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Abstract:  
This research paper investigates changes in volatility and attempts to capture it using 
statistical property for randomly selected stock markets of Spain and Hong Kong. The 
COVID - 19 pandemic has significantly affected the global economy and financial 
markets all around the world in recent few years. We consider data from January 2015 to 
September 2021 and various statistical and econometric tools being employed i.e. ADF 
test, correlation analysis, KPSS test, and GARCH family models. To describe visible 
impact, we used Loess fitness analysis and other density plots which demonstrate 
volatility scatter impact. The empirical findings revealed that GARCH (1, 1) model is 
not fitted to any of selected stock markets. However, the volatility of IBEX index was 
found stronger in magnitude manner.  
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1. Introduction 
The recent pandemic has impacted entire economic sectors across the world. 

Most of financial markets, whether emerging or developed, are not excluded from such 
impacts. The World Health Organization (WHO) became aware of the existence of this 
new and very dangerous infectious disease at the end of the year 2019, based on an 
official report regarding the so called “viral pneumonia” spread in the province Wuhan 
in China. On the other hand, Cucinotta and Vanelli (2020) have discussed about the fact 
that on March 2020, the World Health Organization also known as WHO decreed that 
COVID-19 which is caused by the novel coronavirus SARS-CoV-2 represents a global 
pandemic. Ozkan (2021) examined the effect of COVID-19 crisis on stock market 
efficiency and identified a much more speculative behaviour of stock markets during 
current pandemic, while the expectation of abnormal returns increased due to inaccurate 
evaluation of the price of financial assets. 

According to the most recent official report on FTSE Equity Country 
Classification, released by FTSE Russell on September, 2021, the stock markets are 
classified into the following four main categories, such as: developed, advanced 
emerging, secondary emerging and frontier. The two stock markets analyzed in this 
research article, i.e. Spain and Hong Kong are both included in the category developed 
stock markets, based on the selection criteria mentioned above. Moreover, Ejaz et al. 
(2020) suggested that developed countries are interested in achieving a high level of 
development for their national systems based on strong international interlinkages. 

Hong Kong is not a country in the universally known sense, but it represents a 
“Special Administrative Region” of China (also known as the People's Republic of 
China). Moreover, Hong Kong is an autonomous region while also an “inalienable part” 
of China. The interesting aspect is that China is included in the secondary emerging 
category based on FTSE Equity Country Classification criteria, while Hong Kong is 
included in the developed category. In other words, although it is only part of China, 
Hong Kong is considered as developed market.  

On the other hand, we considered this particular pair of developed stock 
markets from Europe and Asia in order to demonstrate whether there is any impact over 
statistical property due to global COVID-19 pandemic. The purpose of selection of 
smaller financial markets is to capture identify whether such pandemic impact also 
reflects in the markets where comparative trading and volume of trading is lower. Spain 
and Hong Kong have been selected as sample stock markets for this study based on their 
features. This research study on volatility performance provides a clear image on the 
changes in market movement patterns. We intend to capture changes in volatility for 
selected Asian and European financial markets and planned to impose Augmented 
Dickey Fuller test, KPSS, correlation analysis, and GARCH models. Volatility 
measurement provides vital information about market movement pattern. This 
information is useful for researchers, and practitioners across the world.  
 

