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EXTENDED ABSTRACT  
 

The rapid expansion of China's economy and trade has been associated with explosive growth 

in its financial markets and institutions. This has fuelled a debate into the possibility of its 

currency potentially developing into a primary reserve currency. The debate around this topic 

began in 2005, when the Renminbi (RMB) became the world's fifth-most used payment 

currency. By July 2009 the Chinese government launched a pilot programme signalling the 

desire of pushing towards RMB internationalisation. After a series of reforms, the RMB was 

successfully added to the IMF's Special Drawing Rights portfolio in 2016, with a weight of 

10.02 percent. This has further strengthened the currency's global acceptance. In recent years, 

the debate on how far the RMB reserve currency status will develop has been further fuelled 

by the perception of the U.S. exploiting USD financial hegemony for political purposes. 

Many commentators see that the time is right for a new challenger currency to emerge. 

 

The principal research question of this thesis to identify the primary factors that determine 

reserve currency status and apply a Panel data to model and examine the extent to which the 

RMB will develop into an international reserve currency over the next two decades. A model 

is developed to forecast currency shares of the world's dominant reserve currencies over the 

next two decades, with the focus of this analysis being the RMB. The question asked is: will 

the world currency system remain unipolar and dominated by the USD, or will the rise of the 

RMB with the EUR to push it towards a multipolar system? There is a secondary research 

question in the thesis. Specifically, it aims to identify the extent to which the RMB is likely to 

play a role in the ‘for investment’ tranche of international reserve currencies by using 

GARCH. 

 

Much of the academic literature in the area of reserve currencies is based on historical 

analysis of monetary systems and events with usually only limited levels of statistical 

analysis. In this thesis, a different approach is taken. The methodology used to examine the 

research questions are based on cliometrics which combines the rigour of fundamental 

historical analysis and economic theories with quantitative analysis. The main novel 

contributions and the findings of this thesis are based on these applied statistical analyses. 

 

A Panel data econometric model is developed to identify the principal factors which 

determine reserve currency shares. The results identified economic and financial variables 
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that could be represented by a country’s share of world GDP appearing to be the most 

important. The Panel model is used to forecast future reserve currency usages of the RMB 

until 2040. This is the main contribution from this thesis. RMB reserve currency share was 

12.65 percent in 2018. A number of different future economic growth scenarios are tested 

using a 'what-if' analysis. For example, based on a high China GDP growth assumption, the 

model predicts that this will increase to 14.56 percent in 2020, 19.67 percent in 2025 and 

21.48 percent in 2030. Also, if all the variables (beside GDP) are fixed in 2030, then from the 

high GDP growth assumption, the RMB will increase to 28.21 percent in 2040. From the 

analysis undertaken, the thesis concludes that the USD will continue to dominate the reserve 

currency market with a share above 64 percent. The international reserve system is therefore 

seen as remaining unipolar, however, with the RMB and the EUR both having a significant 

market share. The expectation is therefore not so much multipolar reserve currency system, 

but a USD dominated unipolar market with a competitive fringe.  With the fringe consisting 

of the RMB, EUR and JPY.  

 

The second novel contribution of the thesis is to apply a dynamic mean-variance analysis to 

calculate the optimal reserve currency allocations of central bank investment tranche of 

reserve currencies. This examines whether adding the RMB to central banks’ investment 

tranche reserve assets would bring them additional benefits. This question is considered from 

the perspective of three different income country-types; namely: a developing country 

(Philippines), a middle-income developed country (Russia) and a well-developed country 

(Canada). Using an unconstrained model, the average for the three countries showed RMB 

usage is 22 percent, and USD is 20 percent with respect to this investment tranche. A further 

set of constrained models were run, with a risk-related constraint based on a country's external 

debt ratio in the specific currency. Given that much of this debt is USD based, this 

considerably increases the USD share. For example, using a 75 percent external debt 

constraint, the RMB share falls to an average of 13 percent and the USD increases to 53 

percent. The reality is that there are many constrains on a central banks’ currency choice, and 

these may result in the actual RMB share being considerably lower than the model suggested.  

 

As an overall conclusion, the thesis suggests that the RMB has considerable potential as a 

reserve currency, and its usage should significantly increase in the next two decades. Also, the 

research indicates that for the next two decade at least, the reserve currency system will 

remain unipolar. The USD is expected to maintain its dominant position as the leading reserve 
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currency with a 64 percent share. However, even by 2030, the RMB market share is expected 

to increase significantly. And by 2040, it may come a little closer to challenging the dominant 

position of the USD. To achieve this, China still needs to focus on its market reforms, in 

particular liberalising its capital account and providing a more fully developed financial 

system. 

 

A further caveat has to be added to this analysis; the impact of the COVID-19 virus on world 

financial markets is as of yet unknown. This is likely to have a massive effect on the world 

financial system and may produce a potential Minsky moment that changes the architecture of 

the financial system and how the reserve currency market operates. Along with the USD 

hegemony, these might increase the attractiveness for other currencies as the reserve currency. 
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CHAPTER 1: INTRODUCTION 
 

This first chapter provides an overview of the thesis. It begins with a background introduction 

and the definition of a reserve currency. This is followed by: the motivation, an outline of the 

research questions, the thesis contribution with aims, and the thesis methodology. Finally, the 

subsequent chapters of the thesis are listed. 

 

1.1 BACKGROUND  
 

From around the 1880s, the GBP was established as the first formal reserve currency. It 

operated under the classic gold standard. Sterling maintained its predominant position until 

the period leading up to the World War II which saw the USD becoming increasingly 

important. The preeminent role of the USD was cemented in Jul 1944 by the Bretton Woods 

agreement which authorized 44 countries to establish a new international monetary and 

financial order. These effectively made the USD as the world's official reserve currency 

(Bordo, M.D. 1981). Right up to today, it still remains the world's most used currency as well 

as the only official reserve currency. Are there any other alternatives to the USD as reserve 

currencies? The economic power of the Eurozone and Japan have meant that EUR and the 

JPY have been seen for several years as alternative potential reserve currencies. There is a 

developing debate in the academic literature in respect to whether the Chinese RMB will 

challenge the United States dollar (USD) as the preeminent world reserve currency.  This 

debate reflects China’s rise as an economic superpower along with the stated desire of the 

Chinese government to promote the use of the RMB as a reserve currency. The scope of this 

thesis is to explore the question of whether the RMB can become a fully-fledged reserve 

currency over the next two decades (by 2040). Before turning to questions regarding the 

research methodology in more detail, it is crucial to examine what a reserve currency is and 

why this thesis explores this issue. 

 

• Definition of International currency and Reserve currency 

 

There is a relatively clear definition of what it means to internationalize a currency. An 

international currency is one that can be used to transact globally; specifically that it can be 

used by residents both outside and inside the country of issue, and can be easily converted to 
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other currencies with no set borders (Krugman, P.R. 1984; Ozeki, Y. and Tavlas, G.S. 1992; 

Blinder, A.S. 1996; and Cohen, B.J. 2012). In other words, the currency holders can use their 

national currency extensively in international trade, international financial transactions and as 

a reserve asset to be held by foreign central banks and monetary authorities (Hartmann, P. 

and Issing, O. 2002; Prasad, E.S. and Ye, L.S., 2012).  

  

The theoretical discussions on currency internationalisation usually start with an examination 

of currency functions. The great economist Alfred Marshall identified two principal 

functions: used as an exchange medium and value standard (Arnon 2010). Commentators 

now usually add a third, namely, the unit of account. These functions are identified in Table 

1.1 (Chinn, M. and Frankel, J. 2005). It can be noted that government authorities and private 

actors have different uses for all three purposes. This analytical framework can use as a 

theoretical guideline for understanding the role of a reserve currency, and its relationship 

with international currency. 

 

 
In terms of the motivation for holding international currencies, there are three main reasons: 

transactions, precautionary and speculative (Heller, H.R., 1966 and Barr, D.G. and 

Cuthbertson, K., 1991). The motive of transaction embodies the function of the medium of 

exchange and the unit of account. Foreign parties trade with each other, and currencies act as 
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a bridge for the interval between external receipts and payments. The precautionary motive 

represents the store of value purpose. It provides the contingencies required to ensure a 

country can buy critical imports and also ensure that financial obligations can be met during 

periods of financial crisis or other disasters. The ability to meet these obligations depends not 

only on the country's population or productivity but also on its ability to borrow from foreign 

governments or international financial institutions. Lastly, the speculative motive is related to 

the autonomous international long-term interest rates as Keynesian speculative demand for 

domestic currency. 

 

• The reasons countries choose a specific Reserve Currency  

 

This thesis focuses on the reserve currency aspect. This relates principally to the use of 

currency as a store of value. There are several key considerations when a country chooses 

one reserve currency over others. These principally relate to different aspects of the functions 

identified in Table 1.1. These six roles are all closely interrelated, causally and statistically 

(Frankel, J.A. 2012). The world usage of reserve currency influences the other five factors' 

usage and vice versa. If a stable currency is heavily used in international trade, the central 

bank is more likely to add it to its reserves (Gopinath, G. and Stein, J.C., 2018). Kenen, P.B. 

(2003) and Goldberg, L.S. and Tille, C. (2006) agreed and they acknowledged the factors that 

determine a reserve currency are similar to those that determine other aspects of an 

international currency. 

 

For example, if a currency is widely used as 'unit of account' and 'medium of exchange', then 

other central banks are more likely to hold as part of its foreign exchange reserves (Chinn, M. 

and Frankel, J.A. 2007). As a medium of exchange, its transaction cost should be less than 

other currencies. In order to achieve that, its exchange rate as a unit of account would be less 

volatile. If a currency has low exchange rate risk and is used in a large number of 

transactions, then its reserve role should be exercised (Ozeki, Y. and Tavlas, G.S.,1992). 

Overall, a reserve currency needs to have a stable exchange rate, maintain a healthy and 

stable monetary policy, and have a profound financial market.  

 

• The ‘trilogy’ of Reserve Currency tranches  
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From an analytical perspective, a country’s central bank will often look to base their choices 

of reserve currency on their currency reserves meeting three key objectives. The 'trilogy' 

theory suggests that currency reserves are seen in terms of three key tranches to meet the 

objectives of liquidity, security, and profit (Nugee, J., 2000). The liquidity tranche is about 

the transaction-related role of foreign exchange reserve. In contrast, the security tranche 

relates to the store of the value function and the investment tranche relates to the investment 

function. A further consideration is ensuring that these assets are tradable in the global 

market. This depends on the financial market size, its bid-ask spreads, its activity volume, 

and the existence of a well-developed repo market (Schaffner, P., Ranaldo, A. and 

Tsatsaronis, K., 2019).  

 

Most central banks agree that security and liquidity are the dominant issues in their 

investment decisions. There must be adequate safety and liquidity, while additional pursuit 

returns (Cassard, M. and Folkerts-Landau, D., 2000). However, recently, the importance of 

the investment role is increased. Different structural approaches of reserve management have 

developed to improve internal governance, lower the risk, and increase public disclosure 

from the external government. It has been argued by commentators that these approaches can 

support security and liquidity while encouraging more focus on the returns (Bernadell, C., 

Cardon, P. and Coche, J. eds., 2004, Truman and Wong 2006, Borio 2018).  

 

In this thesis, the 'trilogy' of currency tranches plays a central role in the analysis. In the first 

substantive statistical-based chapter of the thesis (Chapter 3), a Panel data model is 

developed to identify the factors determining the combined total demand for the leading 

international currencies. The second substantive statistical chapter (Chapter 6) uses a 

dynamic mean-variance (DMV) framework to identify the optimal investment tranche of 

international reserve currencies. 

 

1.2 RESEARCH MOTIVATION  

 

The debate over the potential of the RMB challenge the supremacy of the USD as the world’s 

premier reserve currency has gathered pace over the last few years (Eichengreen, B., 2011; 

Bénassy-Quéré, A. and Pisani-Ferry, J., 2011). This coincides with China becoming the 
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world's largest economy (GDP in Purchasing Parity terms) and the most important global 

trading nation (Garnaut, R. et al., 2018).  

 

China joined the WTO in 2001 and subsequent Chinese government financial sector reforms 

relating to both the exchange rate system and its financial markets in general (Fewsmith, J. 

2001) laid the foundations for Chinese financial markets becoming internationally important. 

During the financial crises in 2008, the exchange rates of most major currencies fluctuated 

significantly. This financial crisis made both China and other countries aware of the 

drawbacks of an over-reliance on the USD. Although China is still seen by many as a 

developing country, it has decided to promote the internationalisation of the RMB. As part of 

this process, in July 2009, the Chinese government launched an RMB trade settlement pilot 

scheme; this was seen as its official starting point of internationalisation of its currency.  

 

Despite these reforms the internationalisation of the RMB still faces major obstacles. 

Currently, it remains non-convertible. China has however signed bilateral swap agreements 

and established offshore clearing mechanism to give the currency more international 

accessibility and credibility. The case for the RMB joining the ranks of reserve currencies 

was strengthened by a series of reform in its economic and financial market. Subsequently, in 

Oct 2016, the RMB was added by the IMF as a Special Drawing Rights (SDRs) currency. It 

is the third largest currency in the basket, at 10.02 percent of the total weight (Liao, S. and 

McDowell, D., 2016). These developments have strengthened the global acceptance of the 

RMB as an international currency.  

 

However, opinions in the literature differ over the extent to which the RMB can become a 

fully-fledged reserve currency with an associated RMB trading bloc emerging (Frankel, J. 

2012; Volz, U. 2014; He, Q., Korhonen, I., Guo, J. and Liu, F. 2016; Ito T. 2017; 

Eichengreen, B. and Lombardi, D. 2017, Lu, M. and Wang, Y. 2019). Thus, this thesis would 

like to further expend on that. It has applied relevant empirical studies to identify the trends 

for RMB as a reserve currency as well as its currency usage.  
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1.3 AIMS AND RESEARCH QUESTIONS  

 

The initial focus of the thesis is to identify whether the RMB satisfies the conditions 

necessary to achieve full reserve currency status. The primary research question then uses an 

econometric-based methodology to model the extent to which the RMB is likely to develop a 

full and comprehensive reserve currency status. The secondary research question explores the 

question of whether the RMB is likely to feature in the investment tranche of reserve 

currency portfolios.  

 

• Primary Research Question 

 

Primary research question: To identify the principle factors that determine reserve currency 

status and use this to model the extent to which the RMB will develop into an international 

reserve currency over the next two decades. 

 

• Secondary research Question 

 

Secondary research question: To identify the extent to which the RMB is likely to play a role 

in the investment tranche of international reserve currencies. 

 

1.4 THESIS CONTRIBUTIONS 

 

For a thesis to meet PhD standards, it is expected to make a 'novel' contribution to the body 

of knowledge in a given subject area. This thesis fills a gap in the ongoing policy and 

academic debate on the extent to which the RMB will attain the status of a full reserve 

currency. This thesis makes contributions to the body of academic knowledge through the use 

of two empirical econometric-based studies which follow a Clinometric based 

methodological framework. The results of this thesis are direct of interest to authorities and 

policymakers who wish to evaluate the role of RMB as a reserve currency, as well as RMB 

internationalization. 

 

Through a literature review in Chapter 2, there are eight key variables which influence a 

currencies reserve status are identified. It provides the theoretical basis for the econometric 
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panel model developed in Chapter 3. The model developed in this thesis contributes by 

extending on and developing further, prior research from Chinn, M. and Frankel, J.A., (2008) 

to identify the principal factors that determine reserve currency status and calculate RMB 

world usage as a reserve currency until 2040.  

  

The modelling selection processes applied for the panel analysis can be seen as a 

contribution. In order to understand the dataset error, four pre-tests have applied. These are 

used to select the most suitable modelling procedures; specifically, the issue of non-

stationarity, cross-sectional dependence and cointegration in the panel time-series are taken 

into consideration as are issues relating to determining the most appropriate panel modelling 

methodology. Robustness tests have applied after the results to check its accuracy. These are 

a significant extension of the methods reported in Chinn, M. and Frankel, J.A. (2008) and can 

be considered a significant contribution as they add considerable robustness to the 

econometric analysis reported in this area.   

  

The econometric modelling has included two new variables not previously identified in the 

literature, that are from investment perspective: 'total amount of reserve assets' and ‘10-year 

government bond interest rate'. This is due to the recent focus on the investment return, its 

importance in determining reserve currency choice has been increasingly highlighted in the 

literature (Borio, C., Galati, G. and Heath, A., 2008; Eichengreen, B. and Flandreau, M., 

2014). The importance of these variables has not, however, been previously fully reflected in 

econometric models in this area.  

  

A further contribution made is to use the results of the panel analysis to conduct a 'what-if' 

analysis in Chapter 5 to forecast the trends for RMB reserve currency usage over the next two 

decades. For example, what is the RMB world usage as a reserve currency, if China's GDP 

growth is decreased? It also does not seem to have been previously undertaken in the 

literature. The model suggests that if China's GDP continues to grow as it has over the past 

five years, then RMB usage will increase from 11.83 percent in 2018 to 18.79 percent in 

2025, and 21.65 percent in 2030. If, however, the Chinese GDP has low growth as the OECD 

predicted, then the RMB usage would be 16.74 percent in 2025, and 18.25 percent in 2030. 

From the results, the RMB would hold an increasing trend over the next two decades. This 

contribution is particularly significant from the perspective of policymakers both in China 

and the results of the international financial community.  
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From an international policy perspective, it contributes by discussing the possibility of a 

transition from a unipolar to a multipolar world monetary system since now and 2040. There 

are lots of researchers thinks there would be three regional reserve currencies in a multipolar 

system: the USD dominant in the Americas, the EUR dominant in Europe, and the RMB 

dominant in Asia. (Eichengreen, B., 2011; Bénassy-Quéré, A. and Pisani-Ferry, J., 2011). 

The econometric results from this thesis hold a slightly different view. Although the RMB 

status is likely to strengthen its significantly over the next two decades, the reserve currency 

system is forecast to remain unipolar and globally dominated by the USD. The model does 

suggest however that a 'competitive fringe' of minor alternative reserve currencies will 

develop around the USD and this fringe will include the RMB.  

  

Besides, Chapter 4 provides more literature review and comparison. Through the historical 

investigation of China's policy with its influence, and a comparison with other developing 

countries. As to whether these reforms are enough to make RMB a reserve currency, this 

thesis argues that there is an ambiguous "yes". However, it is likely to take some time that 

would require additional reforms that the Chinese government has yet to show a willingness 

to implement, including opening up financial markets and increasing liquidity.  

  

Furthermore, Chapter 5 has contributed five suggestions to boost RMB's usage further: 

Future easing of limitation for capital inflows and outflows; Publish policies to encourage 

China to use its currency for global trade; Create more trading agreements to increase the 

spread of RMB offshore centres; Develop more RMB-denominated foreign investment, 

possibly within the AIIB; and Introduce a more flexible exchange rate system. That is the 

contribution to the authorities and policymaker, and it is better to use these five suggestions 

simultaneously. These five can improve China's financial market, increase the volume of 

China's international trade, partially solve the RMB liquidity problem, and build investors' 

trust in the RMB.  

  

The secondary research question focuses on the investment tranche of the 'trilogy' of reserve 

currency uses. It uses dynamic mean-variance optimization techniques to identify whether or 

not the RMB would feature in the optimal reserve currency portfolios of countries. It 

develops and extends further on the econometric methodology applied by Papaioannou, E., 
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Portes, R. and Siourounis, G. (2006). The modelling procedures applied use dynamic mean-

variance optimization to the reserve currency portfolio model.  

  

There are several contributions which extend on the previous literature. First, this thesis has 

explored the impact of different asymmetric structures on the variance in the DCC-GARCH 

model. This has not previously been found in the literature. Second, the method applied more 

reasonable selections for the period and country. The model is applied to a developed 

country, a semi-developed country and an emerging country for comparative purposes. The 

time frame for this method is between 2011 and 2019. During that period, there is no any 

dramatical event, such as the 2008 financial crisis or 2020 Covid-19 pandemic. Therefore, it 

can provide a fairer or more basic result and advice.  

  

Third, this study contributes to novelty by examining three different assumptions about 

central bank purchases of reserve assets. These assumptions relate to a minimum risk, 

different ranges of external debt and different ranges of risk with maximum return. For 

example, the thesis models the reserve portfolio for the central bank, if they are pursuing the 

highest return subject to a 'minimum risk plus 10 percent constraint. It is argued in the thesis 

that the approach taken is more comprehensive than the key paper. It was found, for example, 

that using the minimum variance benchmark, the overall usage of CNY is average 8 percent 

less than the USD across these countries. The results do, however, indicate that the CNY 

investment tranche share in the optimal portfolio is high compared to competitor currencies 

(EU19, GBP and JPY). Also, the result indicated the external debt constraint has a large and 

highly significant impact on a country's investment tranche. With the increase of the bound 

ratio of foreign debt, the use of RMB has decreased significantly and gradually.  

 

1.5 CLIOMETRICS METHODOLOGY  
 

Much of the literature in the area of reserve currencies is based on historical analysis of 

monetary events with usually only limited levels of statistical analysis. In this thesis, a 

different approach is taken. The methodology used to examine the research questions is based 

on cliometrics also called 'New Economic History' or 'Economic History'. This was 

popularised by Robert Fogel and Douglass North (1964), who were awarded the Nobel Prize 

for Economics in 1993 (Goldin, C. 1995). Cliometrics combines the rigour of fundamental 

historical analysis and economic theories with quantitative analysis. These can help to 
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improve the richness of history to test and simulate the economic theory with a more 

sufficient and constructor database. It can improve the measurement accuracy and 

comprehension for long-run economic processes. (Fogel, R.W. 1966). This method can be 

applied to study potential future economic scenarios, as discussed in this paper.  

  

There are some precedents for these approaches in the analysis of reserve currencies: 

Monnet, E. and Puy, D. (2015) and Huang, Y., Wang, D. and Fan, G., (2014). Monnet, E. and 

Puy, D. (2015) report applied the cliometrics theory to undertake historical analysis of the 

impact of Bretton Woods on currency reserves. Liao, S. and McDowell, D’s (2015) report 

focus on determining the relationship between the bilateral currency swap arrangements 

(BSA) with promoting cross-border trade and RMB as a reserve currency. They hold a 

similar framework and start with literature review for RMB internalisation, PBoC Swap 

scheme and BSA cooperation, then use Panel data to test the relationships and summarize the 

results at the end. Subramanian, A. and Kessler, M. (2013) report on the possibility of the 

RMB overtaking the USD as a reserve currency and when this might happen. They begin the 

report with the strengths and weaknesses of reserve currencies, looks back at history, then 

applies Panel data to test the different factors that have shaped reserve currencies. Last, he 

uses these results to China's case to predict, using counterfactual1 or 'what-if' analysis, the 

difference between the RMB and the USD in 2020-25. 

 

Cliometrics contributed the significant, broad and expansive historical datasets. In the early 

days, low computer power, weak statistical techniques and incomplete data sets limited the 

scope of historical researchers' ability in different economic fields (Greif, A. 1997). It is 

necessary to have powerful computers and more sophisticated applications programmes. For 

example, better informative quantitative analysis is based on more extensive cross-sectional 

studies, more extended time series, or on new data sets. Nowadays, sustainable evolution of 

technology boosting the cliometricians, allows these to handle a broader level of datasets 

which previously would take a lifetime to collect. These improvements give researchers the 

resources to rethink traditional economic theory or other problems discovered earlier. Expand 

our understanding of the past and more accurately predict the future (Haupert, M 2017). 

  

                                                 
1 Counterfactual analysis is usually historically based. However, in the cliometrics literature it has also been 
used in relation to forecast (For example, Huang, 2014). 
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Cliometrics methodology stresses the ways of measurement while accepting the close link 

and the gaps between the results and theories (Fogel, R.W. 1964). Also, Haupert, M. (2017) 

thinks the key for cliometrics is to apply hypothetic-deductive models which are using latest 

techniques to aim for finding the interaction between the variables in a given situation in 

mathematical form. It uses a mixture of historical analysis, economic theory and econometric 

measurement. This study would use a similar approach. First, a historical analysis of reserve 

currencies is undertaken in Chapter 2 to provide the critical variables that determine a 

currency's reserve status. In subsequent chapters, the economic models based on these 

variables are created, and predictions for the future reserve currency status of RMB are made 

through counterfactual or 'what-if' discussions (similar to the Huang et al. 2014 approach). 

 

1.6 THESIS STRUCTURE 
 

The thesis consists of six chapters. Chapter 1 is an introduction. Then it is followed by a 

historical literature review in Chapter 2. The first element of this is a historical review of the 

international monetary systems and reserve currencies from 1880 to 2019. Then, it details 

economic theories and monetary system change. The principal objective of the chapter is to 

identify the key variables that will be used in the subsequent econometric models.  

 

Chapter 3 is the first substantive econometric-based chapter. This produces a Panel data 

based econometric model of reserve currency world shares. Chapter 4 provides a discussion 

of recent Chinese monetary history. Chapter 5, then uses the Panel-data model from Chapter 

3 in association with the discussion of recent Chinese monetary history in Chapter 4, to 

undertakes a ‘what-if’ analysis to predict the RMB reserve currency share over the next two 

decades. This is used to draw conclusions with respect to the primary research question.  

 

Chapter 6 is the second substantive econometrics-based chapter of the thesis. It models the 

optimal-reserve-currency-composition of the ‘for investment’ tranche of currency reserves. It 

calculates the optimal allocation of the investment tranche of a basket of reserve currencies, 

including the RMB. Finally, Chapter 7 presents a summary of the main findings and draws 

some conclusions about the RMB’s future role as a reserve currency. The chapter also 

identifies some possible directions for further research. 
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2: A HISTORICAL LITERATURE REVIEW OF RESERVE CURRENCIES IN THE CONTEXT OF THE 

INTERNATIONAL MONETARY SYSTEM  

 

CHAPTER 2.0  OVERVIEW AND INTRODUCTION 

 

Much of the literature in the area of reserve currencies is based on historical analysis of 

monetary events, given that historical insights are often a useful guide to what might happen 

in the future. As this thesis is an exploration of whether or not China’s RMB is likely to 

obtain full reserve currency status, this approach presents a sound grounding for the research 

being conducted. 

 

Before this literature review begins, it is essential to take note of (i) the primary research 

question and (ii) the Clinometric-based methodology of the thesis, which combines historical 

and quantitative analysis. This is important to take note of as these two elements will drive 

the direction for the literature review.  

 

The primary research question of the thesis aims to: identify the principal factors that 

determine reserve currency status and use this to model the extent to which the RMB will 

develop into an international reserve currency over the next two decades. There are three 

essential steps to this process. First, a historical analysis of the literature is carried out to 

identify the processes and factors (which can be measured in quantitative terms) that led to 

the previous currency obtaining this status in the past. Second, it models econometrically the 

factors which determine reserve currency status (Chapter 3). Third, to use the historical 

analysis and the econometric analysis in association with an examination of China’s financial 

sector to answer the primary research question (Chapters 4 and 5).  

 

History has shown that the International Monetary System (IMS) is a system that is very 

fragile and vulnerable and has been subjected to numerous economic and political shocks 

over the past 140 years or so. History has also shown that the IMS and the Reserve Currency 

System (RCS) are inextricably linked and tend to develop in tandem; significant changes in 

the IMS are usually associated with similarly significant changes in the RCS.   
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This chapter will examine and review these events from an IMS based on the Gold Standard 

in the 1880s, through to the Bretton Woods system to the present day. As the IMS has 

changed so has the RCS, from a system initially dominated by the GBP through to the current 

system which is dominated by the USD.  

 

The thesis is an examination of whether or not be Chinese RMB will attain full reserve 

currency status. The chapter should be seen in the context of examining the process of 

change. To this end, it begins with a review of the histories of the IMS (Section 2.1) and RCS 

(Section 2.2). As the RCS has developed, how central banks determine their currency 

portfolios is being driven more and more by the decisions of professional fund managers. 

Section 2.3 examines currency portfolio management practice. The processes which drive 

change in financial markets are then examined in Section 3.4 in the context of ‘Minsky 

Moment’ theory. Finally, and most importantly, Section 3.5 concludes the chapter by 

drawing on the findings in the chapter to identify eight fundamental aspects of reserve 

currency formation, aspects which will be modelled econometrically in Chapter 3.  

 

2.1  INTERNATIONAL MONETARY SYSTEMS  

 

What is the IMS? The system as we know it today developed in response to the 

internationalisation and the globalisation of the world’s trading system which began as the 

first industrial revolution gained momentum in the nineteenth century. A number of 

commentators have attempted to define it. Eichengreen, B. (2008) described it as:  

 

“the glue that binds national economies together. Its role is to lend order and stability to 

foreign exchange markets, to encourage the elimination of balance-of-payments problems, 

and to provide access to international credits in the event of disruptive shocks.”  

 

And Truman, E.M. (2010) described it as: 

 

 “it is the set of rules, conventions, and institutions that govern and condition official actions 

and policies affecting the international economy and financial system: exchange rate 

regimes, intervention policies, the size and composition of reserve holdings, mechanisms of 

official financial support, etc. The international monetary system exists within the 
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international financial system, which today is dominated by private, not publications and 

their balance sheets.” (Rangarajan, C. and Patra, M.D., 2012) 

 

It is difficult to ascribe to the IMS precise dates and also to ascribe to it precise periods, but 

in the context of this thesis, the IMS will be categorised into periods which generally 

correspond to different phases in the reserve currency system. These periods, which start 

from 1880 and are shown in Table 2.1, will be described in the following sub-sections. 

 

 
 

2.1.A) CLASSIC GOLD STANDARD (1880 TO 1914) 

 

During the period 1880–1914, the fixed exchange rate system ran. It also called the classic 

gold standard. The main feature of this system is that it is based on gold. It used a fixed price 

for gold to trade with the currencies at a fixed ‘par value’. Around the world, gold can 

exchange for banknotes in different currencies. Then different countries’ central banks could 

set its par value between the gold and banknotes. However, the flexibility was minimal. 

Market exchange rates were nominally determined by supply and demand subject to 

intermediary costs, such as transportation and insurance costs. These led to only small 

deviations from par value (Drummond, I.M., 1987). For example, the USD remained at 

$20.67 per ounce of gold from 1843 to 1933 (Bordo, M.D., 1993). Effectively, international 

trade was denominated in currencies that represented weights of gold. 

  

The system broke down in 1914 since two fundamental requirements have vanished: free 

cross-borders and gold convertibility. During the World War I period, wars among countries 

led to increased demand for gold, adding to the lack of credibility of cooperation between 

central banks. As a result, central banks did not have enough gold reserves, further impeding 

the free flow of gold across borders. After the system collapsed, governments started to 

control of gold independently and managed the international movement by themselves 

(Bayoumi, T. and Eichengreen, B., 1995). They destroyed the fixed relationship between 
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gold and currency by putting the gold into office reserve holdings and the use of paper 

currency (Drummond, I.M., 1987). 

  

Three key lessons can be drawn from this experience, as listed below, and they are all 

connected. This system was restricted for monetary authorities to set up policies to decrease 

or increase money supply. Thus, the foreign exchange rate linked with the gold exchange 

rate. If one country is affected by economic shock, then it will bring the volatility along with 

the its exchange rate to influence other countries’ domestic money supply, expenditure, price 

level, and real income. This leaves the government with little or no control over its monetary 

system. Thus, the system provides long-term stability, however, not for short-term.  

 

1, Long-term price stability: As mentioned earlier, the gold standard can maintain the par 

values. Since the money supply is stable, supply and demand can be kept in balance. Klein, 

B. (1975) and Schwartz, A.J. (1986) showed that the gold standard has more long-term price 

stability compared with post-World War II. Bordo, M.D. (2016) identified the U.S. average 

annual inflation was only 0.1 percent during the classic gold standard, compared with an 

average of 4.1 percent during 1946 to 2003. Meanwhile, over the same period, the average 

employment rate under the gold standard was higher. Ozeki, Y. and Tavlas, G.S. (1992) have 

identified a long-term record of low inflation, and the variability of inflation is dependents on 

a stable and consistent policy, especially in the monetary system.  

  

2, Volatile short-term prices and real economic activity: The system offers less ability to 

avoid or offset either monetary or real shocks in the short run. Since any movement for gold 

or any changes can bring the price level to a highly unstable level (Meltzer, A.H., 1989; 

Bordo, M.D., 2008). During the classical gold standard, prices in these countries fluctuated 

more in the short term and in real economic activity. These countries which left the classic 

gold standard quickly recovered from the depression, compared with the countries that 

applied the classic gold standard (Cooper, R.N., Dornbusch, R. and Hall, R.E., 1982, and 

Eichengreen, B. and Sachs, J., 1985). 

  

3, Low government control: the government control was low since it was a fixed exchange 

rate system. However, central banks could still influence the balance by changing their 

interest rate and buying and selling domestic securities, to increase or reduce the gold inflow. 

For example, occurred in wartime emergencies, several countries (Britain in 1797-1821, 
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1914-1925 and the United States in 1862-1879) have depreciated their currencies or 

controlled the gold standard to help with domestic economic activity. After the crisis, they 

converted to its original parity (Bordo, M.D., 2008). These resumptions fortified the 

credibility of the gold standard rule. However, studies have shown that most counties turn a 

blind eye to these behaviours (Drummond, I.M., 1987). 

 

2.1.B) EXCHANGE GOLD STANDARD (1920 TO 1933) 

 

After the classic gold standard collapsed in 1914, many countries stayed off gold and 

experienced chaotic fiscal and monetary policies. European countries suspended the gold 

standard, printed more money for military purposes and creating hyperinflation. Then, 

countries realized the importance of the gold standard system. The U.S was the first country 

to return to the gold standard in 1919. The Genoa Conference in 1922 as a start point for this 

system, it has addressed the issue and proposed this system. In 1925, the U.K. rebuilt the gold 

standard, followed by 21 countries. Until 1930, besides Spain, there was nearly universal 

membership of the gold standard club (Bordo, M.D. and Rockoff, H., 1996). 

 

The gold-exchange standard is an international system in which countries could hold both 

gold and foreign currencies as reserves, mainly the USD or the GBP (Skenwood, A.G. and 

Lougheed, A.L., 1971). The difference between the classic and gold standard is that the 

classic gold standard is a system for the currency of the economic unit of account of a 

country based on a fixed quantity of gold. In contrast, the gold exchange standard is a type of 

gold standard which does not cover the circulation of gold coins. Under this, the government 

guarantees a fixed exchange rate to the currency of another country, that uses a gold standard.  

 

As a result, countries using the gold standard were able to maintain their currency's parity 

with gold without having to maintain the large gold reserves required under the gold 

standard. Under this system, countries could pay out their liabilities merely in paper money. 

The USD and the GBP were acting as the potential reserve currency. Following the Great 

Depression of 1929-1939, Germany went off the gold standard in 1927, and Britain went off 

in 1929 (Temin, P., 1971). In Sept 1931, speculative attacks on the GBP forced the U.K. to 

abandon the gold standard system; other countries soon followed. The U.S. withdrawal from 

the system in 1933, acts as the signal for the end of the standard gold era (Eichengreen, B. 
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and Temin, P., 2000). After that, the U.S. nationalized all the gold, which has previously 

owned by private citizens and abrogated contracts.  

 

There are two critical reasons for its failure. First, the macroeconomic situation, especially 

for the complicated trade and monetary adjustment in the interwar period. The pre-war 

classical gold standard was a hegemonic system, with the U.K. the unquestioned centre. 

During the interwar period, the U.S. was seen as an inexperienced and isolated new potential 

hegemon, while the U.K. was in relative decline. Also, the ineffective cooperation among 

central banks left no one to have the strength to take responsibility for the IMS (Elwell, C.K., 

2011). 

 

The second reason is the asymmetry between surplus and deficit countries, namely the lack of 

cooperation between the major countries. After the World War, there were debtor countries 

and creditor countries. They have different demands on the inflow and outflow of foreign 

capital and the motivation to rebuild the gold exchange system. For countries with large 

balance of payments surpluses, they are reluctant to do so because coordination mechanisms 

are lacking or severely misaligned (Moggridge, D.E., 1972 and Redmond, J., 1984). In 

addition, the exchange rate between different currencies is difficult to determine, since it is 

pegged to deflation (Graham, F.D., 1930). 

 

2.1.C) FLOATING PERIOD (1933 TO 1944) 

 

There was a floating period during 1933-1944, pressure to maintain the peg in the past 

eventually led countries to abandon the peg in favour of floating exchange rates. In particular, 

during the transaction from fixed exchange rate to floating exchange rate have often 

been preceded by four factors. First, the instability of the banking sector stems from its 

linkages between the real economy and sovereign states. Second, the decline in foreign 

exchange reserves and the central bank's lack of policy tools to support the economy. Third, 

the broader economic deterioration has led to defaults. Last, restore and maintain policy 

control (Ellis, C. and Gyoerk, E., 2019). 

 

2.1.D) BRETTON WOODS SYSTEM (1944 TO 1971) 
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In 1944, during the Bretton Woods conference, the 730 delegates from the 44 allied nations 

had accepted Harry Dexter White's idea, to set up the new international monetary and 

financial order. The aims were to implement a series of post-war global financial standards 

and to fix and maintain exchange rate stability and improve global trading. As well as to 

rebuild from the gold standard, determine the suited exchange currency values and recovery 

from the Great Depression (Bordo, M.D., 2017).  

 

The Bretton Woods system was an adjustable peg system combining a fixed-exchange-rate 

system (monetary and exchange rate stability) with those of flexible rates (monetary and 

fiscal independence) (Angeloni et al., 2011). Overall, there are three main features for it: 

fixed exchange rate, currencies that were freely convertible into each other or gold, and 

freedom from exchange restrictions (Kirshner, O., 2015). Also, there are two new global 

organisations to supporting the structure of the world's economic and financial order: IMF 

and The World Bank. The former acts as a supervisor of its members’ monetary policy and a 

watchman for the code of conduct, while the latter acts as a bank to borrowing and lending 

between investors and recipients. 

 

In this system, the majority of currencies are fixed and pegged against USD, while the USD 

was fixed to gold (Wang, J., 2015). Moreover, the Bretton Woods system was not fully 

functioning until 1958, after the Western European members declared current account 

convertibility, which evolved into a quasi-fixed exchange-rate system (Bordo, M.D., 2017). 

Before that, there were no official exchange rates, only bilateral agreements, which made the 

official exchange rates of Europe's major industrial countries overvalued. 

 

In the 1960s, the crises of balance-of-payments became more frequent. Some countries had to 

change their USD assets parties to move closer to internal and external balance. The balance-

of-payments have trigged the Triffin Dilemma and caused inflation (Triffin, R. 1960). 

Eventually, the system collapsed in August 1971, with huge repercussions for the 

international economic and political system. After two years, all other primary currencies 

were no longer pegged against USD. However, it still maintains the high demand act as a 

reserve currency (Dooley, et al., 2003).  

 

In addition to the USD shortage, the key cause of its failure was the trade deficit, also known 

as the Triffin dilemma (CamPanella, E., 2010). Since the 1960s, the U.S. has massively 



19 
 

printed its currency that reduced sharply for the USD’s purchasing power (Bordo, M.D., 

1993). Its inflation was rising sharply after 1965 from 1.58 percent up to 11.54 percent in 

1974, then achieved its peak at 13.55 percent in 1980. There was a speculative attack on the 

world's monetary gold stock in 1968 (Garber, P.M., 1993). This hugely affected the U.S. 

economy and cause a loss of trust in its currency. Combined with strong competitiveness 

from Europe and Japan, the U.S. was plunged into a serious crisis (Merki, E., 2014.). 

 

The Triffin Dilemma was from Robert Triffin in 1960, as the U.S. faced a looming domestic 

balance of payment deficit. It was caused by the double role for the USD of national currency 

and globally used currency (CamPanella, E., 2010). During the Bretton Woods system, the 

U.S. needs to have international confidence as a reserve currency: having a current account 

surplus, to be beneficial to other countries, low interest rate loans, raise capital quickly 

through high demand reserve currency-denominated bonds. Meanwhile, it also needs to 

balance the requirements for local currency: have a current account deficit by providing 

immediate access to gold, keep competitive for domestic industries in the world market, 

steady economic growth, no trade deficits. However, these needs cannot happen 

simultaneously, and it is difficult to maintain a balance (Korten, D.C., 1996).  

 

The U.S. started to run large trade deficits in 1958. (Chinn, M.D. and Frankel, J.A., 2008) As 

foreign trade and income grew, demand for USD as a reserve currency increased sharply. 

Since the replenishment of gold is fixed, central banks can use the extra USD as reserve 

assets, which can be achieved from trading surplus or other payments. Then, the trade deficit 

increased sharply. In theory, the U.S. can reduce USD usage globally and stop trading 

deficits. However, this movement can reduce USD's liquidity, and it will cause destabilize the 

international economic. If the U.S. continues to run these large deficits, its fixed exchange 

rate regime will not be sustainable and lead to instability in world economic. Triffin proposed 

a solution to create a new reserve unit, which should be independent of gold or any other 

currency. For example, the Special Drawing Rights provided by the IMF. 

 

2.1.E) CURRENT MONETARY SYSTEM (1971 TO PRESENT)  

 

Central banks held these assets in the form of JPY and DEM have rising rapidly 



20 
 

in the remainder of the 1970s and 1980s. The share of reserves denominated in DEM 

achieved its peak at 18 percent in 1998, while the JPY's peak at 10 percent in 1991. The rise 

of Germany and Japan as major economic powers led to the view that the DEM and the JPY 

would rival the USD, dividing the world into three currency blocs (Chinn, M.D. and Frankel, 

J.A., 2008). However, the German and Japanese governments have discouraged the use of 

their currencies internationally. Germany was afraid of losing its control of inflation and 

Japan worried about its weak financial markets and over-reliance on exports (Eichengreen, 

B., 2005). As a result, these currencies as potential alternatives to the USD have maintained 

important capital controls until the late 1980s (Williamson, S.D., 2016). Most of these 

controls were relaxed or removed by the 1990s. However, at that time, Japan's economic has 

slump and the uncertain transition to the Euro made it an unpropitious time for radical 

portfolio reallocation.  Moreover, the U.S. rapidly economic growth, particularly in the 

second half of the 1990s, meant that the dominance of the USD unsettled a few reserve 

managers (Eichengreen, B., Mehl, A. and Chiţu, L., 2014). 

 

There is currently no fully internationally coordinated monetary system along the lines of 

something like Bretton Woods at the moment. It is a unipolar reserve system with the USD as 

the dominant reserve currency. The current system was not planned and did not rely on 

international coordination. There is no role for a central and controlling country, and the role 

of the IMF is constrained and limited. However, this situation has proved to be durable; in 

contrast to previous internationally coordinated monetary regimes no country has been forced 

to abandon an inflation-targeting regime. Succinctly, it is the diametric opposite of the post-

war system; Bretton Woods reversed (Rose, A.K., 2007). 

