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Abstract
Due to the variety of corporate risks in turmoil markets and the consequent financial 
distress especially in COVID-19 time, this paper investigates corporate resilience 
and compares different types of resilience that can be potential sources of heteroge-
neity in firms’ implied rate of return. Specifically, the novelty is not only to quantify 
firms’ financial resilience but also to compare it with workplace resilience which 
matters more in the COVID-19 era. The study prepares several pieces of evidence of 
the necessity and insufficiency of these two main types of resilience by comparing 
earnings expectations and implied discount rates of high- and low-resilience firms. 
Particularly, results present evidence of the possible amplification of workplace 
resilience by the financial status of firms in the COVID-19 era. The paper proposes 
a novel composite-financial resilience index as a potential measure for disaster risk 
that significantly and persistently reveals low-resilience characteristics of firms and 
resilience-heterogeneity in implied discount rates.
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Introduction

The worldwide economic crisis caused by COVID-19 is systematically different 
from past crises. The COVID-19 crisis was caused by a viral pandemic that severely 
shrank global economic activities and the consequences are completely different 
from previous crises with respect to the cause, scope, and severity. Since 2020, the 
emergence of COVID-19 and investors’ public awareness about its consequences 
prepares a natural experiment to study the effect of this kind of shock on price fluc-
tuations and firms’ discount rates. The COVID-19 pandemic has triggered enormous 
and heterogeneous stock price movements.

Different firms may exhibit different reactions to the shock and see different 
expected returns. The goal of this paper is to investigate the importance of corporate 
resilience. Since resilience is closely related to the functionality and valuation of 
firms in the COVID situation, this study proposes a measure of corporate resilience 
and shows whether this characteristic can be a new source of risk and variation in 
expected return proxies.

In general, resilience is the ability of firms to survive in crisis and to effectively 
recover during and after an unexpected shock. On the one side, due to the intrinsic 
feature of the health crisis caused by COVID-19 that immediately hit the workforce, 
firms with fewer employees experienced a severe decline in employment (Papan-
ikolaou and Schmidt 2022), or firms with higher workforce and communication flex-
ibility would have less managerial issues under new social distancing rules and lock-
downs. On the other side, firms could increase the chance of survival from banks 
to increase their liquidity. Pagano and Zechner (2022) interpret the possibility of 
the increase in firms’ liquidity buffers not only through bond issuance and cash-pre-
serving policies but also through the availability of government grants. As a con-
sequence, firms can become more resilient during the COVID-19 crisis. These two 
aspects show the necessity of a hybrid definition of resilience.

Since there is a lack of common vocabulary and definition of resilience, this 
research clarifies the concepts of resilience considered in this paper and compares 
two types of resilience, to propose an appropriate meaningful hybrid measure for not 
only in the fever period of the COVID-19 pandemic but for all periods before and 
after the onset to capture different aspects of resilience.

First, the workplace resilience index is introduced based on what Koren and Peto 
(2020) propose for firms’ flexibility towards social distancing rules. Social distanc-
ing restrictions and other mitigation rules against the COVID-19 pandemic hit busi-
nesses, especially those that depend on human interactions. These reductions in 
face-to-face activities directly affect firms’ production costs (Koren and Peto 2020). 
Such disruptions from new social distancing rules can be directly related to new 
firms’ characteristics showing the degree of workplace flexibility and resilience in 
these situations.

Second, the heterogeneous effect of COVID-19 shock can be amplified by the 
financial status of companies (Ramelli and Wagner 2020). The financial strength of 
firms is a key element that can potentially magnify the impact of workplace resil-
ience. Firms with an appropriate level of financial ratios can potentially overcome 
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the side effects of social distancing rules during COVID-19 despite some resilience 
inconveniences in their workforce. Pagano and Zechner (2022) provide various evi-
dence regarding the financial impact of COVID-19 shock on firms. They mention the 
moderating role of capital markets and corporate financial policies, specifically, they 
characterize a firm’s performance based on net sales and total assets which could 
better capture the effect of COVID-19 on their balance sheets. Meanwhile, the pro-
vided credits, especially for small firms, can affect the capital structure and increase 
the leverage, since many of these firms were compensated by the Fed’s packages, 
e.g. Paycheck Protection Program (PPP) for small businesses. The provided evi-
dence by Fahlenbrach et al. (2021) asserts the impact of corporate leverage and cash 
holdings on the cross-sectional variation of U.S. firms’ stock prices in the COVID-
19 situation. Thus, it is totally hard to understand how firms financially respond to 
COVID-19 shock. This paper defines the ‘financial-based resilience’ index as a rep-
resentative measure of the financial status of firms, constructed in a screening proce-
dure based on all firms’ corporate financials, and emphasizes an important indirect 
role of main financial ratios on overall firms’ resilience. The noteworthy feature is 
directly related to the ‘machine-based mechanism’ that chooses the most effective 
financial ratios for both before the onset of COVID-19 and the period after that. 
Moreover, the proposed methodology here introduces profitability, valuation, and 
liquidity as the most effective financial ratios. So, this index provides an opportu-
nity not only to capture the effect of total assets showing the immediate impact of 
COVID-19 on a firm’s investment decisions but also to consider the possible effect 
of fiscal support policies by different measures of profitability ratios. The results 
accord with Pagano and Zechner (2022) who mention the usage of large liquidity 
cushions from banks and financial intermediaries to improve firms’ balance sheets 
in order to be more resilient to the following COVID-19 consequences. The adopted 
methodology exhibits that among all kinds of firms’ financial ratios, operating profit 
margin, price-operating earnings and quick ratio play key roles in the characteri-
zation of firms’ financial-based resilience. Specifically, in line with Acharya and 
Steffen (2020) who explain the role of liquidity on firms’ performance in the first 
quarter of 2020, the financial-based resilience index emphasizes that the importance 
of liquidity (absolute amount of estimated loading) increases from before to after 
the onset of COVID-19, as opposed to the price-operating earnings (as a valuation 
ratio). The proposed machine-based characterization shows a good extent of consist-
ency with Glossner et al. (2020) findings, especially where they emphasize the rela-
tion between valuation and the amplification of severe price decline in COVID-19.

As a final proposed measure, the ‘composite-financial resilience index’ is 
introduced to exhibit firms’ resilience ability not only regarding their workplace 
flexibility but also representing their financial strength. This paper defines the 
composite-financial resilience index based on these two intuitions that measures 
firm’s resilience and emphasizes the importance of financial resilience. It pro-
poses composite-financial resilience index as an appropriate measure to provide 
evidence showing to what extent the impact of workplace resilience can be poten-
tially amplified by financial intuition of resilience. The explanation is provided by 
comparing the implied discount rates of high- and low-resilience groups of firms.
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To do this, the paper considers the simple present value model where the implied 
discount rate equates discounted expected future cash flows to current prices (Land-
ier and Thesmar 2020). Due to the importance of analysts’ forecasts and the reported 
recommendations (Kothari et  al. 2016), this paper considers analysts’ earnings 
expectations as a firm-level proxy of expected future cash flows. It provides evi-
dence of the strong explanatory power of analysts’ expectations (in line with De la 
and Myers 2020; Bordalo et al. 2020) and its important role in the resilience-hetero-
geneous implied discount rate, especially through composite-financial definition of 
resilience. The evidence on earnings expectations reveals that analysts are still pes-
simistic about the low workplace-resilience firms with weaker corporate financials 
and emphasizes to what extent not only earnings expectations but also implied dis-
count rates are resilience-heterogeneous across firms. Results reveal the inadequacy 
of considering just one of these two intuitions of resilience as a resilience measure 
and meanwhile, establish the necessity of both workplace resilience and financial-
based resilience in significantly detecting the resilience-heterogeneity.

