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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 
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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-à-vis the US Dollar) exchange rate influences the exchange 
rate volatility of ASEAN countries.1 

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.

1	 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.2 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.3 

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 (SGD) 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 objective is to identify 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. 

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. 

3	 For instance, see Rossi (2013) for a survey of forecast exchange rates with a range of different 
predictors.

(1)
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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 t-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 et al. (2018), Mensi et 
al. (2018) and Devpura (2021).4

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

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

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

Here, two variances are involved, own variance shares and cross variance 
shares. Σ and σii are the variance matrix and standard deviation of errors. vi 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.

where  

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

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

4	 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.

(2)

(3)

(4)

(5)
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III. 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.

(6)

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.

6.2

6.4

6.6

6.8

7.0

7.2

III IV I II III IV I II III IV I II

2018 2019 2020 2021

ER_CNY



Bulletin of Monetary Economics and Banking, Volume 24, Number 3, 2021340

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-à-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%. 



Volatility Spillover of Intraday Exchange Rates on Some Selected ASEAN Countries 347

Ta
bl

e 
1.

Su
m

m
ar

y 
St

at
is

tic
s 

Th
is

 t
ab

le
 r

ep
or

ts
 t

he
 s

um
m

ar
y 

st
at

is
tic

s 
fo

r 
si

x 
cu

rr
en

ci
es

. T
he

 C
ur

re
nc

ie
s 

ar
e 

C
hi

ne
se

 Y
ua

n 
(C

N
Y)

, I
nd

on
es

ia
 R

up
ia

h 
(ID

R)
, M

al
ay

si
an

 R
in

gg
it 

(M
YR

), 
Ph

ili
pp

in
e’

s 
Pe

so
 (

PH
P)

, 
Si

ng
ap

or
e 

D
ol

la
r (

SG
D

) a
nd

 T
ha

ila
nd

 B
ah

t (
TH

B)
 p

er
 U

S 
D

ol
la

r r
es

pe
ct

iv
el

y.
 P

an
el

 A
 a

nd
 P

an
el

 B
 p

re
se

nt
 e

xc
ha

ng
e 

ra
te

 ra
w

 d
at

a 
re

su
lts

 o
f p

re
-C

O
V

ID
 a

nd
 C

O
V

ID
 p

er
io

ds
 re

sp
ec

tiv
el

y.
 

Th
en

, P
an

el
 C

 a
nd

 P
an

el
 D

 s
ho

w
 th

at
 o

f t
he

 re
su

lts
 fo

r e
xc

ha
ng

e 
ra

te
 re

tu
rn

s 
fo

r p
re

-C
O

V
ID

 a
nd

 C
O

V
ID

 p
er

io
ds

. T
he

 d
at

a 
ar

e 
in

tr
ad

ay
 0

0:
00

am
 to

 1
1:

00
pm

 (2
4 

ho
ur

s 
pe

r d
ay

).

Va
ri

ab
le

 M
ea

n
 M

ax
 M

in
 S

td
. D

ev
.

 S
ke

w
ne

ss
 K

ur
to

si
s

 Ja
rq

ue
-B

er
a

 P
ro

ba
bi

lit
y

 O
bs

er
va

tio
ns

Pa
ne

l A
: E

xc
ha

ng
e R

at
e D

at
a,

 P
re

-C
O

VI
D

-1
9 

Sa
m

pl
e (

01
/0

8/
20

18
 to

 3
0/

12
/2

01
9)

ER
_C

N
Y

6.
90

38
7.

18
23

6.
67

65
0.

12
69

0.
15

86
2.

20
21

27
2.

05
21

0.
00

00
88

56
ER

_I
D

R
14

32
7.

23
00

15
26

5.
50

00
13

89
5.

00
00

33
4.

49
04

1.
22

63
3.

66
29

23
81

.9
03

0
0.

00
00

88
56

ER
_M

YR
4.

14
51

4.
22

68
4.

05
68

0.
03

89
-0

.4
19

5
2.

11
77

54
6.

98
50

0.
00

00
88

56
ER

_P
H

P
52

.2
52

3
54

.3
85

0
50

.3
86

5
0.

