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Abstract 

This study provides evidence on the predictability and asymmetry effect of macro 
variables in areas where quantitative easing (QE) has been applied as a monetary 
policy. First, using the autoregressive fractional integrated moving average–
fractional integrated asymmetric power autoregressive conditional 
heteroskedasticity (ARFIMA–FIAPARCH) and autoregressive moving average–
asymmetric power autoregressive conditional heteroskedasticity (ARMA–APARCH) 
models on bond yield and exchange rate in four areas, namely, the United States, 
Japan, the United Kingdom, and the Eurozone, this study found that the volatilities 
of all areas where QE1 and QE2 were applied have long memory properties. Second, 
a unique feature of the ARFIMA–FIAPARCH and ARMA–APARCH models is their 
ability to determine the volatility asymmetry effect through the delta parameter. 
However, this study found that all variables in the four areas demonstrate strong 
evidence of the volatility asymmetry effect and that positive news has a stronger 
effect on QE volatilities than negative news when the ARFIMA-FIAPARCH models are 
employed.    

Keywords: Quantitative Easing, ARFIMA-FIAPARCH, ARMA-APARCH models  

1. INTRODUCTION 

Quantitative easing (QE) was first implemented by the Bank of Japan from 2001 to 

2006 to solve the problems of recession and deflation. QE was implemented in 2008 

when the global financial recession resulted from the US sub-prime mortgage crisis. This 

situation forced many banks and companies to close down, thus leading to recession and 

deflation, which had been getting more serious. Thus, a number of governments were 

forced to implement expansionary fiscal policy and expansionary monetary policy to 

rescue the economic system and deal with the liquidity risk. To address the liquidity risk, 

the US Federal Reserve Bank implemented the unconventional monetary policy of QE in 
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November 2008 for the first time, and QE11 and QE22 were applied in November 2010. 

The idea of the QE is to use large-scale asset purchase programs to inject a substantial 

amount of new money into the market. Longzhen et al. (2011) found that monetary 

supply responds more actively to both the inflation rate and the real output than to the 

interest rate. By creating a large amount of money, it decreases the long-term interest 

rate and relieves the pressure of demand on the capital market. David et al. (2011) 

revealed that the QE policy offers a significant positive effect of bank liquidity. After 

implementing QE in November 2008, the GDP growth rate increased and deflation turned 

into inflation. QE was also implemented by the Bank of Japan, the Bank of England, and 

the European Central Bank for collateralized debt obligations issued by public enterprises 

and governments. 

In empirical research, some studies support the effect of QE. Kurihara (2006) and 

Kimura and Small (2006) show that QE provides a positive benefit to the financial market. 

By implementing the QE monetary policy, the Bank of Japan helped the Japanese 

economy to overcome the recession and deflation effectively. However, Eric and Zakaria 

(2011) argue that QE aims not only to prevent further recession and deflation but also to 

stimulate both output and prices. Other empirical studies, such as those conducted by 

Heike and Sebastian (2011), indicate that QE shock not only leads to a significant matter 

but also to a temporary rise in output. Eric and Zakaria (2011) found that QE has a short-

term positive effect on activity and stock prices. The issue of whether QE results in long 

memory effect has received attention from researchers. Mantegna and Stanley (2000) 

indicate that when the long-term memory appears, the market will not immediately react 

to the information in the financial market but will respond to some information gradually 

over a certain period. Thus, price changes in the past may be used as significant 

information in the prediction of future price changes. If a variable has a long memory 

effect, historical data can be used to forecast the future returns so that it helps to 

increase the probability of speculative profits or the performance of hedging. These 

observations of long memory processes can provide a good description of various highly 

persistent financial time series. Tan and Khan (2010) and Baillie (1996) mentioned the 

significance of long memory in the financial market and also tested for evidence of long 

memory in volatility.  

                                                             
1 QE1 was implemented from November 2008 to March 2010. The policy injected US$200 billion in Agency 
debt, US$125 trillion in Agency Mortgage-Backed Security, and US$300 billion in government bonds. The 
total amount was US$1.75 trillion. 
2 QE2 was implemented from November 2010 to June 2011. The total amount injected was US$900 billion in 
government bonds. 
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The motivation of this research is to examine the implementation of QE, which 

influences the monetary variables (i.e., exchange rate and bond yield) in response to the 

monetary policy persistence or temporary shocks in Japan, the US, the UK, and the Euro 

zone. Long memory indicates that the shock of QE is persistent. Hsieh and Lin (2004) 

revealed that the financial tool with long memory can produce the predictable non-

random walk phenomenon, which increases the efficiency of implementing monetary 

policy. To investigate these hypotheses, this study utilizes the fractionally integrated 

autoregressive moving average (ARFIMA) processes, which first appeared in the work of 

Granger and Joyeux (1980) and Hosking (1981), wherein the different parameter is 

allowed to be a non-integer. The fractional integrated asymmetric power autoregressive 

conditional heteroskedasticity (FIAPARCH) and the asymmetric power ARCH models are 

also employed to verify a long memory and asymmetry in the exchange rate and long-

term interest rate variables.  

