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Market volatility and spillover across 24 sectors in
Vietham

Hung Quang Bui?, Thao Tran?, Toan Tan Pham?, Hung Le-Phuc Nguyen? and Duc Hong Vo3*

Abstract: While market volatility and volatility connectedness across different
financial markets have been examined, the spillover effects across sectors have
been under-examined. As such, this study aims to examine market volatility
and the volatility patterns for 24 Vietnamese sectors. Our study uses the ARMA-
GARCH estimation technique over the 2012-2021 period. The spillover effects
between these sectors are then investigated using the vector autoregression
(VAR) technique. Three key findings are as follows. First, the market volatility of
Development Investment, Education, and Securities is most affected by the
market volatility from the previous periods, whereas Construction is least
affected. Second, the Vietnamese stock market exhibits a substantial inter-
sector connectedness above 60 per cent from 2012 to 2021. However, the
sectoral spillover effects increase to around 90 per cent during the Covid-19
pandemic. We found that Aquaculture, Building Materials, Food, and Plastic are
the four primary risk transmitters at the sectoral level. Third, market volatility
for Energy, Plastic, and Steel is unaffected by the pandemic. Meanwhile,
Securities, Fertilizer, and Transportation exhibited a significant increase in mar-
ket volatility during Covid-19. Based on these empirical results, policy implica-
tions have emerged for the Vietnamese government to support affected
industries to recover and develop.

Subjects: Econometrics; Corporate Finance; Investment & Securities

Keywords: Volatility; spillover; ARMA-GARCH; VAR; Vietnamese sectors

1. Introduction

Vietnam is classified as a developing nation. The Vietnamese economy is currently ranked
37 globally using the nominal gross domestic product (GDP) and 23" using the purchasing
power parity (PPP) adjusted GDP in 2020 (World Bank, 2021). Many investors have considered
Vietnam with significant growth potential and decided to invest in Vietnam. Therefore, under-
standing the Viethamese stock market and the sectors’ characteristics is important to esti-
mate the risks and design a proper investment strategy. The Vietnamese stock market is
considered one of the frontier markets. Therefore, the stock market is considered small, risky,
and illiquid, which is easier to be manipulated than other stock markets. However, since the
market is small and has a huge growth potential when the Vietnamese economy develops, it
provides substantial profitable investment opportunities for investors. Therefore, understand-
ing the market risk, especially the stocks’ volatility, can help investors mitigate the risk and
manage their portfolios when they invest in the Vietnamese stock market.

© 2022 The Author(s). This open access article is distributed under a Creative Commons
Attribution (CC-BY) 4.0 license.
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Figure 1. Total stock trading
accounts in Vietnam over the
period from 2015 to 2021.

Data source: The State
Securities Commission of
Vietnam (SSC)
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As a frontier market, the Vietnamese stock market has exhibited high volatility for most of
the time since the market was established. Along with the economic growth and develop-
ment, more and more investors participate in the Viethamese stock market. However, the
emergence of the Covid-19 pandemic has caused the global economy to suffer a significant
economic downturn. The Vietnamese government has responded to the pandemic by enact-
ing lockdowns, quarantines, and social distancing, forcing many Vietnamese people to stay
home for several months. Also, the unemployment rate increased since many businesses
have struggled to operate after being severely hit by the pandemic. Therefore, more people
seek investment opportunities to generate income and profit during the pandemic, thus
creating a significant number of new investors trading accounts joining the market during
the Covid-19 period of 2020-2021. The participation of substantial individual investors has
lifted the stock market liquidity to more than 10 trillion VND, approximately 2 billion USD, in
December 2021. Figure 1 presents Vietnam’s total stock trading accounts from
December 2015 to December 2021. The total accounts in 2020 increased by 17 per cent
compared to 2019. In 2021, the increase reached 56 per cent, thus showing that investors
are incredibly interested in investing in the stock market (The State Securities Commission of
Vietnam, 2021).