95
14

0.
21

02
2.

49
48

15
9.

39
67

0.
00

00
88

56
ER

_S
GD

1.
36

69
1.

39
39

1.
34

51
0.

01
06

0.
24

60
2.

04
41

42
6.

49
21

0.
00

00
88

56
ER

_T
H

B
31

.5
77

9
33

.4
02

5
29

.9
15

0
0.

97
64

0.
13

17
1.

70
76

64
1.

94
67

0.
00

00
88

56
Pa

ne
l B

: E
xc

ha
ng

e R
at

e D
at

a,
 C

O
VI

D
-1

9 
Sa

m
pl

e (
31

/1
2/

20
19

 to
 3

1/
05

/2
02

1)
ER

_C
N

Y
6.

77
93

7.
17

10
6.

36
15

0.
24

78
-0

.0
91

7
1.

38
01

98
3.

34
41

0.
00

00
88

80
ER

_I
D

R
14

47
0.

38
00

16
60

1.
25

00
13

57
8.

75
00

57
6.

16
17

1.
44

29
5.

83
20

60
48

.8
12

0
0.

00
00

88
80

ER
_M

YR
4.

16
92

4.
44

50
3.

99
70

0.
10

22
0.

62
52

2.
35

43
73

2.
82

60
0.

00
00

88
80

ER
_P

H
P

49
.2

24
4

52
.0

65
0

47
.6

14
0

1.
12

97
0.

48
40

1.
61

99
10

51
.3

96
0

0.
00

00
88

80
ER

_S
GD

1.
36

56
1.

46
41

1.
31

62
0.

03
36

0.
58

72
2.

31
92

68
1.

76
79

0.
00

00
88

80
ER

_T
H

B
31

.1
13

0
33

.1
52

5
29

.7
60

0
0.

77
22

0.
25

99
2.

59
95

15
9.

35
28

0.
00

00
88

80
Pa

ne
l C

: E
xc

ha
ng

e R
at

e R
et

ur
n 

Pe
rc

en
ta

ge
 D

at
a,

 P
re

-C
O

VI
D

-1
9 

Sa
m

pl
e (

01
/0

8/
20

18
 to

 3
0/

12
/2

01
9)

RE
T_

CN
Y

0.
00

03
1.

11
84

-0
.5

41
3

0.
04

01
2.

57
85

11
1.

85
19

43
81

50
1.

00
00

0.
00

00
88

55
RE

T_
ID

R
-0

.0
00

4
0.

76
30

-0
.8

97
2

0.
05

56
-1

.0
20

1
43

.0
22

5
59

25
34

.5
00

0
0.

00
00

88
55

RE
T_

M
YR

0.
00

01
0.

32
58

-0
.3

65
8

0.
03

32
-0

.7
09

6
23

.4
96

1
15

57
38

.6
00

0
0.

00
00

88
55

RE
T_

PH
P

-0
.0

00
5

0.
79

75
-0

.7
47

0
0.

06
05

0.
18

55
18

.3
95

2
87

49
8.

55
00

0.
00

00
88

55
RE

T_
SG

D
-0

.0
00

1
0.

37
05

-0
.1

89
6

0.
03

00
0.

16
66

9.
81

30
17

16
6.

71
00

0.
00

00
88

55
RE

T_
TH

B
-0

.0
01

2
0.

69
80

-0
.4

13
8

0.
04

69
0.

46
96

15
.6

59
5

59
45

5.
36

00
0.

00
00

88
55

Pa
ne

l D
: E

xc
ha

ng
e R

at
e R

et
ur

n 
Pe

rc
en

ta
ge

 D
at

a,
 C

O
VI

D
-1

9 
Sa

m
pl

e (
31

/1
2/

20
19

 to
 3

1/
05

/2
02

1)
RE

T_
CN

Y
-0

.0
01

0
0.

50
51

-0
.9

83
3

0.
03

97
-1

.6
29

8
61

.6
83

5
12

78
12

1.
00

00
0.

00
00

88
80

RE
T_

ID
R

0.
00

03
1.

96
79

-1
.5

42
1

0.
09

89
0.

94
69

10
8.

66
90

41
32

72
1.