The literature relevant to this study includes the work of Kurihara (2006) on the 

relationship between the exchange rate and stock prices during the QE policy in Japan. 

Leila et al. (2004) used the iterated cumulative sums squares test ICSS model to examine 

the euro–US dollar exchange rate from 1999 to 2003. The results show that the euro does 

not have long memory properties and that the time series has an unstable covariance 

structure. Paul et al. (2009) found that the USD–ZAR exchange rate has a long memory 

from 1986 to 2007. Many studies have used the ARFIMA–FIAPARCH and ARMA–APARCH 

models to provide evidence of the dual long memory properties of stock returns and to 

predict the non-random-walk phenomenon in general. To the best of our knowledge, no 

formal empirical literature has yet studied the long memory properties of the exchange 

rate and the long-term interest rate variables in four areas (i.e., Japan, the US, the UK, 

and the Eurozone) using the ARFIMA–FIAPARCH and ARMA–APARCH models. 

As lagged returns can be utilized to predict future returns, the presence of a long 

memory in stock returns can shake the efficient market hypothesis. Studies on the 

ARFIMA–FIAPARCH and ARMA–APARCH models not only capture the long memory 

properties in return and volatilities but are also able to provide strong evidence of 

volatility asymmetry by examining the APARCH delta )(  parameter. The works of 

Mabrouk and Aloui (2010) and Tan and Khan (2010) provide empirical proof based on the 

stock market returns of Tunisia, Malaysia, and Thailand. 

The contributions of this paper are as follows. First, employing the ARFIMA–

FIAPARCH and ARMA–APARCH models on the bond yield and exchange rate, this study 

found that the volatilities of all areas that applied QE1 and QE2 have long memory 
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properties. Second, a unique feature of the ARFIMA–FIAPARCH and ARMA–APARCH 

models is their ability to determine volatility asymmetry through the delta )(  

parameter. However, this study found that all the variables in four areas show strong 

evidence of volatility asymmetry and that positive news has a more significant impact on 

QE volatilities than negative news using the ARFIMA–FIAPARCH and ARMA–APARCH 

models.    

The study is structured as follows. Section 2 explains the methodology of the 

ARFIMA–FIAPARCH and ARMA–APARCH models. Section 3 presents the data and empirical 

results. Section 4 provides the conclusion. 

2. METHODOLOGY 

2.1 ARFIMA model 

According to Granger and Joyeux (1980) and Hosking (1981), based on the series 

xt, t = 1, …,T, the ARFIMA(r, d, s) model can be expressed as follows: 

 

Ψ (L) (1 - L)d (xt – μ) = Θ (L)εt  ,                                                                           (1)  

εt = zt σt ,        zt ~ (0,1) ,                                                                                       (2) 

 where d stands for a fractional integration of a real number parameter, μ is the 

conditional mean, εt is the independent and identically distributed (i.i.d.) random 

variables with a variance σ2, and L is the lag. Moreover, Ψ (L) = ψ1L + ψ2L2 + …+ ψrL
r and Θ 

(L) = θ1L + θ2L2 + …+ θsL
s are the autoregressive (AR) and moving-average (MA) 

polynomials outside of the unit cycles, respectively.   

When d > 0 in Equation (1), the process of long memory exists in the long run. 

Specifically, for d ∈(0, 0.5) and d ≠ 0, the series is characterized by a covariance stationary 

process and mean reversion, with shocks disappearing in the long run; for d ∈ (0.5, 1), the 

series implies mean reversion unrelated to the covariance stationary process because 

there is no long-run impact of an innovation on the future values of the process. For d ≥ 1, 

the series represents nonstationarity and non-mean reversion. The process is referred to 

as the exhibit intermediate memory, for d∈ (−0.5, 0). 