 

However, there are two areas where international coordination has increased in the past five 

decades: the expansion of SDR basket in 1974 and the formal establishment of the E.U. in 

1993. The SDR was created by the initially agreed in 1967 to supplement member countries' 

official reserves. After the collapse of Bretton Woods, it was redefined as a basket of 

currencies. It represents an unconditional claim to currencies held by IMF member countries 

for which they can be exchanged for. It is including more than one currency in order to 

balance global currencies in the event of large swings in the USD (Wilkie, C., 2012). It is a 

potential claim on the freely usable of these currencies. Most recent, IMF incorporated the 

RMB as a world currency in 2016. Currently, the USD accounted for the highest proportion 

in SDR (41.73 percent), the EUR followed (30.93 percent), the RMB as the third (10.92 
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percent), and the rest two currencies are JPY (8.33 percent) and GBP (8.09 percent). China 

was forced to lift its tight grip on the RMB, culminating in the abrupt devaluation of the 

RMB that shook global markets in Aug 2015 (Wei, L., 2015). However, this move was seen 

as a way to help pave the way for broader use of the RMB in trade and finance, securing 

China's standing as a global economic power. 

 

The E.U. was formally brought into existence in 1993 with the Maastricht Treaty which 

replaced previous versions of European cooperation. Many commentators saw this as a step 

toward realizing the ambition of a U.S. of Europe. As part of the process of further 

integration the EUR was established in 1999, replacing at a stroke, major European 

currencies such as the DEM, FRA, and Guilder (Chinn, M.D. and Frankel, J.A., 2008). 

Similar to the USD, some currencies are pegged against the EUR, specifically Eastern 

European and West African currencies. (Tsangarides, C.G. and Qureshi, M.S., 2008). 

 

Although there is currently no formally coordinated international monetary system, major 

financial crises in 1997-98 and 2007-09 demonstrated a considerable degree of cooperation 

and coordination among monetary authorities. For example, expansionary monetary policy, 

known generally as quantitative easing, has been used across the world (Bordo, M.D. and 

Landon-Lane, J., 2013). In response to the financial crisis in 2007-09, some of the world's 

largest central banks, such as Fed, the Bank of England, the Bank of Japan, and the European 

Central Bank, among others, have embarked on monetary easing or quantitative easing. 

(Hausken, K. and Ncube, M., 2013). 

 

2.1.F) FUTURE DIRECTIONS OF THE IMS: THE IMPLICATIONS FOR CHINESE PARTICIPATION 

 

This brief history of the IMS has identified that the system changes significantly as the 

economic and political environment changes. First, the classic gold standard period (1880-

1914) broke down and had to be abandoned, due to limited gold supply and lack of full 

convertibility. Second, the asymmetry and non-cooperation among the major powers, as well 

as changes in the economic power of the countries after World War I, led to the failure of the 

exchange gold standard (1920-1933). Finally, the Bretton Woods system broke down in 1971 

due to the imbalance of internal and external demand, resulting in a serious U.S. trade deficit 

and the so-called Triffin dilemma. 
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Further considerable change has occurred in the world economy over the last two decades, 

with the Chinese economy growing to the second largest in the world (in PPP terms) and the 

share of world GDP of other SE Asian ‘tiger’ countries growing considerably as well. If the 

experience is an excellent guide to expectations, the growing economic importance of this 

group of countries could have profound implications for the IMS. There have been some 

China-related changes in the IMS. For example, the RMB has admitted to the IMF’s SDR 

basket, and the RMB is beginning to be traded in world financial centres such as London. 

However, as the share of world GDP of China and other Asian countries grows further, then 

further considerable changes might be expected to ‘rebalance’ the IMS and to keep it 

functioning efficiently. As Wang, J. (2015) argues, there are four critical requirements for an 

efficiently functioning IMS: convertibility, trade balance for external and internal stability, 

economic strength and financial stability, and avoidance of exchange rate misalignment. In 

order to achieve this goal and maintain the balance of IMS, the future may see China 

participate more fully in IMS. 

 

2.2  THE RESERVE CURRENCY  

 

As the IMS has evolved and changed so have the ways in which countries manager their 

reserves. There is approximately 140 years’ history for foreign reserves. Until the 19th 

century, foreign exchange reserve was a minor part in the central bank balance sheet. When 

the IMS was dominated by the gold standard, it was considered almost unnecessary to hold 

any reserves other than gold. However, as this system began to break down towards the end 

of the Classic Gold Standard period, the holding of international currencies began to become 

more important. Convertibility became a critical issue as global trade expanded and this led 

to a movement of reserves away from gold and towards currencies (Eichengreen, B. and 

Flandreau, M., 2014). As the globalisation of trade accelerated the demand for trade credit 

and deposit receipts also accelerated. The accompanying expansion of the global banking 

system encouraged traders to choose the cheapest and most reliable banking facilities which 

were currency denominated (Flandreau, M. and Sussman, N., 2005). 

 

Most countries still hold both gold and foreign currencies in their reserve. However, most 

central banks have sold part of or even all of their gold (Wooldridge, P.D., 2006). The weight 
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of gold at market prices reduced from 60 percent of total reserves in 1980 down to 9 percent 

in 2005. The foreign currencies proportion increased dramatically and took over the space 

left from gold. In Mar 2016, the total foreign currency assets were 4.3 trillion USD while 

gold holding 0.5 trillion USD (Laser, F.H. and Weidner, J., 2020). 

 

The historical changes that have taken place in the IMS since the 1880s are also reflected in 

similar changes in the choose of reserve currencies. Like changes in the IMS, changes in the 

reserve currency system (RCS) have mirrored shifts in world economic power as the 

subsequent sections will illustrate. Even in the modern period, from the mid-1960’s, 

individual currency shares of the reserve currency market have shown considerable volatility, 

as it illustrated in Figure 2.1.  

 

 
 

2.2.A) THE GBP DOMINATION DURING THE CLASSIC GOLD STANDARD PERIOD (1880 TO 1914) 

 

From the late 1880s, Britain was the dominant economic power, and as a consequence, the 

GBP was the first leading global reserve currency. In 1899, the share of GBP as a foreign 

exchange currency was more than twice the sum of its the nearest rivals: the FRA and the 

DEM (Lindert, P.H., 1969). Four key factors led to GBP becoming the dominant reserve 

currency of the time: GBP invoiced international trading, U.K.’s strong finance markets, the 

GBP’s liquidity, and U.K.’s monetary policy of trading with its colonies.  
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From 1840 to 1913, the U.K. was the leading exporter of manufactured goods and services 

and the largest importer of food and importer of industrial raw materials. There was 60-90 

percent of the world’s trade invoiced and settled in the GBP (Williams, D., 1968). The 

increasing value of the export market was associated with increasing import and re-export 

and the creation of significant levels of liquidity.  

 

The expansion in trade also led to strengthening of the financial markets. Traders would hold 

a deposit account in London for a short period to ensure the safety of the money. As a result, 

global trading has led to the development of its financed market. It further developed foreign 

government borrowing in the London exchange market, laid the groundwork for the future of 

its financial empire, and made the GBP as a logical unit of account for debt securities. 

(Flandreau, M. and Sussman, N., 2005 and Bordo, M.D., Meissner, C. and Redish, A., 2003).  

 

The GBP’s geographical distribution as a reserve currency was however uneven, maybe due 

to the colonies or the war exchange controls (Helleiner, E., 2002). In the earlier 18th century, 

these colonies from the U.K. were all using the GBP as well as British banking process. They 

opened different branches in their hometown with headquartered in London. Its aims include 

maintaining a fixed exchange rate, creating the assets to liabilities account, and printing 

money. British government hold direct controls over local currencies and solve the problem 

of misbehaved local currency exchange by converting local currencies into GBP or buying 

and selling GBP on demand in London.  

 

The GBP began to lose its position as a dominant reserve currency from 1919. During WWI, 

the U.K. was forced to borrow heavily to finance the war. It increased its national debt from 

£650 million in 1914 up to £7.4 billion in 1919 (Balderston, T., 1989). Then, the U.S. 

formally became a net creditor to the U.K. and the rest of the world. In the late 1920s, the 

Bank of England has continuously suffered financial turmoil from Germany and France 

(Triffin, R., 1964). When the U.K. lost its economic places and frightens all the colonies, 

they to stop using GBP. In return, the percent for the GBP in reserve currency has fallen 

rapidly. Cohen, B.J., (1969) argued that the British government regarded sterling as the 

defence of the city of London's international leadership. Thus, after it lost its premier 

economic position, its currency lost its position as the world’s dominant reserve currency. 
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2.2.B) THE GBP AND USD COMPETING DURING THE EXCHANGE GOLD STANDARD AND FLOATING 

PERIODS (1920 TO 1944)  

 

There is a statistical 'black hole' with respect to data between the 1920s and the 1940s with 

respect to the currency composition of foreign exchange reserves (Eichengreen, B. and 

Flandreau, M. 2009). There is no agreed date as to when the USD finally replaced the GBP as 

the dominant reserve currency. According to Triffin, R. (1968), the GBP's reserve currency 

weight was around 80 percent in 1928, falling to 70 percent in 1938. Aliber, R. (1966) and 

Chinn, M. and Frankel, J.A. (2008) examined the data in more detail and argue that the USD 

had surpassed GBP after World War II. However, the Federal Reserve Board and Chitu, L., 

Eichengreen, B. and Mehl, A.J. (2012) argue that the USD already dominated the market for 

international reserves by the mid-1920s. Another common opinion is that there was in fact a 

bipolar monetary and financial system in the mid-1920s, with the GBP and USD roughly 

shared the world market for reserve currency (Nurkse, R., 1944; Triffin, R. 1968; and 

Eichengreen, B. and Flandreau, M., 2012).  

 

What is certain is that, as the U.S. share of world GDP rose relative to the U.K. share, the 

USD began to challenge, and eventually overtake the GBP as the dominant reserve currency. 

The U.S. surpassed the U.K. in terms of absolute economic size in the 1870s, and its real 

GDP per capita overtook the U.K. in 1872 (Triffin, R. 1960). Similarly, in relation to 

international trading, the U.S.'s exports have overpassed the U.K. exports in 1915 (Imlah, 

A.H., 1958). Even after the U.K. lost its preeminent economic position in terms of absolute 

economic size in the 1870s, it still held its position as the dominant reserve currency for 

another five decades or possibly eight decades. The period is possibly a reflection of network 

effects and inertia (Eichengreen, B. and Flandreau, M., 2012 and Frankel, J., 2012). The 

network externality occurs when an individual tends to imitate the behaviour of others. 

Matsuyama, K., Kiyotaki, N. and Matsui, A., (1993) and Rey, H. (2001) think that small 

changes in the critical factors associated with a reserve currency will not affect its status in 

the short term. However, they argue that change occurs slowly in the reserve currency 

system, even in response to long-term and secular changes in economic activity. 

 

2.2.C) THE USD DOMINATION DURING THE BRETTON WOODS SYSTEM (1944 TO 1973) 
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During the Bretton Woods system period, the U.S. had the most robust economy, the highest 

share of world trade and the most in-depth and developed financial markets. This period was 

accompanied by increasing USD dominance as a reserve currency. Figure 2.1 shows that its 

average share ranged approx. 75 percent from 1964 to 1971, in which the USD did not face 

any significant competition to its dominant position.  

 

Much of the dominance of the USD can be attributed to U.S. strength in international 

financial markets. The U.S. strength in this area can be traced back a long way. Increasing 

USD usage in the global foreign public debt was first observed from 1918 to 1932 

(Eichengreen, B., Mehl, A. and Chiţu, L., 2012). Before WWI, the USD was rarely used in 

international transitions. Because its financial market was not deep and liquid enough and 

there was a lack of banker acceptances.  

 

The federal reserve was established only in 1913. Before that, there was no central bank to 

take these notes or buy them on the open market. In this way, the market liquidity cannot be 

guaranteed as well as the strength of the U.S. payments balance (Eichengreen, B. 2007). 

After World War I, the U.S. not only increased its share of global trade but also began 

borrowing short-term and lending long-term to act as the world's banker (Despres, E., 

Kindleberger, C.P. and Salant, W.S., 1966). The USD's role expanded as the unit of account 

and means of payment for the global transactions between private parties and central banks. 

During that time, the New York and London financial markets were both very liquid with 

little capital controls (Eichengreen, B. 2006).  

 

A further influence on USD domination was the importance of political factors. The U.S. 

came out of WWII in a much stronger position than any of the former European powers and 

it maintained the position of leadership throughout the subsequent ‘Cold War’ period. 

Although the Japanese and German economies recovered significantly post-war, they chose 

not to formally challenge the U.S. political leadership (Eichengreen, B. 2007).  

 

2.2.D) CONTINUING USD DOMINATION POST-BRETTON WOODS PERIOD 

 

The collapse of the Bretton Woods system in 1971 and the decision to let the USD float 

freely on the foreign exchange markets did not affect its status as the premier reserve 
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currency. The international status of the currency rested on solid foundations. There was no 

repeat of the decline faced by the GBP as the U.S. maintained its economic pre-eminence, 

military power and other trappings of international hegemony (Chinn, M. and Frankel, J.A., 

2007). As shown in Figure 2.1, after the Bretton Woods system failed in 1971, the USD still 

acted as the dominant reserve currency. From 1971 to 1978, the USD share remained around 

75 percent. From 2001 until 2017, further volatility can be observed, however, it still 

maintained a dominant position despite the currency floating and not pegged to gold.  

 

So, what forces keeps investors holding USD as a reserve currency? The U.S. still maintained 

its preeminent position with respect to economic strength, financial market, military and 

political leadership. Many countries maintained a peg to the USD for economic or 

geographical reasons and a further development was increasing USD domination in the 

commodity markets, in particular the oil market. In 1975, the petrodollar system was born. 

All of the petroleum-producing nations of OPEC signed agreements with the U.S. It indicates 

the U.S. purchased oil from OPEC and provided military support in exchange for oil priced in 

USD and any surplus profit must be invested back into U.S. debt securities. Petrodollars 

increase global demand for USD and debt securities and enable the U.S. to buy oil with the 

money they print (Emerson, S., 1985). 

 

2.2.E) FAILED CHALLENGES TO USD DOMINATION: JPY (1973 TO 1995) 

 

After WWII, Japan recovered and rebuilt their economy on the backs of their growing export 

markets and it rapidly grew to be second behind the U.S, in terms of share of world GDP. In 

the 1971, Japan successfully adopted a floating exchange rate system due 'Smithsonian 

Agreement'. As a result of this agreement and Japan's growing economic success in the 1970s 

and 1980s, the proportion of reserves held by the bank of Japan and the weight of the JPY are 

both soared (Chinn, M. and Frankel, J.A., 2007). In the mid-1980s, the government published 

a set of new policy measures that finally began to internationalise the JPY (Takagi, S. 2009). 

 

The JPY however failed to challenge the dominant position of the USD. Usage of JPY as 

exchange reserve arrived first peak at 8 percent in 1984 and the second peak at 10 percent in 

1991, then decreased since (Taguchi, H. 1992). Even in JPY's peak time, the usage of JPY 

was still 40 percent below that of the USD. There are four main reasons for JPY failure to 
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become a reserve currency: their political, its low economic and trading, its weak financial 

market, and a ‘false’ or manipulated exchange rate. 

 

 
 

The first and most critical reason was its relatively weak economic and global trading 

position compared to the U.S. This can be seen in Figure 2.2, there are quite big gap between 

Japan and the U.S. Even in Japan GDP's peak in 1995, where Japan holds $5.4 trillion and 

the U.S. holds $7.6 trillion. Japan also trades far less internationally than the U.S. In 1991, 

Japan only holds half of U.S. international trading. In addition, Japan has a serious imbalance 

between imports and exports, which will cause a lot of problems. Its trading would be hugely 

affected by any exchange rate change movement. Finally, Japan's economy or policies are 

tightly controlled by its trading partners, as happened with the Plaza Accord. 

 

The second reason is its relatively small and underdeveloped financial market. The Japan 

financial market was developing during 1970-80. The JPY-denominated loans risen from 2.2 

to 11.6 percent, while Japanese banks tried to establish themselves overseas (Ozeki, Y. and 

Tavlas, G.S., 1992). However, compared it with the U.S., Japan's financial markets are far 

too small, uncompetitive, heavily regulated and generally closed to foreigners (Frankel, J.A., 

1992). At that time, the U.S. still maintained the controls for limited liquidity of other 

counties' securities market (Zingales, L. and Rajan, R.G., 2003). Until 1984, Japan was 

forced in the Plaza Accord, to liberalize its financial system, its financial sector starts open to 

foreign competition, and its capital markets are open to having more readily global flowing.  
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The third reason was policy based. After WWII, the Japanese government unwilling for JPY 

internationalisation. In the 1970s, although the government began to allow foreign residents 

to hold domestic assets, its politics still remained opposed to the internationalisation of JPY 

(Ozeki, Y. and Tavlas, G.S., 1992). Because Japan holds a unique financial system that relies 

heavily on exports. Its governor feared that increased demand for their currency would hurt 

export competitiveness, just like German (Frankel, J., 2012). Also, they worried that the dull, 

shallow capital market could not handle too much JPY-denominated currency inflows and 

outflows. During this period, it was discussed and advocated to use JPY as a settlement 

currency instead of the reserve currency. It was not until the mid-1980s that the government 

changed its mind and issued a series of new policy measures to promote JPY 

internationalisation (Takagi, S., 2009). 

 

The fourth reason was the strength of the JPY which depreciated significantly due to 

continuing and persistent trade surpluses. In 1984, the U.S. trade deficit grew to a new record 

of $108 billion, and the fiscal deficit was nearly $100 billion (Krugman, P.R. et al., 1987). As 

a solution, Japan and Germany devalued their currencies against USD in the 1985 Plaza 

Accord (Funabashi, Y., 1988). For the exchange rate JPYUSD, JPY has appreciated sharply 

three times against the USD from 1985 to 1995. From Feb 1985 at 76.24 to Nov 1988 at 

115.66, then arrived at its peak on Apr 1995 at 143.05. Without any doubt, this was an 

immature move for a vast export-reliable country like Japan. In 2001, its export growth hit 

bottom with a negative 6.7 percent growth. The government has expanded the fiscal and 

monetary policy to help ease that appreciation. However, the financial crisis still happened 

and leaded to lost decade. Lots of the economics have connected lost decade with the Plaza 

Accord (Hamada, K. and Okada, Y., 2009). 

 

2.2.F) FAILED CHALLENGES TO USD DOMINATION: EUR (1999 TO 2017) 

 

The Euro is the currency for the European Union (E.U.) and it has existed since 1999. In 

2018 there were twenty-eight countries in the European Union. Nineteen of these were part of 

the Eurozone, which adopted EUR as their official currency. The liberalisation and 

integration of European countries’ economic and its financial markets, as well as its stability-

based monetary policy, have built trust in its status as an international creditor (Chinn, M. 
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and Frankel, J.A., 2008). After 1999 until now, the EUR has been seen as the closest 

competitor for the USD. However, EUR has never become a serious challenger to the USD as 

a reserve currency as can be seen in Figure 2.1. What is the reason for this, given that the 

Eurozone economy is in fact larger than that of the U.S.? The reason can possibly be put 

down to two principal factors: weaker financial market and inconsistent policies.  

 

The U.S. financial sector is considerably more robust. Comparing with the Euro financial 

market, the U.S. one is unrivalled in its liquidity and depth, full capital mobility. The 

Eurobond market is still fragmented in the absence of unified Eurobonds. Also, it was issued 

within European countries, not within the measurements used globally (Gaspar, V. and 

Hartmann, P., 2005 and Rey, H. 2005). For international debt securities, there is still a big 

gap compared with USD. During 1998 to 2016, the average turnover for OTC foreign 

exchange instruments, the USD was around 88 percent, followed by EUR at 35 percent and 

JPY at 23 percent. The foreign exchange derivative markets show a similar result (BIS 2016). 

Besides, there are concerns over the solvency of some individual European states' borrowers. 

In general, the Euro government debt securities are too multifarious. Since each of Eurozone 

country has one individual market for its bonds, which relates to the next point (Eichengreen, 

B., 2009). 

 

The lack of coordination in national fiscal leads to significant uncertainties about the 

direction of economic policy in the Eurozone (Gali, J. and Monacelli, T., 2008). The 

institutional arrangements of different European countries have certain limitations. In this 

way, its ability and willingness for the policy system to publish new rules or to respond to 

unexpected shocks are significantly limited (Lane, P.R., 2012).  

 

2.2.G) THE FUTURE OF THE RMB AS A RESERVE CURRENCY: WHAT DO THE LESSONS OF HISTORY 

SUGGEST? 

 

The GBP was the first truly global currency at a time when the U.K. was the largest economy 

in the world. This can be characterised as being a unipolar system. During the inter-World-

War years up to the time of Bretton Woods the system can be described as bipolar, as the 

U.S. economy challenged the permanent leading position of the U.K. The switch to a USD 
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dominated unipolar system can be seen to have been accompanied by the relative economic 

decline of the U.K. 

 

Will the increasing importance of the Chinese economy mean that the RMB will attain full 

reserve currency status? The lessons from history would seem to be that this is not 

necessarily the case. The rise in the Japanese economy in the 1970s and 1980s did not result 

in the JPY becoming a serious challenger to the USD. Similarly, the EUR has not proved 

itself to be a significant challenger to the USD despite the euro-zone economy exceeding the 

U.S. in size.   

 

History has shown that JPY did not pose a serious challenge to USD domination, possibly 

reflecting a political lack of desire in Japan to assert leadership in an international context. 

The EUR also failed to seriously challenge the USD which possibly was a reflection of the 

relative weakness of its financial markets; no single euro-area bourse, and money markets 

largely focused on London; a non-euro currency area. By contrast, the U.S. had and still 

continues to have strong financial markets and added advantage of commodity markets (in 

particular oil) being USD denominated and also a USD denominated international payment 

system.  

 

So, will the RMB challenge USD dominance in the next two decades? History has shown that 

the reserve currency shares of JPY and EUR have increased as the size of their economies 

increased relative to U.S. The implication of these historical lessons is that as China's 

economy grows and may eventually overtake the U.S. in purchasing power parity, the RMB’s 

share of the reserve currency market is likely to increase, but it is unlikely to challenge the 

USD’s dominance. Since Chinese financial markets are relatively underdeveloped and weak 

(further examined in Chapter 4) meaning it is also unlikely to be a serious challenger to USD 

dominance in the near future. The expectation is therefore not multipolar RCS, but a USD 

dominated unipolar market with a competitive fringe.  With the fringe consisting of the 

RMB and the EUR.  

 

2.3  MANAGEMENT PRACTICE OF RESERVE CURRENCY PORTFOLIOS 
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There is 140 years of history for foreign reserve currency as well as central banks’ 

management approach. From the 19th century, foreign exchange reserve was a minor part in 

the central bank balance sheet. During the class gold standard system, there was seen to little 

need to hold any reserves other than gold. As the system began to collapse towards the end, 

holding reserve currencies began to grow its importance. At that period, the globalisation of 

trade has expanded, it made the convertibility a fundamental point for a reserve currency, 

which the gold did not achieve. It led to a movement of reserves away from gold and more 

trends towards paper money (Eichengreen, B. and Flandreau, M., 2014). These accelerated 

international trading also boosted the demand for trade credit and deposit receipts. As the 

global banking system expands, traders are encouraged to choose the cheapest and most 

reliable banking facilities in currency terms (Flandreau, M. and Sussman, N., 2005).  

 

Nowadays, instrument compositions are more complex. The management of ‘total official 

reserves’ relates to the management of five board categories: foreign currency reserves, 

monetary gold, special drawing rights, reserve positions in the IMF, and other foreign 

currency assets (IMF 2020) The foreign currency reserves consist of securities, total 

currency, and deposits (Dominguez, K.M., Hashimoto, Y. and Ito, T., 2012; Kester, A.Y. and 

Kester, A.Y., 2001) Recently, the central banks have focused more on credit markets and 

market liquidity risks, and preferred its return rather than liquidity and safety. These have 

broadened the ranges of asset classes and steadily shifted into higher-yielding and higher-risk 

instruments (Galati, G. and Wooldridge, P., 2006; Borio, C., Galati, G., and Heath, A. 2008). 

Based on the BIS annual reports in 2006, the low-risk assets (such as government bonds) 

accounted for 95 percent of treasuries in 1989 and fell to 73 percent in 2005. 

 

Also, the amount of foreign reserve has risen sharply in recent years, led by China, Japan, 

and other developing countries. The main reason for this accumulation is to improve the 

domestic and international financial systems, and to meet the needs of emerging markets for 

self-protection (Papaioannou, E., Portes, R. and Siourounis, G., 2006; Dominguez, K.M., 

Hashimoto, Y. and Ito, T., 2012). Feldstein, M. (1999), Eichengreen, B. (2009), and Bird, G. 

and Mandilaras, A., (2011) think it is logical that emerging markets have accumulated their 

reserves. Their central banks need the funds to intervene in their foreign exchange market to 

prevent shocks to trade and financial flows from causing disturbing currency exchange rate 

fluctuations. After the crisis in 1997, the global reserve has more than tripled (Aizenman, J., 

2005). These developing countries need to self-protection because IMF assistance comes 
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with onerous conditions and unpredictability. The reserve can help to stabilize its currency 

value over time and protect itself against the assault from the financial risk for capital flows 

and contagious financial crisis, for crisis management and crisis prevention (Aizenman, J. 

and Lee, J., 2007; Obstfeld, M., 2010). 

 

As the complexity and size of the reserve assets increased, so do the different portfolios held 

by central banks. Thus, the process of managing these portfolios is increasingly entrusted to 

professional fund managers (Cassard, M. and Folkerts-Landau, D., 2000). The section has 

first discussed the three reasons for other central banks to hold the reserve currencies and 

introduce the ‘trilogy’ of the reserve currency. Then, it has listed the different reserve 

management approaches.  

 

2.3.A) THE ‘TRILOGY’ OF OFFICIAL RESERVES 

 

To determine the 'right' way to manage reserve assets, it is necessary first to understand the 

reasons for holding reserves. There are four key factors: reduce exchange rate risk, inject 

liquidity and intervene in local exchange rates and monetary policy, and investment purpose 

(Eichengreen, M.B.J. and Mathieson, M.D.J., 2000; Naameh, M., 2003; Papaioannou, E., 

Portes, R. and Siourounis, G., 2006; Wu, Y., 2007; Pan, L. and Junbo, Z., 2008). 

 

Driven by these goals, many commentators say, the central bank have suggested that central 

bank focus on a 'trilogy' of objectives of official reserves management. These relate to 

security, liquidity and profit (Cassard, M. and Folkerts-Landau, D., 2000). The objectives of 

reserve management can be described as: 'The objective of official reserves management 

should be to maximize return, subject to the maintenance of sufficient security of the assets 

and adequate liquidity for meeting the calls on the reserves' (Nugée, J., 2000). These three 

points are actually related to four major reasons to hold reserve currencies in section 2.3.A). 

Reduce exchange rate risk refers to security. Inject liquidity and intervene in local exchange 

rates and monetary policy refers to liquidity and security. Last, investment purpose refers to 

the profit.  

 

Liquidity refers to the transaction-related role of foreign exchange reserve, whereas the 

security is more stores of the value function. The banks are performing different features, 
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which let them hold high expose to liquidity risk. Liquidity risk would appear when a bank 

may not meet its obligations as the depositors may call their funds at an inconvenient time, 

causing fire sale of assets, negatively affecting the profitability of the bank (Jenkinson, N., 

2008; Diamond, D.W. and Rajan, R.G., 2001). The liquidity gap and non-performing are the 

two factors exacerbating the liquidity risk (Arif, A. and Anees, A.N., 2012). Liquidity comes 

at a cost in financial markets. For more liquid assets, the purchase price is likely to be higher 

and interest rates lower. For example, government bonds generally hold a lower interest rate 

compared with private bonds with fixed data.  

 

Security relates to the risk from an investment perspective and the stability for the value of 

the foreign asset. The high risk comes with a high return. The foreign exchange reserve 

management operation has different risk aversion methods. In general, there are two types of 

risks: market risk (not avoidable) and operational risk. Operational risk refers to the error 

caused by the imperfect internal process in the operation process. It is possibly made from a 

manager with the wrong types of decision, which can be caused from internal or external. For 

example, the internal operational risks can be the financial error risk and financial 

misstatement risk, whereas the external operational risks can be the natural disease and new 

government policies. Besides, there are other risks, such as credit risk, currency risk, and 

interest rate risk. In general, the investor (central banks) should identify and assesses the risks 

of reserve management operations. 

 

Profit represents the return on a portfolio or direct investment. It can refer to the interest rates 

for short-term and long-term investment. As mentioned in section 2.3.B), there are different 

types of instrument composition nowadays, with varying categories of risk and mature 

lengths.  

 

Security and liquidity are seen as the dominating factors, with the pursuit of other returns 

being conducted subject to adequate security and liquidity being maintained (Zhang, Z., 

Chau, F. and Xie, L., 2012). These suggest that the objective of return is essentially only the 

third most important of the three. However, different central banks hold their own opinions 

for affordable risks with the applicable interest rates and the accompanying profits, which 

creates their unique portfolio. In the reserve management operation, who choose their own 

particular risk-averse framework (Zayimtsyan, H., 2006). 
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2.3.B) PROFESSIONAL PORTFOLIO MANAGEMENT PRACTICE 

 

Reserve management is a multi-faceted and multi-dimension operation (Nugee, J., 2015). 

Basically, it can be treated as a portfolio. With different types of risk, the objectives, scope of 

funds, management strategy and performance expectations are different. Therefore, their 

strategic asset allocations are also different (Pan, L. and Junbo, Z., 2008). The choices of 

portfolio imply the different optimal allocations, central banks need to consider their 

available amount, actual return, expected return, and the risk (McCauley, R.N., 2008) In 

terms of country-specific circumstances, there is no one-size-fits-all type for every country. 

Reserve strategies need to be consistent with and supportive of a country or union's policy 

environment, in particular its monetary arrangements.  

 

Most central banks hold active foreign exchange reserve management policies and tend to 

adopt external management. The practices way has increasingly resembled those of private 

financial institutions. According to BIS, over two-thirds of the central banks employ external 

managers. The official reserve managers have undertaken similar seminars and training 

programs in the newest portfolio optimisation techniques (Eichengreen, B. and Flandreau, 

M., 2014). For example, from 2001 the World Bank started a 'reserve advisory management 

program' aimed to recommend investment policies that control risk while achieving 

competitive market returns. Different approaches to reserve management structures have 

been developed to encourage a greater focus on returns. In order to maximize their return, 

China, Japan, Russia, South Korea, the U.K. and Singapore have all established investment 

companies to handle investment shares within acceptable risk limits to maximize long-term 

investment returns (Abiola, A.G. and Adebayo, F.O., 2013).  

 

2.3.C) MANAGEMENT PRACTICE AND THE IMPLICATIONS FOR RMB DEVELOPMENT AS A RESERVE 

CURRENCY 

 

How will portfolio management practices influence the 'desirability' of the RMB to reserve 

currency portfolio managers? One agreement is that portfolio selection will depend on 

attitudes to risk. With the recent reserve accumulation, central banks may apply these extra 

reserves to seeking higher returns with a higher risk (Berkelaar et al. 2010). With two reserve 

asset accounts, one is the liquidity tranche for low performance, and another one is the 
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investment tranche for maximum return (Zhang, et al., 2012). The low performance is to 

fulfil its country's standard requirement, in that one, the managers would focus on their safety 

and stability. Since the central bank's basic needs have been met, the extra reserves will be 

transferred to a high-risk account in order to earn some extra return, where managers focus 

on investment aspect. 

 

Although it is argued above that liquidity and security are the dominant reasons for holding a 

reserve currency, the issue of the profit or the return made cannot be ignored. This issue has 

been examined in Chapter 6, in which the RMB in an optimal portfolio is examined from the 

perspective of the investment motivation of holding foreign exchange reserves. 

 

2.4  DRIVERS OF IMS AND RCS REGIME CHANGE IN FINANCIAL MARKETS 

 

Section 2.1 and 2.2 have identified that both the IMS and RC have undergone a number of 

significant historical changes. This section explores this process of change though the ideas 

of Hyman P. Minsky. The so called ‘Minsky moment’ is seen as a prelude to systemic 

change. The world financial crisis of 2007-09 has seen as such a ‘Minsky moment’ and its 

impact can be discussed in the context of the Chinese desire to see the RMB attain reserve 

currency status. 

 

2.4.A) FINANCIAL INSTABILITY HYPOTHESIS AND MINSKY MOMENT 

 

Hyman P. Minsky postulated the Financial Instability Hypothesis (FIH). He agreed with the 

Keynesian view that internal processes have to led to financial and economic instability 

(Ferri, P. and Minsky, H.P., 1992; Crotty, J.R., 1990, and Whalen, C.J., 2007). Minsky thinks 

the successful control of instability would lead to the evolution of fragile financial structures, 

which results in a renewed financial crisis. Minsky strongly believes that the efficient market 

hypothesis (EMH) is no longer appropriate for modern capitalist economies. EMH means the 

internal processes have generated an economic equilibrium (either a static equilibrium or a 

growth equilibrium) and business cycles are the product of exogenous shocks. He believes 

the force of invisible hands would keep the market clear. Shocks may cause economic 

imbalances in the short term, but in the long run, the economy will return to equilibrium.  
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The FIH suggests a framework with the aims to understand the factors for capitalist 

economics which face the periodical moment of financial instability, and how does these 

financial problems trigger a deep macroeconomic crisis (Minsky, H.P., 1992). There are two 

theorems in FIH. First: an economy can operate under stable or unstable financing regimes. 

Second, during long periods of prosperity, the economy moves from financial relationships 

that form stable systems to economic ties that form unstable systems (Minsky, H.P., 1998). 

Minsky thinks the ‘stability is destabilizing’, the architecture for the capitalist economy will 

become more fragile after prosperity. In the process of build-up, the companies in high-profit 

sectors of the economy have been rewarded for their increasing debts. Their success will 

encourage other companies to undertake more liabilities. Increased return is also fuelling the 

trend of debt growth by easing banks’ fears that new loans may not be repaid (Minsky, 

H.P.,1975). 

 

There are five steps seen in the financial market credit cycle: displacement, boom, euphoria 

profit-taking, and panic. The ‘displacement’ is the first level when the investors are interested 

about new products or services. For example, the internet, war, the changes in economic 

policy. The ‘boom’ would quickly follow, which lead to ‘euphoria.’ Banks and other 

financial services firms are expanding their loan portfolios and lowering lending 

requirements to attract more risky borrowers. New types of financial instruments might be 

created. Combined with the Minsky theory, the more extended the period of economic 

stability, the higher the possibility for the financial innovations, and more risk for the 

investors. Then there is the ‘profit-taking’ stage, where higher credit default rates are 

affecting average borrowing rates in the market. Last, the ‘panic’ stage with dramatic effect, 

even a slight reduction in the market could break the leverage assets equilibrium. Then, the 

lender will recall their loans and make the assets hard to sell. The overall decline will appear 

in the market, then the Minsky moment appears (Cassidy, J., 2008). 

 

The expansionary phase of the FIH will eventually lead to the Minsky moment. Minsky, M. 

(1972) stated ‘a financial crisis is not an accidental event, and not all financial structures are 

equally prone to financial instability.’ A Minsky moment is a moment when the value of an 

asset as part of a credit or business cycle suddenly collapses dramatically. Also, the longer 

speculation takes, the worse the crisis will be. This is because the economic agencies are 

more willing for risk-taking, if there was a sustained period of economic growth and 

tranquillity, and resultantly banks are more willing to finance risky borrowing. With more 
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credit risk and financial innovation, the financial system became more fragile, leading to a 

credit crunch and widespread economic instability that ultimately upset the lending balance 

(Silipo, D.B., 2011). The Minsky moment theory developed in response to the Asian Debt 

Crisis in 1997. At that time, the speculators kept putting pressure on USD-pegged Asian 

currencies until they collapsed. The financial crashes in 1996 and 2007 further confirms the 

forecast by Minsky. Just like the FIH suggested, the financial market is always weak. These 

financial crises lead to an implosion of the financial system and deep recession (McCulley, 

P., 2007; Ghani, S., 2011).  

 

2.4.B) WILL THE 2007-09 CRISIS BE THE MINSKY MOMENT THAT LEADS TO THE RMB DEVELOPING 

ITS RESERVE CURRENCY STATUS? 

 

Many financial analysts and economists use Minsky's theory as a basis for understanding the 

tendency of capitalist economies to fall into recurring crises (Kregel, J., 2008; Wray, L.R. 

and Tymoigne, E., 2008; Vercelli, A., 2011). Crotty, J. and Epstein, G., (2008) show the 

‘Prefect calm’ from 2003 to 2007, combined with the structure and practised of the new 

financial architecture, it contributed to the excesses that led to the U.S. housing crisis of 

2008. During the financial crisis, the Federal reserve flooded markets with money and other 

liquidity, lowered interest rates, increased government spending, and provided financial 

assistance to crucial financial firms and markets. The USD was depreciated against other 

currencies, along with the raw-metal, agricultural products, and other commodities 

denominated in the USD.  

 

The financial crisis led to a loss of confidence in USD and its usage was reduced after the 

crisis (Costigan, T., Cottle, D. and Keys, A., 2017). Some developing countries realised their 

heavy reliance on USD. In return, they have increased the amount of reserve asset to be better 

self-secured. These have left the door open to other potential reserve currencies. Since 2016, 

the RMB has been successfully added to the SDR basket, meeting the requirement of a 

reserve currency. Then, with a fragile financial market situation, another financial crisis could 

further alter the global financial architecture, leaving an opportunity for the future of RMB. 
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2.5  CONCLUSIONS: IDENTIFYING THE KEY FACTORS THAT INFLUENCE RESERVE CURRENCY 

STATUS 

 

In this concluding section, the key factors which appear to influence a currency’s reserve 

status are identified from the literature reviews that have been undertaken in this chapter. 

Overall, a total of eight key factors are identified. Since reserve currencies are more than 140 

years old, it is worth exploring whether these factors will change over time. Besides, these 

eight factors are used in Chapter 3 the Panel data, to build an econometric model of the 

determinants of reserve currency share. 

 

2.5.A) IDENTIFYING THE KEY FACTORS THAT INFLUENCE RESERVE CURRENCY STATUS  

 

The lessons from this historical literature survey with respect to the factors which influence 

reserve currency status can be summarised in terms of eight key influencing factors which 

focus predominantly on factors relating to share of global output, trade, and financial market 

strength. The eight individual factors are discussed below. 

 

The eight factors identified from this historical survey can be compared with the findings of 

other researchers in this area. Bergsten, C.F., Keohane, R.O. and Nye, J.S., (1975) saw four 

key requirements of a dominant reserve currency: network externalities, active economic and 

global trading, deep and liquid financial market, and investors trust its currencies' value. 

Tavlas, G.S. (1997) and Garber, P. (1996) thought there are three necessary conditions: high 

global trading with the stable purchasing power of the currency, deep financial markets with 

a wide range of instruments with the liquid secondary market, and few capital or exchange 

controls. Chinn, M. and Frankel, J.A. (2008) added an additional factor - that of network 

externalities. Beattie, A. (2011) focused on the need to sustain a competitive financial 

industry as an international banking centre the country needs to hold broad, deep, and free 

financial markets and an economic, political, and social system that offers investors 

guarantees of stability and sufficient endowments of human capital. Finally, Frankel, J. 

(2012) focused on largely the same areas that have been identified in this chapter. Namely, 

the large share of global output, trade and financial market strength. He suggests that 

dominance in these areas give ‘a significant natural advantage’ since they are interdependent 

and reinforcing to each other. 
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Factor 1: Relative Economic Strength 

 

The historical survey of the RCS undertaken in Section 2.2 shows that during the 140 years 

of reserve currencies the currency from the world’s largest economy, from an output 

perspective, tends to be the dominant reserve currency. The only possible partial exception to 

this general rule was during the period when the USD was in the process of replacing the 

GBP. However, it took the USD a long time to establish its dominance, which can be 

attributed to the inertia effect. The currency of the country with the greatest economic 

strength tends to be the currency which is the safest (the security requirement of a reserve 

currency) and has the highest levels of liquidity (Dobson, W. and Masson, P.R., 2009). This 

means it is also likely to be the country where the financial markets show the greatest 

strength. As Frankel, J. (2012) argues that the important determinants factors are often 

interdependent and mutually reinforcing. 

 

It is examined in more detail in Chapter 3, relative economic strength has more than one 

dimension. There is a straightforward way to quantify, or measure, one of these dimensions 

in terms of a country’s share of world GDP (Dynan, K. and Sheiner, L., 2018). A second 

dimension is in terms of a country’s share of world trading (Singh, T., 2010). 

 

Factor 2: Relative Financial Market Strength 

 

The lessons for Section 2.2 make it clear that the relative financial strength of markets is a 

key factor that determines reserve currency status. It was clear from the examination of the 

EUR that, despite the size of the Eurozone economy being close to that of the U.S., the 

relative weakness of its financial markets meant that it has never been become a serious 

challenger to USD dominance. The importance of the strength and openness of markets is an 

issue that is well documented in the literature. For example, Eichengreen, B., Chiţu, L. and 

Mehl, A., (2016), emphasise the importance of the breadth and depth of domestic financial 

markets. Similarly, others identify the importance of having markets which are open, deep, 

well-developed and suffer from minimal regulation and supervision (Ozeki, Y. and Tavlas, 

G.S., 1992) 
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The measurement of relative financial market strength is potentially problematical given that 

it consists of a number of different dimensions as has been identified in the literature. 

However, based on Chinn, M. and Frankel, J.A., (2008), the proxy measure of the stock 

market turnover ratio can be used. This gives a proxy measure of the general depth and 

liquidity of financial markets in the country. In addition, it is difficult to measure the size, 

depth, sustainability or development of all financial centres. Instead, the foreign exchange 

turnover for the currencies in the respective financial centres and stock market capitalisation 

can be used.  

 

Factor 3: Network externalities 

 

It was identified in Section 2.2.C that it took between 50-80 years before the USD finally 

replaced the GBP as the dominant reserve currency. From this it is evident that there was a 

clear and strong bias towards inertia in a country’s choice of reserve currency. Eichengreen, 

M.B.J. and Mathieson, M.D.J., (2000), amongst others, have characterised such inertia as 

being a consequence of network externalities. These make the process of change time-

consuming, costly and also potentially risky which means that risk-averse central banks will 

not change their choice of reserve currencies unless there are very clear incentives to do so. 

Bobba, M., Powell, A. and Corte, G.D., (2007) further proved these and provided evidence 

for persistence and network externalities in the reserve currency. 

