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Resumen: En este articulo estimo los flujos diarios de casos de COVID-19 bajo
los escenarios de distanciamiento social y que restringen la actividad
econdémica, implementados durante los primeros meses posteriores al
inicio de la epidemia, y bajo un escenario contrafactual no controlado
sin medidas de mitigacién. Estimo que las politicas de distanciamiento
social reducen el ntimero de casos en 33%, salvando méas de 292,000
vidas. Los beneficios de estas medidas se monetizan en 526 billones
de délares. Bajo una trayectoria plausible de recuperacién econémica,
estimo que el costo neto de la mitigacién en términos de producto es
igual al 35% del PIB de México de 2019.

Abstract: In this paper I calculate the daily flows of COVID-19 cases under
the scenario of social distance and restricted economic activity im-
plemented during the first months after the beginning of the epidemic,
and under a counterfactual uncontrolled scenario with no mitigation
measures. | estimate that social distance policies reduce the number
of COVID-19 cases by 33%, saving over 292,000 lives. The benefits of
these measures are monetized as 526 billion USD. Under a plausible
economic recovery trajectory, I estimate that the net cost of mitigation
in terms of output gap is equal to 35% of Mexico’s 2019 GDP.
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1. Introduction

The 2019 coronavirus disease (COVID-19) caused more than 1,800,000
deaths in the course of 2020. The pandemic spread to all over the
world, producing vast health, economic and social impacts. In the
absence of a clinically approved treatment and the due to the long
development periods of vaccines, social distance measures have been
implemented around the world with the objective of slowing the virus
transmission, reducing the pressure on healthcare systems, and min-
imizing severe illnesses and deaths. Although these measures have
shown to be effective, their economic costs are expected to be high.

The costs of these measures and the diversity of government
responses around the world have provoked political and academic
debates about whether these policies can be grounded in economic
terms. In this paper I pursue the following three objectives to con-
tribute to the growing literature quantifying the costs of the pan-
demic. First, I quantify the daily demand for specialized healthcare
during the COVID-19 epidemic to project the pressure exerted on the
limited health resources in Mexico. Second, I quantify the expected
deaths during the epidemic and contrast this death toll with a coun-
terfactual scenario where no mitigation measures are implemented.
And third, I monetize the benefits of mitigation measures and com-
pare these benefits to the large macroeconomic costs that are likely
to occur.

I estimate a total number of COVID-19 cases of 889,468 and 594,
372 under the uncontrolled and controlled scenarios, respectively. 1
use parameters borrowed from the COVID-19 literature available as of
July 2020 to project the share of cases that would make hospitaliza-
tion and intensive care unit (ICU) admission necessary. I find that,
by spreading the incidence of cases over a longer period mitigation,
mitigation policies reduce the healthcare demand at the peak date by
85%.

I use official sources on the stock of medical equipment in the
private and public sectors to quantify the supply of hospital beds
and ICUs available for treating COVID-19 patients. Although a rough
approximation to the number of beds in the country is the 1.4 beds
per thousand inhabitants statistic reported by the Organization for
Economic Co-operation and Development (OECD, 2019), I estimate
that only 18,402 hospital beds and 1,450 ICUs are actually available
during the epidemic (roughly 0.14 hospital beds and 0.011 ICUs per
thousand inhabitants).

Using estimates of the survival probability for cases requiring
hospitalization and ICU when appropriate care is provided or denied,
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taken from the early COVID-19 literature, I estimate the total fatali-
ties due to COVID-19. I estimate a reduction in the number of deaths
of 58% under a mitigation scenario, compared to the counterfactual
uncontrolled scenario. I also estimate that over 167,000 deaths could
have been saved if appropriate care were not denied due to over-
whelmed healthcare systems.

I monetize the benefits of mitigation measures using an estimate
of the value of a statistical life (VSL) of 1.8 million USD, calculated
by adjusting the VSL of 10 million USD commonly used in the US for
cost-benefit analysis of environmental and transportation policies. 1
calculate benefits of 526 billion USD as the product of the VSL and
the number of deaths averted by mitigation policies. Next, I compare
these benefits to the costs in terms of output gap. Under a plausible
recovery scenario in which the GDP catches up to its expected trajec-
tory before the health and economic shocks, I calculate a negative net
benefit of these policies of 2,466 billion USD (35% of Mexico’s GDP in
2019).

In section 1, I briefly describe the mitigation measures followed
by the Mexican government to reduce the speed of COVID-19 conta-
gion. In sections 2 to 6, I present the set of assumptions and calcu-
lations to project the daily flow of cases, the excess of demand for
beds and 1CUs, and deaths. In section 7, I monetize the benefits of
mitigation measures. Section 8 puts these benefits in the context
of the expected losses in terms of output projected for the Mexican
economy. Section 9 shows the sensitivity of my results to a set of
alternative parameters. Finally, section 10 discusses the implications
of my findings and concludes.

2. The COVID-19 disease and non-pharmaceutical public
interventions in Mexico

Several research teams around the globe are currently working on
developing a treatment for COVID-19 and on finding a vaccine that
can be safely applied to humans. In the meantime, national govern-
ments have relied on non-pharmaceutical interventions (Ferguson et
al., 2020) to reduce the virus transmission by limiting the rates of
contact within a population. There are two main strategies that non-
pharmaceutical interventions can pursue. The first one, suppression,
consists in reducing the number of cases each case generates. For this
strategy to be successful, the interventions must be sustained for long
periods or implemented periodically until a vaccine is proved to be
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effective (Anderson et al., 2020). The second one, mitigation, does
not aim to stop transmission entirely, but to make the health impact
of the epidemic manageable. This allows delaying the infection peak,
buying time for the healthcare system to prepare for weeks of intense
demand, and reducing the number of daily patients requiring spe-
cialized care. Under the mitigation scenario, many patients are still
expected to die, and hospitals and ICUs may still be overwhelmed for
some periods.

