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Abstract

Although the employment of the value of a statistical life (VSL) is a cornerstone of
USA governmental risk analysis, many argue that the VSL is flawed when evaluat-
ing proposed regulations. The VSL is only an estimate of the willingness to accept
wage versus risk, which may be inaccurate for policies that mitigate large risks in
pandemics, such as COVID-19. The VSL is revisited using a different approach and
utilized in measuring the total value of loss from deaths caused by COVID-19 for 48
selected countries. The modified theory of the demand for health by Gary Becker is
utilized to measure the VSL resulting from consumer optimization of utility, subject
to constraints and investments in health made to change their survivorship at differ-
ent ages. Estimates show that the VSL for an average American is around $7.2 mil-
lion compared to the world VSL of about $1.3 million. Switzerland has the highest
VSL of approximately $9.4 million. The total value of loss from deaths caused by
COVID-19 is around 6.1% of the USA GDP, compared to the global loss of 1.2%
of the world’s GDP, while Belgium has the highest value of loss with 9.7% of its
GDP. The best possible data and procedures are necessary to make robust and reli-
able public health decisions while responding to the COVID-19 pandemic. The VSL
measure introduced here can be applied to a specific individual, group, or popula-
tion. It is comprehensive, straightforward, generalizable, and provides a consistent
measure with the most popular methods. More importantly, it provides an added
value to the existing methods that enable us to break down the VSL into two main
components, one that accounts for working time. The other accounts for leisure time
and different diminishing consumption and discount rates.
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Introduction

The role of economics in understanding the potential and possible impacts of
COVID-19 is vital at this point, especially in the value of life and death.

The COVID-19 pandemic will have long-term implications for most, if not all,
populations, and its impact on economic sectors will surely be the media’s focus
over the next years.

Governments worldwide face a considerable challenge of when and how their
respective economies can be safely reopened. Countries took mitigative measures
to lower the risk of ICU bed shortages, such as closing public facilities and regu-
lating the number of people allowed in gatherings or workplaces. While these
measures allotted a lower short-term loss of life, they also stunted much of the
economic growth seen over the past decade. The longer these measures last, the
deeper the trenches become that economies will need to dig themselves out of
over the next decade.

The COVID-19 pandemic has brought a flood of research papers where the
value of a statistical life (VSL) is used to estimate the benefits of government
actions from lockdowns, social distancing, and distance learning, amongst many
other COVID-19 mitigations.

Best defined by Viscusi, the VSL is the monetary tradeoff amount—or in sim-
pler terms, the wage—that a worker accepts when there is an increase of work-
place fatality risks (Viscusi 2018a, b). The VSL is the calculation that the USA
government uses to assess their health, safety, and environmental regulations. It
is the most popular calculation that researchers depend on when evaluating work-
place risks; however, the statistic comes with its own controversies. Many argue
that the VSL is insufficient for being the basis in evaluating regulations since it
is only an estimate of the willingness to accept wage versus risk, which may be
inaccurate for policies that mitigate large risks in pandemics such as COVID-19
(Adler 2020; Adler 2019; Adler et al., 2021; Alvarez et al. 2020; Blackorby et al.
2005). Others posit that the measure is affected by biases and is not accurate when
foregoing the difference in occupation, industry, age, and cohort group (Aldy and
Viscusi 2008; Viscusi 2004; Viscusi 2018a, b). Although these concerns were
addressed recently by Viscusi (2020) and more specifically when attempting to
personalize the VSL levels to the circumstances of the individuals under study,
Viscusi argues that the adoption of an average VSL that does not account for dif-
ferences in age and income using the adjustments proposed in his paper repre-
sents a departure from strict efficiency guidelines in that it incorporates equity
concerns (Viscusi 2020).

Even though the literature on the VSL is rich, and differences in occupation,
industry, age, and cohort group have been addressed by scholars, there are several
fundamental concerns with respect to these valuations and how accurate, individ-
ual-specific, and internationally applicable and comparable these valuations are.

