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Resumen: En este trabajo se presenta nueva evidencia sobre el comportamiento de la 
volatilidad de los principales tipos de cambio, centrándose en los componentes perma-
nente (largo plazo) y transitorio (corto plazo). Para ello, se lleva a cabo un análisis de 
causalidad para explorar su relación estadística e identificar influencias mutuas. Los re-
sultados sugieren que las perturbaciones sobre los fundamentos (que se identifican con 
el componente permanente de volatilidad) y sobre la confianza de los mercados (que se 
identifica con el componente transitorio) se refuerzan mutuamente, transmitiendo e in-
tensificando tensiones a escala global, creando una red compleja y estrechamente in-
terconectada. 
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Abstract: We present new evidence on the volatility behaviour of major exchange rates, 
focusing on their permanent (long-run) and transitory (short-run) components. To 
achieve this, we conduct a causality analysis to explore their statistical relationship and 
identify their mutual influences. Our findings indicate that shocks to economic funda-
mentals (which correspond to the permanent volatility component) and market senti-
ment (associated with the transitory volatility component) reinforce one another, trans-
mitting and intensifying tensions on a global scale, thus creating a complex and tightly 
interconnected network. 
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1. Introduction 

Analysing exchange rate volatility is crucial for several rea-
sons. First, it helps businesses and investors manage risk. 
Currency fluctuations can significantly affect the profita-
bility of transactions, investments, and international trade 
(see McKenzie, 1999; Görg and Wakelin, 2002; Goldberg, 
2009; and Lal et al., 2023, among others). By understanding 
the level of volatility, businesses can hedge against poten-
tial losses due to unfavorable currency fluctuations. Sec-
ond, assessing exchange rate volatility helps policymakers 
design appropriate monetary and fiscal policies (Wagner, 
2005). It can indicate economic stability or instability and 
guide decisions on interest rates and foreign exchange in-
terventions (Berganza and Broto, 2012). Third, understand-
ing currency volatility trends allows those involved in inter-
national trade, tourism, or remittances to plan more effec-
tively, reducing the potential negative effects of currency 
fluctuations on their financial situation (see, e. g., Agio-
mirgianakis et al., 2016; and Ilyas et al., 2024). Finally, 
high volatility can indicate underlying economic chal-
lenges, such as inflation or political instability, making 
monitoring important for market participants and analysts 
(Hays, et al. 2003; Menkhoff Taylor, 2007). 

In the companion paper (Morales-Zumaquero and Sosvilla-
Rivero, forthcoming), we examine the volatility of major 
currency exchange rates employing Engel and Lee's (1999) 
component-GARCH (C-GARCH) model to decompose volatil-
ity into permanent and transitory components and conduct 
a correlation analysis between these two volatility compo-
nents to explore their statistical relationship, unravel their 
mutual influence, perform principal component analysis on 
long-term and short-term volatility, and identify clusters 
among them.  

In this paper we offer further evidence by applying causal-
ity analysis between permanent and transitory volatilities 
to examine their statistical association between them and 
disentangle their mutual influence.  

The paper is organised as follows. Section 2 describes the 
econometric methodology adopted in this study. Section 3 
presents the data and the empirical result, and Section 4 
offers some concluding remarks. An Appendix provides de-
tailed analyses. 

2. Econometric Methodology 

The Granger (1969) approach to test for causality is based 
on the time series notion of predictability: given two vari-
ables, variable X causes variable Y if the present value of Y 

can be predicted more accurately by using the past values 
of X and Y than by using only past values of X. 

Following this approach, we run bivariate regressions of the 
form: 

𝑋𝑋𝑡𝑡 = 𝛼𝛼0 + ∑ 𝛿𝛿𝑖𝑖𝑚𝑚
𝑖𝑖=1 𝑋𝑋𝑡𝑡−𝑖𝑖 + ∑ 𝛾𝛾𝑗𝑗𝑌𝑌𝑡𝑡−𝑗𝑗 +𝑛𝑛

𝑗𝑗=1 𝜀𝜀𝑡𝑡      [1] 

𝑌𝑌𝑡𝑡 = 𝛼𝛼0 + ∑ 𝛿𝛿𝑖𝑖𝑚𝑚
𝑖𝑖=1 𝑌𝑌𝑡𝑡−𝑖𝑖 + ∑ 𝛾𝛾𝑗𝑗𝑋𝑋𝑡𝑡−𝑗𝑗 +𝑛𝑛

𝑗𝑗=1 𝜁𝜁𝑡𝑡      [2] 

for all possible pairs of currencies (X, Y) under examination 
and compute the Wald statistics for the joint hypothesis 
𝛾𝛾1 = 𝛾𝛾2 =. . . = 𝛾𝛾𝑛𝑛 = 0  for each equation. In the first re-
gression the null hypothesis is that Y does not Granger-
cause X, while in the second regression the null hypothesis 
is that X does not Granger-cause Y. 

3. Data and Empirical Results 

3.1. Data 

We utilise daily spot exchange rate data for 16 currencies 
against the US dollar, from January 4, 1999, to January 6, 
2023, obtained from the Federal Reserve Bank of St. Louis. 
The currencies include the Australian dollar (AUD), Brazil-
ian real (BRL), Canadian dollar (CAD), Swiss franc (CHF), 
Chinese yuan (CNY), European euro (EUR), British pound 
sterling (GBP), Indian rupee (INR), Japanese yen (JPY), 
South Korean won (KRW), Mexican peso (MXN), Norwegian 
krone (NOK), New Zealand dollar (NZD), Swedish krone 
(SEK), Singapore dollar (SGD), and South African rand 
(ZAR). These currencies account for 188.1% of the average 
daily turnover (BIS, 2022)1. 

3.2. Empirical Results 

3.2.1. Step 1: Permanent and transitory components 

The C-GARCH model allows a better understanding of vola-
tility dynamics and how shocks can influence foreign ex-
change markets across different time horizons. The perma-
nent component represents structural and long-term vola-
tility associated with more lasting changes in the economic 
and financial environment. In contrast, the transitory com-
ponent represents temporary and short-term volatility as-
sociated with events or shocks that affect the market im-
mediately but whose effects fade over time. 

Figure 1 displays the total, permanent, and transitory vari-
ance of daily spot exchange rates. As can be seen, we can 
identify several key patterns. First, the permanent volatil-
ity component is consistently higher than the transitory 
component across all currencies. Second, both the perma-
nent and transitory volatility components reflect the most 
significant events of the turbulent 21st century. 

 

  

 
1 Notice that since each transaction involves two currencies, the 
total percentage shares of the individual currencies add up to 200% 
rather than 100%. 
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Figure 1: Total, permanent and transitory variance of daily spot exchange rates 
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3.2.2. Step 2: Causality analysis 

We now present results from the Granger causality ap-
proach (1969) to explore the relationship between all pos-
sible pairs of currencies in our sample, both for the perma-
nent and transitory volatility components. 

Tables A1 and A2 in the Appendix report the value of F-Sta-
tistic used to test the null hypothesis that all the coefficients 
of the past values of the auxiliary variable are zero for the 
permanent and transitory components, respectively. 

On the one hand, the causality between the permanent 
components of volatility in different exchange rates may 
reflect the structural interdependence between countries 
or economies, suggesting the presence of common macro-
economic or political factors that influence the long-term 
stability of both economies. Analysing causality between 
these permanent components can also reveal how one 
country's monetary or fiscal policies might persistently im-
pact the volatility of other exchange rates. This is espe-
cially relevant for interconnected or emerging economies 
highly dependent on larger countries' political and eco-
nomic decisions, such as the US or the Eurozone. 

To help us to identify transmitters (drivers) and receivers 
(absorbers) of volatility among the currencies under study, 
Figure 2 displays the dense web of causal relationships 
among permanent volatility components. The direction of 
the arrows represents the direction of the causal connec-
tion between each exchange-rate volatility, where the 
black, red and orange links (black, grey and light grey when 
viewed in grayscale) correspond to the 1%, 5% and 10% of 
the significance level. As shown in Figure 2, the number of 
currencies transmitting volatility is generally smaller than 
the number of currencies receiving it. However, in many 
cases, causality operates in both directions. Specifically, 
the permanent volatility components of the currencies un-
der study form a complex and densely interconnected net-
work. Our results indicate that AUD, BRL, EUR, GBP, KRW, 
and ZAR are the primary recipients of volatility from other 
currencies. Additionally, JPY emerges as a significant trans-
mitter of volatility for other currencies. 