The first COVID-19 case in Mexico was confirmed on February
29, 2020, 45 days after the first COVID-19 case was confirmed outside
China (January 13 in Thailand), and 36 days after the first confirmed
case in America (January 20 in the U.S). As a response to the health
crisis, governments at the national and sub-national levels have im-
plemented a series of policies to reduce social contact.!

The federal government pursued a strategy divided intro three
stages. Stage 1 was defined as from the beginning of the outbreak and
while the existing cases in the country could be all traced to patients
that had been infected abroad. During this period, the government
emphasized public communication on the benefits of hygiene and on
reducing social contact. The school system canceled activities starting
March 20.

On March 24, the Health Secretary announced the beginning of
community contagion (presence of cases with no travel background)
triggering Stage 2. Massive public events were canceled. Starting
March 26, the Health Ministry cancelled non-essential activities in
all sectors of the economy. Workers above 65 years of age, pregnant
women, workers with disabilities, and individuals with suppressed
immune systems were allowed paid leave. On March 30, the Health
Council declared the state of health emergency and extended the pe-
riod of cancellation of non-essential activities until April 30.

On April 23, the Stage 3 of epidemic contagion was declared.
Gatherings of more than 50 people were prohibited, and working from
home was recommended whenever possible. Stage 3 formally ended
on May 30, although cases were still growing at a rate of 3 to 4% daily.
A gradual reopening of essential activities has occurred since the end
of Stage 3, while restrictions to social contact and the operation of
non-essential economic sectors will be progressively lifted once the
epidemic begins to decline.

Although quantifying the causal link between mitigation policies

LA tool for visualizing the different measures taken by state governments can
be found at https://mexicovid19.app/regions.
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and actual social distance is out of the reach of this paper, there is
some evidence that mitigation measures have been effective. Figure
1 reproduces a mobility index constructed by researchers from the
National Council for Science and Technology (Consejo Nacional de
Ciencia y Tecnologia, CONACYT, in Spanish) using data from social
media (Graff et al., 2020). According to this evidence, mobility de-
clined more than 60% in April, compared to the pre-epidemic period.
And, even after the end of Stage 3 and the gradual reopening of the
economy starting in June, the most recent data shows still a reduced
mobility of about 50%.

In the following sections I provide estimates of the benefits of mit-
igation policies in terms of averted deaths and compare these benefits
to the costs of the control in terms of aggregate output.

Figure 1
Mobility index

Change in mobility index
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Source: taken from Graf et al. (2020),

3. Projecting the size of the epidemic in Mexico

Predicting the final size of the epidemic is a difficult task, mainly
because of the limited amount and characteristics of available data
when the epidemic is still active. Also, all forecasts depend on the
assumptions made on the population’s behavior and on the set of
policies in effect. In this paper I do not attempt to make a projection
of the size of the epidemic. Rather, I rely on two projections from
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the Health Secretary and CONACYT. According to a projection, if no
actions were taken and the epidemic had occurred without control, the
epidemic would have peaked around the first week of April, reaching
a maximum of 33,000 new daily cases. On the other hand, another
projection made by researchers at CONACYT (Quiroga et al., 2020)
implies that under the current scenario with mitigation measures the
peak of the epidemic happened during the first week of July, with
over 5,000 new daily cases.

I take the peak dates and the maximum number of daily cases
at the peak as given and recover the full distribution of cases under
the two scenarios.? I assume the uncontrolled and controlled peak
dates are April 1 and July 10, respectively, and that peak heights are
33,000 and 5,000 cases, respectively, based on CONACYT’s projections
(Quiroga et al., 2020).

I follow Greenstone and Nigam (2020) in assuming a normal dis-
tribution for the daily counts of cases (and deaths). For the uncon-
trolled scenario, I thus know z and ¢(z) at two points, the peak and
the first case date. Then, I solve for the value of the standard devia-
tion (o) that satisfies p(Apr 21)=33,000 and ¢(Feb 29)=casesy. The
implied standard deviation turns out to be ¢,=10.76. A similar proce-
dure using the controlled scenario peak and date yields 0.=47.55. In
figure 2, I show the computed distributions of cases under the uncon-
trolled and controlled scenarios, together with the observed number
of cases from the Health Secretary. The projected number of cases
with mitigation closely follows the trajectory of the actual data.

Greenstone and Nigam (2020) follow a similar approach to ap-
proximate the U.S. deaths curves in Ferguson et al. (2020). Fergu-
son and colleagues use primary data from China and other countries
with early COVID-19 outbreaks, together with the distribution of cases
across ages to estimate the expected number of cases and deaths in the
U.S. and the U.K. Ferguson and coauthors estimated that 2.2 million
people would have died in the U.S. without social distance measures,
while 1.1 million deaths can be expected under the controlled sce-
nario. Although Greenstone and Nigam (2020) did not have access to
Ferguson’s data, they estimated almost the same number of deaths
using normal approximations. Using a standard epidemiological SIR
model, Thunstrom et al. (2020) obtain a similar estimate of 0.94 mil-
lion deaths in the U.S. under the scenario with mitigation measures.