00
00

0.
00

00
88

80
RE

T_
M

YR
0.

00
01

0.
97

28
-0

.6
53

9
0.

05
59

0.
88

41
37

.8
53

0
45

06
07

.2
00

0
0.

00
00

88
80

RE
T_

PH
P

-0
.0

00
7

0.
51

69
-1

.0
83

5
0.

05
73

-1
.3

29
4

31
.9

80
5

31
33

68
.0

00
0

0.
00

00
88

80
RE

T_
SG

D
-0

.0
00

2
0.

49
20

-0
.3

47
8

0.
04

40
0.

61
03

10
.6

20
3

22
03

6.
87

00
0.

00
00

88
80

RE
T_

TH
B

0.
00

04
1.

14
40

-0
.3

34
0

0.
05

57
1.

14
76

27
.2

01
8

21
86

67
.5

00
0

0.
00

00
88

80



Bulletin of Monetary Economics and Banking, Volume 24, Number 3, 2021348

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

(25.5180) (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

(36.3787) (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 5.19 36.31
VOL_MYR 1.81 85.81 2.98 5.12 4.28 14.19
VOL_PHP 3.68 5.47 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 25.92 25.25 117.34
OWN 74.16 124.49 97.43 102.87 101.05 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 4.7 5.6 35.55
VOL_MYR 1.99 85.29 3.5 5.23 4 14.71
VOL_PHP 4.13 4.13 78.57 7.42 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 32.47 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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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.

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 2.48 5.09 4.65 13.82
VOL_PHP 3.21 6.45 82.47 3.7 4.17 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 -2.91 0.42 0.11 23.68
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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 11.41
VOL_PHP 2.55 4.92 83.33 4.96 4.24 16.67
VOL_SGD 0.94 4.75 4.19 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 2.31 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 4.97 7.35 75.04 6.78 5.87 24.96
VOL_SGD 3.2 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 2.43 3.52 3.91 11.59
VOL_PHP 3.74 3.88 80.63 6.85 4.88 19.37
VOL_SGD 1.12 3.43 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 3.21 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 7.22 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 5.43 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



Volatility Spillover of Intraday Exchange Rates on Some Selected ASEAN Countries 351

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 4.18 3.2 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 41.17
VOL_MYR 2.78 80.91 3.53 7.27 5.51 19.09
VOL_PHP 4.78 7.39 77.73 4.91 5.19 22.27
VOL_SGD 3.13 8.97 4.31 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 30.03 144.5
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 1.4 4.51 3.44 10.21
VOL_PHP 2.76 4.07 84.43 4.34 4.41 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 32.31 11.44 22.81 22.26 95
OWN 76.17 122.1 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 4.33 33.38
VOL_MYR 1.23 86.09 1.85 6.71 4.11 13.91
VOL_PHP 3.64 5.3 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 4.31 3.09 4.49 28.97
VOL_MYR 1.12 89.86 1.79 4.16 3.08 10.14
VOL_PHP 3.29 2.18 82.74 6.07 5.72 17.26
VOL_SGD 0.93 2.79 5.47 81.84 8.97 18.16
VOL_THB 1.68 2.92 1.97 10.85 82.57 17.43
TO 7.02 24.97 13.55 24.17 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 2.21 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 4.36 3.73 33.22
VOL_MYR 1.27 86.58 1.42 6.2 4.54 13.42
VOL_PHP 3.47 5.07 84.17 3.4 3.89 15.83
VOL_SGD 1.86 7.55 2.7 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 4.52 3.44 10.23
VOL_PHP 2.76 4.07 84.41 4.35 4.42 15.59
VOL_SGD 0.77 4.62 3.78 80.23 10.59 19.77
VOL_THB 1.81 4.44 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 4.96 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 24.21 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 4.33 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 21.9
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 4.96 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