The Covid-19 pandemic has affected various Vietnamese stock sectors, and significant
shocks as the pandemic usually amplify the market volatility across financial markets.
Figure 2 illustrates the market price volatility in 24 Vietnamese stock sectors and compares
them with the Vietnamese stock market index, the VN-Index (VNI), over the ten years of
2012-2021 (Figure 2a) and the Covid-19 pandemic period of 2020-2021 (Figure 2b). The
significant fluctuation trend of the sectoral market indices can be observed among all
sectors. However, from 2012 to 2021, Aviation exhibits the most significant price volatility
over the entire period. Aviation reached the highest price increase of around 1,550 per cent in
January 2018. The level then significantly dropped by approximately 50 per cent from the
peak to 660 per cent in March 2020 when Covid-19 emerged. The pandemic has caused
extreme chaos among Vietnamese people and severely damaged the aviation sector by
forcing the government to restrict flights and enact lockdowns. Also, the VN-Index and
other sectors experienced a plunge in March 2020 to hit bottom and then gradually recovered
(The State Securities Commission of Vietnam, 2021).

Besides, we argue that all stock sectors have inter-connectedness in which substantial volatility
emerging in one sector may spread to other sectors (Zhang et al., 2020). This mechanism is
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Figure 2. (a) The Vietnamese
stock market index and 24
Vietnamese sectors indices
volatility from 2012 to 2021.
(b.) The Vietnamese stock mar-
ket and 24 Vietnamese sectors
indices volatility during the
Covid-19 period of 2020-2021.
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generally considered volatility spillover/connectedness, a typical characteristic of financial crises
and economic downturns (Laborda & Olmo, 2021). The Covid-19 pandemic in Vietham might
create substantial volatility spillover across all Vietnamese sectors. Therefore, analyzing the
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sectoral volatility connectedness during the Covid-19 pandemic plays an essential role in designing
public policies by the government and policymakers and managing investment portfolios by
practitioners and investors. However, the sectoral spillover effects during the Covid-19 pandemic
appear to be ignored in the existing literature. Previous studies have concerned the sectoral
volatility spillover within specific financial markets other than Vietnam during the pandemic period,
such as in China (Shahzad et al., 2021; Su & Liu, 2021; Umar et al., 2021), the US (Laborda & Olmo,
2021; Yousaf et al., 2020a), Europe (Aslam et al., 2021; Mensi et al., 2022), Islamic markets (Yousaf
& Yarovaya, 2022a), and the G7 countries (Zhang et al,, 2021).

As such, the primary research objective of this paper is to examine the spillovers among equity
sectors of Vietnamese stock markets in pre and post-COVID-19 periods. We analyze the market
volatility and its patterns across 24 sectors in Vietnam during the ten years of 2012-2021 and
identify the most vulnerable and resilient sectors to previous shocks using the ARMA-GARCH
estimations. This research objective is examined on the ground of theoretical consideration of
volatility spillover and empirical analyses discussed later in this study.

The contributions of this study are twofold. First, market volatility spillover has been widely
investigated for a sample of the equity markets. However, market volatility spillovers across
sectors appear to be under-examined in the existing literature, especially for emerging markets.
Our literature review indicates that this is the first study to examine the market volatility spillovers
across Vietnam sectors, especially focusing on the current Covid-19 pandemic. Second, our study
identifies the risk-transmitted and risk-received sectors among these 24 Vietnamese sectors and
understands their behaviours, particularly during events such as the current Covid-19 pandemic.
Understanding these classifications and the changes in behaviour play an important role in policy
implications.

The structure of this study is as follows. Section 2 discusses and synthesizes related academic
papers on market volatility spillovers following this introduction. Section 3 presents the research
methodology and data. Empirical results on market volatility, spillovers, and significant changes in
market volatility pre- and post-breakpoints during the Covid-19 pandemic, including our robust-
ness analysis, are presented and discussed in section 4 of the paper. Finally, section 5 offers
concluding remarks.

2. Literature review

Volatility spillover has been widely examined in the existing literature. Volatility spillovers are
generally understood as a phenomenon that one market’s volatility prompts the volatility in
other markets (Yarovaya et al., 2016). The market volatility spillovers of various markets are widely
examined in the existing literature (for example, see Forbes and Rigobon, 2002; French and
Poterba, 1991; Goetzmann et al., 2005; Pukthuanthong and Roll, 2015; Solnik and Watewai,
2016). Spillovers from one market to another across assets or asset classes have also been widely
investigated (for example, see Engle et al., 1990; Eun and Shim, 1989; King and Wadhwani, 1990,
for the earliest studies of spillovers). In particular, empirical studies on this market volatility
spillovers have been conducted for the US and other markets, Scandinavian markets, and
European markets. Market volatility spillovers have also been examined for spot and futures
markets, the energy markets, credit markets, commodity markets, bond markets, foreign exchange
or cryptocurrency markets (see, Hoang & Baur, 2021; Yousaf & Ali, 2020; Yousaf et al., 2020q,
2020b, 2020c; Yousaf & Hassan, 2019; Yousaf & Yarovaya, 2022b).

