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A B S T R A C T   

Using the financial proxies in the efficient market hypothesis (EMH), we explore how the bullwhip effect (BWE) 
and ripple effect (RE) have been affected by the COVID-19 pandemic upstream and downstream. We developed 
two models to help us understand the phenomenon. The first model we created was the global airline stock index 
(GASI). This index represents all the global airline companies in the sample in one single node. We compared the 
GASI with each sample’s buyer and supplier. The first result we observed was that some companies are more 
affected than others. We also found that the RE increased after the COVID-19 pandemic, but not the BWE. We 
then created a second model to analyze the difference in effects between companies. This reveals that the number 
of relationships in the supply chain network is positively related to the BWE and the RE. According to the 
regression analysis, the data also show that companies with a higher degree of operating level (DOL) and debts, 
and a lower share price, are the most vulnerable to the BWE and RE. We close by summarizing our findings and 
discussing future research opportunities.   

1. Introduction 

The COVID-19 pandemic created a unique bullwhip effect (BWE) and 
ripple effect (RE) on an unprecedented scale; it shut down every econ-
omy in the world. COVID-19 has been the greatest challenge to global 
economic recovery since the Second World War (Prasad and Wu, 2020), 
impacting both upstream and downstream flows in global supply chains 
(Handfield et al., 2020). Unprecedented vulnerabilities were observed in 
several supply chains (Ivanov and Dolgui, 2021), and although natural 
disasters directly affect BWE and REs, few studies have addressed this 
relationship (Schmitt et al., 2017; Dolgui et al., 2020). 

There are many opportunities to research on BW and REs. Supply 
chain risk management has addressed the BWE over time, with studies 
that focus on demand fluctuations (Forrester, 1958; Lee et al., 1997; 
Sucky, 2009; Wang and Disney, 2016; Goodarzi and Saen, 2020; 
Handfield et al., 2020). No attention, however, has ever been paid to 
financial issues. The RE is also not often discussed in supply chain risk 
management (Dolgui et al., 2020; Ivanov and Dolgui, 2021): in fact, 

there is a missing link connecting the BWE and RE. We fill this gap by 
investigating financial proxies in the efficient market hypothesis (EMH). 
The EMH is widely used in finance, but is rarely found in supply chain 
management studies (Nunes, 2018). In addition, few supply chain 
studies have linked financial contagion and pandemic crises (Ding et al., 
2021). 

We brought the Capital Asset Pricing Model (CAPM) from finance to 
advance the discussion. This model is used to measure stock market 
contagion, macroeconomic shocks, integration, and risk contagion in 
financial crises and has been most recently used for linking the new 
coronavirus and government interventions in the stock market (Zaremba 
et al., 2020). Therefore, CAPM is a proper approach for this paper 
because it studies stock portfolios (a good supply chain proxy), macro-
economic shocks and financial crises (COVID-19), and the resulting 
contagion on stock markets (BWE and RE). 

The pandemic has demonstrated how BWE and RE may emerge and 
have an impact on a global supply chain. We aim to investigate the 
COVID-19 outbreak in relation to the bullwhip and ripple effects in the 
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global airline industry. This paper addresses the following research 
questions: 

RQ1. What impact does the COVID-19 outbreak have on the bullwhip 
and ripple effects in the global airline supply chain? 
RQ2. Which financial and non-financial variables are linked to the 
bullwhip and ripple effects? 

2. Literature review 

2.1. The airline supply chain 

The airline industry is a complex of linkage firms and consists of 
various players and a multi-tiered manufacturing structure (Gupta et al., 
2015; Singamneni et al., 2019). For over 50 years, the airline supply 
chain has been working internationally, based on intense collaboration 
and strategic alliances. The long-term relationships between firms 
constitute a strategic tool for reducing the technological, financial, 
market, and organizational barriers inherent in developing any new 
project (Esposito and Raffa, 2007). 

This relationship also is grounded in agreements since firms with 
specific roles in the production process can influence the competition of 
the other firms (Esposito and Raffa, 2007). “If some strategic partners 
are incapable of developing their sections according to the plan 
schedule, the entire development schedule is pushed back” (Tang et al., 
2015, p. 82). There are, therefore, strategic and dependent partnerships 
in the airline supply chain, including risk-sharing contracts with some 
strategic suppliers. (Tang et al., 2015). 

The global airline supply chain configuration requires intensive 
effort to ensure a smooth operation, as any hiccup in the supply chain 
can disrupt final aircraft assembly (Singamneni et al., 2019). Risks 
spread rapidly through the chain due to the interdependence of its 
various nodes (Li and Zobel, 2020). A disruption can affect the firm that 
experiences it and its suppliers, customers, and competitors. Because of 
the small number of suppliers and the overlapping supply chains in the 
overall airline supply chain, it is highly likely that any risk will 
contaminate the whole supply network (Gupta et al., 2015). 

2.2. Supply chain risk 

The business environment has become more turbulent, and unex-
pected events have led to vulnerability and increased disruptions 
throughout supply chains. Events such as the terrorist attacks of 
September 11, the outbreak of SARS, the Japanese tsunami, and Hur-
ricane Sandy had negative and catastrophic impacts on supply chain 
flows (Christopher and Lee, 2004; Quarshie and Leuschner, 2020). 
External events have increased vulnerability to disruptions in supply 
chains (Besiou and Van Wassenhove, 2020). For example, the COVID-19 
pandemic was a rapid disruption with high severity. Few supply chain 
managers had ever paused to consider the risk involved (Handfield et al., 
2020). COVID-19 was an unexpected occurrence with totally unpre-
dictable disruptions, with borders and transportation infrastructures 
shut down. It caused a real collapse in financial systems and a negative 
contagion effect, which extended to firms in networks overseas (Ding 
et al., 2021). 

Each disruption will require a unique and individual approach 
depending on its nature. For example, for service firms like the airline 
industry, adequate financial reserves or low debt-to-equity ratios enable 
the preservation of relational reserves and vice versa, contributing to 
their organizational resilience in times of crisis (Gittell et al., 2006). 

