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Abstract

This research aims to detect cross-border volatility linkages among various curren-
cies within the foreign exchange market with respect to different sampling frequen-
cies. Eleven currency pairs are included in the sample, which covers a period from
2009 to 2020. Volatility linkages among these selected exchange rates were tested
by utilizing a multivariate VAR-BEKK-GARCH model. Results indicate that volatil-
ity linkages among currencies sampled are far stronger in higher frequency terms.
Strikingly, the results denote that the major currencies do not play a strong leading
role in volatility transmission. This finding is more apparent when daily and intraday
results are compared.

Keywords Volatility spillover - Exchange rates - Multivariate GARCH - Intraday
data

JEL Classification G11 - G13 - G15

1 Introduction

Amongst the most critical matters for traders over and above for policymakers is the
form of volatility transmission in global currency markets, because a strong vola-
tility linkage among several markets may cause together benefits and drawbacks.
Especially, the presence of volatility transmissions in currency markets is prone to
bound hedging opportunities, however may correspondingly set the stage for prob-
able speculative trading gains.
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Regarding a policymaker’s perspective, there is an ongoing debate on the impact
of Central Bank intervention on exchange rate volatility. Some studies claim that
these interventions either augment, or have no impact on volatility (Dominguez,
2003; Fratzcher, 2006; Rogers & Siklos, 2003), whereas others document a decreas-
ing volatility (Kim et al., 2000; Qiumin & Qian, 2017). In this respect, volatility
transmission analysis between currencies is crucial for Central Bank authorities, as
the results may be useful in formulating their decisions.

There are numerous studies on volatility spillovers in global currency markets,
with various stories encapsulated (Kocenda & Moravcova, 2019; Panda et al., 2019;
Salisu et al., 2018; Kenorgios et al., 2015; Bubak et al., 2011, Kitamura, 2010;
Chang & Taylor 2003). Nevertheless, the sample datasets in the majority of these
were confined to major currencies, and generally ignored interactions between major
and minor currencies. In addition, in the majority of studies examining the volatility
dynamics that utilized various frequencies, samples were limited to either single or
a small number of currencies (Seemann et al., 2011; Gau & Hua, 2007; Melvin &
Melvin, 2003). Contrarily, Baklaci et al. (2020) try to identify the impact of stock
market trading on currency market volatility spillovers while taking interactions
between major and minor currencies into consideration and analyzing the diversity
of findings regarding to different sampling frequencies. However, since the study’s
sub-samples are based on operating and non-operating hours of three major stock
markets (Tokyo, London and New York), volatility linkages among sample curren-
cies are analyzed using discrete samples representing the stock market sessions. This
approach distorts the continuous information flow between currencies but distin-
guishes the impact of stock market trading on currency market. In addition, as a
result of discrete sub samples, higher sampling frequencies are employed to satisfy
the required number of observations for a feasible estimation.

In this respect, the literature still lacks a combined study embracing the vola-
tility spillover effects among various currencies with regard to different sampling
frequencies.

This particular study aims to fill this gap by detecting volatility spillover patterns
among eleven currency pairs, which, in our opinion, represents an extensive number
of currency pairs. One other unique feature of the data set is that it is comprised of
major, minor and exotic currencies. Furthermore, the volatility transmissions among
eleven currency pairs are scrutinized by employing different sampling frequencies:
namely daily, 30-min and 15-min data. The sample period spans from 1st January,
2009 to 31st December, 2020. Since the intraday data for the sample can be traced
to the beginning of 2009, data availability is the main cause for defining this sample
period. As a result, the data set contains sufficient numbers of observations to ana-
lyze inter-currency volatility spillovers.

The research questions of the study can briefly be summarized as follows:

(a) What are the primary roles of major and minor currencies in volatility transmis-

sion process? Which of the sample currencies play the role of volatility transmit-
ter in different sampling frequencies?
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(b) Is there a change in number of unilateral/bilateral volatility linkages when dif-
ferent intraday frequencies are employed?

The reminder of the paper is organized as follows: the next section includes a
brief discussion of relevant literature. The third section includes the discussion
on data and methodology, followed by the interpretation of empirical findings.
The final section presents concluding remarks.

2 Literature review

In parallel with the apparently increasing importance of the foreign exchange
market, currency volatility has become an issue of concern, particularly for mon-
etary authorities and international investors seeking risk diversification. Recently,
voluminous studies have been devoted to exploring integration and the spillover
effect of the foreign exchange market for developed as well as for emerging econ-
omies (Apergis & Christou, 2017; Greenwood-Nimmo et al., 2016; Kocenda &
Moravcova, 2019; Panda et al., 2019; Salisu et al., 2018).