C. Robustness Analysis
For the robustness analysis, in this section of analysis, we extend the number of 
currencies by adding one of the Asia’s leading exchange rates, namely the CNY 
vis-à-vis the US Dollar to check the volatility spillover amongst the 6 currencies. 
We replicate Tables 3-6 with CNY and the corresponding results are reported in 
Table 7-10. With the new addition of CNY, still we find the directional spillover 
from other five currencies to the IDR to be the largest over the full sample period 
(44.36%). This is flowed by CNY, at 38.35%. The total spillover index is 29.59%. We 
then divide the full sample into two sub-samples, pre-COVID-19 and COVID-19 
samples, and results are shown in Panels B and C, respectively. In the pre-
COVID-19 sample, CNY receives the largest spillover from others (45.07%). We 
notice that regardless of the sub-sample type, directional spillover to the MYR is 
the largest in all cases and the total spillover indexes are similar too. 
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Table 7.
Volatility Spillover Including Chinese CNY

This table reports the spillover results for volatility of six exchange rates: Chinese Yuan (CNY), 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_CNY VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB FROM 

VOL_CNY 61.65 5.43 14.06 4.92 7.46 6.49 38.35
VOL_IDR 9.32 55.64 20.67 5.16 4.2 5 44.36
VOL_MYR 2.84 1.78 83.3 2.91 4.95 4.22 16.7
VOL_PHP 4.16 3.43 5.37 76.95 5.34 4.75 23.05
VOL_SGD 4.86 1.55 5.42 4.8 72.85 10.51 27.15
VOL_THB 4.38 3.29 6.25 3.49 10.54 72.05 27.95
TO 25.55 15.48 51.77 21.29 32.5 30.97 177.55
OWN 87.2 71.12 135.08 98.24 105.34 103.02 TSI
NET -12.8 -28.88 35.08 -1.76 5.34 3.02 29.59

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

VOL_CNY 54.93 7.91 15.28 5.38 8.78 7.72 45.07
VOL_IDR 8.43 57.97 18.37 5.4 4.48 5.34 42.03
VOL_MYR 3.28 1.96 82.49 3.41 4.95 3.9 17.51
VOL_PHP 4.22 3.94 4.11 75.11 7.14 5.49 24.89
VOL_SGD 4.98 1.78 3.77 6.64 74 8.83 26
VOL_THB 3.99 3.91 5.02 3.22 9.93 73.94 26.06
TO 24.89 19.5 46.56 24.05 35.29 31.27 181.55
OWN 79.82 77.47 129.05 99.16 109.29 105.22 TSI
NET -20.18 -22.53 29.05 -0.84 9.29 5.22 30.26

Panel C: COVID-19 Sample
  VOL_CNY VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB FROM

VOL_CNY 68.25 2.75 12.91 4.5 6.21 5.39 31.75
VOL_IDR 10.2 53.78 22.52 4.88 3.92 4.7 46.22
VOL_MYR 2.45 1.55 83.93 2.44 5.01 4.62 16.07
VOL_PHP 4.14 2.89 6.28 79.02 3.59 4.09 20.98
VOL_SGD 4.75 1.27 6.67 3.05 71.82 12.44 28.18
VOL_THB 4.88 2.73 7.55 3.83 11.38 69.63 30.37
TO 26.42 11.19 55.92 18.7 30.11 31.24 173.57
OWN 94.67 64.97 139.85 97.71 101.93 100.87 TSI
NET -5.33 -35.03 39.85 -2.29 1.93 0.87 28.93

In order to check the sensitivity of results to the order of the VAR, we consider 
two models, namely VAR(2) and VAR(8). The results with a 10-hour ahead horizon 
and a rolling window of 10 days are shown in the Table 8. Overall, we observe that 
CNY receives the most spillover effects from others in the pre-COVID-19 sample. 
But in the COVID-19 sample, the IDR shows the largest of the volatility spillover. 
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The spillover indexes are similar in all the samples of VAR(2). Finally, when we 
compare results with the VAR(8) model, the spillover indexes are similar at about 
35%. 