2.2.1. Supply chain finance risk 
There is an interface between operations management and finance, 

and a positive link between information sharing, supplier integration 
and collaboration, and cash flow risks (Wuttke et al., 2013; Zhu et al., 
2020). Firms that have more funds, for example, can provide credit for 
firms that have limited access to funding (Choi and Kim, 2005). 
Furthermore, although operational and financial leverage affects a 
firm’s risk profile, hedging risk between multiple buyers can reduce this 
risk (Pellegrino et al., 2019). Studies also show that sharing working 
capital between companies in the supply chain can lead to better results 
than managing each company’s capital separately (Caniato et al., 2016). 

Companies seek solutions for their liquidity and working capital 
needs in an environment in which there is limited access to capital 
(Caniato et al., 2016). When a disruption event occurs, like the Covid-19 
pandemic, trade credit increases in the supply chain, and difficulties 
accessing new funds affect buyers and suppliers alike. Although buying 
firms cannot completely shift these costs on to their suppliers (Wuttke 
et al., 2013), buyer liquidity shocks are dispersed throughout the supply 
chain (Boissay and Gropp, 2013). 

Financial flows are necessary for explaining the causal mechanisms 
that can create patterns of risk propagation and bankruptcies in an 
established supply chain. In the context of tightly coupled interactions, 
decisions affect the firms and their suppliers (Tier 1, Tier 2, Tier 3, and 
more) (Serrano et al., 2018). Thus, financial risk propagation can affect 
entire supply chains. 

2.2.2. The efficient market hypothesis (EMH) 
Studies use EMH to understand how contamination occurs among 

companies (Fama, 1970). EMH can be formulated in three versions: 
weak, semi-strong, and strong. Although the EMH debate is a 
long-standing one, research shows that the semi-strong approach is more 
likely to be accurate, especially when markets are efficient and esti-
mation models value stocks correctly (Ying et al., 2019). 

EMH studies reveal that external events impact the stock market. For 
example, terrorism events have a significant and negative impact on the 
day after any attack (Bano and Khan, 2021). Negative events also affect 
the market values of suppliers and customers. Nunes (2018) found that 
suppliers and customers absorb the negative outcomes of events, 
although the supply side faces a higher risk of loss. 

This study addresses BWE and RE as additional information in the 
semi-strong EMH. Financial risks can be huge in a pandemic like COVID- 
19. The BWE and RE increase fluctuations in stock exchanges and affect 
supply chains both downstream and upstream. The complexity and 
uncertainty of environmental turbulence intensify risks within the sup-
ply chain (Christopher and Lee, 2004). Disruptions can have a signifi-
cantly negative impact on a firm’s finances, leading to abnormal stock 
returns of − 40%, on average, with lasting consequences that may extend 
into the year following the announcement of the disruption (Hendricks 
and Singhal, 2005). 

3. The bullwhip and ripple effects and hypotheses 

The BWE refers to how order variability increases as the orders move 
upstream in the supply chain. This effect has been studied over the years 
in the operations management literature that focuses on demand and 
price fluctuations (Forrester, 1958; Lee et al., 1997; Sucky, 2009; Wang 
and Disney, 2016; Ojha et al., 2019; Goodarzi and Saen, 2020; Handfield 
et al., 2020). Over time, contemporary topics have been investigated, 
such as closed-loop systems in a circular economy (Ponte et al., 2020) 
and customer satisfaction versus economic benefits of batching (Ponte 
et al., 2022). 
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Zhu et al. (2020) claim that the effect may not exist for all types of 
products or be different for each industry. Indeed, Pastore et al. (2019) 
suggested that the BWE is larger for fast-moving products than for 
slow-moving, and frequent switches from promotional to 
non-promotional periods tend to increase the propagation of demand 
variability. Goodarzi and Saen (2020) developed a model to help 
decision-makers in the pharmaceutical industry analyze nodes that have 
an inefficient BWE performance. 

The lack of information sharing (Ojha et al., 2019), the absence of a 
pricing strategy (Özelkan et al., 2018), and financial statements (Zhaob 
et al., 2019; Chen et al., 2013) also affect BWE. Zhaob et al. (2019) used 
firms’ financial proxies to investigate the links between relational cap-
ital and the BWE. Chen et al. (2013) showed that an individual firm’s 
liquidity crunch risk (flow-based credit risk) is transmitted throughout 
the supply chain. A significantly high economic growth rate reduces the 
internal liquidity risk of suppliers but not of customers. 

In addition to the BWE, we have the RE, although this is a relatively 
new phenomenon (Dolgui et al., 2020). In the dynamic structure of a 
network, the RE spreads downstream in the supply chain, while the BWE 
unfolds upstream. For example, RE, in service, is studied to show how 
individual service failures impact other points of failure involving 
several dependence relationships and uncertainties (Song et al., 2013). 
However, a RE can positively affect the supply chain. The imple-
mentation of sustainable practices induced beneficial cross-tier ripple 
effects (Koh et al., 2012). Furthermore, the network structure and node 
risk capacity can also influence different aspects of resilience (Li and 
Zobel, 2020). 

Although BWE is a present phenomenon in the operations manage-
ment field (Ponte et al., 2020), the existing BWE theories have limita-
tions in explaining the phenomenon in some industries (Zhu et al., 
2020). Besides that, a few studies have included the BWE in supply chain 
disruption literature (Schmitt et al., 2017; Dolgui et al., 2020). There is 
an opportunity to explore this effect using real supply chain networks, 
which are disregarded in many studies (Sucky, 2009; Isaksson and Sei-
fert, 2016; Goodarzi and Saen, 2020). Monetary and financial supply 
chain considerations, such as stock market fluctuations, also deserve 
more attention (Chen et al., 2013; Wang and Disney, 2016; Handfield 
et al., 2020). In addition, studies examining the relationships between 
the BWE and RE are not common (see Table 1). For Isaksson and Seifert 
(2016), the BWE and RE—or the two-echelon perspective—are critical 
for studying the uncertainties that are much greater between a buyer 
and a supplier than within a single firm. Dolgui et al. (2020) found that 
RE can be a driver of the BWE. 