Previous studies on volatility spillovers in currency markets made diverse
conclusions. There is evidence on significant exchange rate spillovers (Black
& McMillan, 2004; Kearney & Patton, 2000) as well as asymmetric spillovers
among selected currencies (Boero et al., 2011). Especially, there is strong evi-
dence for prolonged volatility increases in post-crisis periods (Kole, 2006; Le &
David, 2014; Groby, 2015). The results of some recent studies on volatility spillo-
ver can be summarized as follows:

Ozer-Imer and Ozkan (2014) consider daily data of 16 currencies during the
2008-2009 global financial crisis by applying two-step estimations; the results indi-
cate at least a twofold increase in volatilities with the outbreak. Kenorgios et al.
(2015) examine the impact of Central Bank announcements on volatility spillo-
ver between the Euro, British Pound and Japanese Yen. Their results indicate an
increased volatility transmission from Euro to Yen during ECB announcements and
an increased volatility from Pound to the Euro during BoE announcements. Bekiros
(2014), Lau and Sheng (2018), and Jain and Sehgal (2019) all argue that major FX
and stock markets become more nonlinearly integrated after financial crises.

Some studies document that various factors may be explanatory for volatility
transmission in FX markets. Scheduled news announcements are found to explain
volatility transmissions partially (Gau & Hua, 2004); whereas quarterly earnings
announcements by central banks (Kenourgios et al., 2015), order flows as buyer-
initiated trades net of seller-initiated trades in FX markets (Kitamura, 2010),
exchange rate uncertainties (Caporale et al., 2015), and verbal interventions in
FX markets (Dewachter et al., 2014) significantly affect volatility transmission.
Lastly, Laakkonen (2014) highlights the importance of filtering out the intraday
periodicity of volatility to prevent biased results, as well as the importance of
selectivity filtering method in analyzing the impact of news on currency markets.
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Most recent studies (Laborde & Olmo, 2021; Hung & Vo, 2021; Zhang & Ham-
ori, 2021; Balcilar & Usman, 2021) have investigated the volatility spillover among
financial markets and instruments during Covid-19 pandemic by employing Die-
bold-Yilmaz approach (2012).

Diebold and Yilmaz (2012) have developed a volatility spillover index to exam-
ine the transmission mechanism between various financial markets and instruments.
Although regarded as a variant of BEKK-GARCH model, forecast-error vari-
ance decompositions are invariant to the variable ordering in Diebold and Yilmaz
approach. Thus, their approach is considered to be a better framework in capturing
asymmetric volatility spillovers.

Considering the frequency of data, deployment of intraday data is valuable not
only to understand patterns within the day, but also to improve the estimation of
volatility over different horizons (Andersen et al., 2000). In other words, high fre-
quency data can result in more accurate volatility measurements, and hence in effi-
ciency gains (Bollerslev & Wright, 2000). In various studies (Bubék et al., 2011;
Melvin & Melvin, 2003), very high-frequency data is employed to support the evi-
dence for significant volatility spillovers in FX markets.

This study aims to detect global volatility linkages among eleven currencies
within the foreign exchange market with respect to different sampling frequencies,
while accounting for both volatility persistence within currencies, and also volatility
spillover effects between currencies.

Consistent with the research questions discussed above, this study contributes
to current literature in two major aspects: Firstly, it utilizes an extensive dataset to
compare and contrast the volatility transmission mechanism among major and minor
currencies simultaneously. This approach has been largely ignored in previous stud-
ies as most studies have predominantly used major currencies in their sample. Sec-
ondly, both daily and intraday data are utilized to detect if switching from lower to
higher frequency data yield distinct results in volatility spillover mechanisms.

