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ABSTRACT 

Over the past few decades, governments have increasingly used bonds to acquire revenue to finance 
development and infrastructure projects. Several internal and even external factors influence the bond price as 
well as the bond yield rate. Developing countries use government bonds to finance developmental projects, but 
their bond yield rates are relatively high compared to developed countries, resulting in high levels of debt 
repayments. This study has the primary aim to analyse the relationship between the government bond yield and 
several macro-economic variables, including the exchange rate, repurchase rate, inflation and government debt. 
The study used South Africa as a proxy for developing countries. A quantitative methodology was used through 
the estimation of an econometric model using monthly time series data from 1994 to 2020. Government bond 
yield was selected as the dependent variable with independent variables including the exchange rate, the repo 
rate, inflation and government debt. Both long- and short-run relationships were found between the variables 
using the Johansen co-integration and vector error correction model (VECM) methods. These long-run 
results are important as they indicate that a depreciating exchange rate, rising interest rates and inflation, as well 
as rising debt levels, lead to increasing bond yields, which lead to increasing debt repayments. In conclusion, the 
results of the study indicated that a stable macro-economic environment is required for economic growth, while 
volatile exchange rates and yields do negatively affect growth; rising inflation does lead to rising repo rates, 
depreciating exchange rates; inflation should be contained within the inflation targets; and lastly, policy certainty 
is important to keep rates and yields stable, which could lead to investor confidence.                   
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1. INTRODUCTION 

Governments have used government bonds across the world as an important tool to raise 

funds and to influence monetary and fiscal policy (Chen & Bartle 2017:12). Income from 

government bonds is essential for public expenditure to support economic development and 

growth (Chen & Bartle 2017:10). Government bonds and the yields associated with bonds 

have an impact on most macro-economic variables. This study has its focus on government 

bond yields and the relationships with related variables such as the exchange rate, interest 

rates represented as the repurchase rate, inflation or consumer price index, and lastly, levels 

of government debt (Coroneo, Giannone & Modugno 2016:472). These variables have been 

selected as they are all important interrelated macro-economic variables that can cause 

changes in the monetary and fiscal position of a specific government. For example, the bond 

yield rate determines the level of interest the government must pay on the debt, and the size 

of debt affects bond prices and yields. Also, aspects such as the exchange rate and interest 

rates changes affect bond yields. An analysis of the academic literature indicates limited 

research in this field of research, especially relating to developing countries. The objective of 

this research is, therefore, to add to the research field by testing the relationship between the 

government bond yield rates and macro-economic variables as mentioned for South Africa, 

which is a developing country with rapidly rising debts and volatile exchange rates.  

 
The study is important as perceptions of the effectiveness and quality of governance are 

reflected in the bond yield rate, as well as in the exchange rate, which, in turn, could affect 

the economy and other variables such as inflation and interest rates. Results from this study 

could have implications for governments of developing countries across the world. The 

majority of governments of developing countries are struggling with low growth, a budget 

deficit and rising debt (Checherita & Rother 2010:9). This situation translates to volatile 

exchange rates and rising inflation and interest rates as well as rising bond yields, having a 

negative impact on the monetary and fiscal environment. From this problem statement, the 

research question under investigation in this study is: What are the relationships between 

government bond yields and other macro-economic and monetary variables in a developing 
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country? In this analysis, a number of econometric methods are estimated, which include an 

analysis of both long- and short-run relations and Granger causality tests.               

2. LITERATURE REVIEW 

2.1 Definitions and concepts  

The bond market can be classified as a flexible debt investment guarantee that certifies a 

rooted income for a certain period of time and is normally issued by a government or a 

private company (Hassan 2013:11; Sattar 2013:1). Government bonds act as a debt tool 

assurance issued by a government as a tool to finance some of its capital expenditure 

(Bratislav, Meceski & Srbinoski 2012:188). Bonds differ from the other types of investments 

because the investors provide capital to the issuer of the bond; however, the issuer has to 

pay the original amount borrowed plus the interest at a fixed rate, also known as yield (Baker 

& Mansi 2002:1368). The magnitude and growth of bond markets are highly influenced by 

the financing styles of organisations and authorities (Sharma 2001:1405). The financing 

styles of organisations are mostly based on the comprehensive financial settings in these 

nations, which are the intertwining links between government, banks and companies 

(Sharma 2001:1405). Due to the dynamic relationships between banks and government, the 

financing needs of organisations were more focused on other mediums such as equity 

where the risks are diversified, rather than focusing primarily on the bond market.  

 
Bonds play an essential role in diversified portfolios; however, it should be noted that any 

investment carries some degree of risk (Stifel Nicolous & Company 2012:1). According to a 

study by Legg Mason Investor Services (2018:1), the risks associated with bonds include 

aspects such as interest rate risks, prepayment risks, credit risks, default risk, as well as 

liquidity risk. Bond markets in a developing country such as South Africa are still at an early 

stage of development; however, the advancements of these markets are needed to uplift the 

financial markets (Mu, Phelps & Stotsky 2013:121). The expansion of bond markets is based 

on various important pillars, which include the macro-economic environment, primary, 

secondary and money markets, the investor’s foundation and the debt market structures 

(South African Reserve Bank (SARB) 2018:2). The refinement in the market foundations and 

regulations is pivotal for the development of the bond market (Ong 2005:19).  

 
Although bonds are mainly traded by its prices, the complex design of liquidity that the 

markets have, they are normally evaluated in connection with their yields (Jonasson & 

Papaioannou 2018:45). Choudhry (2019:321) explains that the price is an important 

component in order to evaluate the buying or selling price of bonds; however, the yield on a 
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bond is needed in order to compare the performances of bonds. The reason is that the price 

of bonds does not act as an exceptional indicator, because there are countless bonds with 

distinct coupons, issuers and periods to maturity (Choudhry 2019:321). The yield of 

government bonds, therefore acts as an indicator that depicts the fair value of the bond price 

(Afonso, Arghyrou & Kontonikas 2012:13). The yield curve is mostly established from a 

similar group of bonds such as government bonds or corporate bonds because they 

represent distinct groupings of risk (Place 2000:12). Place (2000:12) further reiterates that 

government bond yields display the rigidity of monetary policy, differentiate yields in different 

countries, evaluate values between government bonds, acknowledge the implicit forward 

rates and assist investors in assessing the various risks associated with the bonds.  