 

How to measure the impact of such externalities is a problematical question, given that their 

impact can be seen to last decades. Much of the literature in this area uses a one-year lag of 

the dependent variable (reserve currency share) as a proxy measure. This is clearly 

unsatisfactory given that the impact of these externalities can last for decades. Using a lag as 

a proxy also introduces other statistical problems into an econometric model; this issue will 

be considered further in Chapter 3. 

 

Factor 4: Exchange rate stability and misalignment 

 

As identified in Section 2.1 an international currency needs to serve as a 'unit of account', 

'means of payment', and 'store of value'. To achieve these three roles, a currency needs both a 

stable exchange rate and an exchange rate that is not misaligned. A key role of a reserve 

currency is to act as a store value. It is therefore crucial that investors have confidence in the 
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currency's stability, trusting its value will not be eroded by inflation. As identified in Section 

2.1.B, one of the critical reasons for the failure of the gold standard period was the 

asymmetry between surplus and deficit countries after the first world war. A later example of 

the impact of such misalignment was the JPY during the 1980-1990 period. It was noted in 

Section 2.2.E that the period of a ‘false’ or manipulated exchange rate was one of the reasons 

why the JPY failed to challenge the dominance of the USD. 

 

It is argued in the literature that a currency’s relative stability contributes to the choice of 

which currency to use (Kouri, P.J. et al., 1978; Dobson, W. and Masson, P.R., 2009). 

Similarly, it has been argued for a long-term and insistent currency, whether misalignment 

would cause tortuosity in the economic decisions, and further lead to serious consequences 

(Sallenave, A., 2010). Currency stability and misalignment can be measured in terms of a 

combination of the effective exchange rate (its movement compared against a basket of 

currencies) and a country’s inflation rate relative to its competitor countries in the reserve 

currency market.  

 

Factor 5: Currency convertibility 

 

Historically, all the dominant reserve currencies (GBP and USD) and their potential 

competitors (EUR and JPY) have been freely convertible. If reserves cannot be freely 

converted into other currencies, they cannot be traded and used directly on global markets. 

Thus, if the currency is limited in relation to liquidity, it cannot provide one of the most 

critical requirements for a reserve currency (Eichengreen, B. J. and Mathieson, D. J. 2000; 

Chen, H. and Peng, W., 2010). As identified in Section 2.1.A, the traditional gold standard 

broke down in 1914, because there was a shortage of gold and it was difficult to maintain 

convertibility. 

 

The convertibility of a currency is measured in Chapter 3 in terms of the proxy measure of 

foreign exchange turnover ratio. This is used on the basis that the greater the turnover ratio 

then the greater the convertibility. 

 

Factor 6: Return on currency investment 
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In Section 2.3 it was identified that in practice currency reserves are managed in terms of a 

number of different tranches; one of which is the investment, or profit tranche. Although it 

was suggested security and liquidity were more important factors, the returns that 

investments make cannot be ignored (Zhang, Z., Chau, F. and Xie, L., 2012). More details 

are listed in Chapter 3. 

 

In practice investments are likely to be made into a number of different financial instruments. 

Noting that central banks are risk averse, in Chapter 3 the yield from central government 

bonds is used as a proxy for the rate of investment returns. 

 

Factor 7: Monetary Policy 

 

Historically, all countries with the dominant reserve currency have been global leaders of 

power (Section 2.1 and 2.2). This has meant that their monetary policy has been important 

from both domestic and global perspectives. The willingness to take on a global leadership 

role appears to be a prerequisite for the acceptance of a currency as being the dominant 

reserve currency (Eichengreen, B., 2011). For example, as identified in Section 2.1.D, the 

1944 Bretton Woods agreement cemented the U.S. global leadership and the dominant 

position of the USD. Also, as shown in Section 2.2.E, the opposition of the Japan government 

to JPY internationalisation limited its acceptability as a reserve currency. Whilst the 

importance of this factor is noted, no practical way of incorporating it was identified for the 

econometric model in Chapter 3. 

 

Factor 8: Total International Reserves of a country 

 

The importance of confidence in the IMS and the RCS is a central theme which runs through 

much of the histories of both respective systems. This issue is particularly important due to 

the innate instability of financial markets, as has been identified in Section 2.4. It therefore 

stands to reason that the greater the domestic financial strength of a country, then the greater 

the confidence markets will have in their currency, and the less likely they hold more reserve 

assets in their central bank. As the total amount of country's confidence increase, their foreign 

exchange reserves decrease. Since the central banks can use these reserves to protect their 

economies and financial markets (Berkelaar et al., 2010). 
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This strength is measured in Chapter 3 with a measure of the total international reserves 

(including gold) of a country. It can be noted that the U.S. government does not hold 

international currency reserves per se, however, focuses more on gold reserves. 

 

2.5.B) A CAVEAT: DO THESE FACTORS CHANGE OVER TIME? 

 

The historical analysis in this chapter has shown that although the RCS is only 140 years old 

it has gone through a number of significant changes. Despite these changes it has been 

possible to identify that the key drivers of change have been relatively consistent over this 

period. The changes which have occurred have been related mainly to changes in the relative 

economic power of countries and the relative strengths of their financial markets. The most 

important change in the economic environment that can be expected in the next two decades 

is most likely to be a shift in economic power to China and other Asian emerging countries. 

Although some countries will decline economically, and others will grow in importance the 

factors which influence the world’s choice of reserve currencies are unlikely to change. This 

suggests that the econometric modelling of reserve currency shares that will be undertaken in 

Chapter 3 should be able to be to give a reasonable indication of how the reserve currency 

status of the Chinese RMB is likely to change over the next two decades.  
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3: A PANEL DATA-BASED ECONOMETRIC MODEL OF RESERVE CURRENCY SHARES 

 

CHAPTER 3.0  OVERVIEW AND INTRODUCTION 

 

As part of the process of answering the primary research question, Chapter 2 undertook a 

historical survey of the reserve currency literature to ‘identify the principal factors that 

determine reserve currency status’. The next part of the research process is undertaken in this 

chapter. This aims to quantify the impact that the principal factors identified have on the 

shares of individual currencies in the reserve currency market. 

 

The methodology that is applied uses Panel-data based econometrics to model the reserve 

currency shares of four key currencies (USD, EUR, GBP and JPY) across the period 1979 to 

2018. The modelling procedures applied are based on an extension of the work of Chinn, M. 

and Frankel, J.A., (2008). This thesis has been extended the method in two ways: (i) by 

applying the modelling process to a more up-to-date data set with two new variables and (ii) 

through a more statistically rigorous application of the Panel data methodology. 

 

The Chapter begins, in Section 3.1, with the identification of the ‘base’ econometric model 

and the variables it contains. Section 3.2 begins the econometric modelling procedures with 

pre-testing the data to explore issues such as potential endogeneity, non-stationarity and the 

existence of cointegrating vectors in the data. This is followed in Section 3.3 by a theory-

based examination of the different types of Panel model that are available for consideration 

before the most appropriate Panel modelling procedures to use for the thesis are identified in 

Section 3.4. These two sections explore the issue of the choice of the optimal Panel data 

modelling procedure. More specifically, Feasible Generalized Least Square (FGLS), 

Dynamic Panel Data (DPD) and Corrected Standard Error (CSE) methodologies are 

considered. The results of the analysis conducted are presented in Section 3.4 and then these 

results go through robustness checking and are discussed in Section 3.5. The final 

conclusions are drawn to Section 3.6. 

 

3.1  MODEL VARIABLES AND THE ‘BASE’ ECONOMETRIC MODEL 

 

The model is based on the key factors, or variables, which identified in Chapter 2. The ways 
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in which these variables are defined and measured, and also undertaken different 

transformations, in the model are discussed and the data sources are identified in this section. 

The section concludes by presenting the ‘base’ model that this chapter is centred upon.  

 

3.1.A) THE VARIABLES  

 

The historical literature review in Chapter 2 identified eight critical factors that determine 

reserve currency share. These are summarised in Table 3.1’s left-hand column which are 

paired with numerical variables to represent them which are summarised in the right-hand 

side column.  

 

 
 

Furthermore, from theorical point of view, there are four main economic determinants are 

often listed in academic research and policy discussions to influence or select a reserve 

currency: the size of the economy, size and development of financial markets, the stable value 

of the currency and Network externalities (Eichengreen, B., 2005; Lim, M.E.G., 2006). 

Firstly, for the size of the economy, there is a straightforward way to quantify, or measure in 

terms of countries share of world GDP (Dynan, K. and Sheiner, L., 2018). Another 

dimension is countries' share of world trade (Singh, T., 2010). Second, the measurement 

of size and development of financial markets is potentially problematical, given that it 

consists of several different dimensions. However, the proxy measure of the stock market 

turnover ratio can be used, since it can provide its depth and liquidity of financial markets in 

the country. Besides, it is hard to measure the size, thickness, sustainability or development 
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of all financial centres. Instead, the foreign exchange turnover for the currencies in the 

respective financial centres and stock market capitalization can be used.  

 

Third, the stable value of the currency can be measured in terms of a combination of the 

effective exchange rate (compared against a basket of currencies) and a country’s inflation 

rate relative to its competitor countries in the reserve currency market (Dobson, W. and 

Masson, P.R., 2009). Clark, W.R. (2004) has found out the short-term volatility in the 

exchange rate does not have a significant disadvantage. However, it will lead to serious 

consequences for long-term and insistent currency (Sallenave, A., 2010). Last, Network 

externalities refer to a strong tendency or bias to use the currency previously used globally 

(Eichengreen, M.B.J. and Mathieson, M.D.J., 2000). Some studies have used a lag of the 

dependent variable (reserve currency share) as a proxy measurement for it (such as Chinn, M. 

and Frankel, J.A., (2008) and Lee, J.W. (2014)). However, using a lag as a proxy also 

introduces other statistical problems into an econometric model.  

 

This choice of variables can be compared against those used in the seminal paper in this area: 

Chinn, M. and Frankel, J.A., (2008) applied five independent variables: share of GDP, 

inflation differential, depreciation, trading-weight exchange rate volatility and foreign 

exchange turnover ratio. More recent papers also considered a number of other factors. Lee, 

J.W., (2014) added independent variables for foreign exchange turnover and index of capital 

account liberalisation. However, the accuracy of the methodology has been questioned given 

that there is no reference to, or discussion of, issues relating to data sources or missing data. 

Huang, Y., Wang, D. and Fan, G., (2014) include additional independent variables to their 

model: exchange rate volatility, market capitalisation, appreciation, and capital liberalisation 

economic freedom.  

 

In this model two extra variables have added: ‘total reserves’ and ‘10-year government bond 

interest rate’. As explained in section 2.3, the massive accumulation of reserves in the past 15 

years has aroused wide attention. The reserve amount from emerging market and developing 

countries has surpassed the advanced economies since 2005 and keep an enormous increase. 

Self-insurance as the main reasons for developing country to accumulation its reserves, and it 

can be used by three main usages (Alekasir, K.H., et al. 2019). Firstly, it can help to stabilize 

its currency value over time (Bianchi et al. 2012). Secondly, for crisis management and crisis 

prevention, it constitutes as self-protecting from the financial risk for capital flows and 
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contagious financial crisis (Aizenman, J. and Lee, J, 2007). Thirdly, it can be used to solve 

domestic structural deficiencies. Foreign reserve accumulation in some emerging market 

economies is a consequence of a growth strategy induced by substantial capital investment in 

a financially constrained economy (Chen, G. 2013). As a country becomes more productive, 

the domestic economy faces two sources of friction: credit constraints and capital controls. 

The critical improvement for increased foreign exchange reserves is that it reduces the costs 

of liquidity risk (Fukuda, S.I. and Kon, Y., 2012). However, the reserve accumulation comes 

with potential risks besides inflation, which include high intervention costs; monetary 

imbalances; overheated credit and asset markets; and very liquid and perhaps distorted 

banking systems (Mohanty, M.S. and Turner, P., 2006; Steiner, A., 2014). 

 

As explained above, the foreign reserve is much needed in countries which lack liquidity or 

have little control over risk. For developed countries, since their natural markets provide 

sufficient liquidity and are better able to overcome risks, there is less need to use external 

resources, namely foreign exchange reserves, to overcome any difficulties. The logical reason 

behind these is that only weak country's need to increase their reserve to build trust to ensure 

their economic and financial market. Eichengreen, B. (2009) and Bird, G. and Mandilaras, A. 

(2011) agreed, he thinks it is logical that emerging markets have accumulated their reserves. 

The more insecure a country feels the more total reserve assets it holds. Moreover, if a 

country lacks confidence and has insufficient capacity to deal with risks, then, there is no 

reason for other countries to trust it and to keep its currency as a reserve currency. It suggests 

that if a country holds higher reserve amount, then its domestic currency is unlikely bought as 

a reserve currency as other countries. Thus, the world usage of a currency as a reserve 

currency should be negatively correlated with the total value of central banks' reserves. 

 

Last, a variable ‘10-year government bond’ is added in the module, to explore the importance 

of choosing a reserve currency from an investment perspective. Back in the gold standards 

system, the operation for central bank reserves management was almost entirely 

administrative, with accounting and maintenance duties dominating (Eichengreen, B. and 

Flandreau, M., 2014). The turmoil in the bond and foreign exchange markets in the 1970s led 

to higher inflation rate in developed markets as well as more dramatic exchange rate 

movements between major currencies. Thus, in the 1980s, a question arose as to whether 

reserves could be actively managed for profit. These have encouraged central banks to 

explore the other side of opportunities and profits. (Nugée, J., 2000; Borio, C., Galati, G. and 
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Heath, A., 2008). From 2001, the world bank started a 'reserve advisory management 

program' designed to advise on investment policies to control risk while achieving 

competitive market returns. 

 

The concepts of significant risk and loss to the world of central bank reserves management 

occurred soon after. As mentioned in Chapter 2.3, the central bank investment strategy seeks 

to strike a balance among three priorities, called 'trilogy'. After the global financial crisis of 

2008, reserve managers are further focus to strike the right balance between risk and return 

(Jones, B., 2018). The practice of reserve managements has increasingly resembled those of 

private financial institution and tends using external management (Nugée, J., 2000). Alekasir, 

K.H. et al. (2019) aggress, according to their survey on the reserve management practices of 

central banks, there are more than a third of respondents identified returns with income 

generation as an essential objective. This focus on returns is less typical for central banks and 

maybe a product of the prolonged period of unprecedented low-interest rates for reserve 

currency assets in the aftermath of the global financial crisis. Thus, the variable for '10-year 

government bond' is add in the model, to identify its effect on reserve currency usage. In 

theory, however, the primary task of reserve currency should still be to store and maintain its 

value. Also, the JPY and the EUR are active as potential reserve currencies, yet their 10-year 

government bond yields are close to zero. The relationship between yields and reserve 

currency use is, therefore, it is possible negative results. After all, one thing is sure: central 

banks are increasingly attractive for returns. 

 

• Currencies chosen for the dependent variable 

 

The currencies are selected on the basis of IMF COFER data: USD, EUR, GBP, and JPY. 

During the period of data used in the model, these four currencies were selected as the most 

frequently used reserve currencies. The USD and EUR are the most used currency, with an 

average usage for 61.6 percent and 25.64 percent over the model period. Besides, the Swiss 

franc also played a minor role as a reserve currency. However, its share of the market is very 

small (average for 0.64 percent over the model period). Thus, it has been omitted on this 

basis. The Chinese RMB is omitted from the model as the IMF dataset only provides the 

RMB from Q3 2016.  

 

Within the literature there appears to be no generally accepted consensus with respect to the 
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set of currencies which should be used in modelling procedures. For example, Chinn, M. and 

Frankel, J.A.’s (2008) analysis uses EUR, USD and JPY. The Lee, J.W. (2014) report 

includes USD, EUR, GBP, CHF, JPY and RMB. However, the source for RMB data from 

1975 to 2010 is unclear. Lastly, the Huang, Y., Wang, D. and Fan, G. (2014) included USD, 

EUR, GBP, CHF, JPY. As noted above, the CHF is excluded in this thesis, since it only 

averaged 0.64 percent in usage.  

 

• Time period choice 

 

In this study, the period is 40 years, from 1979 to 2018. The IMF-COFER dataset runs from 

1950 to 2018. However, it only provides the weight for JPY from 1971 forwards and shows 

the shares of ECUs from 1979. After 1979, the new basis for calculation has treated ECUs 

separately and shows the weight for unallocated reserves with the total allocated reserves. In 

this way, the total reserve is equal to the allocated reserves plus the unallocated reserves. The 

unallocated reserves are the value of foreign exchange reserves which the countries did not 

report to the COFER.  

 

It was concluded that using data after 1979 would lead to greater accuracy in the model given 

prior periods of missing data and also changes in the definitions used for data over previous 

periods. However, it was still necessary to undertake some transformation of data. The EUR 

was only introduced in 1999, therefore data running over the period 1979-1999 is replaced by 

the average or sum for the four major European countries which represented the ECU: 

Netherlands (NLD), Deutsche mark (DEM), French franc (FRA) and Dutch guilder (DEU).  

 

3.1.B) DATA SOURCES AND MEASUREMENT OF VARIABLES 

 

Data was obtained from the IMF, Fed and OECD databases. The dependent variable is the 

share of national currencies composition of official foreign exchange reserve. It is collected 

on an annual basis from IMF-COFER2. For Euro data before 1999, the total values of ECUs, 

NLD and DEM were used3.  

 

                                                 
2 Available from <http://data.imf.org/?sk=E6A5F467-C14B-4AA8-9F6D-5A09EC4E62A4> [Access date: 1 Jun 
2019];  
3 Available from <http://data.imf.org/regular.aspx?key=41175> [Access date: 1 Jun 2019];  

http://data.imf.org/?sk=E6A5F467-C14B-4AA8-9F6D-5A09EC4E62A4
http://data.imf.org/regular.aspx?key=41175
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In the IMF data, there is an unallocated reserve, which changes annually. Chinn, M.D. and 

Frankel, J.A. (2008) assumed a constant 70 percent of unallocated reserves are categorized as 

USD reserves and 25 percent categorized as EUR reserves. They recalculate their data using 

annual weights, ignoring unallocated weight that change from year to year. In this study, the 

annually allocated weight for each currency is applied from 1979 to 2018. Equation (3.1) 

shows the estimation of the USD share. This is representative of the estimation method used 

for all four currencies. 

 

Dollar = Allocated USD weight × Allocate percent for COFER 

+ Average of USD weight

×  Unallocated percent for COFER                      (3.1)  

 

The eight independent variables are measured as follows: 

 

1, The Share of World GDP: The annual data is collected from the World Bank and the 

OECD of ‘GDP in current USD, not seasonally adjusted’4. The share of world GDP is 

achieved from dividing the counties’ GDP to the world GDP. 

 

2, The Share of International Trade: The value for the international trade (export and import) 

for each country is collected from the World Bank - IFS5. This export value and import value 

are the ‘cost of goods and services (BoP), accounted for by current USD’. As shown in 

Equation (3.2), the share of international trade is calculated by the sum for world share of 

export weight and world share of import weight, then divided by two. Data for Japan’s export 

and import is missed during 1979 to 1996, then the IMF data is used to replace it. The IMF 

dataset used is ‘Value of Imports, Cost, Insurance, Freight (CIF), USD’6. 

 

𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝐼𝐼𝐼𝐼𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = � 
𝐸𝐸𝐸𝐸𝐸𝐸𝑜𝑜𝑎𝑎𝐸𝐸𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝐸𝐸𝐸𝐸𝐸𝐸𝑜𝑜𝑎𝑎𝐸𝐸𝑊𝑊𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

+
𝐼𝐼𝐼𝐼𝐸𝐸𝑜𝑜𝑎𝑎𝐸𝐸𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝐼𝐼𝐼𝐼𝐸𝐸𝑜𝑜𝑎𝑎𝐸𝐸𝑊𝑊𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

� /2                  (3.2) 

 

                                                 
4Available from <https://data.oecd.org/gdp/gross-domestic-product-gdp.htm> [1 Jun 2019];  
Available from <https://data.worldbank.org/indicator/NY.GDP.MKTP.CD> [1 Jun 2019];  
5 Available from <https://data.worldbank.org/indicator/BX.GSR.GNFS.CD> [1 Jun 2019];  
Available from <https://data.worldbank.org/indicator/BM.GSR.GNFS.CD> [1 Jun 2019];  
6Available from < https://data.imf.org/?sk=9D6028D4-F14A-464C-A2F2-
59B2CD424B85&sId=1390030341854> [1 Jun 2019];  

https://data.oecd.org/gdp/gross-domestic-product-gdp.htm
https://data.worldbank.org/indicator/NY.GDP.MKTP.CD
https://data.worldbank.org/indicator/BX.GSR.GNFS.CD
https://data.worldbank.org/indicator/BM.GSR.GNFS.CD
https://data.imf.org/?sk=9D6028D4-F14A-464C-A2F2-59B2CD424B85&sId=1390030341854
https://data.imf.org/?sk=9D6028D4-F14A-464C-A2F2-59B2CD424B85&sId=1390030341854
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3, The Difference between inflation rates: The Consumer price index (CPI) series ‘inflation 

(2015=100)’ is collected from the OECD7 is used and in the estimation procedure. The data 

for EU19 from 1979 to 1990 is replaced by the average value of FRA, DEM, DEU, and NLD. 

Chinn, M. and Frankel, J.A., (2008) calculated the log difference of monthly CPI and used 

the five-year moving average as the benchmark. In this study, the average five-year moving 

average of inflation in OECD is applied as the benchmark. There are three steps, as shown 

from equation (3.3) to (3.5). Last, the OECD benchmark has remained unchanged for the 

most recent five years. 

 

a) Calculated the difference for this year’s data and previous year. For example,  

∆Inflation𝑈𝑈𝑈𝑈𝑈𝑈,1979 = Inflation𝑈𝑈𝑈𝑈𝑈𝑈,1979 −  Inflation𝑈𝑈𝑈𝑈𝑈𝑈,1978   

∆Inflation𝑂𝑂𝑂𝑂𝑂𝑂𝑈𝑈,1979 = Inflation𝑂𝑂𝑂𝑂𝑂𝑂𝑈𝑈,1979 −  Inflation𝑂𝑂𝑂𝑂𝑂𝑂𝑈𝑈,1978             (3.3) 

 

b) Calculated the average five-year moving average of difference inflation OECD a 

benchmark. For example, ∆Bench𝑂𝑂𝑂𝑂𝑂𝑂𝑈𝑈,1979 = Ave (∆Inflation𝑂𝑂𝑂𝑂𝑂𝑂𝑈𝑈,1979 +

∆Inflation𝑂𝑂𝑂𝑂𝑂𝑂𝑈𝑈,1980 + ∆Inflation𝑂𝑂𝑂𝑂𝑂𝑂𝑈𝑈,1981 + ∆Inflation𝑂𝑂𝑂𝑂𝑂𝑂𝑈𝑈,1982 +

∆Inflation𝑂𝑂𝑂𝑂𝑂𝑂𝑈𝑈,1983                                                                                       (3.4) 

 

c) Calculate the difference by the benchmark. For example, Diff Inflation𝑈𝑈𝑈𝑈𝑈𝑈,1979 =

�∆Inflation𝑈𝑈𝑈𝑈𝑈𝑈,1979 − ∆Inflation𝑈𝑈𝑈𝑈𝑈𝑈,1978� − [∆Bench𝑂𝑂𝑂𝑂𝑂𝑂𝑈𝑈,1979 −

∆Bench𝑂𝑂𝑂𝑂𝑂𝑂𝑈𝑈,1978 ].                                                                                        (3.5) 

 

4, Effective exchange rate of a currency's monthly change: Chinn, M.D. and Frankel, J.A. 

(2008) used the national currency per SDR. In this report, the same data sets applied the 

exchange rate for domestic currency units per SDR. The data is monthly data from the IMF 

database8, which was converted to annual data. The monthly exchange rates for USD to the 

other three countries are founded in the Fred database9. The foreign exchange rate used the 

benchmark for 1979=100 to identify the annual exchange rate. By using the calculated 

weighted average of a basket of currencies chosen to represent these countries' trading 

                                                 
7 Available from <https://data.oecd.org/price/inflation-cpi.htm> [Access date: 1 Jun 2019]; 
8 Available from <https://data.imf.org/regular.aspx?key=61545850> [Access date: 1 Jun 2019];  
9 Available from <https://fred.stlouisfed.org/series/RBJPBIS> [Access date: 1 Jun 2019];  
Available from <https://fred.stlouisfed.org/series/RBXMBIS> [Access date: 1 Jun 2019];  
Available from <https://fred.stlouisfed.org/series/RBGBBIS> [Access date: 1 Jun 2019]; 

https://data.oecd.org/price/inflation-cpi.htm
https://data.imf.org/regular.aspx?key=61545850
https://fred.stlouisfed.org/series/RBJPBIS
https://fred.stlouisfed.org/series/RBXMBIS
https://fred.stlouisfed.org/series/RBGBBIS
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patterns. It is almost 100 percent of merchandise, with smaller trading partners' trade weights 

allocated to major trading partners' currency weights — the first index for five currencies at 

Jan 1979 as value to 1. Also, it is assumed that equally weighting for these three currencies, 

each country's weight is calculated as 100 percent divided by (N-1) = 4. 

 

𝐼𝐼𝑇𝑇𝐼𝐼𝑡𝑡 = �𝛼𝛼1 ∗ �
𝐴𝐴$𝑡𝑡
𝐴𝐴$𝑡𝑡−1

� + 𝛼𝛼2 ∗ �
𝐸𝐸𝑡𝑡𝑖𝑖

𝐸𝐸𝑡𝑡−1𝑖𝑖 ∗
𝐴𝐴$𝑡𝑡
𝐴𝐴$𝑡𝑡−1

� + ⋯+ 𝛼𝛼𝑁𝑁 ∗ �
𝐸𝐸𝑡𝑡𝑁𝑁

𝐸𝐸𝑡𝑡−1𝑁𝑁 ∗
𝐴𝐴$𝑡𝑡
𝐴𝐴$𝑡𝑡−1

�� ∗ 𝐼𝐼𝑇𝑇𝐼𝐼𝑡𝑡−1 

 

𝐼𝐼𝑇𝑇𝐼𝐼𝑡𝑡 = �𝛼𝛼1 + 𝛼𝛼2 ∗ �
𝐸𝐸𝑡𝑡𝑖𝑖

𝐸𝐸𝑡𝑡−1𝑖𝑖 � + ⋯+ 𝛼𝛼𝑁𝑁 ∗ �
𝐸𝐸𝑡𝑡𝑁𝑁

𝐸𝐸𝑡𝑡−1𝑁𝑁 �� ∗
𝐴𝐴$𝑡𝑡
𝐴𝐴$𝑡𝑡−1

∗ 𝐼𝐼𝑇𝑇𝐼𝐼𝑡𝑡−1 

 

𝐼𝐼𝑇𝑇𝐼𝐼𝑡𝑡 = �1
𝑁𝑁

+ 1
𝑁𝑁
∗ �� 𝑂𝑂𝑡𝑡

𝑖𝑖

𝑂𝑂𝑡𝑡−1
𝑖𝑖 � + ⋯+ � 𝑂𝑂𝑡𝑡

𝑁𝑁

𝑂𝑂𝑡𝑡−1
𝑁𝑁 ��� ∗ 𝐴𝐴$𝑡𝑡

𝐴𝐴$𝑡𝑡−1
∗ 𝐼𝐼𝑇𝑇𝐼𝐼𝑡𝑡−1                                   (3.6) 

 

• 𝐴𝐴$𝑡𝑡= units of US dollars per other currencies 

• 𝐸𝐸𝑡𝑡𝑖𝑖 = units of foreign currency 𝑖𝑖 per US dollar, (𝑖𝑖 = 1 …  N) 

• α𝑖𝑖 = weight of foreign currency 𝑖𝑖 (𝑖𝑖 = 1,2,3,4)  

• α1 = weight of US dollars 

• t = currency period 

 

𝐽𝐽𝐽𝐽𝐽𝐽𝑡𝑡 = �1/3 + 1/3 ∗ � 𝑂𝑂𝑈𝑈𝐸𝐸/𝑈𝑈𝑈𝑈𝑈𝑈𝑡𝑡
𝑂𝑂𝑈𝑈𝐸𝐸/𝑈𝑈𝑈𝑈𝑈𝑈𝑡𝑡−1

+ 𝐺𝐺𝐺𝐺𝐸𝐸/𝑈𝑈𝑈𝑈𝑈𝑈𝑡𝑡
𝐺𝐺𝐺𝐺𝐸𝐸/𝑈𝑈𝑈𝑈𝑈𝑈𝑡𝑡−1

�� ∗ 𝑌𝑌𝑂𝑂𝑁𝑁/𝑈𝑈𝑈𝑈𝑈𝑈𝑡𝑡
𝑌𝑌𝑂𝑂𝑁𝑁/𝑈𝑈𝑈𝑈𝑈𝑈𝑡𝑡−1

∗  𝐽𝐽𝐽𝐽𝐽𝐽𝑡𝑡−1             (3.7) 

 

The EUR, JPY, and GBP, exchange rates to USD are applied. For example, the formula (3.7) 

is for JPY. The USD spot exchange rate it calculated against the national currency. There 

would be no difference if other base currencies (besides USD) were chosen to estimate the 

exchange rate.  

 

5, Stock Market Turnover Ratio: The market capitalization equal to the share value times the 

number of shares outstanding for listed local companies. However, the commercial purpose 

vehicles are excluded, such as the investment fund, unit trust and companies which purely 

hold shares of other listed companies. Chinn, M.D. and Frankel, J.A. (2008) used market 

capitalization (percentage of GDP) to represent the size and depth of the financial market 

relative to a country’s economic size. However, there is an alternative measure, the stock 



54 
 

market turnover ratio. It is the ratio of the value of total shares traded to average real market 

capitalization. This is used in this thesis and the dataset is from Fred10 which contains some 

missing data (EUR for 2016-18, GBP from 2013 to 2018). The interpolation method was 

applied to fulfill the missing data. 

 

6, Foreign exchange market turnover: BIS reports provide lots of foreign exchange data on 

multiple basis, such as: by all instruments, by currency, by foreign exchange swaps, by 

currency swaps. The currency for 'all-instruments' for billions of USD of daily turnover is 

applied here11. The BIS Triennial Surveys only provide data in once every three years from 

1989 to 2019. The EUR data before 2001 is calculated by the sum of the DEM, FRA, ECU, 

and other EMS currencies. The data in 2005-06, 2008-09, 2011-12 is obtained from the Fred 

semi-annual reports: currency for 'spot transactions, average daily volume' 12. However, these 

reports only provide the weight for a pair currency. The individual currency is converted by 

dividing the specified period transaction value by the total transaction value. The data from 

Oct 2014 to Apr 2018 are from Bank of England13, in the semi-annual FX turnover survey for 

the U.K.'s financial market. Interpolated data is applied for the missing data in 1979-88, 

1990, 1991, 1993, 1994, 1996, 1997, 1999, 2000, 2002, and 2004.  

 

7, Share of Total Reserve: The data are from the IMF. The dataset is 'Total International 

Reserves.'14 It is based on gold at 35 SDRs per ounce. The data for Euro from 1979 to 1999 is 

replaced by the sum DEM, FRA, and NGL. The world share ratio is calculated by dividing 

the world value. 

 

8, 10-year Government Bond: Monthly yield data is sourced from: ECB, Bloomberg and 

Fred15. The monthly data measures yield on an annual basis. 

                                                 
10 Available from <https://fred.stlouisfed.org/series/DDEM01USA156NWDB> [Access date: 1 Jun 2019]; 
Available from <https://fred.stlouisfed.org/series/DDEM01JPA156NWDB> [Access date: 1 Jun 2019]; 
Available from <https://fred.stlouisfed.org/series/DDEM01GBA156NWDB> Access date:  [1 Jun 2019];  
Available from <https://fred.stlouisfed.org/series/DDEM01EZA156NWDB> [Access date: 1 Jun 2019]; 
11 Available from <https://www.bis.org/statistics/rpfx19_fx.htm> [Access date: 1 Jun 2019]; 
12 Available from <https://www.newyorkfed.org/fxc/volumesurvey/data.html> [Access date: 1 Jun 2019]; 
13 Available from 
<https://www.bankofengland.co.uk/news?NewsTypes=09f8960ebc384e3589da5349744916ae&Taxonomies=f4
2d4bd43e6f4c5a918326b05ef3bb46&InfiniteScrolling=False&Direction=Latest> [Access date: 1 Jun 2019]; 
14 Available from <https://data.imf.org/?sk=2DFB3380-3603-4D2C-90BE-
A04D8BBCE237&sId=1452013100577> [Access date: 1 Jun 2019]; 
15 Available from 
<http://sdw.ecb.europa.eu/quickview.do?SERIES_KEY=143.FM.M.U2.EUR.4F.BB.U2_10Y.YLD> [Access 
date: 1 Jun 2019]; 

https://fred.stlouisfed.org/series/DDEM01USA156NWDB
https://fred.stlouisfed.org/series/DDEM01JPA156NWDB
https://fred.stlouisfed.org/series/DDEM01GBA156NWDB
https://fred.stlouisfed.org/series/DDEM01EZA156NWDB
https://www.bis.org/statistics/rpfx19_fx.htm
https://www.newyorkfed.org/fxc/volumesurvey/data.html
https://www.bankofengland.co.uk/news?NewsTypes=09f8960ebc384e3589da5349744916ae&Taxonomies=f42d4bd43e6f4c5a918326b05ef3bb46&InfiniteScrolling=False&Direction=Latest
https://www.bankofengland.co.uk/news?NewsTypes=09f8960ebc384e3589da5349744916ae&Taxonomies=f42d4bd43e6f4c5a918326b05ef3bb46&InfiniteScrolling=False&Direction=Latest
https://data.imf.org/?sk=2DFB3380-3603-4D2C-90BE-A04D8BBCE237&sId=1452013100577
https://data.imf.org/?sk=2DFB3380-3603-4D2C-90BE-A04D8BBCE237&sId=1452013100577
http://sdw.ecb.europa.eu/quickview.do?SERIES_KEY=143.FM.M.U2.EUR.4F.BB.U2_10Y.YLD
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3.1.C) DESCRIPTIVE STATISTICS  

 

The dataset consists of 40 annual observations. The mean and standard deviation for each 

currency-related dependent variable and the associated currency-related eight independent 

variables are shown in Table 3.2.  

 

 
 

• Trends and Volatility 

 

Trends and volatility within the data set can be identified with the help of a series of 

graphical plots, these are shown below. As shown in Figure 2.1, the dependent variable is the 

share of national currencies composition of official foreign exchange reserves. This identifies 

the USD to be the dominant reserve currency over the 40-year period. There was however 

considerable volatility. From 1979 to 1992, USD fell sharply, while the other three currencies 

rose. Between 1992 and 2000, the USD rose to a new high of nearly 0.7 percent, while EUR 

and JPY fell, and GBP rose. During 2000-2018, the JPY increased slightly, and the other 

three moved up and down.  

 

                                                 
Available from <https://fred.stlouisfed.org/series/DGS10> [Access date: 1 Jun 2019]; 
Available from <https://www.bloomberg.com/quote/GTGBP10Y:GOV> [Access date: 1 Jun 2019]; 
Available from <https://www.bloomberg.com/quote/GTJPY10Y:GOV> [Access date: 1 Jun 2019]; 

https://fred.stlouisfed.org/series/DGS10
https://www.bloomberg.com/quote/GTGBP10Y:GOV
https://www.bloomberg.com/quote/GTJPY10Y:GOV
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The next set of figures from Figure 3.2 to 3.5 identify and describe variations in the 

independent variables over the 40-year period of the dataset. 

 

1. The share of world GDP: the general trends for these four countries is one of decline 

associated with considerable volatility. This probably reflects significant increases in the 

share of developing countries such as China over this period. The USD holds the highest 

GDP, followed by EUR. The EUR shows the most significant decline, from 0.27 to 0.15. The 

JPY and EUR increased from 1985 to 1990, then decreased sharply. From 1985 to 2010, 

GBP showed an initial upward trend followed by a sharp decline. 

 

2. The share of international trade: the trends for international trading data are similar to the 

GDP in that it shows a general decline but also considerable volatility. This again probably 

reflects the increasing importance of countries such as China over this period.  

 

 
 

3. The difference between inflation: there is no clear trend, suggesting that the data is close to 

stationary for all four countries. However, considerable volatility is clear throughout the 

period. From 1979 to 1980 there was a sharp rise and arrived at a peak in the middle of 1980 

to the end of 1980. After that, a sharp decline arrived at the low point of 2010, then fluctuated 

with massive movement.  

 

4. The effective exchange rate: the USD and JPY show evidence of an upward trend. EUR 

and GBP show evidence of stationarity but with significant volatility within the period. 
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5. The stock market turnover ratio: The data for USD, GBP, and JPY are sharing similar 

trends. They increased dramatically from 1979 and arrived at a peak in 2011. They then 

reduced sharply before continuing the upward trend. 

 

6. The foreign exchange market turnover: the data is difficult to interpret due to missing data. 

There is no clear evidence of a trend in the series, however, there are significant levels of 

volatility, with sharp ups and downs.  

 

 
 

7. The share of total reserve: these four countries’ trends are all decreasing. The EUR was 

decreasing from 1979 until the present. The USD and GBP fluctuated during 1979-95 and 

then decreased dramatically. The JPY increased from 1979 and arrived at the peak in 2005 

then went down. These changes can possibly be attributed to changes in central bank or 

government policy during this period. 
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8. The 10-year government bond yield: these countries all show similar downward trends.  

These can possibly be attributed to falling inflation during this period, and in the latter part of 

the series, the impact of the 2007-09 world financial crisis. A point of note is that the JPY 

went to negative territory in 2014. 

 

 
 

Correlation Matrix: The partial correlation coefficients between all the variables for the 

pooled dataset are shown in Table 3.3. The share of GDP, foreign exchange turnover (FXT) 

and share of international trade (IT) hold a strong relationship with the dependent variable of 

the logit of the share of reserve currency holdings (94 percent, 97 percent and 54 percent 

respectively). The logit of the share of reserve currency holdings is also highly correlated 

with its own lagged term. There is also a substantial correlation between some of the 

independent variables. Specifically, the GDP and FXT and also, to a lesser extent, between 

stock market turnover (MT) and the effective exchange rate (EER). These findings suggest 

that (i) the model itself should show reasonable predictive power and (ii) multicollinearity 

might be existed in the data.  
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3.1.D) THE ‘BASE’ ECONOMETRIC MODEL AND SIGN EXPECTATIONS 

 

Before the econometric modelling procedures are examined in considerable detail in Section 

3.2, two ‘base’ econometric models are now presented in equation (3.8) and (3.8.a), which 

applied Chinn, M. and Frankel, J.A., (2008) as the basis for its construction. Although it 

should be noted that the model used in this thesis does uses additional explanatory variables 

and the use of the logistical functional form extends beyond that used by Chinn, M. and 

Frankel, J.A., (2008).  

 

𝑙𝑙𝑜𝑜𝑙𝑙𝑖𝑖𝐸𝐸( 𝑅𝑅𝑖𝑖,𝑡𝑡) = 𝛼𝛼𝑖𝑖,𝑡𝑡 + 𝛽𝛽1𝐺𝐺𝐷𝐷𝐽𝐽𝑖𝑖,𝑡𝑡 + 𝛽𝛽2𝐼𝐼𝐼𝐼𝑖𝑖,𝑡𝑡 + 𝛽𝛽3𝐼𝐼𝐽𝐽𝑖𝑖,𝑡𝑡 + 𝛽𝛽4𝐸𝐸𝐸𝐸𝑅𝑅𝑖𝑖,𝑡𝑡 + 𝛽𝛽5𝑀𝑀𝐼𝐼𝑖𝑖,𝑡𝑡 + 𝛽𝛽6𝐹𝐹𝐹𝐹𝐼𝐼𝑖𝑖,𝑡𝑡 +

𝛽𝛽7𝐼𝐼𝑅𝑅𝑖𝑖,𝑡𝑡 + 𝛽𝛽8𝐺𝐺𝐺𝐺𝑖𝑖,𝑡𝑡 + 𝛽𝛽9𝑙𝑙𝑜𝑜𝑙𝑙𝑖𝑖𝐸𝐸( 𝑅𝑅𝑖𝑖,𝑡𝑡) +  𝜀𝜀𝑖𝑖,𝑡𝑡                                                            (3.8)                     

 

𝑙𝑙𝑜𝑜𝑙𝑙𝑖𝑖𝐸𝐸( 𝑅𝑅𝑖𝑖,𝑡𝑡) = 𝛼𝛼𝑖𝑖,𝑡𝑡 + 𝛽𝛽1𝐺𝐺𝐷𝐷𝐽𝐽𝑖𝑖,𝑡𝑡 + 𝛽𝛽2𝐼𝐼𝐼𝐼𝑖𝑖,𝑡𝑡 + 𝛽𝛽3𝐼𝐼𝐽𝐽𝑖𝑖,𝑡𝑡 + 𝛽𝛽4𝐸𝐸𝐸𝐸𝑅𝑅𝑖𝑖,𝑡𝑡 + 𝛽𝛽5𝑀𝑀𝐼𝐼𝑖𝑖,𝑡𝑡 + 𝛽𝛽6𝐹𝐹𝐹𝐹𝐼𝐼𝑖𝑖,𝑡𝑡 +

𝛽𝛽7 + 𝛽𝛽8𝐺𝐺𝐺𝐺𝑖𝑖,𝑡𝑡+ 𝜀𝜀𝑖𝑖,𝑡𝑡                                                                                                      (3.8.𝑎𝑎)                     

 

1. 𝑅𝑅𝑖𝑖 – World share of National currencies composition of official foreign exchange 

reserves in logit format 

2. 𝐺𝐺𝐷𝐷𝐽𝐽𝑖𝑖 – World share of GDP based on PPP  

3. 𝐼𝐼𝐼𝐼𝑖𝑖 – World share of international trade in the total world trade 

4. 𝐼𝐼𝐽𝐽𝑖𝑖  − Difference between inflation for each countries and average inflation for these 

four countries 

5. 𝐸𝐸𝐸𝐸𝑅𝑅𝑖𝑖  – Annual change in the effective exchange rate for each currency 

6. 𝑀𝑀𝐼𝐼𝑖𝑖  − The stock market turnover ratio 

7. 𝐹𝐹𝐹𝐹𝐼𝐼𝑖𝑖 – The foreign exchange market turnover  

8. 𝐼𝐼𝑅𝑅𝑖𝑖 – World share of total reserves  
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9. 𝛽𝛽8𝐺𝐺𝐺𝐺𝑖𝑖 – The 10-year government bond interest rate 

10.  𝑅𝑅𝑖𝑖−1 − The lag transformation of logit reserve 

 

Model Equation (3.8) includes a lagged dependent variable term whilst Model (3.8.a) does 

not. The inclusion of a lagged dependent variable in the first model reflects the potential 

importance of network externalities, which was discussed in detail in Chapter 2. As past 

levels of the dependent variable are seen to have a large impact on its current value. A lagged 

dependent variable can also be a proxy for omitted variables (Wooldridge, J.M., 1995).  