In this paper, our objective is to provide a different method to estimate the
VSL of total deaths caused by COVID-19 that account for differences in age
and income, incorporate the value of lost utility, the value of leisure time,
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individual-specific. It can be applied on an international level that enables poli-
cymakers to balance the benefits of the health risk reductions and the costs of
economic dislocations.

The value of a statistical life (VSL)

The dominant policy approach to monetizing mortality risk reductions is the VSL.
The VSL represents the monetary amount people need to be paid to accept addi-
tional risk in their lives. However, the ease and regularity of the VSL usage come
with the disadvantages of biases in the publication process, lack of recognition of
the differences between occupation and industry as well as the ambiguity of the
effect age and cohort group have on the value (Aldy and Viscusi 2008; Kip Viscusi
2004; Viscusi 2018a, b). This paper will present the theoretical research behind the
VSL then the numerical analysis before introducing a new method of calculating the
VSL based on Gary Becker’s method found in his paper "Health as Human Capital:
Synthesis and Extensions" (Becker 2007).

In a 2018 paper, Viscusi states that when publishing research, it is possible for
researchers to have publication selection bias and best-estimate selection bias when
choosing VSL values. These biases cover the possibility that researchers may use
estimates that are most likely to be published or choose the value from their pre-
ferred model. Fortunately, Viscusi states that the biases are only moderate when
studying data from the Bureau of Labor Statistics Census of Fatal Occupational
Injuries (CFOI). Viscusi offers solutions such as undertaking meta-regression stud-
ies, focusing on characteristics associated with studies with the least biases, and hav-
ing government agencies work with researchers to identify reliable estimates (Aldy
and Viscusi 2008; Viscusi 2015).

Viscusi details in 2004 how the current ways of measuring VSL do not differenti-
ate between occupation and industry. Viscusi argues that this disadvantage creates
four deficiencies: (1) erroneous variables; (2) failure of significant full-sample esti-
mates; (3) failure in the analysis of nonfatal job risks; and (4) grouping all workers
in the same industry or occupation under the same value of job risk. These deficien-
cies dilute and deviate the actual job risk, dampening the credibility of the VSL.
Viscusi calls for a more robust database of evidence, concluding that VSLs can dif-
fer significantly once measurements are disaggregated (Viscusi 2004).

Lastly, a 2008 study by Aldy and Viscusi argues that the effect of age and cohort
is not analyzed accurately during wage-risk tradeoffs. The ambiguity behind these
factors maybe for a good reason. The authors state that the relationship age and
cohort have with VSL is incredibly complex; however, they end up finding the rela-
tionship to be an inverted U-shape, signaling that the VSL rises and then falls with
age. Aldy and Viscusi state that age and VSL are linked through factors such as "life
cycle consumption pattern" while arguing that VSLs vary per age cohort (Aldy and
Viscusi 2008; Viscusi 2019).

Many studies have utilized the VSL to make significant and costly efforts to
reduce mortality by comparing the anticipated economic costs to the accumu-
lation of saved VSLs. The VSL reported in the reviewed studies was between
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$1 million to $10.3 million for an average American, and these values are not
adjusted for publication selection effects (Bethune and Korinek 2020; Goldstein
and Lee 2020; Hammitt 2019, 2020; Pindyck 2020; Robinson et al. 2021). In
2003, Viscusi and Aldy estimated the USA’s VSL to be $10 million, based on
estimates of the extra wages that workers received to accept increased fatality risk
at work (Viscusi and Aldy, 2003). The USA government uses an average VSL for
the population (Hammitt 2019; Johansson, 2019; Viscusi 2020). When the VSL
was estimated based on age across the 35 cohorts (weighted for the different pro-
portions of the age groups), the value ranged approximately between $300,000 to
$37 million with an average VSL of $8,635,355 (Adler 2020).

A comparison by Robinson et al. (2021) between the VSL estimates based on
three different approaches: (1) an invariant population-average VSL; (2) a con-
stant value per statistical life-year (VSLY); and (3) a VSL that follows an inverse-
U pattern, found that the average VSL estimates were $10.63 million, $4.47 mil-
lion, and $8.31 million, respectively, when applied to the USA COVID-19 deaths.
However, despite the importance of these estimates, the analysis does not address
other factors such as income level, change in risk, or uncertainty, among many
other factors (Robinson et al., 2020).

