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Abstract

:

Government bonds are one of the safest and most attractive instruments in the investment portfolio for private investors and investment funds. Although bonds are perceived as an alternative to bank deposits, a number of macroeconomic factors influence their yield. The goal of the research is to investigate the relationship between macroeconomic factors and the yield of government bonds. We use regression models on a dataset of 22 countries with post-industrial economics for ten years. The main criteria for selecting countries are membership in the Organization for Economic Cooperation and Development and inclusion in the Top-25 countries on the competitiveness index. The results revealed a negative association between the yield of government bonds and gold. Moreover, we indicate a positive association between the yield of government bonds and the following indicators—inflation, oil prices, and GDP per capita. In the case of the influence of population savings and the uncertainty index, we obtain inconclusive results. The study contributes to ongoing research in the field of financial management with respect to investigating determinants of the yield of government bonds.
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1. Introduction


For many years government bonds have been considered the most attractive investment portfolio tools (Tjandrasa et al. 2020). According to the traditional term structural models (Liu et al. 2009), the yield of government bonds is determined by three main factors: interest rate, default risk, and loss in the event of default. Nevertheless, a number of studies (Collin-Dufresn et al. 2001) have shown that indicated factors do not fully explain the yield of government bonds. That is why additional research is required. In the framework of this study, we reveal the existing gap from positions of macro factors. Thus, the main goal of the study is to examine the association between macro factors and the yield of government bonds.



We use a dataset of 22 countries with post-industrial economics in the period from 2010 to 2020. The selection for the countries is based on two main criteria—their membership in the Organization for Economic Co-operation and Development (OECD) and their rating in the Top-25 countries in the competitiveness index (The World Bank 2020). The choice of the countries is explained by the following aspect. These criteria ensure the existence of a developed stock market in the country. Moreover, it allows investigation of countries with great experience in financing their deficits due to expansive fiscal policy during near-zero interest rates. Moreover, in our panel data, we try to avoid a huge number of compromises, which in the future will have to be eliminated either by deleting observations for this year or by imposing restrictions. The presence of many emissions will be because one of the factors, for example, inflation, can have a much stronger impact on undeveloped and part of developing countries than on developed ones and thereby distort the importance of other factors. That is why our research is restricted to 22 countries.



We examine the association between macro factors and the yield of government bonds. Specifically, we focus on regression models. We take the yield of 10-year government bonds as the dependent variable. We analyse the influence of the following macro factors on the yield of government bonds. These are inflation rate, gold and oil prices, GDP per capita, population saving, uncertainty index, exchange rate, and foreign direct investments.



The result shows a significant number of macro factors, that influence the yield of government bonds. It reveals the negative association between the gold price and the yield of government bonds. Contrarily, the result reveals that the changes in the inflation rate, oil price, and GDP per capita bear the same direction as changes in the yield of government bonds. We obtain inconclusive results in relation to population savings and uncertainty index. The research also proves the insignificant influence of exchange rate and foreign direct investments on the yield of government bonds.



Our main motivation for conducting this research is to identify macroeconomic factors that may affect the potential earnings of both an ordinary private investor and the profitability of investment funds that decide to invest their funds in government bonds of countries with post-industrial economics. Moreover, our literature review revealed the gap concerning the modern analysis of the determinants of the yield of government bonds in developed countries (Kurniasih and Restika 2015; Nkwede et al. 2016; Pratiwi and Mustafa 2021). Most current research is focused on the analysis of developing countries. Our research fulfils the revealed gap.



This research contributes to the studies in financial management with respect to investigating the determinants of the yield of government bonds. The suggested regression model allows predicting the changes in the yield of government bonds depending on fluctuations of macro factors. It can be useful to investors in the construction of their portfolios. Moreover, according to the knowledge of the authors, it is one of the first studies analysing the influence of the uncertainty index on the yield of government bonds.



The paper is structured in the following way. Section 2 provides an overview of the theoretical and empirical background of the research. We discuss our dataset and methodology in Section 3. Our main results are presented in Section 4. Finally, Section 5 contains the discussion and conclusion.