Figure 2: Pairwise Granger causality tests among perma-
nent volatility components 

 

Note: Black and red links (black and grey when viewed in 
grayscale) correspond to the 1% and 5% significant levels, 
respectively. 

On the other hand, causality between the transitory com-
ponents of exchange rate volatility reflects short-term ef-
fects, where temporary shocks—such as unexpected eco-
nomic events, market changes, or political announce-
ments—quickly spread across currency markets. This trans-
mission of transitory shocks is crucial for understanding 
contagion, especially during financial crises or geopolitical 
events. Short-term fluctuations in exchange rates are often 
driven by speculative expectations and investor reactions, 
making the causality between these components key to un-
derstanding how movements in one market can trigger fluc-
tuations in others. 

As can be seen in Figure 3, the number of currencies that 
transmit transitory volatility is smaller than the number 
that absorbs it, similar to the pattern observed with per-
manent components. The main absorbers of this volatility 
are the AUD, BRL, EUR, GBP, KRW, and ZAR, while the JPY 
and INR are identified as the key drivers. Furthermore, re-
sults in Figure 3 suggest that they create an even more com-
plicated and intricately linked network, significantly influ-
encing each other. This finding indicates that exchange 
rate movements in the short term are more interconnected 
and responsive to sudden market shocks or transient factors 
(reacting fast to temporary shocks, news, rumours, specu-
lative movements, or events, and these effects can spill 
over across currencies often leading to more pronounced 
causal relationships among currencies in the short term). 
At the same time, the permanent volatility components are 
influenced by more persistent and gradual economic trends 
or structural factors in the economy that are more gradual. 
Their impact is usually spread over time, meaning the rela-
tionships between permanent volatility components may be 
weaker because their effects unfold over a longer period 
and are less prone to abrupt changes that can lead to quick 
cross-currency causality. 
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Figure 3: Pairwise Granger causality tests among transitory 
volatility components 

 

Note: Black and red links (black and grey when viewed in 
grayscale) correspond to the 1% and 5% significant levels, 
respectively. 

4. Concluding Remarks 

By examining Granger causality between permanent and 
transitory components of volatility of various exchange 
rates, we can identify the channels of propagation of shocks 
and interactions between currency markets. At the perma-
nent level, causality may reflect global structural and po-
litical relationships affecting currency markets, while at 
the transitory level, causality could highlight the rapidity 
with which short-term shocks diffuse across markets. This 
provides a richer view of interdependence and volatility dy-
namics in a globalized financial system. 

Therefore, this study offers valuable insights into the be-
haviour of different components of exchange rate volatil-
ity, shedding light on key aspects that have not been suffi-
ciently addressed. 

Although it is imperative to recognize that the foreign ex-
change market is subject to a complex interaction between 
several factors, our results suggest that shocks to economic 
fundamentals (captured in the permanent volatility compo-
nent) and market sentiment (captured by transient volatil-
ity) feed each other, transmitting and intensifying tensions 
at a global level and creating an intricate and densely in-
terconnected network.  Notably, the causal relationships 
are particularly string among the transitory volatility com-
ponents, highlighting their critical role in understanding 
market behavior. This finding underscores the importance 
of considering both components together to fully compre-
hend the complexities of volatility dynamics. 

Regarding policy implications, the complex interrelation-
ships in the transitory volatility components call for a more 
proactive, flexible, and coordinated approach to managing 
currency fluctuations, with an emphasis on real-time mon-
itoring, adaptive policy responses, and enhanced financial 
stability mechanisms. 
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Appendix 

Table A1: Pairwise Granger causality tests among permanent volatility components 

Null Hypothesis:                                                                                               Obs.   F-Statistic      Prob.  

 BRR_US_PGARCH does not Granger Cause AUD_US_PGARCH  6021  11.3099 1.E-05 
 AUD_US_PGARCH does not Granger Cause BRR_US_PGARCH  31.5966 2.E-14 

    
     CAN_US_PGARCH does not Granger Cause AUD_US_PGARCH  6021  39.0063 1.E-17 

 AUD_US_PGARCH does not Granger Cause CAN_US_PGARCH  139.026 9.E-60 
    
     CHF_US_PGARCH does not Granger Cause AUD_US_PGARCH  6021  1.01959 0.3608 

 AUD_US_PGARCH does not Granger Cause CHF_US_PGARCH  3.63756 0.0264 
    
     CNY_US_PGARCH does not Granger Cause AUD_US_PGARCH  6021  1.01237 0.3634 

 AUD_US_PGARCH does not Granger Cause CNY_US_PGARCH  0.99222 0.3708 
    
     EUR_US_PGARCH does not Granger Cause AUD_US_PGARCH  5975  19.8591 3.E-09 

 AUD_US_PGARCH does not Granger Cause EUR_US_PGARCH  122.165 1.E-52 
    
     GBP_US_PGARCH does not Granger Cause AUD_US_PGARCH  6021  18.9818 6.E-09 

 AUD_US_PGARCH does not Granger Cause GBP_US_PGARCH  44.5463 6.E-20 
    
     INR_US_OK_PGARCH does not Granger Cause AUD_US_PGARCH  6020  0.99385 0.3702 

 AUD_US_PGARCH does not Granger Cause INR_US_OK_PGARCH  8.85677 0.0001 
    
     JPY_US_PGARCH does not Granger Cause AUD_US_PGARCH  6021  4.88767 0.0076 

 AUD_US_PGARCH does not Granger Cause JPY_US_PGARCH  13.5835 1.E-06 
    
     KRW_US_PGARCH does not Granger Cause AUD_US_PGARCH  6021  6.32758 0.0018 

 AUD_US_PGARCH does not Granger Cause KRW_US_PGARCH  503.350 7E-203 
    
     MXN_US_PGARCH does not Granger Cause AUD_US_PGARCH  6021  38.7249 2.E-17 

 AUD_US_PGARCH does not Granger Cause MXN_US_PGARCH  5.55789 0.0039 
    
     NOK_US_PGARCH does not Granger Cause AUD_US_PGARCH  6008  11.0082 2.E-05 

 AUD_US_PGARCH does not Granger Cause NOK_US_PGARCH  26.2899 4.E-12 
    
     NZD_US_PGARCH does not Granger Cause AUD_US_PGARCH  6008  38.4838 2.E-17 

 AUD_US_PGARCH does not Granger Cause NZD_US_PGARCH  34.1256 2.E-15 
 
 

   
     SEK_US_PGARCH does not Granger Cause AUD_US_PGARCH  6008  30.2899 8.E-14 

 AUD_US_PGARCH does not Granger Cause SEK_US_PGARCH  48.7816 1.E-21 
    
     SGD_US_PGARCH does not Granger Cause AUD_US_PGARCH  6021  17.5966 2.E-08 

 AUD_US_PGARCH does not Granger Cause SGD_US_PGARCH  19.1347 5.E-09 
    
     ZAR_US_PGARCH does not Granger Cause AUD_US_PGARCH  6008  11.6971 9.E-06 

 AUD_US_PGARCH does not Granger Cause ZAR_US_PGARCH  48.1562 2.E-21 
    
     CAN_US_PGARCH does not Granger Cause BRR_US_PGARCH  6021  0.17068 0.8431 

 BRR_US_PGARCH does not Granger Cause CAN_US_PGARCH  35.5488 4.E-16 
    
     CHF_US_PGARCH does not Granger Cause BRR_US_PGARCH  6021  0.51169 0.5995 

 BRR_US_PGARCH does not Granger Cause CHF_US_PGARCH  1.20344 0.3002 
    
     CNY_US_PGARCH does not Granger Cause BRR_US_PGARCH  6021  0.12644 0.8812 

 BRR_US_PGARCH does not Granger Cause CNY_US_PGARCH  0.29275 0.7462 
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 EUR_US_PGARCH does not Granger Cause BRR_US_PGARCH  5975  2.81552 0.0600 
 BRR_US_PGARCH does not Granger Cause EUR_US_PGARCH  35.2600 6.E-16 

    
 GBP_US_PGARCH does not Granger Cause BRR_US_PGARCH  6021  1.12829 0.3237 
 BRR_US_PGARCH does not Granger Cause GBP_US_PGARCH  15.0984 3.E-07 

