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ARTICLE INFO ABSTRACT
Keywords: Global capital markets are sensitive to extreme and physical events. This research explores the
COVID-19 influence of COVID-19 on cross-border arbitrage strategies in emerging markets. Specifically, this
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study develops a novel cross-market pairs trading strategy centered on healthcare stocks, tailored
for the unique dynamics of the emerging market environment. The feasibility of cross-border
Pairs trading strategy arbitrage strategies in emerging markets is demonstrated by comparing the performance of the
Cross-border investments strategy before and after the outbreak. Additionally, sensitivity analysis of the risk preference
Financial integration factors before and after the COVID-19 outbreak further supports this argument. These findings
offer valuable insights for international investors seeking arbitrage between emerging and other
markets and, effectively responding to global shocks.

1. Introduction

The impact of the COVID-19 pandemic on global financial markets, particularly emerging markets, has been extensively docu-
mented. Most scholars argue that the COVID-19 pandemic has profoundly impacted emerging markets, substantially declining equity
returns and exacerbating market risks [1-3]. However, the increased volatility, driven by the global COVID-19 crisis, has not only
heightened market risk in emerging markets but also generated additional opportunities for cross-border matching trades across
different markets. This study investigates the impact of COVID-19 on cross-market arbitrage strategies in emerging markets, guiding
for international investors to identify more arbitrage opportunities between emerging and other markets, mitigate investment risks,
and respond effectively to global shocks.

Over the past two decades, emerging markets have experienced rapid growth and closer integration into the global markets. With
the deepening of capital liberalization, entry barriers in emerging stock markets have consistently diminished over time. The influx of
foreign capital into emerging capital markets has provided substantial funding support for pairs trading, enhanced market liquidity
and capital activity in emerging markets, strengthened the connections with global markets, and promoted the development of global
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financial integration. Academic research and market practices have consistently demonstrated the advantages of emerging markets
[4]. During the pandemic, emerging economies implemented loose monetary policies to alleviate the market uncertainties caused by
public health emergencies. These policies have released market liquidity and reduced cross-market transaction costs, increasing
cross-border arbitrage opportunities. They also boost international investor confidence and provide a conducive environment for
cross-border pairs trading.

China and the United States, as representatives of emerging and developed markets, respectively, hold prominent positions globally
due to their significant market scale and influence.? Their fluctuations and dynamics facilitate capital flows across markets, directly
impacting other emerging economies. Furthermore, these nations exhibit significant variations in micro-market structures, encom-
passing regulatory frameworks, market participant structures, scale, maturity, and information transparency. For instance, China’s
stock market adheres to stricter regulations compared to the United States, where market freedom and transparency are emphasized.
These distinctions contribute to price disparities and information delays, consequently fostering increased opportunities for arbitrage
trading.

This study investigates the performance of cross-border arbitrage strategies in emerging markets during the COVID-19 pandemic.
To mitigate interference from external factors, we adopt the method proposed in Ref. [5] to divide the entire sample into two periods.
Our analysis focuses on the markets of China and the United States. Moreover, given the heterogeneous impact of the pandemic on
various industries, we identify the healthcare sector with the highest market capitalization during the pandemic and consistently
positive returns. This strategic focus aims to mitigate investment risk exposure effectively. We further conduct a comparative analysis
of the sensitivity of risk preference factors to arbitrage trading strategies before and after the pandemic to assess the impact of market
changes on arbitrage trading.

This study contributes to existing literature in several ways. First, we employ the cointegration theory for cross-border pairs trading
in emerging markets, particularly amidst the global spread of COVID-19. This study provides new insights into the impact of COVID-19
from the perspective of cross-border pairs trading, offering strategic guidance for emerging markets to respond to sudden extreme
events effectively. Second, unlike previous studies, which primarily focused on the feasibility of hedging healthcare sector investments
across industries, we are trailblazing by targeting specific healthcare sectors for cross-market arbitrage investments. This emphasizes
the long-term investment value of the healthcare industry in uncertain environments, providing a new perspective and understanding
for the development of cross-market investment strategies. Moreover, it offers investors a broader range of investment options to
mitigate risk exposure and pursue stable returns even in extreme conditions, thereby achieving dual objectives. Additionally, our
expansion of pairs trading from a single market to cross-border markets broadens the scope of research related to pairs trading.

Our findings demonstrate that developing cross-market pair-trading strategies based on emerging markets’ dynamic characteristics
and structures can yield consistent positive returns. This strategy exhibits resilience even under conservative transaction cost. During
the pandemic, the performance of the strategy remained stable and increased by approximately 7.46 % compared with pre-pandemic
levels. Risk preference factors, such as the open and stop-loss parameters were selected to analyze the sensitivity of the cross-market
arbitrage strategy performance to key trading parameters. These results further validate the effectiveness of cross-border trading
strategies in emerging markets in response to unexpected event.

The remainder of this paper is structured as follows: Section 2 reviews relevant literature. Section 3 introduces the methods and
models used in the study. Section 4 reports and discusses the data and empirical results. Finally, Section 5 summarizes the study with
concluding remarks.

