBOR-CDOR VAR model with 13 lags and an intercept included similar to Reade and 

Volz (2009b). That is because the residuals of this particular model are slightly negatively 

lag number none const trend

4 -8.8960 -8.8956 -8.9066

 7* -8.8549 -8.8567 -8.8628

13 -7.9981 -8.0155 -7.9964

Table 4.3: AIC parameters for lag order and model type

Model type

PRIBOR-EURIBOR model

LIBOR-CDOR model

Notes: The bold AIC parameters are the lowest for a given number of lags and 

therefore indicate the type of model with the lowest estimated information 

loss for a given country pair VAR model. The involvement of both intercept 

and time trend is not considered because the Johansen cointegration test 

does not allow this option, otherwise a VAR with both a constant and a trend 

would have been chosen for all  models under consideration based on the 

minimization of the AIC. The number of lags corresponds to the most 

recommended value of this parameter according to the four information 

criteria for all  model variants combined. *For PRIBOR-EURIBOR, 7 lags are 

used instead of the recommended 4 due to serial correlation in the residuals - 

more in the discussion on residuals control.

Table 7: AIC model and lag length selection  

 

Table 8: Johansen cointegration tests, 1st 
choice modelsTable 9: AIC model and lag 

length selection  

Table 4: AIC model and lag length selection 
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correlated in most of the lags and this could induce positive bias in the cointegration tests as 

mentioned by Reade and Volz (2009a), which should not be detrimental given the conclusive 

test results in Subsection 4.1.3.   

 

Another requirement that must be met before cointegration testing can be initiated is the nor-

mality of the residuals. The null hypothesis of the Shapiro-Wilk normality test is that the dis-

tribution is normal. This H0 is strongly rejected at 1% significance for both VAR models, how-

ever, by inspecting the density plots, the distribution of their residuals is symmetric and lepto-

kurtic (kurtosis > 3 for both models) with minimal excess skewness, so we again continue with 

the analysis with reference to the same procedure of Reade and Volz (2009a, 2009b). Indeed, 

they state “it is the symmetric distribution of errors that is required, failures of the normality 

test due to excess kurtosis can be tolerated, but not those due to skewness” (Reade and Volz, 

2009a).     

 

Eventually, autoregressive conditional heteroskedasticity (ARCH) of the error terms, which is 

common in time series data, is inspected. The null hypothesis of no ARCH effects in the resid-

uals is heavily rejected at the 1% significance level for both VAR models. Yet, monthly data 

frequency weakens the ARCH effects compared to daily or weekly frequency, as argued by 

Goczek and Mycielska (2019). Moreover, as Reade and Volz (2009a) suggest, failure of the 

ARCH test can still lead to relevant cointegration test results because the Johansen method used 

in Subsection 4.1.3 is robust to ARCH effects in the errors, which essentially allows the analysis 

to continue. 

 

4.1.3 Cointegration tests and discussion 

 

In this most important part of chapter 4, the results of Johansen cointegration tests are presented 

and the validity of the first hypothesis of rank one for the matrix Π is verified (See Section 3.4). 

Table 5 displays the rank test statistics and the critical values for our two selected models from 

previous subsection for two types of rank tests based on either trace statistic or maximum ei-

genvalue. For both PRIBOR-EURIBOR and LIBOR-CDOR models with the specifications and 

lags stated in Subsection 4.1.2, the rank zero of the Π matrix cannot be rejected even at the 10% 

significance level, neither for the trace nor for the maximum eigenvalue type test. The same 

results naturally follow from a test of the rank of matrix Π <=1, again it cannot be rejected for 
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any model and test specification. Thus, we do not have enough statistical evidence to satisfy 

the first hypothesis of Section 3.4. To be true, we would have to reject rank 0 and not reject 

rank <=1. Our results are similar to those of Reade and Volz (2009a) for the case UK-Germany, 

so we follow their procedure for this eventuality. 

 

Since we cannot reject the rank zero of matrix Π, there are not enough statistical arguments to 

find a cointegrating vector, i.e. a steady-state long-run relationship between the rates in the two 

models (PRIBOR-EURIBOR, LIBOR-CDOR). The absence of an adjustment of domestic 

money market rates to foreign money market rates, as explained in Sections 3.2 and 3.4, can be 

interpreted as evidence of the relative degree of monetary policy independence in the Czech 

Republic and Canada, as the co-movement of short-term rates implying monetary dependence 

cannot be proven. The results do not suggest complete monetary independence for both coun-

tries, but rather show that it cannot be rejected and, on the other hand, a clear dependence on 

their neighbouring economic areas (the eurozone and the US) cannot be confirmed, which in-

dicates that a certain degree of monetary autonomy must be exerted in these SOEs (the Czech 

Republic and Canada).  

test type

rank =0 <=1 =0 <=1

1% Critical 30.45 16.26 23.65 16.26

5% Critical 25.32 12.25 18.96 12.25

10% Critical 22.76 10.49 16.85 10.49

test statistic 19.97~ 8.06~ 11.91~ 8.06~

1% Critical 24.60 12.97 20.20 12.97

5% Critical 19.96 9.24 15.67 9.24

10% Critical 17.85 7.52 13.75 7.52

test statistic 13.94~ 3.31~ 10.62~ 3.31~

TRACE EIGEN

Notes: "Trace" and "Eigen" indicate the type of test statistic used in the test,  ~p-value>0.1, "trend" = 

trend term variable in the cointegration specification of the model, "const" = intercept in the 

cointegration specification of the model

PRIBOR-EURIBOR "trend" model, 7 lags

Table 4.4: Johansen cointegration rank tests

LIBOR-CDOR "const" model, 13 lags

Table 10: Johansen cointegration tests, 1st choice models 

 

