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Background: The COVID-19 pandemic has posed a great challenge to the development of China's airline industry. Although the existing literature has analyzed the economic impact of the pandemic on the airline industry from different perspectives, it remains to be further studied given the operating characteristics of different types of airlines in China.

Methods: Using a new perspective of heterogeneous airline service models, this study collects high-frequency data on stock prices on six sample airline companies (including both full-service airlines and low-cost airlines) in China over 519 trading days, from August 1, 2019 to September 15, 2021, and identifies structural change points for each company's stock price using the Quandt-Andrews test. The outcome is used to construct an econometric model to quantify the economic impact of the pandemic on different airlines' stock prices under different structural changes.

Results: All results have passed the Quandt-Andrews test. The impact coefficient of full-service airlines is negative, while that of low-cost airlines is positive. Most of them have passed the test at the significance level of 10%.

Conclusions: All Chinese airlines experienced significant sudden changes in stock prices due to the pandemic, but there are sectoral differences in the order of the sudden changes, with full-service airlines experiencing structural changes much earlier than low-cost airlines. In addition, the impact of the pandemic on stock prices varies across airline types, with a negative impact on full-service airlines and a significant positive effect on most low-cost airlines.
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INTRODUCTION

In 2020, the COVID-19 pandemic swept the whole world and exerted a significant impact on the global society and major industries. As of September 2021, the COVID-19 pandemic has affected over 200 countries in the world with more than 23 million confirmed cases accumulated, causing more than 470 million death (1). Airline industry is vulnerable to major external events such as energy crisis and major public health. This has had a huge impact on the global civil aviation industry. In 2020, at the beginning of the pandemic, China's airline industry experienced a cliff-like decline. The entire industry completed a passenger traffic of 417,778,200, a decrease of 36.7% compared with the year 2019 (2). The pandemic caused a decline in passenger flow, the number of flights, and the number of routes offered, which caused unprecedented shock to the whole industry. The Airline industry is very sensitive to public health emergencies. Since the beginning of the twenty first century, major global public health events have erupted from time to time, such as severe acute respiratory syndrome (SARS) in 2003 and the influenza A virus (H1N1) in 2009. The impact of public health emergencies on China's airline industry has been turned out to be greater than on the country's railway system and highway system. Facing the uncertain risks brought by the COVID-19 pandemic, it is necessary to use effective means to assess and resolve them, which will help the recovery and sustainable development of aviation industry and related industries.

Due to the different outbreak timings of different pandemics, the economic impact of the COVID-19 pandemic on airlines may vary with time. At the beginning of 2020, COVID-19 spread in China. After a series of efforts by the Chinese government, the pandemic has been effectively controlled in mid-2020. The Chinese government has successively issued the exemption of civil aviation development funds paid by civil aviation companies (3), taxpayers are exempted from VAT on income derived from transportation of key protection materials for pandemic prevention and control (4). The longest carry-forward period for losses incurred by enterprises in difficult industries that are more affected by the pandemic in 2020 will be extended from 5 to 8 years (5). Airport management agencies are exempt from aeronautical business charges and ground service charges for the implementation of major transportation missions, and air traffic control units are exempt from approach command fees and route fees; reduce domestic, Hong Kong, Macao and Taiwan regions, and foreign airline airports and air services.

