


Pandemic Tail Risk∗

Matthijs Breugem Raffaele Corvino Roberto Marfè Lorenzo Schönleber
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1 Introduction

The ongoing Covid-19 crisis highlights the importance of assessing the severity of a worldwide

pandemic. Timely measurements of pandemic risk could help decision makers—such as firm

executives, portfolio managers, Governing authorities—to understand the economic impact

and, in turn, to take appropriate policies. Ideally, one would need a real-time, forward

looking, and precise signal regarding the severity and timing of the pandemic.

Potentially, financial markets are a powerful information provider concerning economic

risks and, hence, they are informative about the severity of an upcoming pandemic. Indeed,

market prices are supposed to aggregate public and private information under efficiency

(Hayek, 1945; Grossman and Stiglitz, 1980). However, the simple observation of the US

equity index casts doubts on how informative are financial markets about pandemic risk.

Actually, the S&P 500 continued to rise until late February, while the Covid-19 outbreak in

China started two months before that date. Specifically, when the S&P 500 and Dow Jones

obtained their all-time high on the 19th of February 2020, the Covid-19 virus had already

killed over 2000 people in China and had infected people in several countries, including the

United States.

The goal of this paper is to investigate to what extent equity markets information, beyond

the index level, reflected the risk of the Covid-19 pandemic well before the index decline in late

February. In particular, we study whether and how financial markets assess tail risk (i.e., risk

of extreme events) in relation with the Covid-19 outbreak. We shed light on (i) the investors’
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assessment of pandemic tail risk exploiting information embedded in option contracts and

credit default swaps, (ii) the evolution of pandemic tail risk during the Covid-19 outbreak

and the market crashes, and (iii) the investors’ expectations about the persistence of the

economic impact and market turmoil due to the Covid-19 outbreak.

Our analysis considers options prices and credit default swap (CDS) spreads written on

either the market index, the economic sectors, or individual companies before and after the

market crash on late February 2020. Similarly to Cheng (2020), and Jackwerth (2020), we

find that the market tail risk did not react timely to the burst of the pandemic. Instead, we

uncover a new and interesting pattern: pandemic tail risk is largely heterogeneous across the

economic sectors. We document that some sectors display a remarkable increase in the tail

risk measures on the early February. Thus, pandemic tail risk did spread out through some

economic sectors well before the rise of market tail risk and in advance of the realized market

crash. This evidence highlights the importance of discovering tail risk heterogeneity in order

to timely understand the economic impact of a pandemic. Our results are consistent with the

heterogeneous response of realized stock returns across different groups of firms documented

by Pagano, Wagner, and Zechner (2020) and Bretscher, Hsuy, Simasekz, and Tamoni (2020).

To investigate the heterogeneity across different economic sectors, we build option-implied

measures of tail risk for the US market index and for nine sector indexes. Then we further

aggregate sectors’ tail risk into three groups based on the sectors’ pandemic resilience of

Dingel and Neiman (2020)—that is a measure of proneness to social distancing provisions.

We document that pandemic resilience is key to understand tail risk heterogeneity. Namely,
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we find that option-implied tail risk measures spiked before the first market crash only for the

less resilient sectors. We corroborate our results by studying through the lens of pandemic

resilience also default risk incorporated in the cross-section of CDS spreads.

The analysis focuses on out-of-the money (OTM) options. The reason is that OTM

options serve as an insurance against equity risk and, therefore, should reflect the investors’

fear of a sizeable drop in stock prices. We extract tail risk information from option prices

by measuring the expensiveness of large drops protection—i.e., the so-called slope of Kelly,

Pastor, and Veronesi (2016)—and the asymmetry in the (risk neutral) distribution of equity

returns—i.e., a measure of implied skewness. Similarly, also CDS spreads capture the risk of a

tail event, that is the financial distress of a firm. Since CDS are highly liquid and standardized

assets, they provide timely information about the market perception of tail risk. As an

additional insight, we investigate pandemic tail risk across the horizons. We exploit option

contract of several maturities to detect the investors’ expectation about the persistence of

pandemic risk and its economic impact. We find that short term tail risk measures display a

larger increase (in relative terms) compared to long term tail risk measures. In addition, the

low resilience group shows richer dynamics across tail risk measures extracted from different

maturities as opposed to the high resilience group.

Our results may have key implications for many decision makers, such as policy-makers

and institutional investors. If financial markets do account for tail risk sufficiently timely, and

they also disclose information about the persistence of such risk, then tail risk indicators may

help estimate the economic impact of a pandemic and its heterogeneity across the economic
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sectors. Therefore, measuring tail risk could help, for instance, governments to undertake

preemptive measures and market agents to adjust their investment and hedging strategies.

Our paper contributes to the developing literature on the COVID-19 pandemic and its

relation to the financial markets. Alfaro, Chari, Greenland, and Schott (2020) show that un-

expected changes in COVID-19 infection rates predict stock market returns. Baker, Bloom,

Davis, Kost, Sammon, and Viratyosin (2020) documents that the COVID-19 pandemic has

affected stock markets more than any other pandemic, including the Spanish Flu. Pagano,

Wagner, and Zechner (2020) show that security markets price the effect of social distancing

and that firms which are more resilient to social distancing outperform firms with lower

resilience during the COVID-19 outbreak. Their manuscript considers different sectors but

does not focus on return predictability. Bretscher, Hsuy, Simasekz, and Tamoni (2020) ex-

plore the impact of the pandemic on the cross-section of equity returns using the first-reported

case in the US counties to build a natural experiment. Labor-intensive firms suffered the

major downturns, due to the strong labor mobility reduction which largely affected labor

supply.