The novelty of this study is to present an appropriate index for firms’ financial 
resilience and moreover is a unique study that proposes directly an index to capture 
such aggregate impact of these two kinds of resilience attributed to the COVID-
19 era. Finally, it shows that the composite-financial resilience index improves the 
two former measures of resilience and can ‘significantly’ and ‘persistently’ reveal 
low-resilience characteristics of firms, those that are riskier during all periods of the 
COVID-19 crisis.

In order to reach the aim, after the literature and data description in “Further 
related literature” and “Data” sections, respectively, this paper emphasizes the 
necessity of financial intuition of resilience and clarifies the definition of resilience 
indexes in “Resilience indexes” section. It exhibits the appropriateness of the pro-
posed hybrid resilience index using earnings expectations in “Discount rate” section 
where it also reveals the significant resilience-heterogeneity in firms’ implied dis-
count rates and suggests the appropriate index of resilience; Then concludes.

Further related literature

The paper contributes to plenty of literature in resilience studies which has recently 
attracted loads of attention in economics and finance. Resilience is the capacity of 
a firm to absorb disturbance (Walker et  al. 2004) and to retain the same level of 
functionality. One approach to resilience is related to the status of some predefined 
economic variables as structural measures of firms that interpret their performance. 
For instance, when the economy sees an oil price shock, consumption and income 
are the most popular benchmarks of the firms’ resilience (Sedlmayer and Boehm 
2011; Accorigi 2011; Bunting et al. 2011). In finance, Hua et al. (2020) introduce a 
measure of resilience based on liquidity and its relation to expected returns.

Resilience implicitly includes the cost of change in performance during the crisis 
to incorporate the idea that the nature of the crisis affects the interpretation of resil-
ience and measurements. In other words, the type of crisis and the corresponding 
shock determine the definition and the role of resilience; Firms may be resilient to 
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one type of shock but not to other types. The main contribution of this research is to 
measure corporate resilience that can reveal the effect of COVID-19 on the hetero-
geneity in stock expected returns.

In the COVID era, the economic concept of performance should be related to 
environmental aspects caused by COVID, specifically, it should represent to what 
extent firms’ performance depends on communication restrictions and social dis-
tancing rules. Since January 2020, there have been many studies about the effect of 
COVID-19 on the labor market due to the effect of the lockdown and new restric-
tions on the labor force. Many of them try to propose a measure of workplace flex-
ibility. Koren and Peto (2020) examine business disruption and provide a theory-
based measure for the dependency of US businesses on human interaction. They 
explain how face-to-face communication affects the cost of producing goods and 
introduces the average ‘affected share’ based on different social distancing indexes. 
They interpret that a higher affected share of firms implies less flexibility towards 
social distancing restrictions. In a separate study, Dingel and Neiman (2020) exam-
ine the economic effect of social distancing measures. They conduct surveys on a 
sample of US workers to find out how many jobs can be done from home. The pro-
posed occupation-level social-distancing measure is constructed using pre-pandemic 
data. Meanwhile, they examine the positive correlation of these data with the data 
obtained in the early stage of the pandemic and explain that workplace-flexible 
jobs pay more than inflexible jobs. They interpret how this measure can vary across 
industries and countries. Another study by Hensvik et al. (2020) investigates to what 
extent the COVID-19 pandemic affects the number of job searches and amplifies 
the labor demand shock. They analyze the intensity and direction of searches in 
the early COVID crisis and explain the impact of job seekers. Using the diff-in-diff 
method, they sort the most resilient and the least resilient occupations and individual 
vacancies that belong to occupations for which labor demand is more resilient to the 
crisis. This paper takes into account workplace resilience based on Koren and Peto 
(2020) in order to capture the impact of COVID-like shock and social distancing 
rules and improves the methodology by other financial aspects of resilience.

Moreover, during the market distress in the early 2020, the study of the relation-
ship between corporate characteristics and market drop conducted by Ding et al. (2021) 
starts to answer the question that which firm characteristics make some companies 
more ‘immune’ than others to the COVID-19 shock. They show that firms with better 
pre-COVID finances saw a less severe drop in their stock prices. Furthermore, Ramelli 
and Wagner (2020) identify corporate debt and cash holdings as important drivers of 
firms’ value. They mention the key role of leverage and cash holdings in firm valua-
tion. Specifically, less-levered nonfinancial firms with higher cash are less affected by 
COVID-19 (Glossner et  al. 2020). All of these1 motivate to define resilience as one 
of the main characteristics of firms not only in the sense of workplace flexibility that 
is necessary due to the special type of disaster in the pandemic era but also from the 
financial resilience perspective. This paper mostly contributes to the recent literature on 
corporate resilience and its novelty is to present a financial hybrid resilience index to 
capture such effects of these two kinds of resilience related to the COVID-19 era. In the 

1  Together with what is explained in “Introduction” section.
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methodology of the proposed composite-financial resilience index, this paper contrib-
utes to the application of cutting-edge literature on the multivariate functional principal 
component analysis presented by Happ and Greven (2018) and Happ-Kurz (2020).

On the other side, among huge stock market literature, Alfaro et al. (2020) explain 
the role of unanticipated infection changes on forecasts of aggregate equity market 
return and Albuquerque et al. (2020) discuss how abnormal returns react to ESG rat-
ings. As mentioned above, many studies shed light that firms’ financial status can be 
potentially important to overcome the economic consequences of social distancing 
restrictions and lockdowns. Pagano et al. (2023) demonstrate that among all firms 
those that are less affected by social distancing restrictions have higher returns in 
time of the COVID crisis. Meanwhile, Cheema-Fox et  al. (2020) show that more 
flexible firms in terms of workforce, especially those that protect supply chains dur-
ing the market decline, have higher returns. This paper contributes to a fast-growing 
strand of literature on COVID-disaster risk and heterogeneous expected return in 
a different way. It provides a comparison between the three introduced resilience 
indexes to see to what extent each of these indexes can reveal significant resilience 
heterogeneity in expected returns. In pricing methodology, the literature mostly 
introduces different types of present value models based on a wide range of assump-
tions. Among all studies, Botosan and Plumlee (2005) assess five proxies for firm-
specific cost of equity capital. They find that the association between the target price 
method and PEG ratio method, and the firm-risk measures accords with theory. 
They explain how this method can be derived from the present value model and the 
model of economy-wide growth presented by Ohlson and Juettner-Nauroth (2005) 
by assuming no growth in abnormal earnings beyond the forecast horizon. In the 
COVID-19 situation, Landier and Thesmar (2020) suggest that discount rate shocks 
are the main driver of the V-shaped evolution of stock prices. They use analysts’ 
expectations as forecasts of future cash flows and show the term structure of equity 
discount rates is not flat which is an important component of firm valuation.

In line with Landier and Thesmar (2020), Engelberg et al. (2018), Lochster and 
Tetlock (2020); and De la and Myers (2020), who discuss the effect of cash flow 
expectation movements on medium-term price fluctuation, this research considers 
earnings expectations to obtain implied discount rates, and follows present value 
model of Landier and Thesmar (2020) and the Gordon growth model for beyond the 
forecast horizon. Then, it is possible to show to what extent each index can signifi-
cantly exhibit resilience-heterogeneity in implied discount rates and to see whether 
the riskier firms can be recognized based on the proposed composite-financial resil-
ience index.