Viscusi (2020) addressed the international differences by using income elas-
ticity to estimate an international VSL derived from the USA VSL to provide
country-specific global mortality cost estimates. He pointed out the need for both
comprehensive and individual-specific estimates of the VSL to reflect the meas-
ure’s heterogeneity and address the personal valuations of risk besides age and
income adjustments.

Therefore, deficiencies exist in the VSL when using the traditional cost—benefit
analysis method. The vast majority of the cost—benefit analysis value comes from
foregone earnings and does not account for leisure time and utility loss nor pref-
erences for risk reductions. Personalizing the VSL to a particular individual, or
even to specific countries, is becoming a primary focus of public health officials
during the COVID-19 pandemic.

The VSL can be revisited and measured using the modifications to the theory
of the demand for health done by Becker in "Health as Human Capital: Synthesis
and Extensions," where Becker presents the theory of human capital and inte-
grated various contributions previously relevant yet ignored ideas into the model.
Becker uses the results of the consumer optimization analysis to their utility over
time, subject to constraints in budgeting and to investments in health made to
change their survivorship at different ages (Becker 2007).

Becker’s contributions enable us to calculate the VSL, now definable as the
tradeoff between wage and risk, while also accounting for the loss of leisure, dif-
ferences between average and marginal utilities in combination with losses from
foregone earnings.

A more formal representation of the model is presented in his paper by using
the expected utility function that is homogeneous of degree y, simplified to a two-
period model, and maximized subject to a budget constraint, as indicated below
in the maximization problem:
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In the above first-order condition with respect to investment in health (h) rep-
resented in Eq. (4), the willingness to pay is given by the right-hand side of the
equation, and the change in the probability of survival (ds) is explicitly on the left-
hand side. Therefore, the maximization problem developed by Becker concerning
consumption goods, leisure, and investments in health, along with the concavity of
the utility function, results in the formula (5) as below that gives an estimate of the
value of a statistical life life that basically equals full wealth, adjusted upwards for
the degree of concavity in the single period utility functionl/y (Eq. (14) in Becker’s
paper p. 385):

I 11
Tny &) =Gy 6 ®)

where C is full consumption in period 1.
Therefore, the VSL is the value calculated in Becker’s Eq. (5) above discounted at
an interest rate r as shown in Eq. 6 below:

VSL =V/r 6)
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The VSL developed by Becker; represents the tradeoff between wage and risk
is given by the marginal costs for investments in longevity and equals full wealth,
including the value of leisure weighted by the parameter that indicates the extent
of the concavity of the utility function (i.e., the extent of the diminishing mar-
ginal utility of consumption that is equal to y (Details on pp. 382385, Becker
2007).

The investments in health are made because the increase in life adds to lifetime
wealth; however, there is a diminishing marginal utility of consumption when the
homogeneity degree is less than one (y < 1) and investments in health are greater
than investments made to maximize wealth. Investments are made because addi-
tional spending on consumption adds marginal utility while spending on health
adds years to life and average utility; since average utility is greater than mar-
ginal utility, total utility increases. A greater utility function’s concavity causes a
smaller y, and thus more benefits to invest in health and survive longer.

Using the above VSL formula, the calculations differ for people with different
wealth, age, survival probability, and other factors. These factors are embodied in
the utility function and reflected in y that appears in the formula derived for cal-
culating the VSL. The VSL measured by using the formula above depends on the
following parameters:

1. The interest rate r
The extent of the diminishing marginal utility of consumption that is equal to y
which is between 0 and 1.

3. The full wealth that depends on the wage rate and the total amount of available
time for work and leisure.

The novelty of the VSL formula is that the willingness to pay to reduce the
chances of dying considers not just the foregone income, but the lost utility that
also includes the value of leisure time, as Beker (2007) indicated and that most of
the statistical value of life comes not from foregone earnings, but from the loss of
leisure time, and differences between average and marginal utilities.