2. Literature review 
In recent past, a wide number of research studies have been conducted using 

econometrics property in order to investigate stock market behaviour and volatility 
patterns. It provides changes and persistent level in volatility. Many researchers have 
worked to abstract changes in volatility considering two different markets for instance, 
Yong et al. (2021) considered Malaysia and Singapore, two Asian markets and found 
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that standard GARCH (1, 1) and EGARCH (1, 1) models fitted well to series returns. 
Further they also found that all normal distributions also fitted well before the pandemic 
impact but post-pandemic the impact remained insignificant. Further, Fang et al. (2020) 
worked with GARCH-MIDAS model and predicted long term volatility. The GARCH - 
MIDAS model that provides variable selections allowing maximizing the modelling 
effect on long term stock market volatility. The model estimation not only worked on 
estimation and forecasting, many researcher used model for hedge predictions. Such as 
Basher and Sadorsky (2016) used GO-GARCH with other models to predict changes in 
oil prices, gold prices and VIX bonds.  Moreover, Liu and Chen (2020) used GARCH 
family models to nominate market efficiency using Sharps ratios based on ARMA-
GARCH models. The paper captures the outcome based on new methods for comparing 
weak form of efficiency of financial markets and also Zhang et al. (2019) used volatility 
modeling to predict changes in crude oil prices.  

The usage of statistical and econometric approach was not limited to predict 
gold or oil prices but was also used to forecast volatility changes in cryptocurrencies 
such as Bitcoin. For instance, Cheikh et al. (2020) used smooth transition GARCH 
models considering four cryptocurrencies. Moreover, Chu et al. (2017) have applied 
GARCH family models in order to forecast changes in asset prices. Other researchers 
such as Mohsin et al. (2020) investigated volatility of banking stock returns in Pakistan 
and the impact on sustainable economic development. Ghasemi et al. (2021) argued that 
sustainable criteria include economic, social, and environmental aspects. In other words, 
it is important to analyze the concept of sustainable stock market in the context of the 
current global economy. 

Ho and Odhiambo (2015) investigated relevant aspect regarding the 
performance of Hong Kong stock market and highlighted the importance of its rapid 
growth and regulatory issues. Moreover, Ho and Odhiambo (2012) examined the linkage 
between the development of stock market and the economic growth in case of Hong 
Kong, and concluded that exists only a short-run causality relation from economic 
growth to the other variable, such as the stock market development.  

Spulbar and Birau (2018) investigated the behaviour of certain emerging stock 
markets, such as: Romania, Poland, India and Hungary for the sample period January 
2000 to July 2018 and concluded that there is no empirical evidence to support the 
existance of long-term causality, while efficient market hypothesis has been rejected 
even in the case of weak-form efficiency. Trivedi et al. (2021) examined volatility  
spillovers and correlation between a cluster of European stock markets, such as: Spain,  
UK,  Germany,  and  France, which are developed markets  and  Poland,  Hungary,  
Croatia and Romania, which are emerging markets. This empirical study used GARCH 
(1, 1) family models for the period January 2000 to July 2018, while the findings 
indicate that both recent and past news determine a significant impact on present 
volatility. In addition, Spulbar et al. (2019) investigated volatility patterns, causality and 
international contagion between certain developed stock markets, like USA, Canada, 
France and UK using GARCH (1, 1) model for the sample period January 2000 until 
June 2018. 
 

3. Data collection, research methodology and empirical results 
This research paper focuses on the impact of COVID-19 pandemic on financial 

market volatility patterns. We consider randomly selected a European and a Asian 
financial markets i.e. stock market of Hong Kong and Spain. The research study on 
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based on sample indices indicates an impact on statistical property of financial market 
returns (closing price returns) changes with extra-ordinary news impact. Daily closing 
returns from 1st January 2015 to 30th September 2021 have been considered for the 
study.  

The log returns or also known as the continuously - compounded daily returns 
are obtained based on the log - difference of the sample stock market indices, such as :  

   1
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where p represents the daily closing price. 

Augmented Dickey Fuller test is used considering no constant and no trend 
impact, such as the following: Δyt = γyt-1 + vt.. Result property for the specimen of Hong 
Kong stock market is used considering 4 lags and (BIC) criterion indicates asymptotic p-
value 0.6879 where, 1st-order autocorrelation coefficient for e: 0.006 and lagged 
differences: F(2, 943) = 13.180 [0.0000]. The sample test obtained with 946 
observations and indicates presence of unit root in the series returns, indicating non-
stationary impact. Further changing property with trend and with constant Δyt = α + γyt-1 
+ λt + vt indicates asymptotic p-value 0.08417 where, 1st-order autocorrelation 
coefficient. for e: 0.005, and lagged differences: F(2, 942) = 14.358 [0.0000] with same 
observations. Both of the process passes through (1-L)y = b0 + (a-1)*y(-1) + ... + e.  