Regarding sectoral volatility spillovers, Zhang et al. (2020) argue that sectors in an economy are
closely connected and that significant volatility occurring in one sector could also trigger the other
sectors’ volatility. Such volatility spillovers are representatives of financial crises (Laborda & Olmo,
2021). As such, constructing appropriate methods to examine the volatility spillovers has largely
drawn scholars’ attention. Su and Liu (2021) have presented three main approaches to measuring
volatility spillovers. The first approach includes using Granger causality to examine the mean spillover
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and returns volatility (Atukeren et al., 2021; Hong, 2001; Hong et al., 2009). The second approach
focuses on the vector autoregression (VAR) family models to investigate the volatility spillovers across
markets through the mechanism of network topology (Diebold & Yilmaz, 2009, 2012; Diebold & Yilmaz,
2014; Gabauer & Gupta, 2018; Laborda & Olmo, 2021; Su & Liu, 2021; Yousaf et al.,, 2022). The third
approach uses the generalized autoregressive conditional heteroskedasticity (GARCH) models. The
GARCH family models appear to be comprehensive as they are widely adopted to examine volatility
spillovers among markets, sectors, and institutions (Bouri et al., 2021; Cheung & Ng, 1996; Gabauer,
2020; Hamao et al., 1990; Hassan & Malik, 2007; Yousaf et al., 2020b).

Besides, scholars have recently combined these three conventional approaches with a novel
method known as wavelet transform to measure volatility spillovers. For example, Boubaker and
Raza (2017) combine a multivariate ARMA-GARCH model and wavelet multiresolution analysis to
investigate the volatility spillovers between oil prices and BRICS stock markets. Ghosh and
Chaudhuri (2019) implement a comprehensive approach including the Granger causality test,
Diebold-Yilmaz VAR model, GARCH family models, and wavelet decomposition to examine the
temporal correlation, causal relationship, and spillovers among eight financial time series/indices,
including CBOE Volatility Index (VIX), India VIX, Crude Oil, FX1, DJIA, Nifty IT, Metal and BSE Sensex.

The recent Covid-19 outbreak has been reported to have caused economic downturns in many
countries, which may also trigger their stock markets’ volatility and volatility spillovers.
Significantly, the stock markets have more robust responses to the pandemic than the real
economy (Hasan et al., 2021). In addition, findings from Aslam et al. (2021), Akinlaso et al.
(2021), Bissoondoyal-Bheenick et al. (2021), and Mensi et al. (2022) have confirmed a significant
increase in stock markets’ volatility associated with the Covid-19 rapid outbreaks. As such, sectors
in the stock markets might also have experienced a rise in volatility and volatility spillovers during
the pandemic.

Su and Liu (2021) adopt the VAR model developed by Diebold and Yilmaz (2012) to examine the
spillover network of financial shocks among ten Chinese sectors before and during the Covid-19 period.
Their findings confirm a more vital connectedness among Chinese sectors since the Covid-19 outbreaks.
Furthermore, these findings confirm the increased volatility spillovers among Chinese sectors in which
consumer discretionary, industrials, and materials sectors become the primary risk transmitters. Also,
Shahzad et al. (2021) examined the volatility spillovers across ten Chinese sectors. They observed the
asymmetric effect of positive and negative volatility patterns which are intense and time-varying during
the Covid-19 period. Specifically, the negative volatility spillover patterns appear to outweigh the positive
patterns. Laborda and Olmo (2021) have found that the energy, banking & insurance, and biotechnology
sectors are the main volatility transmitters for the US sectoral volatility spillovers. Similarly, Choi (2022)
has observed that the Covid-19 outbreak magnifies the volatility spillovers across eleven sectors in the
US, in which the main volatility transmitters are the energy, consumer discretionary, and consumer
staples sectors.