 

The dependent variables (share of currency reserves) is transposed into its logit value. The 

formula for logit transformation of the share of reserves is shown in formula (3.9), where the 

‘𝑅𝑅𝑖𝑖,𝑡𝑡’ is the dependent variable: World Share of Reserve Currency. 

 

𝐿𝐿𝑜𝑜𝑙𝑙𝑖𝑖𝐸𝐸�𝑅𝑅𝑖𝑖,𝑡𝑡� = 𝐿𝐿𝐽𝐽 �
𝑅𝑅𝑖𝑖,𝑡𝑡

1 − 𝑅𝑅𝑖𝑖,𝑡𝑡
�                (3.9) 

 

There are three key reasons of using this transposition: 

 

(i) This approach is supported by the seminal paper in the literature which is Chinn, M. 

and Frankel, J.A. (2008). It is also used in other significant papers in the literature 

including: Lee, J.W. (2014); Chen, H. and Peng, W. (2010) and Huang, Y., Wang, D. 

and Fan, G. (2014). 

 

(ii) There is a strong theoretical justification for expecting this type of relationship 

between reserve currency share and the key explanatory variables, as illustrated in 

Figure 3.6A below. For example, in respect to the ‘Share of World GDP’ variable 

‘critical mass effects’ would suggest that investor countries will not consider using a 

potential currency as a reserve currency unless it is of a significant size from an 

international perspective due to requirements of liquidity and the desire to minimise 

risk. The flatter phase at the top of the logistic curve reflects the fact that investor 

countries desire some element of diversification meaning that they are unlikely to 

invest all their reserves in a single currency. 
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All four of the papers cited in (i) above applied the logit conversion of currency shares, as 

they found a nonlinear relationship between independent variables and dependent variable. 

The nonlinear relation indicates that a regime switch can occur in the holding of reserve 

currency when the use of a new international vehicle currency exceeds a threshold value 

(Rey, H., 2001; Terada-Hagiwara, A., 2011). The threshold value can be a tipping point, after 

which demand for the reserve currency accelerates over time. Subramanian, A. (2011) thinks 

this functional form can also capture persistence in reserve holdings that Krugman, P.R. 

(1984) and others argue it is a crucial determinant of the composition of reserves holdings. 

 

(iii) Empirical observation of the data indicates the logistic form provides a better fit. For 

example, Figure 3.6.1 and Figure 3.6.2 shows the share of currency reserves in 

logistic and linear forms regressed against (a) ‘Share of World GDP’ and (b) ‘Share 

of International Trade’. Although pooling of the data does make interpretation a little 

more complicated, the adjusted R2 values shown on the charts identifies that 

that the logistic form of the regression produces a substantially superior fit to the 

standard linear form.    
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In addition, the expected signs within the model are relatively clear from both an empirical 

perspective and a theoretical perspective, that are presented in Table 3.4. 

 

 
 

3.2  PRE-TESTING THE PANEL DATA 
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A number of potential statistical problems associated with Panel data analysis can lead to 

serious issues such as bias in estimated coefficients and potentially spurious correlation when 

data exhibits non-stationarity. It is therefore important to be aware of these issues and correct 

modelling procedures where this is found to be necessary. To this end, the issue of potential 

endogeneity was considered. Beside the endogeneity problem, three pre-tests are applied to 

the data in respect to: (i) cross-sectional dependence (ii) non-stationarity and (iii) 

cointegration. 

 

The results argued that endogeneity is highly unlikely in the model and the statistical tests 

undertaken identified: (i) an absence of cross-sectional dependence (ii) that the variables are 

I(1) and therefore non-stationary and (iii) existence of cointegrating vectors in the data. 

Strong evidence of cointegration could have indicated that an Error Correction Model might 

be appropriate for the dataset (Pedroni, P., 1999).  

 

3.2.A) ENDOGENEITY 

 

Endogeneity broadly refers to situations in which an explanatory variable (X variable) is 

correlated with ‘𝜀𝜀𝑖𝑖’ the error term (Semykina, A. and Wooldridge, J.M., 2010), as illustrated 

in equation 3.10.    

 

𝑌𝑌𝑖𝑖 = 𝛼𝛼 + 𝛽𝛽𝐹𝐹𝑖𝑖 + 𝜀𝜀𝑖𝑖 ,         𝐸𝐸(𝜀𝜀𝑖𝑖|𝐹𝐹𝑖𝑖 = 0)                (3.10)  

 

The endogeneity problem normally arises due to one of the following: omitting variables, 

measurement error or simultaneity. Omitted variables bias is the most commonly encountered 

problem in social and behavioural sciences (Vella, F. and Verbeek, M., 1999). It is when one 

variable, that is omitted from the model and which affected the ‘𝑌𝑌𝑖𝑖’ variable, is correlated 

with one or more ‘𝐹𝐹𝑖𝑖’ variables. The measurement error occurs when the real value of a 

regressor ‘𝐹𝐹𝑖𝑖’ is unobserved. The model erroneously attributes the impact of the unobserved 

variable to the error term (Bascle, G., 2008). The resulting endogeneity means they cannot be 

corrected or eliminated by differential or fixed effect estimation (Dustmann, C. and Rochina‐

Barrachina, M.E., 2007). The simultaneity problem refers to the flow of causality is not 

purely from the right-hand side (RHS) variables to the left-hand side (LHS) variable. That 

means the changes in the LHS variable and an RHS variable are jointly determined. In the 
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general case, the error term will not be uncorrelated with the RHS variables and this will 

introduce bias into parameter estimates. Is endogeneity likely to be an issue in the model 

shown in Equations (3.8) or (3.8.a)? It is argued that this is highly unlikely for a number of 

reasons. Omitted variable bias is highly unlikely to be an issue in the first equation as the 

presence of the lagged dependant variable acts as a proxy for any omitted terms (Wooldridge, 

J.M., 1995).  

 

There is a strong argument for single-way causality in the model, that central banks’ 

decisions with respect to their currency portfolios have a considerable inertia effect. This 

appears to be borne out by the very high correlation between the dependent variable and its 

lagged term identified in the correlation matrix shown in Table 3.3. In addition, it can be 

argued that there is really no strong theoretical case to suggest that a currency’s share of the 

reserve current market will be directly affected by the variables in the model. For example, 

how could the USD share of the market impact on the U.S.’s GDP? Any causal relationship 

is likely to be minimal in the short term and any relationship which does exist would be likely 

to be all weak, indirect and occur with a considerable time lag. This means that it would be 

unlikely to introduce any significant endogeneity bias into the model. It could certainly be 

argued that in the long term some reverse causality may result. For example, USD dominance 

was described by former French president Valéry Giscard d'Estaing as an 'exorbitant 

privilege’ with economic benefits (Liao, S. and McDowell, D., 2016). Increasing USD global 

usage would increase seigniorage revenue and allow the U.S. companies to raise money more 

cheaply, thus, to boost its GDP. However, such an impact would be strongly time lagged and 

very indirect. This would suggest that endogeneity effects in the model would be minimal.   

 

Furthermore, tests for endogeneity are applied here in terms of OLS regression. The test used 

is the combined Durbin–Wu–Hausman test (DWH). Davidson, R. and MacKinnon, J.G. 

(1993) identify that the augmented regression DWH test can easily be formed by including 

the residuals of each endogenous right-hand side variable, as a function of all exogenous 

variables, in a regression of the original model. The combined test has a null hypothesis of 

the test variables being exogenous. The p-value for the Durbin test with degrees of freedom 

Chi2(1) = 0.3534 and p-value for Wu-Hausman = 0.3674. Thus, the null hypothesis is not 

rejected in either case and it may therefore be concluded that the model does not have an 

endogeneity issue. 
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3.2.B) CROSS-SECTIONAL DEPENDENCE TESTING 

 

These tests determine whether or not there are any cross-sectional correlations between 

variables in the individual Panels (in this case countries) in the dataset. The test is of 

significance with respect to the subsequent unit root tests for non-stationarity that are 

undertaken. The presence (or absence) of cross-sectional dependence determines which type 

of Panel unit root tests are appropriate. 

 

Three alternative tests can be considered: the Pesaran CD test, the Pesaran Friedman test, and 

the Free test. All of these are associated with a null hypothesis of no cross-sectional 

dependence. It should be noted that these tests are best suited with the data structure 

consisting of small T (time-dimension) and big N (cross-section-dimension) and therefore the 

power of the tests may be relatively weak with respect to this dataset. Table 3.5 identifies that 

the null hypothesis of cross-sectional dependence is rejected at the 5 percent level for all of 

these three tests and with respect to all variables in relation to both Model equation (3.8) and 

(3.8.a). Moreover, for the Pesaran tests, the average absolute correlations of the residuals are 

0.34 and 0.30 (with the lagged term).  

 

 
 

3.2.C) NON-STATIONARITY AND UNIT ROOT TESTING 

 

A visual inspection of Figures 3.2 to 3.5 indicates some evidence of trends in a number of the 

data series. This is indicative of possible non-stationarity in the series. Failure to take into 

consideration non-stationarity can result in spurious correlation in regression modelling. It is 

therefore important to test for this issue in the dataset. Macro data, such as that used in this 

thesis, is often nonstationary. A number of alternative Panel-data related tests for unit roots 

exist. For a non-stationary series, increasing the dimension for cross-section is critical 

(Hurlin, C. and Mignon, V., 2007).  
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In the time-series dimension of the Panel the data may contain: a deterministic trend, a 

stochastic trend (with or without drift) or exhibit stationarity. The standard test to determine 

whether the data follows a stochastic trend is to use a unit root test to test for a random walk. 

If the data follows a random walk, then any ‘shock’ to the data has a permanent effect. It 

assumes that the data has no systematic pattern and is unpredictable. A non-stationary series 

that contains a unit root would heavily influence the estimate of time-series regression’s 

asymptotic properties which can lead to spurious results (Engle, R.F. and Granger, C.W., 

1987).  

 

Panel-data based unit root tests are classified into two generations. The first generation 

produces inconsistent and biased results in the presence of cross-sectional dependence. They 

can result in large size-related distortions and cross-sectional dependence and spill-over 

effects are usually found with respect to the Panel’s cross-section (Månsson, K., Shukur, G. 

and Sjölander, P., 2013). First generation of test it is assumed the cross-sectionals are 

independently distributed for all of the individual time-series (Barbieri, L., 2006). The tests 

are based on the Dickey-Fuller (1984) unit-root tests. 

 

∆y𝑖𝑖,𝑡𝑡 = 𝛼𝛼𝑖𝑖 + (ρi − 1)y𝑖𝑖,𝑡𝑡−1 + 𝑧𝑧𝑖𝑖,𝑡𝑡′ γ + 𝜀𝜀𝑖𝑖,𝑡𝑡      𝑖𝑖 = 1,2, … ,𝐽𝐽.  𝐸𝐸 = 1,2, … ,𝐼𝐼.                (3.11)  

 

The ‘𝜀𝜀𝑖𝑖,𝑡𝑡 ~�0,𝜎𝜎𝜀𝜀𝑖𝑖
2�’ is assumed to be individual across the units of sample. Whereas the ‘𝑖𝑖’ 

means individual sample, ‘𝐸𝐸’ shows the different time series observations are available, and 

the ‘𝑧𝑧𝑖𝑖,𝑡𝑡’ deterministic component and ‘𝑢𝑢𝑖𝑖𝑡𝑡’ is a stationary process. The ‘𝑧𝑧𝑖𝑖,𝑡𝑡’ could be zero or 

one. The 𝐻𝐻0: ρi = 1 for all ‘𝑖𝑖’, and 𝐻𝐻𝑖𝑖: ρi < 1 for 𝑖𝑖 = 1,2, … ,𝐽𝐽. Thus, when ρi = 1, the data 

are non-stationary and contain unit root. 

 

The second generation of unit root test rejects the hypothesis for cross-sectional 

independence. It focuses on exploiting these co-movements and redefines the new test 

results. There are two main approaches. The first one applied the bootstrap method to Panel 

unit root tests, by imposing few, or zero, restrictions on the residuals for the covariance 

matrix. They generally use instrumental variables for solving the nuisance parameter problem 

due to cross-sectional dependence. (Taylor, M.P. and Sarno, L., 1998; Maddala, G.S. and 

Wu, S., 1999; Breitung, J. and Das, S., 2005). The second approach is called a factor model 
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approach. It is modelled in the form of a low dimensional standard factor model, which is 

estimated and then conditioned before the construction of the Panel unit root test (Moon, 

H.R. and Perron, B., 2012; Bai, J. and Ng, S., 2010). The benefit of this approach is that is a 

small number of unobserved common factors can be used to model the cross-sectional 

dependence. 

 

The STATA software only provide one test for the second generation of unit root, called the 

Pesaran (2006) cross-sectional augmented dickey fuller (CADF) test. It offers an easy way to 

test unit roots in a dynamic Panel for a possibly cross-sectional dependent, rather than using 

the factors method. The general factor method was used by adding a lagged value for the 

average of cross-sectional module. The differences are treated as the explanatory variables in 

an ADF test. The CADF test statistics are asymptotically efficient and do not depend on the 

factor loadings. The limited distribution of the average CADF statistics exist, and its critical 

values are tabulated (Baltagi, B.H. and Hashem Pesaran, M., 2007). The model is shown 

below in equation (3.12). The null hypothesis is the data contain non-stationary in all series. 

𝐻𝐻0: ρi = 0 for all ‘𝑖𝑖’, and 𝐻𝐻𝑖𝑖: ρi ≤ 0 for 𝑖𝑖 = 1,2, … ,𝐽𝐽. 

 

∆yi,t = (1 − ρi)ui − (1 − ρi)yi,t−1 + γift + εi,t      i = 1,2, … , N and t = 1,2, … , T        (3.12) 

 

This dataset contained cross-sectional dependence, and the value of T is high relative to N. 

Thus, the second generation of unit root tests is applied here, using the ‘specification with a 

trend’ given the structure of the time series identified in Figures 3.2-3.5.  

 

 
 

The null hypothesis for the test is that series are homogeneous and non-stationary. The 

𝐻𝐻0: ρi = 0 for all ‘𝑖𝑖’, and 𝐻𝐻1: ρi ≤ 0 for 𝑖𝑖 = 1,2, … ,𝐽𝐽. The ‘𝐻𝐻0’ is rejected, while p is 

smaller than 5 percent which means the data is stationary and does not contain the unit root. 

The test is run against lagged values of the variables to control for serial correlation. Because 

of the existence of cross-sectional dependence in original data, the ‘Lag(0)’ is ignored. The 
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‘Lag(1)’ potentially suffers from serial correlation issues. Therefore, as a rule of thumb 

‘Lag(2)’ is usually seen as the most appropriate for the test. The ‘Lag(2)’ results showed in 

Table 3.6 indicated that the null hypothesis cannot be rejected for any of the variables at the 5 

percent level which indicates that they are ‘I(1)’ and non-stationary.  

 

3.2.D) COINTEGRATION TESTING 

 

If series are integrated of the same order (as with this dataset), then one or more cointegrating 

vectors may exist. In essence, what this means is that there may be a long-run relationship 

between the data series which may be modelled using an Error Correction Model. There are 

two generations of Panel cointegration tests. The first-generation tests include Kao, C. 

(1999); Pedroni, P. (1999, 2004) and McCoskey, S. and Kao, C. (1998). The second-

generation tests include Westerlund, J. (2007) and Gengenbach, C., Urbain, J.P. and 

Westerlund, J. (2009). There are two main approaches for testing for co-integration in Panel 

data. The first one uses residuals from the Panel and is analogous to the Engle, R.F. and 

Granger, C.W. (1987) static regression test. The second route was proposed by McCoskey, S. 

and Kao, C. (1998) that uses a null of co-integration, which are also residual based. For 

model: AR(1) model Yt = θYt−1 +  δ + γt + ϵt   (t = 1,2, … , T). Where θ < 1, then Y0 is the 

initial value. If AR (1) contain with a unit root, θ = 1, where Y0 is initial value. Thus, Yt =

Yt−1 +  δ + ϵt   (t = 1,2, … , T) OR   ΔYt =  δ + ϵt. If ΔYt is stationary, but Yt is not, then Yt is 

called integrated in the first order, which is represent as I(1). 

 

A number of Panel-based cointegration tests are available in STATA. The Kao, C. (1999) test 

is by two-step (residual-based) co-integration test. It based Engle, R.F. and Granger, C.W., 

(1987), test statistics were compared with critical values. The first step is to calculate the 

regression residual, and the second step is to first difference of these residuals. It was 

regressed on the lagged level of the residuals without a constant. Moreover, the error terms 

need to be serially independent for this test. The Kao test and the Engle-Granger tests both 

have a null hypothesis of an absence of cointegration. In Table 3.7, the left-hand columns 

show the results based on the model from equation (3.8.a) and the right-hand columns for 

equation (3.8).  
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The boxes highlighted in grey identify Kao tests with a p-value greater that 5 percent. The 

result from Modified Dickey-Fuller T shows the null hypothesis for an absence of 

cointegration cannot be rejected. For the Engle and Granger test there were no instances of 

the null hypothesis not being rejected. Although the results from these tests are not 

unequivocal, however, the majority of tests (Engle and Granger test, Modified Dickey-Fuller 

t test and Augmented Dickey-Fuller t test) has all produced evidences to suggest that there 

may be the presence of cointegration. 

 

3.2.E) IMPLICATIONS OF THE PRE-TESTS FOR THE MODELLING PROCEDURE 

 

The main conclusions that can be drawn are that endogeneity is unlikely to be an issue in the 

Panel modelling process and that the data series are largely non-stationary, containing unit 

roots. The presence of unit roots means that care will need to be taken in the interpretation of 

Panel results, because of the possibility of spurious correlations being identified by the 

models. However, it can also be noted that the cointegration tests do largely suggest that a 

long run relationship exists between the dependent variable and the explanatory variables. 

The possibility of applying an Error Correction Model-based methodology was considered. 

However, there is no evidence of this being applied elsewhere in the literature. 

 

3.3  PANEL DATA MODELLING PROCEDURES: THE ALTERNATIVE APPROACHES 

 

The different types of Panel model that are available for consideration are examined from a 

theoretical perspective in this section before the most appropriate Panel modelling procedures 

to use for the thesis are identified in Section 3.4.    

 

3.3.A) THE PANEL MODELS  
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Data analysis can be divided into procedures relating to: cross-sectional data, time-series 

data, pooled data, and Panel data. Panel normally consists of two dimensions: cross-sectional 

(by subscript ‘i’) and a time series (by subscript ‘t’). The equation is ‘𝑦𝑦𝑖𝑖,𝑡𝑡’ for ‘i = 1, … ,𝐽𝐽’ 

and ‘t = 1, … ,𝐼𝐼’. (Hsiao, C., 200). Before undertaking a Panel analysis, it is important to 

examine the structure of the data. The first issue that can be examined is whether to use a 

Panel approach or pool the data.  Panel data is more ‘efficient’ than pooled, since its variance 

is generally smaller across the cross-section dimension (Bai, J., 200). In the other hand, Panel 

data analysis does pose problems. Such as how to deal with unit roots and control the impact 

of unobserved heterogeneity. The benefits associated with the method do, however, generally 

outweigh these. For example, longitudinal data has more sample variability, less multi-

collinearity, contains a higher degree of freedom and more statistical efficiency (Drukker, 

D.M., 2003; Baltagi, B.H., Song, S.H. and Koh, W., 2003).  

 

In addition, Panel data do not need to be necessarily balanced, they can contain omitted 

observations (unobservable and correlated independent variables with dependent variables) 

and missing data. It can include information for not only the inter-temporal dynamics but also 

the individuality of the entities may allow one to control the effects of missing or unobserved 

variables (Hsiao, C., 2007). Also, it can use inter-individual differences to reduce the 

collinearity between the current and lag variables to estimate the unrestricted time-adjustment 

patterns (Pakes, A. and Griliches, Z., 1984). The standard static, fixed effect model for Panel 

is shown below: 

 

yit = 𝛽𝛽0 + Σ𝐸𝐸𝑖𝑖𝑡𝑡′ 𝛽𝛽1 + ϵit,    for i = 1, … , N and t = 1, … , T.                (3.13) 

 

• The ‘𝐸𝐸𝑖𝑖𝑡𝑡′ ’ is a K-dimensional vector of explanatory variables, without a constant term 

• The ‘𝛽𝛽0’ the intercept, is independent of ‘i’ and ‘t’ 

• The ‘𝛽𝛽’, a (K × 1) vector, the slopes, is independent of ‘i’ and ‘t’ 

• The ‘ϵit’ is the error, varies over ‘i’ and ‘t’ 

 

Possibly the most important decision that the researcher has to take when undertaking a 

Panels analysis is to choose between the many alternative methodologies that are available.  

There are four fundamental types of model: Pooled (aggregation) OLS model, Fixed effects, 

Random effects, and Dynamic Panel models. As shown in Table 3.8, there are a considerable 
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number of alternative approaches within each of these classifications. 

 

The Fixed Effect model is the model normally used by researchers. It assumes the individual 

group or time hold different intercepts in the regression. The random holds the only group or 

time, which provide a different disturbance. The main differences between the fixed-effect 

and random-effect are showed in Table 3.8 (Park, H.M., 2011). In the vast majority of cases 

researchers find that the fixed effect model is the most appropriate to use and it then becomes 

a matter of identifying the type of fixed effect model which best suits the data set.  

 

Table 3.8 Fixed Effect VS Random Effect Panel Estimation 
 

Fixed effect Random effect 

Functional form yit = (𝛼𝛼𝑖𝑖 + μit) + 𝐸𝐸𝑖𝑖𝐸𝐸′ 𝛽𝛽+ 𝑣𝑣it yit = 𝛼𝛼𝑖𝑖 + 𝐸𝐸𝑖𝑖𝐸𝐸′ 𝛽𝛽+ (μit + 𝑣𝑣it) 

Assumption 
 

Individual effects are not correlated 

with regressors 

Intercepts Vary across group/ time Constant 

Error variances Constant Varying across cross sectional/ time 

series 

Slopes Constant Constant 

Estimation LSDV and Within estimator GLS and FGLS (EGLS) 

Hypothesis test  F-test Breusch-Pagan LM test 

 

In the fixed effect model, ‘α’ represent different individuals (currencies), which are 

independent of each other. It can be used to test the group differences in the intercepts, 

whereas the random effect model examines the influence error variances in group or time. 

The fixed effect can allow the individual, time specific effects to be correlated with 

explanatory variables ‘𝐸𝐸𝑖𝑖𝑡𝑡′ ’. Neither does it require an investigator to model their correlation 

patterns. (Hsiao, C., 2007). 

 

There are two principal fixed effect models, Least square dummy variable estimator (LSDV) 

and the ‘within’ estimator. For the LSDV, a dummy variable ‘d𝑗𝑗’ is added to create many 

dummy variables as it needed, according to its number of entities or subjects. The ‘𝑑𝑑𝑖𝑖𝑡𝑡
𝑗𝑗 ’=1, if 

‘𝑖𝑖 = 𝑗𝑗’: yit = ∑ 𝛼𝛼𝑗𝑗𝑁𝑁
𝑗𝑗=1 𝑑𝑑𝑖𝑖𝑡𝑡

𝑗𝑗 + 𝐸𝐸𝑖𝑖𝑡𝑡′ 𝛽𝛽 + μit, μit~iid(0,𝜎𝜎𝑢𝑢2) (Park, H.M., 2011). The ‘within’ 

estimator uses the mean deviation from a group or time period. It transformed variables by 
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using its variation within each individual or entity, rather than creating additional dummy 

variables. The model is:  

 

（ yit − yı.�） = （xit′ − xı.′�）β + （μit − μı.���）                (3.14) 

 

The ‘yı.� ’ is the mean of dependent variable of the individual (group) ‘i’. However, there are 

two disadvantages. Firstly, it eliminates all time-invariant variables that vary within an entity 

(Kennedy, P., 2008). Secondly, because there is no dummy in the model, then the with-in 

effect contains more significant degrees of freedom for error. Accordingly, a small mean 

squared error is reported, along with standard errors of the estimated or square root of mean 

square errors, and incorrect standard errors of parameter estimates. That made the third 

disadvantage which is incorrect R-square. Thus, LSDV is typically used since it estimates 

accurately, goodness-of-fit, and group or time specific-intercepts. 

 

In the random effect model, ‘𝛼𝛼𝑖𝑖’ is specific for individual ‘i’. The error term is made from 

‘𝛼𝛼𝑖𝑖 + μit’, with one which is vary over time (‘μit’) and another one which does not (‘𝛼𝛼𝑖𝑖’). 

Thus, the random effect model offers a composite error term that consists of the traditional 

random error and a random intercept to measure the extent between individual’s intercept 

differs from the overall intercept (Kennedy, P., 2008). 

 

3.3.B) FURTHER PANEL MODELS: FGLS, DPD AND CSE 

 

Depending on the structure of their data and the data ‘problems’ it may contain, a number of 

further modelling procedures are normally considered by the researcher. The most significant 

of these are: Feasible Generalized Least Squares (FGLS), Dynamic Panel data (DPD) and 

Corrected Standard Error (CSE).  

 

• Feasible generalized least squares (FGLS) modelling 

 

The FGLS estimator is a weighted least squares (WLS) estimator. In STATA, it is identified 

by the programme code: xtgls. The model is shown in equation (3.15). The ‘𝑉𝑉’ is an 

unknown symmetric and positive 𝑛𝑛 ×  𝑛𝑛 matrix. If ‘𝑉𝑉’ is diagonal with unequal diagonal 

elements, the observation ‘y’ is uncorrelated but hold unequal variance. While if ‘𝑉𝑉’ contains 
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non-zero off-diagonal elements, then the observations are correlated. Moreover, if ‘𝛽𝛽’ is 

calculated by ordinary least squares, then �̂�𝛽 = (𝐹𝐹′𝐹𝐹)−1𝐹𝐹′𝑦𝑦. The ‘�̂�𝛽’ is unbiased and not 

efficient. The estimator is not optimal. To make it efficient, it needs to transform the basic 

formula above to a new set of observations. To achieve ‘𝛽𝛽’ retained as a linear vector and 

create a new error term which meets the GM assumption. The least-squares can be used to 

estimate the parameters. Since ‘𝜎𝜎2𝑉𝑉’ is a covariance matrix, ‘𝑉𝑉’ is a symmetric non-singular 

matrix, thus 𝑉𝑉 =  𝐾𝐾′𝐾𝐾 = 𝐾𝐾𝐾𝐾. The ‘𝐾𝐾’ is called the squared root of ‘𝑉𝑉’. So 𝐾𝐾−1𝐾𝐾′−1𝑉𝑉 = 𝐼𝐼.  

 

𝑌𝑌 = 𝐹𝐹𝛽𝛽 + 𝜀𝜀.        𝐸𝐸[𝜀𝜀] = 0, 𝑉𝑉𝑎𝑎𝑎𝑎[𝜀𝜀] = 𝜎𝜎2𝑉𝑉   (3.15) 

 

𝑍𝑍 = K−1𝑦𝑦,   𝐺𝐺 = K−1𝐹𝐹, 𝑙𝑙 = K−1𝜀𝜀.                (3.16) 

 

𝑍𝑍 = 𝐺𝐺𝛽𝛽 + 𝑙𝑙.     

𝑆𝑆(𝛽𝛽) = (𝑧𝑧 − 𝐺𝐺𝛽𝛽)′(𝑧𝑧 − 𝐺𝐺𝛽𝛽) = (𝐾𝐾−1𝑦𝑦 − 𝐾𝐾−1𝐹𝐹𝛽𝛽)′(𝐾𝐾−1𝑦𝑦 − 𝐾𝐾−1𝐹𝐹𝛽𝛽) = (𝑌𝑌 − 𝐹𝐹𝛽𝛽)(𝑌𝑌 − 𝐹𝐹𝛽𝛽).    

 

Therefore, the variance-covariance matrix of the OLS estimator: 

 

𝑉𝑉𝑎𝑎𝑎𝑎� �̂�𝛽� = 𝜎𝜎2(𝐺𝐺′𝐺𝐺)−1 = 𝜎𝜎2(𝐹𝐹′𝐾𝐾−1𝐾𝐾−1𝐹𝐹)−1 = 𝜎𝜎2(𝐹𝐹′𝑉𝑉𝐹𝐹)−1.                (3.17) 

 

Whereas for the WLS, if the data contain heteroskedasticity, where 𝑉𝑉𝑎𝑎𝑎𝑎[ u𝑖𝑖] = 𝜎𝜎𝑖𝑖2 = 𝜎𝜎2V. 

Let 𝑇𝑇 = 𝑉𝑉−1, the ‘𝑇𝑇’ is also diagonal, with elements 𝑤𝑤𝑖𝑖. Then, the 𝛽𝛽𝑊𝑊𝑊𝑊𝑈𝑈� =

(𝐹𝐹′𝑇𝑇𝐹𝐹)−1𝐹𝐹′𝑇𝑇𝑦𝑦. As shown in (1.4), the Y and X value changed into the weighted least 

squares. 
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…

…
⋱
𝑤𝑤−3

0

0
0
⋮

𝑤𝑤−𝑛𝑛

� × �

𝑦𝑦1
𝑦𝑦2
⋮
𝑦𝑦𝑛𝑛

� =

⎣
⎢
⎢
⎢
⎢
⎡
𝑦𝑦1
𝑤𝑤1
𝑦𝑦2
𝑤𝑤2
⋮
𝑦𝑦𝑛𝑛
𝑤𝑤𝑛𝑛⎦
⎥
⎥
⎥
⎥
⎤

  

 

and the 𝐹𝐹 = 𝑉𝑉 × �

1
1

𝐸𝐸1
𝐸𝐸2

⋮
1

⋮
𝐸𝐸𝑛𝑛

� =

⎣
⎢
⎢
⎢
⎢
⎡𝑤𝑤−1

𝑤𝑤−2

𝑥𝑥1
𝑤𝑤1
𝑥𝑥2
𝑤𝑤2

⋮
𝑤𝑤−𝑛𝑛

⋮
𝑥𝑥𝑛𝑛
𝑤𝑤𝑛𝑛⎦
⎥
⎥
⎥
⎥
⎤

                                                (3.18) 
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The FGLS, it is referred to as a feasible GLS or a two-stage Aitkin estimator. The ‘𝑇𝑇𝑇𝑇’ has 

been replaced by ‘𝑇𝑇𝑇𝑇� ’. 

 

𝛽𝛽𝐹𝐹𝐺𝐺𝑊𝑊𝑈𝑈� = (𝐹𝐹′𝑇𝑇𝑇𝑇
−1�𝐹𝐹)−1𝐹𝐹′𝑇𝑇𝑇𝑇

−1�𝑦𝑦.                     (3.19) 

 

The FGLS method is used when the covariance structure of composite errors is unknown 

(Hansen, C.B., 2007). There is also a consideration for the relations among the FGLS and 

some other essential estimators including the linear unbiased estimator, location equivariant 

estimator and maximum-likelihood estimator (Miller, S. and Startz, R., 2018).  

 

• Dynamic Panel data (DPD) modelling 

 

The DPD model can apply for the first difference to remove the unobserved heterogeneity 

and underlies the family of estimators. It can contain one or more lag dependent variables, 

allowing partial adjustment mechanisms to be modelled. If this was appropriate for this thesis 

then Model Equation 3.8 would be preferred to Model Equation 3.8.a. This approach 

regresses a linear model on a lagged dependent variable. In STATA addition of the command 

(ar1) offers a better estimate of the model slopes and more reliable standard errors and t-

statistics for those slopes (between independent variables and dependent variable). There is 

an initial effect and feedback effect for DPD model since it contains the lag of the dependent 

variable. Therefore, the DPD holds built-up the relationship with the dependent variable 

according to the timeline. Moreover, the AR(1) is the direct effect on the dependent variable. 

Thus, there is no relationship with the AR(1)'s value and the coefficient for lagged dependent 

variable.  

 

yi,t = γyi,t−1 + β′xi,t + αi +  λt + εi,t                              (3.20) 

 

Whereas the i = 1, … , n and t = 1, … , T. The ‘αi’ and ‘𝜆𝜆𝑡𝑡’are the unobserved individual and 

time specific. For the error (idiosyncratic) term, the εit~iid(0,σu2), if j = 1 and t = s, and  

E(εitεjs) = 0 otherwise. Since the data contain heteroscedasticity and autocorrelation, then 

the Generalized Method of Moments (GMM) would be better used to generally to estimate 

dynamic Panel data that contain lagged dependent variables. For dynamic Panel-data, there 
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are three GMM estimators in STATA: Arellano and Bond estimator (xtabond), Arellano–

Bover/ Blundell–Bond linear dynamic estimators (xtdpdsys) and (xtpdp). The xtabond model 

uses the moment conditions in which lags of the dependent variable and the first differences 

of the exogenous variables are instruments for the first-differenced equation. The xtabond / 

xtdpdsys use the moment conditions and moment conditions in which lagged first differences 

of the dependent variable are instruments for the level equation (STATA, 2019). These two 

programmes are only valid if there is no autocorrelation in the residuals. This can be tested by 

the Arellano-bond test, its null is an absence of autocorrelation.  The results of applying this 

are shown in Table 3.9, since the Prob>z values at the 5 percent level, both sets of residuals 

contain autocorrelation, which means that both the xtabond and xtdpdsys procedures are 

inappropriate. However, the xtpdp model can still be applied because it is very flexible.  

 

 
 

• Error corrected standard error (CSE) modelling 

 

The CSE model is a class of estimators for the variance-covariance matrix of the OLS 

estimator when there are relatively few Panels with many observations per Panel (STATA, 

2019). It can adjust for: heteroskedasticity, autocorrelation and cross-sectional correlation. It 

is an alternative to FGLS for fitting linear cross-sectional time-series models, since it has 

used the FGLS estimate of the disturbance covariance matrix. The CSE produces OLS 

estimates of the parameters when no autocorrelation is specified, or Prais–Winsten estimates 

when autocorrelation is specified. The calculation of the variance-covariance matrix of the 

parameters is asymptotically efficient under the assumed covariance structure of the 

disturbances (Beck, N. and Katz, J.N., 1995). These estimates are conditional on the 

estimates of the disturbance covariance matrix and are conditional on any autocorrelation 

parameters that are estimated. Estimators are consistent, as long as the conditional mean is 

correctly specified. The model for CSE is shown below. 

𝑌𝑌𝑖𝑖𝑡𝑡 = 𝐹𝐹𝑖𝑖𝑡𝑡𝛽𝛽 + 𝜀𝜀𝑖𝑖𝑡𝑡    𝑂𝑂𝑅𝑅   �

𝑦𝑦1
𝑦𝑦2
⋮
𝑦𝑦𝑛𝑛

� = �

𝐸𝐸1
𝐸𝐸2
⋮
𝐸𝐸𝑛𝑛

� 𝛽𝛽 + �

𝜀𝜀1
𝜀𝜀2
⋮
𝜀𝜀𝑛𝑛

� 
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Whereas the i = 1, … , N and t = 1, … , T. For a model with heteroskedastic disturbances and 

contemporaneous correlation but with no autocorrelation, the disturbance covariance matrix 

is assumed to be:  

𝐸𝐸[𝜀𝜀𝜀𝜀′] = Ω =

⎣
⎢
⎢
⎡𝜎𝜎11𝛪𝛪11
𝜎𝜎21𝛪𝛪21
⋮

𝜎𝜎𝐽𝐽1𝛪𝛪𝑛𝑛1

  𝜎𝜎12𝛪𝛪12
  𝜎𝜎22𝛪𝛪22
⋱

  𝜎𝜎𝐽𝐽2𝛪𝛪𝐽𝐽2

…
⋱
⋱
⋯

  𝜎𝜎1𝐽𝐽𝛪𝛪1𝐽𝐽
  𝜎𝜎2𝐽𝐽𝛪𝛪2𝐽𝐽

⋮
  𝜎𝜎𝐽𝐽𝐽𝐽𝛪𝛪𝐽𝐽𝐽𝐽⎦

⎥
⎥
⎤
    OR   𝐸𝐸[𝜀𝜀𝜀𝜀′] = ∑ ⨂𝑛𝑛∗𝑛𝑛 𝛪𝛪𝑇𝑇∗𝑇𝑇 

Where  

• ‘𝜎𝜎𝑖𝑖𝑖𝑖’: the variance of the disturbances for Panel ‘𝑖𝑖’,  

• ‘𝜎𝜎𝑖𝑖𝑗𝑗’ the covariance of the disturbances between Panel ‘𝑖𝑖’ and Panel ‘𝑗𝑗’when the 

Panels’ periods are matched,  

• ‘Ι’is a ‘𝐼𝐼𝑖𝑖’ by ‘𝐼𝐼𝑖𝑖’ identity matrix with balanced Panels.  

 

3.4  CHOICE OF PANEL MODEL FOR THE ANALYSIS  

 

The following begins with a test to identify whether the fixed effect or random effect model 

is most appropriate. Further data related issues are then tested for; specifically, issues relating 

to; cross sectional dependency, autocorrelation and heteroscedasticity. Then, the most 

appropriate models are identified as being between a corrected FGLS model (xtgls in STATA 

model) and a dynamic Panel model (xtdpd in STATA). Finally, it was identified that the 

corrected FGLS model was the most appropriate which means that equation (3.8.a) is 

preferred to equation (3.8). The process of model selection is described below. 

 

3.4.A) CHOICE BETWEEN FIXED EFFECT AND RANDOM EFFECT MODELS  

 

This dataset is suited for one-way effect test given there are single dimensions in the cross-

section and the time-series. A set of three different test results are presented in Table 3.10 

with respect to equations (3.8) and (3.8.a). 
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The F-test is used to choose between a fixed-effect model and pooled OLS. The null 

hypothesis is that all dummy parameters except for one can be dropped (data can be pooled), 

with others are all zero. The alternative hypothesis is that at least one dummy parameter is 

not zero. Since Prob > F = 0.00 for both of the models, the fixed-effect model is selected in 

both cases. The LM test is used to choose between a random effect model with OLS. Since 

the p-value is 1, the null hypothesis is accepted for individual-specific or time-specific error 

variance components are zero. Last, the Hausman specification is applied to choose between 

a random-effect and fixed-effect model by examining whether the individual effects are 

uncorrelated or correlated with other repressors. The null hypothesis, of the individual effects 

being uncorrelated with the other regressors, is rejected and the fixed-effect model selected. 

Thus, the fixed effect model is identified as the most appropriate is not surprising and reflects 

the finding as most Panel researchers.  

 

3.4.B) FURTHER ISSUES FOR CONSIDERATION IN MODEL SELECTION: CROSS-SECTIONAL 

DEPENDENCE, AUTOCORRELATION AND HETEROSCEDASTICITY 

 

These are issues that are often found in Panel data research and they will have a significant 

influence on the choice of Panel modelling procedure. During these, heteroscedasticity issue 

can be very problematic. If the error is not consistent, then its biases can lead to false 

conclusions about the significance of regression coefficients, as well as its t-statistics and F-

statistics (Bun, M.J. and Carree, M.A., 2006). In the logistic regression, it can produce biased 

and misleading parameter estimates. There are five reasons why it might occur. First, the 

errors may increase along with the increasing independent variables value. For example, the 

larger firms can hold more significant variances than error term, compared with the small 

firms. Second, if the independent variables are more extreme in either direction, then the 

errors may increase. For example, one variable is mostly positive, and another is primarily 

negative. Similar to the second point, if the sub-population difference or other interaction 

effect is significant, then heteroskedasticity is more likely to occur. Fourth, the 

misspecification of the model can cause the heteroskedasticity. For example, the logit of the 

dependent variable should be applied rather than its original value. Last reason is the 

measurement error. Some respondents might provide more accurate responses than others.  
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A Wald test and a Likelihood-ratio test are applied to identify potential heteroscedasticity. 

The results are shown in Table 3.12 indicate that for 3 or the 4 tests the null is rejected, and 

the presence of heteroscedasticity is confirmed. Also, tests for cross-sectional dependency 

were undertaken in Table 3.5 in a previous section and found that the data contain cross-

sectional dependence with respect to both equation (3.8) and (3.8.a). The Wooldridge test 

used to identify autocorrelation in Table 3.11. Since the p-value with respect to both 

equations is less than five percent, then the null hypothesis is rejected and identifies the 

presence of autocorrelation.  

 

 
 

3.4.C) CHOOSING THE MOST APPROPRIATE MODEL 

 

This is the most important part of the modelling procedure. A choice is required to be made 

of the most appropriate Panel data and this will also involve choosing between equation (3.8) 

for a dynamic Panel model and equation (3.8.a) for a non-dynamic Panel model. 

 

 
 

Hoechle, D., (2007) explored the issue of model selection and identified five principal 

categories of modelling methods, as identified in the first column of Table 3.12. The 

appropriate STATA programmes associated with each of these are identified in Column 2 
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along with their estimation options in Column 3. Issues relating to the data used in this thesis 

were identified in the sub-section above; and how these various STATA programmes deal 

with these issues is identified in Column 5. Of the five models listed only options four and 

five (DPD and FGLS) are identified for in-depth further examination; the reasons for this are 

as follows:  

 

1. ‘xtreg’ is the standard fixed effects model programme. This was not found to be 

appropriate because (i) after used the ‘vce(robust)’ option, the results showed the data still 

contain heteroskedastic errors which render OLS estimators inefficient and induce bias (ii) 

this programme is suited to data where N>T. The thesis data is N<T.  

 

2. ‘xtscc’ was established by Driscoll, J.C. and Kraay, A.C. (1998). It is standard errors for 

coefficients estimated by pooled OLS and FE (within) regression. In this method, the code 

‘fe’ option is most suitable which means fit a fixed-effects model. The error structure is 

assumed to be heteroskedastic, auto-correlated and possible corrected between the group, 

which can be deal with using different lags. The ‘xtgls’ programme however was more suited 

because (i) it can deal with AR(1) autocorrelation but ‘xtscc’ cannot (ii) ‘xtgls’ can use 

specific correction for the heteroskedastic with cross-sectional correlated error structure, 

whereas ‘xtscc’ error structure is assumed to be heteroskedastic and autocorrelated and (iii) 

‘xtscc’ is suited  to data where N>T. The thesis data is N<T. 

 

3. ‘xtpcse’ is used for the calculation of Panel-corrected standard error (PCSE) to estimate for 

linear cross-sectional time-series model. These variance estimates return to the assumption of 

many observations per Panel. It allows Panel-level heteroskedasticity and contemporaneous 

correlation of observations. However, the ‘xtgls’ programme is more suited for the dataset, 

because (i) ‘xtgls’ is more efficient for FGLS estimates of the models’ parameters, while the 

‘xtpcse’ is using OLS parameter estimates which are consistent and inefficient and (ii) unlike 

‘xtgls’, ‘xtpcse’ does not hold where there is cross-sectional dependency. 