Moreover, the above formula can be used to represent a single individual VSL
with his (her) own time preferences, wage rate, interest rate, the extent of the
diminishing marginal utility of consumption that is equal to y, and most impor-
tant, leisure time, which all depends on the individual’s age, occupation, gender,
and many other factors reflected in y.

The introduced VSL formula can be used with averages for individuals or a
specific group of people, gender, ethnicity, or population. Hence, a more accurate
and valid judgments can be made by comparing the VSL across different groups
or even for a specific individual over time.

The VSL developed by Becker (2007) is consistent with values measured by
other methods, is believed to solve most, if not all, the deficiencies in the tradi-
tional VSL, as Becker’s formula does not deviate from the recommendations of
a utilitarian or social welfare function. Economists must consider both functions
when calculating VSL regarding COVID-19, as suggested by previous research
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(Adler et al. 2020). A study of the optimal lockdown policy to control fatalities in
a pandemic found that the intensity of the lockdown should depend on the fatality
rate and the VSL assumed and measured by the cost-benefit analysis in previous
literature (Alvarez et al. 2020).

Data

Data on the number of COVID-19 associated deaths for countries were obtained from
the World Health Organization (WHO) COVID-19 situation report (World Health
Organization 2020). In addition, data on Gross Domestic Product and Gross National
Income per Capita for 2019 was obtained from the World Bank (2019a, b). Only coun-
tries with more than a thousand deaths recorded by August 31, 2020, will be consid-
ered in calculating the VSL.

We will use the same assumptions by Becker (2007) that the total time available for
work and leisure is approximately 5200 h per year (excluding sleep of roughly 68 h per
week). The total time used by Beker is somehow similar to the total time reported by
American Time Survey (2021). Therefore, the annual hours for work and leisure per
year are 1900 and 3300, respectively. The marginal utility of consumption is diminish-
ing and y=0.5 while the interest rate equals 5%.

The interest rate of 5% is the average between the two rates, 7 and 3 percent, used
by the US government to evaluate policies mainly because of divergent views about
whether a before-tax investment rate or an after-tax consumption rate is preferable.
This, in turn, relates to whether a policy affects capital or consumption, particularly in
terms of its costs. Besides, these values were similar to the ones used by Becker. Again,
this VSL formula enables us to change these parameters as needed to calculate a spe-
cific VSL (Discounting for Public Benefit-Cost Analysis, 2021).

To calculate the VSL for countries with more than a thousand deaths attributed to
COVID-19, wages per hour are estimated by dividing the Gross National Income per
capita by the total annual working hours (1900 h). Then, the results are multiplied by
the total hours available for work and leisure (excluding sleep), weighted by y=0.5 at a
interest rate of 5%.

We have also considered the case when the marginal utility of consumption is con-
stant (y=1) and when the marginal utility of consumption is very high (y=0.1) to esti-
mate a range for the VSL in the selected countries.

The value of lives lost during COVID-19 equals total deaths multiplied by the dis-
counted VSL.

We will consider different values of y between 0.1 and 1 to provide a range of esti-
mates for the VSL and account for people with varying levels of benefits to investing in
health and surviving longer.
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Results

Data on the number of COVID-19 associated deaths shows that the world’s total
deaths as of August 31st, 2020, equals 844,474. Using the formula suggested by
Becker, the world VSL equals $1.3 million. The value of loss from COVID-19
is approximately $1.1 billion, representing 1.22% of the world’s total GDP, as
shown in Table 1.

Among all countries with more than a thousand total deaths as of August
31st, 2020, the USA has the highest total deaths of 65,760. The VSL estimate
for the USA is $7.2 million, with a total loss from deaths caused by COVID-19
comprising around 6.1% of the USA’s 2019 GDP. Using the Becker formula, the
estimated VSL for the USA represents the full wealth, adjusted to the concav-
ity of the utility function (1/0.5). The full wealth represented by (x, + /;w, ) and
equivalent to C, as represented in the VSL formula above is measured by the aver-
age hourly earnings multiplied by the total time available for work and leisure
weighted and discounted by y and .