However, the BWE and RE may be underestimated if only the supply 
chain is considered. Supply chains are complex networks that generate a 
dynamic that is amplified along the chains (Li and Zobel, 2020). For 
example, a natural disaster, such as the COVID-19 pandemic, produces a 
unique BWE (Handfield et al., 2020) that negatively affects entire supply 
chains (Sucky, 2009). Although the consequences of the BWE can be 
hard to detect and quantify economically (Wang and Disney, 2016), the 
COVID-19 pandemic reveals a real and devastating economic and 
financial crisis. Indeed, the economic disruptions caused by the virus 
and the accompanying uncertainty are reflected in lower valuations and 
increased volatility in financial markets. 

Table 1 
Location of our research in the literature under the sun ‘Nothing new under the sun.  

Authors Bullwhip 
Effect 

Ripple 
Effect 

Natural 
Disaster 

Financial 
Variables 

Index Industry Method Journal 

Sucky (2009) Yes No No No No Retailers Mathematical Model International Journal of 
Production Economics 

Koh et al. (2012). No Yes No No No IT industry Multiple Case Studies International Journal of 
Production Economics 

Chen et al. (2013) Yes No No Yes No Compustat Panel Data 
Regressions 

Journal of Banking & Finance 

Song et al. (2013) No Yes No No No Service Bayesian network International Journal of 
Production Economics 

Isaksson and Seifert 
(2016) 

Yes No No Yes No Compustat OLS Regression International Journal of 
Production Economics 

Wang & Disney (2016) Yes No No No No – Narrative Review European Journal of 
Operational Research 

Özelkan et al. (2018). Yes No No No No Retail Newsvendor model International Journal of 
Production Economics 

Zhao, Mashruwala, 
Pandit, & Balakrishnan 
(2019) 

Yes No No Yes No Compustat Multivariate 
Regression 

International Journal of 
Operations & Production 
Management 

Pastore et al. (2019) Yes No No Yes No European automotive regression model International Journal of 
Production Economics 

Ojha et al. (2019). Yes No No No No Manufacturing Simulation International Journal of 
Production Economics 

Zhu et al. (2020) Yes No No No No Oil and gas Case Studies International Journal of 
Production Economics 

Goodarzi and Saen (2020) Yes No No No No Pharmaceuticals Mathematical Model Computers & Industrial 
Engineering 

Handfield et al. (2020) Yes No Yes No No Automobiles & 
Equipment 

Interviews International Journal of 
Operations & Production 
Management 

Dolgui et al. (2020) Yes Yes No No Yes Beverages Simulation Model International Journal of 
Production Research 

Ponte et al. (2020) Yes No No No No Manufacturing - 
Remanufacturing 

Models International Journal of 
Production Economics 

Li and Zobel (2020) No Yes No No No Japanese auto Simulation and 
regression analysis 

International Journal of 
Production Economics 

Ponte et al. (2022). Yes No No No No Manufacturing - 
Remanufacturing 

Simulation International Journal of 
Production Economics 

This work Yes Yes Yes Yes Yes Airlines Panel Data 
Regressions   
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The financial conditions of a firm are affected in a global financial 
crisis. Equity markets collapse, and debt markets become fragile. Com-
pany suppliers may also adopt more rigid credit policies, and customers 
may have problems paying their dividends. These problems can indicate 
a firm’s internal liquidity risk, which may spread along the supply chain. 
In finance, this phenomenon is called the contagion effect (Chen et al., 
2013). Our first and second hypotheses are: 

H1. There is a significant change in the bullwhip effect during 
pandemic outbreaks. 

H2. There is a significant change in the ripple effect during pandemic 
outbreaks. 

Degree centrality is a measure of social network analysis and in-
dicates a direct relationship with another network node. High centrality 
indicates there are many ties to others, demonstrating greater visibility 
in the network (Yan et al., 2015). A company with degree centrality 
shows its influence and popularity in the network (Brintrup et al., 2015). 
We use the degree centrality concept to indicate the number of re-
lationships that airline companies have with their buyers and suppliers 
and analyze it with financial risk in the supply chain network. 

Companies with many nodes’ connections can influence other com-
panies in the network. Zhaoa et al. (2019) developed a simulation model 
to analyze how disruptions propagate by cascading failures in the supply 
chain network. They used a supply chain network with 2971 firms 
spanning 90 industry sectors to understand reactive and proactive sup-
ply chain strategies for facing up to disruptions. The results show that 
when a high degree node is removed from the supply network for 
reactive strategies, the negative effect on the whole network is greater 
than when a low degree node is removed. Brintrup et al. (2015) worked 
with the aerospace industry, specifically with a network of the Airbus 
Group, which included 544 supplier companies and 1657 related re-
lationships. The study presents a vulnerable network with a large 
portion of the firms connecting to hub firms. Although hub firms are 
connected, the cascade effect will spread quickly to the entire network if 
a hub firm faces disruption. Zhou et al. (2020) analyzed a bi-level BWE 
model using a social network analysis approach. The authors deter-
mined that high degree centrality has a greater impact on the first level 
BWE. 

Supply chain network disruptions may be manifested as financial 
losses (Zhaob et al., 2019). The disruption may spread through the 
supply chain as a BWE or RE (Li and Zobel, 2020). Companies with more 
nodes in the network can have an impact on the strategic decisions of 
other companies that are linked to each other. Our third hypothesis is: 

H3. High degree centrality is positively related to the bullwhip and 
ripple effects during pandemic outbreaks. 

In a disruption scenario, negative financial consequences affect 
different nodes of the supply chain. Chen et al. (2013) observe that an 
individual firm’s liquidity crunch risk is transmitted throughout the 
supply chain, which connects variations in inventory flows, cash flows, 
and information flows. The internal liquidity risk effects of customers on 
bond-yield spreads are also larger than those of the suppliers. The in-
ternal liquidity risk effect also becomes greater as it moves up the supply 
chain. 

Filbeck et al. (2016) analyzed both suppliers and customers and 
found that disruption has a negative financial impact on all of them. 
Investors penalize the disruption more during bear-market cycles: that 
is, when the market falls. When a competitor announces disruptions, 
American automobile companies face a negative stock reaction, and 
contagion is significant. Ding et al. (2021) also found that the stock 
returns of Chinese semiconductor firms were negatively affected by the 
Kumamoto earthquakes, and that a negative contagion effect is trans-
mitted through supply chain nodes. 