    
     INR_US_OK_PGARCH does not Granger Cause BRR_US_PGARCH  6020  2.00348 0.1350 

 BRR_US_PGARCH does not Granger Cause INR_US_OK_PGARCH  2.54961 0.0782 
    
     JPY_US_PGARCH does not Granger Cause BRR_US_PGARCH  6021  9.93340 5.E-05 

 BRR_US_PGARCH does not Granger Cause JPY_US_PGARCH  9.10609 0.0001 
    
     KRW_US_PGARCH does not Granger Cause BRR_US_PGARCH  6021  1.83278 0.1601 

 BRR_US_PGARCH does not Granger Cause KRW_US_PGARCH  43.9281 1.E-19 
    
     MXN_US_PGARCH does not Granger Cause BRR_US_PGARCH  6021  55.5020 1.E-24 

 BRR_US_PGARCH does not Granger Cause MXN_US_PGARCH  2.90572 0.0548 
    
     NOK_US_PGARCH does not Granger Cause BRR_US_PGARCH  6008  0.59293 0.5527 

 BRR_US_PGARCH does not Granger Cause NOK_US_PGARCH  9.49883 8.E-05 
    
     NZD_US_PGARCH does not Granger Cause BRR_US_PGARCH  6008  7.14751 0.0008 

 BRR_US_PGARCH does not Granger Cause NZD_US_PGARCH  14.5185 5.E-07 
    
     SEK_US_PGARCH does not Granger Cause BRR_US_PGARCH  6008  5.49472 0.0041 

 BRR_US_PGARCH does not Granger Cause SEK_US_PGARCH  16.3223 9.E-08 
    
     SGD_US_PGARCH does not Granger Cause BRR_US_PGARCH  6021  6.96835 0.0009 

 BRR_US_PGARCH does not Granger Cause SGD_US_PGARCH  6.48646 0.0015 
    
     ZAR_US_PGARCH does not Granger Cause BRR_US_PGARCH  6008  2.35210 0.0953 

 BRR_US_PGARCH does not Granger Cause ZAR_US_PGARCH  13.9892 9.E-07 
    
     CHF_US_PGARCH does not Granger Cause CAN_US_PGARCH  6021  2.02305 0.1323 

 CAN_US_PGARCH does not Granger Cause CHF_US_PGARCH  5.43830 0.0044 
    
     CNY_US_PGARCH does not Granger Cause CAN_US_PGARCH  6021  0.12274 0.8845 

 CAN_US_PGARCH does not Granger Cause CNY_US_PGARCH  0.23769 0.7885 
    
     EUR_US_PGARCH does not Granger Cause CAN_US_PGARCH  5975  12.6313 3.E-06 

 CAN_US_PGARCH does not Granger Cause EUR_US_PGARCH  131.638 1.E-56 
    
     GBP_US_PGARCH does not Granger Cause CAN_US_PGARCH  6021  3.95521 0.0192 

 CAN_US_PGARCH does not Granger Cause GBP_US_PGARCH  23.9264 4.E-11 
    
     INR_US_OK_PGARCH does not Granger Cause CAN_US_PGARCH  6020  4.90724 0.0074 

 CAN_US_PGARCH does not Granger Cause INR_US_OK_PGARCH  5.97487 0.0026 
    
     JPY_US_PGARCH does not Granger Cause CAN_US_PGARCH  6021  15.4901 2.E-07 

 CAN_US_PGARCH does not Granger Cause JPY_US_PGARCH  2.05665 0.1280 
    
     KRW_US_PGARCH does not Granger Cause CAN_US_PGARCH  6021  107.508 1.E-46 

 CAN_US_PGARCH does not Granger Cause KRW_US_PGARCH  442.137 7E-180 
    
     MXN_US_PGARCH does not Granger Cause CAN_US_PGARCH  6021  39.0581 1.E-17 

 CAN_US_PGARCH does not Granger Cause MXN_US_PGARCH  7.76394 0.0004 
    
      

 NOK_US_PGARCH does not Granger Cause CAN_US_PGARCH 
  

6008 
  

2.43114 
 

0.0880 
 CAN_US_PGARCH does not Granger Cause NOK_US_PGARCH  12.9783 2.E-06 

    



 10 Amalia Morales-Zumaquero, Simón Sosvilla-Rivero  

     NZD_US_PGARCH does not Granger Cause CAN_US_PGARCH  6008  34.7881 1.E-15 
 CAN_US_PGARCH does not Granger Cause NZD_US_PGARCH  1.26218 0.2831 

    
     SEK_US_PGARCH does not Granger Cause CAN_US_PGARCH  6008  15.4867 2.E-07 

 CAN_US_PGARCH does not Granger Cause SEK_US_PGARCH  39.8083 7.E-18 
    
     SGD_US_PGARCH does not Granger Cause CAN_US_PGARCH  6021  3.38436 0.0340 

 CAN_US_PGARCH does not Granger Cause SGD_US_PGARCH  23.6553 6.E-11 
    
     ZAR_US_PGARCH does not Granger Cause CAN_US_PGARCH  6008  14.2029 7.E-07 

 CAN_US_PGARCH does not Granger Cause ZAR_US_PGARCH  7.67467 0.0005 
    
     CNY_US_PGARCH does not Granger Cause CHF_US_PGARCH  6021  1.10159 0.3324 

 CHF_US_PGARCH does not Granger Cause CNY_US_PGARCH  0.46799 0.6263 
    
     EUR_US_PGARCH does not Granger Cause CHF_US_PGARCH  5975  8.08070 0.0003 

 CHF_US_PGARCH does not Granger Cause EUR_US_PGARCH  21.2003 7.E-10 
    
     GBP_US_PGARCH does not Granger Cause CHF_US_PGARCH  6021  2.05660 0.1280 

 CHF_US_PGARCH does not Granger Cause GBP_US_PGARCH  0.95040 0.3866 
    
     INR_US_OK_PGARCH does not Granger Cause CHF_US_PGARCH  6020  1.01673 0.3618 

 CHF_US_PGARCH does not Granger Cause INR_US_OK_PGARCH  0.44996 0.6377 
    
     JPY_US_PGARCH does not Granger Cause CHF_US_PGARCH  6021  3.24879 0.0389 

 CHF_US_PGARCH does not Granger Cause JPY_US_PGARCH  0.62910 0.5331 
    
     KRW_US_PGARCH does not Granger Cause CHF_US_PGARCH  6021  1.79232 0.1667 

 CHF_US_PGARCH does not Granger Cause KRW_US_PGARCH  0.53291 0.5869 
    
     MXN_US_PGARCH does not Granger Cause CHF_US_PGARCH  6021  1.22101 0.2950 

 CHF_US_PGARCH does not Granger Cause MXN_US_PGARCH  1.62498 0.1970 
    
     NOK_US_PGARCH does not Granger Cause CHF_US_PGARCH  6008  3.13847 0.0434 

 CHF_US_PGARCH does not Granger Cause NOK_US_PGARCH  0.69032 0.5015 
    
     NZD_US_PGARCH does not Granger Cause CHF_US_PGARCH  6008  6.83680 0.0011 

 CHF_US_PGARCH does not Granger Cause NZD_US_PGARCH  1.57212 0.2077 
    
     SEK_US_PGARCH does not Granger Cause CHF_US_PGARCH  6008  11.1631 1.E-05 

 CHF_US_PGARCH does not Granger Cause SEK_US_PGARCH  0.12721 0.8806 
    
     SGD_US_PGARCH does not Granger Cause CHF_US_PGARCH  6021  2.67610 0.0689 

 CHF_US_PGARCH does not Granger Cause SGD_US_PGARCH  14.2559 7.E-07 
    
     ZAR_US_PGARCH does not Granger Cause CHF_US_PGARCH  6008  1.48204 0.2273 

 CHF_US_PGARCH does not Granger Cause ZAR_US_PGARCH  1.55676 0.2109 
    
     EUR_US_PGARCH does not Granger Cause CNY_US_PGARCH  5975  0.50054 0.6062 

 CNY_US_PGARCH does not Granger Cause EUR_US_PGARCH  17.0769 4.E-08 
    
     GBP_US_PGARCH does not Granger Cause CNY_US_PGARCH  6021  3.16470 0.0423 

 CNY_US_PGARCH does not Granger Cause GBP_US_PGARCH  0.65622 0.5188 
    
     INR_US_OK_PGARCH does not Granger Cause CNY_US_PGARCH  6020  6.20779 0.0020 

 CNY_US_PGARCH does not Granger Cause INR_US_OK_PGARCH  0.20917 0.8113 
    
     JPY_US_PGARCH does not Granger Cause CNY_US_PGARCH  6021  12.0362 6.E-06 

 CNY_US_PGARCH does not Granger Cause JPY_US_PGARCH  0.24699 0.7812 
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 KRW_US_PGARCH does not Granger Cause CNY_US_PGARCH  6021  0.78881 0.4544 
 CNY_US_PGARCH does not Granger Cause KRW_US_PGARCH  0.08567 0.9179 