2. Theoretical and Empirical Background of Research


Numerous studies have attempted to explain the association between macro factors and different types of bonds. Nevertheless, there is no consensus on what and how the factors affect the yield of government bonds. From a theoretical perspective, we base our research on the concept of financial management. The yield of bonds consists of a risk-free interest rate, and a yield spread that represents a premium for the various risks to each type of security (Ferreira et al. 2020). We identify the risks by analysing the influence of macro factors on the yield of government bonds. The conceptual model of research is presented in Figure 1.



The inflation rate can influence the yield of government bonds. In the case of Thai bonds, Paisarn (2012) revealed the negative significant influence of the inflation rate on the yield of government bonds. Siahaan and Panahatan (2019) proved the earlier mentioned results by analysing the Indonesian government bonds. Moreover, Permanasari and Kurniasih (2021) focusing on the other historical period in the case of the Indonesian government bonds, revealed that inflation does not affect the government bond yield. Contrarily, Kurniasih and Restika (2015) based on the regression analysis concluded the opposite view: the inflation rate and the yield of bonds have a positive relation.



Due to the high level of the inflation rate, coupon payments of bonds depreciate. This leads to the yield of bonds being insufficient to cover the inflation rate. Accounting for the relatively low yield of the government bonds (Sibbertsen et al. 2014), we suppose the following hypothesis:



Hypothesis 1 (H1).

The growth of the inflation rate has a negative effect on the yield of the government bond.





The changes in the price of resources can also significantly impact the yield of government bonds. Mostly, the impact may depend on the economy of a certain country and its status (importer or exporter) concerning certain resources. Pratama Dhony and his research group (2019) revealed a positive significant relationship between the gold price and the yield of the bond. At the same time, researchers did not find an influence of oil price on the bonds’ yield in Indonesia. Aretz et al. (2010) suggest the previous results in the part of gold price. Muharam (2013) contrarily found a positive association between oil price and bond yield. Based on the literature review, we propose the following hypotheses:



Hypothesis 2 (H2).

The growth of the gold price has a positive effect on the yield of the government bond.





Hypothesis 3 (H3).

The growth of the oil price has a positive effect on the yield of the government bond.





There is also no consensus regarding the exchange rate. In a number of studies, Blanka Francová (2017, 2018) revealed that exchange rate risk is positively associated with bond price and accordingly its return. Yusuf and Prasetyo (2019) came to the same conclusions. Nevertheless, Varirahartia and Marsoem (2022) highlighted that the exchange rate does not have a significant impact on the yield of Indonesian government bonds. Most international transactions are carried out in dollars, and it is possible to suggest that the weakening or strengthening of the domestic currency will affect the yield of government bonds. That is why we suggest the following hypothesis:



Hypothesis 4 (H4).

The growth of the exchange rate has a positive effect on the yield of the government bond.





Vanja Piljak (2013) identified that domestic macroeconomic factors have a higher level of influence on government bond yields than global ones. In the framework of research, the author focused mainly on domestic monetary policy stance and business cycle patterns. Nkwede and his research group (2016) also paid attention to the economic development of the country. Moreover, researchers mentioned the relevance of the set of indicators, including savings, and foreign direct investments, in relation to bond yield. The importance of the economic development of the country is also proven by Chinese scientists (Huang et al. 2019). The authors concluded that the growth of GDP and the business activity index led to the decrease of risk for bonds and accordingly a decrease in their yield. Pratiwi and Mustafa (2021) in their recent research revealed that gross domestic product does not affect the yield of 10-year government bonds in Indonesia.



In the framework of the current research, we analyse economic growth from the positions of three indicators. They are GDP per capita, saving of population, and foreign direct investments. We propose that these indicators are associated with business activity and the general development of the country. We propose the following hypothesis:



Hypothesis 5 (H5).

The economic growth of the country has a positive effect on the yield of the government bond.





The uncertainty index reflects the level of society at which they assess the risk due to an uncertain or ambiguous situation. Hites Ahir and his research group (Ahir et al. 2022) claim that the uncertainty index is growing worldwide. The reason for this is such major shocks as the Gulf War, the Euro debt crisis, the Brexit vote, and the COVID-19 pandemic. Avom et al. (2020) provided evidence that uncertainty directly reduces direct investments. To the same conclusions came Ho and Gan (2021). To the knowledge of the authors, there is no research focusing on the analysis of the association between the uncertainty index and the yield of government bonds. The growth of the uncertainty index reflects accordingly the growth of risks. That is why we test the following hypothesis:



Hypothesis 6 (H6).