 
Prices in bond markets are relatively unpredictable due to various factors, which include the 

supply and demand for bonds within a country’s fiscal policy framework (Mega & Widayat 

2019:100; Schuknecht, Von Hagen & Wolswijk 2009:375). The results of frail fiscal policy or 

high credit risk are usually demonstrated in the increasing cost of borrowing, which can also 

be illustrated in the benchmark (Schuknecht et al. 2009:376). The relationship between bond 

market prices and yields can be illustrated in Figure 1. JP Morgan (2016) explains the 

inverse relationship between yield-to-maturity and the prices of bonds. Whenever the yield 

rate diminishes, the quality of bonds grows which results in lower-risk assets and 

consequently, increases the demand that drives the prices of bonds upwards.  

Figure 1: Yields decline effect on bond prices 

 

Source: JP Morgan (2016) 

In some scenarios, the bond prices are strained by internal factors such as a change in the 

bond rating and demand from shareholders. In contrast, the external factors include 

fluctuations in the overall activities in the macro-economic environment such as changes in 

exchange rates, inflation rates and interest rates (Mega & Widayat 2019:100). Legg Mason 

Investor Services (2018:3) states that interest rates fluctuate regularly and whenever they 

do, so does the value of bonds and yield. The relationship between bond prices and interest 

rates is inverted, meaning that low interest rates are associated with high bond prices, and 

vice versa (Mega & Widayat 2019:100; Zaloom 2009:247). The time period of the bond 

should always be considered as the platform for measuring the bond yield, and therefore the 

more prolonged the potential timespan of bond maturity, the more substantial the risk for 

Yields decline  
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Risk 
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fluctuations in the value of the bond (Legg Mason Investor Services 2018:3). According to 

the Investor Bulletin published by the U.S. Securities and Exchange Commission (2015:1), 

interest rate risks are unavoidable, especially for bonds with a long-run fixed coupon rate 

such as government bonds. For example, if the SARB introduces a 1% decrease in the 

interest rate, it will result in a higher fixed-rate bond price and eventually, a lower fixed-rate 

bond yield. Malkiel (1962:200) explained that even Keynes did not pay much attention to the 

relationship between bond yields and prices; however, he did predict that a drop in bond 

prices, correlated with a hike in interest rate, will counterbalance the yield rate significantly. 

The market value of a bond is fixed by four important elements, which include the principal 

amount of the bond, the coupon interest rate paid, the effective interest rate and the number 

of years to maturity (Malkiel 1962:200). The price of a bond is dependent on the market 

interest rate, and therefore this variable plays a critical role in the yield of government bonds 

(Wilcox & Falozzi 2013:293). Three important features influence the vulnerability to 

adjustments in interest rates. They can be described in Table 1, which stipulates that the 

lower the initial coupon rate is, the longer the maturity of the bond and low interest rates are 

subject to a higher sensitivity in market interest rates (Wilcox & Falozzi 2013:295).   

Table 1: Features influencing bond price vulnerability 

Feature 1 Feature 2 Feature 3 

Specified maturity and yield Specified coupon rate and yield Specified coupon rate and maturity 

↓ Low coupon rate → Longer maturity of bond ↓ Lower interest rate 

↑ Higher sensitivity to market 
interest rates 

↑ Higher sensitivity to market 
interest rates 

↑ Higher sensitivity to market interest 
rates 

Source: Own compilation compiled from Wilcox and Falozzi (2013:295) 

The SARB, as an independent monetary policy institution, manages policy through a variety 

of open market functions through the allocation of bills, allocating funds between markets 

and the state, altering interest rates (repo rate) and overseeing money market swaps (SARB 

2020a). The function of a monetary institution is, therefore, to have a monopoly over the 

supply and control of money (Handa 2002:267). One of the monetary policy instruments 

utilised by central banks is open market transactions to increase the monetary base by 

purchasing or trading its securities in exchange for money, thereby enlarging or reducing the 

supply of money (Fourie & Burger 2009:351). 

The chain reactions of applied policy instruments might be misleading in the sense of macro-

economic theory because the economy does not work in a mechanically predictable way 
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(Fourie & Burger 2009:353). Open market activities by a central bank can be illustrated by 

the IS-LM curve (Figure 2), whereby the purchases of bonds by government diminish the 

sum of bonds accessible in the market, which increases their price, and results in a lower 

yield          (Dornbusch, Fischer & Startz 2014:254). Dornbusch et al. (2014:254) further 

state that a lower interest rate could result in a smaller fragment of its wealth in securities 

(bonds) and a larger fraction in the form of assets (money) (equilibrium move from   to  ). A 

lower yield causes investment spending to increase from    to    depending on how 

sensitive the money demand is to the interest rate (Dornbusch et al. 2014:255). The 

transmission mechanism is the perfect example of how changes in monetary policy affect 

the aggregate demand. The growth in real balances causes portfolio disequilibrium, meaning 

people are holding more money than they want, which, in turn, causes a change in yields 

and asset prices (Dornbusch et al. 2014:258). The initial change in interest rates causes a 

change in aggregate demand and total output in the economy. 

