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ABSTRACT

In this paper, we use hourly exchange rate data for selected ASEAN countries
(Singapore, Indonesia, Malaysia, Thailand and the Philippines) to test the hypothesis
that exchange rate own shocks dominate exchange rate volatility. We find strong
evidence that own exchange rate volatility explains between 64% to 86% of their own
exchange rate volatility movements. These results do not change when we include the
Chinese CNY currency in the analysis. Moreover, we find that exchange rate shocks
of ASEAN countries explain 36%, 24% and 23% of exchange rate volatility movements
of Indonesia, Thailand, and Singapore, suggesting that for these countries are more
synchronized.
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I. INTRODUCTION

This paper utilized hourly exchange rate data for five ASEAN countries, namely,
the Indonesia Rupiah (IDR), the Malaysian Ringgit (MYR), the Philippine Peso
(PHP), the Singapore Dollar (SGD) and the Thai Baht (THB) to test the hypothesis
that ASEAN exchange rate shocks help explain exchange rate movements in
the region. Our hypothesis is that exchange rate shocks explain exchange rate
movements in the ASEAN region. As a subset of this hypothesis, we test whether
the Chinese CNY (vis-a-vis the US Dollar) exchange rate influences the exchange
rate volatility of ASEAN countries.

Using a vector autoregressive model to extract shock spillovers as proposed by
Diebold and Yillmaz (2012), we document several interesting findings. First, our
analysis reveals that the total spillover index is around 23% for the entire sample
(2018 to 2021) and for both the pre-COVID-19 sample and the COVID-19 sample.
Second, regardless of the sample period employed, we find that other countries’
exchange rate volatility shocks explain IDR volatility most (almost 36%), followed
by THB (24%) and SGD (23%). Third, we see that own shocks explain most
movements in exchange rate volatility of all countries in our sample: own shocks
explain between 64% (IDR) to 86% (MYR) volatility movements. Fourth, we do not
find any difference in the role of specific exchange rate shocks and in own shocks
in explaining exchange rate volatility in the COVID-19 sample compared to the
pre-COVID-19 sample. Fifth, when we include the CNY as an additional exchange
rate in the analysis, we find no significant change in the results.

Our motivation for testing the relative importance of exchange rate spillovers is
twofold. The first motivation is theoretical and has roots in the work of Meese and
Rogoff (1983a, b). Their main contribution was the idea that the random walk model
is the best predictor of exchange rates. While the literature has accumulated mixed
results in the sense that some studies do find other factors predicting exchange
rates (see Narayan et al., 2021; Narayan et al., 2018), the random walk model is
still popular. Narayan (2021) argues that one way of testing its suitability is to test
whether, within a shock spillover framework, own shocks explain the bulk of the
exchange rate movements. If so, this is evidence of the validity of the random walk
model. The second motivation for our hypothesis test is the current pandemic. A
growing literature now documents that exchange rate movements have behaved
very differently in the COVID-19 period compared to pre-pandemic times. For
example, exchange rates have been shown to exhibit bubbles (see Narayan, 2020a);
the resilience of exchange rates to shocks has changed (see Narayan, 2020b); and
stock market returns react to exchange rate changes (see Narayan et al., 2020). We
test whether the relationship between exchange rates has been influenced by the
COVID-19 pandemic following the framework presented in Narayan (2021) in
that we split the hourly data sample into a pre-pandemic period and a pandemic
period, allowing us to make a direct comparison.

! One referee of this journal asked that we explain why we preferred bilateral exchange rates over
nominal effective exchange rates. Our motivation is straightforward: we are interested in bilateral
exchange rate behavior rather than a basket of currencies.
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Our contribution is directly to the literature that models exchange rates.? There
is a predictability literature which finds that financial news predicts exchange rates
(Narayan et al., 2021), terrorist attacks predict exchange rates (Narayan et al., 2018),
and US government shutdowns predict exchange rates (see Narayan et al., 2020).

There are many studies that focus on predicting exchange rates with different
predictors. Among them, Molodtsova and Papell (2009) consider interest rate and
output gap as predictors; Chen and Rogoff (2003) examine on commodity prices
as a predictor; Cenedese et al. (2016) consider equity returns as a predictor for
exchange rates and Engel et al. (2015) use the lagged exchange rate changes as a
predictor. Very recently, Kim and Lee (2020) explored exchange rate predictability
using output growth, financial variables (short term interest rates, term spread,
and stock price changes), commodity price changes, and lagged exchange rate
changes.?