2 Unfortunately, the data and models used to obtain such estimates are not
publicly available. I analyze the sensitivity of my analysis to changes in the peak

dates and sizes of cases peaks.
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Figure 2
Fitted cases distribution
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My estimates imply a total number of COVID-19 cases in Mexico
of 889,468 in 2020 (assuming a single wave of contagion) under the
uncontrolled scenario and of 594,372 under the controlled scenario of
social distance and other mitigation measures. That is, mitigation
measures reduce in 33% the total number of cases. I summarize these

findings in table 1.

Table 1

Peak date, cases at peak, and estimated size
of the COVID-19 epidemic in Mexico

Uncontrolled Controlled
Date of peak cases April 1 July 10
New cases at peak 33,000 5,000
Estimated standard deviation 10.76 47.55
Estimated total cases 889,467.80 594,371.93

Source: Mexico’s Secretarfa de Salud and Quiroga et al. (2020).
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4. Estimating hospital and ICU demand

Ferguson et al. (2020) estimate that about two thirds of COVID-19
cases are not severe and do not require hospitalization. This figure
is close to the fraction of hospitalized patients in the data from the
Mexican Health Secretary. Thus, to estimate the demand for a hos-
pital bed in Mexico, I use Ferguson’s proportion (0.33) for both the
uncontrolled and controlled scenario.

Similarly, according to Wu and McGoogan (2020), up to 5% of
COVID-19 cases require ICU, which might include a ventilator. With
these two proportions, an estimate of daily and accumulated demands
for hospital beds and 1CUs can be computed. Table 2 shows the
results of these calculations. I estimate that 293,524 patients would
need a hospital bed and over 44,473 would require an ICU under no
mitigation measures. These figures decrease to 196,143 and 29,719
with mitigation policies. Thus, mitigation measures reduced total
healthcare demand by 33% and demand at the most critical date by
85%.

Table 2
Hospital bed and ICU demand

Uncontrolled Controlled
Hospital bed accumulated demand 293,524 196,143
ICU bed accumulated demand 44,473 29,719
Daily hospital bed demand at peak 10,890 1,650
Daily ICU demand at peak 1,650 250

Source: own calculations based on cases projection and parameters from the

literature.

These calculations are crucial for estimating the daily fatality
rates since the survival probability depends in part on whether the
indicated healthcare is received or not. In the following section, I cal-
culate the availability of healthcare resources to project the expected
daily supply of beds and ICUs.

5. Healthcare supply

The COVID-19 epidemic highlighted the structural deficiencies of the
Mexican healthcare system. Over the last 10 years, the total expendi-
ture on health in the economy has remained about constant and rep-
resents only 60% of the average expenditure in the OECD countries.
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During the same period, the stock of resources in per capita terms
has also remained almost unchanged. Figure 3 presents three indi-
cators that contextualize the difference in the amount of healthcare
resources that can be made available in Mexico during the epidemic.

Figure 3

Comparison of three health indicators for Mezico
and the rest of OECD countries
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C) Number of beds per 1,000 people
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Source: World Bank (2020).

In order to respond to the COVID-19 epidemic, the public and
the private sectors have redirected an enormous amount of resources.
The availability of resources is extremely important since the survival
probability of COVID-19 patients depends mainly on demographic fac-
tors, the presence of comorbidities, and, critically, on the provision of
adequate specialized care when indicated.

I rely on several sources of data to approximate the total stock of
hospital beds and ICU facilities that would be available for COVID-19
patients during the epidemic. According to OECD (2019) figures, there
are 1.4 beds per 1,000 inhabitants in México, the lowest for any OECD
member country. Nevertheless, not all these beds are properly hospi-
talization beds. Using official data from Secretaria de Salud (Health
Secretary) (2020a) Catalog of Health Establishments (CLUES), I cal-
culate a stock of 123,214 hospitalization beds (including both, private
and public sectors) or about 0.96 beds per 1,000 inhabitants, 31% less
than OECD figures.

For the stock of 1CUs, I rely on Secretaria de Salud’s (2020b)
Health Resources open data. According to this source, there are 3,800
ICU beds in Mexico. Furthermore, over the course of the epidemic,
the private sector announced it would put at government’s disposal
more than 3,000 hospital beds and 500 1CUs. This increases notably
the capacity of the health sector for handling the epidemic. 3

3 An ideal data set would track the number of available beds and ICUs at

each hospital overtime. Unfortunately, this information is not available.
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To convert the stocks of beds and 1CUs to daily availability, one
must consider that most of the healthcare resources are always in
high demand. Governments have tried to get around this allocation
problem by postponing elective treatments to free physical and human
resources. Greenstone and Nigam (2020) estimate that up 37% of 1CU
beds in the U.S. can be made available for treating COVID-19 patients.
Moghadas et al. (2020) use a 65% availability to project COVID-
19-induced demand for hospitalization beds in the U.S. Nevertheless,
the health system in Mexico is likely to be under higher demand.
According to OECD (2019), the bed occupancy rate in Mexico is 74%.
In this paper, I will assume a 25% availability rate for both hospital
beds and ICUs.

Daily bed availability depends also on the number of days each
resource is used. Ferguson et al. (2020) and Greenstone and Nigam
(2020) assume every ICU patient uses a bed for 12 days, somehow
lower than the reported hospitalization duration of 15 days in Hong
Kong, Japan, Singapore, and South Korea (Gaythorpe, 2020). Guan
et al. (2020) estimate that the average hospital stay is 12 days long.
In this paper I assume an average length of use of 12 days.