2. Literature review

At the end of 2019, the COVID-19 pandemic caused significant turbulence in the global economy. Compared to the global financial
crisis of 2007-2008, researchers argue that the impact of the COVID-19 pandemic was more profound [6,7]. Traditional financial
crises typically concentrate on the economic and financial sectors. In contrast the COVID-19 pandemic has brought about widespread
disruptions across multiple facets of global society, encompassing the economy, transportation, healthcare, and beyond, all within a
relatively short timeframe.

This study contributes to the literature on the impact of COVID-19 on emerging economies. Previous research has utilized a variety
of models to explore the effects of COVID-19 on emerging markets, with a specific emphasis on stock market volatility. Baker, Bloom
[8,9], Zaremba, Kizys [10], Zhang, Hu and Ji [11], Ashraf [12,13] argue that the pandemic’s outbreak has triggered a global economic
downturn, leading to pronounced volatility in the stock markets of emerging economies due to their high sensitivity. This volatility is
further propagated across countries through a risk contagion mechanism, enhancing the interconnectedness between nations during
extreme events [14]. Distinct from prior studies, this paper adopts a novel approach by analyzing the economic effects of COVID-19 on
emerging markets through the lens of cross-border pairs trading. Compared to normal periods, the uncertainty shocks from extreme
events prompt multinational investors to reallocate assets across different markets, seeking safer and more stable investment strategies
to mitigate risks. Therefore, gaining a deeper understanding of the changes in cross-border arbitrage performance among emerging
markets is crucial, as it will empower investors to adjust and optimize their investment strategies to effectively navigate global shocks.

Scholars examine the impact of the spread of the COVID-19 pandemic’s on industries. Kayani, Aysan [15] observed that stock

2 As of December 2023, the New York Stock Exchange held the top global position in market capitalization, standing at approximately $25.5647
trillion USD, followed by Nasdaq with around $23.4147 trillion USD. China’s market, ranking third globally and first in Asia, had a market
capitalization of approximately $10.8112 trillion USD.
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return volatility increased during the COVID-19 pandemic, with spillover effects manifesting between different industries within
specific markets. Additionally, there was heterogeneity in how various sectors reacted to the pandemic’s shock. Baek, Mohanty and
Glambosky [16], Baig, Butt [17], Mazur, Dang and Vega [18] found that industries such as tourism and leisure, real estate, and oil are
on the brink of collapse due to the pandemic’s repercussions. Conversely, the healthcare sector has attracted investor interest because
of its exceptional performance [19-21]. Salisu, Akanni and Vo [22], using the VARMA-CCC-AGARCH model, identified significant
bidirectional return spillover effects between the healthcare and tourism sectors during the pandemic.

Furthermore, they confirmed the efficacy of healthcare stocks in hedging against tourism stock-related risks. Al-Nassar, Yousaf and
Makram [23] broadened the research scope by examining the sectors that were positively and negatively affected by the pandemic.
Employing the DCC-GARCH model, they demonstrate increased volatility spillover effects between sectors during the COVID-19
pandemic. They also advocate including positively performing industries, such as healthcare, in stock investment portfolios as a
hedge against risks. However, the arbitrage value of the healthcare sector under extreme conditions is rarely considered. Shleifer and
Vishny [24] emphasize expertise in arbitrage trading. Focusing on a specific sector is advantageous as it enhances expertise and a deep
understanding of that sector, facilitates the capture of more arbitrage opportunities, and mitigates the overall risk level of the in-
vestment portfolio. This strategic approach is pivotal for constructing cross-market pair-trading investment portfolios and, dis-
tinguishing our study from others.

This study is also related to a strand of literature on pairs trading. Pairs trading is currently the most classic statistical arbitrage
strategy, with early research primarily focusing on the performance of the strategy in specific markets [25-29]. Gatev, Goetzmann and
Rouwenhorst [30] were pioneers in applying the Distance Method (DM) to pair-trading strategies in the US market, a move that yielded
significant financial gains. Further analysis extending the observation period to 2002 reaffirmed the strategy’s robust profitability,
primarily ascribed to addressing the disparities inherent in the “law of one price.” Subsequent studies by Do and Faff [31,32] continued
to leverage the DM, even as they factored into the impact of trading costs on strategy returns. Despite including variables such as
commission fees, pairs trading continued to demonstrate profitability, albeit with diminishing margins. With the development of
economic theory, Vidyamurthy [33], Burgess [34] introduced cointegration to identify long-term equilibrium relationships between
different assets, enabling the construction of robust investment portfolios. Dunis and Shannon [35], Galenko, Popova and Popova [36]
introduced a multivariate cointegration framework and designed trading strategies to track market indices and neutral investment
strategies, that performed well in the market. This serves as proof of the feasibility of the cointegration methods. Hain, Hess and
Uhrig-Homburg [37] extended multivariate cointegration to the European energy market and discovered excess returns that differ
from simple momentum and reversal strategies, elucidating the profitability of cointegration trading in the European commodity
market.