We also contribute to the extensive literature on option implied information. Using a

similar methodology based on on OTM options, Ilham, Sautner, and Vilkov (2020) show that

financial markets price climate risks. Kelly, Pastor, and Veronesi (2016) show that options

that provide insurance against tail risks are more costly when political risks are higher.

Similar to our paper, Gormsen and Koijen (2020) study the information contained in

stock markets to form expectations about growth during the Covid-19 crisis. Our paper
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differs from their setup since we focus on option-implied measures, especially related to

tail risks. Other papers exploring option-implied information are Hanke, Kosolapova, and

Weissensteiner (2020) and Ampudia, Baumann, and Fornari (2020), who show that financial

markets did not react to the pandemic until late February. We find that financial markets

did contain pandemic information well before this period but that information is embodied

in individual sectors rather than aggregate indices. Moreover, Jackwerth (2020) exploits the

information conveyed by options traded on the S&P 500 to test whether markets responded

promptly to the burst of the pandemic. While a first market reaction happened on late

February, option-implied measures did not signal such a big crash of the market until the

mid of March. We support this evidence when looking at the aggregate market option data.

Similarly, Cheng (2020) highlights a puzzling evidence about the under-reaction of the VIX

index to the burst of the pandemic. Cheng (2020) shows that the VIX future price was

systematically lower than the forecasts until mid of April, thus generating a negative future

price premium. Such premium, instead, should be usually positive to reward investors for

uncertainty and potential downwards, in particular during turbulent periods. Different from

all of the above papers, we show that the pandemic risk could be detected by exploring

further the heterogeneity across different industrial sectors, since it was perceived in a very

heterogeneous extent by different market segments.

The remainder of this paper is organized as follows: Section 2 describes the data and the

methodology, Section 3 discusses the empirical analysis and findings, Section 4 concludes the

paper.
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2 Data and Methodology

We now describe the key measures that we adopt to conduct our empirical analysis. We start

by describing a measure of pandemic resilience that we use to aggregate economic sectors into

homogeneous groups in terms of impact of social distancing rules on the operating activities.

Next, we present some measures of tail risk constructed from either option or CDS contracts,

and we discuss why they are reliable indicators of tail risk.

2.1 SPDR Sectors and Resilience Measure

The S&P 500 index can be decomposed into nine economic sectors. Indeed, the companies

included in each sector are selected on the basis of an industry classification from the universe

of the S&P 500 constituents. The family of exchange-traded funds (ETFs) tracking the

returns of the individual sectors are denominated SPDR.1 Sectors can be divided into Cyclical

sectors and Defensive sectors. Cyclical sectors are highly responsive to the economic cycle

(for example the purchase of a car can be delayed until the economy improves), while, in

contrast, defensive sectors produce goods and services for which demand is relatively stable

(such as food producers and basic services). An overview of the sectors and their classification

(Defensive or Cyclical) as suggested by MSCI (2018) can be found in Table 1.

We compute a measure of resilience following the approach of Dingel and Neiman (2020).

This measure is based on the capability of a company to implement home-working. In par-

ticular, Dingel and Neiman (2020) classify the occupations that can be conducted at home

1SPDR is a trademark of Standard and Poor’s Financial Services LLC, a subsidiary of S&P Global.
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Ticker Name ID Classification Resilience rank Resilience group

SPX S&P 500 SPX
XLB Materials Select Sector SPDR Fund MAT Cyclical 2 low
XLP Consumer Staples Select Sector SPDR Fund CST Defensive 1 low
XLY Consumer Discretionary Select Sector SPDR Fund CDI Cyclical 3 low
XLI Industrial Select Sector SPDR Fund IND Cyclical 4 medium
XLV Health Care Select Sector SPDR Fund HEA Defensive 6 medium
XLE Energy Select Sector SPDR Fund ENE Defensive 5 medium
XLF Financial Select Sector SPDR Fund FIN Cyclical 9 high
XLK Technology Select Sector SPDR Fund TEC Cyclical 8 high
XLU Utilities Select Sector SPDR Fund UTL Defensive 7 high

Table 1: SPDR Sectors. This tables reports the tickers, names, ID, classification, resilience rank, and
the overall resilience group (see Table A1) of the 9 economic sectors, that is, the SPDR Sector ETFs.

(”teleworkable emp” and ”teleworkable manual emp”) and compute the percentage of wages

associated with these teleworkable occupations (”teleworkable wage” and ”teleworkable man-

ual wage”) for industries based on the NAICS code. We then map companies from the NAICS

classification to the respective sector (GICS Codes) using COMPUSTAT, and we aggregate

at the SPDR sector level, see Table A1. The ranking of the sectors across the four mentioned

metrics is almost identical. Sectors from low to high resilience are: Consumer Staples (CST),

Materials (MAT), Consumer Discretionary (CDI), Industrial (IND) , Energy (ENE), Health

Care (HEA), Utilities (UTL), Technology (TEC), and Financial (FIN).

2.2 Option-Implied Tail Risk Measures

We construct option-implied tail risk from the surface files of iVolatility, which provides for

each day a range of implied volatilies, with their corresponding maturity and delta levels.