While these studies depart from the random walk model applicability of
exchange rates, using data on ASEAN exchange rates we show the random walk
model works reasonably well. Our additional contribution is to show that for
countries such as Indonesia, its exchange rate volatility (up to 36%) is dictated by
the volatility of exchange rates in the region. We can add to this list THB (24%) and
SGD (23%) as countries whose currency volatility is impacted by exchange rate
volatility in the region.

The balance of the paper is organized as follows. Section II explains the data
and methodology. Section III has results, and the final section concludes.

II. DATA AND METHODOLOGY
In this paper, we have selected 5 exchange rates against US Dollar, namely
Indonesia Rupiah (IDR), Malaysian Ringgit (MYR), Philippine’s Peso (PHP),
Singapore Dollar (5§GD) and Thailand Baht (THB). Moreover, we have Chinese
Yuan (CNY) to test for the robustness of the results. The data are high frequency
intra-day 24-hour data and full sample time spans from 01/08/2018 to 31/05/2021.
Our motivation for the sample period is that since the COVID-19 starts from
31/12/2019 and continues till 31/05/2021 covers nearly one and half year. In order
to get some sort of balanced data set when we analysis for pre-and post-COVID-
data, we have chosen nearly one and half year back from start of COVID-19. In this
way we control for any effect due to sample size variations.

Our main objectiveis toidentify the spillover effects of exchange rate volatilities.
Our data source is REFINITIVE, Datascope. We computed the exchange rate (ER)
returns by taking natural log percentage returns as follows.

RET, = (In(ER;) —In(ER;_1)) = 100 (1)

2 There is very limited literature on volatility spillover of exchange rates, specifically using intra-day
data (see, Baillie and Bollerslev, 1991). Thus, our contributions are unique.

* For instance, see Rossi (2013) for a survey of forecast exchange rates with a range of different
predictors.
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Next, we calculated the volatility of the returns of the six exchange rate returns.
We employed a GARCH (1,1) model based on constant and the errors followed as
Student ¢-distribution. This way, we received GARCH variance and we used this
as a proxy to represent exchange rate volatilities.

Our main approach of spillover is Diebold and Yillmaz (2012) VAR model.
This method has been used by several authors: Antonakakis ef al. (2018), Mensi ef
al. (2018) and Devpura (2021).*

Let’s consider a covariance stationary K-variable VAR(n),

n

Xi = in—l + e; (2)

i=1

Here, K is the number of currencies, which is five/six, e, ~(0,Z) are the errors
distributed i.i.d with variance matrix, X.

We denote the generalized h-step ahead forecast error variance decompositions
as a, and is defined below.

o Thd(viAeEy)’
Yoy DRso(viArZAY)

©)

Here, two variances are involved, own variance shares and cross variance
shares. ~ and ¢, are the variance matrix and standard deviation of errors. v, is a
vector with the i-th value is one and the rest are zeros.

The total spillover index is computed as below and let’s denote it by Sindex.

K h
Xij=1 aij
i#j
SIindex = ﬁ * 100 4)
ij=1%ij
o
where a!t = 4

ijT vk .
J Ej=1051]

Moreover, directional spillover measure received by market i from all other
markets j are:

Z?:l aihj
SIndex; = <g>— * 100 (@)

K
j=1%;j

Then, the directional spillovers transmitted by market i to all other markets j
are:

* Our paper is different to Devpura (2021) in which the author uses daily data of 16 exchange rates
whereas we have considerd intra-day data of hourly data of 6 currencies.
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j=1 i
Sindex; = <2— * 100 (6)

j=1%i

IIL. RESULTS
We first look into the preliminary results of the currency data.

A. Preliminary Results

First of all, we plot the time series plots for the original six currencies to visualize
the behavioural patterns of each of them. In Figure 1, we have plotted the
exchange rate series against the US Dollar. Our sample period contains COVID-19
data as well, there is apparent property that all the graphs show the exchange
rates are increased against US Dollar start of 2020 and implying the currencies
are depreciating. Figure 2 illustrates the natural log percentage returns of the all
six currencies. We see very high volatility on the returns by currencies except for
CNY, specifically in the first quarter of 2020, in which COVID-19 was declared as
a pandemic by the World Health Organization. Next, we plotted the GARCH(1,1)
variance of the exchange rate returns. Again, we can observe large volatilities
during the first quarter of 2020 in exchange rate returns of majority of currencies
(SGD, PHP, IDR, and MYR). However, among them, IDR volatility goes high as
about 20% recording the highest in the six currencies.