The VSL when using Becker’s formula is slightly lower than the VSL esti-
mated by Matthew (2020) of $8.6 million, though the value is within the range of
Viscusi’s estimates.

When comparing the calculations of VSL across the three different levels of y,
the world’s VSL ranges from $600,000 to $6.4 million, with Switzerland having
the highest value of $4.7 million to $46.9 million. When the marginal utility of
consumption is diminishing and y=0.5, Switzerland has the highest VSL of about
$9.4 million. Belgium has the highest loss value from deaths as a percentage of
GDP of about 9.71%. The United Kingdom (UK) has a similar value to the USA,
with total loss from deaths caused by COVID-19 being around 6.8% of its GDP.

Our estimates for the VSL for each country calculated by the three values of y
of 0.1, 0.5, and 1 as shown in Table 1, columns 5-7, are consistent with the VSL
values estimated by Viscusi, where the later values lie between our ranges of the
estimated VSL (Viscusi 2020).

Discussion

Becker’s formula to calculate the VSL is comprehensive, easy, generalizable, pro-
vide a consistent measure with the most popular methods, and more importantly,
provide an added value to the existing methods that this formula enables us to
break down the VSL into two main components, the first one is the VSL account-
ing for working time, and the second one the VSL accounting for the leisure time.
More importantly, people who sleep less than or greater than the average sleep-
ing hours of a typical person might have different VSL even when holding other
parameters constant.

It also enables countries to estimate the VSL with different levels of discount
rates, different degrees of concavity of the utility function, and, most importantly,
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different average annual income levels per individual in a specific age group and
different occupations given their different total time of work and leisure.

To assess the value of any coronavirus policies, data of the expected number of
lives saved by the VSL, the suitable discount rate, and the concavity parameter must
be used. In addition, evaluating policies that reduce mortality risk may provide bet-
ter judgments when utilitarian and prioritatian functions are used (Hammitt 2020).

For example, vaccinating patients of ages 20 to 64 who are not high-risk would
produce higher net returns than vaccinating patients of ages 65 and older who are
at high-risk (Lurie et al. 2020; Meltzer et al. 1999). Decisions for agents who most
decide to take the risk might deviate from the preferences of the central agent, who
is neither the agent who takes the most risk nor the agent who avoids risk the most
(Ashenfelter 2006.)

Conclusions

The Beker’s VSL formula reintroduced here represents a comprehensive, generaliz-
able, and easy method to measure the VSL and provides a consistent measure with
the most popular methods. More importantly, this method accounts for leisure time
in estimating the VSL. Estimates can be broken-down by values for both work and
leisure times. Nevertheless, this formula enables us to consider variations in the esti-
mates of the VSL when the total time of work and leisure varies across different
individuals or groups were given that sleep duration varies among different occupa-
tion populations.

This method enables policymakers and researchers to differentiate between ages,
occupations, countries, races, and even groups or individuals with different discount
rates for the future, especially during this period of time where each one has his case
and his VSL that deviates from the average estimates used by policymakers.

The fact that everyone is vulnerable to COVID-19 should inspire collective
action, internationalism, and an urge to begin thinking big, as advised by other
(Lurie, 2020; Koven 2020).

As time goes on, and as health standards begin to be globally recognized as a
human right, it should be expected that health will start to be seen as an indispensa-
ble and relevant part of domestic and global economies, provoking a greater invest-
ment in and awareness of the crucial nature of health as human capital and its role in
economic development.

Policymakers must decide how to reconcile the number of lives lost to sick-
ness with the negative economic impact that preventive measures cause. There is
no right answer to this question nor a magic solution to this pandemic. Neverthe-
less, responses to the COVID-19 pandemic should utilize the best possible data
and procedures to make robust and reliable public health decisions without ignor-
ing the individual and the population’s systematic welfarist approach to normative
reasoning.

The employment of the VSL is expected since the VSL is a cornerstone of USA
governmental risk analysis. However, using more general, widely applicable, and
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easy estimates of the VSL introduced here should not deviate from the recom-
mended utilitarian approach.
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