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Abstract

Estimated benefits are necessary for a cost benefit analysis of Covid-19 sup-
pression. We propose a stock-market-based approach to estimate the benefits
of incremental suppression of Covid-19’s spread that will last till no new cases
are recorded for 14 days, the projected incubation period of Covid-19. This
approach’s empirical implementation uses a) total capitalization of 14 market
indices for large cap stocks; and b) an index’s estimated elasticity of cumula-
tive confirmed cases (CCC) obtained from a panel data analysis of 727 daily
observations in the period of 01/21/2020-04/03/2020. Our estimated benefits
of a hypothetical 10% reduction in CCC due to incremental suppression are
statistically significant (p-value < 0.05), ranging from US$0.76 billion for
Singapore to US$70 billion for the US. As the S & P 500 index’s capitalization
is 70% - 80% of the US total market capitalization, the adjusted US benefit es-
timate is up to US$100 billion. Finally, we verify that these estimated benefits
are empirically reasonable.
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1. Introduction

Estimated benefits are necessary in a cost benefit analysis of Covid-19 suppres-
sion, thus raising a substantive question: what are the estimated benefits of Co-

vid-19’s incremental suppression? This question’s relevance is underscored by
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the increasingly strong actions taken in late March of 2020 by the US and Euro-
pean governments to suppress Covid-19’s surging spread [1].

In this paper, we estimate the benefits of incremental suppression that result
in a hypothetical 10% reduction in Covid-19’s cumulative confirmed cases (CCC)
for 14 stock market locations in Asia, Europe, North America, and Australia.' If
these estimated benefits turn out to be relatively small, they suggest that incre-
mental suppression should not occur.

First detected in China in early December 2019, Covid-19 is officially a pan-
demic as of 03/12/2020 [1]. While Covid-19’s spread has peaked in China by
mid-February 2020, it continues to surge in other countries, as exemplified by
the US, Italy, Germany, Spain, France and UK, which in descending order had
the highest numbers of cumulative confirmed cases (CCC) on 03/31/2020 out-
side China [1].}

In response to Covid-19’s spread, governments have taken various suppres-
sion actions, including national border closures, business and school shutdowns,
public event cancelations, limits on social gathering, home isolations, mandatory
quarantines, local and international travel restrictions, and reduced service of
public transportation [1]. Such actions curb economic activities that accelerate
the spread of a viral disease [2].

As Covid-19 is recent, we can only find one study on benefits of suppression.
Specifically, [3] (p. 6) estimates that Covid-19’s total cost sans suppression in the
US exceeds US$13.2 trillion, comprising medical cost, value of lost productivity
and fatality cost based on value of statistical life [4]. The total cost estimate for a
78-week suppression period is US$15.8 billion, exceeding those for shorter pe-
riods [3] (p. 7). Hence, “it may be optimal to stop [suppression] before a vaccine
becomes available” [3] (p. 7).

Accepting that suppression will likely continue in the summer months of
2020, we propose a stock-market-based approach to estimate the benefit of in-
cremental suppression that will last till no new cases are recorded for 14 days,
the projected incubation period of Covid-19.> Since our focus is incremental
suppression’s estimated benefits, it differs from [3]’s focus of whether suppres-
sion should end before a vaccine becomes available.

Recognizing Covid-19’s damaging effect on stock prices [5], our approach pre-
sumes that a firm’s stock price measures the present value (PV) of future profits
[6]. Our approach has two parts. Part 1 explains the benefit calculation based on

"The US number of CCC on 04/03/2020 is 213,600 [1]. The hypothetical 10% reduction in CCC

equals 21,360 confirmed cases, thus easing the highly stressed healthcare system in the US.
2]

https://www.theguardian.com/world/2020/mar/20/chinese-inquiry-exonerates-coronavirus-whistle
blower-doctor-li-wenliang

*Daily Covid-19 updates are available at: https://coronavirus.jhu.edu/map.html.