Isaksson and Seifert (2016) introduce an approach for quantifying 
the BWE using financial accounting data in a multi-echelon setting. They 

observe that the further away from its consumers the firm is, the greater 
the BWE. This finding reinforces the idea that an increased number of 
decision points between the firm and the end consumer will distort 
demand and drive up the BWE. Our hypotheses, therefore, are: 

H4. Finance proxies are positively related to the bullwhip and ripple 
effects during pandemic outbreaks. 

H4a. Leverage ratios are positively related to the bullwhip and ripple 
effects. 

H4b. Solvency ratios are positively related to the bullwhip and ripple 
effects. 

4. Data and methods 

The BWE and RE have industry-specific features, and these could 
contaminate data across industries and thereby impact the analysis and 
the results (Isaksson and Seifert, 2016). The BWE varies differently 
across industries (Zhaob et al., 2019). Financial markets may also vary 
due to differences in the capital intensity of production. When the 
capital intensity of production is significantly different, book-to-market 
and operating leverage are unrelated to returns. Therefore, studies find 
strong results within an industry, but weak results across industries 
(Novy-Marx, 2011). 

The airline supply chain can be considered an ideal candidate for 
studying the BWE and RE. The COVID-19 pandemic has caused a sig-
nificant financial loss to the aviation industry (IATA - International Air 
Transport Association, 2021). Additionally, the airline industry consists 
of a multiplex relationship between buyers and suppliers: that is, when a 
buyer or a supplier may be simultaneously a competitor, supplier, or 
partner in the supply chain (Slot et al., 2020). This complexity can 
modify the linear direction of the BWE and the RE, an effect that has 

Table 2 
Sample.  

Region Airlines Buyers/Suppliers 

Africa 4.12% 1.49% 
Asia 48.45% 8.96% 
Europe 19.59% 37.31% 
Latin America 7.22% 2.99% 
Oceania 5.15% 1.49% 
USA & Canada 15.46% 47.76% 
Total 100.00% 100.00% 
Employees 
Maximum 136,944 351,600 
Minimum 479 107 
Mean 24,893 31,478 
Standard Deviation 31,966 62,413 
Median 11,247 9351 
Age 
Maximum 100.97 109.28 
Minimum 3.02 3.67 
Mean 32.07 31.16 
Standard Deviation 22.11 25.29 
Median 24.84 22.99 
Total Assets 
Maximum 64,532,000,000 152,186,000,000 
Minimum 5,376,432 839,421 
Mean 10,073,570,563 16,037,386,348 
Standard Deviation 14,212,184,203 33,923,431,575 
Median 4,126,624,000 3,684,629,500 
Total Revenue 
Maximum 47,007,000,000 84,818,000,000 
Minimum 358,949 1,410,914 
Mean 6,718,193,698 9,014,782,951 
Standard Deviation 10,028,006,982 19,615,666,789 
Median 2,847,055,735 1,823,092,000  
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been studied over time (Forrester, 1958; Lee et al., 1997; Goodarzi and 
Saen, 2020; Handfield et al., 2020). Using data from the airline industry, 
we construct a novel proxy index and employ two regression models to 
investigate the effect of the COVID-19 crisis on the BWE and RE in the 
global airline supply chain. 

4.1. Sample and data sources 

Our sample data are composed of 165 companies—98 airlines and 67 
buyers and suppliers—representing 65.7% of the total population of 252 
companies in the global airline supply chain. This sample data set also 
includes companies from 50 countries in six regions. Table 2 summarizes 
the company demographics of our data set. 

The data collection process involved two steps. First, we identified 
135 public airline companies from the Thomson-Reuters database 
(Refinitiv EIKON system). Some companies from the list were excluded, 
as their work was not directly related to the airline industry (e.g., heli-
copters such as Era Group Inc.), or data were missing (e.g., companies 
with no data in 2019 and 2020, such as Syphax Airlines S.A.). We sub-
sequently collected data from 98 airline companies. Second, we recog-
nized the buyers/suppliers of the selected airline companies based on 
the database’s confidence score, indicating the strength of the buyer- 
supplier relationship. We selected 67 out of 117 buyers and suppliers 
based on the following criteria: 1) if a company is a buyer or supplier for 
more than one airline (e.g., Boeing), then it was considered only once; 2) 
if a company provides services that are not directly related to the 
customer (e.g., banks), then it was excluded; and 3) if an airline com-
pany is a buyer or supplier of another airline company, then it was 
excluded because they are in the first sample, of airlines companies. 

4.2. Models 

We developed two models. The first is an event study to analyze the 
BWE and RE between each buyer and supplier and the global airline 
companies and verify whether these effects changed because of COVID- 
19. The second model measures the attributes related to the BWE and RE 
between each buyer and supplier and the global airline companies. 

4.2.1. Model 1: Index to measure the BWE and RE 
This model is designed in two phases to confirm the BWE and RE in 

the global airline supply chain. In the first phase, and according to au-
thors such as Brusset and Bertrand (2018) and Hsiao et al. (2021), we 
developed a Global Airline Stock Index (GASI) to estimate the rela-
tionship between each buyer and supplier. The GASI was created 
because there is no other index that includes airline companies from 
different countries. Our model is based on the Capital Asset Pricing 
Model (CAPM) of Sharpe (1964) and Lintner (1965). The CAPM is 
indicated for estimating the stock market’s reaction to events (Hendricks 
and Singhal, 2003). The Sharpe-Lintner versions of the CAPM explain 
the differences in expected returns across assets (stocks or portfolios); 
other variables are unlikely to add anything to the explanation of ex-
pected returns (Friend and Blume, 1970; Fama and French, 1992). 

The GASI was developed using the following steps: (1) based on a 
time series of 210 days (105 days before and after the pandemic was 
declared in the United States), we collected the stock price at the end of 
the day (in USD) multiplied by the number of outstanding shares of each 
airline company—the result is a proxy for the market value of that 
company on that day; (2) we checked to see whether any company had 
issued new shares in that period—no company had, and so no adjust-
ment was necessary; (3) we combined the market values, and found the 
daily market capitalization (Market Cap) for the airline industry; and (4) 
we calculated the daily return of the index, based on the formula: 

Rett =
Market Capt − Market Capt− 1

Market Capt− 1  

where: 

Rett : stock return on day t. 
Market Capt: Market Capitalization on day t. 
Market Capt− 1: Market Capitalization on the previous day (t-1). 