Table 8.
Volatility Spillover with Different Order VAR

This table reports the spillover results for volatility of six exchange rate volatilities: Chinese Yuan (CNY), 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_CNY VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB FROM 

VOL_CNY 63.75 4.99 13.97 4.21 7.12 5.96 36.25
VOL_IDR 9.29 59.65 19.4 4.42 3.34 3.9 40.35
VOL_MYR 2.49 1.37 86.39 2.01 3.88 3.87 13.61
VOL_PHP 3.7 2.5 4.81 80.17 4.74 4.07 19.83
VOL_SGD 4.66 0.94 4.57 4 75.56 10.26 24.44
VOL_THB 3.83 2.26 5.19 2.53 9.96 76.23 23.77
TO 23.97 12.05 47.94 17.17 29.05 28.07 158.25
OWN 87.72 71.71 134.33 97.34 104.61 104.3 TSI
NET -12.28 -28.29 34.33 -2.66 4.61 4.3 26.37

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

VOL_CNY 57.47 6.23 13.35 5.93 9.61 7.4 42.53
VOL_IDR 9.7 50.81 19.17 6.62 7.58 6.13 49.19
VOL_MYR 3.95 2.51 76.76 3.89 7.64 5.24 23.24
VOL_PHP 5.18 4.65 7.15 70.8 6.56 5.66 29.2
VOL_SGD 6.33 3.07 6.93 6.17 66.41 11.09 33.59
VOL_THB 5.92 4.63 7.6 4.55 11.49 65.81 34.19
TO 31.08 21.09 54.21 27.17 42.88 35.51 211.94
OWN 88.55 71.9 130.98 97.97 109.29 101.32 TSI
NET -11.45 -28.1 30.98 -2.03 9.29 1.32 35.32

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

VOL_CNY 56.97 7.48 15.25 4.64 8.46 7.2 43.03
VOL_IDR 8.08 61.47 18.41 4.82 3.43 3.79 38.53
VOL_MYR 2.92 1.71 85.85 2.37 3.34 3.82 14.15
VOL_PHP 3.83 3.71 3.88 77.46 6.53 4.59 22.54
VOL_SGD 4.72 1.09 3.23 5.88 76.8 8.26 23.2
VOL_THB 3.31 2.6 3.91 2.47 8.67 79.04 20.96
TO 22.86 16.59 44.68 20.19 30.42 27.66 162.4
OWN 79.83 78.06 130.53 97.65 107.22 106.7 TSI
NET -20.17 -21.94 30.53 -2.35 7.22 6.7 27.07
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Table 8.
Volatility Spillover with Different Order VAR (Continued)

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

VOL_CNY 51.1 8.24 13.32 6.59 11.77 8.98 48.9
VOL_IDR 8.34 53.5 16.04 6.82 8.79 6.51 46.5
VOL_MYR 4.31 2.41 75.55 4.4 8.23 5.1 24.45
VOL_PHP 4.87 4.91 6.85 68.67 8.33 6.36 31.33
VOL_SGD 6.87 3.1 4.92 8.29 67.36 9.45 32.64
VOL_THB 5.56 5.11 6.11 4.56 10.46 68.2 31.8
TO 29.95 23.77 47.25 30.67 47.57 36.41 215.62
OWN 81.05 77.27 122.8 99.34 114.93 104.61 TSI
NET -18.95 -22.73 22.8 -0.66 14.93 4.61 35.94

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

VOL_CNY 70.37 2.34 12.77 3.81 5.86 4.85 29.63
VOL_IDR 10.45 58.25 20 3.97 3.24 4.09 41.75
VOL_MYR 2.11 0.98 86.8 1.64 4.47 4 13.2
VOL_PHP 3.62 1.26 5.38 83.11 2.99 3.63 16.89
VOL_SGD 4.59 0.75 5.48 2.19 74.49 12.51 25.51
VOL_THB 4.46 1.94 6.52 2.63 11.5 72.94 27.06
TO 25.23 7.26 50.14 14.25 28.07 29.08 154.04
OWN 95.6 65.52 136.94 97.36 102.56 102.02 TSI
NET -4.4 -34.48 36.94 -2.64 2.56 2.02 25.67

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

VOL_CNY 63.94 4.03 13.2 5.3 7.58 5.95 36.06
VOL_IDR 11.07 48.6 21.72 6.4 6.43 5.79 51.4
VOL_MYR 3.67 2.59 77.69 3.43 7.18 5.44 22.31
VOL_PHP 5.53 4.31 7.18 73.15 4.81 5.01 26.85
VOL_SGD 5.82 2.94 8.56 4.13 65.63 12.92 34.37
VOL_THB 6.41 4.26 9.06 4.64 12.63 63.01 36.99
TO 32.5 18.13 59.71 23.9 38.63 35.11 207.98
OWN 96.44 66.72 137.4 97.05 104.26 98.12 TSI
NET -3.56 -33.28 37.4 -2.95 4.26 -1.88 34.66