Data

In order to figure out if the proposed hybrid index can significantly reveal a sign 
of resilience risk, resilience indexes as well as implied DR should be calculated. 
This requires a wide range of different data. The following is a short explanation to 
clarify all these types of data.
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This paper is going to introduce three resilience indexes in the following section: 
workplace resilience, financial-based resilience, and composite-financial resilience. 
For the workplace resilience index, this paper uses the proxy presented by Koren 
and Peto (2020), namely, ‘affected share’. This proxy is proposed based on the early 
period of COVID-19 observations in the first quarter of 2020 and computed for each 
3-digit NAICS industry. About the full explanation of ‘affected share’, this paper 
directly refers to the original paper; Meanwhile, “Resilience indexes” section pro-
vides a brief explanation of this theory-based measure.

To construct financial-intuition resilience indexes, the computation procedure 
uses more than 70 monthly financial ratios of nearly 5833 U.S. firms from 2013 to 
2022, including all categories: capitalization, efficiency, profitability, liquidity, sol-
vency, valuation, and financial soundness, available at WRDS database. Table 2 in 
Appendix provides the exact definition of all these financial ratios.

For earnings expectations, daily consensus analysts’ earnings (I/B/E/S forecasts) 
is used to figure out the annualized growth of these expectations for all U.S. firms 
with high or low workplace flexibility, from 15 February to 11 May for the current 
(2020) and three following fiscal years. These earnings expectations are available 
at Refinitiv-Eikon, Thomson Reuters. To calculate implied discount rates, monthly 
consensus analysts’ earnings of all U.S. firms is considered in 2020 as a current fis-
cal year and four following fiscal years from I/B/E/S-WRDS.

To complete the computation of implied discount rates, the paper uses closing 
price over 2020–2022 and fundamentals: dividends, common stock repurchases 
from 2010 to 2019, and net income from 2015 to 2019, available at Compustat/
CRSP merged database for the U.S firms. “Discount rate” section explains the pric-
ing methodology in detail.

Resilience indexes

KP workplace resilience index

Due to the nature of the COVID-19 pandemic shock and the importance of defining 
the theory-based measure of resilience, this study firstly considers the intuition of 
resilience based on Koren and Peto (2020). Their methodology reveals the impact 
of COVID-19 social distancing restrictions on the economic functionality of firms.

In principle, Koren and Peto (2020) describe social distancing measure as a link 
between the effect of COVID restrictions on human interaction and the economic 
consequences on firms’ performance. They define three dimensions of occupations: 
teamwork-intensive, physical presence, and customer-facing and introduce a theory-
based measure that explains to what extent businesses rely on face-to-face commu-
nication (Charlot and Duranton 2004 and Tian 2019) and which firms are mainly 
affected by these restrictions. Their model of communication shows the sensitivity 
of production costs to an increase in face-to-face interaction and determines firms 
that perform less efficiently from home.

In their model, the firm’s production process is in terms of the number of work-
ers and the firm optimally decides on task sharing between workers. In a cost 
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minimization problem, they define a cost function of firms consisting of total com-
munication and production costs and find the optimum number of workers. Further-
more, they define the social distancing effect caused by new COVID restrictions 
which reduces face-to-face contact to an exogenous threshold amount of N. They 
conclude that production costs increase with social distancing when the optimal 
number of workers is greater than N. They introduce ‘affected share’ referring to the 
share of workers in any of the three occupation groups. This study defines the KP 
workplace resilience index as equivalent to ‘affected share’; And the higher amount 
of affected share implies the lower resilience (Koren and Peto 2020).

By definition, the KP index shows how this measure explains the degree of firm’s 
compatibility with lockdown and newly legislated rules and emphasizes the eco-
nomic performance of firms. Based on Koren and Peto (2020), low-resilience firms 
are not economically sustainable since they encounter business disruption more than 
other firms, especially due to restrictions on human interaction. Thus, it is expected 
to see such firms to be more sensitive to new social distancing restrictions and lock-
downs. In other words, the KP index of resilience measures the economic sustaina-
bility related to ‘workplace’ flexibility, apart from to what extent the firm was finan-
cially strong before the COVID-19 pandemic.

The important feature of the KP index is that the resilience of firms depends on 
their own workplace characteristics and flexibility towards the new mitigation poli-
cies which is not implied by the workplace-resilience of other firms. Despite all the 
prominent features of this resilience measure, “Discount rate” section shows the 
shortcoming of this index to exhibit ‘significantly’ the resilience-heterogeneity in 
the firm’s implied discount rates and proposes how it is possible to overcome the 
issue.

Figure 1 reveals the heterogeneity of workplace resilience across industries and 
provides a relative comparison on the frequency of different sectors with the same 
degree of resilience for the U.S. firms.2 This figure asserts that most firms catego-
rized as high workplace resilience firms, specifically in ‘Manufacturing: Iron and 
steel equipment, agricultural machinery, and electrical and computer products’ sec-
tor, whereas it is expected not to be such high resilient, since around 90% of the 
world economy had been under some form of lockdown, disrupting supply chains, 
depressing consumer demand and putting millions of job losses. Moreover, the 
developed economies were expected to contract by 5% in 2020. In the following 
sections, other resilience indexes are introduced to understand how it is possible to 
overcome this puzzle.

Financial‑based resilience index

Apart from workplace flexibility as a main characteristic that empowers firms to 
survive in the COVID-19 era, this subsection presents a hierarchical machine-based 
mechanism to define a new ‘financial-based resilience’ index based on all financial 
ratios, belonging to all categories: Capitalization, efficiency, profitability, liquidity, 

2  The sample is based on all U.S. firms with available data for computation of implied discount rate: 
analysts’ earnings expectations, payout ratio, growth rate, etc.
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solvency, valuation, and financial soundness,3 in order to take into account the 
impact of corporate financials. Although the literature clearly highlights the neces-
sity of each category, the novel presented methodology in this subsection examines 
which financial ratios outweigh others.

The necessity of financial intuition of resilience

Due to the different characteristics of firms and several policies adopted to tackle the 
financial and economic consequences of COVID-19, it is difficult to figure out how 
firms’ financial status plays an important role in such a chaotic situation.

Li et  al. (2021) interpret the booster role of firms’ financial characteristics, for 
instance, sales, return on assets, and profit margins, on firms’ corporate culture that 
potentially affects the firms’ real performance. The procedure of constructing the 
financial-based resilience index includes the impact of different kinds of efficiency 
ratios (e.g. sales-to-equity and sales-to-working capital). Moreover, it is also possi-
ble to see some firms are more sensitive to cash-preserving policies during COVID-
19, especially firms with lower profitability and revenue growth (Pettenuzzo et al. 
2022). The impact of all profitability ratios (e.g. net profit margin and operating 

Fig. 1   The frequency of NAICS sectors in each category of workplace-resilience:  firms with affected 
share less than 40 are assigned to a high-resilience group and ones with greater than 65 are assigned 
to the low-resilience group. The remainders are considered for the medium-resilience category.   Data 
source Koren and Peto (2020)

3  Pagano and Zechner (2022) mention an important relation between company size and financial vari-
ables like net sale and total assets. In this paper, the financial-based resilience index provides the over-
all effect of company size through its interaction impact on different financial soundness and efficiency 
ratios.
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profit margin after depreciation) is covered by the machine-based definition of finan-
cial-based resilience.