The literature on volatility spillovers in the context of Vietham remains limited. Previous studies
only confirm the significant role of foreign ownership in stabilizing stock return volatility in Vietnam
(Vo, 2015) and improved corporate earnings quality (Vo et al., 2019) for listed firms in Vietnam. In
particular, Vo (2015) examines the effects of foreign ownership on the firm-level volatility of stock
returns in Vietnam using a sample of listed firms on the Ho Chi Minh City stock exchange. The
author concludes that a firm’s ownership by foreign investors decreases the firm’s stock price
volatility in Vietnam’s stock market. In another attempt, Vo et al. (2019) examine the nature of
foreign stakeholders’ role in enhancing the quality of financial reported earnings. Their findings
indicate that firms with greater foreign shareholdings are aligned with a higher quality of financial
disclosure.

Our literature review indicates that no studies have examined the volatility spillovers across
sectors in Vietnam, especially during the Covid-19 period. As the literature on volatility spillovers
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across sectors in Vietnam is still underdeveloped, we consider using a combination approach,
including the Diebold-Yilmaz VAR model and the GARCH family models, to examine the volatility
spillovers in Vietnam as essential. The current lack of evidence on this crucial topic of volatility
spillover across sectors warrants our analysis in this study.

3. Data and research methodologies

3.1. Data and sampling

This study uses the daily closing prices of 24 Vietnamese sectors’ indices over ten years from 2012
to 2021. These sectors include Aquaculture, Aviation, Banking, Building Materials, Business,
Construction, Construction Investment, Development Investment, Education, Energy, Fertilizer,
Food, Mineral, Oil & Gas, Pharmaceutical, Plastic, Real Estate, Rubber, Securities, Services, Steel,
Technology, Trade, and Transportation. Additionally, the sub-period, including the Covid-19 pan-
demic of 2020-2021, is also used to examine the effects of the pandemic on market volatility
among the Vietnamese sectors.

3.2. Methodologies

3.2.1. The ARMA-GARCH approach to estimating volatility

We employ the ARMA-GARCH estimation to investigate the market volatility and the volatility
patterns across 24 Vietnamese sectors. Noticeably, the GARCH model captures volatility clustering
and heteroskedasticity. Zivot (2009) argues that the GARCH model is more advantageous than the
ARCH model in estimating the unstable magnitude residuals obtained from the ARMA model.

We also conduct the ARMA model to examine the market volatility (). The market return for each
sector is estimated as follows.

D.
X = In _f)
* (Di.t—l

where:D;; represents the closing price of index i at time t, X;; denotes the change in index i at time t.

The optimal lag length of AR (r) and MA (s) employed in the ARMA model are determined using
the Bayesian Information Criterion (BIC) maximization.

(1 - Zr:ﬁ,Bi) X = <1 + i y,-B"> et
i=1 i=1

where:B' denotes the backshift operator. g; and y; are the coefficients of the ARMA model’s auto-
regressive (AR) and moving average (MA) parts. & represents the residual expected to be inde-
pendently and identically distributed.

Next, we conduct the heteroskedasticity test for the dataset to confirm the ARCH effect using
the Ljung-Box portmanteau (Q) test (Ljung & Box, 1978).

mo1 .
Q=n(n+2) X ——=p*(J) ~ 1%
=n-J

where: m represents the degree of freedom to investigate the model stationarity. 52(j) is the
estimated autocorrelation of lag j. n stands for the observation number.
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The test’s null hypothesis (HO) is that the series follows a white noise process, implying no ARCH
effects occurrence. However, when we reject the null hypothesis, the return series have ARCH
effects. The test result warrants our next step to employ the ARMA(r,s)—GARCH (p,q) model to
extract the conditional variance (market volatility) of 24 Vietnamese sectors. The GARCH (p,q)
equation is described as follows:

O:Z

q P,
=ag + '21 Pieri + '21 Yi0t_i
i= i=

3.2.2. Estimating the market volatility spillover using the forecast error variance decomposition
in a vector autoregression (VAR) model

After examining the market volatility of each sector, our next objective is to analyze the volatility
transmission/spillover among 24 sectors in the Vietnamese stock market. Therefore, we adopt the
connectedness/spillover network analysis approach by Diebold and Yilmaz (2012, 2015) in our analysis
of volatility spillover. Under this spillover network analysis approach, the association structure among
all sectors can be identified deeper. Also, each sector’s directions of transmission structure and node
weight can be identified simultaneously (Diebold & Yilmaz, 2014). The simplicity and informativeness
of this connectedness network analysis approach perfectly fit our study’s objectives.