Table 11: Unit root/stationarity tests TREND, DRIFTTable 
12: Johansen cointegration tests, 1st choice models 

Table 5: Johansen cointegration tests, 1st choice models 
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There are several reasons why the non-existence of cointegration between interbank interest 

rates cannot be rejected. One possible explanation is that one of the series is stationary and the 

other is non-stationary, as proposed by Reade and Volz (2009a). However, this is unlikely be-

cause the stationarity and unit root tests conducted in Subsection 4.1.1 clearly argue against the 

stationarity of all interest rate series. Reade and Volz (2009a) further claim that another possible 

cause for the lack of adjustment of the two SOEs to specific rates (EURIBOR, LIBOR) could 

be the impact of idiosyncratic shocks that distinguish the SOE from the larger economy, since 

the SOE has to respond to these shocks by adjusting interest rates and also has the independence 

to do so. The other reasonable explanation can be the different evolution of benchmark rates 

from the rates of SOEs after the financial crisis in 2008 and during 2010s, when LIBOR and 

EURIBOR rates remained close to or even below zero (EURIBOR) most of the time, while 

PRIBOR and CDOR rates were mostly above zero or even above 1 for CDOR (See Figure 2, 

Figure 3). 

 

Engle and Granger (1987) also developed a method of testing for cointegration, where the re-

siduals from equation (2) (See p. 25) are tested for the presence of a unit root, and if rejected, 

the time series is said to be cointegrated. This method, however, requires many preliminary 

tests as well as exogeneity assumptions for one of the interest rates and is generally considered 

to be less reliable than the Johansen method, as discussed in Section 3.2 under equation (2) (See 

p. 25), hence it is not employed in this research (Reade and Volz, 2009a). 

 

4.2 Robustness checks 

 

The following section shows the overall robustness of the selected models, methods and results 

presented in Section 4.1.  

 

First, the choice to examine interbank interest rates as a benchmark for a country’s monetary 

policy can be questioned. Central bank policy rates might be an obvious candidate at first 

glance, but, as noted in Section 3.3, they change infrequently and may not be representative of 

a country’s monetary situation if the central bank’s policy actions are ineffective and not taken 

into account by markets. For the purposes of this study, money market interest rates are there-

fore considered to be the most appropriate proxies for monetary policy, as in many other re-

search papers on this topic mentioned in chapters 2 and 3. 
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The frequency of the data may be challenged as well, as the earlier cited work mostly investi-

gated rates with monthly, weekly and even daily frequencies. Given the availability of data and 

the fact that higher frequency data (weekly, daily) amplify the ARCH effects in the residuals, 

as described in Subsection 4.1.2, and introduce more noise into the datasets, as stated in Goczek 

and Mycielska (2016), the author believes that monthly frequency data consisting of averages 

of daily values used in this research constitute the most adequate option available. 

 

Since the interest rate relationships were initially derived from the UIP equation (1) (See p. 24), 

another possible criticism may point to the incompleteness of the model and the potential prob-

lematic omission of the nominal exchange rate between the countries analysed. A possible an-

swer to this question is the sectoral general-to-specific concept, outlined in Section 3.1, accord-

ing to which any long-run relationship found in the simplified system should automatically 

transfer to the extended multivariate model, provided the model specification is correct. On the 

other side, it is true that the inclusion of the exchange rate would allow the study to explore 

more transmission channels of monetary policy at the same time and would add more depth to 

the study. The author considers it as a potential opportunity to expand this research in the future. 

 

The selection and final specification of the models tested in Subsection 4.1.3 can also come 

under scrutiny. However, all of the tests and checks presented in Section 4.1 were performed 

on every possible combination of lags and model types without significant deviations from the 

results of the final models that were subjected to cointegration testing. These models selected 

for cointegration tests are considered to be the best-fitting ones according to the criteria set out 

in Section 4.1. Table 10 in the appendix shows cointegration tests for the second-best model 

specifications based on Table 4, i.e., a VAR model with an intercept (“const.”) and 7 lags for 

the PRIBOR-EURIBOR pair and a VAR model with no intercept or time trend (“none”) and 

13 lags for the LIBOR-CDOR pair. Again, for both models, the rank zero of the Π matrix cannot 

be rejected at the 10% significance level, neither for the trace test nor for the maximum eigen-

value test, as was the case in Subsection 4.1.3, hinting that there is no cointegrating vector 

between the rates for both country couples, meaning the relative monetary independence of the 

SOEs from their larger neighbours. 

 

The period of the study and the ability of the modelling strategy to discriminate between coun-

tries with and without interest rate cointegration is also a potential source of debate. The reasons 

for the choice of the time period under consideration are given in Section 3.3, extending the 
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period to include data before 2001 would probably require a more detailed check of the data 

and the introduction of dummy variables to account for structural breaks arising from the dif-

ferent monetary policy regimes pursued by SOEs before 2000s. It is more practical to shorten 

the examined period and use cointegration tests to monitor any significant changes. Thus, for 

the PRIBOR-EURIBOR pair, the data sample is restricted to the period 01/2001-09/2012, rep-

resenting a total of 141 observations for each interest rate and replicating the time span analysed 

by Goczek and Mycielska (2016) for the same variables. 