2.2 FIAPARCH model 

To insert both the long memory and asymmetry features in the process of 

conditional variance behavior, Tse (1998) extended the FIGARCH(p, ξ, q) by creating the 
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function (|εt | - γεt )
δ of the APARCH process. Formally, the FIAPARCH (p, ξ, q) can be 

shown as follows:   

 

               σδ
t
 = ω[1 – β(L)]-1 + {1 – [1 – β(L)]-1 ρ(L)(1 – L)ξ } (|εt | - γεt )

δ,                                               (3) 

where δ, γ, and ξ are the model parameters. Likewise, 0<ξ<1 shows the volatility 

exhibition of a long memory process. The γ is indicated as the volatility asymmetry based 

on −1<γ<1, in which both the positive and negative returns of the same magnitude do not 

generate an equal degree of volatility. When γ>0, the negative shocks have a relatively 

greater impact on volatility than positive shocks, and vice versa.  

2.3 APARCH models 

Based on the study of Sébastien (2011), this paper considers a collection of daily 

returns (in %), yt = 100[log(pt) - log(pt-1)], where t = 1, 2, …T, and pt is the interest rate and 

exchange rate at time t. Given that the daily returns are often used to exhibit some serial 

autocorrelation, an AR(2) structure is fitted in the yt series for all specifications. 

Accordingly, the conditional mean of yt,, that is, μt, is equal to μ + ∑ψj (yt-j – μ). Several 

specifications for the conditional variance of εt are also considered.  

2.3.1 Normal APARCH 

By applying an extension of the GARCH model of Bollerslev (1986), Ding et al. 

(1993) measured the normal APARCH. The flexible ARCH-type model has at least seven 

GARCH specifications. The normal APARCH (1, 1) is defined as follows:  

σδ
t
 = ω + α1 (|εt-1 | - γ1εt-1  )

δ  + β1 σδ
t-1 ,

                                                                                                       (4) 

where ω, α1, γ1, β1, and δ are the parameters to be estimated. A nonnegative 

value of δ functions as the transformation of σt, and γ1 (-1< γ1 <1) reflects the leverage 

effect. Black (1976) and French et al. (1987) revealed a positive (negative) value of γ1, 

indicating that past negative (positive) shocks have a deeper impact on the current 

conditional volatility than past positive shocks. 

2.3.2 Student APARCH 

To illustrate the problem of unrelated “fat tails” of the return distribution for the 

normal distribution, the Student APARCH was formulated by using the standardized 

student distribution: 

εt = zt σt ,                                                                                                            (5) 

where zt is i.i.d t(0,1, ʋ). 
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2.3.2 Skewed-Student APARCH 

To extend the Student distribution, Fernández and Steel (1998) proposed the 

excess skewness and kurtosis by adding a skewness parameter. The innovation process z 

is skewed Student distributed if: 
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The density ƒ(zt|1/ ξ, ʋ) is the mirror of ƒ(zt|ξ, ʋ)  with respect to the (zero) mean, 

that is, ƒ(zt|1/ ξ, ʋ) = ƒ(-zt|ξ, ʋ). Consequently, the sign of log(ξ) indicates the direction of 

the skewness. The third moment is positive (negative), and the density is skewed to the 

right (left), if log(ξ) > 0 (<0).  

3. DATA AND EMPIRICAL RESULTS 

This study focuses on four areas (i.e., Japan, the UK, the US, and the Eurozone) 

that have implemented QE. The database of this study was collected from the 

International Financial Statistics, the Taiwan Economic Journal, and the Advanced 

Retrieval Econometric Modeling System. All variables are dated from January 1990 to 

December 2011, and all are monthly data. QE was implemented by the Federal Reserve 

System [QE1 (November 2008 to March 2010) and QE2 (November 2010 to June 2011], 

Bank of England [QE1 (March 2009 to February 2010) and QE2 (November 2011 to 

February 2012], European Central Bank (July 2008 to May 2010), and Bank of Japan 

(March 2001 to March 2006). This study uses two variables, the exchange rate and long-

term interest rate, to examine whether the time series variables have a long memory 
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effect after the QE implementation. The exchange rate used in this study is the US dollar 

index, GBP/US, EUR/US, and US/JPY. The long-term interest rate is used by the 10-year 

government bond yield.  