Figure 1.
Exchange Rates Full Sample Period 24-hour 01/08/2018 to 31/05/2021

The Currencies are Chinese Yuan (CNY), Indonesia Rupiah (IDR), Malaysian Ringgit (MYR), Philippine’s Peso (PHP),
Singapore Dollar (SGD) and Thailand Baht (THB) per US Dollar respectively.
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Figure 1.
Exchange Rates Full Sample Period 24-hour 01/08/2018 to 31/05/2021 (Continued)
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Figure 1.
Exchange Rates Full Sample Period 24-hour 01/08/2018 to 31/05/2021 (Continued)
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Figure 2.
Exchange Rate Returns Full Sample Period 24-hour Day 01/08/2018 to 31/05/2021

The Currencies are Chinese Yuan (CNY), Indonesia Rupiah (IDR), Malaysian Ringgit (MYR), Philippine’s Peso (PHP),
Singapore Dollar (SGD) and Thailand Baht (THB) per US Dollar respectively.
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Figure 2.
Exchange Rate Returns Full Sample Period 24-hour Day 01/08/2018 to 31/05/2021
(Continued)
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Figure 3.
Volatility of Exchange Rate Returns Full Sample

This figure illustrates the volatilities of exchange rate returns Chinese Yuan (CNY), Indonesia Rupiah (IDR), Malaysian
Ringgit (MYR), Philippine’s Peso (PHP), Singapore Dollar (SGD) and Thailand Baht (THB) per US Dollar respectively.
The volatilities were calculated using a GARCH (1,1) constant model with Student-t standard errors.
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Figure 3.
Volatility of Exchange Rate Returns Full Sample (Continued)
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B. Main Results

Our main focus is the five ASEAN currency volatilities namely, IDR, MYR, PHP,
SGD and THB. Therefore, in the first part of the spillover analysis, we exclude
CNY. We use CNY to test for the robustness of the results by extending the number
of currencies to six.

The descriptive analysis for all six currencies is shown in Table 1. We have
three main samples. They are the full-sample, the pre-COVID-19 sample, and the
COVID-19 sample. When we consider the sample sizes, the pre-COVID-19 period
contains 8,856 data points and the COVID-19 sample has 8,880 observations; thus,
the two sub-samples are roughly of the same size, paving the way for comparison.
When we compare the means of exchange rates of pre-COVID-19 and COVID-19
sample, the exchange rates have depreciated for IDR and MYR in COVID-19
sample, whereas for the rest of the exchange rates have been appreciated vis-a-vis
the US Dollar over the COVID-19 period. However, when we consider standard
deviations, except for the THB, the rest of the currencies show higher volatility in
the COVID-19 sample.

In Table 2, our main objective is to assess the pairwise correlations among
the six selected currencies. We use currency percentage rates of returns to obtain
correlations. The highest correlation pair is the SGD-THB which is 0.477 (t-statistic
=72.42). The second highest pair is SGD-CNY (0.3640, with a t-statistic of 52.057).
All the t-statistics conclude that all the pairwise correlations are significant at 5%
level of significance.

The Table 3 shows the main spillover results for the five currencies. The entries
are the estimated contributions to the forecast error variance of volatility from one
currency to another. The total spillover index is noted in the right bottom corner
of the table. All the results in the table are based on a VAR model of order 4 and
generate 10-hour ahead volatility forecast errors. Panel A reveals results for the
full sample, Panel B shows results for the pre-COVID-19 period, and, finally, Panel
C has results for the COVID-19 sample. When we look at the full sample spillover
“TO” others row, it ranges from 10.47% to 38.68%. The highest is noted by the
MYR (38.68%), followed by SGD (25.92%). We read the “FROM” column, which is
the last column that states the gross directional volatility from other currencies to
IDR is largest (36.31%) followed by contributions from others to the THB (24.19%).
The total volatility spillover over the full sample is 23.47%.
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Table 2.
Pairwise Correlations of Exchange Rates

This table shows the correlation coefficients for the 6 exchange rates percentage returns. The Currencies are Chinese
Yuan (CNY), Indonesia Rupiah (IDR), Malaysian Ringgit (MYR), Philippine’s Peso (PHP), Singapore Dollar (SGD)
and Thailand Baht (THB) per US Dollar respectively. The pair-wise test of t-statistics are reported in the brackets.