 

4. ‘xtgls’ is feasible generalized least squares (FGLS). It uses weighted least squares to 

corrects OLS for any heteroskedastic, cross-sectional correlation and AR(1) autocorrelation 

within Panels. The ‘Panels(correlated)’ can correct the heteroskedastic with cross-sectional 

correlated error structure. Additionally, the ‘corr(ar1)’ can apply AR1 autocorrelation 

structure across all the Panels, with the same coefficient. Last, since the data is I(1) and 
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cointegration, then the first difference needs to be applied for all of the variables. Monte 

Carlo study shows that FGLS estimator is superior to OLS estimator and can correct 

heteroscedasticity (Beck, N. and Katz, J.N., 2007). It is suited for the data type T > N.  

 

5. 'xtdpd' is for dynamic Panel data (DPD). It can provide different correction. The lagged 

dependent variable can be used as a proxy to control for inertia effects (Wooldridge, J. M. 

1995). It uses the first differencing to remove unobserved heterogeneity, which also underlies 

the family of estimators by applying the first difference. This command' dgmmiv(LogitR)' 

can automatically choose the best-suited lag vision of the lag dependent.  

 

• DPD and FGLS: The Panel Models Examined for Further Consideration 

 

Two econometric models are considered for evaluation; the first Equation (3.8) includes a 

lagged dependent variable term, whereas the second Equation (3.8.a) does not. 

 

𝑙𝑙𝑜𝑜𝑙𝑙𝑖𝑖𝐸𝐸( 𝑅𝑅𝑖𝑖,𝑡𝑡) = 𝛼𝛼𝑖𝑖,𝑡𝑡 + 𝛽𝛽1𝐺𝐺𝐷𝐷𝐽𝐽𝑖𝑖,𝑡𝑡 + 𝛽𝛽2𝐼𝐼𝐼𝐼𝑖𝑖,𝑡𝑡 + 𝛽𝛽3𝐼𝐼𝐽𝐽𝑖𝑖,𝑡𝑡 + 𝛽𝛽4𝐸𝐸𝐸𝐸𝑅𝑅𝑖𝑖,𝑡𝑡 + 𝛽𝛽5𝑀𝑀𝐼𝐼𝑖𝑖,𝑡𝑡 + 𝛽𝛽6𝐹𝐹𝐹𝐹𝐼𝐼𝑖𝑖,𝑡𝑡 +

𝛽𝛽7𝐼𝐼𝑅𝑅𝑖𝑖,𝑡𝑡 + 𝛽𝛽8𝐺𝐺𝐺𝐺𝑖𝑖,𝑡𝑡 + 𝛽𝛽9𝑙𝑙𝑜𝑜𝑙𝑙𝑖𝑖𝐸𝐸( 𝑅𝑅𝑖𝑖,𝑡𝑡−1) +  𝜀𝜀𝑖𝑖,𝑡𝑡                                     (3.8)                     

 

𝑙𝑙𝑜𝑜𝑙𝑙𝑖𝑖𝐸𝐸( 𝑅𝑅𝑖𝑖,𝑡𝑡) = 𝛼𝛼𝑖𝑖,𝑡𝑡 + 𝛽𝛽1𝐺𝐺𝐷𝐷𝐽𝐽𝑖𝑖,𝑡𝑡 + 𝛽𝛽2𝐼𝐼𝐼𝐼𝑖𝑖,𝑡𝑡 + 𝛽𝛽3𝐼𝐼𝐽𝐽𝑖𝑖,𝑡𝑡 + 𝛽𝛽4𝐸𝐸𝐸𝐸𝑅𝑅𝑖𝑖,𝑡𝑡 + 𝛽𝛽5𝑀𝑀𝐼𝐼𝑖𝑖,𝑡𝑡 + 𝛽𝛽6𝐹𝐹𝐹𝐹𝐼𝐼𝑖𝑖,𝑡𝑡 +

𝛽𝛽7𝐼𝐼𝑅𝑅𝑖𝑖,𝑡𝑡 + 𝛽𝛽8𝐺𝐺𝐺𝐺𝑖𝑖,𝑡𝑡+ 𝜀𝜀𝑖𝑖,𝑡𝑡                                                                          (3.8.𝑎𝑎)                     

 

The respective regression results from the DPD and FGLS methodologies are shown in Table 

3.13.A and Table 3.13.B. The left-hand side gives the results for DPD, while the right-hand 

side is the results for FGLS. The process of choosing the most appropriate model requires the 

consideration of two interrelated issues. First, which of equations (3.8) and (3.8.a) is most 

appropriate. And, second, which of FGLS and DPD is most appropriate.  
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The DPD modelling procedures automatically choose the best-suited lag vision of the lag 

independent variable (command 'dgmmiv(LogitR)' ) and robust standard errors are applied 

(command ‘vce(robust)’). For FGLS, corrections are made in respect to heteroscedasticity 

with a cross-sectional correlated error structure (command ‘Panels(correlated)’) and 

corrections for first order autocorrelation (command ‘corr(ar1)’).  

 

The DPD results in equation (3.8) show a theoretically untenable result for the key 

explanatory variable, World GDP Share as well as for the Market Turnover (MT) and 

Foreign Exchange Market (FXT) variables. It was identified in Chapter 2, the GDP, MT and 

FXT should theoretically all have a positive impact for the reserve currency (Bergsten, C.F., 

Keohane, R.O. and Nye, J.S., 1975; Tavlas, G.S. 1997; Chinn, M. and Frankel, J.A., 2008; 

Dobson, W. and Masson, P.R., 2009).  

 

There is a further theoretical reason to question the appropriateness of Equation (3.8) in 
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respect to the lag used to account for the inertia effect. In Section 2.2.B). it has shown that 

inertia effects occur over long periods, possibly between five decades and eight decades. It 

was, for example, noted that the USD did not become the dominant reserve currency until the 

1940s despite it became the largest world economy [GDP per capita] in 1872 (Triffin, R. 

1960; Eichengreen, B. and Flandreau, M., 2012; Frankel, J., 2012). In addition, it can be 

noted that Matsuyama et al. (1993) and Rey, H. (2001) argued that small changes in the 

critical factors associated with a reserve currency will not affect its status in the short term. 

This all suggests that using a single year lag to model inertia effects is unlikely to be 

appropriate. Given the forty years data period used in the panel model, it can be argued that it 

will not be possible to identify any of the long-term inertia effects.  It can also be noted that 

any potential short term (one year) inertia effects can be incorporated into the FGLS model 

by using an AR(1) correction term rather than explicitly including this in the model. 

 

As well as the FGLS model being able to correct Equation 3.8a for any potential AR(1) 

issues, the results in Table 3.13.B also show that the signs and the sizes of the explanatory 

variable coefficients are both theoretically tenable and show reasonable levels of statistical 

significance (unlike DPD where only three out of nine variables that are significant at 5 

percent).  It can be concluded therefore that there are a number of reasons that the most 

appropriate model is FGLS with equation (3.8a) which excludes the lagged variable. This 

equation, with the relevant coefficients is shown as Equation (3.21). 

 

𝐿𝐿𝑜𝑜𝑙𝑙𝑖𝑖𝐸𝐸�𝑅𝑅i,t� =  −4.115 + 6.971GDPi ,t + 1.747ITi ,t −  0.021INi,t + 0.021EERi,t +

0.089MTi,t + 2.975FXTi,t − 2.199TRi,t − 2.307GBi,t            (3.21) 

 

Examining the parameter coefficents on the chosen model in a little more detail, it can be 

seen that the values for GDP, international trading, stock market turnover and foreign 

exchange market are all positive. The results for the share of GDP (6.971) and foreign 

exchange market turnover (2.975) are the two highest coefficients. They hold significant 

positive influences on the logit of reserve currency share. It is followed by the share of 

international trading (1.747) with some positive impact. For market turnover (0.089) and 

effective exchange rate (0.021), both of them show a small positive influence for that. In 

another way, the constant (-4.115) is the most significant negative points. Followed by the 

total reserve (-2.199) and the 10-year government bond (-2.307). That shows the investors are 



83 
 

not keen for return or profit for a reserve currency. Maybe for trading currency or investment 

purpose, it would hold different answers. Last, the inflation difference (-0.021) is negative. 

However, the negative value means the country has less inflation compared to OECD. In that 

way, it only holds a small positive influence.  

 

 
3.5  ROBUSTNESS TESTING AND COMPARISONS WITH THE LITERATURE OF THE CHOSEN 

MODEL RESULTS 

 

The robustness of the model was checked by undertaking tests of the predictive accuracy of 

the model, the stability of its parameters and measuring the impact on predicted outcomes of 

changes in the independent variables.  

 

• Predictive accuracy 

 

Predictive accuracy was tested both in-sample and an out-sample test. Equation (3.8.a) was 

re-run with a shortened dataset running from 1979 to 2014 in order to be able to undertake 

out-of-sample testing from 2015 to 2018. Different ranges of in-sample and out-sample tests 

are conducted, with an in-sample period being from 1979 to 2012 and 1979 to 2013 

respectively. The error rate in both is found to be consistent, the average error during 1979 to 

2012 is 0.032, whereas the average error during 1979 to 2013 is 0.028. The predicted shares 

of the four reserve currencies were calculated from the model to be compared against their 

actual shares during both the in-sample period and the out-of-sample-period for every five 

year. 

 

𝐿𝐿𝑜𝑜𝑙𝑙𝑖𝑖𝐸𝐸(𝑅𝑅i) = ln �
𝑅𝑅

1 − 𝑅𝑅�
= ln𝑅𝑅 − ln(1 − 𝑅𝑅) , 𝑅𝑅i =

𝑎𝑎𝑊𝑊𝑑𝑑𝐿𝐿𝑖𝑖𝑡𝑡(𝐸𝐸i)

1 + 𝑎𝑎𝑊𝑊𝑑𝑑𝐿𝐿𝑖𝑖𝑡𝑡(𝐸𝐸i)
        (3.22) 

 

Results are presented in Table 3.16 which show the absolute deviation between the actual 

share of the reserve currency market and the share predicted by the model. The predicted 

shares are estimated using Equation (3.22). The Absolute Error Value is obtained using 

Equation (3.23.a), and the results are presented in Table 20.A. The Absolute Error Value is 

obtained through Equation (3.23.b), and the results are presented in Table 20.B. 

 



84 
 

𝐼𝐼ℎ𝑎𝑎 𝐴𝐴𝐴𝐴𝐴𝐴𝑜𝑜𝑙𝑙𝑢𝑢𝐸𝐸𝑎𝑎 𝐸𝐸𝑎𝑎𝑎𝑎𝑜𝑜𝑎𝑎 𝑉𝑉𝑎𝑎𝑙𝑙𝑢𝑢𝑎𝑎 = (Actual currency –  Predicted currency share)     (3.23.𝑎𝑎) 

 

 
 

𝐼𝐼ℎ𝑎𝑎 𝐴𝐴𝐴𝐴𝐴𝐴𝑜𝑜𝑙𝑙𝑢𝑢𝐸𝐸𝑎𝑎 𝐸𝐸𝑎𝑎𝑎𝑎𝑜𝑜𝑎𝑎 𝑅𝑅𝑎𝑎𝐸𝐸𝑎𝑎 =
(Actual currency –  Predicted currency share)

Actual currency share
      (3.23. 𝐴𝐴) 

 

 
 

In Table 3.14.B the results are mixed. They show for the dominant currency, the USD the 

error rate is relatively low, that is possibly a reflection of the fact that it represents the largest 

reserve currency in world usage resulting in the USD showing a large denominator effect. A 

smaller denominator effect for GBP and JPY possibly accounts for the bigger error rate. 

 

Table 3.14.A shows the Absolute Error Value across all currencies is relatively small. The 

largest error is in 1989 for EU19 and 2018 for JPN. The former may reflect the market’s 

reaction to uncertainly surrounding the 1989 European Community heads of state meeting in 

Madrid relating to subsequent monetary union. Differences relating to the JPY may reflect 

the strength of the currency at this period relative to the USD. Experts at Morgan Stanley and 
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ING mentioned JPY is one of the best-performing currencies in 2018 and speculated that it 

could strengthen further in the following months. 

 

• Parameter stability  

 

In order to get an indication of parameter stability the parameters from the full-length period 

model (Long Panel) are compared against the parameter values obtained by running the 

model from 1989 to 2018 (Short Panel). As shown by Table 3.15, although the statistical 

significance of parameters differences has not been tested, it can be noted that the parameter 

on the most important variable, GDP share appears to be stable. And the significate are 

similar for different variables. 

 

 
 

• Compare models 

 

In STATA software, the command ‘estat ic’ calculates two information criteria (AIC and 

BIC), and can be used to pick the better model. For both information standards, the smaller 

the result, the more accurate the model. Table 3.16 has represented all the results. During 

these, the full model is the most fitted one, since it holds the smallest amount for AIC and 

BIC. The results have supported the necessary to includes these two new variables into the 

model.  

 

 
 

• Impact on predicted currency share of changes in the independent variables 
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The predicted reserve currency share was estimated from equation (3.21) at the mean values 

of all of the independent variables. The impact of deviations from this mean were then 

examined in 2 percent intervals for TR, GB, IT, IN, FXT and GDP and 20 percent intervals 

for MT and EER. The impact was measured on a ceteris paribus basis, i.e. with all other 

variables being held at their means as the variable in question was adjusted. The results are 

presented in Table 3.17. 

 

𝐿𝐿𝑜𝑜𝑙𝑙𝑖𝑖𝐸𝐸�𝑅𝑅i,t� =  −4.115 + 6.971GDPi ,t + 1.747ITi ,t −  0.021INi,t + 0.021EERi,t +

0.089MTi,t + 2.975FXTi,t − 2.199TRi,t − 2.307GBi,t             (3.21) 

 

It can be noted from Table 3.17 that the impact of changes in the share of world GDP are 

highly significant. As will be shown in Chapter 5, one forecast identifies that Chinese share 

of world GDP would increase by up to 7 percent by 2040. The model predicts that this alone, 

would increase China’s share of the reserve currency market to around 23 percent, ceteris 

paribus.  

 

 
 

• Comparisons with the literature 

 

A number of papers in the literature have attempted to model reserve currency market shares. 

These include: [1] Chinn, M.D. and Frankel, J.A. (2008), [2] Lee, J.W. (2014), [3] Chen, H. 

and Peng, W. (2010) and [4] Huang, Y., Wang, D. and Fan, G. (2014). The econometric 

results from these papers are summarised in Table 3.18.  
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A direct comparison of thee papers is difficult as there are differences relating to the datasets 

used and relating to the functional forms of models. However, what is clear across all of the 

models is that the share of world GDP is found to have an important impact on reserve 

currency shares. Where this thesis differs from the papers cited here is that all of these papers 

include a lag of the dependent variable as a key explanatory variable. There is a strong case 

for arguing that inertia effects do indeed play an important role in central bank reserve 

currency choices. However, in this thesis it is argued that including such a variable is 

effectively masking the true influences of some key, theoretically important, influences on 

reserve currency share. 

 

3.6  CONCLUSION 

 

This thesis chapter has used Panel data analysis to quantify the impact of eight key 

explanatory variables for forming and influencing a reserve currency. Four major currencies 

are used in the dataset: USD, EU19, JPY, and GBP. These are selected from IMF data as the 

most-used reserve currencies with the data range for forty years, from 1979 to 2018.  

 

The chapter has applied Feasible Generalized Least Square (FGLS) Panel regression analysis 

since this methodology can efficiently correct for heteroscedasticity, cross-sectional and 

autocorrelation problems. A number of robustness and model stability checks were 

undertaken, their results indicated that the model performs reasonably well, for both in-

sample and out-of-sample. The modelled results differ methodologically from comparable 

papers in the literature in that the model excludes a lagged dependent variable and with two 
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extra new variables. Theoretical justifications for the change for these variables have been 

provided.  

 

The model identifies that several economic and financial factors that influence reserve 

currency share with a share of world GDP appearing to be the most important explanatory 

variable, followed by international trading and foreign exchange turnover. The two new 

variables (government bond interest rates and total reserves) had the most significant 

negative impact on the use of reserve currencies. The focus of this thesis is an exploration of 

what will happen to the reserve currency share of the Chinese RMB over the next two 

decades. The model developed in this chapter has been used in Chapter 5, to forecast RMB 

share up to the year 2040. 
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4: DO THE CONDITIONS EXIST FOR THE RMB TO ATTAIN RESERVE CURRENCY STATUS? AN 

ASSESSMENT OF CHINESE FINANCIAL SECTOR DEVELOPMENT SINCE 1979 

 

CHAPTER 4.0  OVERVIEW AND INTRODUCTION 

 

The primary research question of the thesis is: to identify the principal factors that determine 

reserve currency status and use this to model the extent to which the RMB will develop into 

an international reserve currency over the next two decades. In Chapters 2 and 3 the first 

element of this question has been examined. However, before the question of whether or not 

the RMB is likely to develop into a fully functioning reserve currency can be explored, the 

thesis needs to examine whether or not the necessary conditions required for reserve currency 

development exist in China’s financial sector. Examining this question is the objective of this 

chapter. 

 

The direction of both economic development and the development of China’s financial 

markets is driven primarily by Chinese government policy. It is now current government 

policy to secure the reserve currency status for RMB. Through the extensive economic 

reforms and policies to promote the globalisation of financial markets, China has pushed the 

development of the RMB on the international stage. After the global financial crisis of 2008, 

RMB internationalisation moved from the back burner to the front. To further boost the RMB 

global usage, China has publicly proposing to reform its international monetary system (IMS) 

and ease off the limitation in its financial market. It accomplished this by improving the 

cross-border trade settlement and establishing offshore centers (Chen, X. and Cheung, Y.W., 

2011; Cheung, Y.W., Ma, G. and McCauley, R.N., 2011). The inclusion of RMB into the SDR 

basket reflects China's achievements in reforming and opening up and recognition by the 

global community of China’s reforms. 

 

Although achieving reserve currency status for the RMB is now clearly the Chinese aim, the 

question remains as to whether or not this aim can be achieved. As a first step in examining 

this issue the chapter begins with a historical survey of government policy and the impact of 

this policy in Section 4.1. In order to answer the question as to whether or not the reforms 

that have been made are sufficient, Section 4.2 compares the current Chinese financial sector 

with those in other advanced financial-service-sector countries. Finally, conclusions are 
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drawn as to whether or not the conditions exist for the RMB to obtain reserve currency status 

in Section 4.3. 

 

4.1 CHINESE GOVERNMENT POLICY AND FINANCIAL SECTOR DEVELOPMENT SINCE 1979 

 

As summarized by Chapter 2, it was argued by a group of economic reports, that the ability to 

attain full reserve currency status can be examined in the context of six primary, or key, 

requirements (Tavlas, G.S., 1997; Dobson, W. and Masson, P.R., 2009; Eichengreen, B., 

Chiţu, L. and Mehl, A., 2016). This section starts from this direction and brief lists Chinese 

recent improvements. It cites the new policies and recent developments in China's financial 

sector as evidence of its government's efforts for promoting the RMB as a potential reserve 

currency. These includes six aspects: maintaining its economy, accelerating its financial 

market development, liberalisation of the foreign investment and global trading, modernising 

the foreign exchange trading, increasing RMB liquidity and maintaining the unique role of 

the Hong Kong financial services markets. These aspects are listed below from part A to F.  

 

4.1.A) MAINTAINING ECONOMIC DEVELOPMENT 

 

China is now the world's largest economy (GDP by purchasing power parity) and the most 

significant global trading country. China is one of the world's fastest-growing economies, 

since its free-market reforms between 1979 and 2018, it has achieved real GDP growth 

averaging 9.5 percent annually. Since 1980, China opens its economic policies globally, 

strengthens its international relationship with other counties, and absorbs the experience and 

technology of developed countries (Garnaut, R. et al., 2018). During 1980-90, China 

formulated a series of structural and economic policies to expand foreign direct investment 

and global trade. It has reformed taxation, banking, exchange rates, and foreign exchange 

management. Besides, China has joined several international organizations: The World Bank, 

the International Monetary Fund, and Asian Development Bank. After China's accession to 

the WTO in 2001, its GDP and international trading was further boosted (Yang, Y., 2006).  

 

More recently, China created the Belt and Road initiative (BRI) in 2013 and established the 

Asian Infrastructure Investment Bank (AIIB) to assist it in 2014, followed by a 40 billion 

USD fund. BRI is an economic development strategy for China. Its goals are to boost 
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economic integration and connectivity by building infrastructure, increase trade, and 

investment within the Asian, European and African continents. By 2018, it has connected to 

more than 70 countries making up over 65 percent of the world population, around one third 

percent of global GDP16. By 2024, China plans to invest 1.25 trillion USD overseas to help 

BRI countries develop infrastructure. To support these China has signed a 50 billion USD 

agreement with 21 countries to establish the AIIB17. It is a multilateral development bank 

founded to address the daunting infrastructure needs across the Asia-Pacific region. By 2018, 

the AIIB includes 92 members and approved projected lending up to 7.6 billion USD. 

 

4.1.B) ACCELERATING FINANCIAL MARKET DEVELOPMENT 

 

The Chinese asset market development lags behind its extraordinary economic growth. 

Nowadays, the Chinese financial sector successfully contains the essential components of a 

modern economic system, which are banks, insurance companies, equity and bonds markets, 

as well as payment systems (Allen, F., Qian, J., Zhang, C. and Zhao, M., 2012). Also, 

financial market liquidity is improved. To further expand these, the Chinese stock exchange 

and RMB-bond market are discussed below, while the foreign investment and trading are 

introduced in part C). 

 

• Chinese Stock Exchange (Securities Exchange) 

 

In 1990, the Shanghai Stock Exchange (SSE) restarted operations, and after half a year, the 

Shenzhen Stock Exchange (SZSE) was established. The bonds and funds were allowed to 

trade through the SSE18 in 1993, and SZSE19 in 1994. Table 4.1 summarizes the performance 

for SSE and SZSE over the last two decades. The resources are from their annual factbook. 

Both of the SSE and SZSE have grown steadily from 1999 to 2019. Compare with the data 

for 2017 and 2019, where there was a 28 percent increase in new securities for SSE and a 38 

percent increase in new securities for SZSE. There were also higher transaction values for 

both stock and T-bonds as well as the number of trading accounts. 

 

                                                 
16 Available from <https://www.ebrd.com/what-we-do/belt-and-road/overview.html> [1 Aug 2020]; 
17 Available from <https://www.aiib.org/en/about-aiib/governance/index.html> [1 Aug 2020]; 
18Available from <http://english.sse.com.cn/#Summary> [1 Aug 2020]; 
19  19 Available from <http://www.szse.cn/English/siteMarketData/marketStatistics/overview/index.html> [1 
Aug 2020]; 

https://www.ebrd.com/what-we-do/belt-and-road/overview.html
https://www.aiib.org/en/about-aiib/governance/index.html
http://english.sse.com.cn/#Summary
http://www.szse.cn/English/siteMarketData/marketStatistics/overview/index.html
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In addition, since Hong Kong returned to China in the 1997, then the Hong Kong Stock 

Exchange (SEHK) was another stock exchange. However, the currency is HK Dollar. In 2014 

and 2016, China launched the ‘Stock Connect Program’ between Shanghai-Hong Kong 

(SHH) and Shenzhen-Hong Kong (SZH). The total trading value so far in 2019 has reached 

5.11 trillion RMB, which is outnumbering the um of the previous two years20. Recently, the 

Shanghai-London Connect Program was established in 2019, with the support of both the 

U.K. and Chinese governments and in collaboration with regulatory authorities (Cheng, 

A.W.W., et al., 201). In this way, foreign companies can be listed in mainland China, 

whereas Chinese companies can raise funds aboard. And for Chinese investors, they can 

access global stocks, without the domestic capital controls (Xu, K., 2020). 

 

• RMB-Denominated Bonds 

 

There are four RMB denominated bond markets. From the Wind data source, until 15th Aug 

2019, the sum of panda bond and Dim sum bond markets' volumes were incomparable with 

that of the markets of debt securities denominated in the USD (16 USD trillion) or the EUR 

(6.75 USD trillion). However, China's bond market is in line with other Asian currency bond 

                                                 
20 Available from <http://en.ce.cn/Business/topnews/201912/06/t20191206_33790533.shtml> [1 Aug 2020]; 

http://en.ce.cn/Business/topnews/201912/06/t20191206_33790533.shtml
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markets such as the JPY and the KRW. Based on the Bloomberg Liquidity Assessment, panda 

bond and dim sum bond holds 45.84 and 31.18 respective, which is much lower compared 

with securities denominated in USD (67.92) and EUR (67.06). Lu, C. and Wang, Y., (2019) 

found that from 2008 to 2018, the bid-ask spread of China two-year bonds are quite broad. 

All of the other countries (Eurozone, Japan, the U.K., and the U.S.) hold spread for below 0.5 

percent, whereas China holds between 1 to 2.5 percent. Although liquidity in China improved 

recently, the index fell from 2.3 to 0.7 in the Q2 2018. However, there are plenty of room for 

further improvements. 

  

1, Panda bonds (onshore): Panda bond is an RMB-denominated bond, sold by foreign 

countries and overseas agencies in the China onshore financial market. Funds raised from 

sales of Panda bonds would have to remain in China since the issuers are not be permitted to 

repatriate such funds (Fung, H.G. et al., 2016). Up to Dec 2018, 41 foreign entities have 

issued 87 panda bonds in the interbank market and raised 165.6 billion RMB (Chen, J., 

2019). There is a big jump compared with the total issuance of 26 overseas issuers for 92.8 

billion RMB in 2016. The foreign countries can use Panda bonds to diversify their funding 

sources and improve their image in China and establish bilateral relations. The foreign 

manufacturing companies become involved, such as BMW and Daimler. Selling the Panda 

bond can help them to diversify coffers and provide cash for doing businesses in China 

(Chen, X. and Cheung, Y.W., 2011). Participation of international banks has also improved 

further for Panda market. For example, HSBC has enabled Panda transactions can add a layer 

of relief for borrowers and investors. These banks can operate with an international approach 

to distribute the bonds through various channels (Tang, Y., 2018).  

  

2, Dim sum bonds: (Hong Kong's offshore) In Jun 2007, China opened its capital account for 

investment purposes by issuing RMB-denominated bonds dim-sum bonds. This bond market 

enables non-residents of China to invest in RMB-denominated bonds. In 2009 and 2013, the 

dim sum bonds were issued in Hong Kong and Taiwan. The Dim sum bond market acts as a 

platform, to regulate the amount of offshore RMB that flow back into the mainland. To 

enable China to take advantage of Hong Kong's superior financial infrastructure and 

gradually liberalize its capital account. And then fully integrated with the mainland's 

domestic financial market (Park, Y.C., 2010; Fung, H.G. and Yau, J., 2012; Subacchi, P. and 

Huang, H., 2012). The market rapidly expanded after 2010, as the Chinese government lifted 

some restrictions on corporate RMB deposit accounts and transactions. During 2011 to 2015, 
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the offshore RMB bonds outstanding grew to more than RMB 368 billion with sharp 

decreases from 2017 to 2018 (Aizenman, J., 2015).  

  

3, Sovereign RMB offshore bond (London's offshore) In Oct 2014, the U.K. has issued the 

western world's first sovereign RMB bond, largest ever RMB bond by a non-Chinese issuer. 

It is the world's first non-Chinese sovereign RMB bond to be used to finance Britain's foreign 

exchange reserves (Pacheco Pardo, R., Knoerich, J. and Li, Y., 2019). This sovereign RMB 

offshore bond would boost London's fast-growing offshore RMB market and help RMB 

internationalization. The bond issuance saw strong demand from investors, which would help 

the U.K. to build up RMB liquidity, and progressive businesses are capitalizing on London's 

enhanced payments infrastructure to connect with partners overseas (Hall, S., 2017).  

  

4, Lotus bonds (Macao's offshore): In Jul 2019, China issued 2 billion RMB in RMB-

denominated treasury bonds in Macau. The issuance process is similar to Hong Kong bond 

issuance, mainly to attract domestic and foreign funds through the Macao market. However, 

due to the Macao's market being very mature, with the different laws and systems. It was 

harder to coordinate and communicate on bond issuance. Thus, its volumes pale in 

comparison with Hong Kong (Lockett, H., 2020). 

 

4.1.C) LIBERALISATION OF FOREIGN INVESTMENT AND GLOBAL TRADING  

 

China announced new policies aimed at increasing investment options for holders of offshore 

RMB. These movements attracted potential RMB investors locally and globally and further 

increased market participants' willingness to take on RMB exposure. Nowadays, the overseas 

investors can use RMB in three ways: use offshore RMB funds in cross-border clearing, 

dividend distribution and equity transfer funds, reduction and liquidation of foreign-invested 

enterprises, and issuance of offshore RMB bonds or RMB securities. During these, the most 

important policies were the Qualified Foreign Institutional Investors (QFII) in 2002; the Pilot 

programme published in 2009, and RMB Qualified Foreign Institutional Investors (RQFII) 

started in 2011. Also, RMB Outward Direct Investment scheme (ODI) and RMB Foreign 

Direct Investment scheme (FDI) established in 2011 (Chey, H.K. and Hsu, M., 2020). 
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The pilot scheme for cross-border trade settlement in RMB was jointly launched by Mainland 

China and Hong Kong. It can allow overseas banks to open correspondent accounts with 

banks inside China. Thus, cross-border trades with foreign partners can all be settled in RMB 

(Wu, T. and Tang, R., 2018). The policy coverage was subsequently extended to the national 

level in 2010. Besides, the QFII is used to invest in companies that are publicly listed on the 

onshore stock and bond markets in mainland China and traded in RMB. The RQFII 

programme is a modified version of the QFII program, which enable non-residuals 

investment in the mainland market via offshore RMB accounts. Under its policies, foreign 

investors can buy and sell designated assets in China's onshore RMB-denominated equity and 

bond markets. The RQFII can be seen as part of a broader process of capital account 

liberalisation in China and also as an attempt to encourage wider participation in the offshore 

RMB market. In Mar 2013, the scale and scope for RQFII programme were both expanded. 

The foreign financial institutions, Hong Kong subsidiaries of Mainland commercial banks, 

and Hong Kong domiciled financial institutions, and insurance firms were all allowed to 

participate in the onshore RMB market (Lien, B. and Sunner, D., 2019). By Sep 2019, there 

are over 400 institutional investors from 31 countries used these two channels to invest in 

China's financial markets (Chey, H.K., Kim, G.Y. and Lee, D.H., 2019). 

 

4.1.D) MODERNISING THE FOREIGN EXCHANGE TRADING SYSTEM 

 

During 1995 to 2005, Beijing has kept a fixed exchange rate of 8.28 CNY/USD with plus or 

minus 0.3 percent influence (Qu, B., 2019). Since 2005, the Chinese government gave up the 

fixed exchange and introduced a more flexible and market-driven exchange rate (Tian, L. and 

Chen, L., 2013). The new system is no longer strictly and solely pegged to USD. Instead, it 

offers excellent exchange rate flexibility by operating a floating exchange rate system against 

a basket of currencies. The new system aims to maintain the essential stability at an 

appropriate and balanced level, by changing according to the Chinese economic and financial 

situation locally and globally.  

 

In 2006, China further adjusted the formula for calculating the midpoints and added the 

inquire model with market making system. Moreover, the floating range was increased from 

plus or minus 0.3 percent in 2005 up to 2 percent in 2014. In 2015, the Chinese government 

announced to optimize the RMB/USD central parity quoting mechanism. The reforms aim to 
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make RMB central parity more transparent and market oriented (Das, M.S., 2019). The 

reform of the RMB exchange removes the argument for its exchange rate manipulation. It has 

also reduced inflation and stabilized China's breakneck growth by narrowing the gap between 

the CNH and the CNY. 

 

4.1.E) INCREASING RMB LIQUIDITY  

 

The Chinese government holds tight control over its capital account liberalisation and RMB 

is non-convertible. These can cause relevant problems in global trading and foreign 

investment. The RMB liquidity is the key to overcoming these problems. For solving this, 

China opened up 24 offshore RMB clearing centres with CIPS system, signed 35 BSAs, and 

connected RMB with raw material. These three are interrelated and mutually supportive. It 

can boost the demand and supply for RMB, enhance its global liquidity. Thus, the problem of 

RMB non-convertibility is partly reduced and make the RMB more attractive and acceptable. 

Besides, there are other policies for its global trading and investment in 5.2.C). 

 

• RMB offshore market centers  

 

The offshore RMB market centers are the RMB markets outside Mainland China, which 

provide a leeway for non-residents to hold and use the RMB. These include cross-border 

trading (borrowing and lending), finance, and direct investment. The RMB offshore uses are 

mostly invoicing patterns of Chinese firms, foreign exchange trading of the RMB, and 

onshore and offshore financing in Asia (McKinnon, R. and Schnabl, G., 2014). The offshore 

center can help to remove currency mismatches on balance sheets, reduce dependence on the 

USD, and the associated vulnerability to liquidity shortages (Subacchi, P., 2010). The 

offshore RMB settlement can access onshore liquidity directly (Zhang, Y. and Zhu, Q., 2019). 

China can invest in the global infrastructure projects through its sovereign wealth funds, 

whereas its investment spending can be supported by funds raised in financial markets, rather 

than relying on profits and reinvested bank loans (McCauley, R.N., 2011). 

  

Tsang, S. (2010) thinks that any currency can be internationalized to a certain extent by 

establishing an offshore center. It is a prelude to the eventual full convertibility of the RMB. 

Even a country has fast economic growth, its underdeveloped financial markets can deflect 
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the rising demand for its currency and for unrestricted entry into its domestic capital markets 

by creating a highly regulated offshore center for RMB. The Chinese government not only 

regulates and stabilizes offshore RMB centers, but also actively creates and expands them to 

achieve its objective of building a global offshore RMB market (Töpfer, L.M. and Hall, S., 

2018). As shown in Table 4.2, from 2003 until 2019, there are now 24 countries with offshore 

RMB centers. According to SWIFT21, since Mar 2016, the U.K. unseated Singapore as the 

second-largest clearing center. In 2019 the top three countries or regions doing CNY foreign 

exchange transactions in Q3 2019 were the U.K. (36.68 percent), Hong Kong (29.18 percent) 

and the U.S. (7.94 percent).  

 

 
 

• Three way: CIPS, BSAs, and Connection with Raw Material 

 

CIPS: in 2015, China established the Cross-border Inter-Bank Payment System (CIPS). It 

acts as cross-border and inter-bank and further improved in 2018. It has facilitated the RMB 

clearing and settlement services to mainland Chinese financial institutions and companies 

engaged in cross-border and offshore RMB business. By Q2 2018, the CIPS22 has promoted 

31 direct participants, with 12 foreign banks plus 745 indirect participants (go through the 

direct access banks). It complied with RMB’s ease of use globally and eventually made it 

fully convertible. 

 

                                                 
21   Available from <https://www.swift.com/our-solutions/compliance-and-shared-services/business-
intelligence/renminbi/rmb-tracker> [Access date: 1 Jun 2020]; 
22 Available from <http://www.cips.com.cn/cipsen/7052/7057/index.html>  [Access date: 1 Jun 2020]; 

http://www.cips.com.cn/cipsen/7052/7057/index.html
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The bilateral swap agreements (BSAs): It has a clear objective of facilitating RMB 

internationalization through promoting the currency's usage in settlement of cross-border 

trade transactions (Song, K. and Xia, L., 2019). It is an agreement between PBoC and foreign 

central banks, to apply the direct currency exchanging between onshore RMB and foreign 

countries' local currencies. Within their jurisdiction, the foreign central bank can transfer 

RMB to other commercial banks, and then to local firms, to pay for their Chinese imports and 

the other way around to pay for RMB-invoiced exports. For the liquidity, these have given 

the possibility for China to provide short-term, emergency loans to partner central banks 

facing liquidity shortages. Also, it can be used to generate new capabilities to influence other 

states while also insulate itself from American power (McDowell, D., 2019). As of 2017, 

China had 35 BSAs, their combined size almost matching the IMF's total resources (Song, K. 

and Xia, L., 2019). 

 

Connection with Raw Material (gold and petrol): The RMB is priced in gold and petrol. 

China launched its RMB denominated gold benchmark on Apr 2016, with twice-daily 

auctions on the Shanghai Gold Exchange to fix the price of gold (Tsai, J., Wang, Y. and Li, Y., 

2019). It is a significant achievement for RMB since gold is not only a commodity but also 

historically used as a reserve currency and to set the level of global currencies. In Jan 2020, 

the 'Shanghai-Macao Gold Road Project' was established, to let foreign investors assess the 

SGE directly though their account in the Macao offshore center. Also, China has established 

an RMB-denominated product, called as the Petro-yuan on the Shanghai International Energy 

Exchange in Mar 2018. A significant proportion of the global oil market has traded-in RMB 

with more to follow (Kamel, M. and Wang, H., 2019). The connection between RMB and 

these raw materials can widen the scope for RMB-denominated commodity trading. These 

foreign suppliers will have more RMB-denominated accounts that can be used to trade not 

only Chinese goods and services, but also Chinese securities and bonds. It can strengthen 

Chinese capital markets and promote the RMB's status, or at least the progressive de-

dollarization of the gold and oil market. 

 

4.1.F) MAINTAINING THE UNIQUE ROLE OF THE HONG KONG FINANCIAL SERVICES MARKET 

 

Hong Kong has returned to China in 1997 and operated under the 'one country, two systems' 

structure, with a separate and independent currency and monetary system. Once a British 



99 
 

colony, it is now the link between China and the Western world. Hong Kong as an essential 

industrial exporter, holds an international financial center, as a financial entre-pot for 

Mainland China. Its deep and broad financial market that has helped to boost Chinese 

trading, improve its financial regulation, and to play an essential role in internationalization 

of RMB. Furthermore, it is the global gateway for the mainland Chinese companies seeking 

access to foreign capital markets. They can double-list the company in the mainland markets 

and Hong Kong. These outward investments and joint initial public offerings contributed to 

the development of its offshore RMB center (Subacchi, P., 2010).  

  

China holds the unique advantage of being a nation with two systems. China has a relatively 

strict system of government control, while Hong Kong is a free market economy. Hong 

Kong's foreign exchange market is the most liquid and efficient in Asia (Hohensee, M. and 

Lee, K., 2006). There is no limitation in its onshore foreign exchange derivatives market, as 

the foreigners can freely trading. However, China mainland is different with policies that 

determined by PBoC and managed by the State Administration for Foreign Exchange. The 

PBoC, Hong Kong branch, is PRC's primary financial and commercial link to the rest of the 

world (Rossi, V. and Jackson, W., 2011). China could use Hong Kong's platform to gradually 

implement its financial strategy, giving it time to upgrade the mainland's financial system. 

The rapid growth of the RMB deposit base and RMB bond issuance within the Hong Kong 

banking system is the basis for increasing the global use of the RMB. 
 

4.2 COMPARISONS BETWEEN CHINA AND OTHER COUNTRIES WITH MAJOR FINANCIAL 

SERVICES SECTORS 

 

The question that needs to be examined is can China complete in the international reserve 

currency market? In order to consider this, the Chinese financial services sector is compared 

against its main competitor markets; namely, the U.S.A, the Euro Area, Japan and the U.K. 

Further comparisons are made against G7 countries and Hong Kong. The comparisons are 

made in terms of the eight requirements for a successful reserve currency that were identified 

in Chapter 2, Section 2.5. These relate to quantitative factors (Economic strength, Financial 

markets, Exchange rate stability and Other factors) and non-quantitative factors (use of 

Monetary Policy and currency Convertibility).  
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4.2.A) QUANTITATIVE COMPARISONS  

 

Key quantitative performance criteria are summarised in Table 4.3. It is a comparison Table 

with four aspects and thirteen quantitative factors. Eight of the factors identified are used in 

the econometric model developed in Chapter 3. The data sources are IMF23, OECD24, BIS25, 

FRED, and World Bank26. The G7 (Ave) is a benchmark, the average value from a group of 

seven countries: Canada, France, Germany, Italy, Japan, the U.K, and the U.S.  

 

 
 

1. Economic Strength (focusing on GDP and Foreign Trading) 

 

GDP: There are two main ways to calculate GDP; one is GDP at the exchange rate (all 

currencies converted into USD) the other is GDP at purchasing power parity (PPP). The PPP 

is often identified as better for comparisons of the economies of the two countries as 

compensates it for exchange rate changes over time and avoids government manipulation of 

exchange rates. In 2018, for the standard GDP calculation, the U.S. still held the first place 

with 20.49, EU19 was second with 18.75, and China as third with 13.61. However, for the 

GDP (PPP), China has exceeded the U.K. in 2005, the Japan in 2009, the U.S. in 2014 and 

passed the European Union in 2015, and it became the top country. In 2018, the China GDP 

                                                 
23 Available from 
<https://www.imf.org/external/datamapper/NGDP_RPCH@WEO/OEMDC/ADVEC/WEOWORLD> [Access 
date: 1 Jun 2020];  
Available from <https://data.imf.org/?sk=9D6028D4-F14A-464C-A2F2-59B2CD424B85> [Access date: 1 Jun 
2020]; 
24 Available from <https://data.oecd.org/price/inflation-cpi.htm> [Access date: 1 Jun 2020];  
25 Available from <https://www.bis.org/statistics/rpfx19.htm> [Access date: 1 Jun 2020]; 
26 Available from <https://data.worldbank.org/indicator/PX.REX.REER> [Access date: 1 Jun 2020];  
Available from <https://data.worldbank.org/indicator/CM.MKT.LCAP.CD> [Access date: 1 Jun 2020]; 
Available from <https://data.worldbank.org/indicator/CM.MKT.LCAP.GD.ZS> [Access date: 1 Jun 2020]; 
Available from <https://data.worldbank.org/indicator/NY.GDP.MKTP.PP.CD> [Access date: 1 Jun 2020]; 
Available from <https://data.worldbank.org/indicator/FR.INR.RINR> [Access date: 1 Jun 2020]; 
Available from <https://data.worldbank.org/indicator/FI.RES.TOTL.CD> [Access date: 1 Jun 2020]; 
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(PPP) was 4.87 higher than the U.S. and 2.63 higher than the EU19. The main reason for 

these differences in two GDP indexes is that the prices for goods and services in China are 

about half the level as in the U.S. This adjustment for this price differential raises the value of 

China's 2018 GDP from $13.4 trillion to $25.3 trillion (PPP). Also, the China GDP growth is 

much higher than in other countries, more than twice as much as in the U.S. 

 

International Trading: In 2018, China held 4.18 trillion in global trading, slightly larger than 

the U.S. 4.09 trillion. The European Union holds 12.71 trillion, which is more than three 

times the size of China. However, the Euro Area is a union, which is made up of 19 countries. 