Table 9 contains results of the robustness test when we have a longer period 
of the rolling window—that is, when we set the window to 20 days. We see that 
the spillover index is roughly the same for the full sample, as well as pre- and 
COVID-19 sub-samples. Thus, after including CNY, the results are robust to the 
larger size of the rolling window and different lag orders.
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Table 9.
Volatility Spillover Based on a Larger Rolling Window (480 Hours)

This table reports the spillover results for volatility of six exchange rate volatilities: Chinese Yuan (CNY), 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_CNY VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB FROM

VOL_CNY 67.59 4.59 11.87 2.95 7.22 5.78 32.41
VOL_IDR 8.18 62.79 18.66 3.67 3.03 3.67 37.21
VOL_MYR 2.26 0.85 87.81 1.36 4.35 3.37 12.19
VOL_PHP 3.05 2.61 3.91 81.97 4.19 4.27 18.03
VOL_SGD 3.92 0.79 4.4 3.6 76.95 10.33 23.05
VOL_THB 3.25 1.73 4.38 2.31 10.59 77.74 22.26
TO 20.66 10.57 43.22 13.89 29.39 27.42 145.16
OWN 88.25 73.36 131.03 95.86 106.34 105.16 TSI
NET -11.75 -26.64 31.03 -4.14 6.34 5.16 24.19

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

VOL_CNY 65.97 4.98 11.3 3.29 8.43 6.03 34.03
VOL_IDR 8.22 61.2 18.13 4.38 4.3 3.76 38.8
VOL_MYR 2.53 1.06 85.41 1.53 5.69 3.77 14.59
VOL_PHP 3.51 3.14 4.25 80.05 4.56 4.49 19.95
VOL_SGD 4.29 1.23 4.74 4.12 75.18 10.43 24.82
VOL_THB 3.71 2.06 4.95 2.67 11.18 75.43 24.57
TO 22.27 12.48 43.38 15.99 34.17 28.48 156.76
OWN 88.24 73.67 128.79 96.04 109.35 103.91 TSI
NET -11.76 -26.33 28.79 -3.96 9.35 3.91 26.13

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

VOL_CNY 60.49 6.4 13.33 2.76 9.2 7.83 39.51
VOL_IDR 7.22 65.06 16.36 4.06 2.99 4.31 34.94
VOL_MYR 3.02 1.13 87.31 1.72 3.87 2.95 12.69
VOL_PHP 2.58 3.2 2.18 80.63 5.89 5.52 19.37
VOL_SGD 3.96 0.96 2.56 5.22 78.49 8.8 21.51
VOL_THB 2.83 1.72 2.94 1.88 10.7 79.94 20.06
TO 19.6 13.4 37.37 15.64 32.65 29.41 148.07
OWN 80.09 78.46 124.68 96.27 111.14 109.35 TSI
NET -19.91 -21.54 24.68 -3.73 11.14 9.35 24.68
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Table 9.
Volatility Spillover Based on a Larger Rolling Window (480 Hours) (Continued)

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

VOL_CNY 58.1 5.94 11.71 3.41 12.31 8.53 41.9
VOL_IDR 6.88 62.2 13.96 4.87 7.16 4.92 37.8
VOL_MYR 3.41 1.25 82.7 2.29 6.68 3.67 17.3
VOL_PHP 2.92 3.83 4.49 76.33 6.62 5.82 23.67
VOL_SGD 4.99 1.69 3.24 6.45 74.68 8.94 25.32
VOL_THB 3.97 2.34 3.66 2.57 10.92 76.54 23.46
TO 22.17 15.06 37.07 19.59 43.69 31.88 169.46
OWN 80.26 77.25 119.77 95.92 118.38 108.42 TSI
NET -19.74 -22.75 19.77 -4.08 18.38 8.42 28.24