Variable CNY RET IDR RET MYR RET PHP RET SGD_RET THB_RET

CNY_RET 1
IDR_RET 0.14961 1
(20.150)
MYR_RET 0.18820 0.10193 1
(255180)  (13.6457)
PHP_RET 0.1830 0.0733 0.1100 1
(24.7930) (9.7978) (14.738)
SGD_RET 0.3640 0.0772 0.2649 0.2610 1
(52.0579)  (10.3138)  (36.5926) (36.006)
THB_RET 0.2635 0.0750 0.2010 0.1822 0.4777 1

(363787)  (10.0201)  (27.3277)  (24.6786) (72.428)

Table 3.
Volatility Spillover Excluding Chinese CNY

This table reports the spillover results for volatility of five exchange rates: Indonesia Rupiah (IDR), Malaysian Ringgit
(MYR), Philippine’s Peso (PHP), Singapore Dollar (SGD) and Thailand Baht (THB) respectively. The results are for
Vector AutoRegression (VAR) of order 4, rolling window of 240 hours (10 days) and forecast horizon 10 hours. TO
represents for the contribution to others, FROM represents contribution from others and OWN represents on the own.
NET gives the volatility spillover as the difference between gross volatility shocks transmitted to and gross volatility
shocks received from all other exchange rates. Here, TSI indicates the Total Spillover Index.

Panel A: Full Sample
VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB FROM

VOL_IDR 63.69 21.3 5.47 4.35 519 36.31
VOL_MYR 1.81 85.81 2.98 5.12 428 14.19
VOL_PHP 3.68 547 80.41 5.53 4.92 19.59
VOL_SGD 1.57 5.62 5 76.94 10.86 23.06
VOL_THB 3.41 6.29 3.58 10.92 75.81 24.19
TO 10.47 38.68 17.03 2592 25.25 117.34
OWN 74.16 124.49 9743 102.87 101.05 TSI

NET -25.84 24.49 -2.57 2.87 1.05 23.47

Panel B: Pre-COVID Sample
VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB FROM

VOL_IDR 64.45 19.39 5.86 47 5.6 35.55
VOL_MYR 1.99 85.29 35 5.23 4 14.71
VOL_PHP 413 413 78.57 742 5.74 21.43
VOL_SGD 1.82 3.96 6.95 78.15 9.12 21.85
VOL_THB 3.89 4.98 3.28 10.3 77.55 22.45
TO 11.83 3247 19.58 27.65 24.46 115.98
OWN 76.28 117.76 98.16 105.8 102.01 TSI

NET -23.72 17.76 -1.84 5.8 2.01 23.2
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Table 3.
Volatility Spillover Excluding Chinese CNY (Continued)

Panel C: COVID-19 Sample
VOL_IDR VOL_MYR VOL PHP VOL_.SGD VOL THB FROM

VOL_IDR 63.48 22.66 5.05 3.99 4.82 36.52
VOL_MYR 1.61 86.18 248 5.09 4.65 13.82
VOL_PHP 321 6.45 82.47 37 417 17.53
VOL_SGD 1.27 6.85 3.15 75.86 12.86 24.14
VOL_THB 2.99 7.67 3.94 11.78 73.62 26.38
TO 9.08 43.64 14.62 24.56 26.5 118.4
OWN 72.56 129.82 97.09 100.42 100.11 TSI

NET -27.44 29.82 291 0.42 0.11 23.68

Now let us consider the two other panels of results which are for the pre-
COVID-19 and the COVID-19 sub-samples. The exchange rate return volatility
spillover from other currencies to IDR (36.52%), SGD (24.14%) and THB (26.38%)
are higher in the COVID-19 sample. On the other hand, volatility spillover to other
currencies from MYR (43.64%) is the highest is followed by THB (26.5%) in the
COVID-19 sample. When we see the volatility index of the pre-COVID-19 and
the COVID-19 sub-samples, 23.2% and 23.68% of return volatility forecast error
variances, respectively, in all the five currencies have been noted. This is a slight
increase of 2%.