    
     MXN_US_PGARCH does not Granger Cause CNY_US_PGARCH  6021  0.90391 0.4050 

 CNY_US_PGARCH does not Granger Cause MXN_US_PGARCH  0.77019 0.4630 
    
     NOK_US_PGARCH does not Granger Cause CNY_US_PGARCH  6008  1.18384 0.3062 

 CNY_US_PGARCH does not Granger Cause NOK_US_PGARCH  0.15021 0.8605 
    
     NZD_US_PGARCH does not Granger Cause CNY_US_PGARCH  6008  1.01575 0.3622 

 CNY_US_PGARCH does not Granger Cause NZD_US_PGARCH  0.50406 0.6041 
    
      

  SEK_US_PGARCH does not Granger Cause CNY_US_PGARCH 
  

6008 
  

0.29376 
 

0.7455 
 CNY_US_PGARCH does not Granger Cause SEK_US_PGARCH  0.33500 0.7154 

    
     SGD_US_PGARCH does not Granger Cause CNY_US_PGARCH  6021  42.9030 3.E-19 

 CNY_US_PGARCH does not Granger Cause SGD_US_PGARCH  0.66993 0.5118 
    
     ZAR_US_PGARCH does not Granger Cause CNY_US_PGARCH  6008  0.15486 0.8565 

 CNY_US_PGARCH does not Granger Cause ZAR_US_PGARCH  1.93587 0.1444 
    
     GBP_US_PGARCH does not Granger Cause EUR_US_PGARCH  5975  60.9421 6.E-27 

 EUR_US_PGARCH does not Granger Cause GBP_US_PGARCH  1.57142 0.2078 
    
     INR_US_OK_PGARCH does not Granger Cause EUR_US_PGARCH  5975  23.3430 8.E-11 

 EUR_US_PGARCH does not Granger Cause INR_US_OK_PGARCH  0.76875 0.4636 
    
     JPY_US_PGARCH does not Granger Cause EUR_US_PGARCH  5975  56.4392 5.E-25 

 EUR_US_PGARCH does not Granger Cause JPY_US_PGARCH  11.9075 7.E-06 
    
     KRW_US_PGARCH does not Granger Cause EUR_US_PGARCH  5975  100.652 1.E-43 

 EUR_US_PGARCH does not Granger Cause KRW_US_PGARCH  31.5969 2.E-14 
    
     MXN_US_PGARCH does not Granger Cause EUR_US_PGARCH  5975  58.0752 1.E-25 

 EUR_US_PGARCH does not Granger Cause MXN_US_PGARCH  9.81737 6.E-05 
    
     NOK_US_PGARCH does not Granger Cause EUR_US_PGARCH  5975  80.0229 5.E-35 

 EUR_US_PGARCH does not Granger Cause NOK_US_PGARCH  2.84205 0.0584 
    
     NZD_US_PGARCH does not Granger Cause EUR_US_PGARCH  5975  152.699 2.E-65 

 EUR_US_PGARCH does not Granger Cause NZD_US_PGARCH  4.72023 0.0089 
    
     SEK_US_PGARCH does not Granger Cause EUR_US_PGARCH  5975  145.127 3.E-62 

 EUR_US_PGARCH does not Granger Cause SEK_US_PGARCH  2.64031 0.0714 
    
     SGD_US_PGARCH does not Granger Cause EUR_US_PGARCH  5975  61.0648 6.E-27 

 EUR_US_PGARCH does not Granger Cause SGD_US_PGARCH  9.36839 9.E-05 
    
     ZAR_US_PGARCH does not Granger Cause EUR_US_PGARCH  5975  59.7458 2.E-26 

 EUR_US_PGARCH does not Granger Cause ZAR_US_PGARCH  10.1113 4.E-05 
    
     INR_US_OK_PGARCH does not Granger Cause GBP_US_PGARCH  6020  3.34484 0.0353 

 GBP_US_PGARCH does not Granger Cause INR_US_OK_PGARCH  2.82732 0.0592 
    
     JPY_US_PGARCH does not Granger Cause GBP_US_PGARCH  6021  8.95908 0.0001 

 GBP_US_PGARCH does not Granger Cause JPY_US_PGARCH  1.38808 0.2496 
    
     KRW_US_PGARCH does not Granger Cause GBP_US_PGARCH  6021  51.8828 5.E-23 

 GBP_US_PGARCH does not Granger Cause KRW_US_PGARCH  53.9925 6.E-24 
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     MXN_US_PGARCH does not Granger Cause GBP_US_PGARCH  6021  19.3350 4.E-09 

 GBP_US_PGARCH does not Granger Cause MXN_US_PGARCH  10.6698 2.E-05 
    
     NOK_US_PGARCH does not Granger Cause GBP_US_PGARCH  6008  15.9975 1.E-07 

 GBP_US_PGARCH does not Granger Cause NOK_US_PGARCH  3.08528 0.0458 
    
     NZD_US_PGARCH does not Granger Cause GBP_US_PGARCH  6008  31.5528 2.E-14 

 GBP_US_PGARCH does not Granger Cause NZD_US_PGARCH  1.06733 0.3440 
    
     SEK_US_PGARCH does not Granger Cause GBP_US_PGARCH  6008  8.92754 0.0001 

 GBP_US_PGARCH does not Granger Cause SEK_US_PGARCH  9.95908 5.E-05 
    
     SGD_US_PGARCH does not Granger Cause GBP_US_PGARCH  6021  8.60746 0.0002 

 GBP_US_PGARCH does not Granger Cause SGD_US_PGARCH  10.8765 2.E-05 
    
     ZAR_US_PGARCH does not Granger Cause GBP_US_PGARCH  6008  15.7097 2.E-07 

 GBP_US_PGARCH does not Granger Cause ZAR_US_PGARCH  4.42943 0.0120 
    
     JPY_US_PGARCH does not Granger Cause INR_US_OK_PGARCH  6020  4.63863 0.0097 

 INR_US_OK_PGARCH does not Granger Cause JPY_US_PGARCH  4.15337 0.0158 
    
     KRW_US_PGARCH does not Granger Cause INR_US_OK_PGARCH  6020  13.2481 2.E-06 

 INR_US_OK_PGARCH does not Granger Cause KRW_US_PGARCH  0.76518 0.4653 
    
     MXN_US_PGARCH does not Granger Cause INR_US_OK_PGARCH  6020  3.98634 0.0186 

 INR_US_OK_PGARCH does not Granger Cause MXN_US_PGARCH  15.5327 2.E-07 
    
      

 NOK_US_PGARCH does not Granger Cause INR_US_OK_PGARCH 
  

6008 
  

4.76602 
 

0.0085 
 INR_US_OK_PGARCH does not Granger Cause NOK_US_PGARCH  10.5863 3.E-05 

    
     NZD_US_PGARCH does not Granger Cause INR_US_OK_PGARCH  6008  8.71492 0.0002 

 INR_US_OK_PGARCH does not Granger Cause NZD_US_PGARCH  6.65332 0.0013 
    
     SEK_US_PGARCH does not Granger Cause INR_US_OK_PGARCH  6008  7.61808 0.0005 

 INR_US_OK_PGARCH does not Granger Cause SEK_US_PGARCH  7.50758 0.0006 
    
     SGD_US_PGARCH does not Granger Cause INR_US_OK_PGARCH  6020  5.17654 0.0057 

 INR_US_OK_PGARCH does not Granger Cause SGD_US_PGARCH  42.1245 7.E-19 
    
     ZAR_US_PGARCH does not Granger Cause INR_US_OK_PGARCH  6008  2.67123 0.0692 

 INR_US_OK_PGARCH does not Granger Cause ZAR_US_PGARCH  4.85611 0.0078 
    
     KRW_US_PGARCH does not Granger Cause JPY_US_PGARCH  6021  19.3803 4.E-09 

 JPY_US_PGARCH does not Granger Cause KRW_US_PGARCH  6.07218 0.0023 
    
     MXN_US_PGARCH does not Granger Cause JPY_US_PGARCH  6021  2.22562 0.1081 

 JPY_US_PGARCH does not Granger Cause MXN_US_PGARCH  3.79408 0.0226 
    
     NOK_US_PGARCH does not Granger Cause JPY_US_PGARCH  6008  4.31764 0.0134 

 JPY_US_PGARCH does not Granger Cause NOK_US_PGARCH  9.55706 7.E-05 
    
     NZD_US_PGARCH does not Granger Cause JPY_US_PGARCH  6008  3.75417 0.0235 

 JPY_US_PGARCH does not Granger Cause NZD_US_PGARCH  5.53124 0.0040 
    
     SEK_US_PGARCH does not Granger Cause JPY_US_PGARCH  6008  3.28345 0.0376 

 JPY_US_PGARCH does not Granger Cause SEK_US_PGARCH  24.2997 3.E-11 
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 SGD_US_PGARCH does not Granger Cause JPY_US_PGARCH  6021 0.71997 0.4868 