Moneyness is implied by the Black-Scholes delta. In particular, deltas (∆) are provided for

out of the money (OTM) puts and calls and ranging from -0.5 to 0.5 in steps of 0.05.

To construct the tail risk measures we are using OTM options with 30, 365, and 720
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days to maturity and delta lower than 0.5 in magnitude. With this respect, we follow the

most recent literature—e.g., DeMiguel, Plyakha, Uppal, and Vilkov (2013) and Driessen,

Maenhout, and Vilkov (2005)—that documents the high informational content of the options

surface. Then, we collect information for both the US S&P 500 index and the 9 SPDR

sectors (see Table 1 Panel A for a description of the sectors). We are particularly interested

in extracting forward-looking information, which characterises the distribution of equity

returns during the COVID-19 pandemic. With this aim, we compute two main option-

implied measures of tail risk: (i) the Slope, in the spirit of Kelly, Pastor, and Veronesi (2016)

and Ilham, Sautner, and Vilkov (2020) and (ii) the Implied Skewness (IS), in the spirit of

Bakshi, Kapadia, and Madan (2015).

The Slope identifies the slope coefficient obtained by regressing, for a given maturity

(τ), the time t implied volatilies (IV τ,m
t ) of the OTM puts on their deltas (∆τ,m

t ) across the

moneyness (m) dimension:

IV τ,m
t = ατt + Slopeτt × ∆τ,m

t + ετ,mt . (1)

A positive slope indicates that options that are deeper OTM are relatively more expensive

than less OTM options. Kelly, Pastor, and Veronesi (2016) emphasize that a positive value

of the Slope suggests that investors are willing to pay a sizeable price for buying protection

against the downside tail risk associated with a near future event.

An alternative measure of tail risk is the Implied Skewness (IS) which captures the

asymmetry of the underlying risk neutral distribution. A negative skew commonly indicates
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that the tail is on the left side of the distribution, while a positive skew indicates that the

tail is on the right. IS measures the extra-cost of buying protection against left tail events

compared to protection against right tail events. IS is computed, translating the regular

skewness formula into the risk neutral space as the third standardized risk neutral moment

following Bakshi, Kapadia, and Madan (2015)2:

ISt,τ =
ertWt,τ − 3µt,τe

rtVt,τ + 2µ3
t,τ

[ertVt,τ − µ2
t,τ ]

3/2
, (2)

where Vt,τ (Wt,τ ) denote the risk neutral discounted volatility (cubic) contracts, µt,τ denotes

the tailor approximation of the first risk neutral moment (as a function of Vt,τ and Wt,τ

amongst others), and r represents the constant interest rate.

2.3 Credit Default Swap

In addition to option data, we gather information about the pricing of credit risk embedded

in the Credit Default Swap (CDS) spreads. The CDS is a highly liquid and standardized

security that allows to buy a protection against the risk of a credit event of a given reference

entity (e.g., a firm, a sovereign, etc.), or to take a position on the credit risk of a basket of

entities.3.

According to the CDS contract, the protection buyer pays a periodical premium (the

spread) to the seller as long as the reference entity has the capacity to meet its obligations.

2A useful Python code for the calculation of option-implied moments can be found at
http://www.vilkov.net/codedata.html

3Credit events that trigger the settlement of the CDS are defined in the clauses of the CDS contract, fol-
lowing the guidelines reported in the protocol issued by the International Swaps and Derivatives Association
(ISDA)
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The protection seller commits to pay to the buyer the difference between the nominal value

of the underlying asset (i.e., a bond) issued by the reference entity and a recovery value in

the case of a credit event. The recovery value is simply the value of the asset after the credit

event.

Therefore, CDS spreads price the risk that the reference entity experiences a dramatic

event, such as bankruptcy, default on a debt payment, and debt restructuring, that jeop-

ardizes its financial health. Since the credit events that trigger the settlement of the CDS

contract follow a deep drop in the economic conditions of the entity, then the CDS spread

is an insightful alternative measure of tail risk. Credit events, in fact, are even stronger

signals of a substantial economic downturn of the reference entity compared to equity prices

tumbles, captured by option-implied measures.

We use CDS spreads for all US firms available in Markit. Our sample contains around

1000 individual firms that we then group into homogeneous industrial sectors. We use daily

data between January 1st, 2019 and May 31st, 2020. We focus on the 5-year maturity

that is the most liquid for CDS contracts. As a market wide benchmark we consider the

Markit CDX.NA.IG which is composed by the 125 most liquid North American entities with

investment grade credit ratings.

3 Empirical Analysis

In this section, we study the tail risk priced in the option-implied measures and CDS spreads

before, during, and after the burst of the Covid-19 pandemic in US. We explore how tail risk
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evolves with the pandemic across the economic sectors, and over different time windows. In

particular, we consider four different periods:

1. Before COVID-19: 2019-06-01 - 2020-01-31,

2. Right before the first market drawdown: 2020-02-01 - 2020-02-19,

3. Between the first and the second market drawdown: 2020-02-20 - 2020-03-04,

4. After the second market drawdown: 2020-03-05 - 2020-05-22.

Moreover, we also group the economic sectors into three pandemic-resilience groups:

- low resilience: Materials (MAT), Consumer Staples (CST), Consumer Discretionary

(CDI),

- medium resilience: Industrial (IND), Health Care (HEA), Energy (ENE),

- high resilience: Financial (FIN), Technology (TEC), Utilties (UTl).