A final piece of information needed to project the daily supply
of hospital beds is that the estimated stock (123,214) is dispersed
around all of types of medical specialties, so not every bed can be
considered as appropriate for treating COVID-19 patients. Using the
Secretaria de Salud’s (2020) Health Resources open data (with data
only available for public health units), I present in table 3 the share
of beds in each medical specialty. I assume that 50% of the available
stock of beds can be used or modified to receive COVID-19 patients,
mainly considering that even if the physical capacity could be easily
converted, it is difficult to think that the highly specialized medical
personnel necessary for treating COVID-19 patients can be properly
trained quickly enough.

Table 3
Share of hospitalization beds by medical speciality, 2018

Speciality Percentage
Gynecology and obstetrics 18.69%
Internal 17.64%
General and reconstructive 15.88%
Pediatrics 12.58%
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Table 3
(continued)

Speciality Percentage
Psychiatry 4.82%
Traumatology 4.65%
Isolation 2.31%
General 2.29%
Cardiology 1.44%
Pneumology 0.61%
Others 19.09%

Source: Secretarfa de Salud’s Health Resources Open Data 2018 (2020b).

With the estimated stock of beds and 1CUs and the estimated
unoccupied shares, the amount of resources made available by the
private sector, and the average number of hospitalization/ICU days,
I can calculate the daily availability of hospital beds and ICUs for
treating COVID-19 patients. Table 4 summarizes this information.
The daily supply of hospital beds and 1CUs defines a threshold (surge
capacity) above which hospitals cannot meet demand and the system
becomes overcrowded.

Table 4
Daily hospitalization beds and ICUs for COVID-19 patients

Parameter Value
Average bed/ICU use (days) and obstetrics 12
Share of unoccupied resources 0.25
Hospital bed stock 123,214
Share of hospital beds that can be converted 0.5
ICU stock 3,800
Hospital bed availability 15,402
ICU availability 950
Private hospital bed availability added 3,000
Private ICU availability added 500
Total hospital bed availability 18,402
Total ICU availability 1,450
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Table 4
(continued)
Parameter Value
Hospital bed at surge capacity 1,533
ICU at surge capacity 121

Source: own calculations with data from Mexico’s Secretaria de Salud and

parameters.

6. Projecting excess of demand

Using my estimates on the daily supply of hospital beds and ICUs,
together with the projected demand for hospitalization and critical
care, I estimate the excess demand that would have occurred in the
uncontrolled scenario and the date of this happening. Figure 4 rep-
resents this allocation problem. The dashed lines show the amount
of resources available at every moment, while the solid curves are the
estimated demand derived in section 4. At the beginning of the epi-
demic, the system can provide care according to the total hospital
bed and ICU availability (18,402 and 1,450 units, respectively). As
the infection progresses, demand grows fast exhausting medical re-
sources as they reach the surge capacity. As is evident from figure 4,
the number of patients requiring a hospital bed or an ICU would have
exceeded the supply as early as by the second week of March. By the
time of the projected peak date (April 1st), the system would have
required almost 11,000 hospital beds and 1,600 ICUs every day.

The area between the supply curve and the projected demand
represents the unmet demand and thus, the number of patients that
face a challenge to their survival probability.

On the other hand, under the controlled scenario of mitigation
measures, figure 5 depicts a much different situation. Omne of the
main objectives of these paper is to quantify the benefits of social
distance and other mitigation policies by reducing the pressure on the
healthcare system. Under this situation, the demand for hospital beds
would have exceeded the supply starting June 22, while the demand
for 1CUs would exceed the supply more than a month earlier, by May
16. The differences in areas between the supply and demand curves
across scenarios provides a measure of one of the most important
benefits of flattening the curve.
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Figure 4
Projected supply and excess of demand, uncontrolled scenario
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Projected supply and excess of demand, controlled scenario
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I estimate that the social distance measures reduced hospital bed
excess of demand by over 200,000 cases and ICU excess of demand by
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over 28,000 cases. Still, even under the controlled scenario, more
than 2,800 patients that are indicated hospitalization are denied it,
and about 9,000 patients in urgent need for ICU do not receive the
appropriate care (table 5). It is important also to note that under
the controlled scenario, the number of days the demand for hospital
beds is above the supply is practically the same as under no control
measures (37 and 39, respectively). On the other hand, the period of
overcrowded ICUs is almost three times larger. This means that flat-
tening the curve can also translate into some resources being used for
longer. Thus, the number of days in which demand exceeds capacity
is not in all cases the best indicator for mitigation success.

Table 5
Ezcess of healthcare demand

Uncontrolled Controlled Flattening the
curve benefit

Hospital beds 212,045 2,824 209,221
Date demand exceeds supply March 15 June 22
Excess of demand duration (days) 39 37
ICU 37,302 9,127 28,175
Date demand exceeds supply March 11 May 16
Excess of demand duration (days) 46 113

Source: own calculations.

7. Estimation of daily deaths flow

One of the most important consequence of an overwhelmed system is
that fatalities increase when appropriate care is not provided. Daily
demand for hospitalization beds can be met until hospital bed supply
reaches its surge capacity of 1,533 units. ICUs daily supply at surge
capacity is 121 new daily cases. I use the projected demand and sup-
ply, and the number of cases denied appropriate treatment to project
the daily flow of fatalities.