*A safe and effective vaccine is at least a year away
(https://www.theguardian.com/world/2020/apr/03/when-will-a-coronavirus-vaccine-be-ready). In the
meantime, Covid-19’s spread will likely subside when a large percentage (e.g., 80%) of the surviving
population have developed immunity, reducing the chance of an uninfected person becoming in-

fected (https://time.com/5810454/coronavirus-immunity-reinfection/).
5

https://www.npr.org/sections/health-shots/2020/04/01/824903684/the-science-behind-a-14-day-qua
rantine-after-possible-covid-19-exposure
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a stock market index’s (“index’s” for short hereafter) capitalization and CCC
elasticity € = percentage change in the index due to 1-perecent change in CCC.
Part 2 is a double-log regression, whose estimation yields an index’s CCC elas-
ticity. As the number of cumulative deaths is driven by the number of CCC,® an
index’s increase due to a decline in CCC captures the life-saving effect of incre-
mental suppression on an index.”

To develop our approach’s empirics, we conduct a panel data analysis of 14
daily indices for large cap stocks during 01/21/2020-04/03/2020.® These stock
markets are chosen based on Covid-19 spread’s geographic variations over time.
Our three key findings are as follows. First, an index’s estimated CCC elasticity
is small, ranging from —0.010 to —0.057. Second, a hypothetical 10% reduction in
CCC caused by incremental suppression is estimated to increase market capita-
lization by US$0.76 billion for Singapore to US$70 billion for the US. An ad-
justment to reflect a large cap index’s underrepresentation of a stock market mag-
nifies these benefit estimates. For the US, the adjusted benefit estimate is up to
US$100 billion. Finally, we verify that our estimated benefits are empirically rea-
sonable. To the best of our knowledge, these findings are new, chiefly because of
our research focus and data recentness.

The rest of this paper proceeds as follows. Section 2 states our benefit formula,
regression specification, testable hypotheses, and data construction. Section 3
presents our initial exploration, regression results, estimated benefits, and final
checks. Section 4 concludes by recapping our key findings and stating the ca-

veats of our paper.

2. Materials and Methods

2.1. Benefit Formula

Let I denote index & for k=1---,14. Suppose I/s elasticity with respect to
market Ks CCC is & =aIn(l,)/dIn(CCC, )<0. The percentage increase in
market £s capitalization in response to Aln(CCCy) < 0 caused by incremental

suppression is:

Y, = xAlIn(CCC,)>0. 1)

Let Vi denote index K’s capitalization. The dollar increase in Vjis:
AV, =V, xY, >0, )

“This is because confirmation typically precedes death, unless a Covid-19 patient dies before detec-
tion, a relatively rare event due to increased Covid-19 testing of symptomatic people and asympto-
matic people who have been in an area of a Covid-19 outbreak or had close contact with a confirmed
Covid-19 patient.

"To see this point, consider a simple function y= f{x, 2). If z= g(x), it can be written as y = A(x).
8There are three reasons supporting our index choice. First, these widely available indices are com-
monly used for measuring market returns. Second, they are highly correlated with the total market
indices. Using the US as an illustrative example, the S & P 500 index is highly correlated (r > 0.95)
with the total market index Wilshire 5000. Finally, using large cap indices results in conservative
benefit estimates that mitigate criticisms of overestimation. For the US example, the S & P 500 in-
dex’s capitalization is 70% - 80% of the US total market capitalization. To counter the argument that
the benefit estimate based on the S & P 500 index is unreasonably low, we adjust the US estimate
based on the S & P 500 index’s share of the US total market capitalization.
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which is a conservative estimate when Vj is less than market £'s total capitaliza-
tion. For the US example, the S & P 500 index’s capitalization is 70% - 80% of
the US total market capitalization. Hence, if D V; is based on the S & P 500 in-

dex, its understatement can be as much as 43% [= (1/0.7) — 1].

2.2. Regression Specification

Applying Equation (1) requires an estimate for &, which can be obtained from a
panel data analysis based on the following double-log regression with random

error . [91%:

In(1,)=2;e In(X, )+Fixed effects + 1, ;"° 3)

where Iy is market s index on day £ Whether Equation (3) is empirically
plausible is best judged by the regression results reported in Section 3.2 below.