In the second phase, we ran the event study. We calculated each 
buyer’s and supplier’s return based on the same formula as in Phase 1, 
Step 4 of the GASI. The stock price at the end of the day (the closing 
price) in USD was collected from 10/18/2019 to 8/10/2020. We did not 
consider the weekends and holidays when the stock market is closed. In 
total, we collected 14,137 pieces of data. 

Our event day was 3/16/2020, the day on which the World Health 
Organization (WHO) declared a world pandemic due to COVID-19. The 
information on 3/16/2020 was collected only to calculate the return 
because the event was before and after that day. Overall, we calculated 
105 returns before and 105 returns after the event. 

We switched the daily market return to the daily return of the GASI. 
Considering this change, we worked with the following variables: 

Dependent variable: The daily return of the GASI. 
Independent value: The daily return of each buyer and supplier. 

The final equation is: 

AIRt =α + βXi,t + ε  

where. 

AIRt: Daily return of the GASI. 
β: Estimated Beta coefficient. 
Xi,t: The daily return of each buyer and supplier. 
ε: Error term. 

After performing the regressions, we found 134 β coefficients in the 
two groups, 67 β coefficients before the pandemic, and 67 after. Beta is a 
measure of the volatility—that is, the systematic risk of a buyer or 
supplier compared to the GASI. The β coefficient is how we measure the 
BWE and RE. 

There are three possible scenarios for the β coefficient. If β is equal to 
1.0, it indicates that airline companies and their buyers or suppliers have 
the same risk in the stock market. No unsystematic risk is observed. For β 
with a value lower than 1.0, buyers or suppliers are less volatile than the 
airline companies. Finally, if the β is higher than 1.0, buyers or suppliers 
are more volatile than the airline companies. For example, if a supplier’s 
β is 1.5, it is assumed to be 50% more volatile than the airline 
companies. 

4.2.2. Model 2: the BWE and RE outcomes 
In this model, we run linear regression equations to confirm which 

variables can explain the BWE and RE between the buyer-supplier and 
airline companies. According to the development of the CAPM model, 
leverage, earnings price, debt-equity, and book-to-market ratios are 
explanations of expected stock returns provided by the market beta 
(Myers, 1977; Bhandari, 1988; Fama and French, 1992, 2006; Novy--
Marx, 2011; Sarkar, 2018). Our chosen variables are: 

Dependent variable:  

1. β: Estimated Beta coefficient from Model 1. 

Independent variables:  

1. Degree centrality: the number of airline companies to which the 
buyer-supplier is linked.  

2. Finance proxies that explain the internal financial risk: 
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a) Leverage ratios: Degree of Operational Leverage (DOL) and De-
gree of Financial Leverage (DFL).  

b) Solvency ratios: price to book value, debt-to-assets ratio, and 
rating. 

We seek to control the model with the following variables:  

1. Size: The ln of total revenue.  
2. Region: Region of the company headquarters. We divided companies 

into the United States, Canada, Latin America, Europe, Africa, Asia, 
and Oceania.  

3. Relationship: Two dummy variables to check if the companies are 
buyer, supplier, or buyer-and-supplier. 

The final equation was: 

βi,t =α0 + a1Strenghti,t + a2DOLi,t + a3DFLi,t + a4Price − to

− Book Valuei,t + a5Debt − to − Assets Ratioi,t + a6Ratingi,t + a7Sizei,t

+ a8Latin Americai,t + a9Asiai,t + a10Oceaniai,t + a11Africai,t

+ a12Europei,t + a13Buyer Onlyi,t + a14Buyer and Supplieri,t + εi,t  

where. 

β: Estimated Beta coefficient from Model 1. 
Strengthi,t : the number of ties by which the company is linked to the 
global airline industry. 
DOLi,t: Degree of Operating Leverage: percent change in the Earnings 
before Interest/percent change in total revenue. 
DFLi,t: Degree of Financial Leverage: percentage change in the 
Earnings per Share/percentage change in the Earnings before Inter-
est. 
Price − to − Book Valuei,t: Market Cap/Shareholders’ Equity. 
Debt − to − Assets Ratioi,t: Total Debt/Total Assets. 
Ratingi,t: Credit Rating measured by Refinitiv/Thompson. 
Sizei,t: Ln of Total Revenue. 
Latin Americai,t Asiai,t Oceaniai,t Africai,t Europei,t: Control variables 
for the region. 
Buyer Onlyi,t Buyer and Supplieri,t: Control variables for relationship. 
ε: Error term. 

5. Analysis 

The first question we need to address before starting to analyze our 
models is: Is the GASI relevant enough to be used as a proxy for global 
airline companies? 

To answer this question, we checked whether any company was large 

enough to become a proxy for the market. We compared three different 
scenarios. We selected the top five weighted-average companies in the 
GASI on the first day and last day, and the average analysis (see Table 3). 

Table 3 shows that on 10/18/2019, the largest company represented 
around 10% of the total. When we move to 8/11/2020, the largest 
company represents less than 10% of the total. Finally, when we take the 
average for the period, the top company again represents less than 10%. 
When we combine the top five companies, they represent about one- 
third of the total GASI. Therefore, we cannot assume that any com-
pany can be used as a proxy for the entire global airline company 
market. 

Likewise, the top five companies are from different countries, so 
comparing the GASI with a specific country’s index is inappropriate. We 
also compare the GASI and the S&P500, one of the most popular stock 
market indexes. Because the data are not normal, we performed the 
Mann–Whitney test and obtained a p-value of 0.03, which means we 
cannot accept the hypothesis that there is no difference between the 
GASI and S&P 500. 

5.1. Model 1 – An index to measure the BWE and RE 

Once we had a reliable market index for the GASI, we performed the 
analysis by way of 134 simple linear regressions to find the β for each 
buyer and supplier before and after the pandemic. The results, which are 
summarized in Table 4, reveal a significant β for all companies (p-value 
below 0.05). 