If ICU is indicated and the system is below surge capacity, the
survival probability is 50% (Wu and McGoogan, 2020; Greenstone
and Nigam, 2020). On the other hand, with the system above surge
capacity, patients that require an ICU and do not get appropriate
treatment have a 10% survival probability (Ferguson et al., 2020;
Greenstone and Nigam, 2020).
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Patients that are indicated hospitalization but not ICU have bet-
ter prospects, also depending on the received healthcare. According
to the observed data from Mexico 34% of hospitalized patients have
died. Thus, I use 66% as an estimate of the survival probability when
the system is below surge capacity. For an overwhelmed system, I
assurine the fatality probability doubles for patients who are denied
care.

Finally, I assume a 99% chance of surviving for COVID-19 am-
bulatory cases (the observed survival rate in the data is 98.28% of
ambulatory cases). In table 6, I summarize the parameters used to
calculate the daily flow of deaths.

Table 6
Survival parameters

P(survival | ... ) Probability
P(. | hospital bed indicated, hospital bed received) * 0.66
P(. | hospital bed indicated, hospital bed not received) ** 0.32
P(. | ICU indicated, ICU bed received) *** 0.50
P(. | ICU indicated, IC bed not received) *** 0.10
P(. | ambulatory case) * 0.99

Sources: * Observed in actual data; ** Results from assuming a fatality
probability twice as large than when a hospital bed is indicated and provided;
#*% Ferguson et al. (2020), Greenstone and Nigam (2020).

Figure 6 presents the results of my estimates of daily deaths
flows, together with the observed number of deaths for 2020. Under
the uncontrolled scenario, the accumulated number of deaths would
have exceeded 214,000. On the other hand, under social distance and
mitigation measures, the number of deaths is expected to be reduced
to about 90,000. Under the uncontrolled scenario, a maximum of
8,525 daily deaths would have been expected versus a maximum of
808 daily deaths under the current controlled scenario.

I summarize these findings in table 7. Flattening the curve lowers
the death toll by 58%, not only because less cases occur, but because
the disease spreads over a longer period, reducing daily pressure on

4 Since I do not have good estimates from the literature for validating these
assumptions, I test in section 10 how my conclusions change when assuming dif-
ferent magnitudes.
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the healthcare system and making it less likely that patients are de-
nied the indicated healthcare, avoiding a considerable drop in the
survival probability.

Figure 6
Projected and observed deaths
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Table 7
Estimated number of deaths

Uncontrolled Controlled Flattening the

curve benefit

Total deaths 214,566 89,844 124,722
Maximum daily deaths 8,525 808 7,717

Patients denied:

Hospital beds 212,045 2,824 209,221
ICU 37,302 9,127 28,176
Deaths at overflow:

Hospital beds 144,191 1,920 142,271
ICU 33,572 8,214 25,358

Source: own calculations.
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Put another way, 237,397 more patients face a hike in their prob-
ability of dying in the uncontrolled scenario. The benefit of social
distance measures is 167,629 patients who would have otherwise died
due to overwhelmed hospitals.

8. Monetizing the benefits of mitigation measures

Public policies aimed at reducing fatalities or damaged health include
in their cost-benefit analysis an estimate of the willingness to pay for a
reduction of the risk of death. A standard measure of the value of this
reduction is the value of a statistical life (VSL), which represents an
individual’s willingness to pay in dollars for a marginal change in her
own risk of dying (typically a 5 in 10,000 change) in a year (Robinson
et al., 2019a). The VSL concept is sometimes wrongly understood as
the value that oneself, the analyst or a government assigns to a human
life. Rather, the concept must be interpreted as the rate at which an
average person considers a dollar available for spending equivalent to
a reduction in her mortality risk (Robinson et al., 2019b). A typical
VSL value for evaluating mortality risk reductions in the U.S. is 10
million USD.?

Direct estimates of the VSL from a population are usually ob-
tained by linking occupational risks and wages or by extracting values
from stated valuations surveys. In the absence of recent estimates for
Mexico, I rely on an alternative strategy of benefits transfer. The
benefits transfer methodology takes a base estimate of the VSL from
a country with reliable data (A) to extrapolate the VSL to country
B, adjusting by the differences in income between the two countries,
according to the following expression:

5
Incomepn >

VSLg = VSLA<
Incomey

where § is the income elasticity. To obtain an estimate of the VSL
for Mexico, I use a VSL estimate for OECD countries of 3.83 million
USD in 2011 (OECD, 2012). I use the per capita GDP (PPP) from the
IMF’s World Economic Outlook to calculate an income ratio of 0.44

5 Put in other words, suppose an average individual is willing to pay 50,00
USD to avoid a chance of death of 0.05% (5 in 10,000). Then the resulting VSL
is 50,000/(5/10,000)=10,000,000 USD per statistical life saved.
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and assume an elasticity of 1.1.6 Following this procedure I estimate
a VSL for Mexico of 1.8 million USD.

Table 8 summarizes the second set of main findings of this paper.
The reduction of deaths due to the mitigation policies represents a
benefit of 224,500 million USD. In line with Greenstone and Nigam
(2020), I label this figure as the direct benefit. Additionally, social
distance and mitigation measures have an indirect effect in reduc-
ing hospitals and ICUs overcrowding, generating an additional bene-
fit of 301,732 million USD. The total benefit of mitigation measures
amounts to 536,232 million USD.