Since 2013, China overtook the U.S. and became the world's largest trading nation that 

described as ‘a landmark milestone’ for the country. Chinese exports and imports are both 

increased sharply since 2005 after China joined the WTO. As Table 4.3 shows, China is an 

export-led country since it holds 1.88 trillion for import and 2.63 trillion for export. The U.S. 

is another way around and has held trade deficits since 1980. From 1950 until 2019, its 

balance of trade has averaged $-14.89 Million, reaching an all-time high of 1.95 Million USD 

in Jun 1975 and a record low of $-67.82 Million in Aug 2006. 

 

2. Financial market (focusing on: Market capital, stock market ranking, FX turnover) 

Market capitalisation: two data for stock market capitalisation are used here to determine the 

size of the country financial markets. Undoubtedly, across the world, the U.S. capital market 

is the largest in the world and continue to be among the deepest, most liquid and most 

efficient. China is still mainly falling behind it. To measure the overall amount of its stock 

market for different countries, their market capitalisation value has applied, where China 

holds 6.32 trillion USD. It surpassed the EU19 (5.57 trillion USD) and Japan (5.30 trillion 

USD). However, the U.S. is the leading country for market capitalisation. China holds only a 

fifth of its value. Even though China can use extra help from Hong Kong, it is still not 

enough to pass the U.S. 

  

The market capitalisation ratio (percent GDP) can represent the level of development of an 

economy's financial markets related to countries overall development. In 2018, the Hong 

Kong is the highest ratio (1053.05), the U.S. achieved the second highest (148.15), followed 

by Japan (106.58) and U.K (97.21). China is the lowest in these countries (46.48), its ratio is 

similar the EU19’s one (54.77). However, the relevant capital volume for Hong Kong is low. 
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It can help China to develop its financial markets, better promote RMB bonds, and act as the 

top offshore bank. More details are listed in 4.1.E). Looking from historical data, China only 

published its data since 2003 at 30 percent, which developed much later than other countries. 

In 2007, China reached its peak at 126 percent, then the financial crisis occurred. All 

countries' indexes have reduced, China hit the lowest point at 38.7 in 2008, then China's ratio 

moved up and down.  

  

Stock exchange market: In 2019, according to the World Federation of Exchange, the China 

Stock Exchange ranked as 4th Shanghai (4,025 billion USD), 5th Hong Kong (3,936 billion 

USD) and 8th Shenzhen (2,504 billion USD) for the market capitalisation. These are 

cementing the growth and development of capital markets in China. However, the top two 

stock markets both belong to the U.S. (New York Stock Exchange and NASDAQ), which 

account for 30,923 and 10,857 billion USD. The third one is Japan (Tokyo for 5,679 USD 

billion), the sixth is the European Union (Euronext for 3,927 billion USD). Combining SSE 

and SZSE, the China stock market is still very far away from the U.S., but it has surpassed 

the other countries. However, Chinese stock markets still have problems for high volatility, 

vulnerability, weak corporate governance, limited transparency, weak auditing standards, and 

accounting practice fraud.  

  

The currency over the counter foreign exchange turnover can represent the frequency with 

which these currencies are traded in the foreign exchange market, summed up to 200. The 

data can reflect the activity for foreign currencies. The U.S. was leading above other 

countries with a score of 87.58. Followed by the EU19 (31.39), Japan (21.62), and the U.K. 

(12.80). China is last with 3.99. More ranking with different instruments is available in 

5.2.B).  

 

3. Stability (REEF and Inflation) 

The real effective exchange rate (REEF) is the nominal effective exchange rate (a measure of 

the value of a currency against a weighted average of several foreign currencies) divided by a 

price deflator by consumer price index (CPI). It can show the real movement of its currency. 

As shown in Table 10, China holds the most significant movement (122.04), and the U.S. 

second most (117.03). For the CPI bases the inflation index, the U.S. is highest (2.44), 

followed by the U.K. (2.30), China is the third (2.10). China used to hold high inflation, its 
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arrived peak at 5.90 in 2008 and 5.4 in 2011. However, during the recent five years, it holds 

an average of 1.8, which is just a little higher than the U.K (1.6) and the U.S. (1.5).  

   

4. Other Factors (Government Bond and Total Reserve) 

In 2018, China contained the highest foreign reserve assets for 3.17 trillion USD. Japan is the 

second for 1.27 trillion. China reserve arrived at its peak at 3.9 trillion USD in 2014, then 

reduced after. With this amount of reserves assets, the Chinese government can use it to 

stabilize finance and provide liquidity when needed. This means China still has the potential 

to develop the economic and financial market and power to maintain it. However, this vast 

amount comes with risks as well. China foreign exchange reserves portfolio are diversified to 

cover more than 30 currencies, 50 types of asset products and 6,000 investment targets and 

has continuously improved frameworks, approaches, instruments, and means of risk 

management and internal control. (Yi, G., 2018) Until now, it has withstood the financial 

challenges and achieved steady growth in operation performance. For the government bond 

interest rate, China is the highest (2.86 percent), followed by the U.S. (1.58 percent) and 

EU19 (1.27 percent). However, these high returns are only attractiveness to those who hold 

the investment target, which might not be the general case.  

 

4.2.B) USE OF MONETARY POLICY  

 

It is not clear how much the use of monetary policy will affect the desirability of a currency 

as a reserve asset. A desirable reserve currency will need to exhibit stability and not be 

subject to negative manipulation (for example for trade-war purposes). Monetary policy can 

be used to stabilize a currency. However, it can also be used for monetary manipulation. This 

can make the impact of such a policy on a currencies desirability difficult to assess.  

 

The monetary policy undertaken by the U.S. is the most influential in the world. Fed policy 

can influence its financial markets by influencing currency exchange rates, interest rates and 

international flows of investment money. The Fed uses three instruments of monetary policy: 

open market operations, the discount rate, and reserve requirements. If the Fed raises the 

discount rate, other countries may also raise interest rates to keep their bonds attractive 

(Beltran, D.O., Bolotnyy, V. and Klee, E., 2019). Besides, the U.S. subprime mortgage crisis 

and the Great Recession during 2007-2009 had a significant impact on the design and 



104 
 

implementation of monetary policy, as well as other monetary policies and quantitative 

easing (Chen, Q., et, al., 2016). 

 

The monetary policy is hard to measure and compare since it involves different aspects for 

different countries. If a developing country and a developed country publish the same 

policies, the aspect and degree of completion for these policies to these two countries would 

still be different. Thus, its comparison needs to relate to the context of each of the different 

countries. There is a broad range of data applied to represent the country’s policy rate. For 

example, the rate of inflation, the interest rate on government bonds, and the ratio of money 

supply (M2) to GDP. However, the monetary policy is much more than that.  

 

There is a CFR’s Global Monetary Policy Tracker, which acts as a think tank specializing in 

U.S. foreign policy and international affairs 27. It has identified whether the country’s policy 

is tightening or loosening, based on its global trends in monetary policy. In Sep 2019, 

Switzerland held the tidiest monetary policy at (-3.50), followed by the Euro area (-1.25). 

The U.S. (-0.75) and Japan (-0.70) have similar policy indexes, which are tighter than China 

(0.1). The U.K. holds the most loosening policy for (0.5). More details are in 5.2). 

 

Also, the PBoC has announced three further tasks: to serve the real economy by using both 

interest rates and liquidity policy tools, prevent and control financial risks, and deepen 

financial reform (Chen, A., 2019). To keep RMB exchange rate stabilized, and it resolutely 

not engages to injecting large liquid into the market. The question, however, is more about 

how far or how effectively the Chinese government is willing to give up their capital controls 

in order to increase the global use of the RMB. 

 

4.3.C) CURRENCY CONVERTIBILITY  

 

All of the major currencies (USD, EMU, JPY, and GBP) except the RMB are freely 

convertible. Since the primary usage for a reserve currency is to store, then maintain its value 

with high liquidity are probably the most important requirements (See Chapter 2). The RMB 

has limited convertibility given that it is traded onshore (CNY) and offshore (CNH). The 

                                                 
27 Available from <https://www.cfr.org/global/global-monetary-policy-tracker/p37726> [Access date: 1 Jun 
2020];  
 

https://www.cfr.org/global/global-monetary-policy-tracker/p37726
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CNY is the exchange rate traded in the onshore market, with the CNH in the offshore market. 

The CNH has established in 2004, used as intercalation service for CNY. Fundamentally, 

CNH has considered being less controlled and more market-driven than the CNY. This makes 

it more like a free-floating currency than CNY, more attractive to participants, thus, a better 

choice for speculative trading. However, the difference between these two is small (Cheung, 

Y.W. and Rime, D., 2014; Shu, C., He, D. and Cheng, X., 2015).  

 

• Convertibility and liberalisation of RMB 

 

In 2007, the PBoC stated the intentions to removing barriers for RMB internationalization, to 

make RMB a freely useable currency. In 2013, HSBC identified that it expected RMB to 

become a top-three global currency for trade settlement by 2015 and to be fully convertible in 

five years (Edith, M. 2018). However, in 2017, Chinese officials claimed that China was 

seeking to achieve capital account convertibility, not based on the traditional concept of full 

convertibility. Instead, China might adopt the concept of 'managed convertibility' (Lubin, D. 

2019). As at Oct 2020, RMB is still a non-convertible currency. Without being a freely 

convertible currency, the RMB cannot play a major international role except as an invoicing, 

reserve and investment currency for regional trade. Thus, there is a need to discuss the 

potential or the possibility of the further liberalization of RMB. 

 

The recent easing of the old policy has been accompanied by a new monetary policy of 

increasing liquidity and, to a limited extent, further liberalizing the RMB. As mentioned in 

section 4.1.D and 4.1.E, the Chinese government is aware of the problem of its currency 

liquidity. To solve this, China (i) opened more offshore RMB clearing centres, (ii) developed 

the CIPS system, (iii) signed more BSAs and (iv) connected RMB with raw material. 

Besides, its exchange rate reforms from 2005, it has moved toward a more market-driven and 

more flexible exchange rate system (Tian, L. and Chen, L., 2013). It offers a partly floating 

exchange rate system against a basket of currencies and allows the currency to fluctuate 

within a fixed range at ±2% of the reference rate in 2014. All of these will increase the RMB 

recognition and its acceptance. 

 

All this suggests that the Chinese government is slowly, and gradually, loosening its currency 

exchange system as well as increasing its currency convertibility. It is reasonable for the 

Chinese situation. If the RMB is a free convertibility currency, then it can be used more in 
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global transactions, which carries both benefits and risks. A country with a freely convertible 

currency would be very vulnerable to attack by international speculators (Gao, H., 2013). The 

full convertibility of the RMB would lead to foreign capital flowing into China and enhance 

the use of the RMB in global trade, that would lead to macroeconomic stability. Moreover, it 

means that the capital account is also being liberalized and that global liquidity poses 

significant risks to financial stability (Volz, U., 2014). 

 

It is now clear that the RMB is unlikely to become fully convertible anytime soon. The top 

priority is to stabilize China's economy and financial markets and then gradually liberalize 

the RMB. The next step, China will deepen the reform in the financial sector to achieve full 

convertibility under the capital account, and further expand the fluctuation range of the RMB 

exchange rate regime to enhance the coverage and liquidity liberalization of the RMB (Cui, 

Y., 2013). However, in the long run, China should adopt a floating exchange rate system with 

the RMB fully convertible so that RMB can become a reserve currency and a critical 

international currency (Bin, Z., 2020). 

 

4.3  CONCLUSIONS: DO THE CONDITIONS EXIST FOR THE RMB TO ATTAIN FULL RESERVE 

CURRENCY STATUS  

 

How does China and its financial markets compare to the RMB’s main competitor 

currencies? Is the RMB ready to become a full reserve currency? The answer to both of these 

questions has to be equivocal. The RMB has obvious advantages, but also has disadvantages 

and problems. However, the disadvantages are likely to be substantially reduced in the 

medium term. Because of China's rapid growth, and the government's determination to 

introduce market-oriented reforms in the financial sector to facilitate the RMB will be 

promoted to full reserve currency status. 

 

With respect to the key quantitative reserve-currency-related parameters examined. China is 

the world's largest economy (GDP-PPP term), with high GDP growth relative to competitors. 

It also has the largest share of global trade. However, with respect to financial market 

measures the findings were much less favorable. The U.S. dominates with respect to all of the 

four variables examined. Although for the market capitalization volume, China ranked as 

second, it ranks significantly lower than its competitor currencies in most of the aspects 



107 
 

examined. For example, with respect to currencies' turnover in the foreign market, China is 

the lowest ranked of these countries. This is important as it was identified as one of the most 

important factors according to the econometric result from Chapter 3. For the economic 

stability, China and the U.S. are the two most unstable countries with Japan being the most 

stable country. This suggests that from a security perspective, the JPY is a lot more attractive 

a currency than the RMB. Also, with respect to investment returns, it can be noted that China 

has the highest interest rates for 10-year government bond. Based on the econometric results 

from Chapter 3, this may have a negative impact on the RMB’s attractiveness. 

 

Overall, this shows that RMB internationalization is the inevitable trend and result of 

deepening reform and opening up in China's economy and financial sector. Over the last 

decade, the Chinese government rolled out a series of incremental and experimental reform 

approaches, aimed to promote the objective of issuing a reserve currency. So, what is the 

answer to the question: do the conditions exist for the RMB to attain reserve currency status? 

The answer is an equivocal yes, however, it is likely to take a significant amount of time and 

will require additional reforms that the Chinese government has not yet shown itself as being 

willing to implement. 
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CHAPTER 5: RMB RESERVE CURRENCY SHARE OVER THE NEXT TWO DECADES: A 

COUNTERFACTUAL (OR ‘WHAT-IF’) FORECAST-BASED ANALYSIS 

 

5.0 OVERVIEW AND INTRODUCTION 

 

This chapter addresses the final element of the primary research question; namely, it uses 

forecasting to model the extent to which the RMB will develop into an international reserve 

currency over the next two decades. 

 

The conclusions drawn in Chapter 4 somewhat equivocal; they suggested that many of the 

conditions required for the RMB to attain full reserve currency status are in place. However, 

these conclusions also recognise that China still has a number of issues that need to be 

addressed. In this chapter an attempt is made to forecast the RMB reserve currency share 

over the next two decades. This will be done by using the econometric model of reserve 

currency shares developed in Chapter 3. It is recognised that the results from this analysis are 

predicated on the assumption that the potential impediments to achieving full reserve 

currency status recognised in Chapter 4 are resolved. This is a strong assumption to make! 

Therefore, in addition to forecasting future Chinese currency share based on the econometric 

model, the chapter will also examine and explore in more detail the types of further reforms 

that would be required if these outcomes are to be achieved. 

 

As identified in Chapter 1, the methodology of the thesis is based on a Clinometric approach 

which combines historical analysis with econometrics. Counterfactual analysis is a key 

component of this approach. Normally this involves the exploration of alternative scenarios 

to past events that have occurred. It asks ‘what-if’ this happened? However, in the 

Clinometric literature it has also been used in the context of a forecasting (for example, 

Huang et al. 2014). This is the approach taken in this chapter where the modelling undertaken 

is based on exploring different future economic and financial market scenarios.   

 

In Section 5.1, the chapter begins by identifying the possible future scenarios for the reserve 

currency market in terms of unipolar and multipolar currency regimes. This is followed in 

Section 5.2 with the counterfactual analysis. The results from this analysis, along with other 

evidence, is then used to draw conclusions with respect to the primary research question of 
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the thesis in Section 5.3. Finally, Section 5.4 concludes the chapter by examining the further 

reforms that would be required if the forecast outcomes are to be achieved. 

 

5.1 THE WORLD CURRENCY REGIMES: HOW MIGHT THE FUTURE DIFFER FROM THE   

PRESENT? 

 

In exploring the issue of how the future might differ from the present then examining the 

lessons of history is often a good starting point. The current world regime is often described 

as being unipolar with USD hegemony. In the 1960s the dominant position of the USD was 

described by former French president Valéry Giscard d'Estaing as an 'exorbitant privilege’ 

(Liao, S. and McDowell, D., 2016). He described the U.S. and its exporters as holding a 

privilege due to USD's status as the de facto world reserve currency. The benefits and 

privileges it has created have been likened to hegemony, including the power to delay 

economic adjustment, provide more business for its financial institutions, lower international 

borrowing costs, global prestige and enhance its ability to project military power overseas 

(Chinn, M. and Frankel, J., 2005; McNamara, K.R., 2008; Kirshner, J., 2008; Cohen, B.J., 

2018).  

 

The benefits this system bestowed on the U.S. cannot be overstated. For example, the U.S. 

can support a country in financial distress through liquidity and bilateral loans using the 

USD-based credit system or claim credits from the IMF. However, the U.S. can also choose 

to reduce its liquidity (Liao, S. and McDowell, D., 2016). The question arises as to whether 

this currency regime will continue, or will it change over the next two decades? For example, 

will a unipolar USD-dominated system be replaced by an RMB dominated currency system? 

Or, will the unipolar system be replaced by a multipolar system with a number of 

international currencies with similar levels of importance? 

 

History has shown that no reserve currency or monetary policy system can last forever. 

During the period 1930-50, there was a time for a bipolar system dominated by the USD and 

GBP (Eichengreen, B. and Flandreau, M., 2008). The decline of the GBP coincided with the 

relative economic decline of the U.K. and changes in the world financial system that can be 

attributed to the Second World War and the accompanying Minsky Moment. A hypothesis 

that has been put forward by a number of commentators is that the time is ripe for a further 
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switch in the world currency system back to a bi-polar or multipolar environment. It has been 

argued that developing countries might diversify their official reserves to limit their 

geopolitical risks and to reduce the USD's hegemony by holding multiple reserves and 

trading in multiple currencies (Platonova, I.N., 2019).  

 

Further arguments can be cited for the world moving towards a multipolar system. Most 

importantly is the growing economic strength of developing countries. The network 

externalities and the pattern of international trade can boost the possibility for multiple IMS 

(Farhi, E., Gourinchas, P.O. and Rey, H., 2011). The potential growth poles of emerging 

economies are having a greater impact on global investment, trade flows and external 

imbalances. It will be a more fragmented global economy, with no one country dominating 

the global economy or even the global security agenda. The situation in developing countries 

has improved over the past two decades. The share for emerging countries increased sharply 

in terms of international trade flows, foreign direct investment, financial holdings and wealth, 

and low risk of investing in emerging economies (Dailami, M. and Masson, P., 2011). The 

financial institutions will eventually adapt to the emerging multipolar world order (Eisenman, 

J. and Heginbotham, E., 2019). According to the IMF calculation, the emerging countries 

accounted for 60 percent world output in 2019 and are predicted to achieve 63 in 2023. Even 

more, in foreign exchange markets, the trading of emerging market economy currencies 

outgrew that of major currencies between 2016 and 2019. Over this period, the global 

turnover rose by 33 percent, while the turnover of emerging countries’ currencies rose by 60 

percent (Patel, N. and Xia, F.D., 2019). 

 

5.2 FORECASTING RMB RESERVE CURRENCY SHARE OVER THE NEXT TWO DECADES: A 

COUNTERFACTUAL (OR ‘WHAT-IF’) ANALYSIS 

 

Having established in Section 5.1 that the future holds the potential for a multipolar future 

reserve currency regime, in this section alternative scenarios are explored using the 

econometric model developed in Chapter 3. As identified in Chapter 3, out-of-sample testing 

of the model was undertaken which indicated that the model (5.1) was reasonably robust, 

especially for the larger share currencies. 
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𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿�𝑅𝑅i,t� =  −4.115 + 6.971GDPi ,t + 1.747ITi ,t −  0.021INi,t + 0.021EERi,t +

0.089MTi,t + 2.975FXTi,t − 2.199TRi,t − 2.307GBi,t            (5.1) 

 

o The ‘𝐿𝐿’ refers to the currencies. The eight independent variables:  

o 𝑅𝑅i  − Share of National currencies composition of official foreign exchange reserve; 

o 𝐺𝐺𝐺𝐺𝑃𝑃𝑖𝑖 − Share of GDP based on PPP;  

o 𝐼𝐼𝐼𝐼𝑖𝑖 − Share of international trade in the total world trade; 

o 𝐼𝐼𝐼𝐼𝑖𝑖  − Difference between inflation with average inflation for these five countries; 

o 𝐸𝐸𝐸𝐸𝑅𝑅𝑖𝑖  – Effective exchange rate of a currency’s annually changes;  

o 𝑀𝑀𝐼𝐼𝑖𝑖  − The stock market turnover ratio;  

o 𝐹𝐹𝐹𝐹𝐼𝐼𝑖𝑖 – The foreign exchange market turnover at coordinate local exchange market; 

o 𝐼𝐼𝑅𝑅𝑖𝑖 – Total reserves; 

o β8GBi – The 10-year government bond interest rate; 

However, the currency convertibility variable is missed here, since other four currencies 

(USD, EU19, JPY, GBP) does not have this issue. And the RMB is a not freely coverable 

currency. 

• Modelling Scenarios and Modelling Assumptions Made 

 

The model is used to predict the currency share for five current reserve currencies; USD, 

EU19, JPY, GBP, and RMB. The original model was estimated in Chapter 3 with a data set 

running from 1979-2018. In this modelling scenario forecasts are run over two scenario 

period-sets: (i) during 2019-2030 and (ii) during 2030-2040. The choice of two different 

periods reflects issues in respect of the availability of forecasted values for the independent 

variable parameters. Considerably longer forecast series were available with respect to GDP 

than the other variables. The first scenario period-set uses forecast values up to 2030 for all 

the series. The second scenario period-set makes use of a partial ceteris paribus approach 

where all parameters other than GDP share are fixed at their 2030 estimated values from that 

date and onwards.  

 

It can be note from the Data sources for independent variables sub-section below, that the 

predicted values of the independent variables are derived largely from interpolation of 

previous values. This approach does limit the robustness of this type of analysis. The further 
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into the future that interpolation is used then the less robust the analysis is likely to become. 

This is why in order to project the forecast to a full two decades, for the second decade the 

values of all the independent variables with the expectation of world GDP share are fixed at 

their 2030 estimates. 

 

Another issue that is not considered in the modelling process is the impact of any potential 

external debt constraint on currency holdings. It can be noted that given the dominance of the 

USD a large proportion of external debt raised within countries is currently dollar 

denominated. In the modelling scenarios below it is assumed that this does not place a 

constraint on reserve currency holdings. This is a strong assumption to make. As will be seen 

in Chapter 6, where optimal for-investment currency tranche is modelled, a constraint with 

respect to this issue can have a considerable impact on model results. Given the strong 

assumptions that have been made in the modelling process the resulting projections will need 

to be treated with an element of caution. However, it can be noted that the results presented 

below are consistent with the changes in Chinese and other financial markets identified in 

previous chapters of the thesis. 

 

• Modelling Dataset  

 

Forecast estimates for the 8 independent variables in Model (5.1) were collected from a 

number of sources. Considerable uncertainly exists with respect to many of these future 

values. As with all forecasts, the longer they are made, the greater the degree of uncertainty. 

This issue is especially significant with respect to share of world GDP given that these 

estimates are very sensitive to the GDP growth rate.  

 

The issue of GDP growth rate is particularly significant with respect to China where forecast 

estimates vary considerably. For example, in Jan 2019, the World Bank made a major 

downward revision in Chinese GDP Growth in 2019 to 6.2 percent. Similarly, in Sep 2019, 

both of the Bank of America Merrill Lynch and Bloomberg Economics cut GDP growth in 

2020 down to 6 percent as a result of increasing risks from the tariff war with the U.S. and 

China’s softer domestic demand. These estimates are considerably different from the Chinese 

government forecasts which have maintained a higher estimate.  
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Given the differences in GDP growth estimates the data is modelled in terms of two different 

Chinese growth rate scenarios for comparative purposes: 

• (i) ‘High’ GDP World Share: ‘OECD Predicted Growth’, based on the OECD measure 

‘Real GDP long-term forecast’28.  

• (ii) ‘Low’ GDP World Share: ‘Extrapolated Forecast’, based on an extrapolation of 

the rate of change of China’s 5-year GDP growth rate (2014-2018) using World Bank 

data 29 from the 2018 value of 6.5 percent. This extrapolation is extended until 2040. 

 

• Data sources for independent variables  

 

1. The Share of World GDP: The future forecast shares for each individual country in the 

model is estimated by applying the OECD ‘Real GDP long-term forecast, Total, Million 

USD, 2020 – 2060’ data to the 2018 measure of OECD ‘GDP in current USD, not seasonally 

adjusted’. The exception is the Chinese ‘high growth GDP’ scenario for which Chinese 

government GDP growth estimates are used. Future levels of total GDP for the world 

economy are similarly estimated from OECD data. The share of world GDP is then 

estimated. For example, for China: 

 

𝐶𝐶ℎ𝐿𝐿𝑖𝑖𝑖𝑖 𝑆𝑆ℎ𝑖𝑖𝑎𝑎𝑎𝑎 𝐿𝐿𝑜𝑜 𝑊𝑊𝐿𝐿𝑎𝑎𝑊𝑊𝑊𝑊 𝐺𝐺𝐺𝐺𝑃𝑃 =  
𝐶𝐶𝐶𝐶𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖𝐿𝐿 𝑦𝑦𝑎𝑎𝑖𝑖𝑎𝑎 𝑎𝑎𝑒𝑒𝐿𝐿𝐿𝐿𝑒𝑒𝑖𝑖𝐿𝐿𝑎𝑎𝑊𝑊 𝐺𝐺𝐺𝐺𝑃𝑃 𝑣𝑣𝑖𝑖𝑊𝑊𝐶𝐶𝑎𝑎 

𝐿𝐿ℎ𝑎𝑎 𝑤𝑤𝐿𝐿𝑎𝑎𝑊𝑊𝑊𝑊 𝐺𝐺𝐺𝐺𝑃𝑃
     (5.2) 

 

The two projected Chinese GDP growth rates, identified as GDP-High and GDP-Low, and 

the projected share of Chinese world GDP share are shown in Table 5.1 below.   

 

 
 

The projected values from one period to the next are estimated as: 

                                                 
28 Available from <https://data.oecd.org/gdp/real-gdp-long-term-forecast.htm> [Access date:  
1 Jul 2019]; 
29 Available from < https://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG> [Access date:  
1 Jul 2019]; 

https://data.oecd.org/gdp/real-gdp-long-term-forecast.htm
https://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG
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𝐶𝐶ℎ𝐿𝐿𝑖𝑖𝑖𝑖 𝑆𝑆ℎ𝑖𝑖𝑎𝑎𝑎𝑎 𝐿𝐿𝑜𝑜 𝑊𝑊𝐿𝐿𝑎𝑎𝑊𝑊𝑊𝑊 𝐺𝐺𝐺𝐺𝑃𝑃 =  
𝐿𝐿𝑖𝑖𝑒𝑒𝐿𝐿 𝑦𝑦𝑎𝑎𝑖𝑖𝑎𝑎 𝐺𝐺𝐺𝐺𝑃𝑃 𝑣𝑣𝑖𝑖𝑊𝑊𝐶𝐶𝑎𝑎 ∗ (1 +  𝐺𝐺𝐺𝐺𝑃𝑃 𝐿𝐿𝑎𝑎𝑤𝑤𝐿𝐿𝐿𝐿ℎ 𝑎𝑎𝑖𝑖𝐿𝐿𝑎𝑎) 

(𝐿𝐿ℎ𝑎𝑎 𝑤𝑤𝐿𝐿𝑎𝑎𝑊𝑊𝑊𝑊 𝐺𝐺𝐺𝐺𝑃𝑃 − 𝐿𝐿𝑊𝑊𝑊𝑊 𝐶𝐶ℎ𝐿𝐿𝑖𝑖𝑖𝑖 𝐺𝐺𝐺𝐺𝑃𝑃 𝑣𝑣𝑖𝑖𝑊𝑊𝐶𝐶𝑎𝑎 +  𝑖𝑖𝑎𝑎𝑤𝑤 𝐺𝐺𝐺𝐺𝑃𝑃 𝑣𝑣𝑖𝑖𝑊𝑊𝐶𝐶𝑎𝑎)  (5.3) 

 

2. The Share of International Trade: Extrapolation was applied to data from 1982-2018 to 

estimate values for 2021-2030. The data sources were from IMF - IFS. The export: (Value of 

Imports, Cost, Insurance, Freight (CIF), USD, and Goods). The import: [Goods, Value of 

Exports, Free on board (FOB), USD]30. 

 

3. The Difference between inflation: Extrapolation was applied to data from 1994-2018 to 

estimate values for 2021-2030. The data source is from the OECD [annual inflation data 

(2015=100)]31. 

 

4. Effective exchange rate of a currency's monthly change: Interpolation was applied to data 

from 1981-2018 to estimate values for 2019-2030. The exchange rates collect in the FRED 

database: [Real Broad Effective Exchange Rate for country]32. 

 

5. Stock Market Turnover Ratio: Extrapolation was applied to data from 1992-2017 to 

estimate values for 2019-2030. The exchange rates collect in the FRED database: [Stock 

Market Turnover Ratio (Value Traded/Capitalisation)]33. 

 

6. Foreign exchange market turnover: Data collected from BIS Triennial: [Currency 

distribution of OTC foreign exchange turnover]34. This provides data for 2010, 2013, 2016, 

and 2019. For all of the missing data and estimates from 2020-2030 interpolation is applied.  

 

7. Share of Total Reserve: The data are from the IMF: [Official Reserve Assets and other 

                                                 
30 Available from <https://data.imf.org/regular.aspx?key=61545870> [Access date: 1 Jul 2019]; 
31 Available from <https://data.oecd.org/price/inflation-cpi.htm> [Access date: 1 Jul 2019]; 
32 Available from <https://fred.stlouisfed.org/series/RBCNBIS> [Access date: 1 Jul 2019];   
Available from <https://fred.stlouisfed.org/series/RBUSBIS> [Access date: 1 Jul 2019];  
Available from <https://fred.stlouisfed.org/series/RBXMBIS> [Access date: 1 Jul 2019];  
Available from <https://fred.stlouisfed.org/series/RBJPBIS> [Access date: 1 Jul 2019];  
Available from <https://fred.stlouisfed.org/series/RBGBBIS> [Access date: 1 Jul 2019]; 
33 Available from <https://fred.stlouisfed.org/series/DDEM01CNA156NWDB> [Access date: 1 Jul 2019];  
Available from <https://fred.stlouisfed.org/series/DDEM01USA156NWDB> [Access date: 1 Jul 2019];  
Available from <https://fred.stlouisfed.org/series/DDEM01JPA156NWDB> [Access date: 1 Jul 2019];  
Available from <https://fred.stlouisfed.org/series/DDEM01GBA156NWDB> [Access date: 1 Jul 2019];  
Available from <https://fred.stlouisfed.org/series/DDEM01EZA156NWDB> [Access date: 1 Jul 2019]; 
34 Available from <https://www.bis.org/statistics/rpfx19_fx.pdf> [Access date: 1 Jul 2019]; 

https://data.imf.org/regular.aspx?key=61545870
https://data.oecd.org/price/inflation-cpi.htm
https://fred.stlouisfed.org/series/RBCNBIS
https://fred.stlouisfed.org/series/RBUSBIS
https://fred.stlouisfed.org/series/RBXMBIS
https://fred.stlouisfed.org/series/RBJPBIS
https://fred.stlouisfed.org/series/RBGBBIS
https://fred.stlouisfed.org/series/DDEM01CNA156NWDB
https://fred.stlouisfed.org/series/DDEM01USA156NWDB
https://fred.stlouisfed.org/series/DDEM01JPA156NWDB
https://fred.stlouisfed.org/series/DDEM01GBA156NWDB
https://fred.stlouisfed.org/series/DDEM01EZA156NWDB
https://www.bis.org/statistics/rpfx19_fx.pdf
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foreign currency assets (approx. market value)]35. The extrapolation method was applied to 

data from 1979-2018 for estimates with respect to 2019-2030. 

 

8. 10-year Government Bond: it is sourced from Bloomberg: [Monthly 10-year Government 

Benchmark bond interest rate]36. The extrapolation method is applied to data from 2003-2019 

for estimated predictions for 2019-2030. 

 

• Model results for Major Reserve Currencies during 2019-2030 and 2030-2040 

 

The results of projected reserve currency shares from the application of Model (5.1) are 

presented below. It can be noted that a marginal adjustment has been made to the rates to 

reflect unallocated reserves which were approx. 7 percent in 2018 (IMF, COFER database). It 

is assumed this rate is maintained throughout the period. 

 

(i) Scenario 1: Currency share Forecasts 2019-2030 based on ‘Low’ China GDP share 

and ‘High’ China GDP share 

 

 
 

 

                                                 
35 Available from <https://data.imf.org/?sk=2DFB3380-3603-4D2C-90BE-
A04D8BBCE237&sId=1452013100577> [Access date: 1 Jul 2019]; 
36 Available from < https://www.bloomberg.com/quote/3079:HK> [Access date: 1 Jul 2019]; 

https://data.imf.org/?sk=2DFB3380-3603-4D2C-90BE-A04D8BBCE237&sId=1452013100577
https://data.imf.org/?sk=2DFB3380-3603-4D2C-90BE-A04D8BBCE237&sId=1452013100577
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Table 5.2 and Table 5.3 indicate that under both the higher China growth rate scenario using 

‘Extrapolation’ approaches and the lower China growth rate scenario using ‘OECD Predicted’ 

approaches, the Chinese share of the reserve currency market is likely to grow considerably. 

It is also interesting to note that the model appears to suggest that the relative economic 

growth rates of countries is critical to how the share will adjust over time. Both of the Figure 

5.1.A and Figure 5.2.A show the sharp increasing of USD combined with the decreasing of 

CNY, whereas the Figure 5.1.B and Figure 5.2.B show the projected RMB usage with plus 

and mins 5 precent error bands. 
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The model suggests that if China achieves the economic growth rates projected using the 

extrapolation approach, then RMB usage will increase to 14.53 percent in 2020, 16.85 

percent in 2023, 18.79 percent in 2025, and 21.65 percent in 2030. If, however, the OECD 

scenario occurs (the low growth case) the projected increase in share is much lower. RMB 

usage would be 13.63 percent in 2020, 15.33 percent in 2023, 16.74 percent in 2025, and 

18.25 percent in 2030.  

 

The model also predicts that as the Chinese economy grows relative to both the U.S. and the 

Euro area, then their respective shares of the reserve currency market are likely to fall.  

However, the model suggests the USD will remain the dominant world currency up to 2030.  

The USD is forecast to reduce from 53.18 percent in 2018 to 46.83 percent in 2030 for high 

China GDP growth and from the same value in 2018 drop to 58.97 percent in 2030 for low 

China GDP growth. These forecast changes are illustrated in Figure 5.1, that suggest that a 

multipolar reserve system is highly unlikely to appear in the next decade. This projection 

supports other work found in the academic literature. For example, Eichengreen, B., (2011); 

Bénassy-Quéré, A. and Pisani-Ferry, J., (2011).  

 

(ii) Scenario 2: Currency share estimates 2030-2040 based on ‘Low’ China GDP share 

and ‘High’ China GDP share  

 

The second scenario in this analysis takes the projections forward a further decade. As noted 

above, it needs to be taken in interpreting these results given that the robustness and accuracy 

of forecast declines considerably as the time horizon expands further. 
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The Table 5.3 and Figure 5.2 provide the predicted results from 2030 – 2040. In this case, all 

model variables other than GDP share are fixed in its 2030s value. The model predicts that 

the RMB’s share of global GDP will grow further, which represents the projected growth of 

China's share of global GDP. It can be noted, however, that in Table 5.1 the rates of growth in 

China’s GDP are projected to fall considerably between 2030-2040 under both the high and 

low growth scenarios. This is reflected in the projected reserve currency shares which 

indicate a rise in Chinese reserve shares over this period but at a gentler pace. 

 

In the OECD predicted Chinese growth scenario, RMB usage would slowly increase from 
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18.25 percent in 2030 to a peak at 19.75 percent in 2035. This then falls slightly to 19.63 

percent in 2040. For the Extrapolation growth scenario, RMB usage would increase from 

21.65 percent in 2030 to a peak at 29.81 percent in 2039, then fall to 29.37 percent in 2040. 

Figure 5.2 suggests that under either of the Chinese growth scenarios the fall in the USD 

share is not likely to be very large. This suggests that, based on the modelling, the RMB is 

still unlikely to challenge the position of the USD as a reserve currency in two decades’ time.  

 

5.3 DRAWING CONCLUSIONS TO THE THESIS PRIMARY RESEARCH QUESTION: IMPLICATIONS 

OF THE COUNTERFACTUAL ANALYSIS AND OTHER EVIDENCE   

 

The Primary research question of the thesis was: to identify the principal factors that 

determine reserve currency status and use this to model the extent to which the RMB will 

develop into an international reserve currency over the next two decades. So, what 

conclusion can be drawn from the analysis that has been undertaken? 

 

It was noted in Section 5.2 that considerable care needs to be taken in the interpretation of the 

forecast results given that they are based on projections of many values (showed as GDP 

share) which are unknow, and no doubt many commentators would argue, unknowable. 

However, the conclusions that are drawn in this thesis depend not just on this model but also 

a considerable number of other sources as well.  

 

It was noted in Chapter 4 that it has been Chinese government policy since 2009 to 

internationalize the RMB and drive it towards attaining full reserve currency status. All the 

evidence points to considerable progress being made with respect to these objectives. 

However, greater success has been achieved with respect to some currency roles than others. 

These are briefly examined below in terms of the categories identified by Chen, Y. and Hu, 

B., (2013).  

 

Reserve Currency Role: Since Q4 2016, the RMB usage and its share as a reserve currency 

increased from 90.3 billion USD in Q4 2016 up to 219.6 billion USD in Q3 2019. According 

to PBoC, the RMB-denominated assets held by foreign institutions and individuals rose more 

than 65 percent from about 2.9 trillion RMB in 2013 to 4.85 trillion RMB in 2018. This is 
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evidence of considerable growth in this area that the model in Section 5.2 predicts will 

continue to increase. 

 

Cross-border Settlement: The SWIFT37 provides a unique dataset of cross-border 

settlements denominated in the RMB. In Dec 2019, RMB ranked fifth place in global 

payments. As shown in Table 5.4, RMB performance with respect to a number of the key 

parameters in this area has been mixed. It is amongst the top 3 in the Global Trade Finance 

market but performs less well elsewhere. 

 

 
 

Foreign Investment: the foreign direct investment (FDI) and overseas direct investment 

(ODI) are Denominated in RMB. FDI facilitates RMB lending, bond issuance and share 

issuance in Hong Kong, helping to ease the bottleneck of RMB deposits and asset (product) 

scarcity globally. It has further boosted the internationalisation of the RMB, which has 

already expanded cross-border trade settlement in RMB across the country and launched a 

pilot programme for its overseas direct investment (ODI) (Xu, Q. and He, F., 2015). The 

RMB-denominated FDI in China and its ODI rose to ¥2.66 trillion in 2018 from ¥28 billion 

in 2010 (Chen, J., 2019). As shown by, both of they have increased sharply from Apr 2015 to 

Sep 2015, the FDI at ¥350 billion and the ODI at ¥208 billion. Then it decreased sharply, and 

hit the lowest point at Jan 2017, the FDI at ¥45 billion and the ODI at for ¥15 billion. 

However, both of them have increased back a little in recent years. The FDI has increased 

                                                 
37 Available from <https://www.swift.com/our-solutions/compliance-and-shared-services/business-
intelligence/renminbi/rmb-tracker/document-centre> [Access date: 1 Jun 2020]; 
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from ¥150.1 billion for Nov 2019 to 276.4 in Dec 2019. For the same period, ODI has 

improved from ¥61.7 billion to 93.8. 

 

 
 

RMB Financial Assets: RMB-denominated assets are considerably behind those 

denominated in USD, EUR, GBP and JPY, with respect to debt financing, credit markets, and 

bonds. However, RMB denominated assets are growing rapidly. According to PBoC, RMB-

denominated assets held by foreign institutions and individuals rose more than 65 percent 

from about ¥2.9 trillion in 2013 to ¥4.9 trillion in 2018. For the global debt securities, the BIS 

only recorded the top four debt-issuing currencies: USD, EUR, JPY, and EUR. That means 

RMB proportion must be much lower than the weakest currency: the JPY holds 1.9 percent 

globally (0.5 trillion USD). 

 

The amount of RMB-denominated domestic stocks and bonds have increased sharply from 

2013 to 2019. These are caused by China opening up its financial sector along with the 

Chinese bonds and also by the improvement for three Chinese Stock Exchanges (Hong Kong, 

Shanghai and Shenzhen), and their collaboration with London Stock Exchange.  

 

Foreign Exchange Market: From 2007 to 2016, the RMB's share of global foreign 

exchange market turnover almost doubled every three years. (BIS 2019) Its proportion and 

volume for RMB global foreign exchange accounts are increased from 0.5 percent (ranked 

20th) in 2007 up to 4.0 percent with $202 billion (ranked eighth) in 2016, and 4.3 percent 
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with $284 billion (ranked eighth) in 2019. The aggressive policies helped to finance the 

RMB. However, based on forecasts from real economic indicators, the improvement from 

2016 to 2019 is less than expected. This might result from subdued growth in CNH trading.  

 

Returning now to the primary research question it has to be concluded that the messages from 

the forecast projections in Section 5.2 and the evidence with respect to currency role 

performances is mixed. The forecast projection points to significant growth but not that RMB 

is going to challenge the supremacy of the USD. The evidence form Chinese performance in 

a number of the important currency-related financial markets is also mixed. China is doing 

well in some but could be doing better in others. This conclusion appears to be very similar to 

that made by other commentators in this area. For example, Auboin, M., (2012) thinks RMB 

can replace JPY, but not USD or EUR. McDowell, D. and Steinberg, D.A., (2017) also argue 

that China can develop an RMB market in Hong Kong without disturbing its local financial 

system (also Song, K. and Xia, L., 2019).  

 

The chapter began by asking whether the world currency system will move away from the 

USD hegemony of a unipolar system towards a more multipolar system. This is not the first 

time that a challenger to the USD has been suggested. The SDR is probably the closest 

current candidate to fill the multipolar reserve system that we see at the moment (Stiglitz, J.E. 

and Greenwald, B., 2010; Bénassy-Quéré, A. and Forouheshfar, Y., 2015). This does not 

appear to have made a serious challenge to USD hegemony which suggests that it is difficult 

to foresee an individual currency such as the RMB seriously challenging the USD in the next 

two decades given the current challenges and deficiencies faced by the RMB as documented 

in this thesis. 

 

The role and the influence of the RMB will, without doubt, grow over the next two decades 

as will its importance as a reserve currency but it is difficult to see it challenging the unipolar 

system and dollar hegemony. This chapter concludes, in Section 5.4, by making a number of 

recommendations as to how China might strengthen the role of the RMB. 