The growth of the uncertainty index has a positive effect on the yield of the government bond.






3. Materials and Methods


In this study, we use regression models to analyse the association between macroeconomic factors and the yield of government bonds. Regression analysis is the most suitable tool for the following aspects. It allows simultaneous analysis of the influence of a large number of factors on one dependent variable. Moreover, the use of the regression model is a common tool in a number of studies, aimed at the analysis of the yield of securities, including bonds (Dhony et al. 2019; Huang et al. 2019; Liu et al. 2009).



The original dataset is collected based on databases by the Federal Reserve Bank of St. Louis and Macrotrends1. The study considers 22 countries, that are included in the Top-25 countries in the competitiveness index and members of OECD. The analysis period is from 2010 to 2020.



The descriptive statistics of the collected dataset are presented in Table 1.



In the framework of research, the dependent variable is the yield of government bonds. This study is based on a panel dataset of annual changes in government bond yield of developed countries. Panel data represent the most suitable tool for sample analysis with cross-sectional and time-series data. Our multiple linear regression model is built for analysis to determine the main macro factors affecting the yield of government bonds. In this case, the multiple regression analysis is the most suitable approach for the following aspects. It would enable the investigation of the impact of multiple explanatory variables on the yield of government bonds at the same time. Moreover, it is a common tool in several similar studies (Aretz et al. 2010; Nkwede et al. 2016; Huang et al. 2019). Furthermore, authors have developed models with fixed and random effects along with multiple linear regression. The models failed the Hausman test in the case of fixed effects and the Breusch–Pagan test in the case of random effects. This highlighted the preference for the multiple linear regression model.



The content of the model is set out in the equation, which is presented below:


Yield10Y = β0 + β1 × Inflation + β2 × Oil − β3 × Gold + β4 × Exchangerate + β5 × GDPPerCapita + β6 × WUIABS − β7 × WUIChange − β8 × Savings + β9 × FDI + ε



(1)







Based on the equation presented above, we create four different types of regression models. The first one includes all explanatory variables, the second—the amount of population savings, foreign direct investments, and uncertainty index; the third—the inflation rate, GDP per capita, and exchange rate, and the last—oil and gold prices.



As we have many explanatory variables and are more interested in the variables that would explain the greatest portion of the variance in the yield of government bonds, we perform a backward elimination. We eliminate the variable step-by-step with the lowest p-value until all the explanatory variables in the model become statistically significant at p < 0.05. In all the estimations, we control for heteroscedasticity and report robust standard errors for each coefficient estimate.




4. Results


The results of the regression analysis are shown in Table 2.



The final view of the model, which includes the influence of all significant macroeconomic factors, is the following:


Yeild10Y= −0.280 + 0.12 Inflation + 0.006Oil − 0.0006Gold + 0.00003GDPPerCapita



(2)







Figure 2 also provides the confidence intervals for the regression parameters in the case of including whole analysed explanatory variables.



Below, we also include the results of the diagnostic of the final model. Firstly, we calculate the variance inflation factor (VIF) to test for multicollinearity. The higher value of VIF (above five) indicates the existence of collinearity of the variables, included in the model. In Table 3, the calculations of VIF and tolerance are presented.



As the value of VIF is lower than five, there is no strong multicollinearity between included in the model variables. Moreover, we examine the normality of the residual distribution with the Shapiro–Wilk W test (see Figure 3).



In the analysed case the p-value exceeds 5%, indicating that the residuals are normally distributed. The next step of the diagnostic is the checking for homoscedasticity of residuals. One of the main assumptions of multiple linear regression is the homoscedasticity of the variance of the residuals. If the variance of the residuals is non-constant, then the variance of the residuals is heteroscedastic. In the case of heteroscedasticity, the value of the output variable depends not only on the change in the input variable but also on the relative value of this change. The presence of heteroscedasticity of random errors leads to the inefficiency of estimates obtained using the least-squares method. The result of the Breusch–Pagan test is presented in Figure 4.



The p-value is higher than 0.05. This allows accepting that the distribution of residuals is homogeneous. The results of the tests are recognized for the high quality of the presented model.