Meanwhile, flexibility in business prospects, jointly with financial flexibility 
could be an efficient path to reach COVID-resilience. Barry et  al. (2022) suggest 
the importance of financial and investment flexibility based on internal funds and 
external finance. They explain how firms deal with the related managerial issues 
by capital spending schemes. Moreover, firms’ financial policies and equity-raising 
activities can potentially alter the asset growth rate and consequently, the impact of 
COVID-19 on firms’ financial status. As Pagano and Zechner (2022) suggest, this 
could happen through raising capital (e.g. bank credit, corporate bond issuance, and 
equity issuance), corporate policies (e.g. capital structure and liquidity, and also div-
idend payout and share repurchase policies) and also public policies (e.g. loan guar-
antees and PPP that can potentially reduce the possibility of business bankruptcies 
and increase firm’s survival for longer time (Wang et al. 2021) by providing more 
liquidity. However, all these from different perspectives affect the capital structure 
and emphasize the necessity of an index in order to reveal the overall ‘compound-
ing’ impact of all these policies. For instance, the increase in liquidity leads to 
changes in capital structure and a decrease in productivity due to the adverse effect 
of loan guarantees (Acharya et al. 2021b; Crouzet and Tourre 2021; Kalemli-Ozcan 
et al. 2022). The machine-based definition of financial-based resilience index con-
siders all capitalization ratios (e.g. common equity-to-invested capital and long-term 
debt-to-invested capital) to include the effect of capital-raising, solvency ratios (e.g. 
total debt-to-equity and total debt-to-capital) to capture the impact on capital struc-
ture, and liquidity ratios (e.g. cash ratio and quick ratio). Moreover, it is possible that 
COVID-19 pushes firms to a huge reduction in dividends to compensate for their 
capitalization and liquidity (Cejnek et al. 2021). Consistently, this paper considers 
the dividend payout ratio (together with other valuation ratios) as a complementary 
financial variable.

In what follows, it can be seen clearly that solvency ratios are not major vari-
ables to explain the impact of the financial status of firms, as opposed to profitabil-
ity ratios. This contributes to Blickle and Santos (2022) who compare the indebted-
ness and profitability of U.S. listed companies, and in line with Pagano and Zechner 
(2022) who explain that there is no increase in the level of leverage for listed compa-
nies due to capital-raising.

Financial‑based index

The procedure is separately conducted cross-sectionally for two periods of time: 
before the onset of COVID-19 (Jan 2013–Dec 2019) and after the emergence (Jan 
2020–Dec 2021). In each period, the average of each financial ratio is computed 
over time for each firm.

In the first step, principal component analysis determines some financial ratios 
as major ratios that could significantly explain the overall variation caused by all 
70 financial ratios. Those financial ratios that are highly and significantly correlated 
with selected principal components are considered for the second step of screen-
ing. The 23 selected ratios in the first stage are still from all categories (Fig. 11 in 
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Appendix contains the results on the first five components and the corresponding 
correlations with each of the 23 financial ratios).

In the second step, the procedure determines 13 major ratios (out of the 23 ratios 
in the first step), belonging to three major components: profitability, valuation, and 
liquidity. The left panel of Fig.  2 provides statistical evidence that the first three 
principal components are sufficient to capture the most variation caused by these 
financial ratios. The right panel shows the correlation of each financial ratio with 
the corresponding principal components before the onset of COVID-194. It clearly 
reveals that the first, the second, and the third PCs are related to profitability ratios, 
valuation ratios, and liquidity ratios, respectively. In each category, the financial 
ratio with the highest correlation with the corresponding component is considered 
as the most major financial ratio to define the financial-based resilience index in the 
third step.

Fig. 2   Scree and correlation plots: the figure shows results of PCA at the second step before the COVID-
19 outbreak. The left panel (scree plot) shows the proportion of variation explained by each component. 
The right panel (correlation plot) presents the correlation of each financial ratio with the correspond-
ing dimension (component). The size and color of circles represent the correlation between the financial 
ratios (rows) and principal components (columns). Appendix contains the full explanation of abbrevia-
tion names in Table 2.  Data source Financial ratios, WRDS database. (Color figure online)

4  Results for after the onset are available in Appendix, Fig. 12.
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In the third and final step (Fig. 3), the financial-based resilience index is defined 
as the first principal component of remainder variables: operating profit mar-
gin (profitability ratio), price-operating earnings (valuation ratio) and quick ratio 
(liquidity). The index is obtained for both periods, before and after the emergence of 
COVID-19 in the left and right panels, respectively. Table 1 compares the correla-
tion of three selected profitability, valuation, and liquidity ratios with the first com-
ponent, those that all are significant major contributors to variation originated by all 
financial ratios and represent the firm’s financial status. As it can be seen clearly, 
profitability and valuation ratios have significant positive loading, as opposed to 
liquidity ratio.

Financial-based resilience index for firm i at time t is defined as:

where opmadit , peit and quickratioit stand for operating profit margin, price-operat-
ing earnings and quick ratio, respectively.5 This machine-based specification is in 
line with Li et al. (2021) who emphasize that profit margins and sales per employee 
imply strong corporate culture, especially in the COVID-19 era and consequently, 
mitigate the effect of COVID-19 shock on asset price fluctuation. Moreover, the 
important role of quick ratio as the major liquidity ratio accords with Pagano and 
Zechner (2022) who mention the significant change in liquidity of listed U.S. firms. 
The statistical tests on the level of quick ratio prove the significance of COVID-19’s 
impact on the liquidity level from before to after the onset.6

FBit =

{

0.75opmadit + 0.45peit − 0.46quickratioit Before COVID-19

0.75opmadit + 0.21peit − 0.55quickratioit After COVID-19

Fig. 3   Correlation plot: the figure shows the results of PCA at the third step before and after COVID-19. 
The left panel shows the correlation between ratios and the first three components before COVID-19. 
The right panel shows the results after COVID-19 emergence. The size and color of circles represent the 
correlation between the financial ratios (rows) and principal components (columns). Appendix contains 
the full explanation of abbreviation names in Table 2.  Data source Financial ratios, WRDS database. 
(Color figure online)

5  The results of statistical tests determine the significant change not only in financial-based index but 
also in liquidity and valuation ratios from before to after the emergence of COVID-19.
6  The results are available upon request.
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The decrease in coefficient of valuation ratio from 0.45 before COVID-19 to 
0.21 after the onset and the higher negative loading of liquidity ratio after the 
onset show that since the emergence of COVID-19, liquidity moderates more 
the impact of valuation and profitability ratios, possibly due to the impact of 
Fed’s packages, especially for small businesses. Such packages increase firm’s 
liquidity to make them capable enough to overcome the economic consequences 
of COVID-19 and to compensate for their financial weakness. This can be poten-
tially a sign of low firms’ financial resilience and shows that firms with lower 
financial resilience benefited from either capital raising (e.g. bank credit) or pub-
lic policies (e.g. Fed’s packages) and have increased their resources to a higher 
level since they severely needed more liquidity. This suggests the negative load-
ings for the liquidity ratio, consistent with what is obtained above through hier-
archical PCA. Generally speaking, this evidence of a negative sign for the coef-
ficient of liquidity shows a penalty for the degree of financial resilience. The 
amount of penalty equals the 10% (−0.62 + 0.52 = −0.10) decrease in the firm’s 
financial-based resilience (10% increase in its absolute correlation with the first 
principal component).