We start the analysis from the observation of the realized equity returns. We plot the

cumulative return for the three resilience groups as well as the market index in Figure 1. In

order to not over or underweight the influence of sectors with a really large or little market

capitalization we simply compute the equally weighted return of the respective sectors within

each specific resilience groups.4 The cumulative return on the high resilient sectors is very

in line with the market return, while the mid and low resilient sectors exhibit a pronounced

4As of April 2019 the market capitalization for sectors ranges from approximately 5% for Materials
(MAT), Utilities (UTL), Energy (ENE) to over 20% for Technologies (TEC).
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downturn during the crisis.5 In general the gap between the returns of the different resilience

groups materializes in the first two periods and remains approximately constant afterwards.

(a) SPX and Resilience Groups

2020-01-01

2020-01-15

2020-02-01

2020-02-15

2020-03-01

2020-03-15

2020-04-01

date

0.6

0.7

0.8

0.9

1.0

SPX Low Mid High

Figure 1: Cumulative Return for the SPX and the Resilience Groups. The figure displays the
cumulative return from January 2020 up to April 2020 for the economic equity sectors as described in 1 Panel
A. SPDR sectors are aggregated according to Table 1 arithmetically into the three resilience groups, that is,
Low: Materials (MAT), Consumer Staples (CST), Consumer Discretionary (CDI), Mid: Industrial (IND),
Health Care (HEA), Energy (ENE), and High: Financial (FIN), Technologies (TEC), Utilities (UTL). In
the plots the 2 days moving average is depicted.

3.1 Option-Implied Tail Risk - Slope and Implied Skewness

We now turn to the main part of our empirical analysis, by gathering information provided

by the option-implied measures described in the previous section. We study the Slope and

the Implied Skewness for the market index, the nine SPDR economic sectors, and the three

resilience groups. In particular, we focus on the time windows right before the first market

drawdown and between the first and the second market drawdown. One would expect that

the tail risk indicators increase during these periods. In Table 2, we present summary

5We plot the cumulative returns for the 9 SPDR sectors in Figure A1. As visible, all sectors experienced
a heavy drawdown ranging from just -25% for Technology (TEC) to almost -60% for Energy (ENE). This
is especially interesting since Technology (TEC) is classified as cyclical sector, while Energy (ENE) belongs
the defensive sectors.
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statistics for our option-implied measures of tail risk from options with time to maturity of

30 days, over four different time windows.

Periods 1 2 3 4
Stats Mean Std Mean Std Mean Std Mean Std

SPX 0.157 0.021 0.167 0.006 0.282 0.079 0.406 0.095
MAT 0.101 0.066 0.141 0.056 0.059 0.096 0.128 0.156
CST 0.040 0.043 0.056 0.038 0.020 0.037 0.102 0.111
CDI 0.076 0.057 0.082 0.059 0.054 0.084 0.141 0.136
IND 0.109 0.064 0.128 0.054 0.054 0.079 0.171 0.148
HEA 0.086 0.051 0.136 0.050 0.095 0.076 0.110 0.127
ENE 0.102 0.039 0.105 0.010 0.119 0.107 0.467 0.351
FIN 0.143 0.041 0.144 0.029 0.182 0.128 0.336 0.245
TEC 0.116 0.073 0.162 0.053 0.072 0.095 0.233 0.175
UTL 0.058 0.040 0.041 0.023 0.028 0.037 0.135 0.179
Res1 0.072 0.039 0.093 0.039 0.041 0.051 0.124 0.100
Res2 0.099 0.035 0.123 0.027 0.089 0.042 0.272 0.144
Res3 0.105 0.034 0.115 0.020 0.094 0.064 0.235 0.132

Table 2: Summary Statistics - Slope - over time. The table reports the summary statistics (time-series
mean, and standard deviation) for the SPX and the 9 SPRD Sectors for different time periods: 1. before
COVID-19: 2019-06-01 - 2020-01-31, 2. right before the first drawdown: 2020-02-01 - 2020-02-19, 3. between
the first and the second drawdown: 2020-02-20 - 2020-03-04, 4. after the second drawdown: 2020-03-05 -
2020-05-22, for the option implied tail risk measure Slope calculated as in Section 2.2, with option maturity
of 1 month, sampled on a daily frequency. The tickers for the economic equity sectors are given in Table 1
Panel A. Sectors are aggregated according to Table 1 arithmetically into the three resilience groups, that is,
Low: Materials (MAT), Consumer Staples (CST), Consumer Discretionary (CDI), Mid: Industrial (IND),
Health Care (HEA), Energy (ENE), and High: Financial (FIN), Technologies (TEC), Utilities (UTL).

We also offer a graphical evidence of our results in Figure 2, in which we plot the realized

pattern of the Slope for the market index and the three resilience groups, between January

2020 and March 2020.6

Table 2 and Figure 2 document that the Slope slightly increases for the market index,

from 0.157 to 0.167, before the first market drawdown. Instead, when looking at the resilience

groups, we find a substantial heterogeneity. This result appears clearly in panel (b) of Figure

6The Slope measure for each of the 9 SPDR sectors is displayed in Figure A2. The Slope measure displays
a great heterogeneity in terms of levels and realized pattern over time and across sectors.
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2, where we plot with standardized values. Namely, we set the initial level of the Slope equal

to one for all groups. Already before the first market drawdown and even more between the

first and the second market drawdown, we observe that tail risk of the low resilient group,

as measured by the Slope, increases much more than that of the high resilient group.