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

VOL_CNY 74.95 2.51 10.03 3.28 5.18 4.04 25.05
VOL_IDR 9.26 61.66 19.56 3.42 2.89 3.21 38.34
VOL_MYR 1.61 0.61 88.2 1.03 4.61 3.95 11.8
VOL_PHP 3.64 2.14 4.64 83.7 2.66 3.22 16.3
VOL_SGD 3.98 0.56 6.12 2.13 74.79 12.42 25.21
VOL_THB 3.83 1.84 6.04 2.86 11.04 74.39 25.61
TO 22.33 7.67 46.39 12.71 26.37 26.84 142.3
OWN 97.28 69.32 134.59 96.41 101.16 101.24 TSI
NET -2.72 -30.68 34.59 -3.59 1.16 1.24 23.72

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

VOL_CNY 72.46 3.69 9.91 3.8 5.86 4.27 27.54
VOL_IDR 9.78 57.74 19.39 5.11 4.37 3.6 42.26
VOL_MYR 2.17 1.2 84.53 1.42 6.19 4.49 15.47
VOL_PHP 4.51 3.13 4.68 80.65 3.28 3.75 19.35
VOL_SGD 4.28 1.68 7.23 2.61 71.59 12.61 28.41
VOL_THB 4.57 2.8 7.1 3.3 12.11 70.13 29.87
TO 25.31 12.49 48.32 16.25 31.79 28.74 162.9
OWN 97.77 70.23 132.85 96.9 103.38 98.87 TSI
NET -2.23 -29.77 32.85 -3.1 3.38 -1.13 27.15

In Table 10, we report robustness test results for different forecast horizons, 
namely for 20 and 50 days. Overall, though there is heterogeneity among the 
spillover both from each currency to others and from others to single currencies, 
the final spillover indexes show similar effect, at 24%. 
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Table 10.
Volatility Spillover at Different Forecast Horizons

This table reports the spillover results for volatility of six exchange rate volatilities: Chinese Yuan (CNY), 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 
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, h=20
  VOL_CNY VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB FROM 

VOL_CNY 67.57 4.59 11.87 2.97 7.22 5.78 32.43
VOL_IDR 8.18 62.77 18.66 3.68 3.04 3.68 37.23
VOL_MYR 2.27 0.85 87.78 1.37 4.36 3.37 12.22
VOL_PHP 3.05 2.61 3.92 81.94 4.2 4.28 18.06
VOL_SGD 3.93 0.8 4.42 3.61 76.91 10.34 23.09
VOL_THB 3.25 1.74 4.41 2.36 10.6 77.63 22.37
TO 20.68 10.59 43.28 13.99 29.42 27.44 145.39
OWN 88.25 73.36 131.06 95.93 106.33 105.07 TSI
NET -11.75 -26.64 31.06 -4.07 6.33 5.07 24.23

Panel B: Full Sample, h=50
  VOL_CNY VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB FROM

VOL_CNY 67.56 4.59 11.87 2.98 7.22 5.78 32.44
VOL_IDR 8.18 62.76 18.66 3.69 3.04 3.68 37.24
VOL_MYR 2.27 0.85 87.77 1.39 4.36 3.37 12.23
VOL_PHP 3.05 2.61 3.92 81.94 4.2 4.28 18.06
VOL_SGD 3.93 0.8 4.42 3.63 76.9 10.33 23.1
VOL_THB 3.25 1.74 4.41 2.38 10.6 77.62 22.38
TO 20.68 10.59 43.28 14.06 29.42 27.44 145.46
OWN 88.23 73.35 131.04 96 106.32 105.06 TSI
NET -11.77 -26.65 31.04 -4 6.32 5.06 24.24

Panel C: Pre-COVID, h=20
  VOL_CNY VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB FROM