In addition to time uncertainty, the impact of public health emergencies on the airline industry and its subsequent survival are also related to its business model (6). Existing airlines are mainly divided into two categories: full-service airlines and economy airlines. Economy airlines are also known as low-cost airlines (Low-Cost Carriers). Low-cost airlines generally use a single-type fleet. The model can save the proportion of the number of aircrews and mechanics required by airlines. On the one hand, it improves the efficiency of daily operation and maintenance of the aircraft, and on the other hand, it saves human resources. Secondly, compared with the full-service type of airlines, low-cost airlines generally have no frills, that is, they generally do not provide passengers with in-flight catering and entertainment services or only provide basic beverages or snacks, thus eliminating the need for in-flight food heating equipment to make the aircraft cabin layout the space that becomes simple and free can increase the number of seats, and most importantly, it saves the company food procurement and labor costs. Therefore, low-cost airlines generally rely on cost advantages to implement long-term low-cost strategies on various routes and formulate looser ticket usage conditions. Due to the significant reduction in operating costs, the fares of low-cost airlines are generally lower than that of full-service airlines. The second category of civil aviation is full-service airlines. Full-service airlines generally have more than one type of aircraft. According to different sales and travel plans, there are different aircraft fleets for adjustment, and full-service airlines generally to provide differentiated services, in addition to some basic services including a certain limited baggage allowance, it will provide passengers with on-board catering and entertainment services, which greatly improves the comfort and happiness of customers. Full-service airlines tend to adopt hub-and-spoke route networks, establish the status of airport hubs, and use density economies and scope economies to form barriers to entry for other carriers that provide homogeneous products, including take-off and landing times, use of airport facilities, etc. All aspects have advantages. Generally, a wide and balanced domestic and international route network has been formed during the operation of full-service airlines for many years, and a balanced and complementary route network has been formed. Compared with economical airlines, they have absolute route advantages.


Literature Review

The impact of the COVID-19 pandemic on the airline industry has been discussed from the perspectives of national policies, aviation markets, and financial markets. In terms of national policy, Chinazzi et al. (7) use a global meta-population disease transmission model to predict the impact of travel restrictions on the domestic and international spread of COVID-19. The results of the study indicate that travel bans are significantly positive in reducing imported cases. However, it has only a slight impact on the trajectory of the pandemic. Combining measures such as community management and control will help curb the further spread of the pandemic. Iacus et al. (8) also study the impact of the travel ban on the aviation industry and further evaluated the socio-economic benefits of this impact. The authors find that the impact of the travel ban on the aviation industry may cause global GDP losses in 2020 up to 1.41–1.67%, and may result in unemployment of 2,500–3,000 million workers.

As for the impact of the COVID-19 on China's airline industry, Li et al. (9) use a gradient boosting decision tree to study the dynamic impact of COVID-19 on China's intercity tourism and find that during the pandemic, China's intercity travel was reduced by nearly 50%. The analysis results of air transportation capacity, traffic flow, revenue, and international market show that the impact of COVID-19 on airlines is different. The less-funded airlines are negatively affected (9); while airlines that focus on the domestic market and economy class and receive more funding have limited impact (10). The impact of the COVID-19 pandemic on cargo airlines and passenger airlines is somewhat different. The reason is that pandemic prevention measures are mainly for air passengers, while air cargo is less affected (11). The risk index is used to quantify the risk of imported cases on inbound international flights. The results show that after China implements strict control on inbound flights, the number of imported cases has dropped by about 50%, while Hong Kong, Taiwan and other areas with dense international flights have a higher risk of imported cases during the COVID-19 pandemic, the impact of the three modes of transportation including high-speed rail, air and long-distance buses on the spread of the pandemic. It is found that the speed of the pandemic's spread was significantly related to the number of cities' airports and high-speed rail stations, but its correlation with the total number of confirmed cases is very high (12).

In addition, the COVID-19 pandemic also has a certain impact on the economic and financial markets of the aviation industry. The COVID-19 pandemic has greatly reduced travel demand, affected investor expectations, and caused a negative impact on airline stock prices (13). In terms of the impact of global air transport of different scales, the impact of COVID-19 on international flights is much higher than domestic flights (14). Santos et al. (15) use a two-step regression method to study the differential impact of COVID-19 on air travel demand. The study finds that short-density and low-density routes are one of the most affected aviation markets, while commercial routes are more affected than leisure routes.