The machine-based choice of liquidity ratio for financial-based resilience index 
by PCA and the significant change in its level from before to after COVID-19, 
together with no choice of capitalization and solvency ratios, suggest that capital-
raising through credit and bond market, as Pagano and Zechner (2022) interpret, 
did not result a prominent change in leverage (solvency ratios), in line with what is 
expected about the possibility of external equity during the pandemic. The impact 
of the external equity could be potentially such high that the effect of COVID-19 on 
capitalization ratio would not be significant.

The key role of the financial-based resilience index is to quantify the impact 
of corporate financials. The first plus point of the financial-based resilience index 
is to capture the effect of all major firm’s financial ratios and to reveal the impact 
of the financial status of firms on resilience and consequent price changes. Sec-
tion “Discount rate” compares different indexes and provides novel evidence of 
the amplification of workplace resilience by financial-based resilience  (Section 
“Implied discount rates”). Based on the definition of the financial-based resil-
ience index, this happens due to changes in valuation ratios rather than other 
ratios. The reason is directly related to a higher decrease in correlation with 
financial-based resilience for price-operating earnings (Table 1). This evidence 
is in line with Glossner et al. (2020) who emphasize the key role of institutional 
investors in valuation and the amplification of price crashes. Moreover, to com-
plete their approach, this paper shows in Section “Implied discount rates” that 
this financial-based resilience index can exhibit the implicit role of firms’ finan-
cial status in heterogeneous price fluctuations through earnings expectations. 
The further interpretation of the performance of this index is provided in the 
following sections where different resilience indexes are compared and the paper 
presents an evidence of resilience-heterogeneity in earnings expectations and 
firms’ implied discount rates as well.
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Composite‑financial resilience index

To measure the firm’s resilience in COVID-19 crisis, this paper suggests an index 
based on workplace resilience as a main characteristic linked to the nature of this 
crisis and financial-based resilience, using a more general framework called multi-
variate functional principal component analysis.

This method is an application of multivariate Karhunen–Loeve theorem and 
interprets the X(t) = (X1(t),X2(t))

T
= (KP(t),FB(t))T , containing workplace resil-

ience (KP) and financial-based resilience (FB), as the following aggregate of infinite 
eigen-functions, �m(t):

where �m is a zero-mean random variable �m = ⟨⟨X(t),�m(t)⟩⟩ with 
Cov(�m, �n) = �m�mn . Moreover,

X(t) =

∞
∑

m=1

�m�m(t)

E

⎡

⎢

⎢

⎣

�

�

�

�

�

�

X(t) −

M
�

m=1

�m�m(t)

�

�

�

�

�

�

2
⎤

⎥

⎥

⎦

→ 0 as M → ∞.

Fig. 4   Scree plot of multivariate functional principal components:  this figure is the result of multivari-
ate principal component analysis of the bivariate of workplace resilience and financial-based resilience. 
It shows the proportion of variation explained by the first five multivariate functional PCs.  Data source 
Koren and Peto (2020) and financial ratios, WRDS
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Then, workplace resilience of each firm, KP(t),7 is assumed to be affected by zero-
mean white-noise over time. The scree plot (Fig. 4) provides the portion of the total 
variation created by X(t), bivariate of the workplace and financial-based resilience, 
explained by each multivariate functional principal component and suggests a suf-
ficient number of components (M). It shows that the first component explains more 
than 90% variation of X(t) and M = 1 is sufficient to see convergence in the Kar-
hunen–Loeve theorem.

The composite-financial resilience index is defined by 𝜌̂i = 𝜉
(KP)

i
ĉ(KP) + 𝜉

(FB)

i
ĉ(FB) , 

with ĉ as an eigen-vector of (N − 1)−1�T� , where 𝛬i = (𝜉
(KP)

i
, 𝜉

(FB)

i
) and 𝜉i is the 

corresponding estimated score for firm i based on univariate functional principal 
component analysis. Intuitively, a decrease in 𝜌̂ is equivalent to less dependency of 
a bivariate of the firm’s workplace and financial resilience to ‘time’ variation. This 
implies the lower 𝜌̂ for high-resilience firms since it is expected to see high-resil-
ience firms less affected by crises happening over ‘time’.

Following sections show how this index can ‘significantly’ exhibit the resilience-
heterogeneity in firms’ cost of capital, and more importantly how it can reveal the 
amplification impact of corporate financials.

Discount rate

This section shows to what extent an appropriate resilience index can potentially 
detect the source of heterogeneity in the implied discount rates as a proxy of 
expected returns, especially in the COVID-19 era. Practically, it gives the opportu-
nity to investors to assess the risk of an investment and set a benchmark for future 
investments based on the interest percentage that an investment may yield over its 
lifetime.

To calculate implied discount rate, this paper follows the present value model and 
considers discounted earnings expectation (analysts’ forecasts) as it can better reveal 
the firm-level (cash flow) shock rather than future dividend streams. This is a real-
istic assumption since in the COVID situation, investors become more concerned 
about earnings and their beliefs are more sensitive to it; Thus analysts’ earnings 
forecasts could be a good representative of expected cash flow by investors. Moreo-
ver, this consideration is in line with De la and Myers (2020) who reveal the strong 
explanatory power of analysts’ expectations.8

Following Landier and Thesmar (2020):

Pit =
biExtEPSih

1 + rit
+

biExtEPSi,h+1

(1 + rit)
2

+

biExtEPSi,h+2

(1 + rit)
3

+

(1 + gi)biExtEPSi,h+2

(rit − gi)(1 + rit)
3

,

7  For simplicity, workplace resilience in this section is considered as 100-‘affected share’, where 
‘affected share’ is introduced by Koren and Peto (2020).
8  In line with Chen and Zhao (2009) who assert large misspecification in cash flows backed out from 
discount rates.



Workplace sustainability or financial resilience?… Page 17 of 35      7 

where ExtEPSih stands for consensus earnings expectation of firm i at time t based 
on the current fiscal year (h = 2020 and 2021).9 Pit and rit are closing price and dis-
count rate, respectively. For the payout ratio ( bi ), first sum of dividends and common 
stock repurchases is obtained. After normalizing by net income, its average over 
2010–2019 is computed and winsorized cross-sectionally at 0 and 1. At each NAICS 
sector, the average sale growth ( gi ) over 2015–2019 is scaled by 2015 sales, after 
omitting outliers.

Following subsections explain the goodness of different resilience indexes based 
on their ability to categorize firms into high- and low-resilience based on the earn-
ings expectation of firms as well as the corresponding implied discount rates of 
these firms in the COVID era.

Earnings expectations

One of the main drivers of heterogeneous discount rates can originate from expected 
cash flow and earnings expectations due to its ability to capture the effects from 
the real part of the economy and to reveal the direct effect of COVID-19 on firms’ 
performance. The evidence provided by Li et al. (2021) about the impact of COVID-
19 on firm’s stock returns based on earnings call transcripts, made reasonable fig-
ure out resilience-heterogeneity in earnings expectations. This subsection is going 
to compare three indexes to see which kinds of corporate resilience are effective on 
earnings expectations. Using three indexes of resilience explained in the previous 
section, firms are categorized into three groups and high- and low-resilience firms 
are compared based on the annualized earnings expectations.