VOL_CNY 60.47 6.4 13.33 2.77 9.2 7.83 39.53
VOL_IDR 7.22 65.04 16.35 4.08 3 4.31 34.96
VOL_MYR 3.02 1.13 87.29 1.73 3.88 2.95 12.71
VOL_PHP 2.58 3.2 2.19 80.61 5.89 5.52 19.39
VOL_SGD 3.96 0.97 2.57 5.23 78.47 8.81 21.53
VOL_THB 2.83 1.72 2.94 1.89 10.71 79.9 20.1
TO 19.61 13.41 37.38 15.7 32.68 29.42 148.21
OWN 80.09 78.45 124.67 96.32 111.15 109.32 TSI
NET -19.91 -21.55 24.67 -3.68 11.15 9.32 24.7
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Table 10.
Volatility Spillover at Different Forecast Horizons (Continued)

Panel D: Pre-COVID, h=50
  VOL_CNY VOL_IDR VOL_MYR VOL_PHP VOL_SGD VOL_THB FROM

VOL_CNY 60.47 6.4 13.33 2.77 9.2 7.83 39.53
VOL_IDR 7.22 65.04 16.35 4.08 3 4.31 34.96
VOL_MYR 3.02 1.13 87.28 1.74 3.88 2.95 12.72
VOL_PHP 2.58 3.2 2.19 80.61 5.89 5.52 19.39
VOL_SGD 3.96 0.97 2.57 5.23 78.46 8.81 21.54
VOL_THB 2.83 1.72 2.94 1.9 10.71 79.89 20.11
TO 19.61 13.41 37.37 15.74 32.69 29.42 148.24
OWN 80.08 78.45 124.65 96.35 111.15 109.32 TSI
NET -19.92 -21.55 24.65 -3.65 11.15 9.32 24.71

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

VOL_CNY 74.94 2.51 10.03 3.29 5.19 4.04 25.06
VOL_IDR 9.26 61.64 19.57 3.43 2.89 3.22 38.36
VOL_MYR 1.61 0.61 88.18 1.03 4.61 3.95 11.82
VOL_PHP 3.64 2.14 4.65 83.67 2.67 3.23 16.33
VOL_SGD 3.99 0.57 6.15 2.15 74.73 12.42 25.27
VOL_THB 3.85 1.85 6.1 2.94 11.04 74.22 25.78
TO 22.35 7.69 46.49 12.84 26.39 26.87 142.63
OWN 97.29 69.32 134.67 96.51 101.12 101.08 TSI
NET -2.71 -30.68 34.67 -3.49 1.12 1.08 23.77

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

VOL_CNY 74.92 2.51 10.03 3.31 5.19 4.04 25.08
VOL_IDR 9.26 61.62 19.56 3.44 2.89 3.22 38.38
VOL_MYR 1.61 0.61 88.16 1.05 4.61 3.95 11.84
VOL_PHP 3.64 2.14 4.65 83.67 2.67 3.23 16.33
VOL_SGD 3.99 0.57 6.15 2.17 74.71 12.42 25.29
VOL_THB 3.85 1.85 6.1 2.97 11.04 74.19 25.81
TO 22.35 7.69 46.49 12.94 26.4 26.87 142.73
OWN 97.26 69.31 134.65 96.61 101.11 101.06 TSI
NET -2.74 -30.69 34.65 -3.39 1.11 1.06 23.79

In summary, we can conclude that the results we obtain are consistent with 
the different lags in the VAR model, different lengths of forecast horizons, and 
different rolling widow periods. However, there is heterogeneity in terms of 
how each one of the currencies influence the others and how the other currencies 
impact a particular currency. 
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IV. CONCLUDING REMARKS
This paper utilized hourly exchange rate data for five ASEAN countries, namely, 
Indonesia Rupiah, Malaysian Ringgit, Philippine Peso, Singapore Dollar and 
Thai Baht 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 exchange rate influences the 
exchange rate volatility of ASEAN countries. Using a vector autoregressive model 
to extract shock spillovers, 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 each of 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 the majority 
of 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. 

The results indicate IDR is highly volatile. Indonesia has a very thin forex 
market due to small volume and frequency of forex transactions compared to the 
other countries in the sample. Indonesia experiences lack of USD supply due to 
persistent current account deficits. Thus, Indonesia is quite vulnerable when there 
is negative sentiment or issue in the global market/economy that causes foreign 
investors to sell domestic portfolio. As consequences, IDR depreciation and high 
volatility are unavoidable.
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