Uncertainty is the main driving factor of many economic recessions, and the economic shocks related to uncertainty spread over time (16). These uncertain shocks may be caused by many factors, including financial crisis, terrorism-related events, disease outbreaks and natural disasters. Empirical economics research has already discussed the theoretical problems of uncertain shocks on macroeconomic conditions (17), and the increase of uncertainty often reduces the actual activities in the economy (18). The stock market is a barometer of economic development. The change of stock price can not only reflect the economic performance, but also predict the future economic development situation to a certain extent. The stock price may have structural change under the impact of uncertainty, and produce differences among different companies within the industry. Most studies often use the method of event analysis to study specific time points and build econometric models to quantify economic impact (19, 20). This paper will use this method.

Although some studies have discussed the impact of the COVID-19 pandemic on airlines, the heterogeneity of different types of airlines has not been studied in depth. In addition, the economic impact of different countries and different types of airlines of the COVID-19 pandemic may be different. Therefore, this article uses a new perspective of airline service models to study the heterogeneous impact of the COVID-19 pandemic on airlines with different service modes, selecting China daily average price of representative airlines quantifies the impact of the COVID-19 pandemic on the airline's economic impact.

For different time and business models, taking the opportunity of analyzing the impact of the pandemic on the aviation industry, fully understanding and judging the impact of major external events on the civil aviation industry, systematically planning effective response measures, being good at turning crises into opportunities, and reducing the negative impact of external events on the civil aviation industry. It is of great significance for reducing the volatility of China's civil aviation development, improving the endogenous resilience of the civil aviation industry in response to external shocks, and then becoming a powerful civil aviation country. At present, there is no relevant research using historical industry data and econometric models for empirical analysis. This research will make an exploratory attempt for the first time.




MATERIALS AND METHODS


Data Description

In order to effectively identify the timing of structural changes in the full-service and economic aviation industries under the impact of the pandemic, and to compare the changes in structural changes of different types of aviation industries, this paper selects representative companies in China's full-service and economic aviation industries from 2019 to 2021 and conduct empirical analysis of the time series of average daily stock prices.

For the analysis of structural change in the stock prices of Airline companies in China, we select our sample period as from Aug. 1, 2019 through Sept. 15, 2021 covering 519 trading days and we consider average daily stock prices for 6 airline companies. The full-service airlines include China Southern Airlines Group Limited (China Southern Airlines) (hereinafter referred to as China Southern Airlines), China Eastern Airlines (hereinafter referred to as Eastern Airlines) and China International Airlines Co., Ltd. (AIR CHINA) (hereinafter referred to as Air China). The economy type (lower Cost-based) airlines include Spring Airlines (hereinafter referred to as Spring Airlines), Huaxia Express Airlines (hereinafter referred to as Huaxia), and Shanghai Juneyao Airlines (hereinafter referred to as Auspicious), the data are all from the “Rice Quant.”



Analytical Strategy

First, the Quandt-Andrews test is used to identify structural change points of each company's stock price during the pandemic, which overcomes the inability of the traditional Chow test to identify unknown change points. Furthermore, a quantitative impact model was constructed to examine the economic effects of the pandemic on the stock prices of various companies under the impact of different structural change points. Finally, according to the regression analysis of the impact of the pandemic on the aviation industry, it compares the impact of different types of airlines in different countries, and provides relevant conclusions and policy recommendations, in order to further supplement and expand existing research. The research framework is shown in Figure 1.
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FIGURE 1. Research Framework.




Quandt-Andrews Test

Structural change is generally defined as a sudden or sharp change in economic activity from one state to another from a certain point (year) due to major changes in economic conditions, such as policy transformation, natural disasters, oil crisis, etc. change often changes the parameters of economic variables (21). Because different types of airlines have different business models and economic strengths, the impact of the COVID-19 pandemic may have different impacts on their stock prices. In order to accurately identify the time of the sudden change of airline stock prices under the impact of the COVID-19 pandemic, this paper further conducts a parameter stability test analysis on the time series data of the daily average prices of two types of representative airline stocks. The parameter stability test is also called the variable structure test, which aims to test the statistical significance of the change of model structure parameters before and after a single or multiple time points. By comparing the statistical difference before and after the time point, it is inferred whether there is a structural change at that time point. In the field of economics and finance, the parameter stability test method represented by the Chow test has been widely used (22). This method has a good effect in testing the sudden change characteristics of economic indicators at a given time. However, because the test requires that the tested model does not miss important variables, and there is no systematic error in the model form setting, it also requires that the explanatory variable is not correlated with the random disturbance term, and each sub-interval must be satisfied during the test. At least as many samples as the estimated parameter, otherwise it may cause the estimation result to be biased, so the Chow test has greater limitations in its application.