Additionally, Balladares, Ramos-Requena [38], Ramos-Requena, Lopez-Garcia [39], Ramos-Requena, Trinidad-Segovia and
Sanchez-Granero [40]utilized the Hurst exponent to optimize stock pre-screening mechanisms, and their results confirmed the
profitability of the improved strategies. Ramos-Requena, Trinidad-Segovia and Sanchez-Granero [41], diverged from conventional
equal-weight allocation approaches in pairs trading by introducing various models aimed at optimizing the fund allocation for each
stock. This methodology seeks to enhance the overall performance of pair-trading strategies. However, considering that this study
focuses on the highly representative markets of China and the US as research subjects and their reactions under extreme uncertainty,
we employ a more robust cointegration method and use the E-G test to construct cross-market stock pairs for two time-series variables.
This distinguishes our study from other studies on cross-market investments.

3. Methodology

Drawing from the established research paradigm, the pair-trading strategy adopted in this study predominantly relies on the
following steps.

First, we perform a correlation analysis of the assets, as the core of pairs trading is the degree of correlation between assets. At this
stage, we focus on calculating the correlation coefficients between stocks to determine whether the price co-movements show a
particular pattern of correlation. By analyzing the correlation coefficients, highly correlated stocks are identified so that potential
arbitrage opportunities for these stock pairs can be considered. This helps investors screen potential pair-traded stocks and construct
profitable portfolios.

We adopted the Pearson correlation coefficient to quantify the relationship between stocks. The coefficient spans from —1 to 1,
denoting the strength and direction of the relationship between two variables. The Pearson correlation coefficients between the two
variables were as follows:

Pry= COZ(}; n. - ”;j(gyy ) e}

where, p is the Pearson’s correlation coefficient. cov(X,Y) represents the covariance between the variables. y, and p, depict the
anticipated values of the price series, and, o, and o, denote the standard deviations of the distinct series.

If a series of sample data for variables is available, estimating the covariance and standard deviations allows for the derivation of
the sample correlation denoted by y:
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We assessed the strength of the correlation [42] grading scale for strength of correlation. Table 1 illustrates the relationship be-
tween the Pearson correlation coefficient and the degree of correlation.

A higher coefficient indicates that the price or return trends of the two assets are more consistent, suggesting potential arbitrage
opportunities. Based on previous research experience, we choose (—1, —0.8) and (0.8, 1) as the criteria for determining the level of
correlation between stocks.

Next, we identify the long-term equilibrium relationships among the selected pairs. Most studies adopt the DM for stock screening,
aiming to identify statistical relationships between pairs, which mitigates reliance on economic models and, reduces the risk of
erroneous estimations. With the development in economics and statistics, cointegration has gained widespread application in stock
pairing owing to its capability to leverage long-term trends in asset prices, thereby constructing portfolios with long-term equilibrium
relationships. Cointegration is essentially a measure of the long-term equilibrium relationships between variables and is, determined
by testing whether linear combinations of variables with the same order of integration are stationary. According to the cointegration
theory [43], deviations in asset portfolios from long-term equilibrium due to changes in asset prices are temporary. Over the long term,
these pricing errors are rectified, leading to the convergence of the expected price differences. Cointegration tests are typically
categorized into the Engle-Granger two-step test and the Johansen test [44]. When a model involves two or more variables, the
Johansen test, based on the VAR model, is commonly used to examine the relationships between multivariate variables [45]. Scholars
such as Ti and, Dai [46] also enhanced pair-trading methods using this approach. Extreme environmental uncertainty affects capital
markets across countries. Referring to China and the United States, the world’s two most influential economies, we employ the
Engle-Granger cointegration test to verify the long-term equilibrium relationship between their respective capital markets. This
verification allows us to construct a pair-trading portfolio. By adopting this methodology, we can adeptly mitigate non-convergence
risks, even amidst the tumult of extreme event effects. In contrast to alternative approaches, cointegration enables the identification of
stock pairs possessing enduring value under uncertain circumstances, allowing the precise capture of trading signals to determine
optimal entry and exit timings. The resulting excess returns demonstrate resilience to fluctuations in the sensitivity factors.

The Engel Granger test is as follows:

Pl=ay+aP? +¢ 3)

Where P} is the historical price of the first paired stock, P?> denotes the past price of the second stock in the pair, ao represents the
average, a; represents the co-integration coefficient, and ¢, represents the residual.