Table 1 shows the average exchange rates and the 10-year bond yield returns in 

four areas since 1990. In the bond yield, Japan had the highest average negative returns 

posted at -2.14%, whereas the bond yield of the Eurozone and the UK received the lowest 

average negative returns of -2.51% and -2.67% respectively. The exchange rate of the 

Eurozone had the highest average negative returns posted at -0.029%, whereas Japan 

posted the lowest average negative returns at -23.45%. Most of the samples are 

negatively skewed, and the kurtosis coefficients have leptokurtic distributions. The 

Jarque–Bera statistic for residual normality illustrates that the bond yield and exchange 

rate returns of the four areas are under a non-normal distribution assumption. The 

exchange rate and the bond yield volatility are illustrated in Figure 1. 

Table 2 reports the results of the ARFIMA–FIAPARCH model from 1990 to 2012. 

With 0 < d < 0.5, long memory was found in the returns of both variables (i.e., bond yield 

and exchange rate) in the four areas except bond yield in the Eurozone. When the returns 

on these variables have a long memory or long-term dependence phenomenon, 

observations in the long run will have the characteristic of self-correlation. The 

implication is that historical return data can be used to predict future return data because 

the observations are not independent of one another. This finding is consistent with the 

previous research, such as the works of Baillie (1996) and Mantegna and Stanley (2000). 

In the mean equation, the exchange rate for the Japanese Yen and the bond yields for the 

Euro area and Japan are non-stationary. The remaining variables of the US, the UK, and 

the Eurozone are characterized by stationarity. To confirm these findings, the ARFIMA–

FIAPARCH models verified that the exchange rate and bond yield volatilities of these 

areas have long memory properties. The UK’s exchange rate does not only have a long 

memory in its volatilities but also exhibits positive dependence in its returns. The 

predictable structure in the returns of this country may be a clear sign of market 

inefficiency, and investors may earn excess returns. This study also found that all of the 

countries included in the study displayed strong evidence of volatility asymmetry by 

examining the APARCH delta )(  parameters in which the values are all positive and 

significant at the 5% level of significance, except the bond yield of the UK. This result is 

also in accordance with the study of Kurihara (2006), which illustrates that when the 

Japanese economy recovered, the exchange rate still influenced the Japanese stock price. 

Inoue and Okimoto (2008) also found that the influence of the interest rate and exchange 

rate on the increasing output is effective after QE. 
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The estimation results of the ARMA–APARCH model that assumes the 

distributions of the normal and Student-t and Skewed-Student-t innovations in the period 

from 1990 to 2012 are shown in Table 3. The volatility component and the long memory 

parameters, (β), are all significant at 1%, thus indicating the long range memory 

phenomenon for volatilities. Moreover, the estimation of the fat-tailed parameter ν is 

statistically significant at the 10% level, with the exchange rate of the Japanese yen 

suggesting the usefulness of the Skewed-Student-t distribution in modeling the 

leptokurtosis of the estimated residuals. Furthermore, α is positive and significant at the 

5% for the bond yield and exchange rate in the US dollar index, the bond yield in Japan, 

and the exchange rate for the Eurozone, indicating a leverage effect for the negative 

returns in the conditional variance specification. ln(ξ) is significant only for the bond yield 

variable and is positive in the Eurozone (the density is skewed to the right). The 

implication is that the asymmetry in the Student distribution is not necessary for all 

variables to have the full model of the distribution of returns. Table 3 also indicates that 

all the countries included in this study display strong evidence of volatility asymmetry 

based on the APARCH delta )(  parameters, in which the values are all positive and 

significant at the 10% level of significance for the bond yield of the Eurozone. These 

findings support the conclusions of Kurihara (2006) and Inoue and Okimoto (2008), 

showing that the exchange rate and interest rate have long memory effects on the 

economy.  

If the time series has a long memory, prior observation and post observation are 

interdependent, indicating that the past shock will influence the series significantly. Xiao 

and Lin (2009) revealed that, if the time series has the characteristic of long memory, the 

influence of the random shock will affect the future value for a long time. Hsieh and Lin 

(2004) found that the financial tool with a long memory can produce the predictable non-

random walk phenomenon, which will increase the efficiency of implementing the 

monetary policy. This study used the dummy variable to represent the QE period, where 

the DUM1 is used for the QE1 period in all four areas, and the DUM2 is used for the QE2 

period in the US and the UK. If QE results in long memory, then it will affect the variables 

in the long term. These results are presented in Tables 4 and 5 with the ARFIMA–

FIAPARCH and ARIMA–ARPARCH models, respectively. 