Contrary to the expectations (H1), we find that the growth of the inflation rate has a positive effect on the yield of government bonds for both models. The 1%—change in the differences in the inflation rate led to 12.8–14.3% changes in the differences in the yield of government bonds.



We observe the strongest support for (H2) and (H3). The changes in the price of resources can significantly impact the yield of government bonds. The obtained results prove the relevance of such factors in the case of gold and oil. The 1%- change in the differences in the oil price led to 0.6–1.3% changes in the differences in yields of government bonds. The 1%- change in the differences in the gold price has less influence on the changes in the differences in yields of government bonds. Nevertheless, such influence is statistically significant.



We do not find support for H4. According to the results of regression analysis, the growth of the exchange rate is recognized as statistically insignificant in relation to the yield of government bonds.



In the case of H5, we obtain inconclusive results. On one side, we find a positive association between GDP per capita and the yield of government bonds. Moreover, we observe the positive influence of the amount of savings of the population on the yield of government bonds. On another side, foreign direct investments seem to be statistically insignificant in relation to the yield of government bonds.



For H6, in the general regression analysis, we do not find a significant influence of the uncertainty index on the yield of government bonds. Nevertheless, the results of the second model have recognized it as a statistically important factor. The 1%- change in the differences in the uncertainty index led to 48.1% changes in the differences in the yield of government bonds.



Regression models show that the ones we have built are suitable for describing 22 countries at the same time and for each country separately, and the results will not differ much because the analysed countries are highly developed and have stable economies.



Our paper provides additional evidence in determining the relevance of macro factors in relation to the yield of government bonds. Regarding the inflation rate, we support the results obtained by Permanasari and Kurniasih (2021). The growth of interest rate has a positive effect on the yield of government bonds. This can be explained by the following aspect. The volatility of the inflation rate has an impact on investments in securities because the growth of the inflation rate is associated with the growth of risk of securities (including government bonds) and accordingly their yield (Nurfauziah and Setyarini 2004).



We also expand on the results of previous research concerning the price of resources (Aretz et al. 2010; Muharam 2013; Dhony et al. 2019). The prices of oil and gold have a positive association with the yield of government bonds. This highlights the dependence of analysed countries on resources, mainly gold and oil.



We reveal contrary results in relation to the exchange rate in comparison with previous literature (Francová 2017, 2018; Yusuf and Prasetyo 2019). The exchange rate has no impact on the yield of government bonds. The results can be explained by the features of the dataset. We are focused on the annual data. According to Syarif et al. (2021), the exchange rate has a short-term influence, and the regression analysis on the level of annual data can ignore this aspect. That is why future studies will be based on another level of analysis that can support or reject the current research.



Our paper provides inconclusive results concerning economic growth. We find that GDP per capita and savings of the population have a generally positive association with the yield of government bonds. The results expand on the previous research (Piljak 2013; Nkwede et al. 2016; Huang et al. 2019). Nevertheless, the results do not reveal the significant influence of foreign direct investments. In the framework of research, we focus mainly on the developed countries with post-industrial economies. The analysed countries may not depend on investing from outside and often act as such investors in emerging economies.



According to the uncertainty index, we obtain interesting results. In the general model, the factor is recognized as statistically insignificant. However, the analysis of the uncertainty index separately from other factors shows its relevance in attitude towards the yield of government bonds. To the knowledge of the authors, there is no previous research focused on the association between the uncertainty index and the yield of government bonds. Future research can continue and expand on the current research for the countries with developing economies.




5. Conclusions and Discussion


Our paper provides an expansion of the theories of financial management with respect to revealing the determinants of the yield of government bonds. The suggested regression models explain associations between macro factors and the yield of government bonds in developed countries. Most current research is focused on the analysis of developing countries. We expand on the existing studies with positions of analysing the countries with post-industrial economics. Moreover, according to the knowledge of the authors, this is one of the first studies, focusing on the influence of the uncertainty index on the yield of government bonds. The results may be useful to different types of investors in the process of their construction of portfolios.