The systematic risk for buyers and suppliers is different. Before the 
pandemic, 50% of the buyers had more risk than the global airline in-
dustry. This percentage increased after the pandemic to 62.5%. On the 
other hand, the suppliers (BWE) have less risk than the global airline 
industry because around 30% of the companies have a β lower than they 
had before and after the pandemic. Table 5 presents the descriptive 
statistics of the buyers’ and suppliers’ β.

The descriptive statistics show that buyers had more risk than sup-
pliers before and after the pandemic. The dispersion is similar, as is the 
maximum β. Fig. 1 demonstrates the difference in β before and after the 
pandemic on suppliers and buyers. 

The relationship between β before and after the pandemic is not the 
same for suppliers and buyers. Therefore, to check whether there is a 
significant change in β after the pandemic started, we performed two 
different tests, analyzing the BWE for suppliers, and investigating the RE 
on buyers. 

First, we tested whether the supplier’s data are normally distributed, 
for which we used the Kolmogorov Smirnov test. It revealed that the 
data before the pandemic are normal, but the data after the pandemic 
are not. Then, considering the existence of abnormal data, we performed 
the Wilcoxon nonparametric test. The Wilcoxon p-value is 0.146, so we 
accept the statistical hypothesis that there is no difference in the BWE 
before and after the COVID-19 pandemic. 

For buyers, we performed the Shapiro–Wilk test. The data before and 
after the pandemic have a normal distribution, so we performed the 
parametric t-test, when we paired two samples for means. The p-value is 
0.035, so we rejected the statistical hypothesis that there is no difference 

Table 3 
GASI composition.  

Group 1 Group 2 Group 3 

Company 10/18/ 
2019 

Company 8/11/ 
2020 

Company Average 

Delta Air 
Lines Inc 

10.09% Southwest 
Airlines Co 

9.00% Delta Air 
Lines Inc 

9.23% 

Southwest 
Airlines Co 

8.33% Delta Air 
Lines Inc 

8.17% Southwest 
Airlines Co 

8.62% 

United 
Airlines 
Holdings 
Inc 

6.60% Ryanair 
Holdings PLC 

6.96% Ryanair 
Holdings 
PLC 

5.54% 

Air China Ltd 4.51% Air China Ltd 5.67% Air China Ltd 5.46% 
Ryanair 

Holdings 
PLC 

4.23% China 
Southern 
Airlines Co 
Ltd 

4.71% United 
Airlines 
Holdings Inc 

5.09% 

Total 33.76% Total 34.52% Total 33.93%  

Table 4 
Bullwhip and ripple effect.  

Buyer/ 
Supplier 

Effect Period Lower than 
1 

Greater than 
1 

Buyers Ripple effect Before the 
pandemic 

50.0% 50.0% 

After the 
pandemic 

37.5% 62.5% 

Suppliers Bullwhip 
effect 

Before the 
pandemic 

66.7% 33.3% 

After the 
pandemic 

69.8% 30.2%  
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before and after the pandemic. The means are 0.96 before and 1.18 after 
the pandemic. For buyers, the RE is greater after the pandemic. The 
results do not support H1, but do support H2. The difference between the 
β will be investigated in Model 2. 

5.2. Model 2 - BWE and RE outcomes 

After the BWE and RE were analyzed, we ran a linear regression to 
examine why there were different β for companies in the same supply 
chain. We measured financial and non-financial variables. For financial 
variables, we examined the financial risk of each company. The financial 
risk variables were leverage and solvency ratios. For non-financial var-
iables, the following factors were examined: (1) the degree centrality of 
each company in the supply chain; (2) where they are located; and (3) 
the relationship between the company and the airline industry. The 
descriptive statistics are presented in Table 6. 

There are no negative Betas in the descriptive statistics, and the mean 
is below but close to one. On average, for every 1% change in the stock 
price of the airline companies, the stock price of buyers and suppliers 
changed by 0.88%. Degree centrality shows that, on average, each buyer 
and supplier is related to approximately four companies. The large range 
in the leverage ratios (DOL and DFL) is related to our sample; we have 
profitable and nonprofitable companies. When there is a negative 
number, the company experiences a net loss instead of net income. With 
regard to solvency ratios (price-to-book-value and debt-to-assets), a 
negative price-to-book-value ratio means the market cap is lower than 
the book value (equity), which indicates that the company is not prof-
itable for its investors. Thus, the greater the price-to-book-value ratio, 
the greater the market cap than the book value (equity). 

For the debt-to-asset ratio, the best ratio possible is zero, so the 
company has no debt. On the other hand, a ratio greater than one means 
that debts are greater than the sum of all its assets. Therefore, the greater 
the debt-to-asset ratio, the greater the risk of becoming insolvent in the 
long run. The linear regression model, comparing the dependent vari-
able β to the independent and control variables, is shown in Table 7. 

The regression model provided an adjusted R2 0.577, a significant 
ANOVA, and goodness of fit in linear regression. We found eight oper-
ationally and financially significant variables and control variables. The 
operational variable, ‘degree centrality,’ is positive and significant 

(0.011 **). The more airline companies the buyer or supplier is linked 
to, the greater the BWE and RE. For instance, if a company is a buyer or 
supplier for 30 airline companies, the BWE and RE will be greater than 
for a company that is a buyer or supplier for 15 companies. H3 is 
supported. 

We found three significant financial variables: one for leverage and 
two for solvency. The significant leverage variable is the Degree of 
Operating Leverage (DOL) (0.004 ***). When a company has a high 
DOL, it is more affected by the BWE and RE (β). These results are 
consistent with the CAPM theory, which suggests a positive relationship 
between DOL and financial risk (Myers, 1977; Bhandari, 1988; Novy--
Marx, 2011). The BWE and RE are proxies for financial risk. They impact 
more than one company, and the supply chain network may suffer sig-
nificant damage to its capital structure. 

There are two significant financial and accounting variables. The 
first variable is the Price to Book Value, which is negative and significant 

Table 5 
β descriptive statistics.   

Buyers Suppliers 

Before the 
Pandemic 

After the 
Pandemic 

Before the 
Pandemic 

After the 
Pandemic 

Mean .9584 1.1799 .8715 .8071 
Median 1.0170 1.2545 .8330 .6910 
Variance .146 .234 .157 .275 
Standard 

Deviation 
.38269 .48338 .39614 .52407 

Minimum .27 .38 .06 .01 
Maximum 1.69 1.96 1.93 2.33  

Fig. 1. Bullwhip and ripple effects.  