Table 4 describes the results of the ARFIMA–FIAPARCH model in the period of 

1990 to 2012 with the dummy variables for QE1 and QE2. The long memory was found in 

the returns of both variables (i.e., bond yield and exchange rate) in the four areas except 

the bond yield in the UK and the Eurozone with 0 < d < 0.5. The coefficient of DUM1 (for 

QE1) is only significant at 5% for the bond yield variable in Japan. The coefficient of DUM2 
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(for QE2) is only significant at 10% for the bond yield variable in the UK. These results are 

consistent with those presented in Table 2 (estimated variables without dummy 

variables). However, in this case, the bond yield variable in the UK is insignificant. To 

confirm these findings, the ARFIMA–FIAPARCH models verified that the exchange rate 

and bond yield volatilities of these areas have long memory properties. The predictable 

structure in the returns for this country may be a clear sign of market inefficiency and 

may indicate that investors can earn excess returns. By examining the APARCH delta )(  

parameters, this study also found that all the countries investigated have strong evidence 

of volatility, in which the values are all positive and significant at the 10% level, except the 

bond yield of the UK. These findings are again in accordance with the findings on the 

estimation implemented without dummy variables and with the study of Girardin and 

Moussa (2011). This study proved that QE not only could prevent further recession and 

deflation but could also stimulate both output and prices considerably. This positive 

effect was reached through the interest rate factor. 

The estimation results of the ARMA–APARCH model, which assumes normal and 

Skewed-Student innovation distributions with dummy variables in QE1 and QE2, are 

reported in Table 5. The coefficient of DUM1 (for QE1) is only significant at 5% for the 

bond yield variable in Japan. The coefficient of DUM2 (for QE2) is insignificant at 10% for 

all the variables. For the volatility component, the long memory parameters, (β), are 

significant at 1% for the bond yield and exchange rate of the Japanese yen, the exchange 

rate of the UK sterling, and the bond yield of the Eurozone, indicating the long-range 

memory phenomenon for volatilities. In this case, these findings are again in accordance 

with those of the APARCH estimation without dummy variables. Many variables are 

significant at 1%, indicating that QE can influence the variables in the long term. Kurihara 

(2006) and Inoue and Okimoto (2008) demonstrated the influence of the interest rate and 

the exchange rate on the Japanese stock market, which effectively increased the output 

after QE. The estimations of the fat-tailed parameter ν are statistically significant at the 

1% level for the bond yield of the US and the UK, suggesting the usefulness of the normal 

distribution in the modeling of the estimated residuals. The α is positive and significant at 

5% only for the bond yield in Japan, which indicates a leverage effect for the negative 

returns in the conditional variance specification. Table 5 also reports that the bond yield 

in Japan and the UK under this study show strong evidence of volatility asymmetry based 

on the APARCH delta )(  parameters, in which the values are all positive and significant at 

the 1% level. Girardin and Moussa (2011) and Cúrdia and Woodford (2011) argue that the 

interest rate factor has a positive effect not only on preventing further recession and 

deflation but also on providing considerable stimulation to both output and prices. 
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4. CONCLUSIONS 

The global financial crisis prompted most major central banks to rely on 

quantitative easing. The first QE was applied by the Bank of Japan in 2001. Afterwards, 

the QE continued to be implemented in other places such as England, the US, and the 

Eurozone. This issue has attracted the attention of researchers, policymakers, and 

bankers. This study conducted an empirical examination of the long memory effect on the 

return and volatility of the macro variables in the QE period. 

Based on the results, this study makes the following conclusions. First, the results 

of the ARFIMA–FIAPARCH and ARMA–APARCH models confirm that the volatilities of all 

areas that applied the QE1 and QE2 as monetary policies have long memory properties. 

By including dummy variables in the models, this study proved that QE could affect the 

variables in the long term, as shown by the example of Japan. The variables in the four 

areas exhibited dual long memory properties in their returns and volatilities, respectively. 

The predictability in the volatility of these variables is a clear indication of market 

inefficiency, and it can also be regarded as an effective forecasting tool.  

Second, a unique feature of the ARFIMA–FIAPARCH and ARMA–APARCH models is 

their ability to determine volatility asymmetry through the delta )(  parameter. 