3 Data

In order to understand the cross-border volatility linkages within the foreign
exchange market, a total of eleven currencies, including major, minor and exotic
currencies, were utilized in the dataset. The sample period spans from 1st January,
2009 to 31st December, 2020. As indicated in the Introduction, since intraday data
for all sample currencies begin from January 2009, the sample window does not
include data before 2009. Besides, this defined sample period allows us to avoid
the turmoil of global crisis in 2007 and 2008, evidenced by exuberant volatility in
all financial markets, which would distort results. Commensurate with the research
question to detect whether volatility transmission increases with higher frequency
data, daily, 30-min and 15-min observations are chosen. The rationale for the selec-
tion of 30- and 15-min frequencies for intraday sampling is their popularity among
investment banks and professionals. The highest data frequency including 15-min
observations yield 3,009,622 data points, which is sufficiently large to conduct the
required analyses.
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As indicated above, the sample includes major, minor and exotic currencies.
Major currency sample pairs are: Euro/US Dollar (EURUSD), British Pound/US
Dollar (GBPUSD), US Dollar/Japanese Yen (USDJPY), US Dollar/Swiss Franc
(USDCHF), and US Dollar/Canadian Dollar (USDCAD). Minor currency sample
pairs are: Australian Dollar/US Dollar (AUDUSD), New Zealand Dollar/US Dol-
lar (NZDUSD), US Dollar/Norwegian Krona (USDNOK) and US Dollar/Swedish
Krona (USDSEK), whereas exotic currency sample pairs are US Dollar/Hong Kong
Dollar (USDHKD), and US Dollar/Mexican Peso (USDMXN).

Even though there are some minor differences of opinion in currency type clas-
sifications, the currency classifications used in the study are done in consistent
with the classifications from majority of the prominent FX web sources including
finance.yahoo.com, Forextraders.com, and Continental Currency. Furthermore,
our currency classification is consistent with the ranking of currencies by Bank for
International Settlements (BIS) based on their trading volume.

The primary reason for selection of these particular currencies is that these cur-
rencies are among the currencies with the highest FX turnover in global currency
markets (Table 1).! FX turnover figures in Table 1 indicate that the sample curren-
cies are reliable representatives of global currency markets.

The rationale behind the sample selection process is based not only on turnover,
but also on regional variety in order to achieve an understanding of global outcomes.
The study aims to identify the impact of frequency differences on the volatility
transmission mechanism, and to identify any differences with respect to the direc-
tion of the volatility spillovers.

The price series are directly converted into return series. This, in turn, eliminates
the possible impact of direct or indirect quotation of price series on analysis. Like-
wise, Seemann et al. (2011) and Salisu et al. (2018) only use return series as input in
their empirical analyses.

Data is collected via Reuters and cross-checked with Bloomberg to confirm the
accuracy of data. Furthermore, price quotations are gathered from real-time transac-
tion data to ensure that they represent actual trading data. In addition, since global
currency markets are 24-h open markets, the data is continuous and convenient for
high-frequency analysis.

Descriptive statistics as well as the results of the unit root and ARCH effect tests’
for sample currencies at daily frequency,” are provided in Table 2.

Table 2 figures reveal that the average daily percentage changes in sample cur-
rencies are within close proximity, possibly due to the high number of observations.
On the other hand, standard deviation figures show some disparity: as expected,

! The FX turnover figures by currency classifications are obtained from Bank for International Settle-
ments 2016 FX survey.

2 ADF (Augmented Dickey Fuller), ERS (Elliot et al., 1996), PP (Phillips and Perron, 1988) and KPSS
(Kwiatkowski et al., 1992) unit root tests are used to confirm and check the robustness of results. All
tests indicate that all currency series are stationary at levels.

3 Descriptive statistics and other test results for intraday frequencies are not reported for brevity pur-
poses but are available from the authors upon request.
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Table 1 FX turnover by currency classifications (2010-2019)

Currency 2010 2013 2016 2019 Change in percentage
(2019-2010)

Amount Amount Amount Amount
(Billion $) (Billion $) (Billion $) (Billion $)

USD 3,371 4,662 4,438 5,819 72.62
EUR 1,551 1,790 1,591 2,219 43.07
JPY 754 1,235 1,096 1,108 46.95
GBP 512 633 649 844 64.84
AUD 301 463 348 445 47.84
CAD 210 244 260 332 58.10
CHF 250 276 243 327 30.80
CNY 34 120 202 284 735.29
SEK 87 94 112 134 54.02
MXN 50 135 97 114 128.00
NZD 63 105 104 136 115.87
SGD 56 75 91 119 112.50
HKD 94 71 88 233 147.87
NOK 52 71 85 119 128.85
KRW 60 64 84 131 118.33
TRY 29 71 73 71 144.83
INR 38 53 58 113 197.37
RUB 36 86 58 72 100.00
BRL 27 59 51 71 162.96

USD US Dollar, EUR Euro, JPY Japanese Yen, GBP British Pound Sterling, AUD Australian Dollar,
CAD Canadian Dollar, CHF Swiss Franc, CNY Chinese Yuan, SEK Swedish Krona, MXN Mexican Peso,
NZD New Zealand Dollar, SGD Singapore Dollar, HKD Hong Kong Dollar, NOK Norwegian Krona,
KRW Korean Won, TRY Turkish Lira, INR Indian Rupee, RUB Russian Ruble, BRL Brazilian Real

standard deviations for minor and exotic currencies are large compared to major
currencies.