Figure 2: IS-LM model showing the increase and movements in the real 
money stock 

  

Source: Dornbusch et al. (2014:255) 

2.2 Theoretical foundation  

Market expectations and the analysis of government bond yields are based on new 

macroeconomic theory such as the rational expectations equilibrium model (Breedon 

1995:160). According to Dornbusch et al. (2014:574), the rational expectations theory places 

emphases on the role of prediction and the importance of equilibrium where markets clear 

immediately and aspects such ‘external effects’ do not apply. The expectations theory is 

critical in modern economics because people use all pertinent knowledge in forming 

expectations of certain economic variables (Dornbusch et al. 2014:575). Economists and 

policymakers mostly use the expectations theory as a tool to forecast the movements in 

certain macro-economic variables (Russell 1992:37). Term structures are utilised as a point 

of reference to explain the expectations theory and can be defined as the correlation in the 
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group of yields with similar probability, liquidity features, but differ in terms of maturity (Irturk 

2006:3). The assumption made concerning the expectation theory is that when short-term 

interest rates are inflated, the yield curve tends to decline, and vice versa (Russell 1992:41). 

The expectations theory is more applicable to economic variables such as interest rates and 

consumer price inflation (CPI) and bonds in the financial markets, whereby the rates of 

return are based on current market conditions as opposed to conditions compared to prior 

years (Russell 1992:41). The relevance of the expectations theory in terms of government 

bonds is the fact that the yields are ‘forward-looking’ with ‘anticipated’ future spot rates 

(Thomas & Abderrezak 1988:154).  

Another theory, the efficient market hypothesis (EHM), also known as the ‘random walk’ 

theory, is based on the principle that macroeconomic variables such as consumer price 

inflation or interest rates fluctuate constantly. As a result, it is improbable to return to trend 

(Dornbusch et al. 2014:576). The EMH deals with some of the most profound problems in 

financing, such as the reasons why prices in bond markets change, and how it takes place 

(Clarke, Jandik & Mandelker 2001:1). The EMH is based on the principle that investors are 

unable to predict or forecast the value of the future yields of their investment decisions 

(Clarke et al. 2001:1). Specifically, even though investors’ techniques tend to predict future 

yields, the advantage gained does not exceed additional costs such as research and 

business costs, and therefore it is tough to outrival the market unless the investor invests in 

higher-risk assets (Clarke et al. 2001:2; Gabriela 2015:442). The EHM presumes that small-

scale companies with insignificant assets generally obtain more inflated yields than those of 

larger companies (Degutis & Novickytė 2014:8) and can be a useful theory to explain why 

investors make certain decisions at a certain point in time; however, it remains difficult to 

examine and have the same outcome, mostly due to the changes in the macro-economic 

environment (Gabriela 2015:442). 

Irving Fischer, an American economist, developed a famous equation that was based on the 

relationship between nominal interest rates and the expected rate of inflation Schwebach 

and Zorn (1997:84), and Phillips (1998:125) affirmed the important work of Fischer and 

included the determination of rates concerning financial markets, which include savings, 

portfolio earmarking and inflation targeting. The concept is based on the calculation of the 

real interest rate from current interest rates and inflation (Hördahl 2008:28). The sole 

obstacle faced by the theory over a period of time is the constant unavailability of quantifying 

changes in inflation (Cooray 2002:2).  
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Equation (1) is a mathematical illustration of the Fischer equation in modern economics: 

  
  =   

    +   
   ………………………………………………………………………… ………… 

(1) 

The symbol illustrated in equation (1) can be defined as    
    (real rate of interest) and   

    

can be regarded as the anticipated price changes, also known as inflation. In contrast, the 

symbol m is denoted as the bond to maturity (Phillips 1998:131). The Fischer equation is an 

appropriate theory in terms of financial empirical analyses and modelling mechanism for 

inflation expectations in light of risk portions associated with the type of yield coefficient 

(Balfoussia & Wickens 2005:21).  

2.3 Overview of empirical studies 

The analysis of empirical studies related to the study is divided in two sections, firstly the 

relationship between government bonds and the exchange rate and secondly between 

government bonds and other macro-economic and monetary variables. In terms of empirical 

studies on the relationship between government bond yields and the exchange rate, 

exchange rates are regarded as a dominant instrument in monetary policy. It influences 

inflation rates and total output, especially in small open economies. Stapleton and 

Subrahmanyam (1981) state that yields on government bonds are mostly affected by 

exchange rate volatility and country risk as well as factors such as default and duration that 

are relevant in the pricing of domestic bonds.  

Lace, Mačerinskienė and Balčiūnas (2015:150) studied the relationship between the 

Euro/US dollar exchange rate and the government bond yields in Germany, and the linear 

regression indicated that the model could calculate 6 per cent of the daily EUR/USD 

exchange rate. The study further indicated that whenever the government bond yield 

increases, the dollar tends to devalue against the euro (Lace et al. 2015:150). The study 

indicated that an increase in the European government bond yield resulted in the 

strengthening of the euro, and an increase in the US 10-year bond yields strengthens the 

value of the USD (Lace et al. 2015:151). In a similar study conducted in a developing 

country, India, examined the relationship between the USD and the Indian rupee and 

government bond yields (Shanmugam & Raghu 2017:1). The analysis indicated that there is 

a long-run relationship between the government bond yields to the USD/INR exchange rate 

in India. Gagnon (2009) examined exchange rate shocks and depreciation in developed 

countries and the subsequent reaction of government bond yields. The results indicate that 

inflationary expectations are the most important determinant of changes in bond yields. High 

and rising inflation, while rapid currency depreciation is in progress, could result in rising 
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bond yields. Dudzich (2020) assessed the relationships between exchange rate volatility and 

government bonds in emerging markets. Borrowing for developmental projects is a problem 

of emerging markets and could lead to rising foreign debt and a negative impact on 

economic growth leading also to financial instability and monetary policy problems. Main 

findings indicate that more stable real exchange rates lead to a positive government bond 

market. A study by Ngaruiya and Njuguna (2017:17), on the Nairobi stock exchange in 

Kenya, indicated that there is a positive link between exchange rates and bond prices, which 

was confirmed in a regression; however, there was no confirmation between bond yields and 

exchange rates. Gadanecz, Miyajima and Shu (2018) assessed the impact of the exchange 

rate in determining government bond yields in emerging markets including countries such as 

Brazil, Peru, Indonesia, Malaysia and Turkey. The results of the study indicated that the 

exchange rate influences government bond yields in terms of volatility and depreciation. The 

volatility impacts of exchange rate are reduced when foreign ownership of bonds is high, 

with relatively high levels of capital account openness and high levels of exchange rate 

flexibility. Gadanecz, Miyajima and Shu (2014), in a different study also on emerging 

markets focusing on countries such as Brazil, Chile, China, India, Russia, South Africa, 

Thailand and Turkey, and found that a depreciating local currency could lead to rising 

government bond yields, while other factors affecting the bond yield rates include interest 

rates, inflation and sovereign credit risks. Uncertainty in the economy negatively affects the 

local currency leading to volatility and also yield rates usually increase. 