The Ordinary Least Squares (OLS) technique is used to estimate @y and @; , generating residuals for the OLS regression. Subse-
quently, the stationarity of the residual is examined to ensure model validity. To test the stationarity of the deviation, we employ the
widely used Augmented Dickey-Fuller (ADF) test [47], designed to determine the existence of a unit root:

n—1
AP=c+yt+oP 1+ Y ¢ AP j+e )
j=1

n denotes the lag order, yt signifies the time trend term, ¢ represents a constant term, and ¢, denotes the error term.
To assess the presence of a unit root in the spread, we regress Eq. (4)
Null hypothesis is HO: @ = 0, and the alternative hypothesis is H1: @ < 0.
The cointegration coefficient and its corresponding t-statistic are as follows:

ADF, =

(G))

e

o(w)

Table 1

Pearson’s correlation coefficient with the degree of correlation of variables.
Pearson correlation coefficient Degree of variable correlation
0.8-1 Extremely Strong
0.6-0.8 Strong
0.4-0.6 Moderate
0.2-0.4 Weak
0~0.2 Irrelevance
-0.2~0 Irrelevance
—0.4~-0.2 Weak
—0.6~-0.4 Moderate
—0.8~-0.6 Strong
-1~-0.8 Extremely Strong
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o represents the estimated cointegration coefficient, and () is the standard deviation from the regression. If the t-statistics obtained
from Eq. (5) is below the ADF test threshold, we reject the null hypothesis HO: @ = 0, confirming the stationarity of the residual
sequence in Eq. (1) and establish the cointegration relationship in the prices of the two stocks.

Furthermore, given the sensitivity of the ADF test to sample size, heteroscedasticity, and serial correlation, we conduct a PP test
[48] as a supplement. The Phillips-Perron test (PP test) is a statistical method used to test for unit roots (non-stationarity) in time-series
data, representing an improvement over the traditional Augmented Dickey-Fuller (ADF) test. The basic steps of the PP test are as
follows:

p-1

AYi=a+ft+r¥er+) 6 AYeite @

i=1

Where /\Y, is the first difference in the time series data. a is the intercept term; y is the autoregressive coefficient, representing the
impact of Y,_1 on A\Y,; and ¢, is the error term, representing the unexplained random part of the model.

First, we constructed an autoregressive model (as shown in Eq. (7)), including the possible lagged term A\Y, ;.Next, the residuals
were calculated by fitting the estimated AR (Autoregressive) model to the data to, obtain the ¢;.Finally, a unit root test was conducted
using ¢ to determine whether the residual sequence was stationary.

Applying the Phillips-Perron (PP) test to cross-market stock pairs and, rejecting the null hypothesis at the 5 % confidence level
further demonstrates that the residual sequence of Eq. (1) is stationary, which enhances the robustness and accuracy of the test results.

Finally, appropriate trading signals are established based on paired stocks. After conducting cointegration tests, we obtain the
cointegration vector for the relevant stock pairs and then construct the arbitrage portfolio positions based on the long-term equilibrium
relationship. When the spread between related stocks deviates significantly from the equilibrium range and triggers a trading signal,
the portfolio is built and traded according to the percentage of the arbitrage portfolio position. The steps were as follows:

First, we calculated the spread sequence of the pairs, along with their mean and standard deviation, based on Eq. (3).

&=P; —a,P* —ay (€)

Next, the opening and stop-loss positions are established using the average and variability of the spread series.
Opening and closing position:

&= (4 — 20,4t — €10) U (+ €10, ft + C20) )
stop-loss position:

& € (=00, +€206) U (U + 20, + ) (10)

where y represents the average spread, o is the standard deviation, and c signifies the factor influenced by investors risk preferences.
More precisely, the established criteria for this study’s opening and closing positions are predicated on a range of thresholds for the
spread series, where y — cy6 and p + c10 represent the two trading thresholds.

In a typical trading range, positions are initiated during &, < y — cy0. In this case, if the short-term projection indicates an upward
movement in stock 1 accompanied by a decline in stock 2, investors choose to buy stock 1 and sell stock 2. Conversely, when & > u +
c10, if the valuation of stock 1 is anticipated to decline and that of stock 2 is expected to rise, the arbitrageur will shorten stock 1 and go

Stock Market

1,400

1,200

1,000
800
600
400 —
200

= Healthcare Energy Finance Utilities

Fig. 1. Changes in different industries during the pandemic
Note: The X-axis represents each day of the year 2020, the Y-axis represents market prices, denoted in US dollars.
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long on stock 2. The parameters y — ca0 and y + ca0 represent two stop-loss lines that, mandate closure if the spread sequence breaches
these lines and consistently deviates from the stop-loss conditions.