To check for the sensitivity of the results to the choice of the order of VAR,
we have considered orders 2 and 8 and the results are reported in Table 4. For the
full sample period, when orders are set to 2 and 8, we have similar results for the
volatility spillovers in the sense that the directional spillovers from other currencies
to IDR is the largest and is followed by the top other two are SGD and the THB.
When the directional spillover to other currencies is considered, it is found highest
from the MYR to others at 35%. However, we notice that regardless of the sample
selection for VAR(2) the overall spillover index is 20% and meanwhile, when the
lag order is 8, the total index is about 29%. Our key interest is to compare the
spillover effects in the pre-COVID-19 and the COVID-19 sub-samples. When the
VAR(2) model is employed, we have spillover results in Panels C and E for pre-
COVID-19 and COVID-19 sub-samples, respectively. Similar to the full sample,
we find spillover effect from other currencies to IDR to be the largest with a similar
magnitude of spillover. When we consider the “TO” row, we find the spillover
from MYR to other currencies to be the largest with a 25% increase in spillovers in
the COVID-19 sample. However, the total spillover index is at 20% in both the pre-
COVID-19 and the COVID-19 samples. We also use a lag order of 8 and results for
the pre-COVID-19 and the COVID-19 samples are in Panels D and F, respectively.
We obtained results that are consistent with the VAR(2) model. Finally, we can
conclude that although the total spillover index has not changed much from
the pre-COVID-19 to the COVID-19 periods, there are some differences in the
directional spillovers of exchange rate volatilities.
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Table 4.
Volatility Spillover with Different Order VARs Excluding Chinese CNY

This table reports the spillover results for volatility of five exchange rate volatilities: Indonesia Rupiah (IDR),
Malaysian Ringgit (MYR), Philippine’s Peso (PHP), Singapore Dollar (SGD) and Thailand Baht (THB) respectively.
The results are for Vector AutoRegression (VAR) of order 2 and 8, rolling window of 240 hours and forecast horizon 10
hours. TO represents for the contribution to others, FROM represents contribution from others and OWN represents
on the own. NET gives the returns spillover as the difference between gross return shocks transmitted to and gross
returns shocks received from all other exchange rates. Here, TSI indicates the Total Spillover Index.

Panel A: Full Sample Volatility (VAR Order 2 and a 240-hour Rolling Window)
VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB FROM

VOL_IDR 67.94 20.09 4.69 3.34 3.93 32.06
VOL_MYR 1.44 88.59 2.04 4 3.94 1141

VOL_PHP 2.55 492 83.33 496 424 16.67
VOL_SGD 0.94 4.75 419 79.48 10.64 20.52
VOL_THB 2.29 5.19 2.61 10.34 79.56 20.44
TO 7.22 34.95 13.53 22.64 22.75 101.09
OWN 75.16 123.54 96.86 102.12 102.31 TSI

NET -24.84 23.54 -3.14 2.12 231 20.22

Panel B: Full Sample Volatility (VAR Order 8 and a 240-hour Rolling Window)
VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB  FROM

VOL_IDR 58.85 20 6.97 7.83 6.35 41.15
VOL_MYR 2.6 80.11 3.96 7.96 5.37 19.89
VOL_PHP 497 7.35 75.04 6.78 5.87 24.96
VOL_SGD 32 7.39 6.5 71.43 11.49 28.57
VOL_THB 4.84 7.95 4.68 12.04 70.49 29.51
TO 15.6 42.69 22.11 34.6 29.08 144.08
OWN 74.45 122.8 97.15 106.03 99.57 TSI

NET -25.55 22.8 -2.85 6.03 -0.43 28.82

Panel C: Pre-COVID-19 Volatility (VAR Order 2 and a 240-hour Rolling Window)
VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB FROM

VOL_IDR 68.2 19.39 5.16 3.46 3.79 31.8
VOL_MYR 1.74 88.41 243 3.52 391 11.59
VOL_PHP 3.74 3.88 80.63 6.85 4.88 19.37
VOL_SGD 1.12 343 6.19 80.69 8.57 19.31
VOL_THB 2.52 3.85 2.57 9 82.05 17.95
TO 9.13 30.55 16.35 22.83 21.16 100.02
OWN 77.33 118.96 96.99 103.52 103.21 TSI
NET -22.67 18.96 -3.01 3.52 321 20

Panel D: Pre-COVID-19 Volatility (VAR Order 8 and a 240-hour Rolling Window)
VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB FROM