Secondly, the relationship between government bonds and other macro and monetary 

variables are assessed. Claessens, Klingebiel and Schmukler (2007) analysed the 

relationships between government bonds and institutional and macroeconomic factors. The 

main findings of the study were that both institutional quality and macroeconomic factors are 

related to the government bond market in both developed countries (including Australia, 

France, Japan, Germany and Norway) and emerging economies (including Argentina, Chile, 

China, and South Africa). The size of an economy is the main factor affecting the bond 

market, while economies with well-developed financial systems, have larger domestic 

currency bond markets. Other factors that affect the government bond market are inflation, 

fiscal burden, and capital account openness. 

Theory predicts that there is a positive link between government bond yields and the national 

interest rates (Cecchetti 1988:1116). Manganelli and Wolswijk (2009) found that Euro region 

government bond yields are related to short-term interest rates as well as to the level of 

incentives for investors to take a risk. From a theoretical point of view, declining interest 

rates are related to lower government bond yields. Tarditi (1996), after an analysis of the 
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relationship between inflation and government bond yields, found the existence of a positive 

relationship, while Kumar and Baldacci (2010) found that bond yields rise under rising 

inflation expectations and bond yields rise with rising fiscal deficits. Afonso and Rault (2015) 

analysed the behaviour of long-run government bond yields in OECD countries using a 

dynamic panel approach. Results indicate that investors consider country differences arising 

from specific factors such as inflation, budgetary and current account imbalances, real 

effective exchange rates and liquidity. Afonso (2010), using panel data for 14 EU countries 

from 1998 to 2008, found that bond yields tend to increase in positive growth environments 

and with decreasing government debts. Favero, Giavazzi and Spaventa (1997) analysed the 

determinants of the interest rate differentials on government bonds in relatively high yield 

countries such as Italy, Spain, Sweden and Germany. They identified three components of 

total yield differentials, namely expectations of exchange rate depreciation, market 

assessment of default risk, and lastly different taxation treatment of long‐term yields.  

Presbitero, Ghura, Adedeji and Njie, (2016) assessed the ability of African countries to issue 

sovereign government bonds in developing countries. There has been a wave of sovereign 

bond issuances in Africa from 1995 to 2014. The study found that the determinants for 

countries to issue bonds are the size of the economy, higher levels of per capita GDP, lower 

levels of public debt, and more effective government. Platz (2016) analysed the use of 

municipal government bonds in developing countries for sustainable development. Regional 

governments need to issue bonds to finance large-scale capital investments but raising 

finance through such mechanisms remains rare and complex. Simu (2018) analysed the 

determinants of the Indonesian government bond prices and yields for the period from 

January 2015 to June 2016. The result indicates that yields have significant positive effect to 

government bond price; while maturity has significant negative impacts on the government 

bond price.  

Olaniyan and Ekundayo (2019) tested the impact of government bonds on the capital market 

and economic growth in the Nigerian market for the period 2010 to 2017. Results indicate 

that issue and value of government bonds’ positively and significantly affect the capital 

market leading to growth in the Nigerian stock exchange. Recommendations from the study 

indicates the promotion of the issue of more government bonds and finance should be 

channelled to productive sectors to promote an all-inclusive growth in the Nigerian economy. 

Gadanecz et al. (2014) found that weak fiscal positions lead to higher bond yields, while 

policy stability results in more stable bond yield rates. Akram and Das (2015) found that 

changes in short-term interest rates, changes in the rate of inflation and the rate of economic 

activity are leading drivers in changes government bond yields in India. This result indicates 
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that higher government debt deficits may not exercise upward pressures on government 

bond yields in India.  

In summary, a weakening and depreciating local currency could lead to lower government 

bond prices and, on the other hand, rising government bond yields through interest rate 

shocks, while changes in the exchange rate cause changes in the yield rates. The 

relationship between the bond yields and interest rates (repo rate) is positive, meaning lower 

interest rates will lead to lower bond yields. The same relationship exists between bond 

yields and inflation, which means that government bond yields and inflation rates may either 

be positive or negative. Lastly, rising government debt, which is caused by weak fiscal 

positions, also has a positive relationship with bond yields.     

3. METHODOLOGY 

A quantitative research methodology is utilised to study the relationships between 

government bond yields (also known as the R186), and other macroeconomic variables such 

as the exchange rate, repo rate and control variables, inflation and government debt. The 

time sample utilised in this study is based on monthly data from January 1994 to April 2020. 

The data were acquired from the SARB (2020:b, c & d) and Statistics South Africa (StatsSA) 

(2020). The simplest form of the model can be expressed in equation (2). 

                                ………………….……………..……..……..………….(2) 

Where Govbyd represents the government bond yield; Exchr represents the exchange rate; 

Repor represents the repo rate; CPI indicates the inflation rate; and Govdt represents 

government debt. The model will be transformed into a log-linear functional equation, as 

stated below in equation (3): 

            +           +           +                     ……….………………(3) 

Transforming the data to natural logs is mostly done to handle skewed data, especially if the 

data have a variety of data structures (Feng, Wang, Lu, Chen, He & Lu 2014:105). The 

research instrument employed in the econometric model is the vector autoregression (VAR) 

to evaluate the linkage between time-series data established on its own lags and the other 

variables part of the equation (Alexandru, Caragea & Dobre 2013:61). The basic VAR model 

consists of coordinated   endogenous variables whereby   = (  …,   …,   …). The VAR 

operation can then be depicted in equation (4) (Alexandru et al. 2013:60; Zivot & Wang 

2006:384). 