 

5.4 CONCLUSIONS: FIVE SUGGESTIONS FOR STRENGTHENING THE RMB  
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The year 2019 marked the 10th anniversary of the internationalization of the RMB. Besides 

celebrating its achievement, the PBoC announced the future targets and mentioned that they 

treat this as long-term project. These reforms are aimed at ensuring economic security, under 

the policy-driven and market-oriented system. There are two main reforms: market-based 

exchange rate reform and the stabilization of the position of RMB with a fair international 

monetary system. The Chinese government has realized the advantages and disadvantages of 

converting its financial market while pursuing limited liberalization. The questions arise as to 

whether or not these go far enough. The answer is probably not. To boost RMB’s further 

usage, China could consider the five suggestions, as shown below. 

 

1. Future easing of limitation for capital inflows and outflows. 

2. Publish policies to encourage China to use its currency for global trade. 

3. Create more trading agreements to increase the spread of RMB offshore centres.  

4. Develop more RMB-denominated foreign investment, possibly within the AIIB. 

5. Introduce a more flexible exchange rate system. 

 

Opening its capital account is market driven. In the foreseeable future, China should have a 

more in-depth and broad financial market. China could boost the confidence of potential 

RMB investors by providing additional liquidity and freedom by deregulating its capital 

account. In this way, the domestic financial market can develop more and introduce diversity. 

The critical point is that the government needs to build a global RMB financial infrastructure 

and networks. These can be done through RMB trading, expanding a network of BSAs, and 

broader CIPS.  

 

For China's trading partners, changing trade invoices and currency movements could make 

the RMB more attractive to reserve managers (McCauley, R.N. and Shu, C., 2019). Since 

China is significant trading country, it can give an offer to other counties to trade with RMB. 

Lu M. and Wang, Y. (2019) calculate that if the share of RMB in import invoices and short-

term external debt is 50 percent, then the share of RMB in the foreign exchange reserves of 

developing countries (excluding China) will be around 35 percent. However, it remains 

unclear from previous statements whether the Chinese government is willing to take risks in 

international trade to increase the use of the RMB, which could reduce returns and create 

risks. 
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Moreover, BSA and Cross-border Inter-Bank Payment System are there for the central 

trading countries. These can all help to increase the number, the value and the proportion of 

RMB settlement in cross-border trade (Song, K. and Xia, L., 2019). As a form of offensive 

financial statecraft, the BSAs act as liquidity backstops to economies in crisis. By providing 

loans to economies struggling to access financial markets or IMF credits, China can make 

new friends, build its influence in foreign capitals, and ease the pain of western sanctions and 

to impede America's financial strength. However, only a handful of swap lines are used for 

this purpose. In this way, RMB-bloc can move gradually from regional to international and 

increase its influence from Asian to globally. 

 

The USD's dominance as a trade-settlement currency is maintained not by official liquidity 

but by strong private currency markets. Liquidity is essential if the RMB is to surpass the 

USD as a reserve currency. Since RMB cannot freely convertible, then its liquidity issue is 

relevant to the RMB offshore centres. The RMB's future as a trade settlement currency 

depends far more on the spread of BSA and the international expansion of Chinese offshore 

centres. Subramanian, A. and Kessler, M., (2013) and Lu, M. and Wang, Y., (2019) identified 

the RMB has increasingly become a reference currency due to its trade integration. And if 

trade is the only driver, a more global RMB bloc will emerge by the mid-2030s. 

 

There are the Belt and Road initiative programme established (BRI) and the Asian 

Infrastructure Investment Bank (AIIB) to assist it. However, both use the USD as their main 

currency for trading. Suppose China could use RMB to replace some small start-up contracts, 

just to send a signal. Then, RMB-denominated lending and trading could accelerate its use 

and appeal. It will also increase further capital flows into the country's financial market and 

the opening up of its insurance and banking sectors, which links to the first suggestions. 

 

Last, the RMB exchange rate system should be more flexible. To ease its monetary policy to 

facilitate achieving domestic macroeconomic objectives, for example maintaining low and 

stable inflation (Prasad, E.S., 2016). It will improve global market confidence in RMB assets, 

gradually create conditions and establish RMB as a safe haven currency. After the exchange 

rate system reform in 2005, the RMB exchange rate has become more flexible. However, the 

exchange rate between USD and RMB has remained at a relatively stable level with a 

fluctuation range of less than 2 percent since 2014. The floating band of RMB exchange rate 
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needs to be further widened. Moreover, the formation mechanism of RMB exchange rate 

needs to be improved, so does the foreign exchange market. 
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CHAPTER 6: OPTIMAL ALLOCATION OF THE RESERVE CURRENCY INVESTMENT TRANCHE: 

IS THERE A ROLE FOR THE RMB?  

 

6.0 OVERVIEW AND INTRODUCTION 
 

Section 2.3 identified that central banks focus on a ‘trilogy’ of objectives in their official 

currency reserves management objectives. As Nugée, J., (2000), describes it: 'The objective 

of official reserves management should be to maximize return, subject to the maintenance of 

sufficient security of the assets and adequate liquidity for meeting the calls on the reserves'. 

In practical terms, focusing on these objectives means that reserves are often managed 

through the use of different tranches of funds. This chapter focuses on the investment 

tranche, where the objective is to maximize the return subject to a number of constraints. As 

part of the secondary research question of the thesis the chapter aims to: identify the extent to 

which the RMB is likely to play a role in the investment tranche of the international reserve 

currency system. Chapter 6 is the second substantive econometrics chapter of the thesis. 

 

The methodology this is applied is based on identifying the currency share of the RMB in the 

optimal portfolio of the reserve currency tranche. This uses Dynamic Mean-Variance-

Optimisation (DMVO) using Markowitz, H. (1952) style portfolio optimisation as a dynamic 

framework. This process uses dynamic covariances obtained from a Dynamic Conditional 

Correlation Multivariate GARCH model (DCC-MGARCH). The portfolio considers five 

currency assets; USD, EU19, GBP, JPY and RMB. The data period used to estimate the 

optimal portfolio runs from 03/01/2011 to 01/06/2019.  

 

The modelling procedures applied are based on an extension of the work of Papaioannou, E., 

Portes, R. and Siourounis, G. (2006). This thesis takes a similar approach, also focusing on 

the investment tranche. Based on the seminal paper, this thesis expands on the following 

three aspects. The first contribution is to improve the method. The method takes asymmetry 

into account in the statistical modelling of currency fluctuations. The second contribution is 

to undertake a more comprehensive analysis. It examines the portfolio section under three 

different scenarios: (i) minimum risk; (ii) including numbers of different risk-based 

constraints; and (iii) different risk aversion levels. The third contribution is the unique 

selection of data. Based on the recent increase in international interest in the RMB, it has 
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included the RMB into the currency portfolio. In addition, it compares optimal portfolio 

selection for three country types; developed (Canada), semi-developed (Russia) and emerging 

market (Philippines) countries. There are no other papers that have been found in the 

literature that include the RMB in the reserve currency portfolio. The thesis has therefore 

filled the gap by adding the RMB into the investment tranche currency basket.  

 

The Chapter begins, in Section 6.1, with a brief discussion of the roles of the different reserve 

currency tranches. The econometric methodology is then examined in detail in Section 6.2. 

This is a relatively long section given that multiple techniques are applied in the Chapter. In 

Section 6.3, the data is described, and descriptive statistics are presented. The results from the 

MGARCH-based covariance estimations are presented in Section 6.4 and the results from the 

DMV portfolio optimisation is presented in Section 6.5. The analysis is discussed, and 

conclusions are drawn in Section 6.6. Chapter appendices are also provided. 

 

6.1 THE ROLES OF RESERVE CURRENCY TRANCHES  

 

Central banks are typically seen as being highly risk-averse and accordingly focus their 

investments of investment grade bonds that are typically sovereign debt (Fisher, S.J. and Lie, 

M.C., 2004). It has been noted by a number of commentators, including Ramaswamy, S., 

1999) that currency portfolios are extremely sensitive to their assumed purposes and their 

expected returns and risks. Morahan, A. and Mulder, M.C.B. (2013) identifies there are more 

than 80 percent of the central banks using the practice of reserve tranches with them dividing 

their reserve portfolios into tranches based on policy requirements, investment objectives and 

operational needs.  

 

As mentioned in Section 2.3 standard practice is to focus on a ‘trilogy’ of official reserves, 

reflecting the need for: safety, liquidity, and profitability (investment). It reflected itself in 

terms of two main reserve tranches; the liquidity tranche and investment tranche (Cardon, P. 

and Coche, J., 2004; Pan, L. and Junbo, Z., 2008; McCauley, R.N. and Chan, T., 2014). The 

central banks usually hold part of foreign exchange reserves in a ‘liquidity tranche’ typically 

comprised of easily convertible assets (Cangoz, M.C., Sulla, O., Wang, C. and Dychala, C.B., 

2019). This tranche is usually invested in highly liquid and counter-cyclical assets for 

intervention in currency markets or to support the financial system as required. Its purpose is 
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to meet daily foreign exchange needs and promote trade and financial flows. Whereas, the 

investment tranche is usually invested in more pro-cyclical assets but where there is ample 

liquidity to replenish the liquidity tranche as and when needed.  

 

The investment element is typically a significantly large proportion of the total although there 

are significant variations both between countries and across time. In some cases, less than 10 

percent of the reserves are in the liquid tranche, while in other cases more than half are in the 

liquid tranche. Also, different changes will occur depending on country's current fiscal 

position and further political and economic objectives and can vary greatly over time. For 

example, Lu, M. and Wang, Y. (2019), modelled that post the 2007-09 financial crisis the 

optimal investment portion of the foreign exchange reserves of emerging market and 

developing countries increased significantly and also shifted away from the EUR and towards 

the USD. Their results of optimal tranche shares are shown in Figure 6.1. 

 

 
 

6.2 ECONOMETRIC METHODOLOGY 

 

Having established the importance of the investment tranche the methodology for 

establishing its optimal allocation in terms of currency share in now considered. It should be 

noted that the methodology applied in this chapter differs considerably from that applied by 

Lu, M. and Wang, Y. (2019). They focused on measuring the relative sizes of the liquidity 

and investment tranches. In this chapter it is taken as given that the investment tranche will 

exist, and the focus of the chapter is on the efficiency of currency allocations within the 

investment tranche portfolio. Optimizing reserve asset allocations in terms of their scale and 
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their composition is well documented in the literature; for example, Ramaswamy, S. (1999); 

Beck, R. and Rahbari, E. (2008).  

 

This sub-section begins with a discussion of the process of estimating the returns made by 

investing in reserve currencies. It will subsequently discuss MGARCH procedures for 

estimating dynamic covariances before discussing DMVO procedures. 

 

6.2.A) ESTIMATION OF RESERVE CURRENCY INVESTMENT RETURNS  

 

The returns to reserve currency investments in a given period are made up of two streams of 

returns; changes in the exchange rate spot rate and the foreign money market interest rate (or 

equivalent). The most commonly used theory relating to interest return and changes in the 

spot exchange rate is called Interest Rate Parity Theory (IRP). It establishes a direct 

relationship between the two countries' interest rate differences and the evolution of their 

exchange rates over time. And IRP includes the uncovered interest parity approach (UIP) and 

the covered interest parity approach (CIP) (Dooley, M.P. and Isard, P., 1980).  

 

The CIP involves no exchange risks, while UIP entails exchange risks and elements of 

speculation. The UIP holds the assumption for free capital flows with flexible exchange rates 

(Wong, A., Leung, D. and Ng, C., 2017). The nominal interest rate on a domestic bond 

should equal the interest rate of a comparable foreign bond plus any expected change in the 

nominal exchange rate for the bond. The expected future spot exchange rate has the same 

forward price. The CIP hypothesis that the change of the future exchange rate between two 

currencies stated on a forward contract should completely compensate the difference of the 

riskless interest rates of these two countries in the same period. The UIP provides a long-run 

equilibrium model under the assumption that there is no steady-state risk premium for 

holding a given currency (Rowland, P., 2003; Isard, M.P., 2006). 

 

Although there is only limited evidence to support UIP it is widely used in the academic 

literature as a conceptual and theoretical framework. A number of studies suggest that it is 

appropriate when modelling on longer time horizons (Meredith, G. and Chinn, M.D., 1998; 

Flood, R.P. and Rose, A.K., 2002; Chinn, M.D. and Meredith, G., 2004). The standard 

formula for UIP is given in equation (6.1). 
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Fi,t+1

Si,t
=

1 + I𝑖𝑖,𝑡𝑡
1 + I∗𝑖𝑖,𝑡𝑡

                                (6.1) 

Where: 

 

• Fi,t+1 = The forward exchange value in units of domestic currency returns at the time 

‘t + 1’; 

• Si,t = The spot foreign currency in units of domestic currency at time ‘t’. 

• Ii,t = The interest rate on domestic instrument between ‘t + 1’ and ‘t’ period; 

• I∗𝑖𝑖,𝑡𝑡 = The corresponding interest rate on the foreign instrument.  

 

UIP can be seen as the fundamental equations governing the relationship between foreign and 

domestic interest rates and currency exchange rates. It is however based on a number of strict 

assumptions, including free capital mobility, risk neutrality, flexible exchange rates, no 

transaction cost, no-arbitrage, and no default risk.  

 

From the perspective of using the UIP to model the returns made to investing in reserve 

currency assets, it can be adjusted to reflect a number of different assumptions. In this thesis 

two different estimation procedures for returns are applied for comparative purposes; these 

are the Random Walk model and the Perfect Foresight model. 

 

Random Walk Exchange Rate Model: this assumes there are no stochastic trends in the 

foreign exchange rate. It is thought to be a random walk, with exchange returns being a 

stationary process. In that case, the expected currency appreciation or depreciation is zero, 

and the central banks realize the one-year carry is equal to the difference between the interest 

rate and one-year interbank rate. As a result, the central bank uses the one-year carry (interest 

rate) to predict the further exchange rate. That means there is no connection between the 

current rate and the past rate. The further exchange rate is equal to the movement of the 

interest rate. The formula for the random walk returns is shown in equation (6.2) with returns 

estimated on a continually compounded basis shown in (6.2a). 

 

FRWi,t+1 =  ∆𝑆𝑆i,t                                                                               (6.2)    

𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡+1 = ln (𝑆𝑆i,t+1/𝑆𝑆𝑖𝑖,𝑡𝑡)                                                           (6.2a)    
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Where: 

• RRWi,t+1 = estimated reserve currency investment return in units of domestic 

currency returns at the time ‘t + 1’using the random walk exchange rate model; 

• FRWi,t+1 = estimated forward exchange value in units of domestic currency returns at 

the time ‘t + 1’using the random walk exchange rate model. 

 

Siourounis, G. (2004) and Hau, H. and Rey, H. (2006) found exchange rates changed with the 

random walk and suggest that this is an appropriate measure to model the returns made in 

foreign currencies.  

 

Perfect Foresight Exchange Rate Model: this can be used to benchmark the performance of 

the random walk model against in that it can treat as the extreme opposite case. It assumes 

perfect knowledge, specifically that the central bank can precisely predict the expected 

exchange rate of the next period because they hold superior information of exchange rate 

movements. The formula for prefect foresight return is shown in equation (6.3) with returns 

estimated on a continually compounded basis shown in (6.3a). 

 

FRFi,t+1 =  ∆𝑆𝑆i,t +  𝐼𝐼∗i,t ∗ (1 + ∆𝑆𝑆i,t)                                      (6.3)    

𝑅𝑅𝑃𝑃𝑃𝑃𝑖𝑖,𝑡𝑡+1 = ln (𝑆𝑆i,t+1/𝑆𝑆𝑖𝑖,𝑡𝑡)   + 𝐼𝐼∗i,t ∗ (1 + ln (𝑆𝑆i,t+1/𝑆𝑆𝑖𝑖,𝑡𝑡))                 (6.3𝑖𝑖)   

 

Where: 

• RPFi,t+1 = estimated reserve currency investment return in units of domestic currency 

returns at the time ‘t + 1’using the perfect foresight exchange rate model; 

• FPFi,t+1 = estimated forward exchange value in units of domestic currency returns at 

the time ‘t + 1’using the perfect foresight exchange rate model. 

 

There is one further issue which needs consideration, that of the appropriate interest rates to 

use in equation (6.3). The appropriate one-year LIBOR interest rates are used. Given that the 

modelling undertaken used daily returns, the one-year rates are converted to a daily basis 

using equation (6.4). The detailed reasons for using LIBOR are explained in Section 6.3. 

 

𝐿𝐿𝐼𝐼𝐿𝐿𝐿𝐿𝑅𝑅_𝐺𝐺𝑖𝑖𝐿𝐿𝑊𝑊𝑦𝑦i,t = ( 
𝐿𝐿𝐼𝐼𝐿𝐿𝐿𝐿𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴

100
+ 1 )

1
365 − 1                      (6.4) 
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6.2.B) ESTIMATION OF DYNAMIC VARIANCE AND COVARIANCE VALUES  

 

Undertaking DMVO modelling requires dynamic (or conditional) estimates of the variances 

and covariances of the returns made by investing in reserve currencies. These are estimated in 

this thesis using a multivariate-GARCH methodology. 

 

Autoregressive Conditional Heteroscedasticity (ARCH) was introduced by Engle (1982) as a 

way of modelling volatility. It was later extended by Bollerslev (1986) into Generalized 

ARCH (GARCH), which commonly used for analysis finance data. The standard model 

consists of two equations: the mean equation (6.6) and the conditional variance equation 

(6.7). The conditional variance equation is described as GARCH(p, q); it contains an auto-

regressive term and a moving-average (ARMA) term; where p reflects the number of AR 

terms in the model, and q the  MA terms. The GARCH(1,1) model is sufficient to explain the 

volatility in most financial time series given the fast moving nature of most financial markets.  

 

          Mean equation: rt = βo + β1x1,t+μt, μt~N(0,σt2) ;                                           (6.6) 

Conditional variance equation: σt2 = α0 + ∑ αiμt−i2
q
i=1 + ∑ βjσt−j2

p
j=1 ;         (6.7) 

Where: α0 > 0;  δi > 0;   1 > αi + δi ≥ 0 

 

The form of the conditional variance equation can be extended to take into consideration 

different structural forms of the variance. Many of these different forms relate to asymmetric 

structures in the variance. These will be discussed in more detail later in this section. 

However, it can be noted that asymmetric structures often reflect greater volatility being 

observed in falling markets as reflecting market leverage effects (Black, F. 1976). 

 

The model has been extended into multivariate form (MGARCH) in order to study the 

relations between the volatilities and co-volatilities of serval markets (Karolyi, G.A., 1995; 

Kearney, C. and Patton, A.J., 200; Silvennoinen, A. and Teräsvirta, T., 2009). This allows the 

conditional covariance matrix of the dependent variables to follow a flexible, dynamic 

structure, and allows the conditional mean to develop a vector autoregressive structure. It also 

allows for the missing data, however, there is no missing data in this dataset.  
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The MGARCH model is widely used in identify portfolio optimisation, calculate conditional 

a variance-covariance matrix and update with new observations. Also, it has been used to 

analyse of the stock market co-movements, to estimate the volatility of these growth rates. A 

standard GARCH can be fitted to the portfolio returns for given weights and calculate the 

gain accordingly. If an MGARCH model is fitted, the multivariate distribution of the returns 

can be used directly to compute the implied distribution of any portfolio. There is no need to 

re-estimate the model for different weight vectors. The modelling of dynamic, or time 

varying, covariances is easily extended to the modelling of dynamic, or time varying, 

correlations. This is seen as the principle use of these types of procedures. There have been 

multiple different estimation techniques applied, with two of these being considered in this 

thesis:  

  

• Constant Conditional Correlation multivariate GARCH (CCC) model developed by 

Bollerslev (1990); 

• Dynamic Conditional Correlation multivariate GARCH (DCC) model developed by 

Engle (2002); 

 

These are nonlinear combinations of univariate GARCH models. The CCC was the first 

MGARCH model developed to estimate correlation, which deals with the cross-equation 

weights which are time invariant to model the conditional covariance matrix of the 

disturbances. The VCC and DCC models were its later extensions, which deal with time-

varying cross-equation weights to model the conditional covariance matrix of the errors. In 

each correlation equation, the number of parameters is ‘(𝑁𝑁(𝑁𝑁−1)
2

+ 2)’ for the VCC model and 

‘2’ in the DCC model (Silvennoinen, A. and Teräsvirta, T., 2009).  

 

The CCC is the variance-covariance matrix. It can be represented as the product of a 

correlation matrix by a standard deviation matrix, as showed below. Its mean equation (6.8) 

indicates that lagged daily returns of both stocks are not significant determinants of current 

returns, as is implied by efficient-markets theory. In general, there are two steps. First, 

forecast the conditional variance in D𝑡𝑡, then predict the conditional variance in R𝑡𝑡.  

 

CCC − GARCH:   𝑦𝑦𝑡𝑡 =  𝐶𝐶𝐶𝐶𝑡𝑡 +  𝜖𝜖𝑡𝑡;   𝜖𝜖𝑡𝑡 = Ht
1/2𝑣𝑣𝑡𝑡;   Ht = Dt

1/2RDt
1/2  (6.8) 

Rt = (HtDt
−1/2)Dt

−1/2 = Dt
−1/2𝜖𝜖𝑡𝑡       (6.9) 
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Dt =

⎝

⎜
⎛
𝜎𝜎1,𝑡𝑡
2  0    ⋯   0

   0  𝜎𝜎1,𝑡𝑡
2   ⋯    0

     ⋮    ⋮ ⋱     ⋮
    0    0   ⋯ 𝜎𝜎𝑚𝑚,𝑡𝑡

2
⎠

⎟
⎞

;    Rt = �

1 𝜌𝜌1,2    ⋯ 𝜌𝜌1,𝑚𝑚

𝜌𝜌1,2 1     ⋯ 𝜌𝜌2,𝑚𝑚

⋮ ⋮ ⋱      ⋮
𝜌𝜌1,𝑚𝑚 𝜌𝜌2,𝑚𝑚   ⋯ 1

� 

 

• ‘𝑦𝑦𝑡𝑡’ is an (m × 1) vector of dependent variables; 

• ‘C’ is an (m × k) matrix of parameters; 

• ‘𝐶𝐶𝑡𝑡’ is an (k × 1) vector of independent variables, which may contain lags 

•  ‘Ht
1/2’ is the Cholesky factor of the time-varying conditional covariance matrix for 

the ‘H𝑡𝑡’; 

• ‘𝑣𝑣𝑡𝑡’ is an (m × 1) vector of normal, independent, and identically distributed 

innovations; 

•  ‘D𝑡𝑡’ is the diagonal matrix of standard deviations, each ‘𝜎𝜎𝑖𝑖,𝑡𝑡2 ’ evolved according to a 

univariate GARCH process.  

•  ‘R𝑡𝑡’ is the time-invariance unconditional correlation matrix of standard residuals of 

‘Dt
−1/2𝜖𝜖𝑡𝑡’; 

 

Whereas the DCC is time varying, it is using conditional measures of the covariance and 

standard deviation, which make it possible to estimate the correlation at every point in time. 

In addition, the model has computational advantages, the number of parameters to be 

evaluated in the correlation process is independent of the number of series to be correlated. 

Thus, the huge correlation matrices can be identified as shown below. 

 

DCC − GARCH:    𝑦𝑦𝑡𝑡 =  𝐶𝐶𝐶𝐶𝑡𝑡 +  𝜖𝜖𝑡𝑡;  𝜖𝜖𝑡𝑡 = Ht
1/2𝑣𝑣𝑡𝑡 ;   Ht = Dt

1
2RtDt

1
2     (6.10)  

Rt = diag(Qt)
−12𝑄𝑄𝑡𝑡diag(Qt)

−12;     𝑄𝑄𝑡𝑡 = (1 − λ1 − λ2)R + λ1𝜖𝜖𝑡𝑡−1 ∗ 𝜖𝜖𝑡𝑡−1′ + λ2𝑄𝑄𝑡𝑡−1   (6.11) 

 

Dt =

⎝

⎜
⎛
𝜎𝜎1,𝑡𝑡
2  0    ⋯   0

   0  𝜎𝜎1,𝑡𝑡
2   ⋯    0

     ⋮    ⋮ ⋱     ⋮
    0    0   ⋯ 𝜎𝜎𝑚𝑚,𝑡𝑡

2
⎠

⎟
⎞

;    Rt = �

1 𝜌𝜌12,𝑡𝑡    ⋯ 𝜌𝜌1𝑚𝑚,𝑡𝑡

𝜌𝜌12,𝑡𝑡 1     ⋯ 𝜌𝜌2𝑚𝑚,𝑡𝑡

⋮ ⋮ ⋱      ⋮
𝜌𝜌1𝑚𝑚,𝑡𝑡 𝜌𝜌2𝑚𝑚,𝑡𝑡   ⋯ 1

� 

 

• ‘𝑄𝑄𝑡𝑡−1’ is (m × k) positive definite matrix; 
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• ‘𝜖𝜖𝑡𝑡’ is an (m × 1) vector of standardized residuals; 

• ‘λ1’ and ‘λ2’ are parameters that govern the dynamics of conditional quasi-

correlations. (0 ≤ (λ1 + λ2) < 1) 

• ‘𝜌𝜌12,𝑡𝑡’ is the conditional correlation between two random variables r1 and r2, with 

each of these have zero mean.  

The chosen model: 

 

The model applied is a variant of the DCC-GARCH model of Engle (2002), which is 

particularly well suited to examine asymmetric volatility and correlation dynamics among the 

stock market and currency markets. The ‘Asymmetric volatility’ phenomenon appears when 

the volatility increases more after a negative shock than after a positive shock of the same 

magnitude (Cappiello, L., Engle, R.F. and Sheppard, K., 2006). For example, negative returns 

in money markets (exchange rate depreciation) are usually, or on average, heavier and more 

violent than positive returns (exchange rate appreciation). This asymmetry is explained in 

more detail later. Hence, the variance equations used assume asymmetric returns and are 

predominantly based on EGARCH and GJR-GARCH. The former is identified as being the 

theoretically preferred form (from the literature). Where QSUM2 tests identify the presence 

of autoregressive structures in the residuals using this form, then the second model is 

considered. If autoregressive structures are still present than the default form used is the 

standard GARCH. 

 

Besides, the methodology applied can be run on the basis of either a system of equations or 

on the basis of a series of paired equation. The equations pairs with respect to each portfolio 

selecting country are the returns made from investing the in the reserve currencies: USD, 

EUR, GBP, JPY and CNY. This produces 10 combinations. The software used in the thesis is 

OxMetrics v8. 

 

The first step in this pairs-based modelling procedure is to estimate the residual returns mean 

equations. These equations are as follows: 

𝑅𝑅𝑖𝑖𝑡𝑡 =  𝜇𝜇𝑖𝑖 + 𝛼𝛼𝑖𝑖𝑅𝑅𝑖𝑖𝑡𝑡−1  + 𝜀𝜀𝑖𝑖𝑡𝑡                        (6.12) 

 𝑅𝑅𝑗𝑗𝑡𝑡 =  𝜇𝜇𝑗𝑗 + 𝛼𝛼𝑗𝑗𝑅𝑅𝑗𝑗𝑡𝑡−1  + 𝜀𝜀𝑗𝑗𝑡𝑡                        (6.13) 

 

𝑤𝑤ℎ𝑎𝑎𝑎𝑎𝑎𝑎 𝐿𝐿 refers the first currency (e.g. the USD) and 𝑗𝑗 a second currency (e.g. the EUR). 
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The second step: The methodology assumes that residuals are conditionally multivariate-

normal. The residuals from the mean equation pairs are then used to derive the variance 

equations. These shown in GARCH (1,1) formats are as follows: 

 

𝜎𝜎𝑖𝑖𝑡𝑡2 =  𝛼𝛼𝑖𝑖0 +  𝛼𝛼𝑖𝑖1 𝜀𝜀𝑖𝑖𝑡𝑡−12 +  𝛽𝛽𝑖𝑖1𝜎𝜎𝑖𝑖𝑡𝑡−12                 (6.14) 

𝜎𝜎𝑗𝑗𝑡𝑡2 =  𝛼𝛼𝑗𝑗0 +  𝛼𝛼𝑗𝑗1 𝜀𝜀𝑗𝑗𝑡𝑡−12 +  𝛽𝛽𝑗𝑗1𝜎𝜎𝑗𝑗𝑡𝑡−12                             (6.15) 

𝑤𝑤ℎ𝑎𝑎𝑎𝑎𝑎𝑎   

• 𝜎𝜎𝑡𝑡2 is the conditional variance,  

• 𝛼𝛼0 is the intercept, 

• 𝜀𝜀 is the standardised residual,  

• 𝛼𝛼1 is the ARCH parameter, 

• 𝛽𝛽1 is the GARCH parameter 

 

DCC − Correlation coefficients: Qt = (1 − α − β)Q� + ανt−1νt−1′ + βQt−1      (6.16) 

𝑤𝑤ℎ𝑎𝑎𝑎𝑎𝑎𝑎  

• 𝑄𝑄𝑡𝑡 is the covariance matrix, 𝑄𝑄𝑡𝑡 = �qij,t�,  

• νt is the residuals standardised by their conditional standard deviation, 

• The model is mean reverting as long as the non-negative scalars satisfy the constraint 

𝛼𝛼 + 𝛽𝛽 < 1. 

 

A significant alpha coefficient value in the DCC equation is an indication that correlations 

will vary appreciably over time. The beta parameter estimates the persistence38. If 𝛼𝛼 + 𝛽𝛽 = 1, 

the model will not mean revert, which effectively means that the series would be integrated to 

the order 1. In the case of our models this does not present major issues. 

 

It is possible to test for the most efficient functional form of the variance equations using 

information criteria. The alternative models that can be used were identified by Hentschel, L. 

(1995) and subsequently described by Ghalanos, A. (2013) as the family GARCH (fGARCH) 

model. Potential alternative specifications include: 

• Glosten Jagannathan-Runkle GARCH (GJR-GARCH) model by Glosten, L.R., 

Jagannathan, R. and Runkle, D.E. (1993); 

                                                 
38 Persistence is measured as the half-life of shock computed as ln(0.5)/ln(α+β) as suggested in Engle and Sheppard (2001). The half-life is 
defined as the time at which a shock to correlation is expected to be halfway eliminated. 
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• Threshold GARCH (TGARCH) model by Zakoian, J.M., (1994); 

• Nonlinear ARCH (NGARCH) model by Higgins, M.L. and Bera, A.K. (1992); 

• Nonlinear Asymmetric GARCH (NAGARCH) model by Engle, R.F. and Ng, V.K. 

(1993); 

• Asymmetric Power ARCH (APARCH) model by Ding, Z., Granger, C.W. and Engle, 

R.F. (1993). 

• EGARCH(1,1) by Nelson, D. (1991). 

 

The standard GARCH (1,1) format can capture volatility clustering and leptokurtosis, but as 

the distribution is symmetric, it fails to model the leverage effect (Alberg, D., Shalit, H. and 

Yosef, R., 2008). This leverage effect was first suggested by Black, F. (1976) for stock 

returns and further developed by Duffee, G.R. (1995); Bouchaud, J.P., Matacz, A. and 

Potters, M. (2001). It occurs when the adverse shocks increase predictable volatility in 

financial markets more than positive shocks. In macroeconomic analysis, a negative shock 

usually reflects negative, or bad, news. As a result, shareholders will demand higher expected 

returns to compensate for the increased risk they are taking on in their investments (Dana, 

A.N., 2016). Another explanation of asymmetry is the volatility feedback hypothesis. For 

example, for a foreign market, a shock increases the volatility of the market as well as the 

risk of holding currencies (Longmore, R. and Robinson, W., 2004). 

 

In general, there are two most commonly used asymmetric GARCH models: EGARCH and 

GJR-GARCH. The GJR-GARCH can interpret as a derivative of T-GARCH (Threshold 

GARCH), as developed by Rabemananjara, R. and Zakoan, J.M. (1994). The GJR-GARCH 

includes the skewed Generalized Error Distribution, which is better applied in this dataset 

(Ali, G., 2013). Accordingly, the EGARCH and the GJR-GARCH are among the primary 

modelling techniques followed in applied econometrics literature (Bildirici, M. and Ersin, 

O.O., 2012). With GARCH together, these three GARCH models share the same mean 

equations and different conditional variance equations shown in equation (6.17) and (6.18). 

 

GJR-GARCH(1,1): σt2 = ω0 + (α1 + η1λt−1) ∗ 𝜀𝜀𝑡𝑡−12 + β1𝜎𝜎𝑡𝑡−12                  (6.17) 

where  ω0 > 0, (α1 > 0,β1 ≥ 0 and (β1 + η1) ≥ 0;  

                     S.T.:     λt−1 = 1,𝑤𝑤ℎ𝑎𝑎𝑖𝑖 𝜀𝜀t−i < 0;  λt−1 = 0,𝑤𝑤ℎ𝑎𝑎𝑖𝑖 𝜀𝜀t−i ≥ 0. 
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EGARCH(1,1):  Ln(σt
2) = ω0 + α1 �

|εt−1|
σ𝑡𝑡−1
2 − �2

𝜋𝜋
� + γ εt−1

�σ𝑡𝑡−1
2

+ β1𝐿𝐿𝑖𝑖(𝜎𝜎𝑡𝑡−12 )    (6.18) 

 

The GJR-GARCH(1,1) contains an additional dummy variable ‘λ𝑡𝑡’ to allow for asymmetric 

effects of positive and negative shocks to volatility. The dummy variable will be one when 

shock error is negative and be zero otherwise. For the leverage effect, ‘η1’ > 0. The model 

assumes that the asymmetric behaviour of ‘σt2’ depends only on the sign of the past shocks 

‘𝜀𝜀𝑡𝑡−12 ’.  

 

The EGARCH(1,1) can capture the asymmetric responses of the logarithmic transformation 

of the time-varying variance to shocks and ensures that the variance is always positive. As 

shown in formula (6.18), the level ‘|εt−1|
σ𝑡𝑡−1
2 ’ is included with a coefficient ‘γ’, which is typically 

negative. Thus, assuming other factors remains unchanged, a positive return shock generates 

less volatility than a negative return shock. This is how the model captures the asymmetric 

effects. If ‘γ = 0’, then this is a symmetric model. The positive shocks generate less volatility 

than negative shocks if θ < 0. However, when θ > 0, it would suggest that positive 

innovations are more destabilizing than negative innovations. The fact that the model uses the 

log of the variances can make sure the variance is positive.  

 

In previous research, Hsieh, D.A., (1991); Koutmos, G. and Theodossiou, P. (1994) have 

used EGARCH for foreign exchange rates. More recently, Abdalla, S.Z.S. (2012) tested 

nineteen of the Arab countries using daily exchange rate data for one decade. The result for 

the asymmetrical EGARCH (1,1) provided evidence of leverage effect for the majority of 

currencies. Omari, C.O., Mwita, P.N. and Waititu, A.G. (2017) aggress that. They have 

determined the volatility of exchange rates over two decades and found the adequate models 

are the asymmetric model with Student’s t-distribution. 

 

In this thesis, the choice of the most efficient form of the variance equation is part 

theoretically based and part statistically based. Theoretically, it is expected that the volatility 

of exchange returns will exhibit asymmetry for the reasons outlined above. Following 

precedents found in the literature, EGARCH(1,1) is the preferred model followed by GJR-

GARCH(1,1), since there are no non-negativity constrains (Wiphatthanananthakul, C. and 

Sriboonchitta, S., 2010; Labuschagne, C.C., Venter, P. and von Boetticher, S.T., 2015). If 
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neither of these two are found to be appropriate then a standard GARCH(1,1) is applied. The 

presence of any autocorrelation in the residuals and/or the squared residuals is used to choose 

between the models. So, there are three options. If using the EGARCH(1,1) format of the 

variance equation causes autocorrelation issues, then GJR-GARCH(1,1) is considered. If 

autocorrelation is still exist, then GARCH(1,1) is applied. 

 

• Autocorrelation in the mean and variance equations: 

 

Tsay, R.S. (2005) identified that where the mean and variance equations contain 

autocorrelations the robustness of the modelling process has to be called into question. A 

series of tests are therefore performed to check for autocorrelation in the residuals and the 

squared residuals. It can be noted in equations (6.12) and (6.13) that the mean equation 

contains a lagged dependent variable. It was found necessary to include this term in order to 

control for the issue of autocorrelation.  

 

The tests used are Q statistics developed by Ljung, GM, and Box, G.E.(1978), to test the 

standardised residuals and standardised squared residuals. These are performed on the mean 

and variance equations, respectively, and with lag of 5 and 10. The null hypothesis of the test 

indicates that the parameter values at each lag point are simultaneously zero. Rejecting the 

null hypothesis means that the data contains mis-specification errors (for example 

autocorrelation). Q-Statistic test can be applied to square standardized residuals to check the 

existence of the ARCH effect in the variance equation, and the same number of hysteresis is 

performed. 

 

6.2.C) DYNAMIC MEAN-VARIANCE OPTIMISATION ESTIMATION 

 

A number of different portfolios optimization strategies can be considered. Three of the most 

popular techniques are: Linear Optimization, Markowitz's mean-variance optimization 

(MVO), and Black-Litterman optimization (BL). Linear optimization focuses on a single 

performance or risk measure to solve the allocations of potential funds to maximizes return or 

minimizes risk. It does not suit the data, since there are six currencies in the basket. This is 

more suitable for the production and can be discounted with respect to this thesis.  
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There are lots of comparisons between MVO and BL. The BL model was developed by 

Black, F. and Litterman, R., (1992). It essentially combines two main modern portfolio 

theories: capital asset pricing model (CAPM) and MVO. The main benefit of the BL model is 

that it allows the portfolio manager to use it as a tool for producing a set of expected returns 

within the mean-variance optimization framework (Idzorek, T., 2007). It can reverse 

optimization to solve for excess returns rather than weight. This can allow the manager to 

avoid specific problems or issues inherent in MVO optimization framework, such as the high 

sensitivity of the allocations to the inputs and concentration of portfolio assets in only a 

handful of the assets under optimization.  

 

However, that means the BL does not rely on historical returns. If the fund's future 

performance is going to be different from the past, then BL optimization will be the right 

choice since it uses a relative and absolute perspective to enter into the expected 

performance. However, this is not the case here, thus, it is not appropriate for the type of 

analysis in this thesis. This seems to be reflected in the papers found in this area. For 

example, Papaioannou, E. (2006), and Shi, K. and Nie, L. (2012) all use MVO. 

 

The MVO framework of Markowitz, H.M. (1952) is the most common formula for asset 

allocation problems and the basis of modern portfolio theory. This framework captures two 

basic aspects of the asset allocation problem: diversification and the trade-off between 

expected returns and risk (Joro, T. and Na, P., 2006). Given the estimated mean, standard 

deviation, and correlation of the returns from different securities, the MVO program selects 

the investable wealth proportion invested in each security (Michaud, R.O., 1989).  

 

The derived efficient frontier is the standard theoretical model of normative investment 

behavior. The efficient frontier for different periods is formed, which represents all efficient 

portfolios in a single period (Markowitz, H.M., 1959). In many practical cases, the definition 

of efficient frontier is constrained by budgetary constraints (the sum of the monetary weights 

equals one) and non-short selling (no negative proportion of invested wealth). Additional 

linear constraints may be imposed in reality, such as transaction costs.  
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The dynamic variances and covariances measured using DCC-GARCH are used in order to 

estimate the optimal reserve currency portfolio using dynamic DMVO. This is identified in 

the literature as one of the most popular methods of developing portfolios (Celık, S., 2012; 

Basher, S.A. and Sadorsky, P., 2016; Cho, J.H., 2020). The optimal currency portfolio can be 

illustrated with the help of Figure 6.2. This approach assumes that central bank will set a 

‘target return’ and the optimization process will then identify an optimal portfolio on the 

efficient frontier which will be the portfolio that contains the lowest risk (variance) for the 

target return. Or the central bank could target risk (variance) rather than the return. In this 

case the optimal portfolio will identify the highest return for the targeted level of variance. 

(Ben-Bassat, A., 1980; Zhang, Z., Ding, L., Zhang, F. and Zhang, Z., 2015).  

 

Markowitz, H. (1952) optimization procedure assumes that the returns are independent, 

identical and normally distributed. The procedure consists of the constrained estimation of 

two equations: the portfolio expected returns equation (6.19) and the portfolio risk equation 

(6.20).  In this thesis, the optimization procedures are undertaken using the Excel Solver 

software (Excel 2020).   

 

DMV:    Et�Ri,t+1� = �wi,tEt�ri,t+1�
N

i=1

                 (6.19)  

𝑆𝑆.𝐼𝐼.  W𝑡𝑡
′Ωt+1Wt ≤ 𝜎𝜎2;     �wi,t

N

i=1

+ wf,t = 1,∀𝐿𝐿;     wi ≥ 0,∀𝐿𝐿 𝑖𝑖𝑒𝑒𝑊𝑊 ∀𝐿𝐿      (6.20)   
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• Et(ri,t+1): the expected return on currency ‘i’ in the next period t+1; 

• wi,t: the weight of currency ‘i’ in the central bank’s portfolio in year t.  

• wf,t: the weight of risk-free currency in the central bank’s portfolio in year t. The sum 

of the weight for all the currencies in the portfolio are equal to one.  

•  ‘ri,t+1’ it is the return of all other currencies as risk currency in period ‘t+1’.  

• σ2: it is called volatility. It is the variance of the portfolio, it is a measure of risk, so 

this statistic can help determine the risk an investor might take on when purchasing a 

specific security. 

• Ωt+1: variance–covariance matrix of expected returns, which have calculated in 

section 6.3). 

• rt: the return for foreign central banks  

• W𝑖𝑖: the weighting for each currency 

 

The MVO approach has been extended to incorporate DMVO in a number of studies in the 

literature, such as Papaioannou, E., Portes, R., and Siourounis, G. (2006). Their application of 

DMVO was used to determine the optimal currency of reserves of countries including Korea, 

Brazil, Russia, India and China. Similar procedures will be applied in this thesis and these 

will be described in Section 6.5. 

 

6.3 DATA AND DESCRIPTIVE STATISTICS 

 

This section describes the reasons for choosing the currencies in the reserve currency basket, 

the countries involved, and the data collection for those two. The explanation is shown below.  

 

Reserve Currency Basket: The IMF COFER39 database identified the top five most-used 

reserve currencies in 2018 as: USD, EUR, GBP, CHF and JPY. However, it has been noted 

previously in this thesis, the RMB was added to the drawing rights portfolio in 2016 and it 

represents the third-largest currency in the basket. Liao, S. and McDowell, D. (2016) have 

identified 37 central banks which added RMB to their reserve portfolio from 2010 to 2014. 