 

First, the time series are tested for stationarity and the presence of a unit root, analogous to the 

enlarged data set, a unit root, i.e., non-stationarity of the data in levels, cannot be rejected at the 

10% significance level, while the KPSS test rejects the null hypothesis of stationarity in levels 

at 1% significance. In contrast, stationarity in first-differenced data cannot be rejected at the 

10% significance level and the presence of a unit root is rejected at 1% significance. Therefore, 

we proceed to build an unrestricted VAR model and test for cointegration. The number of lags 

for the VAR is set to 5, and Table 8 in the appendix further shows the AIC parameters for each 

model variant, where, based on the minimization of the AIC, the models with intercept (“const”) 

and without trend or intercept (“none”) are the most favourable. Then, as in Subsection 4.1.2, 

the residuals are checked for ARCH effects, serial correlation, normality and distribution. The 

null hypotheses of no ARCH effects and normal distribution of error terms are strongly rejected 

at the 1% significance level, but H0 of no serial correlation cannot be rejected at 10% signifi-

cance for both the “const” and “none” models. Moreover, the errors are symmetrically distrib-

uted and leptokurtic (kurtosis > 3 for both models). So, for the same reasons as in Section 4.1.2, 

we can move on to testing cointegration. 

 

The results of the Johansen rank tests for cointegration are reported in Table 9 in the appendix, 

and when viewed, the zero rank of matrix Π is rejected at the 5% significance level for the trace 

and for the maximum eigenvalue test type in both models, while the rank <=1 of matrix Π 

cannot be rejected at 10% significance for any model or test specification. This means that the 

Π matrix is of rank one, the first hypothesis of Section 3.4 is confirmed and there is sufficient 

statistical evidence to finding a cointegrating vector between PRIBOR and EURIBOR over the 

period 01/2001-09/2012, implying a long-run relationship and a dependence of PRIBOR on 

EURIBOR as reported by Goczek and Mycielska (2016).  
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The fact that the methodology applied in this study is able to distinguish between cointegrated 

and non-cointegrated time series is essential to demonstrate the robustness and credibility of 

this modelling process. The example above, which shows the same results as previous research, 

also serves as a check on the correct application of this methodology. Furthermore, the results 

in Table 9 reveal that over the past decade the CNB has managed to step out of the shadow of 

the ECB and achieve relative independence in the conduct of its monetary policy. That finding, 

in fact, is one of the main contributions of this thesis. 

 

4.3 Implications for possible entry into currency unions 

The idea of this short section is based on the argument mentioned in the introduction that the 

loss of monetary independence is regarded as the most serious cost of participation in monetary 

union. Section 2.4 summarises the stance of the two SOEs, i.e. the Czech Republic and Canada, 

towards this particular possibility of them entering a monetary/currency union with the larger 

economic areas that are compared to them in this thesis, thereby the euro area in the case of the 

Czech Republic and the US in the case of Canada.  

If the results from Subsection 4.1.3 indicated some degree of monetary dependence of the two 

SOEs on their larger neighbours as a result of the identified cointegrating vectors, it would not 

be out of the question to reconsider the individual positions of the Czech Republic or Canada 

regarding their entry into the currency union, since the cost of losing monetary independence, 

as mentioned above, may no longer be a valid reason. Then again, the loss of autonomy to 

conduct its own monetary policy is not the only potential cost, as described in Section 2.4. 

In any case, this discussion is irrelevant because the results of the cointegration did not identify 

any fundamental monetary dependence in either of the two SOEs, and as such the arguments 

presented and defended by both the Czech Republic and Canada, which are currently opposed 

to joining currency unions, remain valid. Besides, it does not seem profitable to lose a powerful 

tool, which the ability to conduct sovereign monetary policy undoubtedly is, especially at times 

of excessive inflation and uncertainty that characterised the end of 2021 and the start of 2022 

(Reinhart and Graf Von Luckner, 2022). 
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4.4 Summary of monetary transmission functioning 

One of the goals of this thesis is to analyse and describe how monetary transmission works in 

each of the two SOEs under review. This is largely done in Section 2.5, where numerous studies 

on monetary policy transmission in the Czech Republic and Canada are highlighted. Although 

the individual research papers follow different periods, the transmission mechanism is de-

scribed for both countries up to 2015. In Canada, GDP responds negatively and almost in direct 

proportion to a monetary tightening, i.e. an increase in interest rates, after about one and a half 

to two years, while the impulse response of the CPI to a monetary shock is even more delayed, 

up to three years after the shock, as reported in Subsection 2.5.2. Similarly, in the Czech Re-

public, both GDP and prices react negatively to a contractionary monetary policy shock as ex-

pected, with a hump-shaped response and bottoming out after about a year in the case of GDP 

and a little later in the case of prices, after around a year and a half.  

Thus, there is sufficient evidence of a well-functioning transmission mechanism in both coun-

tries up until 2015. Since 2015, the main policy rates in both SOEs remained close to zero until 

the end of 2017 and started to increase during 2018. They continued in this trend until early 

2020, when the Covid pandemic broke out and rates dropped again to near-zero values. Given 

these extraordinary developments and the fact that during the approximately two-year period 

of rate hikes, the impulse responses of some variables, particularly in Canada, may still not be 

discernible due to their lagged responses, the question arises whether an analysis of the post-

2015 period would yield any relevant results at all and whether it would enrich the existing 

research. It is also unlikely that the recent interest rate hikes in both economies have already 

taken effect, given that the CNB started raising rates in the summer of 2021 and the BoC only 

in early 2022. (BoC Policy Rate Series, 2022; CNB Repo Rate Series, 2022) 

Moreover, as discussed in Subsection 2.5.2, the impulse responses caused by unconventional 

monetary policies in world economies that we witnessed in 2020-2021 may be unclear, as 

shown earlier in the years prior to 2015 (Babecká Kucharčuková et al., 2016). For these reasons, 

additional analysis of the transmission mechanism for the post-2015 period is not conducted 

and is left as an option for future extensions of this research to further test whether monetary 

policy transmission in both countries still works as well as in the pre-2015 period. 
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4.5 Management and structure of FX reserves  

As already indicated, FX reserves are part of the CNB’s balance sheet and their yield is also the 

CNB’s main source of income (CNB Annual Report 2020, 2021). Previously, I referred to Can-

ada’s FX reserves as “Canadian” instead of “BoC” reserves for good reason. Unlike most other 

central banks, the BoC does not have Canadian FX reserves on its balance sheet. Canada’s 

foreign exchange reserves are actually owned by the federal government, and the BoC, along 

with the Department of Finance, jointly manages their funding and investment (Rivadeneyra et 

al., 2013). 