From the observation of the market index, one could infer that investors’ fear started in

late February after the market crashed for the first time. Indeed, at this time we start observe

pandemic tail risk for the market index. Namely, the Slope computed for the market index

raises from 0.167 to 0.282. However, information from the three resilience groups provides a

better understanding of tail risk evolution. We document that the Slope increases for all the

three groups and that the Slope computed for the low resilience group climbs remarkably

more compared to the medium and the high resilience groups. The latter only shows a

moderate increase before the first market drawdown. The straightforward implication of

these plots is that, before the first market drop, investors consider more likely a downturn

for some specific sectors rather for the whole market. Actually, investors were concerned

about less pandemic-resilient sectors. Only towards the end of February investors’ fear

about the market index appears and suddenly market tail risk, as measured by the Slope,

increases much more than that of the three groups (in absolute terms).

We obtain similar insights when switching the attention to the Implied Skewness, for

which we provide summary statistics in Table 3. Note that negative values of the Implied

Skewness stand for a heavier left skewed distribution, thus signaling that investors consider

extreme negative events more likely compared to extreme positive events. We plot the Implied
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(a) SPX and Resilience Groups
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(b) SPX and Resilience Groups - standardised
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Figure 2: Slope measure for the SPX and the Resilience Groups. The figure displays the tail
risk measure Slope extracted for an option maturity of 30 days from the 1st of January 2020 until the
second drawdown which happened the 4th of March 2020. As described in Section 2.2 Slope is constructed
following Kelly, Pastor, and Veronesi (2016) and denotes the slope coefficient from the regression of OTM
puts’ implied volatilities on the same options’ deltas, where the option maturity corresponds to 1 month.
SPDR sectors are aggregated according to Table 1 arithmetically into the three resilience groups, that is,
Low: Materials (MAT), Consumer Staples (CST), Consumer Discretionary (CDI), Mid: Industrial (IND),
Health Care (HEA), Energy (ENE), and High: Financial (FIN), Technologies (TEC), Utilities (UTL). In
the plots the 10 days moving average is depicted.

Skewness for the market index and for the three resilience groups in Figure 3, respectively,

between January 2020 and March 2020.7

Figure 3 documents the slow reaction of the market index to pandemic risk and a substan-

tial heterogeneity across the three resilience groups. By observing the standardized evolution

of the Implied Skewness in panel (b), we note that tail risk of the market index exhibits a

flat pattern over our sample. By contrast, the Implied Skewness computed for the three re-

silience groups drop even before the first market crash. In particular, the Implied Skewness

of the low resilience group plunges sharply before the first market drawdown on February

20th, while the tumble of the Implied Skewness computed for the high resilience group is

7The IS measure for the 9 SPDR sectors is displayed in Figure A3. The IS displays a great heterogeneity
in terms of levels and dynamics over time and across sectors.
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Periods 1 2 3 4
Stats Mean Std Mean Std Mean Std Mean Std

SPX -1.472 0.179 -1.534 0.083 -1.469 0.161 -1.291 0.138
MAT -0.650 0.414 -0.939 0.408 -0.486 0.555 -0.320 0.347
CST -0.311 0.348 -0.518 0.335 -0.142 0.332 -0.379 0.402
CDI -0.572 0.408 -0.643 0.454 -0.253 0.389 -0.404 0.382
IND -0.713 0.424 -1.024 0.368 -0.372 0.596 -0.444 0.377
HEA -0.683 0.389 -1.075 0.440 -0.601 0.448 -0.379 0.383
ENE -0.646 0.193 -0.695 0.120 -0.536 0.258 -0.758 0.393
FIN -0.981 0.235 -0.928 0.275 -0.792 0.410 -0.669 0.355
TEC -0.762 0.437 -1.092 0.387 -0.380 0.484 -0.691 0.473
UTL -0.475 0.337 -0.336 0.187 -0.282 0.273 -0.373 0.359
Res1 -0.508 0.277 -0.700 0.324 -0.260 0.290 -0.363 0.281
Res2 -0.680 0.225 -0.931 0.252 -0.503 0.356 -0.574 0.323
Res3 -0.739 0.211 -0.786 0.177 -0.485 0.324 -0.577 0.331

Table 3: Summary Statistics - IS - over time The table reports the summary statistics (time-series
mean, and standard deviation) for the SPX and the 9 SPRD Sectors for different time periods: 1. before
COVID-19: 2019-06-01 - 2020-01-31, 2. right before the first drawdown: 2020-02-01 - 2020-02-19, 3. between
the first and the second drawdown: 2020-02-20 - 2020-03-04, 4. after the second drawdown: 2020-03-05 -
2020-05-22, for the implied skewness measure calculated as in Section 2.2, with option maturity of 1 month,
sampled on a daily frequency. The tickers for the economic equity sectors are given in Table 1 Panel A.
sectors are aggregated according to Table 1 arithmetically into the three resilience groups, that is, Low:
Materials (MAT), Energy (ENE), Consumer Staples (CST), Mid: Industrial (IND), Health Care (HEA),
Consumer Discretionary (CDI), and High: Financial (FIN), Technologies (TEC), Utilities (UTL).

much less pronounced. After experiencing another drawdown on the 20th of February the

Implied Skewness rebounds and starts to increase. While the market, the high and the mid

resilience group converge back to the same level, the Implied Skewness of the low resilience

group remains more negatively.