The results reported above are subject to several limitations. First, the analysis is restricted to 22 countries, that are included in the Top-25 countries in the competitiveness index and members of OECD. The analysis period is from 2010 to 2020. Most of the analysed countries are developed countries with post-industrial economies. Second, our dataset is focused on the annual data. It may ignore the short-term influence of factors on the yield of government bonds. Moreover, it ignores the influence of one-off events. Third, the research is focused on government bonds. The focus on other types of bonds may also be interesting, especially in the case of analysis of the influence of the uncertainty index on the bond yield. Fourth, the study ignores the effect of time delay, because this analysis suggests a different approach to building a regression model. Finally, the analysis of factors on government bonds is restricted by simple multiple linear models. Further studies may consider more sophisticated nonlinear models (Giudici et al. 2020), which extend classical linear correlation models into a network-based approach.



Despite the above-mentioned limitations, our results are beneficial to regulators and investors concerning control and change predictions in the yield of government bonds depending on the changes in macro factors.
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Figure 1. The conceptual model of research. 
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Figure 2. The results of multiple linear regression for the 1st model, including whole analysed macro factors. 
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Figure 3. The results of Shapiro–Wilk W test. 
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Figure 4. The results of Breusch–Pagan test. 
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Table 1. The descriptive statistics of the dataset.
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	Variable
	Description
	Obs.
	Mean
	Std. Dev.
	Min
	Max





	Yield10Y
	the yield of government bond, %, the difference compared to the previous year
	220
	−0.322
	0.476
	−1.840
	1.187



	Inflation
	the inflation rate, %, the difference compared to the previous year
	220
	0.003
	0.997
	−2.970
	3.560



	Oil
	the oil price, USD, the difference compared to the previous year
	220
	−2.024
	17.043
	−44.510
	17.530



	Gold
	the gold price, USD, the difference compared to the previous year
	220
	72.733
	191.925
	−259.350
	380.390



	Exchangerate
	the exchange rate, USD, the difference compared to the previous year
	220
	0.0414
	.229
	−0.219
	1



	GDPPerCapita
	GPD per capita, USD, the difference compared to the previous year
	220
	486.804
	3967.479
	−22,663
	14,137



	WUIABS
	the uncertainty index, absolute value
	220
	0.259
	0.173
	0
	1.179



	WUIChange
	the uncertainty index, absolute value the difference compared to the previous year
	220
	0.0192
	0.168
	−0.577
	0.847



	Savings
	the amount of population savings, mUSD, the difference compared to the previous year
	220
	1.48 × 1010
	6.79 × 1010
	−2.32 × 1011
	4.94 × 1011



	FDI
	the foreign direct investments, mUSD, the difference compared to the previous year D
	220
	−1504.556
	50,232.390
	−268,112
	271,864
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Table 2. The final view of regression models.
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	Variable
	1st Model
	2nd Model
	3rd Model
	4th Model





	Inflation
	0.128 ***
	
	0.143 ***
	



	
	(0.032)
	
	(0.029)
	



	Oil
	0.006 ***
	
	
	0.013 ***



	
	(0.002)
	
	
	(0.001)



	Gold
	−0.000 **
	
	
	−0.000 ***



	
	(0.000)
	
	
	(0.000)



	GDPPerCapita
	0.000 ***
	
	0.000 ***
	



	
	(0.000)
	
	(0.000)
	



	Savings
	
	0.000 ***
	
	



	
	
	(0.000)
	
	



	FDI
	
	0.000
	
	



	
	
	(0.000)
	
	



	WUIABS
	
	0.004
	
	



	
	
	(0.216)
	
	



	WUIChange
	
	−0.481 **
	
	



	
	
	(0.228)
	
	



	Exchangerate
	
	
	0.153
	



	
	
	
	(0.128)
	



	Constant
	−0.280 ***
	−0.331 ***
	−0.346 ***
	−0.261 ***



	
	(0.030)
	(0.063)
	(0.029)
	(0.031)



	No. of obs.
	220
	220
	220
	220



	Adj. R2
	0.277
	0.047
	0.213
	0.214



	F stat.
	21.980 ***
	3.688 ***
	20.790 ***
	30.860 ***







Standard errors in parentheses: ** p < 0.05, *** p < 0.01.
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Table 3. The variance inflation factor.
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	Variable
	VIF
	1/VIF





	Inflation
	1.44
	0.696



	Oil
	2.24
	0.446



	Gold
	1.15
	0.873



	GDPPerCapita
	1.91
	0.523
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