Table 6 
Descriptive statistics – model 2.  

Variables Minimum Maximum Mean Standard 
Deviation 

Beta 0.064 1.927 0.880 0.397 
Degree centrality 1.000 52.000 3.900 9.053 
Size     
Degree of Operational 

Leverage (DOL) 
− 72.341 179.502 3.869 27.712 

Degree of Financial 
Leverage (DFL) 

− 161.525 19.029 − 3.349 23.659 

Price-To-Book Value − 44.542 37.257 4.899 10.693 
Debt-To-Assets Ratio 0.000 1.156 0.323 0.225  

Table 7 
Linear regression.  

Dependent variable β Variables Coefficient p-value  

Constant 0.899 0.029** 
Independent variables Degree centrality 0.011 0.028** 

DOL 0.004 0.001** 
DFL 0.001 0.421 
Price-to-Book Value − 0.009 0.008*** 
Debt-to-Assets Ratio 0.715 0.000*** 
Rating − 0.017 0.901 

Control variables Size − 0.005 0.785 
Latin America 0.426 0.040** 
Asia − 0.464 0.001*** 
Oceania − 0.371 0.178 
Africa − 0.688 0.013** 
Europe − 0.159 0.050** 
Buyer only − 0.137 0.355 
Buyer and Supplier − 0.133 0.240  
ANOVA 6.942 0.000**  
Adjusted R2 0.577  
Standard error 0.258  
Durbin-Watson 1.929  
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(− 0.009 ***). This result indicates that the greater the stock price 
compared to the equity, the lower the BWE and RE. Investors can 
consider this company to be low risk. The negative coefficient is found in 
financial research, such as that conducted by Fama and French (2006, 
2015), Novy-Marx (2011), Chen and Kawaguchi (2018). The second 
variable is the Debt-to-Assets Ratio, which is positive and significant 
(0.715 ***). Companies with high debt are more affected by the BWE 
and RE. The CAPM theory also reveals a positive relationship between 
debt and risk. Bhandari (1988) was one of the first authors to find this 
relationship. More recent studies have confirmed the same result 
(Negrea and Toma, 2017). The results support hypotheses H4, H4a, and 
H4b. Finally, our control variables demonstrate that companies in 
Europe, Asia, and Africa may be less affected by the BWE and RE than 
companies in the United States or Canada. 

6. Discussion 

Economic systems suffer critical risks when there is a disruption in 
the supply chain (Filbeck et al., 2016). Although disasters may have a 
low frequency of occurrence, they create widespread and long-term 
negative impacts (Ding et al., 2021). Exogenous disruptions in supply 
chain management can be disastrous. In recent years we have observed 
an increase in the number of studies that explore supply chain vulner-
ability involving disasters (Brusset and Bertrand, 2018). Disruptions, 
such as natural disasters that increase vulnerability, are outside the 
supply chain’s direct control and are difficult to manage because they 
have different effects on the supply chain. Firms that are interconnected 
experience increased vulnerability to disruption (Ding et al., 2021). 

The COVID-19 pandemic is a global health and financial crisis 
challenge. It has shown that disruption can affect several supply chains 
in different parts of the world. The crisis was holistic and came without 
notice in all countries, whether developed, emerging or poor. As a result, 
industries in different parts of the world have faced disruptions in their 
supply chains. 

The pandemic severely affected the airline industry, as passenger- 
kilometers flown represent the main source of airline revenue. With 
government-imposed shutdowns, companies canceled most of their 
flights and saw passenger demand drop sharply, in some cases by around 
95% (Rappeport and Chokshi, 2020). Even though governments 
released billions of dollars worldwide, the financial crisis was not only 
inevitable (Handfield et al., 2020), it was unprecedented in its scale and 
spread worldwide throughout the global airline supply chain, leading to 
a BWE and RE. 

While the BWE and RE are facts in the aviation industry, they are not 
the same in intensity for all companies in the supply chain. Our Model 1 
combined the airline companies into one single node by way of the GASI. 
We compared the GASI to each buyer and supplier and realized that 
some companies were more affected than others. We found that the RE 
increased after the start of the COVID-19 pandemic, but not the BWE. 
Several factors can influence the BWE, such as the industry, raw mate-
rials, long-term contracts, and demand forecasts. The BWE of some 
supply chains is smooth (Zhu et al., 2020). In service companies, such as 
airlines in which there are long-term contracts and services and products 
are made to order, the BWE resulting from the COVID-19 pandemic 
crisis comes later. Our results agree with some of the semi-strong EMH 
studies (Ying et al., 2019) that state that historical price is not enough 
for determining future price or other information, because the BWE and 
RE must be considered. 

Our Model 2 demonstrated that the number of relationships is 
positively related to the BWE and RE. Studies show that the global 
supply chain may be more susceptible to risks because of the numerous 
links interconnecting the network (Olson and Wu, 2010). Some com-
panies with a high degree of centrality play an important role in 
disseminating information (Brintrup et al., 2015). 

Our regression analysis reveals that companies with a higher degree 
of operating level (DOL), higher debt, and a lower share price are the 

most vulnerable to the BWE and RE. These results indicate that com-
panies with “underlying conditions"—that is, those with the worst 
financial indicators—are the most exposed to risk in their industries. 
Novy-Marx (2011) found that DOL, debt, and share price can explain 
stock return in the industry, but not a sector. Despite the COVID-19 
pandemic affecting all companies, those in the global airline supply 
chain with financial capabilities suffered less from the BWE and RE. 

Financial capability is an important source of resilience for surviving 
a crisis. Gittell et al. (2006) found that, for the aviation industry, a 
pre-crisis business model that meets the needs of the existing competi-
tive environment can help company resilience. Strategies involving 
relational and financial capabilities can be used to minimize the impact 
of the crisis. Financial capability, low unit costs, and low debt levels are 
factors for avoiding layoffs and dealing with unforeseen events. Low 
debt levels give companies flexibility in a downturn due to lower fixed 
costs. Financial capability is expected to be particularly important in the 
face of a sustained crisis. 