The major objectives in managing the FX reserves of both central banks when deciding in which 

assets the reserves should be invested are primarily to maintain high portfolio liquidity, second-

arily to preserve its value and finally to optimise its return, taking into consideration the first 

two objectives (CNB International Reserves, 2022; Lane, 2019). Both the BoC and the CNB 

pursue their own vision by selecting an appropriate mix of currencies and instruments in the 

design of their FX reserves portfolio, the following subsections therefore discuss how they do 

it. 

 

4.5.1 The CNB’s FX reserves  

Current state 

Practically 99% of the CNB’s international reserves are allocated to actively managed portfo-

lios, the remainder consists of claims on the International Monetary Fund (IMF) and non-mar-

ketable gold held by the CNB. The foreign reserves are subsequently divided into liquidity and 

investment tranche. The liquidity tranche serves for the implementation of monetary policy and 

is composed of highly liquid and rated instruments with a maturity of up to one year, e.g. T-

bills, repo operations or deposits with central banks, denominated in the main reserve currencies 

(the dollar and the euro). The investment horizon of the investment tranche is much longer in 

order to compensate for eventual losses and achieve higher returns in the long run. From the 

nature of the CNB’s functioning, it can even be assumed that the horizon is equal to infinity. 

Its instruments bear higher risk and are denominated in multiple global currencies such as USD, 

EUR, CAD, JPY, GBP, AUD, etc. The investment tranche also includes an equity portfolio, the 
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share of which has been increasing since 2020, currently covering approximately 20% of the 

entire tranche. (CNB Annual Report 2020, 2021; CNB Quarterly Information on FX Reserves 

December 2021, 2022)  

Based on the CNB’s latest Quarterly Information on FX reserves for the 4th quarter of 2021, 

liquidity tranche accounted for roughly 31%, with investment tranche providing the remaining 

69% or so. Looking at the 2020 Annual Report and the 2021 Quarterly Information Statements, 

a clear upward trend in the share of the investment tranche at the expense of the liquidity tranche 

can be observed, moving from 53% to 69% between 2020 and 2021. A similar tendency is 

evident in the proportion of equities to total reserves, which rose from 13.5% to 16% year-on-

year. Equity portfolios are invested primarily in benchmark indices of world stock markets, e.g. 

European (MSCI Euro), US (S&P 500), UK (FTSE 100), Japanese (Nikkei 225), Canadian 

(S&P TSX), Australian (S&P ASX 200), which the bank creates itself for legal reasons, thus in 

a way forming replicas of global ETFs tracking world indices. (CNB Annual Report 2020, 2021; 

CNB Quarterly Information on FX Reserves March, June, September, December 2021, 2021, 

2022)  

The majority of the FX reserves (over 52%) are still held in various bonds. Regarding the cur-

rency allocation, more than 97% of the reserves’ volume is split between the above-mentioned 

currencies, i.e. USD, EUR, CAD, JPY, GBP, AUD, with the EUR covering nearly 57% and the 

USD close to 25% of all reserves. The total average return on FX reserves in the last 3 years 

amounted to 2.97% p.a. (per annum). The investment tranche achieved an average annual yield 

of 5.44%, whereas the performance of the liquidity tranche was -0.16% p.a. over the same pe-

riod. The cause of the negative return on the liquidity tranche is mainly attributable to the fact 

that the vast majority of the tranche is denominated in euro deposits with negative interest rates. 

(CNB Annual Report 2020, 2021; CNB Quarterly Information on FX Reserves December 2021, 

2022)  

Recently, the voices calling for a further increase in the share of equity portfolios in the overall 

composition of reserves have been intensifying. The next part deals with the possible conse-

quences that would result from this action and complement what the CNB is doing on this issue. 
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The future 

Part of the CNB Bank Board is advocating a growing ratio of equities among investment in-

struments, with a long-term vision of establishing a sovereign wealth fund (SWF) managed by 

the CNB and modelled on Norway’s SWF (Oil Fund), the world’s largest SWF with a total 

value of around $1.3 trillion,  or  Singapore’s SWF (GIC), which would be financed from the 

proceeds of invested FX reserves (GIC Annual Report 2020/2021, 2021; NBIM Investments, 

2022). To set up this SWF, the CNB must achieve long-term profitability. One way to reach 

this goal, they say, could be to gradually increase the share of equities in total reserves to 20% 

over the next one to three years and up to 50% in the subsequent five years, along with an 

increase in the share of gold to 10-15% in the composition of total FX reserves in order to have 

greater portfolio diversification through minimal correlation with equities and other securities. 

(CNB FX Reserves Investments, 2022) 

Moreover, the CNB is legally obliged to transfer all its profits to the state budget and could 

therefore contribute to stabilising the national debt through higher long-term returns due to a 

greater proportion of reserves invested in equities, thus avoiding future difficulties that may 

arise in connection with further debt growth (CNB Investments and Returns, 2022). Addition-

ally, these funds could be used to finance the deficits of the pension system or its reform (CNB 

Sovereign Wealth Fund, 2021). 