There are three reasons for our choice of a double-log specification. First,
a,=0In(1,)/dIn(X,) is an elasticity, measuring an index’s percentage change
due to a 1-percengt change in Xi; = (1 + number of CCC; on day ?). Justifying
Xi/'s definition is avoidance of missing data caused by In(0) being undefined."!
Since CCCyis well above 200 for all &by 03/31/2020 [1], ay is numerically iden-
tical within two digits to &."> We expect ax < 0 because of Covid-19’s damaging
effect on stock prices [5]. To identify ai, we assume ay is a linear function of bi-
nary indicators for market location. The fixed effects are controls for market lo-
cation, day of week and month of year.'?

Second, it circumvents the problem of population differences because a coun-
try with a large population tends to have higher CCC than a country with a small
population.

Third, it resolves the scale differences among indices, as exemplified by the
US’s S & P 500 index that was below 3000 and Hong Kong’s HSI that was above
20,000 during our chosen sample period of 01/21/2020-04/03/2020, see Section
2.5 below.

We end this section by noting that Equation (3) does not use In(1 + number of
cumulative deaths) as an additional regressor because it is highly correlated (r>
0.9) with In(Xw), causing severe multicollinearity that leads to imprecise and
counter-intuitive coefficient estimates. Further, Equation (3) does not include
government announcements of relief packages because these announcements are

driven by Covid-19’s spread severity, which is already captured by In(X).

*We decide not to use a CAPM-based approach (e.g., [5]) that does not readily produce the elasticity
estimates necessary for computing D V.

9This regression is spurious when its residuals are non-stationary [7]. Hence, after estimating Equa-
tion (3), we used the panel unit root test proposed by [8] to reject the hypothesis that the regression
residuals follow a random walk.

"The number of CCC in January 2020 is zero for European countries [1].

2To see this point, consider the simple example of In(y) = bIn(1 + n) where n is a positive integer.
As din(y)/din(n) = b [n/(1 + n)], b= 0.995 x dn(y)/dn(n) at n = 200.

“When estimating Equation (3), we performed the Hausman test [9] (Chapter 10) to reject the hy-
pothesis that Equation (3) should be based on random effects.
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2.3. Testable Hypotheses

Denoting equation (3) as Model 0, we use the F-test to test three hypotheses for a

better understanding of an index’s CCC responsiveness:

e H;: All markets have the same elasticity, which implies Model 1 with ax = a
for all &

o H,: Fixed effects do not matter, which implies Model 2 that excludes fixed ef-
fects.

e Hi: Identical elasticity and no fixed effects, which implies Model 3 that re-

stricts ax = a for all kand excludes fixed effects.

2.4. Data Construction

To construct our panel data, we use 14 daily indices for large cap stocks listed in
Figure 1 and daily CCC data provided by Johns Hopkins University (JHU). Our
sample period is 01/21/2020-04/03/2020, whose beginning date is when JHU
first published CCC data and ending date reflects the data available at the time of
our writing. The resulting sample contains 727 daily observations, a newly created
Covid-19 dataset that differentiates our paper from [3] and studies on prior
pandemics such as SARS and Ebola (e.g., [10] and [11]).

3. Results

3.1. Initial Exploration

To presage Covid-19’s damaging effects, Figure 1 portrays the cumulative losses
suffered by the 14 chosen markets. China’s loss is noticeably lower than those of
other countries, likely because China’s earlier Covid-19 outbreak has already
dampened China’s stock market.

For the seven countries most affected by Covid-19 as of 04/03/2020: the US,
China, Italy, Germany, Spain, France and UK, Figure 2 shows that their in-
dices tend to decline with CCC. It also highlights that China’s Covid-19 spread
peaked in mid-February 2020 when those of the other six countries began to
accelerate, painting a time profile that aids our estimation of an index’s CCC
elasticity.

Table 1 contains our sample’s descriptive statistics and correlation. While in-
formative, the correlation coefficient of —0.3 does not reveal elasticity ays size, a

task to be accomplished by the regression results reported below.