 JPY_US_PGARCH does not Granger Cause SGD_US_PGARCH  6.43757 0.0016 
    
     ZAR_US_PGARCH does not Granger Cause JPY_US_PGARCH  6008  6.52712 0.0015 

 JPY_US_PGARCH does not Granger Cause ZAR_US_PGARCH  4.55523 0.0105 
    
     MXN_US_PGARCH does not Granger Cause KRW_US_PGARCH  6021  53.8501 7.E-24 

 KRW_US_PGARCH does not Granger Cause MXN_US_PGARCH  1.27458 0.2796 
    
     NOK_US_PGARCH does not Granger Cause KRW_US_PGARCH  6008  19.0711 6.E-09 

 KRW_US_PGARCH does not Granger Cause NOK_US_PGARCH  25.0597 1.E-11 
    
     NZD_US_PGARCH does not Granger Cause KRW_US_PGARCH  6008  138.623 1.E-59 

 KRW_US_PGARCH does not Granger Cause NZD_US_PGARCH  27.7254 1.E-12 
    
     SEK_US_PGARCH does not Granger Cause KRW_US_PGARCH  6008  101.529 4.E-44 

 KRW_US_PGARCH does not Granger Cause SEK_US_PGARCH  40.2326 4.E-18 
    
     SGD_US_PGARCH does not Granger Cause KRW_US_PGARCH  6021  0.31280 0.7314 

 KRW_US_PGARCH does not Granger Cause SGD_US_PGARCH  9.14453 0.0001 
    
     ZAR_US_PGARCH does not Granger Cause KRW_US_PGARCH  6008  137.118 6.E-59 

 KRW_US_PGARCH does not Granger Cause ZAR_US_PGARCH  20.9432 9.E-10 
    
     NOK_US_PGARCH does not Granger Cause MXN_US_PGARCH  6008  27.3911 1.E-12 

 MXN_US_PGARCH does not Granger Cause NOK_US_PGARCH  9.73426 6.E-05 
    
     NZD_US_PGARCH does not Granger Cause MXN_US_PGARCH  6008  2.80671 0.0605 

 MXN_US_PGARCH does not Granger Cause NZD_US_PGARCH  12.5473 4.E-06 
    
     SEK_US_PGARCH does not Granger Cause MXN_US_PGARCH  6008  6.08085 0.0023 

 MXN_US_PGARCH does not Granger Cause SEK_US_PGARCH  12.7245 3.E-06 
    
     SGD_US_PGARCH does not Granger Cause MXN_US_PGARCH  6021  22.2176 2.E-10 

 MXN_US_PGARCH does not Granger Cause SGD_US_PGARCH  13.2349 2.E-06 
    
     ZAR_US_PGARCH does not Granger Cause MXN_US_PGARCH  6008  17.5902 2.E-08 

 MXN_US_PGARCH does not Granger Cause ZAR_US_PGARCH  17.0877 4.E-08 
    
     NZD_US_PGARCH does not Granger Cause NOK_US_PGARCH  6008  14.0061 9.E-07 

 NOK_US_PGARCH does not Granger Cause NZD_US_PGARCH  1.57949 0.2062 
    
     SEK_US_PGARCH does not Granger Cause NOK_US_PGARCH  6008  9.52095 7.E-05 

 NOK_US_PGARCH does not Granger Cause SEK_US_PGARCH  2.03988 0.1301 
    
      

 SGD_US_PGARCH does not Granger Cause NOK_US_PGARCH 
  

6008 
  

1.50314 
 

0.2225 
 NOK_US_PGARCH does not Granger Cause SGD_US_PGARCH  6.99790 0.0009 

    
      

 ZAR_US_PGARCH does not Granger Cause NOK_US_PGARCH 
  

6008 
 

 4.72220 
 

0.0089 
 NOK_US_PGARCH does not Granger Cause ZAR_US_PGARCH  6.74405 0.0012 

    
     SEK_US_PGARCH does not Granger Cause NZD_US_PGARCH  6008  8.14406 0.0003 

 NZD_US_PGARCH does not Granger Cause SEK_US_PGARCH  39.1956 1.E-17 
    
     SGD_US_PGARCH does not Granger Cause NZD_US_PGARCH  6008  6.43163 0.0016 

 NZD_US_PGARCH does not Granger Cause SGD_US_PGARCH  16.3795 8.E-08 
    
     ZAR_US_PGARCH does not Granger Cause NZD_US_PGARCH  6008  4.18880 0.0152 

 NZD_US_PGARCH does not Granger Cause ZAR_US_PGARCH  23.4524 7.E-11 
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     SGD_US_PGARCH does not Granger Cause SEK_US_PGARCH  6008  1.72005 0.1791 

 SEK_US_PGARCH does not Granger Cause SGD_US_PGARCH  8.32405 0.0002 
    
     ZAR_US_PGARCH does not Granger Cause SEK_US_PGARCH  6008  15.3017 2.E-07 

 SEK_US_PGARCH does not Granger Cause ZAR_US_PGARCH  5.77245 0.0031 
    
     ZAR_US_PGARCH does not Granger Cause SGD_US_PGARCH  6008  7.58047 0.0005 

 SGD_US_PGARCH does not Granger Cause ZAR_US_PGARCH  16.3581 8.E-08 
     

 

Table A2: Pairwise Granger causality tests among transitory volatility components 

Null Hypothesis:                                                                                                  Obs.     F-Statistic    Prob. 

 BRR_US_TGARCH does not Granger Cause AUD_US_TGARCH  6021  56.1594 7.E-25 
 AUD_US_TGARCH does not Granger Cause BRR_US_TGARCH  35.2305 6.E-16 
    
     CAN_US_TGARCH does not Granger Cause AUD_US_TGARCH  6021  6.38579 0.0017 
 AUD_US_TGARCH does not Granger Cause CAN_US_TGARCH  5.35105 0.0048 
    
     CHF_US_TGARCH does not Granger Cause AUD_US_TGARCH  6021  0.71579 0.4888 
 AUD_US_TGARCH does not Granger Cause CHF_US_TGARCH  1.60069 0.2018 
    
     CNY_US_TGARCH does not Granger Cause AUD_US_TGARCH  6021  5.47175 0.0042 
 AUD_US_TGARCH does not Granger Cause CNY_US_TGARCH  0.38229 0.6823 
    
     EUR_US_TGARCH does not Granger Cause AUD_US_TGARCH  5975  18.5470 9.E-09 
 AUD_US_TGARCH does not Granger Cause EUR_US_TGARCH  12.0533 6.E-06 
    
     GBP_US_TGARCH does not Granger Cause AUD_US_TGARCH  6021  17.6877 2.E-08 
 AUD_US_TGARCH does not Granger Cause GBP_US_TGARCH  14.1879 7.E-07 
    
     INR_US_OK_TGARCH does not Granger Cause AUD_US_TGARCH  6020  3.14182 0.0433 
 AUD_US_TGARCH does not Granger Cause INR_US_OK_TGARCH  2.29963 0.1004 