Contrastingly, the main goal of CNB is to maintain price stability, not to allocate assets or seek 

their highest possible return (CNB Monetary Policy, 2022a). Regularly subsidising the state 

budget or even funding specific projects is also outside its primary remit. A higher proportion 

of investments in equities would lead to higher returns in the long run, meanwhile, this riskier 

portfolio structure could inherently generate short-term losses, compounded by exchange rate 

losses from the appreciation of the domestic currency, which is what the CNB has been striving 

for recently (CNB Interventions March, 2022). These sporadic losses would have to be accepted 

by the government, which, having possibly become accustomed to any regular budgetary sup-

port, might not take this positively. Oversight and functioning of a possible SWF would also 

have to be legally resolved, for example along the lines of Norway, where the rules for the 

operation and administration of its SWF were set by Parliament, with supervision entrusted to 

the Ministry of Finance and management delegated to the Norwegian Central Bank. (CNB Mis-

sion, 2022; CNB Sovereign Wealth Fund, 2021; Norges Bank Investment Management (NBIM) 

Fund, 2022) 
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Equities form approximately 72% of Norwegian Oil Fund’s investments, and from 1998 to 

December 2021 the Fund has achieved a nominal annual yield of 6.62% (NBIM Returns, 2022). 

In turn, Singaporean GIC has delivered a nominal return of 6.8% p.a. over the past 20 years, 

with tradable and private equities accounting for about 47% of the portfolio (GIC Investment 

Report 2020/2021, 2021). In 2020, the CNB changed the targeted ratio for equity holdings from 

10% of international reserves to 20% of the investment tranche, with equities currently covering 

more or less 16% of total reserves (CNB Annual Report 2020, 2021; CNB Quarterly Informa-

tion on FX Reserves December 2021, 2022).  

This is clear evidence of the CNB’s positive attitude towards expanding the share of equities in 

invested instruments. If this upward trend continues in a similar fashion, the objective of 20% 

share of equities in overall reserves could soon be met. Gold, conversely, is represented by only 

0.3% of total reserves, which falls far short of the 10-15% proposal for greater diversification 

of the entire FX reserves mix (CNB FX Reserves Investments, 2022; CNB Quarterly Informa-

tion on FX Reserves December 2021, 2022). 

The CNB had roughly 9.5 tonnes of gold at its disposal at the end of 2020 and intends to keep 

the relatively low level of this commodity, as it does not regard it to be an ideal instrument for 

managing FX reserves (CNB Annual Report 2020, 2021). This strategy is in line with concep-

tions of Norway’s Oil Fund and Singapore’s GIC, which, based on their latest investment re-

ports, invest in gold only marginally or not at all (GIC Investment Report 2020/2021, 2021; 

NBIM Global Fund Annual Report 2021, 2022). 

The mandate and position of the CNB are different from those of the best-performing SWFs in 

the world and the CNB cannot try to copy their investment strategies, but taking inspiration 

from them in order to achieve higher profitability of the international reserves and consequently 

creating its own Czech SWF could be beneficial for all parties (CNB Mandate, 2022; CNB 

Mission, 2022). The performance of its investment tranche over the past three years (5.44% 

p.a.) has been very close to the long-term averages of the Oil Fund and GIC, future returns 

therefore depend on the continued expansion of the investment tranche across the international 

reserves (CNB Quarterly Information on FX Reserves December 2021, 2022; GIC Investment 

Report 2020/2021, 2021; NBIM Returns, 2022).  

The CNB is definitely moving in the right direction, if it continues to pursue the investment 

strategy and trend of recent years and is willing to accept sporadic loss to the benefit of higher 
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long-term profitability owing to greater proportion of investments allocated in equities, then the 

CNB can truly profit from its virtually infinite investment horizon.  

In brief, if the CNB can indeed make full use of its massive foreign exchange reserves and 

further invest them in equities, then the funds raised from a long-term high-performing portfolio 

can eventually be used to form the SWF, support the government budget and generally improve 

the price stability of the economy, which is the ultimate mandate of the central bank (CNB 

Mandate, 2022). 

 

4.5.2 Canadian FX reserves  

Purpose and management 

As noted, the primary purpose of Canada’s foreign exchange reserves is precautionary, i.e., to 

maintain high standard of foreign currency liquidity to ensure the financial stability of the fed-

eral government under all circumstances. In addition, they help control and protect the external 

value of the Canadian dollar. Unlike most other countries, Canadian reserves are not part of the 

central bank’s balance sheet but are held principally in the Exchange Fund Account (EFA). 

Assets in the EFA are funded by liabilities of the Canadian government, which is also the owner 

of the reserves, and are denominated or converted into foreign currencies. The BoC’s role is 

simply to act as fiscal agent for the government in managing the EFA and to cooperate with the 

Department of Finance in advising on the investment and financing of the international reserves. 