4. Data and discussion
4.1. Data description and modeling

Given the outstanding performance of daily data in pair-trading strategies [49], this study uses daily stock prices to capture po-
tential market interactions. The objective is to explore the market performance of cross-market arbitrage strategies between emerging
and other markets under the impact of COVID-19. We conducted a comparative analysis of market performance among several in-
dustries significantly affected by the pandemic, as illustrated in Fig. 1. The findings clearly indicate that the healthcare sector out-
performed other industries in terms of overall market performance during the outbreak of the pandemic. Consequently, we
strategically prioritize investments in healthcare to achieve higher profits and maintain stability. Considering factors such as market
capitalization and index compilation methods, we selected the CSI Healthcare Index and the S&P 500 Healthcare Index as the stock
pool for executing pairs trading, totaling 136 stocks. The daily closing prices of the constituents of the two indices are sourced from the
Wind Database and Yahoo Finance. To ensure temporal consistency for comparative analysis, the study used December 31, 2019, as a
pivotal date (the day when the Wuhan Municipal Health Commission reported the first group of pneumonia cases in Wuhan, Hubei
Province, ultimately confirming the novel coronavirus). The samples were divided into two sub-samples based on the pre and
post-outbreak periods. This division facilitates the examination whether COVID-19 affects cross-market pair-trading strategies. The
two sub-samples comprised the daily closing prices in the Chinese and American markets for the full years of 2018 and 2020,
respectively. We followed the approach outlined by Andrade and Ferroni [50] and divided the implementation of cross-market trading
strategies into two phases. The first phase covers the periods from January 1, 2018, to June 30, 2018, and from January 1, 2020, to
June 30, 2020, and is used to determine paired stocks, construct cross-border arbitrage strategies for emerging markets, and optimize
parameters. The second phase involves a six-month trading period during which the performance of the “optimal” investment portfolio
is evaluated using profitability indicators, following the standard practice in the literature. Considering that market closures on
weekends and holidays may lead to missing data and disrupt the continuity of stock price series, thus affecting subsequent empirical
analysis, this study uses the moving average method to fill in missing data and applies pre-adjustment to stock prices to ensure the
continuity and authenticity of price trends.

Additionally, considering the difference in trading hours between China and the United States, understanding the operating hours
of one market relative to the other is crucial. Table 2 represents the opening and closing times of stock exchanges in China and US.
Following the practices outlined in Ref. [51], we made some modifications in data processing, including appropriate lag values and
logarithmic transformation of all stock price series, where the closing price at Beijing time on day t-+1 is considered the closing price of
the US stock market on day t. Tables 3 and 4 document the basic statistical information of selected stocks in the stock pool before and
after the outbreak. Fig. 2 illustrates the correlation analysis of stock prices between selected Chinese and American markets before and
after the outbreak. By comparing the overall correlation coefficients, we observe an increase in the correlation of healthcare sector
stocks between China and the United States after the outbreak, indicating strengthened connections among the global stock markets
during extreme events. This finding is consistent with that in Ref. [36], implying potential arbitrage opportunities.

In the benchmark scenario, the risk preference parameter c; in the trading signal was set to 1.5, while the risk preference parameter
¢ was set to 2.5. This follows the methodology outlined in Ref. [52], which consider the variability in commission fees across different
investment institutions in real trading scenarios, where transaction costs are set at 15 basis points.” To account for potential fluctu-
ations in exchange rates between foreign and domestic currencies that may impact foreign investments denominated in the domestic
currency, all valuations are standardized in US dollars, and hedging strategies” as described in Ref. [53], are employed to mitigate
exchange rate risk.

4.2. Model backtesting and trading performance

We select two trading periods, specifically the six-month periods from July 1, 2018, to December 31, 2018, and from July 1, 2020,
to December 31, 2020, as the pre- and post-outbreak periods, respectively. Figs. 3 and 4 graphically illustrate the back testing
framework of the trading periods. During these periods, we collect the daily closing prices of Chinese and American healthcare index
stocks and construct arbitrage portfolios based on the trading rules set during the formation period. Subsequently, we conducted a
detailed analysis of the return performance.

Table 5 and Table 6 present the cross-market stock pairs between emerging markets and other markets using the Engel-Granger test
before and after the outbreak. This finding demonstrates the existence of long-term equilibrium relationships between stocks in
different markets. Additionally, these tables provide detailed reports on the returns generated by arbitrage portfolios using the cross-
market pair-trading strategy designed in this study.

Specifically, in Tables 5 and 6, all stock pairs passed the ADF and PP tests, rejecting the null hypothesis of the unit-roots at the 5 %

3 Basis point (bps) is a financial measurement unit commonly used to indicate the magnitude of changes in financial indicators such as interest
rates, bond yields, exchange rates, and so forth. One basis point is equal to one hundredth of a percent, or 0.01 %, often denoted as “bps."
4 Assuming that hedging costs are lower than expected exchange rate fluctuations, currency risks can be hedged using options.
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Table 2

Opening and closing times of major stock exchanges in China and US.
Stock market Location Local time Time zone
China (SSE) Shanghai 9:30-15:00 UTC+8
China (SZSE) Shenzhen 9:30-15:00 UTC+8
Hongkong (HKEX) Hong Kong 9:30-16:00 UTC+8
USA (NYSE) New York 9:30-16:00 UTC-5
USA (NASDAQ) New York 9:30-16:00 UTC-5

Note: UTC represents Coodinated Universal Time.

Table 3
Brief description of historical stock data for China and USA before the COVID-19°.
Market China USA

Ticker Average volume Average price Ticker Average volume Average price
AEYK 12074079.42 33.72 ABMD 640938.52 340.16
WWSwW 2107490.737 43.14 HUM 809774.4 290.58
ZFSW 14052143.92 39.52 SYK 1343598.4 157.11
WSSW 14284628.67 20.12 BAX 3,326,296 64.53
PZH 5525580.16 92.26 UNH 3297482.4 229.56
RFYY 12116103.84 13.5 TMO 1499324.4 218.92
TGYY 5104949.56 49.76 TFX 305,118 254.61
TCYL 4117217.98 46.3 STE 386,722 99.1
JZT 3394386.21 16.63 ISRG 2435125.2 159.9
JLAD 6208280.21 18.31 Qv 1293246.4 110.56

@ The temporal coverage spans from January 1, 2018, to December 31, 2018. The ticker of a Chinese stock is composed of the first letter of each
stock’s name.