Table 8
Monetary benefits of mitigation measures

Averted deaths VSL
(million USD)
Direct deaths 124,722 224,500
Overflow deaths 167,629 301,732
Total benefit 292,351 526,232

Source: own calculations assuming a VSL of 1.8 million USD .

9. Mitigation costs and net benefits

The total economic effect of the COVID-19 epidemic in Mexico is as
difficult to forecast as the duration of the pandemic itself. New waves
of contagion or a too-early lift of restrictions could lead to a new set
of mitigation measures that make the cost higher. Moreover, together
with the direct effects of the epidemic, the Mexican economy faces an
adverse future scenario in which important sources of revenues, such
as tourism, remittances, and the oil industry, are expected to perform
badly. These factors will influence the depth of the downturn and the
speed of recovery.

How large are the benefits from mitigation measures estimated
in earlier sections? From an ethical point of view it could be argued

6 A central parameter of the benefits transfer is the assumed elasticity. For
very poor countries, Hammitt and Robinson (2011) show that assuming elasticities
much larger than 1 is appropriate. For a middle-high income country, I consider
assuming a much larger elasticity would be incorrect.
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that any dollar spent to avoid deaths is worth it. But since mitiga-
tion policies involve a high economic cost, we can approximate the
implicit value that the society or a government puts on saving lives
by performing a cost-benefit analysis.

To estimate the magnitude of mitigation costs I rely on poten-
tial recovery scenarios estimates constructed by the Bank of Mexico
(Banco de México, 2020). Figure 7 depicts the shapes of the differ-
ent trajectories. In my cost-benefit calculations the cost is defined
as the accumulated output gap from the first quarter of 2020 (when
output starts declining) up to the date when the output catches up
the business-as-usual trajectory. The business-as-usual trajectory is
constructed by assuming a constant 2% annual growth and represents
the expected trajectory that output would have followed in the ab-
sence of health and economic shocks. The Bank of Mexico projects
trajectories until the end of 2021. I complete the trajectories making
some plausible assumptions summarized in table 9. The uncontrolled
scenario is constructed by assuming that output falls only two thirds
of what it would fall under the V-shape recovery scenario.

Figure 7

Projected output gap under the uncontrolled scenario
and under different recovery scenarios
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Source: Bank of Mexico (up to 2021Q1).
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Table 9
Recovery scenarios assumptions

Scenario Annual GDP  Annual GDP Annual GDP Catch up
growth 2020  growth 2021  growth after 2021 date

Controlled trajectories

V-shape recovery -0.1% 2.4% 2.4% 2024-Q3
U-shape recovery -8.5% 3.8% 3.8% 2026-Q3
Deep V-shape recovery -8.1% 8.8% 2.9% 2025-Q3
Uncontrolled recovery trajectory 0.3% 2.4% 2.4% 2023-Q2

Source: own calculations.

For each recovery trajectory, I calculate the present value of the
stream of quarterly gaps with respect to the business-as-usual tra-
jectory. To discount future flows, I use a discount rate of 5%. The
difference between the uncontrolled recovery trajectory and each of
the controlled trajectories is the measure of the cost of mitigation
policies. Table 10 presents the third set of key results of this paper.

Table 10
Cost-benefit analysis of mitigation measures

Recovery trajectories

V-shape U-shape Deep U-shape
Mexico GDP 2,605
Present value of gap:
Uncontrolled trajectory 401
Controlled trajectory 609 3,393 1,845
Cost of control 208 2,992 1,444
Benefits of control 526
Net benefit 318 -2,466 -918
Break-even averted deaths 115,472 1,662,257 802,449
Break-even VSL (million USD) 0.71 10.23 4.94

Source: own calculations. All figures in billion USD, except for the break-

even VSL.
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Under the scenario with no mitigation policies, the output gap
accumulated from 2020-Q1 to 2023-Q2 equals 401 billion USD (15%
of Mexican GDP in 2019). I compare this estimate to the gap under
each of three alternative controlled recovery scenarios. A fast recov-
ery, represented by the V-shape recovery scenario, implies that an
uncontrolled pandemic scenario would cost 208 billion USD. On the
other hand, the U-shape recovery scenario, caused by mitigation ef-
forts, costs 2,992 billion USD. The deep V-shape scenario, consistent
with the IMF’s projected GDP fall in 2020, represents a cost of control
of 1,444 billion USD.

The net benefit of mitigation measures is the difference between
the monetized benefits of averted deaths and the cost of control. Only
the V-shape fast recovery scenario yields a positive net benefit (12%
of GDP). For the U-shape scenario, the (negative) net benefit of mit-
igation measures is 2,466 billion USD (95% of GDP), while under the
deep V-shape scenario, the (negative) net benefit would be 918 billion
USD (35% of GDP).

The negative net benefit does not necessarily mean it would be
rational to opt for the uncontrolled scenario. Instead, my interpreta-
tion is that this partially reveals the implicit benefit that the society
and the government assign to avoiding the consequences of the un-
controlled scenario (loss of reputation, political instability, and social
chaos, among others). Another alternative explanation is that the so-
ciety reveals with its mitigation actions that it values the probability
risk reduction of a given individual more than the individual’s own
valuation (a typical externality problem).

Following this reasoning, I calculate two additional indicators.
First, I compute the break-even number of total averted deaths, which
represents the sum of direct and overflow deaths that would compen-
sate the cost of control. That is, if the society or the government
only valued the lives saved according to the VSL, this figure gives the
number of averted deaths that equalize the cost of control. Under the
slow recovery U-shape scenario, more than 1.6 million deaths would
need to be averted to compensate the cost.