Figure 5 provides a detailed interpretation about the sensitivity of daily annual-
ized growth of earnings expectations in the feverish period of COVID-19 and shows 
how such forecasted growth evolves negatively for high- and low-resilience firms 
over time10, for 2020 and the three following fiscal years. As expected, firms with 
low-resilience workforce experienced lower growth of earnings expectations, as 
opposed to the high-resilience ones. Before and during the fever period of COVID-
19, low-resilience firms are dominant in the current fiscal year of 2020 (upper-left 
panel), in the sense that aggregate earnings expectation was affected more by the 
earnings expectation of low-resilience firms and this dominance effect will diminish 
in further fiscal years (other three panels).

The annualized earnings expectation of high-resilience firms for the following 
fiscal years (and similarly the one for low-resilience firms) is shown in Fig. 6. This 
figure compares the expected growth of these two groups of firms separately for dif-
ferent fiscal years.

Figure 6 reveals that for higher horizons, the growth of earnings expectations is 
less steep for both high- and low-resilience firms and long-term expectations did not 
react as much as the short-term one. Figures 5 and 6, suggest that the KP workplace 
resilience index is a good measure to exhibit the heterogeneity related to workplace 

9  The calculation contains earnings expectations for the fiscal year 2023.
10  Since Koren and Peto (2020) compute ‘affected shares’ using data of the fever period, categorizing the 
firms in Figs. 5 and 6 is based on the workplace resilience index, KP.
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flexibility during the fever period. This observation is not only in line with Landier 
and Thesmar (2020) but also quite consistent with Koren and Peto (2020) and their 
results on the sensitivity of firms’ cost of production to social-distancing restrictions 
since the onset of the pandemic including the fever period. This emphasizes the 
necessity of KP workplace intuition as a resilience measure.

Figure 7 shows the overall change in earnings from analysts’ point of view for 
four categories of firms based on their workplace flexibility (KP) and financial-
based resilience (FB). The first-left diagram shows that among firms with higher 
workplace flexibility, those with better financial status see less reduction in earn-
ings expectations from 2020 to 2021. It is also expected to see a steeper rebound in 
earnings for the following fiscal years (from 2021 to 2024), especially after all Fed’s 

Fig. 5   Expected annualized growth of earnings:  this figure shows the forecasted growth 
1

h−2019
(Ex

t
EPS

ih
− EPS

i,2019)∕EPSi,2019 of high- and low-resilience firms based on the KP workplace 

resilience index during the feverish period for four fiscal years. Ex
t
EPS

ih
 stands for earnings expecta-

tion of firm i at time t for horizon h. Firms with ‘affected share’ less than 40 are assigned to the high-
resilience group and ones with greater than 65 are assigned to the low-resilience group.  Data source 
Koren and Peto (2020) and Refinitiv-Eikon platform (Thomson Reuters) daily consensus analysts’ earn-
ings (I/B/E/S forecasts)
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interventions in 2021. This implicitly shows the amplification of workplace resil-
ience by financial-based resilience.

Figure 7 makes the importance of financial-based resilience more clear, specif-
ically its role in expectations of those firms with low flexibility towards COVID-
19 social distancing restrictions (Second panel). It clearly suggests that even after 
all Fed’s packages, low-FB firms cannot experience overall upward changes in 
expectations if they have low degree of workplace flexibility (blue line in the sec-
ond panel), whereas firms with higher level of financial resilience can continue the 

Fig. 6   Expected annualized growth of earnings of low- and high-resilience firms:  the left panel com-
pares the earnings expectations growth 1

h−2019
(Ex

t
EPS

ih
− EPS

i,2019)∕EPSi,2019 of low-resilience firms for 
higher horizons. Ex

t
EPS

ih
 stands for earnings expectation of firm i at time t for horizon h. The right 

panel prepares similar comparison for high-resilience firms. Firms with ‘affected share’ less than 40 
are assigned to the high-resilience group and ones with greater than 65 are assigned to the low-resil-
ience group.  Data source Koren and Peto (2020) and Refinitiv-Eikon platform (Thomson Reuters) daily 
consensus analysts’ earnings (I/B/E/S forecasts)

Fig. 7   Earnings expectations: this figure shows the evolution of an average of 
(Ex

t
EPS

ih
− Ex

t
EPS

i,Jan)∕ExtEPSi,Jan for four categories of firms based on financial-based resilience and 
KP resilience over each fiscal year. Ex

t
EPS

ih
 stands for earnings expectation of firm i at time t for hori-

zon h. It is obtained for 2020 and four following fiscal years. Based on Koren and Peto (2020), firms with 
an ‘affected share’ of less than 40 are assigned to the high-resilience group and ones with greater than 65 
are assigned to the low-resilience group. Firms with an average financial-based resilience index higher 
than the 66th percentile are assumed as high-resilience and firms with lower than the 33rd percentile are 
the low-resilience ones.  Data source Koren and Peto (2020) and Monthly consensus analysts’ earnings 
(I/B/E/S-WRDS). (Color figure online)
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upward status quo despite low flexibility in their workplace (the red line in the sec-
ond panel). Moreover, making a comparison between the first and the second panel 
reveals the amplification of financial-based resilience by workplace resilience since 
within either high or low financial-based resilience (high-FB or low-FB) group, 
higher workplace resilience (high-KP) firms see less reduction in earnings expecta-
tions (red (blue) line in the first panel in comparison with a red (blue) line in the sec-
ond panel). Furthermore, within the low financial-based resilience group (the blue 
lines in the first and the second panels), high-KP firms are expected to experience 
a complete rebound after four fiscal years (as opposed to firms with lower work-
place resilience). The first and the second panels suggest that the impact of each 
workplace resilience and financial-based resilience on earnings expectations can be 
amplified by one another.

The third panel shows two extreme cases and exhibits that as opposed to more 
resilient firms (in the sense of both KP and FB), firms with less workplace flex-
ibility and less financial resilience will generally see downward average revisions 
in the COVID era.11 The panel shows that analysts are still pessimistic about the 
rebound for low-KP and low-FB stocks. This panel emphasizes to what extent earn-
ings expectations can be heterogeneous due to either workplace or financial-based 
resilience and as a result, suggests to what extent this can affect heterogeneity in 
firms’ implied discount rate. This figure reproves the necessity of the composite-
financial resilience index as a hybrid measure of resilience containing both kinds of 
resilience.

Figure 8 not only reveals the resilience-heterogeneity in analysts’ earnings expec-
tations but also makes empirical comparison between the descriptive power of three 
measures of corporate resilience. This figure shows the overall change in earnings 
expectations of high- and low-resilience firms categorized based on each resilience 
index for each fiscal year. It exhibits the inappropriateness of KP and financial-based 
resilience indexes although the second panel correctly shows that among all firms, 
those with higher financial-based resilience saw a less severe decline in expectations 
at the beginning and also a stable trend for the following fiscal years (red line in the 
second panel). The figure explicitly reveals the important role of workplace resil-
ience on overall composite-financial (CF) resilience since adding the intuition of 
workplace resilience to financial-based measure gives an improvement in interpre-
tation of earnings expectation growth of low-resilience12 firms (the blue line in the 
third panel compared to the one in the first and second panels), in a sense that as it is 
expected, CF-resilience correctly shows a reduction in these expectations from 2020 
to one fiscal year after the onset of pandemic; Meanwhile the effect of adding the 
intuition of financial-based resilience leads to a correct perception of KP-resilience 
impact on earnings expectation, specifically for high-resilience firms (the red line in 
the third panel in comparison with the one in the first and the second panels) in the 
sense that expectations see less reduction with respect to the one for the low-resil-
ience firms. In general, CF-resilience compares correctly the earnings expectations 