In real economic issues, the timing of structural changes of most economic indicators is often unknown. This requires more flexible judgment and monitoring through other parameter stability testing methods. Aiming at the shortcomings of Chow test, Quandt and Andrews proposed a test method for unknown change points. This test method overcomes the inherent defect of Chow test requiring known change points. It can test the specified model data in one or more change points of unknown structure may exist on the value interval (τ 1, τ 2). In comparison, Chow test only test ([tau]1, [tau]2) whether a structural change occurs between two specified date or observations. According to Quandt-Andrews method, we divide the interval into k parts, make Chow test for each part, and then summarize it into a test statistic to check whether there is a structural change between τ 1 and τ 2.

Quandt-Andrews statistic test point change includes three types: ① Maximum statistic, i.e., by Chow obtained test k th F maximum statistics; ② Exp statistic, the test output result includes the F statistic value and LR statistic value of these three statistics; ③ Ave statistic, i.e., by Chow been tested in k th Simple arithmetic average of F statistic. Each Quandt-Andrews statistic can be divided into two statistics: Likelihood ratio F statistic (Likelihood Ratio F-Statistic) and Wald-F statistic (Wald, the F-Statistic). The likelihood ratio F statistic is a statistic based on the comparison of the residual sum of squares of the constrained and unconstrained models, while the Wald-F statistic is calculated according to the standard Wald test, which limits the coefficients of the model parameters. In the ordinary linear model, the two statistics are the same. A single Chow split point test statistic can be summarized into three different statistics: supremum statistic or maximum statistic (Sup or Maximum Statistic), Exp statistic and Ave statistic (23, 24).

The maximum statistic is a statistic obtained by taking the maximum value of a single statistic obtained in the test, namely:
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The form of Exp statistics is as follows:
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The Ave statistic is a simple average of a single statistic obtained in the test:
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It should be noted that the distributions of the above three types of statistics are non-standard. For this, Andrews (23) derives their true distributions. On this basis, Hansen (25) gives the approximate gradual changes of the three types of statistics. Near p- value, but the distribution of these statistics is generated between close to the sample starting point τ 1 and close to the sample end point τ 2, which makes the distribution of these statistics degenerate. To solve this problem, the usual approach is to the first and last 15% of the samples are eliminated.



Econometric Model

Although the Quandt-Andrews test provides an effective technical tool for identifying change points of airlines under the impact of the pandemic, it cannot further quantify the economic effects of the impact of the COVID-19 pandemic on airlines. The occurrence of major emergencies is unpredictable. The COVID-19 pandemic will affect investor sentiment and change their trading decisions and behaviors, which will have a short-term impact on the stock market. In addition, the development of the pandemic has also restricted domestic and foreign travel, changed the expected itinerary of residents, which will have a certain impact on airline operations. In view of the dynamic nature of the autocorrelation and mutual influence of the pandemic, in order to accurately measure the economic impact of the COVID-19 pandemic on the stock prices of different types of airlines, this paper adopts the multivariate regression model (MVRM) with dummy variables (20, 26). This model not only provides a forward-looking measure of the uncertainty in the next period, but also fully considers the differential impact before and after public emergencies (27). The following measurement model is constructed:
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Among them, represents the price of the i- th aviation stock at time t, θt(i) represents the dummy variable that changes before and after the structural change point of the COVID-19 pandemic of the stock, β(i)represents the impact coefficient of the pandemic on the airline, and αi represents the first-order autocorrelation coefficient of the i stock, γi is the intercept term, εit is a random error term and follows a normal distribution N(0, σ2).