6.1. Theoretical contributions 

This study contributes to supply chain literature in different ways. 
First, supply chain management literature has focused on traditional 
BWE problems, such as supplier selection, inventory, and forecasting, 
and has overlooked important topics, such as pandemics or financial 
problems (Besiou and Van Wassenhove, 2020). The coronavirus 
pandemic introduced us to different problems requiring new methods 
and/or algorithms. Quantitative models should be explored further 
(Besiou and Van Wassenhove, 2020). Our study advances in this context 
bringing a quantitative perspective to the field in the COVID-19 context. 

Second, our study advances this discussion by proposing an econo-
metric model that reveals the internal financial risk associated with the 
BWE and RE. Although several studies have focused on the BWE (For-
rester, 1958; Lee et al., 1997; Goodarzi and Saen, 2020; Handfield et al., 
2020), few have examined both the BWE and the RE (Dolgui et al., 
2020). Our study also emphasizes the BWE and RE on the intended 
buyer-supply relationships of supply networks. Analyzing networks can 
be helpful for capturing the impacts of disruptions better (Zhaoa et al., 
2019). Third, we use the semi-strong EMH to explain the BWE and RE. 
The EMH is widely studied in finance, but is rarely explored in the 
context of supply chain management (Nunes, 2018). The EMH can 
explain how the BWE and RE occur and indicate strategies for managing 
their effects. Fourth, our study considers node risk. We identify the most 
vulnerable companies to the BWE and RE through of higher degree of 
operating level (DOL) and debts, and a lower share price. Li and Zobel 
(2020) augments the importance of considering the node risk capacity, 
which is the firm’s ability to face a possible disruption. 

Finally, our study adds to the few existing studies of financial risk in 
the supply chain (Handfield et al., 2020; Zhu et al., 2020). Some of the 
studies in operational management have presented financial perfor-
mance in terms of respondents’ perceptions. We worked with actual 
numbers for stock prices and market caps that were taken from stock 
exchanges, and we used actual financial statements for the leverage and 
debt-to-asset ratios. As far as we are aware, no studies have presented a 
general index for financial risks in the supply chain. We pushed the 
boundaries and developed a new index called the GASI, which repre-
sents companies in the airline industry. The GASI is a combination of the 
100 global public airlines in a single parameter. This index can be used 
to measure the BWE and RE in the global airline supply chain. An index 
is an effective way for companies to measure an event’s impact on 
business (Brusset and Bertrand, 2018) and help them increase infor-
mation transparency. Indeed, Ponte et al. (2020) show that the infor-
mation transparency may increase or decrease the BWE ratio in 
closed-loop supply chains. We also analyzed the relationship between 
the internal risk proxies and the BWE and RE. 
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6.2. Managerial implications 

From the managerial perspective, we believe that the results of our 
research can contribute to the measurement of BWE and RE throughout 
the supply chain. There are several ways of measuring financial health in 
the stock market, such as the S&P 500, Dow Jones Industrial Average, 
and the Nasdaq Composite. But these indexes represent companies in 
several industries together. So, the GASI was created for the airline in-
dustry and represented companies from different countries around the 
globe. The GASI is a valuable tool for the global airline supply chain and 
can be used as a barometer to evaluate the extent of the BWE and RE. 
Buyer and supplier managers will be able to develop financial analyses 
that compare their own companies with the global results of global 
airline companies. The GASI is based on public records and can be 
updated in real-time. 

We found key financial proxies that managers can use in advance to 
strengthen their business against an outbreak in the supply chain. So, 
although we refer to the BWE and REs in the supply chain, preventive 
financial measures and changes in policies can be implemented by in-
dividual companies to mitigate supply chain risks. 

New economic shocks and supply chain disruptions will occur in the 
future, and companies could combine the GASI and financial informa-
tion to formulate their mitigation strategies. Therefore, it is important to 
be prepared well in advance by working on the DOL and debt to avoid 
potential losses. The GASI is also a base CAPM, a model that has been 
tested and validated, which helps companies reduce the costs involved 
in modeling and designing new information systems. 

6.3. Limitations and research directions 

This research has its limitations. First, we worked with the airline 
industry. This industry choice allowed us to use a homogeneous network 
with different nodes, but limited the extent to which the results can be 
generalized and applied to other industries. Financial variables and the 
BWE and RE could be explored for other industries. Second, the data are 
not exhaustive because they were collected from a database that con-
tained only publicly-listed firms, a sample comprising companies that 
had shares quoted on the stock market. Although our sample used 
companies that were representative of the aviation industry, those 
companies whose financial data had not been published were not used. 
Any conclusions that are drawn, therefore, should consider the lack of 
private firms in the sample. Future research might apply the GASI to 
decide whether the results of this research could be used in different 
industries or in those that are similar to the aerospace industry. Third, 
the COVID-19 pandemic is a recent event, so the data collection period 
was limited. Supply networks are dynamic, and any future research 
could extend the collection period and compare the results on a timeline. 

7. Conclusion 

This paper studied the impacts that the COVID-19 crisis had on the 
bullwhip and ripple effects in the global airline industry. The global 
supply chain is constantly changing, and disasters and pandemics are 
part of this new world, but, as the saying goes, “there is nothing new 
under the sun.” For the past two decades, the airline industry has had to 
face up to the 9/11 terrorist attacks, the SARS, H5N1, H1N1, and Ebola 
outbreaks. Neither were any flights possible in European airspace as a 
result of the eruption of Iceland’s Eyjafjallajökull volcano in 2010. These 
events led to a reduction in capacity, job losses, and financial insecurity 
in the industry (Sehl, 2020). 

Natural disasters will happen, but we do not know where or when. 
Since they are of low probability and high impact, it is difficult for 
managers in any industry to spend physical and financial resources to 
create preventive plans. But if decision-makers are able to estimate their 
expected losses, they can respond and create mitigation strategies to 
minimize them. 

This study calls for more attention to be paid to financial informa-
tion. Indexes are important tools for understanding the financial 
disruption that can spread through a supply chain network. Global 
supply chains are vulnerable to disruption transmission. The GASI was 
created to help managers and researchers estimate and measure the 
impact of a pandemic on a financial structure. If companies know what 
financial and non-financial variables impact their BWE and RE, they can 
manage them more effectively and so handle the bullwhip and ripple 
effects better. 
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