3.2. Regression Results

Table 2 reports our regression results, leading to the following inferences. First,
Model 0’s within R value is 0.85, suggesting Equation (3) reasonably fits the in-
dex data. Further, Model 0’s coefficient estimates are all statistically significant
(p-value < 0.05) and have correct signs. Hence, Model 0 is an empirically plausible
representation of the data generating process for the 14 indices.

Second, Model 0’s estimated elasticities range from —0.010 for China to
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—0.057 for Taiwan. The a;, estimate for the US is —0.028, implying a 10% de-
crease in CCC tends to increase the S & P 500 index by 0.28%. The remaining

elasticity estimates tell a similar story.
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Notes: 1) Cumulative loss = In(closing index level on 01/20/2020) - In(closing index level on
04/03/2020). 2) The 14 market indices are: a) Asia: CSI300 (China), HSI (Hong Kong), TAIEX (Tai-
wan), STI (Singapore), Nikkei 225 (Japan), KOSPI (South Korea); b) Europe: DAX (Germany), FTSE
100 (UK), CAC 40 (France), IBEX (Spain), FTSE MIB (Italy); c) North America: S & P 500 (US), S &
P/TSX (Canada); and d) ASX 200 (Australia).

Figure 1. Cumulative losses by market for the period of 01/21/2020-04/03/2020 that
matches the availability of Covid-19 data published by Johns Hopkins University.

Table 1. Descriptive statistics and correlations based on 727 daily observations in the sample period of 01/21/2020-04/03/2020.

Variable [expected market effect] Mean Standard deviation Minimum  Maximum  Correlation coefficient
In(daily stock market index) 8.95 0.80 7.28 10.25 1.00
In(1 + number of cumulative confirmed cases) [-] 5.21 347 0.00 12.53 -0.30
In(MSCI total market index) 6.96 1.23 4.24 9.40 0.25
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Figure 2. Graphic representation of country-specific natural-log values of market index and (1

+ number of cumulative confirmed cases).

Finally, the F-test results decisively (p-value < 0.0001) reject A, to Hs. A close
inspection of the elasticity estimates produced by Models 1 to 3 leads to the fol-
lowing remarks. First, Model 1’s estimated elasticity is —0.033, matching the
mid-point of the range produced by Model 0. Second, Model 2 yields statistically
significant elasticity estimates with wrong signs, implying that it should not be
used for our benefit calculation. Third, Model 3’s elasticity estimate is —0.068,
much larger in size than Model 0’s. Hence, we decide not to use Model 3 to

avoid overstating the benefit estimates.

3.3. Estimated Benefits

To estimate the benefits of a hypothetical 10% decrease in CCC, we use each
index’s capitalization on 04/03/2020 as the reference case of no incremental
suppression. As market capitalization on 04/03/2020 could have reacted to
government announcements of increasingly strong actions, our estimated bene-
fits correspond to additional anti-Covid-19 actions beyond those already an-
nounced.

Figure 3 portrays the A Vi estimates based on Model 0’s elasticity estimates
reported in Table 2. These A V; estimates range from US$0.76 billion for Singa-
pore to US$70 billion for the US. Since the S & P 500 index’s capitalization is
70% - 80% of the US total market capitalization, we multiply our US estimate of
$70 billion by 1.43 to derive an adjusted estimate of up to US$100 billion, which
is far less than the ~US$13 trillion benefit inferred from [3].} This is unders-
tandable because our US benefit estimate is based on incremental suppression,
whereas the inferred estimate is based on a comparison of two cost scenarios:

without suppression vs. with suppression.

14US$13.2 trillion cost without suppression - US$15 billion cost with suppression = ~US$13 trillion.
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Table 2. Results from a panel data (fixed effects) analysis of large cap index data based on 727 daily observations in the sample

period of 01/21/2020-04/03/2020.