The spillover index is calculated based on the forecast error variance decomposition in the vector
autoregression (VAR) model, which is constructed by Diebold and Yilmaz (2012, 2015). The proce-
dure for applying the model is as follows. First, the VAR model of order p is fitted to the time series
of market volatility obtained from the ARMA-GARCH estimation. We conducted the augmented
Dickey-Fuller (ADF) test to examine the stationarity of the market indices of 24 Vietnamese
sectors. Our findings confirm that employing the VAR model for these market indices is
appropriate.! Second, we forecast the market volatility for all sectors for h periods ahead. Using
data up to time t, we obtain the error variance decomposition of each forecast corresponding to
the arising shocks from the same or other network components at time t. Third, based on the
forecast error variance decomposition obtained from the previous step, we estimate the volatility
connectedness index of each market index and the total connectedness/spillover index of the
Vietnamese stock market.

We then calculate the total spillover/connectedness index for the entire Vietnamese stock
market, which is a per cent of the total variation in the spillover network. The total spillover
index (TSI) can be measured as:

where N denotes the number of time series and dj (for) denotes the pairwise directional connect-
edness/spillover

This paper examines the volatility spillover effects by employing the VAR model with a lag length
of three, a forecast variance error of a 12-day-ahead period, and 200-day rolling-sample windows.
These parameters for the VAR estimation are used in the Diebold and Yilmaz (2015) study. The lag
length of three in our model is selected based on the final prediction error (FPE) and Akaike’s
information criterion (AIC). Moreover, we also conduct the robustness test for our model using
several VAR lags (from lag 1 to lag 5), forecast horizons (5-10-15 days), and rolling-sample window
lengths (250-500-750 days).
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4. Empirical results

4.1. Estimating the market volatility using the ARMA-GARCH model

The market volatility patterns for 24 stock sectors in Vietnam are presented and discussed. Table 1
presents the ARMA-GARCH estimation results for the entire period of 2012-2021. Results show that all
24 sectors have both ARCH and GARCH effects, which means that the market volatilities in the current
period are affected by both the shocks and volatilities from the previous periods. Additionally, the
variance constants are not significantly different from 0, implying that the market volatilities across all
sectors are severely affected by the shocks and volatility from the previous periods.

The GARCH effects (B) across 24 sectors in Vietnam indicate each sector’s likability to being
affected by the previous periods’ volatility. Development Investment is the most severely affected
sector by its volatility from prior periods, as recorded with the highest B of 0.966, followed by
Education (B of 0.928) and Securities (B of 0.914). In contrast, the volatility of Construction is least
affected by the previous periods’ volatility (the lowest B of 0.719).

Furthermore, the absolute value of (o + ) shown in the last row of Table 1 and Table 2 indicates the
speed of the mean-reversion process of each sector. We note that sectors with the absolute value of
(o + B), smaller than 1 have the mean-reversion process. Additionally, the lower the absolute value of
(o + B) is in each sector, the faster the mean reversion of that sector. As such, our findings from Table 1
indicate that 23 Vietnamese sectors, except for Development Investment, exhibit a slow mean-
reversion process. Meanwhile, the Development Investment sector witnessed no mean-reversion
process because the absolute value of (a + ) is more significant than 1 (a + = 1.0013). Securities
have experienced the longest mean reversion (with the highest sum of (a + ) of 0.9989). In contrast,
Pharmaceutical has the fastest mean reversion with the lowest absolute value (a0 + B) of 0.925.
Besides, all 24 sectors recorded persistent volatility because the absolute value of (a + ) is approxi-
mately equal to 1.

We then employ the same ARMA-GARCH estimation for the sub-period of 2020-2021 to examine
the Vietnamese stock market volatility patterns during the Covid-19 pandemic. As presented in
Table 3, our results confirm that the ARCH and GARCH effects across 24 Vietnamese sectors remain
significant and persistent (at a 1 per cent significance level). Moreover, the market volatility is also
confirmed to be substantially affected by the shocks from the previous periods during Covid-19.

Figure 3 presents the market volatility patterns of 24 Vietnamese sectors from 2012 to 2021. We
concentrate on each sector’s pattern over the period and the volatility changes across 24 sectors
during the Covid-19. The volatility patterns indicate that Aviation, Construction, Mineral, Oil & Gas,
Securities, and Services are the most volatile sectors in Vietnam over the entire period. In contrast,
the 18 remaining sectors’ market volatility patterns are pretty stable. Interestingly, the Covid-19
pandemic has not severely impacted all 24 Vietnamese sectors at the beginning of 2020 because
no significant volatility spikes are found during this period. The first wave of the Covid-19 pandemic
occurs around 2,700, which is at the beginning of 2020. In general, several sectors recorded an
increase in market volatility. However, this increase is insignificant and even lower than the
previous period’s volatility spikes. Specifically, Figure 3 shows that Securities and Services exhibit
the highest volatility of approximately 0.25 per cent per day during the Covid-19 pandemic.
Meanwhile, other sectors show only a slight increase in their volatility during the pandemic.