Overall, our option-implied measures of tail risk document a slow response of the market

index to the upcoming pandemic crisis. Instead, a prompt reaction can be detected when

using the lenses of resilience heterogeneity across the economic sectors. Indeed, we uncover

the timely reaction of firms more exposed to the social distancing provisions.
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(a) SPX and Resilience Groups
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(b) SPX and Resilience Groups (standardized)
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Figure 3: IS measure for the SPX and the Resilience Groups. The figure displays the IS extracted
for an option maturity of 30 days from the 1st of January 2020 until the second drawdown which happened
the 4th of March 2020. As described in Section 2.2 implied skewness, as a proxy for tail risk, is constructed
as in Bakshi, Kapadia, and Madan (2015) and quantifies the asymmetry of the risk-neutral distribution.
SPDR sectors are aggregated according to Table 1 arithmetically into the three resilience groups, that is,
Low: Materials (MAT), Consumer Staples (CST), Consumer Discretionary (CDI), Mid: Industrial (IND),
Health Care (HEA), Energy (ENE), and High: Financial (FIN), Technologies (TEC), Utilities (UTL). In
the plots the 10 days moving average is depicted.

3.2 Credit Default Swaps

An alternative way of measuring tail risk is via the information contained in CDS spreads.

In order to compare option-implied tail risk and CDS spreads we aggregate individual firms

into the economic sectors and in a second step into the three resilience groups. As a market

wide benchmark we analyze the CDX IG.

Table 4 presents the summary statistics of the CDS spreads from 5-year contracts, across

the four time windows.8 The low resilience group features the highest CDS spreads. In

particular, the CDS spreads of the low and middle resilience groups slightly increase before

the first market drawdown, whereas they rise substantially between the first and the second

8The CDS spreads for the 9 economic sectors are displayed in Figure A4. In line with the already discussed
tail risk measures, the CDS spreads of the nine economic sectors display heterogeneous dynamics over time.
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market drawdown. Instead, the CDS spreads of the high resilience group and the CDX IG

barely move over the sample. These patterns are similar when we standardize the CDS

spreads to be equal to one at the start of the sample, as documented in panel (b). Namely,

starting from the first of January the CDS spreads of the low and mid resilience group

increased by almost 30% right before the first market drawdown and up to 70% right before

the second market drawdown.9 In contrast to the behaviour of the option implied tail risk

measures, CDS spreads experience their largest increase especially after the first drawdown.

This is in line with the fact that CDS spreads are signaling a more dramatic event, such as

the bankruptcy of the firm, than equity prices tumbles.

Periods 1 2 3 4
Stats Mean Std Mean Std Mean Std Mean Std

CDX IG 0.005 0.001 0.005 0.000 0.006 0.001 0.008 0.002
MAT 0.034 0.019 0.033 0.020 0.048 0.012 0.036 0.019
CST 0.025 0.007 0.020 0.000 0.021 0.001 0.026 0.009
CDI 0.031 0.001 0.029 0.001 0.028 0.001 0.040 0.022
IND 0.016 0.006 0.015 0.007 0.025 0.005 0.023 0.006
HEA 0.012 0.001 0.011 0.000 0.011 0.000 0.014 0.001
ENE 0.027 0.008 0.030 0.002 0.038 0.004 0.064 0.050
FIN 0.012 0.000 0.011 0.000 0.011 0.001 0.015 0.001
TEC 0.013 0.000 0.013 0.000 0.014 0.001 0.016 0.002
UTL 0.013 0.001 0.012 0.002 0.012 0.002 0.013 0.002
Low 0.029 0.005 0.026 0.003 0.029 0.003 0.034 0.013
Mid 0.018 0.003 0.019 0.003 0.026 0.003 0.033 0.015
High 0.012 0.000 0.011 0.000 0.012 0.001 0.015 0.001

Table 4: Summary Statistics - CDS - over time The table reports the summary statistics (time-series
mean, and standard deviation) for the CDS spreads as described in Section 2.3 for the CDX IG, the 9
Economic Sectors, and the three resilience groups, for a maturity of 5 years sampled on a daily frequency
for different time periods: 1. before COVID-19: 2019-06-01 - 2020-01-31, 2. right before the first drawdown:
2020-02-01 - 2020-02-19, 3. between the first and the second drawdown: 2020-02-20 - 2020-03-04, and 4.
after the second drawdown: 2020-03-05 - 2020-05-22. Individual firms are aggregated according to Table
1 arithmetically into sectors and in a next step into the three resilience groups, that is, Low: Materials
(MAT), Consumer Staples (CST), Consumer Discretionary (CDI), Mid: Industrial (IND), Health Care
(HEA), Energy (ENE), and High: Financial (FIN), Technologies (TEC), Utilities (UTL). In the plots the
10 days moving average is depicted.

9The large increase of the Mid resilience group is due to the Industrials (IND) sector which has the
resilience rank of 4.
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(b) Resilience Groups (standardized)
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Figure 4: CDS measure for the CDX IG and the Resilience Groups. The figure displays the CDS
spreads as described in Section 2.3 for a maturity of 5 years sampled on a daily frequency from the 1st
of January 2020 until the second drawdown which happened the 4th of March 2020. Individual firms are
aggregated according to Table 1 arithmetically into sectors and in a next step into the three resilience groups,
that is, Low: Materials (MAT), Consumer Staples (CST), Consumer Discretionary (CDI), Mid: Industrial
(IND), Health Care (HEA), Energy (ENE), and High: Financial (FIN), Technologies (TEC), Utilities (UTL).
In the plots the 10 days moving average is depicted.