Also, there are lots of literature reviews to support the possibility for RMB as a reserve 

currency (Subramanian, A. 2011; Eichengreen, B. 2012; Prasad, E. and Ye, L., 2013). 

                                                 
39 Available from <https://data.imf.org/?sk=E6A5F467-C14B-4AA8-9F6D-5A09EC4E62A4> [Access date: 1 
Feb 2020]; 
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Therefore, in this study, RMB is included in the currency basket. The CHF is also omitted 

given that it represents a very small and falling proportion of the total. The initial assumption 

made in the thesis is that central banks will hold five major foreign currencies; USD, EUR, 

GBP, CNY, and JPY. 

 

Choice of Countries: to ensure a representative spread in the data, countries with differing 

levels of economic development are considered. This uses World Bank classifications based 

on Gross National Income (GNI) per capita (current US$). Obviously, the GNI cannot 

completely summarize a county’s level of development. However, it has been proven by the 

World Bank that is a useful and easily available indicator which closely related to others 

index40.  

 

Three countries were selected from different regions and income level classifications41, as 

shown below. In this way, the final result would identify if the optimal currency baskets differ 

in relation to economic size. The choices made were: 

 

1. The Philippine for Lower-middle income (in East Asia & Pacific) 

2. Russia for Upper-middle income (in Europe & Central Asia) 

3. Canada for High income (in North America) 

 

There are many other additional regional options in east Asia and the Pacific besides the 

Philippines. For example, Vietnam is also a Lower-middle income. However, due to the 

limitation of scope in a PhD, only three countries have been used. 

 

Timeline: The analysis uses daily data that runs from 3/1/2011 to 3/6/2019. Each one-year 

period contains approximately 250 daily data points. This reflects data deletions required to 

balance the sample across the full dataset; although each of the country’s foreign exchange 

markets trade on a daily week-day basis, the deletion of a number of data points was 

necessary given that each country has different non-trading holidays.  

 

                                                 
40 Available from <https://datahelpdesk.worldbank.org/knowledgebase/articles/378831-why-use-gni-per-capita-
to-classify-economies-into> [Access date: 1 Feb 2020]; 
41 Available from <https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-
and-lending-groups> [Access date: 1 Feb 2020];  

https://datahelpdesk.worldbank.org/knowledgebase/articles/378831-why-use-gni-per-capita-to-classify-economies-into
https://datahelpdesk.worldbank.org/knowledgebase/articles/378831-why-use-gni-per-capita-to-classify-economies-into
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
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The data consists of returns made on investments in reserve currencies. As can be noted from 

equations (6.2a) and (6.3a) these represent two datasets for ‘random walk’ and ‘perfect 

foresight’ returns. These are estimated as: 

 

𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡+1 = ln (𝑆𝑆i,t+1/𝑆𝑆𝑖𝑖,𝑡𝑡)                                                           (6.2a)    

𝑅𝑅𝑃𝑃𝑃𝑃𝑖𝑖,𝑡𝑡+1 = ln (𝑆𝑆i,t+1/𝑆𝑆𝑖𝑖,𝑡𝑡)   +  𝐼𝐼∗i,t ∗ (1 + ln (𝑆𝑆i,t+1/𝑆𝑆𝑖𝑖,𝑡𝑡))                 (6.3𝑖𝑖)                  

Where: 

• RRWi,t+1 = estimated reserve currency investment return in units of domestic 

currency returns at the time ‘t + 1’using the random walk exchange rate model; 

• RPFi,t+1 = estimated reserve currency investment return in units of domestic currency 

returns at the time ‘t + 1’using the perfect foresight exchange rate model; 

• Si,t = The spot foreign currency in units of domestic currency at time ‘t’; 

• I∗𝑖𝑖,𝑡𝑡 = The interest rate on the foreign instrument.  

 

Data Sources: Exchange rate data uses the daily closing prices across a five-currency basket 

consisting of: USD, EUR, GBP, JPY, and CNY. Each daily exchange rate is collected from 

Bloomberg: the Philippines42, Russia43, and Canada44.  

 

With respect to interest rate data, two alternatives were considered: government bond yields 

and London Interbank Offered Rate (LIBOR). The LIBOR rate was used. This is a 

benchmark that represents the interest rate at which banks offer to lend funds to one another 

in the international interbank market (Monticini, A. and Thornton, D.L., 2013). It is based on 

                                                 
42 Available from < https://www.bloomberg.com/quote/USDPHP:CUR> [Access date: 1 Feb 2020];  
Available from < https://www.bloomberg.com/quote/EURPHP:CUR> [Access date: 1 Feb 2020]; 
Available from < https://www.bloomberg.com/quote/GBPPHP:CUR> [Access date: 1 Feb 2020]; 
Available from < https://www.bloomberg.com/quote/CHFPHP:CUR>  [Access date: 1 Feb 2020]; 
Available from < https://www.bloomberg.com/quote/CNYPHP:CUR>  [Access date: 1 Feb 2020]; 
Available from < https://www.bloomberg.com/quote/JPYPHP:CUR >  [Access date: 1 Feb 2020]; 
43 Available from < https://www.bloomberg.com/quote/RUBUSD:CUR> [Access date: 1 Feb 2020];  
Available from < https://www.bloomberg.com/quote/RUBEUR:CUR> [Access date: 1 Feb 2020]; 
Available from < https://www.bloomberg.com/quote/RUBGBP:CUR> [Access date: 1 Feb 2020]; 
Available from < https://www.bloomberg.com/quote/EURCHF:CUR>  [Access date: 1 Feb 2020]; 
Available from < https://www.bloomberg.com/quote/USDCNY:CUR>  [Access date: 1 Feb 2020]; 
Available from < https://www.bloomberg.com/quote/RUBJPY:CUR> [Access date: 1 Feb 2020]; 
44 Available from <https://www.bloomberg.com/quote/CADUSD:CUR> [Access date: 1 Feb 2020];  
Available from <https://www.bloomberg.com/quote/CADEUR:CUR> [Access date: 1 Feb 2020];  
Available from <https://www.bloomberg.com/quote/CADGBP:CUR> [Access date: 1 Feb 2020];  
Available from <https://www.bloomberg.com/quote/CADCHF:CUR> [Access date: 1 Feb 2020];  
Available from <https://www.bloomberg.com/quote/CADCNY:CUR> [Access date: 1 Feb 2020];   
Available from <https://www.bloomberg.com/quote/CADJPY:CUR> [Access date: 1 Feb 2020];  

https://www.bloomberg.com/quote/USDPHP:CUR
https://www.bloomberg.com/quote/EURPHP:CUR
https://www.bloomberg.com/quote/GBPPHP:CUR
https://www.bloomberg.com/quote/CHFPHP:CUR
https://www.bloomberg.com/quote/CNYPHP:CUR
https://www.bloomberg.com/quote/JPYPHP:CUR
https://www.bloomberg.com/quote/RUBUSD:CUR
https://www.bloomberg.com/quote/RUBEUR:CUR
https://www.bloomberg.com/quote/RUBGBP:CUR
https://www.bloomberg.com/quote/EURCHF:CUR
https://www.bloomberg.com/quote/USDCNY:CUR
https://www.bloomberg.com/quote/RUBJPY:CUR
https://www.bloomberg.com/quote/CADUSD:CUR
https://www.bloomberg.com/quote/CADEUR:CUR
https://www.bloomberg.com/quote/CADGBP:CUR
https://www.bloomberg.com/quote/CADCHF:CUR
https://www.bloomberg.com/quote/CADCNY:CUR
https://www.bloomberg.com/quote/CADJPY:CUR
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estimates submitted daily by the global leading banks and is used as an average value of the 

interest rates. Unlike the government interest rate, the LIBOR is not the actual rate for the 

central bank to invest. It is the prime reference rate for transaction in the global markets and 

comprises various financial products which include interest rate swaps, forward rate 

agreements, mortgages and commercial loans. Changes in the London Interbank Offered Rate 

(LIBOR) affect interest rates for various banking services. Currently, there are LIBOR 

(London Interbank Offered Rate), EURIBOR (Euro Interbank Offered Rate), and SHIBOR 

(Shanghai Interbank Offered Rate).  

 

The LIBOR data is chosen for this report, according to two reasons. First, the central bank 

receives foreign assets as the nominal capital value of the investment. These reserve assets 

are like bank deposits rather than bonds. In this aspect, it should use government bond (GB). 

However, it is too plain to use GB since central banks can invest not only in commercial 

banks but also in other assets (such as the asset-backed securities bonds). The interest rates 

for the various type of investments are different across countries. Besides, neither the total 

value of the central bank's investment in its reserve assets nor the ratio of reserve currencies 

to government bonds are known. The differences between countries are various which are 

also changing all the time. Second, if the central bank invests the government bond, then its 

interest rate is the actual return rate. Then, it will have provided a realistic result compare 

than LIBOR. However, the bond prices rise and fall as interest rates change. Thus, if the 

value of the bond changes, so does the interest return. If this method uses GB data, then, both 

the bond price and the interest rate need to be calculated. The LIBOR does not contain this 

problem. Because of these two reasons, LIBOR is a better benchmark, and better to apply 

here as a proxy for the returns achieved. 

  

It is necessary to choose the time for the LIBOR. Theoretically, the overnight rate cannot be 

used, and since these assets are reserve, it means the bank tends to hold for short to midterm. 

The central banks do not take short or very long positions in any currency. Alexius, A., 

(2001) used the UIP in 13 OECD countries and the U.S., and the results showed that long-

term interest rates were more favorable to UIP. Rowland, P., (2003) agrees. After tried three-

month, six-month and twelve-month, he identified twelve-months is the best time to support 

UIP relationships. Thus, the one-year timeline applied in this method. Also, if there are any 

short-period assets involved, the banks can borrow for short-period in a low-carry currency 

and invest in long-term with a high-carry currency while still be consistent with their risk 
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profile. The one-year LIBOR rate is collected, and transferred into daily data by following 

formula (6.0): 

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿_𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷i,t = ( 
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴

100
+ 1 )

1
365 − 1      

 

The daily data for six countries one-year LIBOR rate are from Bloomberg and Shibor 

database, which are identified in 1- 5 below. 

1. For the U.S.: the code is ‘US0012M’ index – ICE LIBOR USD 12 Month. The 12 

Month London interbank offer rate. Original data from Ice Benchmark 

Administration. 

2. For Eurozone: the code is ‘EUR012M’ index– Euribor 12 Month ACT/360. The 12 

Month Euro area interbank offer rate. Original data from European Money Markets 

Institution. 

3. For the U.K.: the code is ‘BP0012M’ index – ICE LIBOR GBP 12 Month. The 12 

Month GBP London interbank offer rate. Original data from Ice Benchmark 

Administration.  

4. For Japan: the code is ‘JY0012M’ index – ICE LIBOR JPY 12 Month. The 12 Month 

London interbank offer rate. Original data from Ice Benchmark Administration. 

5. For China: Shanghai LIBOR one-year data. Original data from Shibor45.  

 

Descriptive Statistics: The returns were estimated on a log-difference basis. Descriptive 

statistics are presented in Table 6.1 and from Figure 6.3.A to 6.3.F, where the daily returns 

are shown in the form of time-series charts. 

 

Table 6.1 indicates that there is very little difference between the ‘random walk’ and ‘perfect 

foresight’ estimates. It also suggests that there are considerable differences in volatility across 

different country-related income classifications and in between-currency returns with respect 

to mean returns. It can be noted that the range for Russia is considerably higher than it is for 

Canada. These range from positive to negative and also some of the mean value differences 

are relatively large between currencies. The variations within the data can be more fully 

identified from Figure 6.3.A to Figure 6.3.F. For example, Russia shows considerably greater 

volatility, and this is particularly apparent around 2015. This is a reflection of the Russian 

                                                 
45 Available from <http://www.shibor.org/shibor/web/DataService_e.jsp> [Access date: 1 Feb 2020];  
 

http://www.shibor.org/shibor/web/DataService_e.jsp
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financial crisis 2014-2017 which saw a large devaluation of the Ruble in the second half of 

2014 and also the international sanctions placed on Russia that followed Russia’s annexation 

of the Crimea.  

 

 
 

The variation within the data does indicate that the subsequent analysis may be expected to 

show considerable between-country and across-time differences in the optimal currency 

portfolios that are to be estimated. 
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6.4 RESULTS: DCC-MGARCH ESTIMATES OF DYNAMIC VARIANCES AND COVARIANCES 

 

In order to estimate dynamic, or time varying, estimates of the optimal investment tranche 

portfolio, it is important that any estimation is done ‘out of sample’ or ‘back-testing’ (Cha, 

H.J. and Jithendranathan, T., 2009). This is not possible if the estimation of time-varying 

variance and covariance uses a single model covering the entire data set. For example, a set 

of portfolio allocations estimated at 5/01/2015 could not be made using data from a model 

that runs until 01/06/2019. In order to achieve out-of-sample estimation the data has been 

divided into a series of 10 rolling windows, as shown in Table 6.2. Each modelling period 

will consist of a four-year window, advancing in half-year steps. These will run from 

3/1/2011 to 3/6/2019. Each one-year period will contain approximately 250 daily data points 

which means that each modelling period will contain approximately 1000 observations. The 

optimal portfolios estimated (Section 6.5) will also be based on these same rolling windows. 

 

 
 

The results from the DCC-MGARCH analysis are presented in Tables 6.3.A to 6.5.B, Tables 

6.6-6.8 and Figures 6.4-6.6. These results are with respect to the Perfect Foresight dataset. 

The results with respect to the Random Walk dataset were very similar46, which are shown in 

the Chapter Appendix for comparative purposes. If reference is made back to Section 6.3, it 

can be seen that the difference between the two datasets relate to the interest yields on 

government bonds. It can be noted that during the period of the study interest rates were at 

historically very low levels. This would appear to be the main reason why there is such little 

difference between the two sets of estimated returns and the two sets of estimated conditional 

covariances (and also conditional variances which are not shown). 

 

                                                 
46 For Random Walk’s results: 
The MGARCH results are in the appendix from Table A.6.3.A to A.6.5.B; 
The autocorrelation results in the appendix from Table A.6.6 to Table A.6.8; 
The covariance results are in in the appendix from Figute A.6.4.1 to A.6.6.10; 
The optimal allocation results are in A.1 to A.6. 
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Tables 6.3.A to 6.5.B show the DCC-MGARCH model results for Russia, Canada, and the 

Philippines respectively. Each model is run 10 times for each country, as reflecting the 

periods shown in Table 6.2. Each model consists of 10 pairs of mean equations and variance 

equations with an associated DCC equation. The functional forms of the mean and variance 

equations reflect the issues discussed in Section 6.2.B.  

 

As indicated in Section 6.2.B the main consideration in determining the form of the mean and 

variance equations was to ensure that there was no autocorrelation in the residuals or squared 

residuals. As a consequence, each mean equation contains a lagged dependent variable term 

and the variance equations are a mixture of: EGARCH(1,1), JGRGARCH(1,1) and 

GARCH(1,1). Tables 6.6-6.8 show the autocorrelation tests with respect to the residuals and 

the squared residuals. The GARCH model assumes that standardized residuals are 𝐷𝐷.𝐷𝐷.𝑑𝑑., 

hence no autocorrelation and no remaining ARCH effects between the data. Therefore, the 

Ljung-Box Q-test has been performed for standard residuals and standard residuals square 

autocorrelation to examine if the standard residuals are random and independent over time. If 

the residual variable is white noise, it means there is no serial correlation, and residuals are 

homoscedastic. The null hypothesis is the residual variable is white noise, it is random or 

independent, i.e. H0, is for an absence of autocorrelation. These tests are shown with respect 

to the first and fifth lags. EGARCH was identified as the preferred form of the variance 

equation (See Section 6.2B). Where use of this resulted in autocorrelation GJR-GARCH was 

then considered. If autocorrelation was still present GARCH(1,1) was used. The test results 

presented in Tables 6.6-6.8 are the results for the final chosen model form. It can be noted 

from these results that this model selection procedure has largely eliminated any 

autocorrelation issue.  

 

If Tables 6.3.A and 6.5.B are considered in more detail they identify high levels of statistical 

significance with respect to mean equations, variance equations and also the parameters of 

the DCC-GARCH. For the DCC-GARCH, as long as the non-negative scalars satisfy the 

constraint 𝛼𝛼 + 𝛽𝛽 < 1, then the model is mean reverting. If the sum is equal to 1, the model 

will not mean revert, which will effectively mean that the series will be integrated to order 1. 

In the case of our models this does not present major issues.  

 



153 
 

A significant ‘𝛼𝛼’ coefficient value indicates that time varying correlations (and covariances) 

will vary appreciably over time, whereas the ‘𝛽𝛽’ parameter estimates the persistence.  

 

In the results, the ‘𝛼𝛼’ terms on most of the series from Tables 6.3 to 6.5 for Perfect Foresight 

are significate. This is reflected in the considerable variations shown in the time varying 

covariances presented from Figure 6.4.1 to 6.6.10. These show considerable differences in 

the volatility of covariances across the three separate countries, and considerable variations 

across time. For example, with respect to Russia, the financial crisis of late 2014 to 2017 

shows a considerable increase in covariance volatility levels. 

 

The finding that time varying covariances (and by implication variances) differ across the 

three countries and also across time, would suggest that the DMVO analysis is likely to 

produce considerable variations in optimal portfolios over time. This will be examined in the 

next sub-section. 
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6.5 RESULTS: THE OPTIMAL INVESTMENT TRANCHE PORTFOLIO   

 

In this section the results of a DMVO analysis are presented. As presented in Table 6.2.A, the 

time varying variances and covariances required for this analysis have been estimated with 

respect to ten individual periods using a rolling window in order to ensure that estimates 

undertaken in this section use an ‘out of sample’ (or back-testing) dataset.  

 

The DMVO procedure consists of solving a constrained optimization problem. The portfolio 

with the minimum risk (variance) for a given target return is identified. Or alternatively, a 

portfolio with the highest return, given a target variance is identified.   

 

The procedure consists of the constrained estimation of two equations: the portfolio expected 

returns and the portfolio risk. In this thesis the optimization procedures are undertaken using 

Excel Solver (Excel 2020).  

Et�Ri,t+1� = �wi,tEt�ri,t+1�
N

i=1

                 

𝑆𝑆.𝑇𝑇.  W𝑡𝑡
′Ωt+1Wt ≤ 𝜎𝜎2;     �wi,t

N

i=1

+ wf,t = 1,∀𝑡𝑡;     wi ≥ 0,∀𝑡𝑡 𝐷𝐷𝑎𝑎𝑑𝑑 ∀𝐷𝐷     

 

• Et(ri,t+1): the expected return on currency ‘i’ in the next period t+1; 

• wi,t: the weight of currency ‘i’ in the central bank’s portfolio in year t.  

• wf,t: the weight of risk-free currency in the central bank’s portfolio in year t. The sum 

of the weight for all the currencies in the portfolio are equal to one.  

•  ‘ri,t+1’: the return of all other currencies as risk currency in period ‘t+1’.  

• σ2: indicates volatility. It is the variance of the portfolio, it is a measure of risk, so this 

statistic can help determine the risk an investor might take on when purchasing a 

specific security. 

• Ωt+1: variance–covariance matrix of expected returns, which have been calculated in 

section 6.3). 

• rt: the return for foreign central banks  

• W𝑖𝑖: the weighting for each currency 

 



185 
 

The portfolio is estimated on the last day for each of the periods identified in Table 6.2.A. 

The expected return is measured in terms of the average return over the last 5 days of each 

period and the variances and covariances values are taken from the final conditional values of 

the respective periods estimated from the MGARCH models in Section 6.4.  

 

Deciding the target parameter in the constrained optimisation process does present an issue 

given the very low rates of interest over the period of the dataset. Yields actually fell to 

negative values over a number of periods for some of the currencies. On this basis it was 

decided that variance targeting would be more appropriate. This can be done by using the 

minimum variance portfolio as a benchmark and then considering variance targets relative to 

this benchmark.   

 

From Tables 6.9 to 6.11, they have presented the optimal weightings for each currency over 

each of the ten periods for the minimum variance benchmark portfolio (results for the 

Random Walk dataset are shown in the Chapter Appendix). These are shown with respect to 

both the Perfect Foresight and Random Walk datasets for each of the three countries being 

considered in the thesis. If, for example, the results for Canada are considered in Table 6.9, it 

can be observed that there is very little difference between the Perfect Foresight and Random 

Walk benchmark estimates. Where there is more variation in these benchmark estimates, 

however, is with respect to the three different countries, especially Russia. 

 

This thesis is mainly concerned with whether or not the Chinese RMB is likely to have a role 

in an optimal currency portfolio. Initial inspection of the benchmark from Tables 6.9 to 6.11 

suggests that this is likely to be the case, although the importance of the RMB does seem to 

vary considerably between countries. 
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The above benchmark analysis ignores one important issue: the possibility that external debt 

introduces a significant constraint on currency selection. Lots of researchers have found a 

strong connection between choosing reserve currency and trading volume, debt composition, 

and currency peg (Naameh, M., 2003; Papaioannou, E., 2006; Pringle, R. and Carver, N., 

2005). The primary reason for holding foreign reserve assets is to service external debts. That 

is the debt from foreign governments or institutions and the foreign currency-denominated 

debt securities. This avoids exchange rate risk, market disruption, as well as further currency 

risk to its debt portfolios. 

 

Thus, the external debt is added as a constraint by both Papaioannou, et al. (2007) and Wu, 

Y. (2007). They use a constraint of 50% of the external debt. For example, Russia in 2015 

had approximately 66.6 percent of its foreign debt issued in USD and 12 percent issued in 

EUR. Using a constraint of 50%, in period 1 (Jan 2011- Jan 2015) and period 2 (Jun 2011- 

Jun 2015), the Russian central bank would hold at least USD 33.3 percent and EUR 6 

percent.  
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The choice of a 50% constraint in these papers, however, appears arbitrary given that needs 

vary according to a country’s conditions in financial markets. Central banks do not disclose 

the ratio of foreign debt to reserve assets. Given that arbitrarily choosing 50% may not be 

appropriate, this thesis presents the results of constrains of 25%, 50% and 75%.  

 

These minimum variance benchmark results are presented with respect to the Perfect 

Foresight data set, the results are shown from Table 6.12 to 6.14. From the Figure 6.7.1 to 

6.7.3 show the optimal investment portfolio currency with External Debt Constrains 

Weightings for these three countries in the USD and the CNY under the Prefect Foresight. 

The results for the Random Walk dataset are shown in the Chapter Appendix from Table A.1 

to Table A.3. 
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In the final set of portfolios, the minimum benchmark constraint is relaxed. Four different 

target variances are examined: minimum variance, minimum plus 10 percent, minimum plus 

20 percent and minimum plus 30 percent. Target levels of returns are not examined due to 

very low, and sometimes negative, yield on government bonds during the period of the 

analysis.  

 

Tables 6.16 – 6.19 apply these different variance targets with respect to different external 

debt constraints. What is clear from these tables and their accompanying figures, is that both 

the target variance and the external debt constraint have a significant influence on the 

composition of the optimal portfolio and also that these optimal portfolios vary considerably 

over time.  

 

This thesis is primarily concerned with the role of the Chinese RMB in an optimal investment 

tranche portfolio. These results would appear to suggest that although the weighting of the 

RMB shows considerable volatility, it is likely to become an increasingly important part of 

any currency portfolio. The impact of any external debt constraint means that the importance 

of the RMB is likely to increase in the future as China increases its investment overseas. This 

is likely to be especially important in Africa and other areas being embraced by the ‘Belt and 

Road’ initiative.  

 

These minimum variance benchmark results are presented from Tables 6.15 to Table 6.17 

with respect to the Perfect Foresight data set, whereas the Figure 6.8.1 to Figure 6.8.3 

represent the different USD and CNY portfolio allocation based on these variances increase. 

The results for the Random Walk dataset are shown in the Chapter Appendix from Table A.4 

to Table A.6. 
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6.6 DISCUSSION OF RESULTS AND CONCLUSION 

 

This chapter focuses on the investment tranche of a reserve currency. It examines whether the 

RMB could play a role in this tranche of reserves which has not been examined previously in 

the literature. The results make a contribution to the literature as they show that the RMB has 

the potential to play an important role as a reserve currency in terms of the investment 

tranche.  

 

However, the analysis undertaken in this thesis suggests that creating an accurate model of 

investment tranche shares is problematical given that the results obtained are very sensitive to 

the modelling assumptions that are made. This is especially the case with respect to the 

‘targeting’ than a central bank uses and also the external debt constraint. It was noted in 

Section 6.1 that Lu, M. and Wang, Y., (2019) found that the optimal shares of the investment 

tranche of the USD and the EUR were very volatile between 2006 and 2014. In this thesis it 

has also been found that the optimal currency shares of the investment tranche were highly 

volatile from 2015 to 2019. 

 

Normally targeting uses a target return, which given the risk averse nature of central banks 

would be expected to reflect the returns on low risk assets. However, the period 2015-19 

holds very low and even negative yields on government bonds. This meant that it was 

necessary to use variance targeting in the thesis. There will, therefore, have to be a question-

mark hanging over this study in that it is not clear how relevant it would be if and when the 

world returns to ‘normal’ times. However, with the current COV-19 pandemic, a return to 

‘normal’ is unlikely in the short term. The problem is that if the method chooses other 

currencies with higher interest rates, it is likely to have a high impact on the outcome. 

 

In addition, the findings suggest that there may be considerable variation between countries, 

reflecting the differences faced by individual countries. For example, Russia’s modelling 

enabled the examination of a country in financial crisis, specifically the crisis that ran from 

late 2014 to 2017. Figure 6.5.2, for example, shows that during such a crisis period there was 

considerable volatility in the optimal shares of the USD and the CNY. The volatility found 

seems to be considerably greater than that modelled by Papaioannou, E. et al. (2006), albeit a 

study which refereed to a different time period and a different set of countries. 
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Also, with the minimum variance benchmark, these three countries hold quite wide different 

results for the optimal allocation reserve. For the CNY usage in perfect foresight situation, in 

the average of these ten periods, the well-developed country (Canada) holds the highest usage 

in 35.6, followed by the developing country (the Philippine) for 32.1 and the developed 

country (Russia) holds the lowest usage at 17.23. For these three countries, the overall 

performance of CNY is 8 percent less than the USD usage, as the second most used currency 

in this currency basket. These results indicated the CNY is working well as a low risk 

currency comparing with other currencies (EU19, GBP and JPY) for the investment purpose.  

 

Probably one of the most important findings of the study in this thesis is of the impact that 

any external debt constraint will have on a country’s investment tranche. This is an important 

issue for a risk averse central bank, if they take debt into consideration while making their 

investment decisions. It can be noted that a considerable proportion of the world’s external 

debt is currently USD denominated. Thus, as showed from Table 6.12 to 6.14, as the 

proportion of the external debt constraint rises, the USD share of the investment tranche 

increases considerably. Simultaneously, the CNY usage dropped its place significantly and 

step-by-step with the higher ratios of external debt constraints.  

 

More detailed, this method holds another condition for the minimum variance. In terms of no 

external debt constraint, the average of these three countries’ perfect foresight results shows 

that, the CNY’s usage is 28.3 and USD is 36.8. However, at the 75% of external debt 

constraint, the CNY downgrade to the third most used currency with an average of 22.0 

usage, while the USD increase its usage into 55.7 and strengthen its position as the most 

common currency. 

 

This chapter also tried to identify currency allocation under different variances with most 

suited external debt restrictions, along with maximum return priority. However, the result was 

chaotic, with no sustained currency growth during the ten periods, further demonstrating the 

sensitivity of allocation. 

 

So, what are the implications of this chapter’s findings for the secondary research question of 

the thesis? To identify the extent to which the RMB is likely to play a role in the investment 

tranche of international reserve currencies. All of these findings of the chapter suggest that 

the RMB is likely to play an important role, although the RMB share of the optimal portfolio 
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was found to be very volatile under most of the scenarios examined. The CNY would be a 

better investment currency than the EUR, GBP and JPY. 

 

However, this study demonstrates that additional restrictions may significantly reduce the use 

of the RMB as a reserve currency, in this methodology: external debt constraint. Also, there 

are other essential factors in choosing a reserve currency, such as liquidity and safety. 

Besides, there are other constraints, such as global influence and monetary policy, that could 

further reduce the usage of the CNY and meanwhile increase the weight of the USD. 

 

It has been identified elsewhere in this thesis that China is playing an increasingly important 

role on the world stage. Chapter 4 is the continued growth of China's global power, and 

Chapter 5 is a further forecast of the CNY over the next two decades. It is explicit to suggest 

that the CNY would play an increasingly important role in the future. China is increasing its 

external investment considerably through the ‘Belt and Road’ programme (SWIFT 2020) in 

Africa and also other developing regions. This suggests that the amount of CNY external debt 

is likely to increase considerably in the future and this would have significant implications 

for the CNY share of the investment tranche.  
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Canada MGARCH results for Random Walk from Table A.6.3.A to A.6.3.B. 

 
 

 
Russia MGARCH results for Random Walk from Table A.6.4.A to A.6.4.B. 
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The Philippine MGARCH results for Random Walk from Table A.6.5.A to A.6.5.B. 
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The Random Walk autocorrelation results in Table A.6.6 and Table A.6.8:  
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Figute A.6.4.1 to A.6.4.10: Canada – random walk 
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Figute A.6.5.1 to A.6.5.10: Russia - Random Walk 
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Figure A.6.6.1 to A.6.6.10: The Philippine – random walk 
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Optimal Investment Portfolio Currency with External Debt Constrains Weightings for three 

countries: Table A.1 – Table A.3  

 

 
 



221 
 

 
 

 



222 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



223 
 

The results for the Random Walk dataset for Optimal Investment Portfolio Currency with 

25% External Debt Constrains Weightings, are shown from Table A.4 to Table A.6.  
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CHAPTER 7: CONCLUSION 

 

This is the final chapter of the thesis. It provides a summary of the key findings and discusses 

the main conclusions that can be inferred from them. The chapter identifies the scope for 

potential future research in this area.  

  

7.0 SUMMARY OF THE MAIN FINDINGS AND THE CONCLUSIONS DRAWN FROM THEM 

 

The thesis identified that reserve currencies are held for a number of reasons and that the 

funds that a central bank holds can be seen in terms of a number of tranches. The thesis is 

centred around two research questions. The primary question focus on the total reserve 

currency demand for the RMB whilst the secondary research question focuses on the 

investment tranche of RMB reserve currency demand. 

 

• Primary research question: To identify the principal factors that determine reserve 

currency status and use this to model the extent to which the RMB will develop into 

an international reserve currency over the next two decades. 

 

Using a Clinometric-based methodology, an initial historical and theoretical survey is 

undertaken in Chapter 2 which identifies eight key variables which determine the demand 

for, and share of, reserve currencies. This combined an analysis of historical literature 

reviews of reserve currencies and the international monetary system, a review of currency 

management methods, and recent developments and economic theories.  

 

The econometric element of the Clinometric methodology with respect to this research 

question is undertaken in Chapters 3 and 5. Chapter 3 constructs a Panel data model of 

reserve currency shares which extends the work of Chinn, M. and Frankel, J.A., (2008). The 

results identify that countries’ share of world GDP, financial market strength and global 

trading strength are key positive influences on reserve currency shares. The inflation rate and 

its appropriate exchange rate are less important, whereas the investment aspect holds an 

adverse effect on reserve currency usage.  
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Chapter 5 applies the model, which developed in Chapter 3 to undertake a counterfactual, or 

‘what-if’ analysis based on a number of different future economic scenarios in order to 

forecast future reserve currency demand for the RMB until 204047. The econometric model 

that these forecasts of the RMB growth are based on, is predicated on what is a very strong 

assumption that Chinese financial markets will continue to develop, grow and liberalize in a 

way that will make a strong growth in RMB share possible. It should be noted that this will 

be necessary in order to meet the multi-faceted role of a reserve currency; roles which include 

aspects such as cross-border settlement and financing foreign investment.  

 

There are two set of scenarios that relate to high and low rates of Chinese economic growth 

with other variables predicted to adjust accordingly. Starting from a base case of an RMB 

currency share of 12.65 percent in 2018. In 2020, 2025 and 2030 respectively, the low GDP 

growth rate assumption model forecasts an RMB share of 13.63 percent, 16.74 percent and 

18.25 percent, while under the high GDP growth rate assumption the RMB share is forecast 

as 14.56 percent, 19.67 percent and 21.48 percent. In addition, the forecast model is extended 

with other variables other than GDP being held fixed, ceteris paribus, at 2030. Under this 

scenario, the RMB under the low GDP growth assumption will increase from 18.25 percent 

in 2030 to 19.36 percent in 2040. For the high GDP growth assumption, the RMB will 

increase from 21.48 percent in 2030 to 28.21 percent in 2040. 

 

The model forecasts that the USD will remain dominant with a market share of above 45 

percent in next two decades. Shares in the EUR, GBP and JPY are all expected to fall 

slightly, in return, the RMB is expected to rise. Although the RMB is forecast to become 

increasingly important the model suggests, that it is unlikely to challenge the dominant 

position of the USD, at least not for another two decades.  

 

A number of prominent commentators have debated whether or not the USD is likely to lose 

its dominant position and the world currency system switch from being unipolar to 

multipolar. They argue that distribution of economic power will change as the economic 

strength of developing countries increases, boosting the impact of these countries’ 

international roles. They suggest that there are three possible regional reserve currencies in a 

multipolar system: the USD dominant in the Americas, the EUR dominant in Europe, and the 

                                                 
47 Counterfactual analysis is usually undertaken on historical data. It has however been used in the Clinometric literature as a forecasting 
tool. For example, Huang, Y., Wang, D. and Fan, G., (2014). 



228 
 

RMB dominant in Asia. (Eichengreen, B., 2011; Bénassy-Quéré, A. and Pisani-Ferry, J., 

2011). The econometric results from this thesis holds a different view. Although the RMB 

status is likely to strengthen its significantly over the next two decades, the reserve currency 

system is still unipolar and globally dominated by the USD. The expectation is not so much a 

multipolar reserve currency system, but a USD-dominated unipolar market with a 

competitive fringe. With the fringe consisting principally of the RMB and EUR.  

 

Whilst the primary question focus on the total reserve currency demand for the RMB, the 

secondary research question focuses on the investment tranche of RMB reserve currency 

demand. 

 

• Secondary research question: To identify the extent to which the RMB is likely to 

play a role in the investment tranche of international reserve currencies. 

 

Chapter 6 applied a dynamic mean-variance optimisation technique to calculate a country’s 

optimal portfolio for reserve currency composition. This portfolio included RMB along with 

other leading reserve currencies. The goal of this research is to identify whether or not the 

RMB is likely to play an important role in the investment tranche of countries reserve 

currency portfolios. This study develops and extends the work of Papaioannou, E., Portes, R. 

and Siourounis, G., (2006). It produces a comparative study across three country-types 

involving: a developing country (Philippines), a middle-income developed country (Russia) 

and a well-developed country (Canada). 

 

Econometric models are developed across a number of different scenarios. First, exchange 

rates are estimated based on two different assumptions; perfect prediction (PF) and random 

walk (RW). Second, results are compared across countries with different income levels. 

Across all scenarios, the RMB had the second highest average share of 20 percent (closely 

following the USD at 22 percent). The RMB share was found to be the highest in Canada and 

the Philippines. The third scenario took into consideration an external debt constraint. 

Specifically, it was assumed that a risk constraint meant that the amount of external debt that 

a country holds in a specific currency would act as a constraint on their currency portfolio. 

Given that a large proportion of this debt is USD denominated, this increased the USD share 

of the optimal portfolio considerably. For example, using a 75 percent minimum constraint 
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ratio, the RMB share fell to an average of 13 percent, while the USD jumped up to an 

average of 53 percent. 

 

The results for this secondary research question do seem to indicate that the RMB is likely to 

play an important role in a central bank’s investment tranche. Given the importance of 

external debt constraints, this may become increasingly important to the increased level of 

investment related to China's ‘Belt and Road’ initiative. This will occur if, as expected, more 

RMB denominated debt is issued to developing countries. It has been argued in this thesis 

that the importance of the RMB as a reserve currency is likely to increase significantly over 

the next two decades. The exact manner in which it develops will depend on a number of 

factors, some which are known but many of which are unknown and possibly unknowable.  

 

One of these factors is the impact on the current COVID-19 virus pandemic on the global 

economy. The head of the IMF has said it would turn global economic growth 'sharply 

negative' in 2020, triggering the worst fallout since the 1930s Great Depression, with only a 

partial recovery seen in 2021 (Georgieva, G., 2020). In addition, the IMF have updated their 

GDP growth prediction online48. China is expected to maintain a positive GDP growth rate of 

1.2 percent by 2020, while both the U.S, and Europe will maintain strong negative growth 

rates, for (-5.9 percent) and (-6.7 percent). What affect will this have on world financial 

markets? What affect will it have on reserve currencies? No one can answer these questions 

yet but what can be certain is that a financial crisis can have a profound impact on the 

‘architecture’ of the global financial system. Will the Covid-19 pandemic lead to a global 

financial crisis and be a ‘Minsky moment’ (Wray, L.R., 2011) which results in profound 

changes in the reserve currency system? These are questions which cannot currently be 

answered and may have profound implications for the conclusions reached in this thesis. 

  

• Policy implication of the main finding: 

 

Chapter 4 summarizes China's reforms and policies designed to encourage other countries to 

use the RMB as a reserve currency. Analysis in this thesis has shown that, at present, China's 

financial market cannot compete with other major financial services sectors such as the U.S., 

                                                 
48 Available from <https://www.imf.org/external/datamapper/NGDP_RPCH@WEO/BRA> [Access date: 1 Jun 
2020]; 
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European, Japan, and the U.K. Whether China's financial markets will eventually equal the 

rest of the world's developed markets remains to be seen, but this is highly unlikely, at least 

not in the near future. As a result, it is unclear whether China's financial infrastructure and 

institutions meet the criteria needed to become a full-fledged reserve currency. For this 

reason, the RMB currently accounts for only a small share of cross-border settlement, 

financing of financial assets and foreign exchange transactions. These concerns have surfaced 

in a number of papers in the literature, for example Chinn, M. and Frankel, J.A. (2007), and 

Chitu, L., Eichengreen, B., and Mehl, A. J. (2012). Flaws in China's financial markets can be 

seen as a major obstacle to the RMB’s development as a global reserve currency (Huang, Y., 

Wang, D. and Fan, G.; Lee, J.W., 2014; Nixon, W., Hatzvi, E. and Wright, M., 2015; Otero-

Iglesias, M. and Vermeiren, M., 2015; 2014; Liao, S. and McDowell, D. 2016). 

 

In addition to problems with China's financial system, two other significant problems with 

the RMB limit its appeal in global markets. The first problem is Beijing's reluctance to 

liberalise the exchange rate fully and fully open the capital account. Moreover, because the 

RMB is not freely convertible, its global liquidity does not compare well with other major 

currencies (Aizenman, J., 2015). The second significant problem is the decline in China's 

GDP growth rate relative to the rest of the world since 2006. The model results in Chapter 3 

are based on the assumption that China's updated economic strategy will lead to maintenance 

of growth and avoidance of the middle-income trap. A significant fall in China's GDP growth 

relative to global competitors would shatter these assumptions. 

 

Chinese monetary authorities will need to focus on finding solutions to these three drawbacks 

if the RMB is to become a fully-fledged international reserve currency. In order to achieve 

this, this thesis makes five suggestions from the perspective of policy implications. These 

five suggestions would be best pursued simultaneously, which would increase market 

efficiency and confidence in the RMB and which in turn would increase its usage around the 

world as a reserve currency. These are:  firstly, to ease the limitation on its capital inflow and 

outflow and allow more foreign ownership of assets. Secondly, more policies are needed to 

encourage China's major trading partners to use the RMB in their global trade. For China's 

trading partners, improvements in trade invoicing and exchange rates could make the 

renminbi more attractive to reserve managers (McCauley, R.N. and Chan, T., 2014). Thirdly, 

government should encourage a further expansion of the RMB clearing at banks and also 

encourage a more fully developed currency swap market. This would provide more liquidity 
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and reduce the impact of the problem that the RMB is still a non-convertible currency (Song, 

K. and Xia, L., 2019). Fourthly, expanding the role of the AIIB to increase the use of RMB-

denominated assets, especially within the scope of the "One Belt and One Road" initiative. 

This will help further increase capital flows into China's financial markets and further 

liberalise the insurance and banking sectors. Fifth, develop a more flexible exchange rate 

regime (Prasad, E.S., 2016).  

 

It is unclear how far the government is likely to implement these five reforms. Chinese 

government authorities already know the issues relating to its financial markets and exchange 

rate system. Attempts are being made to move in the required direction. For example, China 

announced its plan for two main reforms in 2019: market-based exchange rate reform and the 

stabilisation of the position of the RMB within a fair international monetary system (PBoC 

2019). Currently, China is facing a number of problems which may limit its room to 

manoeuvre, such as slower economic growth and a trade war with the U.S. The Chinese 

government must have a priority, whether it is domestic rebalancing or internationalising its 

currency. Judging from a series of previous Chinese reforms, it is likely to be in favour of the 

former. 

 

7.1 LIMITATION FOR THIS THESIS 

 

There are two major limitations come from these two methodologies: 

 

Panel data modelling:  first, there are a number of data issues relating to missing data that 

limits the robustness of the analysis. For example, ten year’s missing data in respect to the 

‘foreign exchange market turnover’ (FXT) independent variable had to be estimated using 

extrapolation.  Secondly, reserve currency decisions of central banks are affected by a 

number of is non-quantitative factors that an econometric model cannot account for; for 

example, issues relating to political and policy considerations.  

 

Dynamic mean-variance optimal reserve currency portfolio modelling: first, the 

constraint in the model is the assumptions made in respect to for external debt. The results of 

the model vary considerably depending on what assumptions are used; this can be seen as a 

limitation to the robustness of the analysis. Second, in Chapter 6 extensions of the standard 
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DCC-GARCH model of Engle (2002) is used to capture the conditional asymmetries 

variances but no consideration is given to possible asymmetry effects in dynamic covariances 

and correlation.  The AG-DCC-GARCH of Cappiello et al. (2006) could have been applied to 

examine this issue.  

 

7.2 DIRECTION FOR FURTHER RESEARCH 

 

Although this thesis has answered a number of questions, a large number of significant 

questions remain in this area for researchers to explore and develop further. For example, the 

Panel data model developed in Chapter 3 could possibly be extended to consider a greater 

number of reserve currencies to increase the robustness of the results. In a similar vein, the 

dynamic mean-variance optimisation model of the investment tranche could possibly be 

extended and applied to more countries. There may also be a need to determine whether there 

are differences in the use of RMB in different regions. Furthermore, there might be further 

constrains on central banks that research could investigate. For example, future research 

could consider constrains based on ratios based on the proportion of GDP accounted for by 

international trading. 
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