The reason behind this abnormal market behaviour can be explained by the nature of the
Vietnamese stock market. Vietnam’s stock market is classified as a frontier market, which infers that
the market is small, hard to access, and risky. As such, the whole stock market constantly witnesses
high and persistent volatility, thus making the investors familiar with the shocks and are used to
investing during high volatile periods. Therefore, the impacts of the Covid-19 pandemic shock on all 24
Vietnamese sectors are less severe, thus resulting in only a slight increase in market volatility
compared to other markets such as the US or Australian stock markets.
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Figure 3. Market volatility
across 24 sectors in Vietnam,
the entire period 2012-2021.
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4.2. The spillover effects across 24 Vietnamese sectors during the COVID-19 pandemic
The spillover effects across 24 sectors in Vietnam over the entire ten years research period of 2012-
2021 using the vector autoregression (VAR) model are examined and presented in this section.

Table 3 presents the connectedness/spillover network among 24 Vietnamese sectors. The total
spillover index (TSI) indicates the average spillover effects across all Vietnamese sectors. The TSI of all
24 Vietnamese sectors is 76.4 per cent during the entire period, implying that the spillover effects
across Vietnamese sectors are extreme and the inter-sector connectedness is substantial. This finding
indicates that the market risk in terms of volatility among Vietnamese stocks is likely to spread among
all sectors rapidly. Furthermore, the results of the net spillover effect of each sector show that Food
and Building Materials play an essential role as the most significant risk transmitters across the
Vietnamese stock market because of their most significant “NET” values of around 100 per cent in
the volatility transmission network. Therefore, these two sectors are considered significant risk trans-
mission sources, implying that whenever significant market volatility emerges in these sectors, the
volatility will spread to other sectors quickly. In contrast, Real Estate and Securities are the two most
significant risk absorbers (with the lowest “NET” values of —32.58 per cent and —30.47 per cent,
respectively). Knowing each sector’s characteristics can help policymakers avoid market failure or
mitigate the negative impacts on the financial market created by the major shocks.

Figure 4 shows total average spillover index (TSI) changes in trend over 2012-2021. The total
connectedness index among 24 sectors in Vietnam is consistently high, which is always more than
60 per cent. However, the TSI increased to around 90 per cent after the first case of Covid-19 was
recorded in Vietham on 23 January 2020, thus indicating an extremely high market volatility
spillover effects across 24 sectors during the pandemic period.

Figure 5 presents the spillover effects changes in each Vietnamese sector over the entire research
period. Additionally, we use the vertical red line to mark the first recorded Covid-19 case in Vietnam on
23 January 2020 to compare the spillover effect between pre-pandemic and during the pandemic.
Based on the illustrated patterns in Figure 5, Aviation, Construction Investment, Pharmaceutical, Real
Estate, Rubber, Securities, and Technology are the significant risk absorbers over the entire period. The
persistent negative spillover trends most support this finding during the whole period. In contrast,
Aquaculture, Building Materials, Food, and Plastic are the main risk transmitters with a consistently
positive spillover trend over the 2012-2021 research period.

We now analyze the impacts of the Covid-19 pandemic on the spillover effects across 24 sectors
in Vietnam. The trend between pre-and during the pandemic is compared. The pandemic is found
to create a paramount increase in the spillover effects across 24 Vietnamese sectors. This finding is
supported by the rise to approximately 90 per cent in the TSI, as presented in Figure 4.

Furthermore, the pandemic has caused changes in the spillover network of many sectors.
Figure 6 illustrates the role of 24 Vietnamese sectors in the spillover network and compares the
differences between pre-and during the Covid-19 pandemic. Building Materials, Food, Aquaculture,
and Plastic are always the four most significant risk transmitters both pre-pandemic and during
the pandemic period, consistent with the findings in the spillover patterns presented in Figure 5. On
the other hand, oil and Gas switched from the risk transmitter to the risk absorber after the
emergence of the pandemic. Interestingly, all 19 remaining sectors are always the risk absorbers
from 2012 to 2020. As such, we can conclude that across 24 Vietnamese sectors, the four most
significant risk transmitters always spread the market risk in terms of volatility to the other twenty
sectors, especially during the Covid-19 period when the spillover effects are amplified.
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Figure 5. Spillover effects of 24
sectors in Vietnam over the
2012-2021 period.