(Lane, 2019; Rivadeneyra et al., 2013) 

The EFA, which comprises the majority of Canada’s FX reserves and works as an actively 

managed portfolio of liquid foreign currency deposits and securities, has assets as closely 

matched in duration and currency to the government liabilities that fund them as possible to 

minimize the government’s exchange rate and interest rate risks. The matching process is part 

of the asset-liability-matching (ALM) framework, which is unique in the context of foreign 

exchange reserves management across the world’s central banks. Moreover, the ALM frame-

work is consistent with the BoC’s freely floating exchange rate regime, as frequent interven-

tions would hinder the desired asset-liability matching. Further, the EFA must be managed in 

such a way that it is always ready to cover any potential need for foreign exchange liquidity in 

the event of a “call on reserves” by selling its assets. The government also stipulated that total 
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liquidity should cover at least one month of projected net cash flows, inclusive of coupon pay-

ments and debt refinancing. (Lane, 2019; Rivadeneyra et al., 2013) 

The ALM is thus perfectly suited to the relatively small volume of Canada’s reserves and its 

preference of liquidity, allowing the risk of volatility in foreign exchange markets to be miti-

gated by the asset-liability matching. Conversely, a number of countries, along with the Czech 

Republic, with a net asset position of own reserves are more exposed to potential depreciation 

of foreign currencies that create losses in their FX reserve portfolios, and are therefore pushed 

into high-yielding instruments such as equities to offset these losses, but face greater market 

risks as a result. Nevertheless, the EFA also faces certain risks, e.g. credit risk, associated with 

the cross-currency swaps that constitute the predominant part of its funding. (Lane, 2019; 

Rivadeneyra et al., 2013) 

The EFA portfolio is designed in accordance with the ALM framework to match assets and 

liabilities with similar duration in order to maximise returns for each level of portfolio risk and 

maintain a high standard of liquidity. The model outputs for the desired asset structure are, for 

each risk level, the optimal asset weights and liquidation strategies that would satisfy the even-

tual call on reserves. These assets are funded in two ways, the Canadian government either 

directly issues foreign currency securities or by issuance of Canadian-dollar denominated lia-

bilities which are then converted into foreign currency liabilities through cross-currency swaps. 

Finding the ideal combination of EFA funding then requires reaching a balance between mini-

mising costs and risks. The subsequent outputs of the ALM model on the liability side represent 

the most appropriate combinations of instruments and maturities that minimise funding costs, 

e.g. interest paid on liabilities, while taking into consideration the constraints of the respective 

risk levels. The optimal funding composition is also affected by the asset portfolio structure, as 

assets constrain liabilities to a particular duration. This highlights the benefits of joint decision-

making on asset and liability structure and further emphasizes the relevance of the ALM frame-

work under which FX reserves are managed in Canada. (Lane, 2019; Rivadeneyra et al., 2013) 

Structure 

Looking at Figure 1, Canada’s total foreign exchange reserves at the end of 2021 were a little 

over $100 billion. Approximately three-quarters of this amount is held in the EFA as securities 

and deposits, i.e. liquid reserves, and the rest is divided between special drawing rights (SDRs) 

and reserve positions with the IMF. SDRs are international reserve assets created by the IMF, 
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which also serve as the IMF’s unit of account and their value is based on a basket of interna-

tional currencies. Reserve positions with the IMF, which represent Canada’s investment in IMF 

activities, vary depending on the drawdowns by and repayments from the IMF. Interestingly, 

SDRs account for approximately 23% of Canadian international reserves, compared to only 2% 

of Czech reserves, which can likely be attributed to the greater global importance of the Cana-

dian dollar in the foreign exchange market. (BoC FX Reserves, 2022; Canadian FX Reserves 

Management Report 2020/2021, 2021; CNB FX Reserve Structure, 2022) 

Another thing to stress is the absence of gold in Canada’s reserves. In 1980, the Canadian gov-

ernment decided to gradually sell its gold reserves as they did not comply with its requirements 

for high liquidity and low storage costs under the newly implemented ALM, with the last gold 

bullion sold in 2003 (Lane, 2019). Moving to currency composition of the EFA deposits and 

securities, we find that the entire volume is split between only four currencies, which are USD, 

EUR, JPY and GBP, with USD and EUR together covering almost 85% of the volume and USD 

alone making up 70% of the entire EFA (BoC FX Reserves, 2022). 

The vast majority of EFA are foreign currency-denominated securities, of which government 

bonds and treasury bills, along with global bonds, are the most represented fixed-income secu-

rities. In addition to high liquidity and yield optimisation, capital value preservation is also one 

of the parameters when deciding whether to include a particular security in the portfolio, which 

is why approximately 70% of all assets are allocated to instruments from AAA-rated issuing 

entities, while the minimum credit rating threshold for all EFA investments is set at A-. (Cana-

dian FX Reserves Management Report 2020/2021, 2021) 

Yield maximization is also one of the decision-making parameters in the ALM, and in the most 

recent report on the management of Canada’s FX reserves for the period 04/2020-03/2021, the 

net EFA coupon return, the difference between the yield to maturity on reserve assets and the 

liabilities issued to finance them, was 19 basis points, with a total EFA return of 32 basis points. 

However, yield optimisation and capital preservation are secondary to the liquidity of the in-

struments and therefore equities are not regarded as a suitable investment and are not part of 

Canada’s foreign exchange reserve portfolio. (Canadian FX Reserves Management Report 

2020/2021, 2021) 
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5 Conclusion 

 

This thesis presents a unique and comprehensive study of Canada and the Czech Republic in 

terms of their monetary policies, which has not been done before. It is also the first direct com-

parative analysis of these two small open economies (SOEs) that provides a complex examina-

tion of their monetary instruments and efficacy, focusing on the monetary independence, trans-

mission mechanism and foreign exchange reserves of both countries. Canada and the Czech 

Republic are both in close proximity to two of the largest currency blocs in the world, the US 

and the eurozone, and as such are deeply trade-integrated with them. The main research ques-

tion explored the validity of the macroeconomic trilemma that the free movement of capital 

combined with a flexible exchange rate ensures monetary independence by investigating 

whether the two countries managed to maintain their monetary autonomy despite the undenia-

ble economic influence of their neighbouring economic giants. 