   =        +        …. +        +   ……………………    … ……………………..……(4) 
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In order to test what econometric model will be utilised in the study, i.e. ARDL cointegration 

equation or the Johansen cointegration equation, unit root tests are applied in the study. 

Nkoro and Uko (2016:64) state that an autoregressive distributed lag (ARDL) cointegration 

equation is most suitable when the variables in the equation are desegregated in non-

identical order, i.e. a combination of I(0) and I(1). The Johansen cointegration is utilised 

when the unit root testing indicates stationarity at first difference for all the variables in the 

equation (Wassell & Saunders 2000:6). Establishing and confirming the order of integration 

I(0) or I(1) etc., numerous unit root tests can be utilised to test the integration, which includes 

the ADF test (Dickey & Fuller 1979) as well the PP (Phillips & Perron 1988). The augmented 

Dickey-Fuller test is illustrated in equation (5) (Arltova & Fedorova 2016:49): 

   =    + θ     + ∑   
   
          +    ……………………………………………………………..(5) 

Where    = ∑    
   
   ,  and       accommodates predetermined parts of the model utilised.  

To test for stationarity in the PP (Phillips & Perron 1988), unlike the standard ADF 

(Augmented Dickey-Fuller) test, the Phillips and Perron test addresses aspects such as 

heteroscedasticity and serial correlation (Arltova & Fedorova 2016:49). Equations (6) and (7) 

are a presentation of the PP stationary test.  
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          , thus the 

    is illustrated as the test statistic of the DF test,   
  is the OLS estimator and      can be 

regarded as the maximum likelihood estimator and q is the number of lag covariates. If    is 

not correlated, then      = 0, for      and    
 =  

 , the restricted diffusion of the test statistics 

  is therefore not reliant on autoregressive variables of    process. The test statistics   are 

continuously diminished to     test statistics.  

Succeeding the outcome of the unit root testing, the next step is to determine the optimal lag 

length criteria for the model by utilising the VAR (vector auto-regression) model; however, 

depending on the outcome of the unit root testing, the cointegration test will be followed. The 

Johansen cointegration will be utilised in order to determine the cointegrating vectors for the 
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numerous variables (Dwyer 2015:1). According to Johansen, there are two kinds of tests to 

confirm the cointegration of variables in the long run, which include the trace statistics and 

the maximum eigenvalue test, and can be illustrated in equations (8) and (9) (Österholm & 

Hjalmarsson 2007:5): 

       =     ∑    
            ……………………………………………………………………(8) 

     =              ……………………………………………………………...……………(9) 

The results of both the trace statistic and the eigenvalue indicate whether there are any long-

run relationships between the variables. The results can be evaluated using evaluating the 

values for both the trace statistics and eigenvalue and whether the values are larger than the 

critical values at 5%. Following the long-run equation, the next step is to evaluate the short-

run estimates for the variables via the VECM. Pairwise Granger causality tests need to be 

estimated after the VECM, to determine causality among variables. 

4. EMPIRICAL ANALYSIS 

Figure 3 represents government bond yields, also known as the R186, from January 1994 to 

April 2020. The bond yield was relatively high at the beginning of the study period and 

peaked at 16.99% in May 1995. Since that period, the yield rate had declined to the lowest 

point of 6.09% in May 2013. The yield rate has, however, steadily increased again since 

then and, in April 2020, it reached 9.23%. Figure 4 illustrates the USD and rand exchange 

rate over the same period. A higher USD/ZAR exchange rate value indicates that the rand is 

depreciating against the USD. The local currency started in January 1994 at its lowest point 

over the total period at R3.41 to the USD. The rand then depreciated up to April 2002 to a 

value of R11.08 to the USD. It recovered up to 2005 to R5.97, but since then followed a 

volatile projectory to April 2020 with a value of R19.04 to the USD. The visual presentation 

seems to indicate some co-movements between the two variables. The four spikes in the 

exchange rate in 2002, 2008/2009, 2016 and in 2020 are also clearly visible in the 

movements in the bond yield rates.     

Figure 3: Government bond yields (R186) 
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Figure 4: USD/ZAR exchange rate 

 

 

 

 

 

Source: SARB (2020c) 

Figures 5 and 6 indicate the trends in the repo rate and CPI, respectively, since 1994. The 

graph for the repo rate shows some similarity with both bond yields and the exchange rate 

with similar shocks. The repo rate peaked in September 1998 at 21.85%, also in 2002 at 

13.5% and in 2008 at 12.0%. The repo rate in April 2020 was at a low point of 4.25%. The 

CPI trend line has shown a steady incline since 1994.    

Figure 5: Repo rate 

 

 

 

      

 

 
Source: SARB (2020d) 

Figure 6: CPI (consumer price index) 

 

 

 

 

       

Source: Stats SA (2020) 
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Figure 7 indicates the national gross loan debt in all forms of its debt instruments, which 

include both national and foreign debt incurred by the South African government. The gross 

loan debt levels were moderate from 1994 to 2008; however, after 2009, the total gross loan 

debt in rand increased exponentially from R632.0 billion to R3 425.0 billion at an annual 

increase of 40.2% per annum.  

Figure 7: Total gross loan debt in Rand (R) 

 

 

 

 

 

 
Source: SARB (2020d) 
 

Table 2 illustrates the results of the unit root tests. The ADF (Augmented Dickey-Fuller) test 

and the PP (Phillips-Perron 1988) test were used. The main result from the tests is that all 

variables are stationary at I(1). The null hypothesis of non-stationarity can be rejected at first 

difference I(1) for LGovbyd, LExchr, LRepor, LCPI and LGovdt. This result allows the use of 

the Johansen cointegration model to test for long-run relationships among the variables.  