Table 4
Brief description of historical stock data for China and USA after the COVID-19°.
Market China USA

Ticker Average volume Average price Ticker Average volume Average price
CCGX 5378231.84 345.69 ABMD 519663.88 233.17
KLY 2653830.55 154.49 BIO 226590.87 471.74
PZH 4605790.19 180.23 TMO 1674932.14 380.73
RFYY 19256867.7 26.16 WST 575892.86 222.75
TGYY 7498378.53 97.15 HUM 1015089.29 374.09
WWSW 4597870.64 56.03 SYK 1614357.94 192.75
TCYL 3213903.91 164.59 BAX 3132088.89 79.35
JZT 10651289.24 17.56 STE 555766.27 157.5
JLAD 13987454.93 16.68 TFX 249408.73 353
ZFSW 16663473.31 107.3 ISRG 2171648.81 208.88

@ The temporal coverage spans from January 1, 2020, to December 31, 2020. The ticker of a Chinese stock is composed of the first letter of each
stock’s name.

significance level. This finding indicates the presence of long-term equilibrium relationships between stocks in different markets.
Furthermore, the cointegration coefficients obtained at the 5 % significance level represent the position ratios of the stock pairs. Taking
the pre-outbreak stock pair ABMD and AAYK as an example, the cointegration coefficient was 0.5780. In simple terms, this means that
the composition of the pairs arbitrage portfolio could be long position in AAYK and 0.5780 short positions in ABMD, or one short
position in AAYK and 0.5780 long positions in ABMD.

The performances of various cross-market pair-trading portfolios were compared before and after the COVID-19 pandemic. Despite
the pandemic’s significant impact on global stock markets, there is no negative impact on the performance of cross-border arbitrage
strategies between emerging and other markets. Figs. 5-13 illustrate the specific performances of the strategies before and after the
pandemic. The cross-market pairs trading strategy within the healthcare sector, spanning emerging markets and other markets, yielded
annualized return of 9.62 %, 37.19 %, 31.09 %, and 30.82 %, respectively, during normal periods, culminating in a cumulative
annualized return of 108.72 %. After the pandemic, the cumulative annualized returns increased from 31.08 % to 139.80 %.

Similarly, an increase in the win rate, as a quantitative indicator indicates that more trades was profitable after the pandemic, thus
increasing the strategy’s effectiveness of the strategy. This result may be due to the increased market uncertainty and volatility caused
by the global pandemic, leading to wider spreads in related stock prices and more frequent deviations from their equilibrium prices,
thus providing more arbitrage opportunities for cross-market pairs trading. The Sharpe ratio measures the relationship between
portfolio or asset returns and risk. After the pandemic outbreak, the Sharpe ratio of cross-border investment portfolios decreased
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Fig. 2. Stock correlation heatmap pre-covid-19 and post-covid-19.
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Fig. 3. Back-testing framework before COVID-19.

compared to before the pandemic. Fig. 13 shows an overall downward trend, implying an increase in market volatility. Furthermore,
comparing the maximum drawdown of pairs trading before and after the pandemic reveal a cumulative increase of 13 % in the
maximum drawdown rate after the pandemic, further confirming the impact of increased market volatility on portfolio risk.

The positive feedback from the cross-border arbitrage strategy in emerging markets under extreme shocks clearly demonstrates its
market neutrality and relative independence, especially when facing sudden public events. This differs from previous studies on the
negative impact of the COVID-19 pandemic on emerging markets [54]. Our research has ignited international investors’ interest in
exploring additional cross-border arbitrage opportunities in emerging markets to attain a more diversified investment portfolios. By
efficiently allocating funds across markets and asset classes, investors can reduce the impact of specific market shocks on their
portfolios, minimizing uncertainty and volatility’s negative effects. Additionally, this study offers a fresh perspective on the feasibility
of cross-border arbitrage for investment in the healthcare sector.

In addition to the impact of exogenous shock factors, changes in trading parameters, including, but not limited to, risk preference
factors, model backtesting days, and transaction costs, may affect the returns of pairs trading and thus influence the applicability of
trading strategies. Therefore, we conducted a sensitivity analysis of the model parameters to assess the impact of internal factors on the
performance of trading strategies.
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Fig. 4. Back-testing framework after COVID-19.