Robustness Test

In order to test the robustness of the estimation results, this paper adjusts the sample period, shortens the time window, and deletes 10% of the samples before and after the test.




RESULTS


Impact on the Airline Industry Structural Change Points

Table 1 shows the descriptive statistical results of six airlines. There are great differences between the two types of airlines in terms of mean value and standard deviation. The share prices of full-service airlines have little difference, and their mean values are lower than those of economy airlines. The standard deviation of economy airlines is higher, and the stock price fluctuates more than that of full-service airlines.


Table 1. Descriptive statistical results.
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In order to further investigate the correlation of stock prices among companies, the correlation coefficient matrix is given in Table 2. There is a strong positive correlation between full-service airlines, and the correlation coefficient is more than 0.9. In contrast, the correlation between economy airlines is slightly weak, and only auspicious has a large positive correlation with full-service airlines, with a correlation coefficient of more than 0.7.


Table 2. Correlation coefficient matrix.
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Based on the time-series data, using Quandt-Andrews test for full-service and Chinese economy (low-cost type) airlines parameter obtain structural discontinuity stability test, calculation of formula (1)—of formula (3) statistic size and get the approximate asymptotic p-value, the test results are shown in Table 3.


Table 3. Quandt-Andrews inspection results of two types of Chinese airlines.

[image: Table 3]

Table 3 shows the Quandt-Andrews test results of 6 full-service and economical airlines in China. It can be seen that at a significance level of 1%, each airline's Quandt-Andrews statistic has passed the significance test, indicating that each airline has structural change points, and the numerical order has a common characteristic law, that is, the maximum statistic > Exp statistic > Ave statistic. On the order of structural change, there is a disparity within the airline industry, which is the structural change in full-service airlines occurs well before the economy (low cost type) airlines. For all full service airlines, structural breaks occurred on the same date, which is February 3, 2020. In contrast, there is a certain lag in the structural change date for economy (low-cost) airlines, more than one quarter later than that of full-service airlines. Structural change for Huaxia occurred as early as June 2020. For Auspicious and Spring, structural change occurred, respectively, in Nov. 2020 and May 2021. It can be seen that the impact of the COVID-19 pandemic on China's full-service aviation is the same, but the impact on the economy (low-cost) type is quite heterogeneous.



Impact of the Pandemic on Airline Stock Prices

Table 4 shows that structural changes caused by the impact of the pandemic have a significant impact on most airline stock prices. The coefficients of full-service airlines are all negative. With the exception of Eastern Airlines, China Southern Airlines and Air China both passed the test at a significance level of 10%. The impact coefficients are −0.025 and −0.119, respectively, verifying the negative effects on full-service airlines in the early stage of the outbreak. From the comparison of the three companies, as Air China has the largest business scale, the impact of the pandemic on its negative impact is also the most prominent. In February 2020 during the Chinese New Year holiday, with the spread of COVID-19 pandemic, most full-service airlines, including Air China had to be canceled, including a large number of domestic and international flights, lower flight prices, air traffic presented cliff-style decline. The impact coefficient of China Eastern Airlines is −0.011 and is not significant. This is because China Eastern Airlines has adopted measures such as adjusting its operating strategy, actively seeking policy support, implementing strict cost control measures, cutting or delaying investment plans, etc., to ensure the company's cash flow is stable. And China Southern Airlines and Air China are also trying to minimize the impact of the pandemic through domestic and international linkages, passenger and cargo linkages, and resource protection linkages. However, due to the type of business, the negative impact it suffers is greater than that of China Eastern Airlines.