Unit root test results illustrate that first differences of all currencies are stationary.
Furthermore, ARCH test results clearly point to the existence of an ARCH effect in
percentage change series of the sample currencies.

4 Methodology

In this study, the VAR-BEKK-GARCH model (Engle & Kroner, 1995), a multivari-
ate volatility specification model, is employed to measure the dynamics of condi-
tional volatility and volatility interdependence among sample currencies. This speci-
fication accounts for both volatility persistence of each currency, as well as own- and
cross-volatility spillover effects between the currencies. The full BEKK model has
three main advantages over VECH-GARCH and other alternative specifications of
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the MGARCH models: First, the VAR-BEKK-GARCH model allows for cross-sec-
tional dynamics. More specifically, VAR-BEKK-GARCH not only defines volatility
spillover but also indicates the detailed directions within revealed spillovers, which
fits best to our research objective. In this respect, other widely used specifications,
including VECH-GARCH or DCC-GARCH, do not serve our purposes since both
models reveal information only about the magnitude and not the direction of vola-
tility interdependencies. Secondly, by construction, VAR-BEKK-GARCH model
guarantees a positive estimated variance—covariance matrix. Finally, VAR-BEKK-
GARCH is more parsimonious, allowing the reduction of the number of estimated
parameters by enforcing restrictions both within and across equations.

Thus, the study employs multivariate VAR-BEKK-GARCH model to analyze
volatility spillovers among sample currencies.

The VAR-BEKK-GARCH model is conducted using the quasi-maximum like-
lihood estimation procedure. The log-likelihood function for a given sample of T
observations is given by:

T
logL = —% Y [klog2m) +In|H,| +€,H /], M
t=1

where L is the parameter vector to be estimated, k is the number of the variables, T
is a sample of organizations and H, is the conditional variance—covariance matrix
and ¢, is assumed to follow a joint Gaussian log-likelihood function.

The expansion through matrix multiplication resulting in %, h; and h; of the
unrestricted model is presented by Egs. (2), (3):

i

, i Q| | o €15 Ejumt1| | @y b; bj by by,
Ht = C()CO + 2 b b s
Gii | | €11 Eji aji a; by ji bjj
(2)
Ry —c +a”e“ |+ 20,058,485, 1+a .s” 1+b”h”, 1+ 20,0k, 1+bﬂhjjt_1,
(3)
h_/-j —c +c +alJ£” 1+2a A€ 1€ +a /j /t 1+b R 1+2b”b”hl/t 1+b h/;t 15
4)
hj = CiCi + azlaljszr 1 +(a a;;ia;; + atza]])ei,t—lgj,l—l + a]laljelt 1 + b b hut 1 )

+ (bllbll +b llb//)hij»l—l + b/ib./ihjj»l—

In analyses, Egs. (2) and (3) represent conditional variances for individual cur-
rencies that include cross-currency impacts, whereas Eq. (5) expresses the cross-
currency conditional covariance (hi]-’,), derived from Egs. (3) and (4).

ARCH effect (i.e., the effect of a previous shock on the volatility of the same var-
iable,) is shown by the parameters (a;;, a;;), and the degree of volatility persistence is
represented by the GARCH parameters (b”, b;).

The off-diagonal elements of y; matrix in Eq. (1) capture spillover effects in mean.
Particularly, the coefficients y (1), and y(1);; measure the bi-directional spillover effects

in mean. Off-diagonal elements of A matrix, a; and aj, measure the bi-directional
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spillover effects of previous shocks. Similarly, the off-diagonal elements of B matrix,
b;; and b;;, measure the bi-directional spillover effects of variances. In particular, the
parameters, a;; and a;; capture bi-directional shock transmission effects whereas b;; and
b;; capture volatility spillover effects among the selected currencies.

5 Empirical results

The estimation results gathered from the VAR-BEKK-GARCH model are reported
in Tables 6, 7, and 8 in the Appendix for daily, 30-min and 15-min observations.
Before moving to the interpretation of the findings, it is noted that the estimation
output provides robust coefficients. To elaborate, the statistical significance and per-
sistence parameters of individual coefficients as well as the model validate the esti-
mation quality.