However, this study found that all the variables in the four areas show strong evidence of 

volatility asymmetry, which indicates that positive news has a more significant impact on 

QE volatilities than negative news when the ARFIMA–FIAPARCH model is employed. The 

US, the UK, and the Eurozone exhibited higher asymmetries in the exchange rate 

variables than in the bond yield variables. The bond yield variable demonstrated a lower 

asymmetry than the exchange rate because Japan was the first country to implement the 

QE policy. These findings point to the considerations that should be taken by researchers, 

policymakers, and bankers when they make plans and strategies in response to monetary 

policy, particularly in implementing another QE 
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Appendix 1 

Table 1: Descriptive statistics for the variables in QE 

 

Country  US Japan UK EU 

Items Bond yield 
Exchange 
rate Bond yield 

Exchange 
rate Bond yield 

Exchange 
rate Bond yield 

Exchange 
rate 

Obs. 268 203 265 267 266 267 265 203 

Mean (%) -0.0216 -0.0003 -0.0215 -0.2346 -0.0267 -0.0003 -0.0251 -0.0003 

Std.Dev(%) 0.2397 0.0363 0.2313 3.6020 0.1973 0.0468 0.1962 0.0363 

Skew. -0.1364 -0.2326 -0.2338 -0.5266 0.0716 -1.0069 0.3086 -0.2326 

Kurt. 1.3252 1.4327 11.024*** 2.8971 1.063*** 3.4475 0.1409 1.4327 

J-Bera 20.4410 19.1920 1339.2000 105.7100 12.752*** 177.3400 4.4253 19.1920 

Q(10) 24.7649** 12.9391 15.2670 26.1986** 21.1902* 18.9886* 29.0706** 12.9391 

Q2(10) 4.8713 58.5716** 51.4471** 14.4882 57.2643** 38.4674** 36.0395** 58.5716** 

KPSS 0.0283 0.1718 0.2760 0.0643 0.1102 0.0412 0.2010 0.1718 
Note: *, ** and *** are significance at 10, 5 and 1% levels, respectively; p-values are in parentheses. 
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Appendix 2: Figure 1: The exchange rate and the bond yield volatility 
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Appendix 3 

Table 2: Estimated ARFIMA-FIAPARCH model  

Country US Japan UK EU 

Items 
Bond yield 

Exchange 
rate Bond yield 

Exchange 
rate Bond yield 

Exchange 
rate Bond yield 

Exchange 
rate 

Model (1,1) (1,1) (1,1) (1,1) (1,1) (0,1) (1,1) (1,1) 

Ω 
-0.0232 0.0002 -0.0128 -0.2414 -0.0255 0.0009 -0.0298 0.0002 

 (0.0000)*** (0.9542) (0.0020)*** (0.0536)* (0.0000)*** (0.2304) (0.2788) (0.9542) 

d-ARFIMA 
-0.5048 0.0051 -0.1498 -0.1079 -0.2057 -0.8367 0.1177 0.0051 

 (0.0000)*** (0.9817) (0.2530) (0.1850) (0.1123) (0.0000)*** (0.4577) (0.9817) 

D 
0.7304 0.1588 0.5654 0.7411 0.3175 0.3309 0.5296 0.1588 

 (0.0042)*** (0.0459)** (0.0194)** (0.0001)***  (0.0415)** (0.0649)* (0.2752) (0.0459)** 

Β 
0.9864 -0.3447 0.2720 0.8968 0.2922 

- 
0.7618 -0.3447 

 (0.0000)*** (0.1673) (0.3522) (0.0000)*** (0.1382) (0.0000)*** (0.1673) 

γ1 
-0.8814 0.0716 0.1472 0.1984 0.2508 -0.2850 0.3183 0.0716 

(0.3027) (0.7827) (0.3949) (0.3770) (0.5579) (0.0459)** (0.3932) (0.7827) 

Δ 
0.9173 2.7938 2.1502 1.0358 1.5635 2.1278 1.9299 2.7938 

(0.0019)*** (0.0003)*** (0.0000)*** (0.0429)** (0.1333) (0.0001)*** (0.0014)*** (0.0003)*** 

Ν 
0.3194 0.0295 -0.0010 0.0791 0.0082 0.3071 0.0010 0.0295 

 (0.2997) (0.9381) (0.7727) (0.0780)* (0.7548) (0.9226) (0.6411) (0.9381) 

AIC -0.1159 -3.8370 -0.4740 5.3268 -0.5293 -3.3572 -0.4618 -3.8370 

Log(Ln) 26.533 400.4530 71.5620 -698.1330 79.4006 461.1880 72.1929 400.4530 

Q
2
(10) 10.0365 14.1384 1.0890 8.9351 3.9868 27.7104** 9.9470 14.1384 

Note: *, ** and *** are significance at 10, 5 and 1% levels, respectively; p-values are in parentheses. 
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Appendix 4 