    
     JPY_US_TGARCH does not Granger Cause AUD_US_TGARCH  6021  28.7750 4.E-13 

 AUD_US_TGARCH does not Granger Cause JPY_US_TGARCH  2.52141 0.0804 
    
     KRW_US_TGARCH does not Granger Cause AUD_US_TGARCH  6021  38.3854 3.E-17 

 AUD_US_TGARCH does not Granger Cause KRW_US_TGARCH  358.473 8E-148 
    
     MXN_US_TGARCH does not Granger Cause AUD_US_TGARCH  6021  125.358 5.E-54 

 AUD_US_TGARCH does not Granger Cause MXN_US_TGARCH  61.4143 4.E-27 
    
     NOK_US_TGARCH does not Granger Cause AUD_US_TGARCH  6008  9.03895 0.0001 

 AUD_US_TGARCH does not Granger Cause NOK_US_TGARCH  3.92495 0.0198 
    
     NZD_US_TGARCH does not Granger Cause AUD_US_TGARCH  6008  36.5503 2.E-16 

 AUD_US_TGARCH does not Granger Cause NZD_US_TGARCH  4.76512 0.0086 
    
     SEK_US_TGARCH does not Granger Cause AUD_US_TGARCH  6008  29.9471 1.E-13 

 AUD_US_TGARCH does not Granger Cause SEK_US_TGARCH  3.90142 0.0203 
    
     SGD_US_TGARCH does not Granger Cause AUD_US_TGARCH  6021  16.6895 6.E-08 

 AUD_US_TGARCH does not Granger Cause SGD_US_TGARCH  4.37497 0.0126 
    
     ZAR_US_TGARCH does not Granger Cause AUD_US_TGARCH  6008  9.65475 7.E-05 

 AUD_US_TGARCH does not Granger Cause ZAR_US_TGARCH  41.0225 2.E-18 
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 CAN_US_TGARCH does not Granger Cause BRR_US_TGARCH  6021  6.65773 0.0013 
 BRR_US_TGARCH does not Granger Cause CAN_US_TGARCH  31.0496 4.E-14 

    
     CHF_US_TGARCH does not Granger Cause BRR_US_TGARCH  6021  0.27730 0.7578 

 BRR_US_TGARCH does not Granger Cause CHF_US_TGARCH  0.21892 0.8034 
    
     CNY_US_TGARCH does not Granger Cause BRR_US_TGARCH  6021  0.65722 0.5183 

 BRR_US_TGARCH does not Granger Cause CNY_US_TGARCH  0.11370 0.8925 
    
     EUR_US_TGARCH does not Granger Cause BRR_US_TGARCH  5975  5.04197 0.0065 

 BRR_US_TGARCH does not Granger Cause EUR_US_TGARCH  2.91054 0.0545 
    
     GBP_US_TGARCH does not Granger Cause BRR_US_TGARCH  6021  1.76048 0.1721 

 BRR_US_TGARCH does not Granger Cause GBP_US_TGARCH  7.27655 0.0007 
    
     INR_US_OK_TGARCH does not Granger Cause BRR_US_TGARCH  6020  2.63589 0.0717 

 BRR_US_TGARCH does not Granger Cause INR_US_OK_TGARCH  1.40077 0.2465 
    
     JPY_US_TGARCH does not Granger Cause BRR_US_TGARCH  6021  5.22139 0.0054 

 BRR_US_TGARCH does not Granger Cause JPY_US_TGARCH  8.06497 0.0003 
    
     KRW_US_TGARCH does not Granger Cause BRR_US_TGARCH  6021  9.66806 6.E-05 

 BRR_US_TGARCH does not Granger Cause KRW_US_TGARCH  153.546 9.E-66 
    
     MXN_US_TGARCH does not Granger Cause BRR_US_TGARCH  6021  62.6149 1.E-27 

 BRR_US_TGARCH does not Granger Cause MXN_US_TGARCH  3.59803 0.0274 
    
     NOK_US_TGARCH does not Granger Cause BRR_US_TGARCH  6008  1.27681 0.2790 

 BRR_US_TGARCH does not Granger Cause NOK_US_TGARCH  13.3751 2.E-06 
    
     NZD_US_TGARCH does not Granger Cause BRR_US_TGARCH  6008  15.5609 2.E-07 

 BRR_US_TGARCH does not Granger Cause NZD_US_TGARCH  36.5586 2.E-16 
    
     SEK_US_TGARCH does not Granger Cause BRR_US_TGARCH  6008  8.11614 0.0003 

 BRR_US_TGARCH does not Granger Cause SEK_US_TGARCH  6.06002 0.0023 
    
     SGD_US_TGARCH does not Granger Cause BRR_US_TGARCH  6021  7.50070 0.0006 

 BRR_US_TGARCH does not Granger Cause SGD_US_TGARCH  4.92117 0.0073 
    
     ZAR_US_TGARCH does not Granger Cause BRR_US_TGARCH  6008  2.89380 0.0554 

 BRR_US_TGARCH does not Granger Cause ZAR_US_TGARCH  40.8106 2.E-18 
    
     CHF_US_TGARCH does not Granger Cause CAN_US_TGARCH  6021  2.67444 0.0690 

 CAN_US_TGARCH does not Granger Cause CHF_US_TGARCH  2.65583 0.0703 
    
     CNY_US_TGARCH does not Granger Cause CAN_US_TGARCH  6021  1.67104 0.1881 

 CAN_US_TGARCH does not Granger Cause CNY_US_TGARCH  0.21118 0.8096 
    
     EUR_US_TGARCH does not Granger Cause CAN_US_TGARCH  5975  15.9052 1.E-07 

 CAN_US_TGARCH does not Granger Cause EUR_US_TGARCH  7.63238 0.0005 
    
     GBP_US_TGARCH does not Granger Cause CAN_US_TGARCH  6021  2.80023 0.0609 

 CAN_US_TGARCH does not Granger Cause GBP_US_TGARCH  9.64436 7.E-05 
    
     INR_US_OK_TGARCH does not Granger Cause CAN_US_TGARCH  6020  8.13830 0.0003 

 CAN_US_TGARCH does not Granger Cause INR_US_OK_TGARCH  7.22589 0.0007 
    
     JPY_US_TGARCH does not Granger Cause CAN_US_TGARCH  6021  12.4463 4.E-06 

 CAN_US_TGARCH does not Granger Cause JPY_US_TGARCH  1.76087 0.1720 
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 KRW_US_TGARCH does not Granger Cause CAN_US_TGARCH  6021  14.7498 4.E-07 
 CAN_US_TGARCH does not Granger Cause KRW_US_TGARCH  433.930 9E-177 

    
     MXN_US_TGARCH does not Granger Cause CAN_US_TGARCH  6021  75.6908 3.E-33 

 CAN_US_TGARCH does not Granger Cause MXN_US_TGARCH  12.4872 4.E-06 
    
      