The stock market of Spain (IBEX index) processes with same model property 
considering 939 daily observations provides results (with no constant-no trend) 
asymptotic p-value 0.6682, where 1st-order autocorrelation coefficient for e: 0.058. 
However, considering constant and trend impact it suggests asymptotic p-value 0.7669. 
where 1st-order autocorrelation coefficient for e: 0.061, indicating unit-root null 
hypothesis a= 1. We failed to find any correlation between selected developed stock 
markets.  
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Fig. 1 Volatility sketches (Stationary series returns) 

Source: Author’s computation using daily series returns of selected period 
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It is important to highlight the fact that figure 1 provides property of first 

difference of log returns of selected stock markets. Large number of high and low 
magnitude sketches appears in Hang Sang stock market index, whereas the stock market 
index of Spain, i.e. IBEX represents a stable movement but with high magnitude and 
unpredictable shocks.  

The comparative graph pattern with Loess FIT for Hong Kong and Spain stock 
exchanges represents the following impact presented in figure no.2.  
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Fig. 2 Scatter Plot – Loess fitness plot for IBEX and Hang Sang stock indices 

Source: Author’s computation using daily series returns of selected period 
 
 

Loess test property provides visible impact where returns from IBEX Stock 
Exchange scattered and plotted with no relationship (no correlation found) with the 
financial market movement of the Hong Kong stock exchange. However, it indicates 
that there was no relationship between movement of each financial markets during 
selected period. 
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Fig.3 Estimated density plot for Spain and Hong Kong Stock Exchanges – Nadaraya – 
Watson fitness test 

Source: Author’s computation using daily closing returns from selected financial markets 
 

Nadaraya - Watson fit provides different outcomes compared to Loess fitness. It 
indicates fitted variables of IBEX against Hang Sang financial markets.  
 

Table 1 Descriptive statistics property 
 

Descriptive Statistics 
                        Mean          Std. Dev         Skewness        Ex. Kurtosis 

IBEX                 -9.5054e-005   0.013287         -1.52                   18.417 
HANGSANG    2.0752e-005    011332            -0.374                 2.4674 

 
Source: author’s calculation 

 
 

IBEX index of the stock market of Spain is having the highest degree of 
investment risk as the kurtosis creates higher leptokurtic impact compared to Hang Sang 
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Stock Exchange for the covered period. The degree of standard deviation varied more 
than 10 times with negative skewness. Kurtosis is creating leptokurtic impact for Spain 
and remained under control of Hang Sang index of Hong Kong stock market. The 
negative mean returns indicates that investors over a period of time generated negative 
returns.  

 
 

Table 2 Empirical results of GARCH (1, 1) model for the stock market of Spain 
 
Conditional mean equation 
 
coefficient   std. error      z      p-value 
const      0.000101803   0.000245412   0.4148   0.6783  
 
Conditional variance equation 
 
coefficient                 std. error        z          p-value  
omega 5.365e-06   1.71753e-06     3.124   0.0018    *** 
alpha   0.138789      0.0352435      3.938   8.22e-05  *** 
beta     0.834293      0.0307342      27.15   2.87e-162 *** 
 
 Llik:   5252.37598  AIC: -10496.75195 
 BIC:  -10474.97028  HQC: -10488.69116 
(Normal), Dependent variable: d_l_IBEX Close 
Sample: 2015-01-05 -- 2021-09-30 (T = 1712), VCV method: Robust method 
Source: author’s calculation 
 
 

Table 3 Empirical results of GARCH (1, 1) model for the stock market of Hong Kong 
 