3.3 Long Horizon Tail Risk

In this section we analyze the three measures of tail risk studied so far but measured at the

longer horizons. We consider option-implied tail risk measures constructed from options with

a maturity of 30 days (as before), 360 days (1 year), 720 days (2 years). For the investigation

of CDS spreads we focus on three different CDS tenors: such as the 1, 5 (as the benchmark),

and 30-year time-to-maturity.

By doing so, we try to observe not only immediate tail risk but the investors expecta-

tions about the persistence of pandemic risk and their assessment about the recovery of the

economy. Similarly to the previous analysis, we continue to study tail risk across the three

pandemic-resilience groups.
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Panel (a) of Figure 5 diplays the Slope of the market index across option maturities.

The short-horizon Slope is substantially higher than long-horizon ones. In particular, short-

horizon Slope start to increase between the first and the second market drawdown, whereas

Slopes based on longer maturity options start to increase with a delay of about 20 days and

never reach the peak of short-horizon Slope. Panels (b), (c), and (d) of 5 provide the Slope of

the three resilience groups across option maturities. The Slopes of the low resilience group

shows a pattern across maturities similar to that of the market index Slopes. The short-

horizon Slope increases substantially after the second market drawdown, whereas the Slopes

based on longer maturity options react with delay. Instead, the Slopes of the medium and

high resilience groups do not feature marked asynchronous patterns across option maturities.

Finally, the Slopes of the market index tend to decline at the end of the sample, which is a

few weeks after the second market drawdown, whereas this is not the case for the Slopes of

the low resilient group.

We gather additional meaningful insights when drawing the Implied Skewness across

option maturities. First, the short-horizon Implied Skewness of the market index is larger

in magnitude than that computed from longer maturity options. This highlights the wide

market perception of an upcoming tail risk in the near future. Differently from the case of the

Slope, the Implied Skewness for any maturity decreases in magnitude in advance, right after

the first market drawdown. When looking at the resilience groups, a difference in the pattern

across different maturities is less pronounced. The short-horizon Implied Skewness rises

more in magnitude than long horizon one right before the first market drawdown. Instead,
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a decrease in magnitude for the three groups and all horizon can be observed between the

first and the second market drawdown.

Finally, we plot the term structure of the CDS spreads in Figure 7, for the three resilience

groups. We document that the spreads paid on the CDS with shorter tenor are larger—

supporting the idea that pandemic risk is interpreted to a large extent as transitory risk

and, hence, insuring against short-horizon risk is more costly. This pattern is particularly

evident for the low resilience group. Instead, the price of protection against a credit event

plunges quickly after the second market crash for the high resilience group. Therefore,

investors conjecture a strong reduction in credit risk of firms belonging to the high resilience

group—corroborating the idea that pandemic tail risk is perceived as transitory, at least for

those firms, whose workers can switch more easily to telework.

4 Conclusion

This paper offers a broad evidence about the investors perception of pandemic risk, both

before and during the large market drops that followed the outbreak of the Covid-19. Using

information conveyed by both options and credit default swaps, we highlight an interesting

heterogeneity across different economic sectors in the reaction to the pandemic. Firms suf-

fering more the effect of social distancing provisions display a dramatic increase in the tail

risk indicators in advance of the first market drop of late February 2020. Instead, we doc-

ument that the tail risk of the market index did not react before the upcoming crash. Our

findings suggest that investors were coherently accounting for tail risk of firms more exposed
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to the effects of the pandemic, thus hedging the risk of a near downturn. Overall, our anal-

ysis delivers intriguing insights about the importance of forward-looking tail risk measures,

encapsulated in stock and debt derivatives, in order to respond timely to exceptional and

unprecedented events with high economic impact.
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Figure 5: Term Structure - Slope - SPX and Resilience Groups. The figure displays the tail risk
measure Slope extracted for an option maturity of 30, 360, and 720 days from the 1st of January 2020 until
April 2020. As described in Section 2.2 Slope is constructed following Kelly, Pastor, and Veronesi (2016)
and denotes the slope coefficient from the regression of OTM puts’ implied volatilities on the same options’
deltas. In the plots the 10 days moving average is depicted. SPDR sectors are aggregated according to
Table 1 arithmetically into the three resilience groups, that is, Low: Materials (MAT), Consumer Staples
(CST), Consumer Discretionary (CDI), Mid: Industrial (IND), Health Care (HEA), Energy (ENE), and
High: Financial (FIN), Technologies (TEC), Utilities (UTL). In the plots the 10 days moving average is
depicted.