VOL_IDR 59.47 17.18 722 9.28 6.85 40.53
VOL_MYR 2.41 79.05 4.45 8.78 5.32 20.95
VOL_PHP 5.12 7 72.57 8.7 6.61 27.43
VOL_SGD 3.17 543 8.78 72.88 9.73 27.12
VOL_THB 5.11 6.49 4.6 11.01 72.8 27.2

TO 15.81 36.1 25.04 37.76 28.51 143.23
OWN 75.28 115.15 97.62 110.65 101.31 TSI

NET -24.72 15.15 -2.38 10.65 1.31 28.65
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Table 4.
Volatility Spillover with Different Order VARs Excluding Chinese CNY
(Continued)

Panel E: COVID-19 Volatility (VAR Order 2 and 240-hour Rolling Window)
VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB FROM

VOL_IDR 68.14 20.33 418 32 4.15 31.86
VOL_MYR 1.11 88.68 1.65 4.52 4.04 11.32
VOL_PHP 1.34 5.59 86.26 3.13 3.68 13.74
VOL_SGD 0.71 5.62 2.26 78.44 12.97 21.56
VOL_THB 2.09 6.59 2.71 11.95 76.67 23.33
TO 5.25 38.13 10.8 22.79 24.84 101.81
OWN 73.39 126.81 97.06 101.23 101.51 TSI

NET -26.61 26.81 -2.94 1.23 1.51 20.36

Panel F: COVID-19 Volatility (VAR Order 8 and a 240-hour Rolling Window)
VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB FROM

VOL_IDR 58.83 22.14 6.71 6.44 5.89 4117
VOL_MYR 278 80.91 3.53 7.27 5.51 19.09
VOL_PHP 4.78 7.39 77.73 491 5.19 22.27
VOL_SGD 3.13 8.97 431 70.15 13.44 29.85
VOL_THB 4.68 9.37 4.86 13.2 67.88 32.12
TO 15.37 47.87 19.41 31.82 30.03 1445
OWN 74.19 128.78 97.14 101.97 97.91 TSI

NET -25.81 28.78 -2.86 1.97 -2.09 28.9

Next in Table 5, we explore the results by increasing the rolling window to a
longer period: we set it to 20 days. Here, we use a VAR(4) and a VAR(8) model for
the sake of comparison. Yet, when we compare the pre-COVID-19 and COVID-19
sub-samples, the IDR receives the highest contribution of others to explain its
forecast error variances. The contribution of other currencies to IDR is 28.97% and
29.68% in the pre-COVID-19 and COVID-19 periods, respectively. On the other
hand, the MYR shows the highest contribution to others in explaining the forecast
error variance: 24.97% in the pre-COVID-19 period and 37.22% in the COVID-19
period. This represents an increase of 49% in spillovers in COVID-19 sub-sample.
As a final point on these results, we notice some heterogeneity among the volatility
of the currencies. When we compare the forecast error variance with a lag of 4, the
total spillover index is 18% to 19% while the corresponding effects at lag 8 are 22%
to 23%.
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Table 5.
Volatility Spillover Based on a Larger Rolling Window (480 Hours) Excluding
Chinese CNY

This table reports the spillover results for volatility of five exchange rate volatilities: Indonesia Rupiah (IDR),
Malaysian Ringgit (MYR), Philippine’s Peso (PHP), Singapore Dollar (SGD) and Thailand Baht (THB) respectively.
The results are for Vector AutoRegression (VAR) of order 4 and 8, rolling window of 480 hours and forecast horizon 10
hours. TO represents for the contribution to others, FROM represents contribution from others and OWN represents
on the own. NET gives the returns spillover as the difference between gross return shocks transmitted to and gross
returns shocks received from all other exchange rates. Here, TSI indicates the Total Spillover Index.