Conditional mean equation 
const       0.000330106   0.000258844   1.275   0.2022  
 
Conditional variance equation 
 
    coefficient          std. error      z      p-value 
omega       2.487e-06     1.588e-06    1.565     0.1176  
alpha                 0.0567            0.01534      3.692    0.0002  *** 
beta                   0.926559       0.0239400   38.70    0.0000  *** 
(Normal), Dependent variable: d_l_Hang Sang Close, (T = 1712), VCV method: Robust 
method 
Source: author’s calculation 
 
 The results included in both table 2 and 3 indicate that GARCH (1, 1) model did 
not fit to any of selected stock markets. However, the conditional variance equation 
fitted with 1% significance.  
 
 
 



Ramona BIRAU, Cristi SPULBAR, Jatin TRIVEDI, Ion FLORESCU 

20 

4. Conclusions 
Currently, the COVID - 19 pandemic represents a significant challenge for the 

global economy. 
We used GARCH (1,1) standard model to capture the volatility and found that 

GARCH (1,1) model provides insignificant and not fitted on any sample markets. 
However, changes in volatility is captured by summary of statistics and different fitness 
test. The stock market index of Spain, such as IBEX has been found to be more volatile 
compared to the stock market index of Hong Kong, such as Hang Sang. This research 
study demonstrates changes in statistical property of financial market series returns. It 
indicates that during the pandemic impact, the selected two developed stock markets 
have no significant correlation and found significant pattern of moment while markets 
are falling due to pandemic impact. The normality test considering with constant and 
trend, but also without constant and trend demonstrated how selected stock markets 
behaved abnormally during the COVID – 19 pandemic period.  
 
References: 
Basher, S. A., & Sadorsky, P. (2016).Hedging emerging market stock prices with oil, gold, 

VIX, and bonds: A comparison between DCC, ADCC and GO-GARCH. Energy 
Economics. https://doi.org/10.1016/j.eneco.2015.11.022.  

Cheikh, N. Ben, Zaied, Y. Ben, & Chevallier, J. (2020). Asymmetric volatility in 
cryptocurrency markets: New evidence from smooth transition GARCH models. 
Finance Research Letters. https://doi.org/10.1016/j.frl.2019.09.008.  

Chu, J., Chan, S., Nadarajah, S., & Osterrieder, J. (2017).GARCH Modelling of 
Cryptocurrencies. Journal of Risk and Financial Management. https://doi.org/10.3390/ 
jrfm10040017. 

Cucinotta, D., & Vanelli, M. (2020). WHO Declares COVID-19 a Pandemic, Acta 
Biomedica Atenei Parmensis, 91(1), 157–160. 
https://doi.org/10.23750/abm.v91i1.9397.  

Ejaz, A., Birau, R., Spulbar, C., Buda, R., & Tenea, A.C. (2020) The impact of domestic 
portfolio diversification strategies in Toronto stock exchange on Canadian textile 
manufacturing industry, Industria Textila, 71, 3, 215–222,  http://doi.org/10.35530/ 
IT.071.03.1696.  

Fang, T., Lee, T. H., & Su, Z. (2020).Predicting the long-term stock market volatility: A 
GARCH-MIDAS model with variable selection. Journal of Empirical Finance. 
https://doi.org/10.1016/j.jempfin.2020.05.007. 

FTSE Russell (2021) FTSE Equity Country Classification, official report released in 
September 2021, https://research.ftserussell.com/products/downloads/FTSE-Country-
Classification-Update _latest.pdf  

Ghasemi, P., Mehdiabadi, A., Spulbar, C., & Birau, R. (2021) Ranking of Sustainable 
Medical Tourism Destinations in Iran: An Integrated Approach Using Fuzzy SWARA-
PROMETHEE, Sustainability. 13(2), 683, https://doi.org/10.3390/su13020683.  