Table 3: Estimated ARMA-APARCH model  

Country US Japan UK EU 

Items Bond yield Exchange rate Bond yield 
Exchange 
rate Bond yield Exchange rate Bond yield Exchange rate 

Model (1,1) (1,1) (0,1) (1,1) (0,1) (1,1) (1,1) (1,1) 

Ω 

-0.0121 -0.0002 -0.0218 -0.2630 -0.0299 0.0023 -0.0281 -0.0002 

(0.5465) (0.9296) (0.0356)** (0.2554) (0.1156) (0.3621) (0.0436)** (0.9296) 

α1 

0.0408 0.0472 0.5344 0.0178 0.0984 0.1130 0.0675 0.0472 

(0.6557) (0.0211)** (0.0182)** (0.3737) (0.3943) (0.4556) (0.2249) (0.0211)** 

β1 

0.8948 0.7013 
- 

0.9086 
- 

0.7209 0.8904 0.7013 

(0.0000)*** (0.0026)*** (0.0000)*** (0.0009)*** (0.0000)*** (0.0026)*** 

γ1 

-0.3164 0.1095 0.1609 0.2196 0.0170 -0.1458 0.1589 0.1095 

(0.0573)* (0.5908) (0.4915) (0.3966) (0.9689) (0.4777) (0.6144) (0.5908) 

Δ 

2.7520 4.2394 1.0816 3.1781 3.0645 2.2646 1.0980 4.2394 

-0.3913  (0.0000)*** (0.0377)** (0.0012)*** (0.0239)** (0.2472)  (0.8065)  (0.0000)*** 

Ν 

0.0011 0.0008 0.1277 2.1258 0.0046 1.4049 0.0089 0.0008 

-0.7811 (0.0003)*** (0.2641) (0.4004) (0.6631) (0.8833) (0.9265) (0.0003)*** 

Asymmetry 

0.0969 -0.0746 0.0549 -0.0699 -0.0529 -0.0548 0.1589 -0.0746 

-0.3475 (0.5339) (0.4873) (0.4464) (0.7472) (0.6619) (0.0646)* (0.5339) 

Tail 

6.5974 15.2826 3.2370 5.7860 6.5218 4.9961 341.8280 15.2826 

(0.0113)*** (0.3356) (0.0000)*** (0.0080)*** (0.0626)* (0.0008)*** (0.0000)*** (0.3356) 

Note: *, ** and *** are significance at 10, 5 and 1% levels, respectively; p-values are in parentheses. ξ is the asymmetry coefficient. If 

Ln(ξ)<0 (or ξ< 1) the density is skewed to the left. Thus, the VaR for long positions will be larger (for the same conditional variance) 

than the VaR for short positions. If Ln(ξ)>0 (or ξ>1), we have the opposite result. 
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Appendix 5 
Table 4: The ARFIMA - FIAPARCH model (with DUM) 

Country US Japan UK EU 

Items Bond yield 
Exchange 
rate Bond yield 

Exchange 
rate Bond yield 

Exchange 
rate Bond yield 

Exchange 
rate 

Model (1,1) (1,1) (1,1) (1,1) (1,1) (0,1) (1,1) (1,1) 

Ω 

-0.0239 0.0010 -0.0361 -0.5570 -0.0222 0.0013 -0.0316 -0.0001 

(0.0000)*** (0.7333) (0.0001)*** (0.1270) (0.0132)** (0.1910) (0.3115) (0.9964) 

DUM 1 

0.0423 -0.0013 0.0313 0.3986 0.0186 -0.0078 0.0043 -0.0243 

(0.2802) (0.93) (0.0151)** (0.4051) (0.7177) (0.5236) (0.9505) (0.2951) 

DUM 2 

-0.0292 -0.0107 
- - 

-0.0782 -0.0086 
- - 

(0.3688) (0.2955) (0.0811)* (0.2608) 

d-
ARFIMA 

-0.5199 0.0049 -0.2809 -0.1169 -0.0461 -0.9331 0.1277 0.2074 

(0.0000)*** (0.9801) (0.0834)* (0.5187) (0.8809) (0.0000)*** (0.5372) (0.5811) 

D 

0.7014 0.1662 0.6043 0.5435 0.3586 0.3663 0.5414 0.2106 

(0.0034)*** (0.0511)* (0.0057)*** (0.0126)** (0.1257) (0.0785)* (0.2379) (0.0445)** 