Panel A: Full Sample Volatility (VAR Order 4 and a 480-hour Rolling Window)
VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB FROM

VOL_IDR 69.99 19.22 3.87 3.11 3.82 30.01
VOL_MYR 0.86 89.79 14 4.51 3.44 10.21
VOL_PHP 276 4.07 84.43 4.34 441 15.57
VOL_SGD 0.77 4.61 3.76 80.27 10.59 19.73
VOL_THB 1.81 4.41 2.41 10.85 80.52 19.48
TO 6.19 3231 11.44 2281 22.26 95
OWN 76.17 1221 95.87 103.08 102.78 TSI
NET -23.83 22.1 -4.13 3.08 2.78 19

Panel B: Full Sample Volatility (VAR Order 8 and a 480-hour Rolling Window)
VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB FROM

VOL_IDR 66.62 18 5.08 5.97 433 33.38
VOL_MYR 1.23 86.09 1.85 6.71 411 13.91
VOL_PHP 3.64 53 81.16 5.04 4.86 18.84
VOL_SGD 1.77 5.63 4.61 77.26 10.73 22.74
VOL_THB 2.61 5.46 2.97 11.57 77.4 22.6
TO 9.25 34.39 14.5 29.28 24.04 111.47
OWN 75.87 120.49 95.67 106.54 101.44 TSI
NET -24.13 20.49 -4.33 6.54 1.44 22.29

Panel C: Pre-COVID-19 Volatility (VAR Order 4 and a 480-hour Rolling Window)
VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB FROM

VOL_IDR 71.03 17.08 431 3.09 4.49 28.97
VOL_MYR 112 89.86 1.79 4.16 3.08 10.14
VOL_PHP 3.29 218 82.74 6.07 5.72 17.26
VOL_SGD 0.93 2.79 547 81.84 8.97 18.16
VOL_THB 1.68 2.92 1.97 10.85 82.57 17.43
TO 7.02 2497 13.55 2417 22.26 91.96
OWN 78.05 114.82 96.29 106.01 104.83 TSI

NET -21.95 14.82 -3.71 6.01 4.83 18.39

Panel D: Pre-COVID-19 Volatility (VAR Order 8 and a 480-hour Rolling Window)
VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB FROM

VOL_IDR 67.7 14.65 5.06 7.45 5.14 32.3
VOL_MYR 1.25 85.45 2.33 7.09 3.88 14.55
VOL_PHP 3.95 4.55 78.63 6.83 6.04 21.37
VOL_SGD 1.64 3.59 6.67 78.98 9.11 21.02
VOL_THB 2.28 3.93 2.62 11.14 80.04 19.96
TO 9.13 26.71 16.68 32.51 24.16 109.2
OWN 76.83 112.17 95.32 111.49 104.2 TSI

NET -23.17 12.17 -4.68 11.49 4.2 21.84
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Table 5.
Volatility Spillover Based on a Larger Rolling Window (480 Hours) Excluding
Chinese CNY (Continued)

Panel E: COVID-19 Volatility (VAR Order 4 and 480-hour Rolling Window)
VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB FROM

VOL_IDR 70.32 19.84 3.58 2.93 3.32 29.68
VOL_MYR 0.63 89.72 1.04 4.65 3.96 10.28
VOL_PHP 2.35 4.96 86.61 2.77 3.32 13.39
VOL_SGD 0.54 6.31 221 78.15 12.79 21.85
VOL_THB 2.03 6.11 2.96 11.41 77.49 22.51
TO 5.56 37.22 9.79 21.75 23.39 97.71
OWN 75.88 126.94 96.4 99.9 100.87 TSI

NET -24.12 26.94 -3.6 -0.1 0.87 19.54

Panel F: COVID-19 Volatility (VAR Order 8 and 480-hour Rolling Window)
VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB FROM

VOL_IDR 66.78 19.81 5.32 436 373 33.22
VOL_MYR 1.27 86.58 1.42 6.2 4.54 13.42
VOL_PHP 3.47 5.07 84.17 34 3.89 15.83
VOL_SGD 1.86 7.55 27 75.01 12.89 24.99
VOL_THB 3.07 7.24 3.45 12.54 73.69 26.31
TO 9.66 39.67 12.89 26.5 25.04 113.77
OWN 76.44 126.25 97.06 101.51 98.74 TSI

NET -23.56 26.25 -2.94 1.51 -1.26 22.75

So far, we have discussed results for a forecast horizon of 10-hour. We now test
if the results are sensitive to the length of the horizons. The results are reported in
Table 6. We observe that regardless of the order of the VAR model and different
forecast horizons, the full sample, the pre-COVID-19 sample and the COVID-19
sample, all show the total spillover index to be roughly the same. Nevertheless,
when we observe the individual spillover effects, there is some heterogeneity
among the values obtained for the pre-COVID-19 versus the COVID-19 sample.
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Table 6.
Volatility Spillover at Different Forecast Horizons Excluding CNY