In order to ensure that the results are not sensitive to sample selection bias, a
structural break analysis is conducted on 30-min and 15-min frequencies through
modified augmented Dickey-Fuller tests (Perron, 2006), which allow for levels and
trends that differ across a single break date, since structural break is widely con-
sidered as a major source of nonlinearity in currency markets. The unit root tests
are conducted with a single break, where the break consists of a level shift, a trend
break, or both a shift and break. The results obtained from unit root tests are pro-
vided in Table 3.

From the structural break test, it is found that all the currencies’ price change
series contain no structural break point for the full sample period since there is not
any statistical significance among the results provided in Table 3. The rationale
behind this outcome may be the frequency of the data. Consequently, analyses were
conducted for the full sample period.

Tables 4, 5 and 6 report the summarized results for short-term shock transmis-
sion and volatility spillover effects in three sampling frequencies. The shape of the
arrows in the tables denote the direction of the interdependencies between sample
currencies, if any.

The findings from the analyses can briefly be interpreted as follows:

The findings clearly point to the presence of volatility spillover effect among
the sample currencies. Moreover, it can also be observed that, in most cases, the
effect is bi-directional, indicating a strong volatility interaction among the selected
currencies.

Volatility spillover among sample currencies is far stronger in the higher frequency
data (30 min and 15 min). Interestingly, in 30- and 15-min intervals, all analyses indi-
cated at least one unilateral volatility transmission among sample currencies.

Analyses provide unorthodox results indicating that major currencies do not play
a strong leading role in volatility transmission. This finding is more distinct when
daily and intraday results are compared. In particular, the majority of minor curren-
cies (particularly the Norwegian Krona and Swedish Krona) transform from volatil-
ity receivers to volatility transmitters with the movement towards higher sampling
frequencies. Likewise, as the observation frequencies increase, major currencies
lose their volatility-transmitter role. Specifically, at the daily level they unilaterally
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Table 3 Dickey-fuller structural break test results

30 Minute frequency 15 Minute frequency
t b, b, t b, b,
AUDUSD —0.496 0.999 —1.157 0.051 0.857 —-0.938
[0] [0] [0] (0] (0] [0]
EURUSD 1.241 —1.008 0.041 0.256 -0.175 —-0.259
[0] [0] [0] (0] (0] [0]
GBPUSD —0.284 - 0416 1.020 —-0.834 0.679 0.425
[0] [0] [0] (0] [0] [0]
NZDUSD 0.494 —0.135 -0.511 - 1.151 1.148 1.157
[0] [0] [0] (0] [0] [0]
USDCAD —-1.324 0.534 1.402 0.612 —0.527 —0.636
[0] [0] (0] (0] [0] [0]
USDCHF -0.132 —0.481 0.283 0.835 - 1.611 —0.134
[0] [0] (0] [0] [0] [0]
USDHKD 19.371 15.442 12.669 0.334 1.650 -0.333
[0] [0] (0] [0] [0] [0]
USDJPY —0.564 —0.304 0.463 0.219 - 1.156 0.565
[0] [0] (0] [0] [0] [0]
USDMXN 0.492 -0.523 —0.584 0.417 —0.904 —0.157
[0] (0] (0] [31 [3] [3]
USDNOK 0.227 —-0.629 —-0.052 0.834 0.298 —0.298
[0] (0] (0] [0] [0] [0]
USDSEK 0.071 - 1.170 —0.031 0.691 —0.043 0.518

[0] (0] [0] [0] [0] [0]

Numbers in square brackets correspond to lags for Dickey-Fuller structural break test. Maximum lags are
set to 10, and lag length is determined using the modified Schwarz Information Criterion

t, b, and b, refer to Trend, Intercept Break and Trend Break respectively.

# sk kkk Indicate statistical significance at the 1%, 5% and 10% level respectively. Any statistical sig-
nificance would indicate the existence of a structural break

transmit volatility to some sample currencies, yet in intraday frequencies they lose
this particular role.

This result becomes even more pronounced in short-term shock transmissions.
Notably, as opposed to daily results, the majority of the major currencies, including
the British Pound and Japanese Yen, become shock receivers, while the majority of
the minor currencies become shock transmitters. Considering the fact that the Hong
Kong Dollar was pegged to the U.S Dollar in 2005,* the presence of ARCH effect
in HKD series indicates high volatility in intraday data, and provides additional evi-
dence for the importance of using intraday analysis. These findings distinctly con-
note the importance of using high-frequency observations when analyzing the vola-
tility impacts of major currencies.