 

The most appropriate monetary policy indicators used for the purposes of this thesis were three-

month interbank interest rates, i.e. PRIBOR, EURIBOR, LIBOR and CDOR for the Czech Re-

public, the euro area, the USA and Canada. All four variables covered the period from 01/2001 

to 02/2022 with a total of 254 observations for each interest rate time series. Next, vector auto-

regression (VAR) and vector error correction (VECM) models were employed for both pairs of 

economies to undergo cointegration testing for the presence of any cointegrating vectors be-

tween the interest rates. If found, this would imply the existence of a long-run relationship 

between the rates and hence a monetary dependence of the SOE on the larger economy with 

corresponding adjustment coefficients arising from the VECM, otherwise the opposite could be 

inferred. 

 

Thus, after constructing an unrestricted VAR model and Johansen cointegration tests, the ab-

sence of a cointegrating vector in either of the two VAR models cannot be rejected even at the 

10% significance level, meaning that there is insufficient statistical evidence to find a long-run 

steady-state relationship between the interest rates, and consequently both SOEs can be as-

sumed to enjoy a relative degree of monetary independence from their larger trade partners. 

Given the unconventionally low and even negative EURIBOR settings for most of the last dec-

ade, the cointegration result for the PRIBOR-EURIBOR pair is not surprising, on the contrary, 

the close co-movement of the CDOR-LIBOR pair for most of the observed period was expected 
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to be reflected in the rejection of the no cointegrating vector hypothesis, nonetheless, the sepa-

ration of US and Canadian monetary policy in the period 2010-2015 proved to be sufficient to 

rule out a noticeable dependence (See Figure 2, Figure 3). Moreover, it can be said that the 

CNB has managed to step out of the shadow of the ECB in terms of its monetary policy over 

the past decade, as the results of the robustness analysis show that PRIBOR and EURIBOR 

rates were cointegrated in 2001-2012, which indicates that Czech monetary policy was then 

considerably dependent on monetary policy of the eurozone. This result attests to the CNB’s 

effective policy making and overall supports the Czech Republic’s sovereignty in the field of 

global monetary policy.  

 

The undoubted monetary independence in Canada and the Czech Republic has several impli-

cations for both countries. Starting with the possibility of joining a currency union with their 

close currency blocs, which both countries have so far been clearly opposed to, as they would 

lose manoeuvring space in the pursuit of their monetary policy objectives. In light of the coin-

tegration results, this seems to be a viable argument, and it will be interesting to see the future 

evolution of both countries’ positions on this issue if trade integration with the US and the 

eurozone continues to deepen. Indeed, the Czech Republic has pledged that it will eventually 

join the eurozone, while in the case of Canada, some experts in the field have toyed with the 

idea of adopting the USD before. 

 

For a proper understanding of the implementation of monetary policy in a given country, it is 

useful to look at its transmission mechanism. This thesis thus summarizes the most important 

research on monetary policy transmission in both countries, and with the exception of the last 

few years, which have been distorted by the Covid pandemic and unprecedented inflationary 

pressures and for which there is not yet enough data, a well-functioning monetary policy trans-

mission mechanism is documented in Canada and the Czech Republic.  

 

Ultimately, the international reserves of both countries are studied, with an emphasis on their 

size, structure and management. The CNB uses its enormous foreign exchange reserves accu-

mulated during the massive interventions in previous years primarily to stabilise the exchange 

rate in times of excessive fluctuations, i.e. it adheres to the established managed floating ex-

change rate regime. At the same time, the CNB is striving for a higher return on its reserves by 

gradually increasing the share of equity investments in the portfolio mix of reserves in order to 

compensate for possible exchange rate losses caused by the appreciation of the domestic 
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currency and the consequent depreciation of the large volume of assets denominated in foreign 

currencies. Canada, on the other hand, benefits from its policy of no unnecessary intervention 

and a freely floating exchange rate regime that does not require holding excessive reserves as 

the CNB does, nor does it seek higher returns on reserves through equity investments. In fact, 

it uses its relatively small FX reserves through the ALM matching framework allowing Canada 

to safely pursue the main purpose of its reserves, which is to maintain sufficient liquidity in 

foreign currencies to meet the need for them in the event of financial contingencies. 

 

In summary, this thesis confirms the validity of the macroeconomic trilemma in the modern 

world by using the example of two small open economies from very distinct geographic areas 

and proves that SOEs are still able to retain some degree of monetary autonomy despite their 

strong financial integration with proximate economic giants. This finding also offers Canada 

and the Czech Republic supportive evidence in their negative stance towards joining adjacent 

currency areas, as they would lose considerable leeway by giving up their attested monetary 

independence, while providing their central banks with positive feedback on their monetary 

policy actions. Finally, the up until recently well-functioning monetary policy transmission 

mechanism in both countries is described in depth and for the first time a comprehensive com-

parison of their foreign exchange reserves, an important but often neglected tool in monetary 

policymaking, is performed. 
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Appendix  

A Unit root and stationarity tests 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PRIBOR EURIBOR LIBOR CDOR

KPSS statistic 0.37995 0.19939 0.28132 0.22609

1% Critical

5% Critical

10% Critical

p-value 0.01*** 0.01623 0.01*** 0.01***

ADF statistic -1.1194 -2.8575 -2.091 -3.0239

1% Critical

5% Critical

10% Critical

p-value 0.1~ 0.1~ 0.1~ 0.1~

ADF statistic -2.1887 -2.0122 -2.2344 -2.6284

1% Critical

5% Critical

10% Critical

p-value 0.1~ 0.1~ 0.1~ 0.1*

ADF statistic -0.8705 -1.8694 -1.7215 -1.3421

1% Critical

5% Critical

10% Critical

p-value 0.38492 0.06288 0.086526 0.18088

Notes: ***p-value<0.01, **p-value<0.05, *p-value<0.1, ~p-value>0.1,

Number of lags in LAG test = 15 (according to the Schwert parameter)