Table 5
Selected cross-market pairs before the outbreak.
Stock 1 Stock2 Coefficient Annualized yield (%) Sharp ratio (%) Maximum drawdown (%) Win rate (%)
ABMD AAYK 0.5780%*** 9.62 1.45 0.06 0.50
WWSwW HUM 0.2053*** 37.19 1.40 0.02 0.50
WWSW SYK 0.1590%*** 31.09 1.41 0.01 0.43
ZFSW SYK 0.1593*** 30.82 1.40 0.03 0.43
Total 108.72 5.66 0.13 1.86
Table 6
Selected cross-market pairs after the outbreak.
Stock 1 Stock2 Coefficient Annualized yield (%) Sharp ratio (%) Maximum drawdown (%) Win rate (%)
WST RFYY 1.3775%** 17.35 1.40 0.04 0.40
TMO PZH 1.5686%** 35.36 1.41 0.09 0.50
TGYY BIO 0.6553*** 46.04 1.41 0.05 0.50
ABMD CCGX 0.8494** 41.05 1.40 0.07 0.50
Total 139.80 5.62 0.26 1.90
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Fig. 5. Performance evaluation on AAYK&ABMD before COVID-19.
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Fig. 8. Performance evaluation on ZZSW&SYK before COVID-19.

4.3. Sensitivity analysis

In this section, we focus on the risk preference factor as a critical parameter and conduct a sensitivity analysis of the returns on
cross-border arbitrage portfolios between emerging markets and other markets before and after the pandemic. By examining the
influence of the risk preference factor on the returns of pairs trading, this analysis facilitates the ongoing adjustment and enhancement
of pairs trading strategies, allowing for more adaptable responses to market fluctuations and, consequently, more efficacious returns.
In our evaluation, we employ the Sharpe ratio and annualized returns as quantitative indicators to gauge the performance of pair-
trading markets, in line with the methodology outlined in Ref. [54]. This approach gives investors a holistic view of strategy per-
formance by considering risks and returns, thereby supporting improved decision-making processes.

10
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Fig. 11. Performance evaluation on TGYY&BIO after COVID-19.

4.3.1. Sensitivity analysis of risk preference factor before COVID-19

The performance of pairs trading strategies between emerging markets and other markets under varying risk preference factors c; is
illustrated in Fig. 14. The impact of the risk preference factor on the annualized returns and Sharpe ratio of this cross-border arbitrage
strategy is nonlinear. For pairl, the portfolio performance peaks when the risk preference factor reaches 1.3. Pair2 and pair3 exhibit
peak Sharpe ratios and annualized returns of 1.1. The optimal arbitrage trading performance for Pair2 initially appears at a risk
preference factor of 1.2, extends to 1.5, and then sharply declines to a negative territory. In contrast, the performance of pair4 remains
negative until 1.5, then sharply increases to generate maximum returns. Performance of pair3, comparatively, exhibits milder fluc-

tuations. After peaking at 1.1, it shows a fluctuating downward trend but maintains positive returns, making it suitable for investors
seeking relatively stable investments.

11
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Fig. 14. Performance of pairs trading strategies under varying risk preference factors before COVID-19.
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Fig. 15. Performance of pairs trading strategies under varying risk preference factors after COVID-19.

4.3.2. Sensitivity analysis of risk preference factor after COVID-19

Fig. 15 illustrates how the performance of cross-border pairs trading strategies between emerging markets and other markets
changes with the variation in the risk preference factors c; after the pandemic outbreak. Unlike in normal periods, all portfolios exhibit
sustained positive returns regardless of investors’ risk preferences. This phenomenon contrasts sharply with the negative returns
observed during normal periods as the risk preference levels change. The outbreak and spread of COVID-19 have significantly
impacted global capital markets. However, despite changes in investor sentiment and risk-tolerance levels, cross-border pair-trading
strategies based on emerging markets continue to generate sustained positive returns. This clearly demonstrates that such strategies
are effective and reliable in coping with large-scale global shocks, making them independent and dependable amid such uncertainties.

4.3.3. Sensitivity analysis of stop-loss factor before COVID-19
Fig. 16 illustrates how the performance of the cross-market pair-trading strategies was affected by c, before the outbreak of the
pandemic. It can be observed from the image that different stop-loss factors have varying impacts on the annualized returns and Sharpe

2.00%
1.50%
1.00%
0.50%
0.00%
-0.50%

1.425%
1.420%
1.415%
1.410%
1.405%
1.400%
1.395%

Fig. 16.

Pairl ABMD&AAYK

N B 3 B 8

s B

4

2

22722324262 7-12.8--2'9 0
mmmm Sharp ratio == Annualized return

Pair3 WWSW&SYK

316

314

31.2

31

30.8

30.6
2 21 22 23 24 26 27 28 29

mmmm Sharp ratio === Annualized return

Performance of pairs trading strategies under varying stop-loss factors before COVID-19.

13

Pair2 WWSW&HUM

1.410%

1.405%
1.400%
1.395%
1.390%

2 2122 23 24 26 27 28 29

mmmmm Sharp ratio

Paird ZZSW&SYK

1.415%

1.410%
1.405%
1.400%
1.395%
1.390%

mmm Sharp ratio

5 6 7 8 9

=== Annualized return

375
374
373
37.2
37.1
37

36.9
36.8
36.7

e Annualized return

314
312
31

30.8
30.6
30.4



W. Jialu et al. Heliyon 10 (2024) 30876

ratios. For pairl, the strategy returns and Sharpe ratio reach their peak at c; = 2.1 after transitioning from negative to positive;
similarly, pair3 and pair4 show a declining trend after reaching maximum returns at c; = 2.6 and ¢z = 2.2, respectively. On the other
hand, for pair2, as the stop-loss factor continues to increase, both the overall strategy returns and the Sharpe ratio decline.