 NOK_US_TGARCH does not Granger Cause CAN_US_TGARCH 
  

6008 
 

 4.86469 
 

0.0077 
 CAN_US_TGARCH does not Granger Cause NOK_US_TGARCH  10.6584 2.E-05 

    
     NZD_US_TGARCH does not Granger Cause CAN_US_TGARCH  6008  0.81434 0.4430 

 CAN_US_TGARCH does not Granger Cause NZD_US_TGARCH  1.92157 0.1465 
    
     SEK_US_TGARCH does not Granger Cause CAN_US_TGARCH  6008  14.9267 3.E-07 

 CAN_US_TGARCH does not Granger Cause SEK_US_TGARCH  17.7032 2.E-08 
    
     SGD_US_TGARCH does not Granger Cause CAN_US_TGARCH  6021  4.44280 0.0118 

 CAN_US_TGARCH does not Granger Cause SGD_US_TGARCH  12.5304 4.E-06 
    
     ZAR_US_TGARCH does not Granger Cause CAN_US_TGARCH  6008  9.65399 7.E-05 

 CAN_US_TGARCH does not Granger Cause ZAR_US_TGARCH  10.7346 2.E-05 
    
     CNY_US_TGARCH does not Granger Cause CHF_US_TGARCH  6021  0.00140 0.9986 

 CHF_US_TGARCH does not Granger Cause CNY_US_TGARCH  0.41098 0.6630 
    
     EUR_US_TGARCH does not Granger Cause CHF_US_TGARCH  5975  9.96099 5.E-05 

 CHF_US_TGARCH does not Granger Cause EUR_US_TGARCH  1.52245 0.2183 
    
     GBP_US_TGARCH does not Granger Cause CHF_US_TGARCH  6021  1.03741 0.3544 

 CHF_US_TGARCH does not Granger Cause GBP_US_TGARCH  0.15512 0.8563 
    
     INR_US_OK_TGARCH does not Granger Cause CHF_US_TGARCH  6020  0.47603 0.6213 

 CHF_US_TGARCH does not Granger Cause INR_US_OK_TGARCH  0.12108 0.8860 
    
     JPY_US_TGARCH does not Granger Cause CHF_US_TGARCH  6021  0.42448 0.6541 

 CHF_US_TGARCH does not Granger Cause JPY_US_TGARCH  0.79463 0.4518 
    
     KRW_US_TGARCH does not Granger Cause CHF_US_TGARCH  6021  0.17803 0.8369 

 CHF_US_TGARCH does not Granger Cause KRW_US_TGARCH  0.27498 0.7596 
    
     MXN_US_TGARCH does not Granger Cause CHF_US_TGARCH  6021  0.57384 0.5634 

 CHF_US_TGARCH does not Granger Cause MXN_US_TGARCH  1.03411 0.3556 
    
     NOK_US_TGARCH does not Granger Cause CHF_US_TGARCH  6008  0.83522 0.4338 

 CHF_US_TGARCH does not Granger Cause NOK_US_TGARCH  0.11668 0.8899 
    
     NZD_US_TGARCH does not Granger Cause CHF_US_TGARCH  6008  4.22541 0.0147 

 CHF_US_TGARCH does not Granger Cause NZD_US_TGARCH  0.64351 0.5255 
    
     SEK_US_TGARCH does not Granger Cause CHF_US_TGARCH  6008  6.43291 0.0016 

 CHF_US_TGARCH does not Granger Cause SEK_US_TGARCH  0.22483 0.7987 
    
     SGD_US_TGARCH does not Granger Cause CHF_US_TGARCH  6021  4.70115 0.0091 

 CHF_US_TGARCH does not Granger Cause SGD_US_TGARCH  4.70720 0.0091 
    
     ZAR_US_TGARCH does not Granger Cause CHF_US_TGARCH  6008  0.15899 0.8530 

 CHF_US_TGARCH does not Granger Cause ZAR_US_TGARCH  1.19205 0.3037 
    
     EUR_US_TGARCH does not Granger Cause CNY_US_TGARCH  5975  0.95159 0.3862 

 CNY_US_TGARCH does not Granger Cause EUR_US_TGARCH  24.6186 2.E-11 
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     GBP_US_TGARCH does not Granger Cause CNY_US_TGARCH  6021  2.99913 0.0499 

 CNY_US_TGARCH does not Granger Cause GBP_US_TGARCH  0.55569 0.5737 
    
     INR_US_OK_TGARCH does not Granger Cause CNY_US_TGARCH  6020  6.19471 0.0021 

 CNY_US_TGARCH does not Granger Cause INR_US_OK_TGARCH  0.42674 0.6527 
    
     JPY_US_TGARCH does not Granger Cause CNY_US_TGARCH  6021  11.3567 1.E-05 

 CNY_US_TGARCH does not Granger Cause JPY_US_TGARCH  1.08138 0.3392 
    
     KRW_US_TGARCH does not Granger Cause CNY_US_TGARCH  6021  0.64663 0.5238 

 CNY_US_TGARCH does not Granger Cause KRW_US_TGARCH  2.29033 0.1013 
    
     MXN_US_TGARCH does not Granger Cause CNY_US_TGARCH  6021  0.11717 0.8894 

 CNY_US_TGARCH does not Granger Cause MXN_US_TGARCH  2.10154 0.1224 
    
     NOK_US_TGARCH does not Granger Cause CNY_US_TGARCH  6008  0.78692 0.4553 

 CNY_US_TGARCH does not Granger Cause NOK_US_TGARCH  0.83788 0.4327 
    
     NZD_US_TGARCH does not Granger Cause CNY_US_TGARCH  6008  1.22944 0.2925 

 CNY_US_TGARCH does not Granger Cause NZD_US_TGARCH  4.45501 0.0117 
    
      

 SEK_US_TGARCH does not Granger Cause CNY_US_TGARCH 
  

6008 
  

0.46955 
 

0.6253 
 CNY_US_TGARCH does not Granger Cause SEK_US_TGARCH  1.16385 0.3124 

    
     SGD_US_TGARCH does not Granger Cause CNY_US_TGARCH  6021  44.0201 1.E-19 

 CNY_US_TGARCH does not Granger Cause SGD_US_TGARCH  0.77424 0.4611 
    
     ZAR_US_TGARCH does not Granger Cause CNY_US_TGARCH  6008  0.11862 0.8881 

 CNY_US_TGARCH does not Granger Cause ZAR_US_TGARCH  2.31785 0.0986 
    
     GBP_US_TGARCH does not Granger Cause EUR_US_TGARCH  5975  4.44209 0.0118 

 EUR_US_TGARCH does not Granger Cause GBP_US_TGARCH  1.37820 0.2521 
    
     INR_US_OK_TGARCH does not Granger Cause EUR_US_TGARCH  5975  7.46931 0.0006 

 EUR_US_TGARCH does not Granger Cause INR_US_OK_TGARCH  1.38994 0.2492 
    
     JPY_US_TGARCH does not Granger Cause EUR_US_TGARCH  5975  7.29401 0.0007 

 EUR_US_TGARCH does not Granger Cause JPY_US_TGARCH  5.55114 0.0039 
    
     KRW_US_TGARCH does not Granger Cause EUR_US_TGARCH  5975  12.9402 2.E-06 

 EUR_US_TGARCH does not Granger Cause KRW_US_TGARCH  27.9207 9.E-13 
    
     MXN_US_TGARCH does not Granger Cause EUR_US_TGARCH  5975  7.33801 0.0007 

 EUR_US_TGARCH does not Granger Cause MXN_US_TGARCH  9.36314 9.E-05 
    
     NOK_US_TGARCH does not Granger Cause EUR_US_TGARCH  5975  17.5020 3.E-08 

 EUR_US_TGARCH does not Granger Cause NOK_US_TGARCH  0.78000 0.4585 
    
     NZD_US_TGARCH does not Granger Cause EUR_US_TGARCH  5975  10.9290 2.E-05 

 EUR_US_TGARCH does not Granger Cause NZD_US_TGARCH  3.75647 0.0234 
    
     SEK_US_TGARCH does not Granger Cause EUR_US_TGARCH  5975  30.1475 9.E-14 

 EUR_US_TGARCH does not Granger Cause SEK_US_TGARCH  4.92557 0.0073 
    
     SGD_US_TGARCH does not Granger Cause EUR_US_TGARCH  5975  9.39067 8.E-05 

 EUR_US_TGARCH does not Granger Cause SGD_US_TGARCH  3.20276 0.0407 
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 ZAR_US_TGARCH does not Granger Cause EUR_US_TGARCH 5975 1.30693 0.2707 
 EUR_US_TGARCH does not Granger Cause ZAR_US_TGARCH  15.8073 1.E-07 

    
     INR_US_OK_TGARCH does not Granger Cause GBP_US_TGARCH  6020  1.63722 0.1946 

 GBP_US_TGARCH does not Granger Cause INR_US_OK_TGARCH  2.26463 0.1040 
    
     JPY_US_TGARCH does not Granger Cause GBP_US_TGARCH  6021  1.22876 0.2927 

 GBP_US_TGARCH does not Granger Cause JPY_US_TGARCH  3.20147 0.0408 
    
     KRW_US_TGARCH does not Granger Cause GBP_US_TGARCH  6021  10.2755 4.E-05 

 GBP_US_TGARCH does not Granger Cause KRW_US_TGARCH  54.2925 4.E-24 
    
     MXN_US_TGARCH does not Granger Cause GBP_US_TGARCH  6021  7.09539 0.0008 

 GBP_US_TGARCH does not Granger Cause MXN_US_TGARCH  11.6757 9.E-06 
    
     NOK_US_TGARCH does not Granger Cause GBP_US_TGARCH  6008  3.21703 0.0401 

 GBP_US_TGARCH does not Granger Cause NOK_US_TGARCH  0.65469 0.5196 
    
     NZD_US_TGARCH does not Granger Cause GBP_US_TGARCH  6008  7.07046 0.0009 

 GBP_US_TGARCH does not Granger Cause NZD_US_TGARCH  4.54047 0.0107 
    
     SEK_US_TGARCH does not Granger Cause GBP_US_TGARCH  6008  0.90963 0.4027 

 GBP_US_TGARCH does not Granger Cause SEK_US_TGARCH  0.98170 0.3747 
    
     SGD_US_TGARCH does not Granger Cause GBP_US_TGARCH  6021  5.04454 0.0065 

 GBP_US_TGARCH does not Granger Cause SGD_US_TGARCH  7.57479 0.0005 
    
     ZAR_US_TGARCH does not Granger Cause GBP_US_TGARCH  6008  6.24957 0.0019 

 GBP_US_TGARCH does not Granger Cause ZAR_US_TGARCH  5.61357 0.0037 
    
     JPY_US_TGARCH does not Granger Cause INR_US_OK_TGARCH  6020  4.73559 0.0088 

 INR_US_OK_TGARCH does not Granger Cause JPY_US_TGARCH  5.23589 0.0053 
    
     KRW_US_TGARCH does not Granger Cause INR_US_OK_TGARCH  6020  2.52493 0.0801 

 INR_US_OK_TGARCH does not Granger Cause KRW_US_TGARCH  3.55176 0.0287 
    
     MXN_US_TGARCH does not Granger Cause INR_US_OK_TGARCH  6020  1.42317 0.2410 

 INR_US_OK_TGARCH does not Granger Cause MXN_US_TGARCH  14.1343 8.E-07 
    
      