Variable [coefficient]

Model 0: Equation

(3) that has varying Model 1 under
elasticities (ax # a)
and includes fixed elasticity (ax = a)

Model 3 under Hs:
Identical elasticity
(ax= a) and no

Model 2
under H>: No
fixed effects

H: Identical

effects fixed effects
R within 0.8531 0.8306
R%: between 0.0132 0.1239
R overall 0.0168 0.0779 0.7896 0.0882
In(1 + number of cumulative confirmed cases): not country-specific [a] -0.0332 —0.0684
In(1 + number of cumulative confirmed cases): China [a1] -0.0102 —0.0847
In(1 + number of cumulative confirmed cases): Hong Kong [a:] —-0.0348 0.1912
In(1 + number of cumulative confirmed cases): Taiwan [as] -0.0573 0.0165
In(1 + number of cumulative confirmed cases): Japan [a] —0.0463 0.1232
In(1 + number of cumulative confirmed cases): Korea [as] -0.0283 -0.2156
In(1 + number of cumulative confirmed cases): Singapore [as] —-0.0538 -0.2473
In(1 + number of cumulative confirmed cases): Italy [a] -0.0334 0.0657
In(1 + number of cumulative confirmed cases): France [as] —-0.0385 -0.0981
In(1 + number of cumulative confirmed cases): Germany [a] -0.0376 0.0072
In(1 + number of cumulative confirmed cases): Spain [aio] —-0.0344 -0.0372
In(1 + number of cumulative confirmed cases): UK [ai1] -0.0352 -0.0736
In(1 + number of cumulative confirmed cases): US [ai.] -0.0283 -0.1591
In(1 + number of cumulative confirmed cases): Canada [ai3] -0.0436 0.0598
In(1 + number of cumulative confirmed cases): Australia [ai4] -0.0526 —0.0984
p-value of the F-statistic statistic for testing Hn for m=1, 2, 3 <0.0001 <0.0001 <0.0001

Notes: 1) For brevity, this table omits the estimated intercept and fixed effects that are highly statistically significant (p-value < 0.01). 2) The CCC elasticities
are labelled according to their continental locations: Asia’s elasticities are a1 to as, Europe’s a; to a1, North America’s a1 and ai3, and Australia’s as. 3) We
use robust standard errors clustered by market that are heteroskedasticity-autocorrelation-consistent to determine the coefficient estimates’ statistical signi-
ficance. 4) Coefficient estimates in bold are statistically significant (p-value < 0.05) and have correct signs. Coefficients estimates in italic are statistically
insignificant (p-value > 0.05) and have wrong signs. Coefficients estimates in italic are statistically significant (p-value < 0.05) and have wrong signs.
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Notes: (1) The benefit calculation is based on equations (1) and (2) in Section 2.1. (2) The elasticity
estimates are those reported in Table 2.

Figure 3. Estimated benefits (based on big cap indices’ capitalization) of a hypothetical
10% reduction in the number of cumulative confirmed cases.
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3.4. Final Checks

We perform three final checks of the estimated benefits reported in the last sec-
tion, finding them empirically reasonable.

First, we use the estimated version of Equation (3) to calculate the increase in
S & P index’s capitalization under the what-if scenario of no Covid-19 outbreak.
This calculation yields A Vi; = — Vi, X a2 x In(Xi;) = US$8.77 trillion, where 17,
=S & P 500 capitalization on 04/03/2020 = $24.7 trillion, a, = a; estimate =
—0.0283, and In(X3,;) = In(1 + number of CCC in the US on 04/03/2020) = 12.53.
The US$8.77 trillion increase is equivalent to a 26% [= 8.87/(8.87 + 24.7)] cu-
mulative loss in total capitalization since 02/21/2020, which is reasonably close
to the 29% cumulative loss shown in Figure 1.

Second, we multiply A Vj, = US$8.77 trillion by the 1.43 adjustment factor to
account for the S & P 500 index’s market underrepresentation. The adjusted
A Vi, is US$12.54 trillion, comparable to the ~US$13 trillion estimated benefit of
suppression inferred from [3]. Thus, our estimated increase in total market capita-
lization under the scenario of no Covid-19 outbreak resembles the benefit of sup-
pression inferred from an economic cost comparison, notwithstanding that these
two numbers are derived from very different methodologies and data sources.