Table 2: Unit root tests on individual variables (augmented Dickey-Fuller 
test) and (Phillips & Perron) tests 

Variable 
Level I(O) First difference I(1) 

Test result 
t-statistic  p-value t-statistic p-value 

(ADF) LGovbyd -2.489 0.3334 -12.241 0.0002* I(1) 

(PP) LGovbyd -2.6057 0.2781 -12.980 0.0003* I(1) 

(ADF) LExchr -2.4268 0.3649 -12.655 0.0002* I(1) 

(PP) LExchr -2.0575 0.5670 -12.480 0.0004* I(1) 

(ADF) LRepor -3.1560 0.1053 -7.1125 0.0010* I(1) 

(PP) LRepor -2.6160 0.2735 -13.921 0.0003* I(1) 

(ADF) LCPI -2.4515 0.3522 -1.8776 0.0477* I(1) 

(PP) LCPI -2.4612 0.3473 -8.8879 0.0025* I(1) 

(ADF) LGovdt -1.8809 0.9931 -1.6694 0.0492* I(1) 

(PP) LGovdt -0.5790 0.9792 -13.027 0.0001* I(1) 

Note: *denotes P-value at 5% level of significance 

Source: Own compilation 
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The next step in the process was to establish the VAR lag order selection criteria, and the 

following test criteria were used: Schwarz information criterion (SIC), the Hannan-Quinn 

criterion (HQC), the Akaike information criterion (AIC) and the likelihood ratio (LR) test. 

Utilising the Akaike information criterion (AIC), the value of excluding the inadequate form 

limitation is minimal, and it is also sufficient since it presents significant outcomes in 

choosing the most applicable VAR model. The optimal number of lags to be utilised in this 

study is four lags, as indicated in the VAR lag order selection criteria. 

The Johansen cointegration test to evaluate the cointegrating relationship among variables, 

in the long run, is listed as Table 3. The results of the Johansen cointegration indicate at 

least two cointegrating equations for both the trace test and the max-eigenvalue statistic at 

0.05 level. Furthermore, the null hypothesis of no cointegration, i.e. (r=0) can therefore be 

rejected at the 5% level because the trace statistics are higher than the critical numerical 

value at 5% (96.16582>69.81889) and (50.65113>47.85613) and similarly with the 

maximum eigenvalue test.  

Table 3: Johansen cointegration rank test 

Trace test Maximum eigenvalue 

Hypothesised 

No. of CE(s) 

Trace 
statistic 

Critical value 
at 5% 

p-value Maximum 
eigenvalue 

Critical value 
at 5% 

p-value 

None * 96.16582 69.81889 0.0001* 45.51469 33.87687 0.0014* 

At most 1 * 50.65113 47.85613 0.0267* 30.93700 27.58434 0.0178* 

At most 2 19.71413 29.79707 0.4424 12.00850 21.13162 0.5468 

At most 3 7.705632 15.49471 0.4974 5.022579 14.26460 0.7390 

At most 4 2.683053 3.841466 0.1014 2.683053 3.841466 0.1014 

Note: Max-eigenvalue and trace test indicate at least two co-integration equations at the 0.05 level * denotes 
rejection of the hypothesis at the 0.05 level 

Source: Own compilation 

The existence of cointegrating relationships between variables in the model and therefore, a 

long-run equilibrium can be established in the following log-linear functional equation (9): 

           + 0.2977       + 0.4792       – 1.2737     + 0.4455       - 0.2263..…(9) 

Equation (9) illustrates the long-run relationship between government bond yields (R186) as 

the dependent variable with exchange rates (LExchr), repo rate (LRepor), inflation (LCPI), 
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and government debt (LGovdt). Firstly, the relationship between the LGovbyd and LExchr 

suggests that a 1 percent increase in the LExchr could lead to a 0.29 per cent increase in 

LGovbyd. Similarly, an increase in the LRepor of 1 per cent could result in a 0.48 per cent 

rise in LGovbyd, which indicates a positive long-run relationship between the two variables. 

Interestingly, there is a negative relationship between LGovbyd and LCPI, meaning that a 1 

per cent increase in the LCPI could lead to a 1.27 per cent decrease in the R186. Lastly, a 1 

per cent increase in LGovdt could give rise to a 0.45 per cent increase in LGovbyd, 

stipulating a positive link between the two variables in the long run. 

As explained in the literature, there is a positive relationship between inflation rates and 

government bond yields, as indicated by Cecchetti (1988) and the results of the long-run 

equation indicated a similar result. Lace et al. (2015) indicated that when the yield of 

government bond increases, the currency will tend to devaluate against the dollar. The long-

run equation indicated a similar result, which showed that a depreciating currency, i.e. 

weakening exchange rate, will cause the bond yield to increase. Numerous studies have 

illustrated that the relationship between inflation rates and government bond yields is 

positive, i.e. rising inflation will cause government bond yields to rise (Kumar & Baldacci 

2010; Tarditi 1996). Francová (2017) illustrated that there is, however, a negative 

relationship between inflation rates and government bond yields and the long-run equation 

showed similar results. Gadanecz et al. (2014) found that a fragile fiscal position will lead to 

higher bond yields and the long-run equation indicated a similar outcome.  

Tarditi (1996), after an analysis of the relationship between inflation and government bond 

yields, found the existence of a positive relationship, while Kumar and Baldacci (2010) found 

that bond yields rise under rising inflation expectations and bond yields rise with rising fiscal 

deficits. Afonso (2010), using panel data for 14 EU countries from 1998 to 2008, found that 

bond yields tend to increase in positive growth environments and with decreasing 

government debts. A time-series regression by Francová (2017:1914) indicated a negative 

relationship between government bond yields and inflation rates, and the long-run equation 

showed similar results.  