0.216

0.146

Table A1: Unit-root/stationarity tests 

Interbank rates in LEVELS

ADF DRIFT test

0.119

ADF TREND test

-3.98

-3.42

-3.13

KPSS TREND test

-2.57

-3.44

-2.87

Drift = Intercept,      

ADF LAG test

-2.58

-1.95

-1.62

Table 13: Unit root/stationarity tests TREND, 
DRIFT 

 

Table 14: Unit root/stationarity tests TREND, 
DRIFT FDTable 15: Unit root/stationarity tests 

TREND, DRIFT 

Table 6: Unit root/stationarity tests TREND, DRIFT 
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PRIBOR EURIBOR LIBOR CDOR

KPSS statistic 0.094462 0.062459 0.11039 0.067198

1% Critical

5% Critical

10% Critical

p-value 0.1~ 0.1~ 0.1~ 0.1~

ADF statistic -7.0047 -6.6042 -8.9013 -6.8951

1% Critical

5% Critical

10% Critical

p-value 0.01*** 0.01*** 0.01*** 0.01***

ADF statistic -6.6892 -6.5858 -8.8858 -6.9004

1% Critical

5% Critical

10% Critical

p-value 0.01*** 0.01*** 0.01*** 0.01***

ADF statistic -4.7586 -3.9455 -3.0635 -3.728

1% Critical

5% Critical

10% Critical

p-value 0.01*** 0.01*** 0.01*** 0.01***

Notes: ***p-value<0.01, **p-value<0.05, *p-value<0.1, ~p-value>0.1,

Number of lags in LAG test = 15 (according to the Schwert parameter)

Table A2: Unit-root/stationarity tests 

0.216

0.146

0.119

Interbank rates in FIRST DIFFERENCES

KPSS TREND test

ADF TREND test

-3.98

-3.42

-3.13

ADF DRIFT test

-3.44

-2.87

-2.57

Drift = Intercept,      

ADF LAG test

-2.58

-1.95

-1.62

Table 16: Unit root/stationarity tests TREND, DRIFT 
FD 

 

Table 17: AIC EURO SHORT model, lag length selec-
tionTable 18: Unit root/stationarity tests TREND, 

DRIFT FD 

Table 7: Unit root/stationarity tests TREND, DRIFT FD 
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B Short period model selection and Johansen cointegration tests 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

lag number none const trend

5 -8.7214 -8.7282 -8.6949

PRIBOR-EURIBOR short period (2001-2012) model

Model type

Notes: The bold AIC parameters are the lowest for a given number of lags and 

therefore indicate the type of model with the lowest estimated information 

loss for a given country pair VAR model. The involvement of both intercept 

and time trend is not considered because the Johansen cointegration test 

does not allow this option, otherwise a VAR with both a constant and a trend 

would have been chosen for all  models under consideration based on the 

minimization of the AIC. The number of lags corresponds to the most 

recommended value of this parameter according to the four information 

criteria for all  model variants combined.

Table B1: AIC parameters for lag order and model type

test type

rank =0 <=1 =0 <=1

1% Critical 24.60 12.97 20.20 12.97

5% Critical 19.96 9.24 15.67 9.24

10% Critical 17.85 7.52 13.75 7.52

test statistic 21.24** 4.22~ 17.01** 4.22~

1% Critical 23.52 11.65 19.19 11.65

5% Critical 17.95 8.18 14.90 8.18

10% Critical 15.66 6.50 12.91 6.50

test statistic 20.04** 3.54~ 16.50** 3.54~

Table B2: Johansen cointegration rank tests

PRIBOR-EURIBOR short period (2001-2012) "const" model, 5 lags

TRACE EIGEN

PRIBOR-EURIBOR short period (2001-2012) "none" model, 5 lags

Notes: "Trace" and "Eigen" indicate the type of test statistic used in the test, **p-value<0.05,  ~p-

value>0.1, "none" = no intercept or trend term in the cointegration specification of the model, "const" 

= intercept in the cointegration specification of the model

Table 19: AIC EURO SHORT model, lag length selec-
tion 

 

Table 20: Johansen cointegration tests EURO 
SHORT modelTable 21: AIC EURO SHORT model, lag 

length selection 

Table 22: Johansen cointegration tests EURO SHORT model 

 

Table 23: Johansen cointegration tests, 2nd choice modelsTable 
24: Johansen cointegration tests EURO SHORT model 

Table 8: AIC EURO SHORT model, lag length selection 

Table 9: Johansen cointegration tests EURO SHORT model 
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test type

rank =0 <=1 =0 <=1

1% Critical 24.60 12.97 20.20 12.97

5% Critical 19.96 9.24 15.67 9.24

10% Critical 17.85 7.52 13.75 7.52

test statistic 11.41~ 1.71~ 9.70~ 1.71~

1% Critical 23.52 11.65 19.19 11.65

5% Critical 17.95 8.18 14.90 8.18

10% Critical 15.66 6.50 12.91 6.50

test statistic 13.91~ 3.29~ 10.62~ 3.29~

Notes: "Trace" and "Eigen" indicate the type of test statistic used in the test,  ~p-value>0.1, "none" = 

no intercept or trend term in the cointegration specification of the model, "const" = intercept in the 

cointegration specification of the model

PRIBOR-EURIBOR "const" model, 7 lags

TRACE EIGEN

LIBOR-CDOR "none" model, 13 lags

Table B3: Johansen cointegration rank testsTable 25: Johansen cointegration tests, 2nd choice models Table 10: Johansen cointegration tests, 2nd choice models 
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