11  Revision in the spirit of Landier and Thesmar (2020).
12  In the sense of multivariate functional principal components and composite-financial resilience.
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Fig. 8   Average earnings expectations after COVID emergence: the plot shows the annual average effect 
of COVID-19 on earnings’ expectations of high-resilience and low-resilience firms separately, based on 
each index of resilience over further fiscal years. This figure illustrates the COVID-19 effect on analysts’ 
expectations originated from the resilience and computed as an annual average of ExtEPSih−ExtEPSi,Jan

Ex
t
EPS

i,Jan

 . Based 

on Koren and Peto (2020), firms with an ‘affected share’ of less than 40 are assigned to the high-resil-
ience group and ones with greater than 65 are assigned to the low-resilience group. For the second panel, 
firms with an average financial-based resilience index higher than the 66th percentile are assumed as 
high-resilience firms and those with lower than the 33rd percentile are the low-resilience ones. Using the 
composite-financial resilience index, firms with an index less than the 33rd percentile of the composite 
index are assumed as high-resilience firms and ones with an index higher than the 66th percentile are 
considered low-resilience ones. The results are robust to categorization using other percentiles.  Data 
source Koren and Peto (2020) for workplace resilience, WRDS for firm-level financial ratios and 
Monthly consensus analysts’ earnings (I/B/E/S - WRDS). (Color figure online)
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of these two groups of firms with one another and exhibits more realistically the 
evolution of overall earnings expectations of high- and low-resilience firms.

To sum, apart from resilience-heterogeneity in earnings expectations showed by all 
these indexes, a measure of financial-based resilience is not capable enough to give an 
appropriate image of the overall corporate resilience regarding to analysts’ earnings fore-
casts. However, this measure together with considering the effect of the social distanc-
ing rule on the economic cost of firms improves the understanding of the resilience-het-
erogeneous earnings expectations. As it can be seen clearly, the third panel emphasizes 
the importance of this aggregation of resilience intuitions and shows a smoother trend for 
high-resilience firms in the sense of the composite-financial index and a steeper decline 
for the low-resilience firms from the emergence of COVID-19 in 2020 to one fiscal year 
ahead. This exactly refers to the novelty of the new definition, composite-financial resil-
ience index (“Resilience indexes” section).

This strong possibility of the explanatory power of analysts’ expectations is in 
line with De la and Myers (2020). All evidence in this section, in line with Bordalo 
et al. (2020), suggests that the expectation of earnings is not just backed out of mar-
ket prices, but is formed independently by analysts, and reflects the heterogeneous 
expected cash flows. Such resilience-heterogeneity in earnings expectations sheds 
light on the effect of workplace resilience and financial resilience on firms’ expected 
cash flows and raises a new interesting research idea to model this resilience-het-
erogeneity which is beyond the scope of this paper. In a separate study, Daadmehr 
(2022) focuses on this point and proposes a new asset pricing model for COVID-19 
time. She shows how the cash flow stream can be affected by the firm’s resilience 
in the time of COVID-19, in line with many studies that emphasize the existence of 
resilience heterogeneity in dividend stream and the expected returns as well (among 
all Pagano et al. 2023 and Daadmehr 2023).

In the next part, it is interesting to investigate the footprint of such amplification 
impact of these two intuitions of resilience and the aggregation of them on hetero-
geneity in firms’ cost of equity capital, as a proxy of expected return, through such 
heterogeneous earnings expectations; And more importantly, to compare these three 
resilience indexes.

Implied discount rates

So far the evidence exhibits how each of resilience indexes is capable of reason-
ably figuring out the expected future cash flows. This subsection tries to examine 
if this leads to any evidence of resilience-heterogeneity in the implied discount rate 
and more importantly, to compare these three resilience indexes. Figure 9 shows the 
average implied discount rate of high- and low-resilience firms, based on each resil-
ience index. KP workplace resilience index is a strong measure of resilience due to 
its ability not only to interpret the effect of social distancing on firms’ production 
costs but also to classify firms into two ‘more’ and ‘less’ risky categories, as the first 
panel shows. This observation is consistent with the definition of the KP index as it 
is proposed based on firms’ performance regarding restrictions on human interac-
tion at the onset of the pandemic; However, in what follows the provided evidence 
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shows that the KP measure is less capable in such categorization13. The KP index 
is defined based on firms’ production costs that can be related to other financial 
aspects. What a potentially appropriate resilience index needs is to take into account 
that firms with better financial status before and during COVID-19 can better over-
come to economic consequences of this crisis.

The second panel exhibits that implied discount rate of high financial-resilience 
firms is smoother and these firms are less risky before the end of the fever period of 
COVID-19 since they have had better financial status. As time passes they fall into 
difficulties since some may not be workplace-flexible enough. This panel reveals a 
flip point in the implied discount rate. Generally speaking, this panel, especially the 
flip point can be novel evidence of the inappropriateness of this index since it is not 
possible to reach the unique categorization of high- and low-resilience firms using 
this measure, meaning that based on this index high-resilience firms are less risky 
before the end of the fever period but more risky after that. Whereas, high-resilience 
firms are expected to be less risky not only before but also after the end of the fever 
period. One may come up with the question of ‘How is it possible that low-resilience 
firms have also a lower implied discount rate than the high-resilience ones, after the 
feverish period?’. The flip point is in line with the provided evidence by Pagano and 
Zechner (2022) who mention the importance of small firms (SMEs) in the economy 
and explain the puzzle that the growth in assets was larger for these firms and so are 
expected to be less risky but they are not.

As a piece of result, this flip point not only can be originated from the preparation 
of huge liquidity facilities by the Fed’s packages (i.e. moderating role of liquidity) 
but also can be a sign of consequences of reversal in trading strategies in favor of 
firms with more flexible workforce after the fever period.

The novel evidence of the flip point suggests a sign of the fear of cash flow dry-
up that enforces firms to increase their resources by facilities from banks and capital 
markets, and taking loans to increase their liquidity. According to the definition of 
the financial-based resilience index in “Financial-based resilience index” section, this 
measure captures such injections in the firm’s liquidity and the higher injected liquid-
ity is a sign of lower financial-based resilience. Even higher workplace flexible firms 
in the low-FB category also started increasing their liquidity because of the fears but 
less than lower workplace resilience firms since they encounter fewer difficulties in 
their workforce and are more flexible under social distancing rules. Moreover, high-
workplace flexible firms are expected to be less risky with lower expected returns 
as the first panel suggests. Since the financial-based measure of resilience does not 
take into account the firms’ workplace flexibility, firms in the low-resilience category 
(based on the FB index, in the second panel) can be either high- or low-flexible in 
their workforce. As a result, it is not surprising to see that low FB-resilient firms have 
lower implied discount rates and are less risky. If these firms are less risky, it is not 
because of their financial status but it is due to the workplace flexibility.