Finally, we re-estimate Equation (3) using the MSCI total market index data
which are much less frequently used by financial news media than the big cap
stock index data. Except for China with a correlation coefficient of 0.84, the MSCI
data are highly correlated (r> 0.95) with the large cap index data. Table 3 reports
the re-estimation results that are comparable to those reported in Table 2, lend-
ing support to our expectation that an index’s CCC elasticity estimate should only
be modestly sensitive to the choice between large cap index data and total market
index data. A good case in point is that the newly found CCC elasticity estimate
for the US is —0.0287, almost identical to the corresponding estimate of —0.0283 in

Table 2. Figure 4 portrays the estimated benefits of incremental suppression,
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Notes:(1) The benefit calculation is based on Equations (1) and (2) in Section 2.1. (2) The elasticity
estimates are those reported in Table 2.

Figure 4. Estimated benefits (based on MSCI total market indices’ capitalization) of a
hypothetical 10% reduction in the number of cumulative confirmed cases.
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Table 3. Results from a panel data (fixed effects) analysis of MSCI total market index data based on 727 daily observations in the
sample period of 01/21/2020-04/03/2020.

Model 0: Equation

Variable [coefficient] elasti.cities (ax# a) zlasticity under H>: No (a= a) and noy
and includes fixed fixed effects
effects (ax= a) fixed effects
R within 0.8460 0.8008
R%: between 0.0019 0.3470
R overall 0.0145 0.1046 0.8425 0.1361
In(1 + number of cumulative confirmed cases): not country-specific [a] —-0.0345 -0.1308
In(1 + number of cumulative confirmed cases): China [ai] -0.0219 -0.2539
In(1 + number of cumulative confirmed cases): Hong Kong [a:] —-0.0415 0.4293
In(1 + number of cumulative confirmed cases): Taiwan [as] —-0.0571 —-0.2965
In(1 + number of cumulative confirmed cases): Japan [a] —-0.0394 0.1429
In(1 + number of cumulative confirmed cases): Korea [as] -0.0325 -0.1549
In(1 + number of cumulative confirmed cases): Singapore [as] -0.0674 0.1799
In(1 + number of cumulative confirmed cases): Italy [a] —-0.0331 —-0.1952
In(1 + number of cumulative confirmed cases): France [as] —-0.0385 0.0239
In(1 + number of cumulative confirmed cases): Germany [a] —-0.0382 0.0292
In(1 + number of cumulative confirmed cases): Spain [aio] -0.0337 -0.1604
In(1 + number of cumulative confirmed cases): UK [ai1] —0.0458 -0.0573
In(1 + number of cumulative confirmed cases): US [ai.] —-0.0287 0.0854
In(1 + number of cumulative confirmed cases): Canada [ai3] —-0.0539 0.0117
In(1 + number of cumulative confirmed cases): Australia [ai4] —-0.0743 —0.0924
p-value of the F-statistic statistic for testing Hn for m=1, 2, 3 <0.0001 <0.0001 <0.0001

Notes: 1) For brevity, this table omits the estimated intercept and fixed effects that are highly statistically significant (p-value < 0.01). 2) The CCC elasticities
are labelled according to their continental locations: Asia’s elasticities are a1 to as, Europe’s a; to ai1, North America’s a1 and a3, and Australia’s ais. 3) We

use robust standard errors clustered by market that are heteroskedasticity-autocorrelation-consistent to determine the coefficient estimates’ statistical signi-

ficance. 4) Coefficient estimates in bold are statistically significant (p-value < 0.05) and have correct signs. Coefficients estimates in italic are statistically

insignificant (p-value > 0.05) and have wrong signs. Coefficients estimates in italic are statistically significant (p-value < 0.05) and have wrong signs.

revealing 1) the estimated benefits in this figure are for the most part larger than
those in Figure 3; and 2) the US estimated benefit based on total market capita-
lization is below US$100 billion.

4. Conclusion

This paper proposes a stock-market-based approach to estimate the benefit of a
hypothetical 10% reduction in cumulative confirmed cases due to incremental
suppression of Covid-19 spread. The resulting estimated benefits for the 14 cho-
sen stock markets range from US$0.76 billion for Singapore to US$70 billion for
the US. The adjusted estimate for the US is up to US$100 billion, owing to the S
& P 500 index’s 70-80% share of the US total market capitalization. Finally, we

verify that our estimated benefits are empirically reasonable.
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