Ho, S.Y. & Odhiambo, N.M. (2015) Stock market performance in Hong Kong: an 
exploratory review, 29 (1), 47 - 61, Asian-Pacific Economic Literature, John Wiley & 
Sons, Inc., https://doi.org/10.1111/apel.12098.  

Ho, S., & Odhiambo, N. (2012) Stock Market Development And Economic Growth In Hong 
Kong: An Empirical Investigation. International Business & Economics Research 
Journal (IBER), 11(7), 795–808, https://doi.org/10.19030/iber.v11i7.7066.  

Mohsin, M., Naiwen, L., Zia-UR-Rehman, M., Naseem, S., & Baig, S. A. (2020). The 
volatility of bank stock prices and macroeconomic fundamentals in the Pakistani 

https://doi.org/10.1016/j.eneco.2015.11.022.
https://doi.org/10.1016/j.frl.2019.09.008.
https://doi.org/10.3390/
https://doi.org/10.23750/abm.v91i1.9397.
http://doi.org/10.35530/
https://doi.org/10.1016/j.jempfin.2020.05.007.
https://research.ftserussell.com/products/downloads/FTSE-Country-
https://doi.org/10.3390/su13020683.
https://doi.org/10.1111/apel.12098.
https://doi.org/10.19030/iber.v11i7.7066.


Modeling volatility in the stock markets of Spain and Hong Kong using GARCH family... 

21 

context: An application of GARCH and EGARCH models. Oeconomia Copernicana. 
https://doi.org/10.24136/OC.2020.025. 

Ozkan, O. (2021) Impact of COVID-19 on stock market efficiency: Evidence from 
developed countries, Research in International Business and Finance, 58, 0275-5319, 
Elsevier B.V., https://doi.org/10.1016/j.ribaf.2021.101445. 

Spulbar, C., & Birau, R. (2018) Testing weak-form efficiency and long-term causality of the 
R.I.P.H emerging capital markets, International Journal of Business Quantitative 
Economics and Applied Management Research,  5(2), 1-19. 

Spulbar, C., Trivedi, J., Birau, R., Tenea, C.A. & Ejaz, A. (2019) Estimating volatility 
spillovers, dynamic causal linkages and international contagion patterns between 
developed stock markets: An empirical case study for USA, Canada, France and UK, 
Annals of the „Constantin Brâncuşi” University of Târgu Jiu, Economy Series, 
„Academica Brâncuşi” Publisher, Issue 3/2019, 44-62. 

Trivedi, J., Spulbar, C., Birau, R., & Mehdiabadi, A. (2021) Modelling volatility spillovers, 
cross-market correlation and co-movements between stock markets in European 
Union: an empirical case study. Business, Management and Economics Engineering, 
19(1), 70-90. https://doi.org/10.3846/bmee.2021.13588 

Yong, J. N. C., Ziaei, S. M., & Szulczyk, K. R. (2021). The impact of covid-19 pandemic on 
stock market return volatility: Evidence from Malaysia and Singapore. Asian 
Economic and Financial Review. 
https://doi.org/10.18488/JOURNAL.AEFR.2021.113.191.204 

World Health Organization (WHO), Coronavirus disease (COVID-19) pandemic  
https://www.who.int/emergencies/diseases/novel-coronavirus-2019 (accessed online 
on September 10, 2021). 

Zhang, Y. J., Yao, T., He, L. Y., & Ripple, R. (2019). Volatility forecasting of crude oil 
market: Can the regime switching GARCH model beat the single-regime GARCH 
models? International Review of Economics and Finance. 
https://doi.org/10.1016/j.iref. 2018.09.006.  

 
 
 
Article Info 
 
Received: November 05 2021 
Accepted: November 11 2021 

 
 

https://doi.org/10.24136/OC.2020.025.
https://doi.org/10.1016/j.ribaf.2021.101445.
https://doi.org/10.3846/bmee.2021.13588
https://doi.org/10.18488/JOURNAL.AEFR.2021.113.191.204
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://doi.org/10.1016/j.iref.