23

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3741292



(a) SPX

2020-01
2020-02

2020-03
2020-04

2020-05

date

1.6

1.4

1.2

1.0

0.8

30 360 720

(b) Low

2020-01
2020-02

2020-03
2020-04

2020-05

date

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

30 360 720

(c) Mid

2020-01
2020-02

2020-03
2020-04

2020-05

date

1.0

0.8

0.6

0.4

0.2

0.0

30 360 720

(d) High

2020-01
2020-02

2020-03
2020-04

2020-05

date

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

30 360 720

Figure 6: Term Structure - IS - Resilience Groups. The figure displays the IS extracted for an
option maturity of 30, 360, and 720 days from the 1st of January 2020 until June 2020. As described in
Section 2.2 implied skewness, as a proxy for tail risk, is constructed as in Bakshi, Kapadia, and Madan (2015)
and quantifies the asymmetry of the risk-neutral distribution. SPDR sectors are aggregated according to
Table 1 arithmetically into the three resilience groups, that is, Low: Materials (MAT), Consumer Staples
(CST), Consumer Discretionary (CDI), Mid: Industrial (IND), Health Care (HEA), Energy (ENE), and
High: Financial (FIN), Technologies (TEC), Utilities (UTL). In the plots the 10 days moving average is
depicted.
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Figure 7: Term Structure - CDS - SPX. The figure displays the CDS spreads as described in Section
2.3 for a maturity of 1, 5, and 30 years sampled on a daily frequency from the 1st of January 2020 until
June 2020. Individual firms are aggregated according to Table 1 arithmetically into sectors and in a next
step into the three resilience groups, that is, Low: Materials (MAT), Consumer Staples (CST), Consumer
Discretionary (CDI), Mid: Industrial (IND), Health Care (HEA), Energy (ENE), and High: Financial (FIN),
Technologies (TEC), Utilities (UTL). In the plots the 10 days moving average is depicted.
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Panel A: Sectors - Resilience
Metrics teleworkable emp teleworkable wage teleworkable manual emp teleworkable manual wage
Sector

MAT 0.312 0.392 0.271 0.353
ENE 0.353 0.438 0.331 0.419
FIN 0.553 0.631 0.495 0.578
IND 0.344 0.421 0.303 0.383
TEC 0.534 0.620 0.496 0.588
CST 0.294 0.372 0.256 0.335
UTL 0.467 0.578 0.439 0.546
HEA 0.454 0.530 0.406 0.484
CDI 0.330 0.406 0.285 0.364

Panel B: Sectors - Resilience - Rank
Metrics teleworkable emp teleworkable wage teleworkable manual emp teleworkable manual wage
Sector

MAT 2 2 2 2
ENE 5 5 5 5
FIN 9 9 8 8
IND 4 4 4 4
TEC 8 8 9 9
CST 1 1 1 1
UTL 7 7 7 7
HEA 6 6 6 6
CDI 3 3 3 3

Table A1: Sectors - Resilience. The table reports the Resilience measure provided by Dingel and Neiman
(2020). Thereby ”teleworkable emp (wage)” denotes the fraction of (wages to) jobs that can be done from
home estimated from O*Net data and ”teleworkable manual emp (wage)” denotes the fraction of (wages
to) jobs that can be done from home based on manual classification by the authors. Panel B displays the
relative rank of each sector based on the absolute values in Panel A. The mapping from NAICS to the
respective sector can be inferred from COMPUSTAT (gsector). SPDR sectors are named as an in Table 1,
that is, Materials (MAT), Energy (ENE), Consumer Staples (CST), Industrial (IND), Health Care (HEA),
Consumer Discretionary (CDI), Financial (FIN), Technologies (TEC), and Utilities (UTL).
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Figure A1: Cumulative Return for the 9 SPDR Sectors. The figure displays the cumulative return
from January 2020 up to April 2020 for the economic equity sectors. SPDR sectors are named as indicated
in Table 1, that is, Materials (MAT), Consumer Staples (CST), Consumer Discretionary (CDI), Industrial
(IND), Health Care (HEA), Energy (ENE), Financial (FIN), Technologies (TEC), and Utilities (UTL). In
the plots the 2 days moving average is depicted.
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Figure A2: Slope measure for the 9 SPDR Sectors. The figure displays the tail risk measure Slope
extracted for an option maturity of 30 days from the 1st of January 2020 until April 2020. As described
in Section 2.2 Slope is constructed following Kelly, Pastor, and Veronesi (2016) and denotes the slope
coefficient from the regression of OTM puts’ implied volatilities on the same options’ deltas, where the
option maturity corresponds to 1 month. SPDR sectors are named as an in Table 1, that is, Materials
(MAT), Consumer Staples (CST), Consumer Discretionary (CDI), Industrial (IND), Health Care (HEA),
Energy (ENE), Financial (FIN), Technologies (TEC), and Utilities (UTL). In the plots the 10 days moving
average is depicted.
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Figure A3: IS measure for the 9 SPDR Sectors. The figure displays the IS extracted for an option
maturity of 30 days from the 1st of January 2020 until April 2020. As described in Section 2.2 implied
skewness, as a proxy for tail risk, is constructed as in Bakshi, Kapadia, and Madan (2015) and quantifies
the asymmetry of the risk-neutral distribution. SPDR sectors are named as an in Table 1, that is, Materials
(MAT), Consumer Staples (CST), Consumer Discretionary (CDI), Industrial (IND), Health Care (HEA),
Energy (ENE), Financial (FIN), Technologies (TEC), and Utilities (UTL). In the plots the 10 days moving
average is depicted.
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Figure A4: CDS spread for the 9 Economic Sectors. The figure displays the CDS spreads as described
in Section 2.3 for a maturity of 5 years sampled on a daily frequency from the 1st of January 2020 until
April 2020. Individual firms are aggregated arithmetically into the nine economic sectors according to their
sector classification, that is, Materials (MAT), Consumer Staples (CST), Consumer Discretionary (CDI),
Industrial (IND), Health Care (HEA), Energy (ENE), Financial (FIN), Technologies (TEC), and Utilities
(UTL). In the plots the 10 days moving average is depicted.
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