This table reports the spillover results for volatility of five exchange rate volatilities: Indonesia Rupiah (IDR),
Malaysian Ringgit (MYR), Philippine’s Peso (PHP), Singapore Dollar (SGD) and Thailand Baht (THB) respectively.
The results are for Vector AutoRegression (VAR) of order 4, rolling window of 480 hours and forecast horizons 20
and 50 hours. TO represents for the contribution to others, FROM represents contribution from others and OWN
represents on the own. NET gives the returns spillover as the difference between gross return shocks transmitted to
and gross returns shocks received from all other exchange rates. Here, TSI indicates the Total Spillover Index.

Panel A: Full Sample, h=20

VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB FROM
VOL_IDR 69.97 19.22 3.88 3.11 3.82 30.03
VOL_MYR 0.86 89.77 1.41 452 3.44 10.23
VOL_PHP 2.76 4.07 84.41 4.35 442 15.59
VOL_SGD 0.77 4.62 3.78 80.23 10.59 19.77
VOL_THB 1.81 444 2.45 10.86 80.44 19.56
TO 6.2 32.35 11.51 22.84 22.28 95.17
OWN 76.17 122.12 95.92 103.07 102.72 TSI
NET -23.83 22.12 -4.08 3.07 2.72 19.03
Panel B: Full Sample, h=50
VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB FROM
VOL_IDR 70.29 19.84 3.61 2.93 3.33 29.71
VOL_MYR 0.63 89.68 1.07 4.65 3.97 10.32
VOL_PHP 2.35 496 86.58 2.78 3.32 13.42
VOL_SGD 0.55 6.34 2.25 78.07 12.79 21.93
VOL_THB 2.04 6.16 3.06 11.41 77.33 22.67
TO 5.58 37.31 9.98 21.77 23.41 98.05
OWN 75.86 126.99 96.56 99.84 100.74 TSI
NET -24.14 26.99 -3.44 -0.16 0.74 19.61
Panel C: Pre-COVID, h=20
VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB FROM
VOL_IDR 71.02 17.08 4.32 3.09 4.49 28.98
VOL_MYR 1.12 89.84 1.8 4.16 3.08 10.16
VOL_PHP 3.29 2.18 82.73 6.08 5.72 17.27
VOL_SGD 0.93 2.79 5.49 81.82 8.97 18.18
VOL_THB 1.68 2.93 1.98 10.87 82.53 17.47
TO 7.03 24.97 13.59 2421 22.27 92.07
OWN 78.04 114.81 96.32 106.02 104.8 TSI
NET -21.96 14.81 -3.68 6.02 4.8 18.41
Panel D: Pre-COVID, h=50
VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB FROM
VOL_IDR 71.01 17.07 433 3.09 4.49 28.99
VOL_MYR 1.12 89.82 1.81 4.16 3.08 10.18
VOL_PHP 3.29 2.18 82.73 6.08 5.72 17.27
VOL_SGD 0.93 2.79 5.49 81.81 8.97 18.19
VOL_THB 1.68 2.93 1.99 10.87 82.52 17.48
TO 7.03 24.97 13.63 24.21 22.27 92.1
OWN 78.04 114.79 96.35 106.02 104.8 TSI
NET -21.96 14.79 -3.65 6.02 4.8 18.42
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Table 6.
Volatility Spillover at Different Forecast Horizons Excluding CNY (Continued)

Panel E: COVID, h=20
VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB FROM

VOL_IDR 70.3 19.85 3.59 2.93 3.33 29.7
VOL_MYR 0.63 89.7 1.05 4.65 3.97 10.3
VOL_PHP 2.35 4.96 86.58 2.78 3.32 13.42
VOL_SGD 0.55 6.34 2.23 78.1 12.79 219
VOL_THB 2.04 6.16 3.03 11.41 77.36 22.64
TO 5.58 37.31 9.9 21.77 23.41 97.96
OWN 75.88 127.01 96.48 99.87 100.77 TSI
NET -24.12 27.01 -3.52 -0.13 0.77 19.59

Panel F: COVID, h=50
VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB FROM

VOL_IDR 70.29 19.84 3.61 2.93 3.33 29.71
VOL_MYR 0.63 89.68 1.07 4.65 3.97 10.32
VOL_PHP 2.35