Second, I compute the break-even VSL, interpreted as the VSL
that compensates the accumulated output gap over the recovery pe-
riod given the 292,351 averted deaths under the controlled scenario
estimated in section 8. A fast recovery (V-shape) would require a VSL
of only 0.71 million USD. On the other hand, with a U-shape recovery,
the VSL should be 10.21 million USD, a figure similar to the one used
in the evaluation of distinct policies in the U.S.

A last observation on the different recovery trajectories deserves
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to be discussed. The V-shape results in this paper can also be in-
terpreted as what could be achieved if fiscal and monetary policies
were used to put the economy on a much faster recovery trajectory.
Governments around the globe have implemented measures to guar-
antee workers income and to compensate firms for their revenue losses.
The economic policies implemented by the Mexican government have
been rather moderate, relying on the set of already existing programs.
However, most of these programs are likely to exclude urban and in-
formal workers and enterprises. Furthermore, the federal government
has cut its own materials and operation costs budget for the reminder
of the year, while federal employees remain working remotely.

There is no clear relationship between the size of the fiscal efforts
and the expected fall in GDP, at least for Latin American countries
(Esquivel, 2020). This fact can be explained by the nature of the
economic downturn, characterized by negative shocks on both de-
mand and supply (Guerrieri el al., 2020). Therefore, expansionary
fiscal policies are likely to be ineffective during the epidemic even if
households are willing to spend and even if governments stimulate
aggregate demand. Nevertheless, a lack of policies that guarantee
the survival of small and medium businesses and that prevents work-
ers from falling into poverty compromises the prospects of a recovery
once restrictions to mobility and economic activity are lifted.

10. Sensitivity analysis

One disadvantage of the previous analysis is that it is mostly deter-
ministic. I borrow most key parameters from an emerging literature
and complement some of the missing information with the early data
from Mexico to project the trajectories of cases, resource utilization
and deaths. Also, my analysis does not allow for uncertainty in the
recovery trajectories once one of them is chosen for comparison to the
uncontrolled scenario. Thus, to analyze the sensitivity of my results
and to emphasize the channels through which key parameters oper-
ate, I performed the same analysis described in this paper, changing
one of the key parameters one at a time.

Thus, I present in table 11 a summary of the consequences of
deviating from the parameters assumed in the earlier sections of this
paper for the controlled scenario (the uncontrolled scenario remains
the same) in terms of cases, deaths, days of overflown healthcare
system, and monetized control benefit. I also present the net benefit,
the break-even VSL, and the break-even death toll for each of the
recovery trajectories. For each alternative parameter specification, I



Table 11
Sensitivity of results to changes in parameters

V-shape recovery U-shape recovery Deep V-shape recovery
Days Days
hospital ICU Overflow Control Net Break-even  Break-even Net Break-even  Break-even Net Break-even  Break-even
Parameter Cases Deaths overflown  overflown deaths benefit benefit VSL death toll benefit VSL death toll benefit VSL death toll
change: (%) (%) (%) (%) (%) (bn USD) (bnUSD)  (m USD) (millions)  (bn USD)  (m USD) (millions) ~ (bn USD)  (m USD) (millions)
As in main results -33 -58 -5 146 -94 526 318 0.71 0.12 -2,466 10.23 1.66 -918 4.94 0.80
in the paper
Lower controlled -63 -78 -100 -41 -100 622 414 0.6 0.12 -2,370 8.66 1.66 -823 4.18 0.80
peak 2,500 cases
Higher convertion -33 -57 -100 146 -95 483 275 0.78 0.12 -2,510 11.16 1.66 -962 5.39 0.80
probability 75%
Higher probability -33 -55 -5 204 -85 582 374 0.64 0.12 -2,410 9.25 1.66 -862 4.47 0.80
of ICU 10%
Longer bed use -33 -53 115 185 -80 494 286 0.76 0.12 -2,498 10.91 1.66 -951 5.27 0.80
18 days
Higher interest -33 -58 -5 146 -94 526 326 0.68 0.11 -2,297 9.66 1.57 -862 4.75 0.77

rate 10%

Source: own calculations.
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compare what the controlled scenario achieves with respect to the
uncontrolled one. The first line of this table summarizes the findings
described earlier in this paper. The mitigation strategies reduce the
number of cases by 33% and the number of deaths by 58%. There
are 5% less days of overcrowded hospitals and 146% more days of
overcrowded ICUs. The mitigation policies reduced overflow deaths
in 94%. The benefits of flattening the curve are monetized as 526
billion USD.

If we assume a better control strategy in which the peak of the
controlled curve is of only 2,500 cases, the number of total cases
would be much smaller (63% reduction, compared to the uncontrolled
scenario). Under this alternative assumption, the healthcare system
would be under considerably less pressure: there would never be over-
crowded hospitals and the number of days with overcrowded ICUs
would be reduced by 41%, compared to the uncontrolled scenario. A
fast V-shape recovery would yield a positive net benefit of 414 billion
USD. Nevertheless, the other two slower recovery trajectories imply
net costs not very different to the net costs in the main results of the
paper.