We have decided to extract and plot the 1-month forward swap spreads as a proxy
to gauge the risk premium levels for the sample currencies. Figure 1 displays the
graphical representation of 1-month forward swap rates.

4 Since 18 May 2005, HKD is allowed to float between HKD 7.75 and HKD 7.85 per USD.
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Fig. 1 1 month forward swap rates for selected sample currencies (2009-2020)

An interesting observation from Fig. 1 is the fact that minor currencies, including
the Norwegian Krone, Swedish Krone and Hong Kong Dollar, have negative risk
premiums in nominal terms, but the volatility of forward swap spreads in these cur-
rencies are much higher compared to their major-currency counterparts.

These results connote that minor currencies are open to much wider speculation
conducive to higher volatility in those currencies’ forward swap spreads, which is
in turn transmitted into spot rate volatility, particularly in higher frequency trading.

These results combined with increasing FX trading and turnover in minor and
exotic currencies might explain why these currencies transform to an originator role
in volatility transmission processes.

A comparison between daily frequency and intra-day frequency results indicates
that the unidirectional volatility linkages among sample currencies tend to transform
into bidirectional relationships. Even among two sample currencies seemingly unre-
lated in terms of volatility linkages (i.e., NZDUSD and EURUSD), bidirectional
volatility linkages are observed in intra-day observations. Such difference may be
caused by aggressive monitoring of the intraday traders and arbitrageurs to benefit
from any possible change in market conditions.

These findings carry vital implications for traders and policymakers. From a trad-
er’s perspective, one of the most salient finding is the need for day traders to monitor
not only the major currency fluctuations but also minor and exotic currency fluc-
tuations for speculation and hedging purposes. This finding is a greater priority for
day-traders and arbitrageurs attempting to exploit price fluctuations. From a hedg-
ers’ points of view, findings signal that minor and exotic currencies should closely
be monitored or added to portfolios for controlling the currency risk.

From a policymaker’s perspective, the findings signify that the monetary authori-
ties should monitor the volatility interactions of their home currency against both
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major and minor currencies simultaneously. This action could prevent excess vola-
tility, especially due to the unexpected impact of minor and exotic currencies, as
revealed in the results of this study.

6 Conclusion

As discussed, the results of this particular research reveal various previously untold
stories with regard to volatility linkages in currency markets. It may be possible to
generalize these results to provide inferences for global FX markets, as the sam-
ple and number of observations is quite extensive in comparison with the pertinent
literature.

In terms of answers to the research questions above, these results shed new light on
the leading role of major currencies, clearly indicating that soft currencies also play a
leading role in shock and volatility transmissions, and that fluctuations in these curren-
cies should carefully be monitored. In contrast to Baklaci et al. (2020), minor curren-
cies’ leading role in shock and volatility transmissions remains consistent with respect
to various sampling frequencies. Furthermore, Baklaci et al. (2020) build sub-samples
based on operating and non-operating hours of three major stock markets (Tokyo, Lon-
don and New York), which results in different discrete samples. On the other hand,
since the currency market operates continuously, the results of the current study is more
feasible in terms of identifying pure currency market dynamic settings.

In addition, from both academic and professional points of view, the results under-
line the importance of using high frequency data to scrutinize volatility interdependen-
cies in currency markets. Particularly since the number of volatility interdependencies
is directly proportional to frequency, risk diversification opportunities erode in intra-
day currency market transactions. Furthermore, such a situation involving tight interde-
pendencies could be exploited by speculators and arbitrageurs through frequent trading
and dynamic portfolio management.

The existence of tight volatility and shock transmissions represents a potential chal-
lenge for monetary authorities aiming to prevent excess volatility. Furthermore, previ-
ously unexplored phenomena involving the significant roles and impacts of minor and
exotic currencies in shock and volatility transmissions denote that this issue is of great
concern for the monetary authorities in major economies, as they suggest the need to
monitor volatility in a greater range of currencies than is the norm at present.

One inherent assumption utilized in this study was that intraday volatility in higher fre-
quencies incorporates news announcements as revealed in recent studies (Chan & Gray,
2018; Hussain et al., 2019). Yet, even beyond the scope of this particular study, the impact
of news announcements can be examined in further studies by including news innovation
in GARCH specifications, which requires rummaging all available news announcements
to impact all sample currency pairs simultaneously, in an intraday setting.

Appendix

See Tables 7, 8 and 9.
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