Following the long-run analysis, the next step in the methodology was to evaluate the short-

run relationships between the variables using the VECM. Asari, Baharuddin, Jusoh, 

Mohamad, Shamsudin & Jusoff (2011:51) indicate that a significant and negative number in 

the cointegration equation 1 stipulates that any short-run variation between the dependent 

and independent variables is indicative of a significant long-run relationship among the 

variables. Table 4 illustrates the VECM and indicates that the co-integrating equation for 

LGovbyd presents the confirmation of a long-run relationship with the independent variables 
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with a negative coefficient of -0.0888 and a t-value of -3.1722, which is a statistically 

significant level of 5%, meaning that equilibrium is re-established over time. Short-run results 

highlighted from the VECM analysis include a significant positive impact of LGovbyd in the 

first lag on the dependent variable with a 0.22 coefficient; also the LRepor in the 1st lag has a 

positive, significant impact on the dependent variable with a coefficient of 0.13; interestingly, 

the results indicate that LCPI in the 2nd lag has a positive significant impact on the 

dependent variable; and lastly, LGovdt, also in the 2nd lag, has a positive and significant 

impact on the dependent variable.       

Table 4: Vector error correction model (VECM)  

Error correction LGovbyd  LExchr  LRepor  LCPI  LGovdt  

CointEq1 -0.0888 
(0.0280) 
[-3.1722]* 

-0.0042 
(0.0242) 
[-0.1747] 

-0.0030 
 (0.0270) 
[-0.1112] 

-0.0054 
(0.0029) 
[-1.8427]* 

0.0397 
(0.0082) 
[4.8341] 

DLGovbyd (-1) 0.2202 
(0.0715) 
[3.0777]* 

-0.0681 
(0.0619) 
[-1.0999] 

-0.0715 
(0.0690) 
[-1.0353] 

0.0288 
(0.0075) 
[3.8210]* 

0.0093 
(0.0210) 
[0.4470] 

DLGovbyd (-2) -0.1267 
(0.0777) 
[-1.6313] 

-0.1413 
(0.0673) 
[-2.0999]* 

-0.0765 
(0.0750) 
[-1.0201] 

0.0029 
(0.0081) 
[0.3591] 

-0.0041 
(0.0228) 
[-0.1803] 

DLExchr(-1) -0.0366 
(0.0806) 
[-0.4539] 

0.3506 
(0.0698) 
[5.0199]* 

0.0854 
(0.0778) 
[1.0977] 

0.0032 
(0.0085) 
[0.3789] 

-0.0392 
(0.0236) 
[-1.6583] 

DLExchr(-2) -0.0209 
(0.0848) 
[-0.2466] 

-0.0485 
(0.0735) 
[-0.6609] 

-0.0169 
(0.0819) 
[-0.2071] 

-0.0061 
(0.0089) 
[-0.6881] 

0.0192 
(0.0249) 
[0.7727] 

DLRepor (-1) 
 
 

0.1301 
(0.0646) 
[2.0140]* 

0.0882 
(0.0559) 
[1.5767] 

0.1835 
(0.0623) 
[2.9429]* 

0.0255 
(0.0068) 
[3.7564]* 

-0.0266 
(0.0189) 
[-1.4034] 

DLRepor (-2) 0.0230 
(0.0689) 
[0.3336] 

0.1467 
(0.0597) 
[2.4580]* 

0.2429 
(0.0665) 
[3.6497]* 

0.0163 
(0.0072) 
[2.2548]* 

-0.01524 
(0.0202) 
[-0.7531] 

DLCPI (-1) 0.4847 
(0.5677) 
[0.8538] 

-0.1515 
(0.4916) 
[-0.3082] 

1.0050 
(0.5481) 
[1.8336]* 

0.0905 
(0.0598) 
[1.5136] 

-0.1334 
(0.1666) 
[-0.8005] 

DLCPI (-2) 
 
 

1.5165 
(0.5743) 
[2.6405]* 

0.4747 
(0.4973) 
[0.9544] 

0.1161 
(0.5545) 
[0.2095] 

0.0368 
(0.0605) 
[0.6087] 

0.1732 
(0.1685) 
[1.0277] 

DLGovdt (-1) 0.1714 
(0.2025) 
[0.8462] 

0.5569 
(0.1753) 
[3.1755]* 

0.0546 
(0.1955) 
[0.2794] 

-0.0541 
(0.0213) 
[-2.5362]* 

-0.0089 
(0.0594) 
[-0.1505] 

DLGovdt (-2) 0.3383 
(0.1873) 
[1.8058]* 

0.1160 
(0.1622) 
[0.7155] 

0.0714 
(0.1808) 
[0.3948] 

-0.0208 
(0.0197) 
[-1.0540] 

0.0794 
(0.0549) 
[1.4439] 

Notes: *denotes significance at 5%. () denotes P-value; [] denotes t-stat 

Source: Own compilation 
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Table 5 is a presentation of the results of the Granger causality test. This explanation has its 

focus on the short-run causal relationships of the dependent variable with the independent 

variables. All of the independent variables have causal relationships with the dependent 

variable, LGovbyd, except for LGovdt. Both LExchr and LRepor do cause changes in the 

LGovbyd; while a bi-directional causal relationship exists between LCPI and LGovbyd. 

Results of causality between the independent variables also exist and are reported in Table 

5. 