The assumption on the percentage of total beds that can be
converted for treating COVID-19 patients is an important one and
the consequences of different probabilities deserve to be discussed. A
larger probability of conversion can also represent a scenario where
the initial bed and ICU availability was higher at the beginning of
the epidemic. As I report in section 5, the overall expenditure in the
health sector and the amount of healthcare resources in Mexico have
remained considerably below than the average OECD country. Thus,
an increase in the probability of conversion to 75% also represents
a situation in which the initial available stock of hospital beds for
providing adequate care to COVID-19 patients is 26,103 rather than
18,402. Also, the surge capacity would be increased to 2,175 beds
under this alternative assumption.

The results from this experiment show the following: since more
beds are available at the beginning of the epidemic, it is more likely
that even under the uncontrolled scenario more people receive appro-
priate healthcare. Under the new controlled scenario, with more beds
available, there are no days in which the hospital beds’ demand ex-
ceeds the supply. Nevertheless, the monetized benefit of the control
is only 483 billion USD (compared to the 526 billion USD in the main
results of the paper). Thus, the net benefit of a fast V-shape recovery
is lower and the negative net benefits under the U-shape and deep
V-shape recoveries are greater. Put in other words, had the initial re-
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sources been sufficient for better handling the epidemic, a controlled
scenario as costly as those represented by the U-shape or the deep
V-shape trajectories could have been avoided.

If we now assume a larger fraction of cases were severe enough
to need an 1ICU (10%, twice as large than most estimates in the liter-
ature), the number of days the ICU capacity is overcrowded increases
204%. In such a case, the benefits of control are more evident and
the net benefit of control under a fast V-shape recovery increases to
374 billion USD. Similarly, the negative net benefit in the two slow-
recovery scenarios is lower than in the main results of the paper. If we
assume a bed is used for 18 days, the control is less effective in terms
of lives saved, while the healthcare system would be overcrowded for
many more days, reducing the net benefits of control.

Finally, assuming a higher interest rate in the valuation of the
future output gap in section 9 does not alter the epidemic outcomes
but increases the net benefits of control as future streams of output
are discounted at a higher rate.

11. Conclusion and agenda

The main objective of this paper has been to organize the discussion
on some of the factors that affect the effectiveness of mitigation in-
terventions and to provide a quantitative assessment of some of the
economic benefits of flattening the epidemic curve. In this paper I
estimate the daily flows of cases under the scenario of social distance
and restricted economic activity implemented during the first months
after the beginning of the epidemic, and under a counterfactual un-
controlled scenario with no mitigation measures. I quantify the sup-
ply of hospital beds and 1CUs and project the number of deaths under
both scenarios. I estimate that social distancing measures reduced the
number of COVID-19 cases by 33%. The benefits of mitigation mea-
sures amount to a direct reduction of 124,722 direct fatalities and
of 167,629 deaths avoided by reducing the exerted pressure on the
healthcare system. The benefits of these measures are monetized as
526 billion USD.

In the absence of treatments and vaccines, mitigation measures
to control the COVID-19 pandemic are likely to produce vast economic
impacts. I calculate the costs of control measures as the output gap
from the first quarter of 2020 until the date when the recovery trajec-
tory reaches the output expected before the epidemic, in the absence
of health and economic shocks. Under a plausible recovery scenario,
mitigation measures will have net costs of 35% of the Mexican GDP
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in 2019. On the other hand, under a less likely fast V-shape recovery,
the net benefits from mitigation measures in Mexico would represent
up to 15% of 2019 Mexico’s GDP. The costs of control can be reduced
if the mitigation measures reduce the number of cases by more than
what is projected or if more resources become available to avoid the
overcrowding of the healthcare system. Also, a lower cost can be at-
tained if a faster recovery occurs or if the government stimulates the
economy enough to reduce the output gap.

The V-shape results in this paper can also be interpreted as what
could be achieved if fiscal and monetary policies were used to put the
economy on a much faster recovery trajectory. The economic response
by the Mexican government has relied on the set of already existing
programs, which are likely to exclude support for urban and informal
workers and enterprises. A lack of policies that guarantee the survival
of small and medium businesses and that prevents workers from falling
into poverty compromises the prospects of a recovery once restrictions
to mobility and economic activity are lifted.

Some limitations of my analysis deserve to be discussed for future
research. In this paper, I assume that the differences in fatality rates
for patients that receive appropriate healthcare versus those who are
denied it are independent of the age profile. Verity et al. (2020)
have shown that fatality rates differ across age groups. A recent de-
bate on the ethical dimension of assigning medical resources questions
whether younger patients should be allocated for treatment first. In
my calculations I have implicitly assumed random assignment of pa-
tients to healthcare in case of overflow. If one assumes some form of
sorting in the assignment, the net cost of the control is likely change.
Studying the implications of different rules for assigning patients is
part of an open agenda.

In this paper, as in other analyses at an aggregate level of health-
care resources, an implicit assumption is that patients from all over
the country can be allocated to a hospital bed or ICUs if required,
if an ICU bed is available anywhere in the country. A more detailed
analysis would utilize state or city specific projections of the epidemic
and regional supply of resources, together with transaction costs. Un-
fortunately, the necessary data to make reliable local predictions on
the epidemic progression and the local availability of health resources
is not currently available.

Finally, my calculations imply that under plausible recovery sce-
narios, the net benefits of control are negative. If this is the case, we
need to understand the factors that make societies and government
willing to incur the cost of control. For example, societies may be
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willing to pay more than an individual is to reduce mortality risks if
everyone generates positive externalities. Alternatively, a government
is likely to assign a very large cost to the political consequences of an
uncontrolled epidemic.
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