4.3.4. Sensitivity analysis of stop-loss factor after COVID-19

Fig. 17 shows the development trend of the portfolio performance under different stop-loss factors conditions following the
outbreak of the pandemic. Pairl and pair3 both reach their peak annualized returns and Sharpe ratios at c; = 2.3, while pair4 achieves
its maximum returns at c; = 2.2, followed by a rapid decline. In contrast, the performance of pair2 has been consistently rising,
especially when the stop-loss factor exceeds 2.8, with an accelerated growth rate. Overall, regardless of the changes in the stop-loss
factor, the overall returns of this cross-market investment strategy increased after the pandemic, providing strong evidence of its
effectiveness.

5. Conclusions and policy implications

This study employs a two-stage cointegration method based on healthcare sector stocks to construct cross-market pair-trading
strategies between emerging markets and other markets, and examines the impact of the Covid-19 pandemic as an unexpected global
shock on statistical arbitrage between emerging markets and other markets. The research indicates that cross-market pair-trading
strategies between emerging markets and other markets exhibit stable arbitrage returns under the global pandemic shock. Compared
with normal periods, the excess returns of this cross-market pairs trading strategy increased by 31.08 %, highlighting its stability and
feasibility. This provides multinational investors an effective and novel approach to reduce uncertainty risk and protect their expected
returns. Importantly, this study is the first to demonstrate the value of healthcare-sector stocks as a long-term sustainable investment
tool from the perspective of cross-border arbitrage in emerging markets.

Additionally, a sensitivity analysis is conducted on the impact of risk preference factors on cross-market relative value arbitrage
strategies in emerging markets before and after the pandemic. The study shows that, the impact of risk preference factors on pair-
trading strategies is stable and positive post-pandemic. With appropriate parameter adjustments, all cross-border arbitrage portfo-
lios based on emerging markets demonstrate optimal excess returns, showing the effectiveness and adaptability of this pair-trading
strategy in response to global shocks, which is consistent with the findings of [55].

In conclusion, this study comprehensively examined the stability and effectiveness of cross-border arbitrage strategies between
emerging and other markets during the COVID-19 pandemic. By examining the performance of an emerging markets-based cross-
border arbitrage strategy in the presence of unexpected external shocks, we confirm its stability as an effective financial tool for
emerging markets to cope with global shocks. This study contributes to a theoretically rich understanding of the influence of COVID-19
on emerging markets and provides a practical investment strategy for dealing with potential global shocks in the era following the
pandemic.

Constructing portfolios from a combination of risk and return perspectives is critical for international investors facing uncertain
global shocks. Emerging markets may offer more relative value opportunities than other markets during periods of high volatility. This
study captures this potential values promptly by implementing a cross-border relative value-arbitrage strategy based on emerging
markets. Diversification reduces risk while generating excess returns. Therefore, international investors can prioritize optimizing the
risk and return characteristics of their overall portfolios by considering this emerging market’s cross-border arbitrage strategy.
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Fig. 17. Performance of pairs trading strategies under varying stop-loss factors after COVID-19.
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Increased investment in this strategy facilitates diversification and, promotes cross-border capital flow and global financial integration.

This study also substantiates the sustainable investment attributes of healthcare stocks. Investors may consider incorporating these
stocks into their portfolios to mitigate risk exposure, secure anticipated yields, and ensure the long-term sustainability of investments.

For regulators and policymakers in emerging markets, these findings indicate that cross-border arbitrage strategies, yielded pos-
itive returns during the health crisis, when applied to emerging markets. This underscores their resilience in scenarios characterized by
global shocks. To further enhance market resilience in the face of future global challenges, policymakers should encourage and support
the stability of market mechanisms to ensure that markets are more flexible and responsive. These findings provide valuable guidance
for regulatory policies and market standards that can help build more robust and adaptive emerging market systems. Furthermore, the
success of cross-border arbitrage strategies suggests that emerging markets can respond effectively to global crises by establishing co-
operative relationships with other markets. Policymakers should encourage and facilitate international co-operation to promote the
closer integration of emerging markets into the global financial system. This is essential for facilitating cross-border capital flow and
promoting global integration. However, our study has certain limitations that warrant acknowledgment. Given that this study is
predicated on the construction of cross-border trading strategies across different markets, it would be advantageous to augment the
portfolio by incorporating more markets and to broaden the study’s scope to encompass multiple sectors, such as tourism, trans-
portation, and telecommunications, in line with the research conducted by Blajer-Goi¢biewska, Honecker and Nowak [56], Hu, Lang
[57]1, Marzuki, Majid and Rosman [58]. Additionally, the optimization of trading models and algorithms to enhance their suitability for
cross-market trading emerges as a critical area for future research endeavors.
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