Table 5: Pairwise Granger Causality Test 

Null hypothesis Obs P-value  Result 

LExchr does not Granger cause LGovbyd 

LGovbyd does not Granger cause LExchr 

315 0.0214* 

0.2731 

Unidirectional 

LExchr → LGovbyd 

LRepor does not Granger cause LGovbyd 

LGovbyd does not Granger cause LRepor 

315 0.0253* 

0.3285 

Unidirectional 

LRepor → LGovbyd 

LCPI does not Granger cause LGovbyd 

LGovbyd does not Granger cause LCPI 

315 0.0935** 

8.E-06* 

Bi-directional 

 

LGovdt does not Granger cause LGovbyd 

LGovbyd does not Granger cause LGovdt 

315 0.4779 

0.6688 

None 

LRepor does not Granger cause LExchr 

LExchr does not Granger cause LRepor 

315 0.4249 

0.0888** 

Unidirectional 

LExchr → LRepor 

LCPI does not Granger cause LExchr 

LExchr does not Granger cause LCPI 

315 0.0823** 

0.0123* 

Bi-directional 

 

LGovdt does not Granger cause LExchr 

LExchr does not Granger cause LGovdt 

315 0.0042* 

0.0005* 

Bi-directional 

 

LCPI does not Granger cause LRepor 

LRepor does not Granger cause LCPI 

315 0.0006* 

5.E-07* 

Bi-directional 

LGovdt does not Granger cause LRepor 

LRepor does not Granger cause LGovdt 

315 0.1874 

0.0233* 

Unidirectional 

LRepor → LGovdt 

LGovdt does not Granger cause LCPI 

LCPI does not Granger cause LGovdt 

315 0.1412 

0.9778 

None 

Source: Own compilation 

Lastly, several diagnostic tests were estimated to determine the stability of the models used 

in the study, including tests for serial correlation, heteroscedasticity, normality and inverse 

roots of AR characteristics polynomial test. The hypothesis for the diagnostic tests can be 

defined as follow: 
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  : Errors are not serial correlated and no evidence of heteroscedasticity, not normally 

distributed 

  : Errors are serially correlated and heteroscedasticity and normally distributed  

As shown in Table 6, it is shown that the p-value is above 0.05 for all of the variables, 

meaning the null hypothesis could be accepted, meaning that there is no serial correlation 

and no heteroscedasticity. 

Table 6: Diagnostics test 

Diagnostic test results 

Test Item p-value  Decision 

Serial Correlation LM test 0.1614 Do not Reject   : No serial correlation 

Heteroscedasticity Breusch-Pagan test 0.9610 Do not Reject   : No heteroscedasticity 

Normality Jarque-Bera test 0.1137 Do not Reject   : Variables normally 
distributed 

Source: Own compilation 

Figure 8 illustrates the inverse roots of the AR characteristics polynomial, which illustrates 

that all of the values are inside the unit circle. The approximate VECM is stable only if all the 

coefficients lie within the unit portion of the unit circle, and we can comprehend that all the 

coefficients are stable within the model (Simawu, Mlambo & Murwirapachena 2014:1428).  

Figure 8: Inverse roots of AR characteristics polynomial   
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5. CONCLUSION 

The levels of government bond prices and yields affect the broad economic and also 

monetary and fiscal policy environment of any economy. This study had the overall objective 

to test the impact of various macro-economic variables on the government bond yield rate. It 

is important to understand the relationships and the impact on the yield rate as the rate has 

an impact on government debt, for example. From the literature review section, the following 

important results from empirical studies are noted. A depreciating and volatile exchange rate 

could lead to lower government bond prices and requiring rising yield rates. The relationship 

between the bond yields and interest rates (repo rate) is positive, meaning lower interest 

rates will lead to lower bond yields. The same relationship exists between bond yields and 

inflation, which means that government bond yields and inflation rates may either be positive 

or negative. Countries with stable exchange rates displayed higher yield spreads and lower 

inflation rates. Rising government debt, which is caused by weak fiscal positions, also has a 

positive relationship with bond yields due to the rising risks levels. Yields on government 

bonds are mostly affected by exchange rate volatility and country risk, institutional quality, 

size of the economy, financial market diversity, as well as factors such as default and 

duration that are relevant in the pricing of domestic bonds.  

The main results from the analysis include: a long-run cointegration relationship was 

established between the variables included in the study, and long-run coefficients indicated 

the exchange rate (+0.30), repo rate (+0.48), CPI (+1.27) and government debt (+0.45). 

These long-run results are crucial as they indicate a depreciating exchange rate, rising 

interest rates and inflation as well as rising debt levels that lead to increasing bond yields, 

which, in turn, results in a negative impact on debt repayments. In the short run, government 

bond yield on the 1st lag affects the yield rate; also, the repo rate on the 1st lag affects the 

yield rate, CPI affects the yield rate on the 2nd lag, and lastly, government debt affects yield 

rates on the 2nd lag. These results confirm similar results from the long-run results indicating 

the significant relationships between variables included in this study. More short-run results 

from the Granger causality analysis indicated that all of the independent variables do cause 

changes in the yield rate and changes in the repo rate do affect the repo rate. The objectives 

of the study were achieved, and all types of relationships were determined and explained.  

The limitations of the study were that other possible variables could have been included in 

the model. For example, government bond prices could have been included, but the bond 

prices will form part of a follow-up study where the relationship between prices and yields will 

be the focus of analysis. Other variables, such as economic growth and financial markets as 

well as more fiscal variables, could be included in future studies. It is also anticipated that 
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several comparative studies will be conducted in the future between countries of different 

levels of development. As stated, this study field with a focus on government bonds has not 

been overly researched, and the potential exists for more in-depth studies in this field. It was 

fascinating to note the chain reactions or domino effect between the variables included in the 

study. The transmission starts with one or more of the independent variables or even an 

exogenous shock that could lead to exchange rate volatility affecting the yield rate. Rising 

yield rates could, in turn, then also impact on the independent variables such as government 

debt. Lastly, some policy recommendations: (1) a stable macro-economic environment is 

required for economic growth, while volatile exchange rates and yield do negatively affect 

growth; (2) rising inflation does lead to rising repo rates and depreciating exchange rates, 

and therefore inflation should be contained within the inflation targets; (3) policy certainty is 

important to keep rates and yield stable, leading to investor confidence; (4) quality and good 

effective governance are requirements for stable bond markets; and (5) diversified and well 

developed financial markets are needed for successful use and implementation of bonds 

markets as a tools to finance infrastructure for growth and development.                   
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