Table 4. The impact of the pandemic on the stocks of Chinese airlines.
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In contrast, the impact of the pandemic on Chinese economy airlines has a certain time lag. Compared with full-service companies, the impact of the pandemic has not negatively affected the average daily stock price of its stocks, but has a certain positive effect. The impact of the COVID-19 pandemic on the three companies of Spring, HuaXia, and Juneyao Airlines are, respectively, 0.540, 0.067, and 0.069, of which Spring Airlines has the strongest impact. The early stage of the pandemic coincided with the Spring Festival, and passengers mostly chose economical airline travel methods to save time and improve efficiency, so they were less sensitive to air fares, although the passenger load factor and load factor of economy airlines also declined compared with previous years. But compared with full-service airlines, economic aviation operations have not been significantly affected. With the gradual improvement of the domestic pandemic prevention and control situation, the demand for economical aviation has gradually recovered from the second quarter. Due to the increasingly severe international pandemic situation, the price of full-service airlines has increased significantly, making people's travel choices shift to economical aviation. Economy airlines has undergone a sudden change in the second half of 2020 and early 2021, but the increase in passenger demand makes the economy more economical. The passenger load factor of airlines have gradually recovered from the pandemic and maintained at a relatively high level, which has also promoted the increase of their ticket prices, making the coefficient rise instead of falling.

The estimation results are shown in the Table 5. The test results show that there is no change in the sign and significance level of the regression coefficient, which ensures the robustness of the change point identification and measurement estimation results.


Table 5. Robustness test results.
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DISCUSSION


Main Findings

The main findings show that the Quandt-Andrews test of China's six full-service and economy airlines passed the significance test at a significance level of 1%. Secondly, there are industry differences between different airlines in the order of changes. The structural change point of full-service airlines affected by the pandemic is much earlier than that of economy airlines. In contrast, economy (low-cost) airlines have a certain lag in their change date, which is one point later than that of full-service airlines. More than quarterly, and the sudden change period of different companies in the economic type aviation industry is also quite different. The impact of the COVID-19 pandemic on China's full-service airlines is consistent, but the impact on economy (low-cost) airlines is different.

The impact of the pandemic on the stock prices of different types of airlines is also different. Structural changes caused by the impact of the pandemic have a significant impact on the stock prices of most airlines. The impact coefficients of the pandemic on full-service airlines are all negative. Among them, the pandemic has the largest negative impact on Air China, followed by China Southern Airlines and China Eastern Airlines the smallest. The impact of the COVID-19 pandemic on the three companies of Spring and Autumn, China Xia Airlines and Juneyao Airlines are all positive, and Spring Airlines has the greatest impact.



Policy Implications

Under the external emergencies of the COVID-19 pandemic, economic aviation service companies and airlines that have taken active measures in response to major public health incidents have suffered much less negative impact than full-service airlines. Airlines should learn from them, reduce costs, increase efficiency, and optimize their endogenous mechanisms for responding to major public health incidents. The sustainable and healthy development of China's civil aviation industry ultimately depends on the endogenous development momentum established by the industry itself, rather than relying on external policies. Support should be good at transforming external forces into internal forces that promote the development of the civil aviation industry, and enhance the competitiveness of the civil aviation industry.




CONCLUSION

This study assessed the analysis of the impact of the COVID-19 pandemic on the aviation industry as an opportunity, starting from a new perspective of airline service models, using daily data from full-service and economy airlines to study the impact of the COVID-19 pandemic on different types of airlines. Compared with the existing studies, in terms of the use of methods, for the research on the structural change of the stock price of the aviation industry in public emergencies, this paper relaxes the assumptions under the determined time point, and uses the Quandt-Andrews test to identify the change point, which provides a more effective tool for accurately evaluating and preventing the economic risk of the aviation industry. This paper first analyzes the impact of COVID-19's low cost and economy airline stock price by a new perspective of heterogeneous airline service model. It has made an empirical analysis on China Airlines for the first time. Other countries can use a larger sample size for further research on the same topic.

Although this article focuses on the impact of COVID-19 on the stock of different types of airlines in China, it has not been extended to more countries. In further research, the research period can be expanded and more companies can be added, and comparisons can be made from different countries to provide a more comprehensive economic impact of COVID-19 on the airlines industry.
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