 NOK_US_TGARCH does not Granger Cause INR_US_OK_TGARCH 
  

6008 
  

2.12681 
 

0.1193 
 INR_US_OK_TGARCH does not Granger Cause NOK_US_TGARCH  10.0673 4.E-05 

    
     NZD_US_TGARCH does not Granger Cause INR_US_OK_TGARCH  6008  2.61052 0.0736 

 INR_US_OK_TGARCH does not Granger Cause NZD_US_TGARCH  8.20031 0.0003 
    
     SEK_US_TGARCH does not Granger Cause INR_US_OK_TGARCH  6008  4.52189 0.0109 

 INR_US_OK_TGARCH does not Granger Cause SEK_US_TGARCH  5.62500 0.0036 
    
     SGD_US_TGARCH does not Granger Cause INR_US_OK_TGARCH  6020  9.26624 0.0001 

 INR_US_OK_TGARCH does not Granger Cause SGD_US_TGARCH  40.4860 3.E-18 
    
     ZAR_US_TGARCH does not Granger Cause INR_US_OK_TGARCH  6008  0.95326 0.3855 

 INR_US_OK_TGARCH does not Granger Cause ZAR_US_TGARCH  4.42302 0.0120 
    
     KRW_US_TGARCH does not Granger Cause JPY_US_TGARCH  6021  9.39042 8.E-05 

 JPY_US_TGARCH does not Granger Cause KRW_US_TGARCH  48.3895 1.E-21 
    
     MXN_US_TGARCH does not Granger Cause JPY_US_TGARCH  6021  10.9461 2.E-05 

 JPY_US_TGARCH does not Granger Cause MXN_US_TGARCH  47.0689 5.E-21 
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     NOK_US_TGARCH does not Granger Cause JPY_US_TGARCH  6008  4.00842 0.0182 

 JPY_US_TGARCH does not Granger Cause NOK_US_TGARCH  4.45378 0.0117 
    
     NZD_US_TGARCH does not Granger Cause JPY_US_TGARCH  6008  2.68308 0.0684 

 JPY_US_TGARCH does not Granger Cause NZD_US_TGARCH  20.1080 2.E-09 
    
     SEK_US_TGARCH does not Granger Cause JPY_US_TGARCH  6008  2.09605 0.1230 

 JPY_US_TGARCH does not Granger Cause SEK_US_TGARCH  17.9170 2.E-08 
    
     SGD_US_TGARCH does not Granger Cause JPY_US_TGARCH  6021  0.74046 0.4769 

 JPY_US_TGARCH does not Granger Cause SGD_US_TGARCH  3.50322 0.0302 
    
     ZAR_US_TGARCH does not Granger Cause JPY_US_TGARCH  6008  9.64663 7.E-05 

 JPY_US_TGARCH does not Granger Cause ZAR_US_TGARCH  14.2515 7.E-07 
    
     MXN_US_TGARCH does not Granger Cause KRW_US_TGARCH  6021  187.435 1.E-79 

 KRW_US_TGARCH does not Granger Cause MXN_US_TGARCH  1.01505 0.3624 
    
     NOK_US_TGARCH does not Granger Cause KRW_US_TGARCH  6008  18.1358 1.E-08 

 KRW_US_TGARCH does not Granger Cause NOK_US_TGARCH  11.9532 7.E-06 
    
     NZD_US_TGARCH does not Granger Cause KRW_US_TGARCH  6008  159.431 3.E-68 

 KRW_US_TGARCH does not Granger Cause NZD_US_TGARCH  17.4250 3.E-08 
    
     SEK_US_TGARCH does not Granger Cause KRW_US_TGARCH  6008  100.292 1.E-43 

 KRW_US_TGARCH does not Granger Cause SEK_US_TGARCH  15.0100 3.E-07 
    
     SGD_US_TGARCH does not Granger Cause KRW_US_TGARCH  6021  0.24658 0.7815 

 KRW_US_TGARCH does not Granger Cause SGD_US_TGARCH  3.71806 0.0243 
    
     ZAR_US_TGARCH does not Granger Cause KRW_US_TGARCH  6008  142.291 4.E-61 

 KRW_US_TGARCH does not Granger Cause ZAR_US_TGARCH  5.70923 0.0033 
    
     NOK_US_TGARCH does not Granger Cause MXN_US_TGARCH  6008  18.1037 1.E-08 

 MXN_US_TGARCH does not Granger Cause NOK_US_TGARCH  35.9155 3.E-16 
    
     NZD_US_TGARCH does not Granger Cause MXN_US_TGARCH  6008  10.8548 2.E-05 

 MXN_US_TGARCH does not Granger Cause NZD_US_TGARCH  47.2891 4.E-21 
    
     SEK_US_TGARCH does not Granger Cause MXN_US_TGARCH  6008  6.49789 0.0015 

 MXN_US_TGARCH does not Granger Cause SEK_US_TGARCH  8.97920 0.0001 
    
     SGD_US_TGARCH does not Granger Cause MXN_US_TGARCH  6021  23.4936 7.E-11 

 MXN_US_TGARCH does not Granger Cause SGD_US_TGARCH  11.2380 1.E-05 
    
     ZAR_US_TGARCH does not Granger Cause MXN_US_TGARCH  6008  21.1710 7.E-10 

 MXN_US_TGARCH does not Granger Cause ZAR_US_TGARCH  84.8327 5.E-37 
    
     NZD_US_TGARCH does not Granger Cause NOK_US_TGARCH  6008  4.60744 0.0100 

 NOK_US_TGARCH does not Granger Cause NZD_US_TGARCH  3.61578 0.0270 
    
     SEK_US_TGARCH does not Granger Cause NOK_US_TGARCH  6008  8.94990 0.0001 

 NOK_US_TGARCH does not Granger Cause SEK_US_TGARCH  2.53850 0.0791 
    
      

 SGD_US_TGARCH does not Granger Cause NOK_US_TGARCH 
  

6008 
  

1.84497 
 

0.1581 
 NOK_US_TGARCH does not Granger Cause SGD_US_TGARCH  0.56778 0.5668 
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 ZAR_US_TGARCH does not Granger Cause NOK_US_TGARCH  6008  3.43987 0.0321 
 NOK_US_TGARCH does not Granger Cause ZAR_US_TGARCH  6.25843 0.0019 

    
     SEK_US_TGARCH does not Granger Cause NZD_US_TGARCH  6008  7.45048 0.0006 

 NZD_US_TGARCH does not Granger Cause SEK_US_TGARCH  5.82422 0.0030 
    
     SGD_US_TGARCH does not Granger Cause NZD_US_TGARCH  6008  6.09493 0.0023 

 NZD_US_TGARCH does not Granger Cause SGD_US_TGARCH  3.21334 0.0403 
    
     ZAR_US_TGARCH does not Granger Cause NZD_US_TGARCH  6008  14.2751 7.E-07 

 NZD_US_TGARCH does not Granger Cause ZAR_US_TGARCH  21.5479 5.E-10 
    
     SGD_US_TGARCH does not Granger Cause SEK_US_TGARCH  6008  2.68520 0.0683 

 SEK_US_TGARCH does not Granger Cause SGD_US_TGARCH  0.27365 0.7606 
    
     ZAR_US_TGARCH does not Granger Cause SEK_US_TGARCH  6008  4.51729 0.0110 

 SEK_US_TGARCH does not Granger Cause ZAR_US_TGARCH  15.6015 2.E-07 
    
     ZAR_US_TGARCH does not Granger Cause SGD_US_TGARCH  6008  2.44053 0.0872 

 SGD_US_TGARCH does not Granger Cause ZAR_US_TGARCH  17.3478 3.E-08 
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