β1 

0.9884 -0.3444 0.2682 0.6641 0.3653 
- 

0.7649 -0.3935 

(0.0000)*** (0.0936)* (0.3409) (0.0000)*** (0.2979) (0.0000)*** (0.0391)** 

γ1 

-0.7628 0.0849 0.1858 -0.0911 0.3150 -0.2549 0.3592 0.2205 

(0.1205) (0.7011) (0.2787) (0.7169) (0.7401) (0.0656)* (0.4065) (0.5352) 

Δ 

0.7536 2.7262 2.2730 1.7411 1.2703 2.0542 1.8690 2.5046 

(0.0820)* (0.0000)*** (0.0000)*** (0.0886)* (0.3148) (0.0000)*** (0.0003)*** (0.0000)*** 

Ν 

0.3576 0.0539 -0.0011 0.3826 0.0146 1.0004 0.0012 0.2118 

(0.2546) (0.8980) (0.6297) (0.4095) (0.7865) (0.7995) (0.5708) (0.8285) 

AIC -0.1010 -3.8233 -0.4954 5.3915 -0.5274 -3.3502 -0.4589 -3.8488 

Log(Ln) 26.5300 401.0610 75.3889 -707.7630 83.1456 462.2480 71.8066 402.6540 

Q
2
(10) 9.9630 16.3736*  1.3278 7.8751 4.5752 25.3208** 9.2057 12.7201 

Note: *, ** and *** are significance at 10, 5 and 1% levels, respectively; p-values are in parentheses 
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Appendix 6 

Table 5: Estimated ARMA-APARCH model (with Dummy variables) 

Country US Japan UK EU 

Items Bond yield 
Exchange 
rate Bond yield 

Exchange 
rate Bond yield 

Exchange 
rate Bond yield 

Exchange 
rate 

Model (0,1) (1,1) (0,1) (1,1) (0,1) (1,1) (1,1) (1,1) 

Ω 

-0.0248 0.0009 -0.0411 -0.0416 -0.0316 0.0024 -0.0290 0.0001 

(0.1516) (0.8904) (0.0292)** (0.9337) (0.0806)* (0.3574) (0.079)* (0.972) 

DUM 1 

0.0590 0.0040 0.0330 -0.3540 0.0520 0.0040 0.0040 -0.0105 

(0.512) (0.859) (0.191) (0.585) (0.416)  (0.795) (0.926) (0.453) 

DUM 2 

-0.019 -0.008 
- - 

-0.039 -0.003 
- - 

(0.712) (0.656) (0.587) (0.707) 

α1 

0.0278 0.1047 0.4587 0.0346 0.0785 0.1043 0.0740 0.1190 

(0.2801)  (0.3870) (0.0838)* (0.7228) (0.5042) (0.4057) (0.168)  (0.225) 

β1 
- 

0.8509 
- 

0.9304 
- 

0.7254 0.8700 0.7260 

(0.1446) (0.0000)*** (0.0001)*** (0.0000)***  (0.113) 

γ1 

-0.2146 0.1017   0.0075 0.0037 -0.1486 0.1590 0.1330 

(0.2765) (0.8719) (0.6159) (0.9921) (0.9918) (0.4945)  (0.697) (0.465) 

Δ 

4.5517 1.7787 0.8432 1.8804 3.8332 2.4097 0.9780 2.7890 

(0.0000)***  (0.6966) (0.3666) (0.6068) (0.0000)*** (0.2094)  (0.725) (0.542) 

Ν 

0.0011 1.4472 0.1882 0.3809 0.0012 0.8721 0.0138 0.0930 

(0.0000)*** (0.9210) (0.5206) (0.8247) (0.0002)*** (0.8788) (0.888) (0.942) 

Asymmetry 

0.1022 0.0057 0.0935 -0.0984 -0.0701 -0.0538 
- 

-0.0490 

(0.4132) (0.9617) (0.2822) (0.5040) (0.7498) (0.6399) (0.705) 

Tail 

8.0315 9.7556 3.2180 4.8633 6.9247 5.0047 
- 

18.6290 

(0.0247)** (0.4563) (0.0000)*** (0.0082)***  (0.2255) (0.0011)*** (0.469) 

Note: The bond yield variables of Japan and Euro zone are estimated by Normal APARCH. *, ** and *** are significance at 10, 5  and 1% 

levels, respectively; p-values are in parentheses. ξ is the asymmetry coefficient. If Ln(ξ)<0 (or ξ< 1) the density is skewed to the left. 

Thus, the VaR for long positions will be larger (for the same conditional variance) than the VaR for short positions. If Ln(ξ)>0 (or ξ>1), 

we have the opposite result. 

 