Note: The red line marks the
date of 23 January 2020, when
the first Covid-19 cases were
recorded in Vietnam.
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4.3. A robustness analysis

This section conducts a robustness analysis concerning market volatility spillovers across 24 Vietnamese
sectors using various combinations of rolling windows, forecast horizons and lag lengths. Our analysis
uses the rolling window of 200 days, a forecast horizon of 12 days, and the optimal lag of 3 days to input
the VAR model to examine the sectoral spillover effects. However, different combinations of these
parameters/inputs may result in different patterns. As such, we conduct the robustness test using
different combinations of the rolling windows (250 days, 500 days, 750 days); the forecast horizon
(5 days, ten days, 15 days), and lag lengths (1 day, two days, three days, four days, five days). Figure 7
illustrates the robustness analysis results. Our robustness analysis indicates that the trends and magni-
tudes of the market volatility spillover across 24 sectors in Vietnam, represented by the total spillover
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Figure 6. The comparison of the
Vietnamese sectoral volatility
spillover between the pre-and
during the Covid-19 pandemic

Blue (yellow) nodes illustrate
the net transmitter (receiver)
of shocks. Vertices are
weighted by the averaged net
pairwise directional connect-
edness measures. The size of
the nodes represents the
weighted average net total
directional connectedness.

Pre Covid-19 pandemic period During the Covid-19 pandemic period
(2012-2019) (2020-2021)

index (TSI), largely remain unchanged regardless of the combinations of different rolling windows,
forecast horizons, and lag lengths.

5. Concluding remarks

The market volatility patterns, characteristics, and spillover effects among stock markets have been
extensively investigated. However, the volatility spillovers among various sectors of a country have
largely been ignored in the existing literature, in particular for an emerging market such as Vietnam. As
such, our study is conducted to examine market volatility across Viethamese sectors during the 2012-
2021 period, including the Covid-19 pandemic. Our analysis uses the ARMA-GARCH estimation technique
to estimate market volatility and the vector autoregression (VAR) technique to examine the spillover
effects between these sectors.

Fig ure 7. Robustness test of the Rolling window: 250 days Rolling window: 500 days Rolling window: 750 days
. Forecast horizon: 5 days Forecast horizon: 5 days Forecast horizon: 5 days
total volatility spillover of the
Vietnamese stock market. " » "
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Our empirical results indicate that all 24 Vietnamese sectors are substantially affected by the
shocks and volatilities from previous periods. Development Investment, followed by Education and
Securities, are the most severely affected sector by the market volatility from prior periods. In
contrast, Construction is the least affected sector by market volatility from previous periods. Also,
Development Investment is found to have no mean-reversion. Pharmaceutical exhibits the fastest
mean reversion, whereas Securities shows the most prolonged mean-reversion process.
Furthermore, we found that Aviation, Construction, Mineral, Oil & Gas, Securities, and Services are
the most volatile sectors in Vietnam over the entire research period. Noticeably, all Viethamese
sectors have not been severely impacted by the Covid-19 pandemic since the volatility spikes are
not significant compared to the previous periods.

In addition, our findings indicate that the inter-sector connectedness across 24 sectors in Vietnam is
consistently high, reaching above 60 per cent over 2012-2021. This finding means that the
Vietnamese stock market risks will likely spread across all sectors rapidly whenever a major shock
emerges. The substantial spillover effects among all sectors were found after the first case of Covid-19
was recorded in Vietnam on 23 January 2020. Additionally, we found that Aviation, Construction
Investment, and Pharmaceutical are the most significant risk absorbers. Meanwhile, Aquaculture and
Building Materials are the main risk transmitters during the research period.

Our study exhibits limitations. Studies in the future may need to identify the mechanism by
which volatility spillovers occur across 24 Vietnamese sectors. Understanding this mechanism is
very important for policy implications for the Viethamese government and governments of other
emerging markets to formulate and implement appropriate responses to market shocks from
future events. In addition,
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