This novel evidence shows the necessity of workplace intuition of resilience, 
in line with Barry et al. (2022) who not only assert that flexibility in financial and 

13  In the sense that it cannot significantly categorize firms based on their degree of resilience (Fig. 10). 
The statistical significance is determined by simply comparing the monthly mean of these two groups.
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Fig. 9   The evolution of implied discount rate: The plot shows the average implied discount rate of 
high-resilience and low-resilience firms separately, based on each index of resilience over 2020 and 
2021. The implied discount rate is obtained from the present value model with analysts’ earnings 
expectations as expected future cash flow discounted by payout ratio. For the first panel, firms with 
an ‘affected share’ less than 40 are assigned to the high-resilience group and ones with greater than 
65 are assigned to the low-resilience group. For the second panel, firms with an average financial-
based resilience index higher than the 66th percentile are assumed high-resilience firms and those 
with lower than the 33rd percentile are low-resilience ones. Using composite-financial resilience 
index, firms with an index less than the 33rd percentile of the composite index are assumed as 
high-resilience firms and those with an index higher than the 66th percentile are considered as low-
resilience ones.  Data source Koren and Peto (2020) for workplace resilience, WRDS for firm-level 
financial ratios, I/B/E/S-WRDS for monthly consensus analysts’ earnings and Compustat/CRSP 
merged for closing price and fundamentals
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investment strategies can potentially help to mitigate the side effects of this crisis 
but also emphasize the importance of distance-working and workplace flexibility in 
response to COVID-19 shock. All these show that financial-based resilience cannot 
be adequate enough to represent the real degree of firms’ resilience and as a result, 
an appropriate resilience index should be a sort of aggregation of these two kinds of 
index.

On the other hand in the third panel, composite-financial resilience index not only 
presents a smoother implied discount rate for high-resilience firms showing less 
riskiness (in line with what is implied by financial-based resilience index) but also 
reveals the amplification impact of workplace flexibility by financial-based resil-
ience over these two years, in the sense that it shows a relatively higher implied 
discount rate for low-resilience firms than what is obtained by the KP workplace 
resilience index (the blue line in the third panel compared to the blue line in the first 
panel), specifically in the fever period, the relative higher peak for low-resilience 
firms in the feverish period (in the third panel compared to the first panel). All these 
panels together with the novel evidence of the flip point emphasize the stronger and 

Fig. 10   The appropriateness of different resilience indexes: this figure plots the results of statistical tests 
of mean comparison for cross-sectional implied discount rates of high- and low-resilience firms. The 
black dash-line is a benchmark of goodness (perfect goodness), the case that the average implied dis-
count rates of low-resilience firms are statistically and significantly different from that of high-resilience 
firms during all this period of time. Other lines correspond to one type of resilience index. The closer to 
the dash line, the better choice of resilience measure. Based on the KP resilience index, firms with an 
‘affected share’ less than 40 are assigned to the high-resilience group and ones with greater than 65 are 
assigned to the low-resilience group. Based on the financial-based resilience index, firms with an average 
of financial-based resilience index higher than the 66th percentile are assumed high-resilience firms and 
those with lower than the 33rd percentile are low-resilience ones. Using the composite-financial resil-
ience index, the solid (green dash) line is the case that firms with an index less than the 33rd (25th) per-
centile of the composite index are assumed as high-resilience firms and those with an index higher than 
the 66th (75th) percentile are considered as low-resilience ones.  Data source Koren and Peto (2020) for 
workplace resilience, WRDS for firm-level financial ratios, I/B/E/S-WRDS for monthly consensus ana-
lysts’ earnings and Compustat/CRSP merged for closing price and fundamentals. (Color figure online)
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dominant impact of workplace resilience than the effect of financial-based resilience 
(in line with Daadmehr 2022).

This directly refers to the novel application of multivariate functional princi-
pal component analysis that proposes a sort of method for aggregation of these 
two kinds of resilience; meanwhile, figures out the novel evidence of ampli-
fication. The composite-resilience index in the third panel not only suggests 
that the implied discount rate of less resilient firms will remain significantly 
and persistently higher than that of more resilient firms but also shows that 
the implied discount rate for less resilient firms records the higher level with 
respect to its initial level, as opposed to the one for more resilient firms (the 
blue line compared to the red line in the third panel). This suggests that the CF-
resilience index is an appropriate resilience measure to detect the longer effect 
of COVID-19 on the expected return of low-resilience firms.

To sum up, based on the present value model, not only heterogeneity in 
expected cash flow leads to heterogeneous implied discount rates that one could 
expect as COVID hit the real part of the economy as well as the stock market but 
also composite-financial resilience index is the better choice as an index to inter-
pret such resilience-heterogeneity.

Figure 10 shows to what extent the categorization based on each index is sta-
tistically significant. This figure shows the monthly mean comparison between 
the implied discount rates of two groups of firms (high- and low-resilience), 
categorized based on different resilience indexes, from 2020 to 2021. The 
black dash-line is a benchmark of goodness (perfect goodness), the case that 
the average implied discount rates of low-resilience firms are statistically and 
significantly different from that of high-resilience firms during all this period 
of time. Other lines correspond to one type of resilience index. The closer to 
the dash line, the better choice of resilience measure. This figure shows that the 
composite-financial resilience index can potentially categorize firms signifi-
cantly into high- and low-resilience risk groups since the implied discount rate 
for high-resilience firms cross-sectionally significantly differs from the one 
for low-resilience firms over 2020 and 2021, containing the feverish and the 
post-COVID era. This plot is empirical proof to show neither the KP nor finan-
cial-based resilience index is appropriate enough to significantly reveal the 
resilience-heterogeneity in implied discount rates. The appropriateness of the 
composite-financial resilience index is approved for after the Russia-Ukraine 
war, for the first quarter of 2022, using out-of-sample forecasting.
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Conclusion

This paper aims to propose an appropriate hybrid resilience index as a detector 
of disaster risk and a new source of heterogeneity in firms’ implied discount 
rates in the pandemic era. It started to set a benchmark to capture the resilience, 
regarding not only the impact of new social distancing restrictions and lock-
down rules but also the financial strength of firms. It provided evidence of the 
amplification of workplace resilience by firms’ financial status.

Using the financial-based (FB) resilience index, it is possible to capture the 
impact of other effective elements like corporate financials on disaster risk and resil-
ience-heterogeneous implied discount rates. More importantly, the paper provided 
an interpretation of the flip point in the evolution of the implied discount rate of 
high- and low-FB resilience firms, after the fever period of COVID-19.

In short, results suggest that financial-based resilience amplifies the impact 
of social distancing to identify ‘significantly’ resilience-riskier firms. This 
explicitly shows the necessity and refers to the novelty of composite-financial 
(CF) resilience index. The paper employed a multivariate functional principal 
component analysis to construct and explain this kind of resilience index that 
can be potentially applicable for the assessment of the pandemic’s long-run 
impacts on firms. The results emphasize the prominent role of the composite-
financial resilience index in providing evidence of resilience-heterogeneity in 
expected payoffs to figure out and better understand how such heterogeneity 
can transmit to the implied discount rates as well as price changes. This raises 
a new research idea on asset pricing in the COVID-19 era for future studies 
(Daadmehr 2022). Results not only suggest that the implied discount rate of 
less resilient firms, in the sense of ‘composite-financial’, will remain signifi-
cantly and persistently higher than that of more resilient firms but also show 
that the implied discount rate for less resilient firms records the higher level 
with respect to its initial level, as opposed to the one for more resilient firms. 
This suggests the longer effect of COVID-19 on the expected return of low-
resilience firms that could be investigated more in future research. The datasets 
generated during and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Appendix

See Table 2 and Figs. 11 and 12.
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Fig. 11   Screening plot:  the figure shows the results after the first screening (Left panel for “before” 
COVID-19 and right panel for “after” COVID-19). The size and color of the circles represent the 
strength of the correlation between the financial ratios (rows) and principal components (columns). 
Table 2 contains the full explanation of abbreviations.  Data source Financial ratios, WRDS database. 
(Color figure online)
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