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Abstract

We characterise the distribution of expected GDP growth during the Great In-
fluenza Pandemic (known also as Spanish Flu) using a non-linear method in a country
panel setting. We show that there are non-negligible risks of large GDP losses with the
5% left tail of the distribution suggesting a drop in the typical country’s real per capita
GDP equal to 29.1% in 1918, 10.9% in 1919 and 3.6% in 1920. Moreover, the fall in
per capita GDP after the Spanish flu was on average particularly large in low-income
countries. Particularly, the size of the GDP drop in the lower tail of the distributions
is high for higher income countries and immense for lower income countries. As for the
United States, the estimated size of the recession in the lower tail of the distribution

following the Spanish flu is not negligible.
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Non-technical summary

Assessing the economic consequences of the spread of the new coronavirus disease (Covid-19)
in the world in 2020 is a challenge for the economic profession. The unprecedented nature
and global scale of a pandemic renders traditional linear tools ill-suited for macroeconomic
monitoring, including the monitoring of macroeconomic risk.

We try to gain insights from the 1918-1920 Great Influenza Pandemic (known also as
Spanish flu); arguably the only precedent for a global pandemic that the world has seen
in modern history. To address the question, we use a non-linear model in a country panel
setting covering all major countries in the world, which are two key features characteriz-
ing pandemic diseases. Specifically, we estimate the macroeconomic risks of the pandemic
using as exogeneous regressors the cross-country death rates due to the Spanish Flu, after
controlling for the death rates due to the World War 1.

Barro et al. (2020) show that the loss in terms of real per capita GDP for a typical
country due to the Spanish flu amounts to 6.0% cumulated over the three year period 1918-
1920. Using the non-linear panel model, we corroborate the cumulated drop in economic
activity of about 7.2% for the typical country due to the pandemic disease, about 70% of the
economic damage occurring in the first year. But, additionally, we can study the downside
risks. We show that the economic costs associated to the pandemic can be very high, with
the 5% left tail of the distribution suggesting a drop in the typical country’s real per capita
GDP amounting to 29.1% in 1918, 10.9% in 1919 and 3.6% in 1920, most of the real risk
occurring in the first year.

The pandemic flu can have an adverse distributional impact across countries, because
it has a disproportionate burden on low-skilled workers and because infection diseases and
their associated death toll can spread more rapidly in lower income countries given the high
healthcare costs and public spending needed to contain the virus. We estimate that the
expected real income loss due to the pandemic is more than double for the typical lower

income country compared to the typical higher income country every year between 1918 and
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1920. The expected income loss cumulated over the three periods amounts to 10.9% for
the typical lower income country and 4.7% for the typical higher income country; thereby
causing an increase in income inequality.

The downside risks associated to the pandemic are also confirmed to be large for higher
income countries and are immense for the lower income countries. The macroeconomic risks
amount to the extraordinary fall of real per capita GDP in 1918 of 52.1% for the typical
lower income country and 15.3% for the typical higher income country.

As for the United States, the literature has argued that the recession during the Spanish
flu was mild in the US. Given the central tendency of our results, we would also agree.
However, the estimated macroeconomic risks due to pandemic are non-negligible cumulated
over the period 1918-1920.

These potential extreme economic losses, which a country could face, can explain the
prompt and large fiscal and monetary policy interventions globally after the spread of the
Covid-19 disease in 2020. Although the mortality rate due to the Covid-19 pandemic will
be much lower, due to the health infrastructure, the stringent lockdown measures and the
general knowledge about the disease, the insights from the Spanish flu should not be dis-
missed, as both periods share the countries’ adoption of social distancing measures (in terms
of restrictions on economic activity and travelling imposed or self-imposed). The Covid-19
pandemic is a disaster risk and the insights from the Spanish flu are telling: the risk of
a sharp fall in economic activity in 2020 close to two digits due to the Covid-19 is real.
Similarly, our results support the view of international economic organizations, such as the
World Bank and the United Nation Development Programme (UNDP), which argue that
the Covid-19 pandemic will leave deep scars in lower income countries, unless urgent policy

action is taken with support from the international community.
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I Introduction

Assessing the macroeconomic risks across countries associated to a pandemic disease is of
paramount importance, because the associated welfare losses could be relevant. We estimate
the macroeconomic risks in lower and higher income countries during the Great Influenza
Pandemic (known also as Spanish Flu), which began in 1918 and persisted until 1920. Pan-
demic outbreaks are rare events generating non-normal economic effects in many countries of
the world.! Therefore, we estimate the macroeconomic risks of the pandemic by employing
a non-linear model in a country panel setting and by using as exogeneous regressors the
cross-country death rates due to the Spanish Flu, after controlling for the death rates due
World War I (see Barro et al., 2020).

Traditional linear macroeconomic tools are ill-suited to address the economic risks, be-
cause downside risk can be measured by the left-tail of the conditional distribution of eco-
nomic growth (Giglio et al., 2016; Adrian et al., 2019; Chavleishvili and Manganelli, 2019;
Plagborg-Mgller et al., 2020; Figueres and Jarocinski, 2020; De Santis and Van der Veken,
2020). Therefore, we estimate a non-linear model using quantile regressions and the flexible
skewed-t distribution, which is indexed over four parameters that trace the mean, variance,
skewness and kurtosis of the distribution. The non-linear approach can uncover and quantify
the extent to which a reduction in the conditional expectation of economic activity due to
a pandemic is associated with an increased potential of very negative growth outcomes. We
show that the uncertainties associated with a pandemic are large. In addition to significantly
reducing economic activity globally with more adverse effects in lower income countries, the
Spanish flu also caused a strong increase in macroeconomic risks across the globe, which
were massive in lower income countries.

Barro et al. (2020) show that the loss in terms of real per capita GDP for a typical

country due to the Spanish flu amounts to 6.0% cumulated over the three year period 1918-

IDisaster risks are associated to non-normal shocks, whose implications for asset prices, consumption and
welfare have been investigated by the literature (see, e.g., Barro, 2006, 2009; Barro and Jin, 2011; Berkman
et al., 2011; Barro and Ursida, 2012; Gabaix, 2012; Nakamura et al., 2013; Farhi and Gabaix, 2016).
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1920. Using the non-linear panel model, we corroborate the cumulated drop in economic
activity of about 7.2% for the typical country due to the pandemic disease, about 70% of the
economic damage occurring in the first year. But additionally we can study the downside
risks. The left tail of the conditional distribution of real per capita GDP growth indicates
that macroeconomic risk due to the pandemic increases substantially, as real per capita
GDP conditional to a contraction would plummet by 7.3% in 1918, 2.7% in 1919 and 0.9%
in 1920. Even more, economic activity due to exposure to the pandemic as predicted by the
5% left-tail of the distribution drops by 29.1% in 1918, 10.9% in 1919 and 3.6% in 1920.
Given that the left tail of the distribution better characterises economic contractions, the
economic costs associated to the pandemic can be very high.

The pandemic flu can have an adverse distributional impact across countries, because
it has a disproportionate burden on low-skilled workers and because infection diseases and
their associated death toll can spread more rapidly in lower income countries given the high
healthcare costs and public spending needed to contain the virus. Economists are concerned
that pandemic diseases raise inequality (Furceri et al., 2020).2 The amount of per capita
income of a nation and public resources needed to monitor, prevent and mitigate the spread
of the virus are highly correlated. We study the heterogeneous effect on real income in the
context of the Spanish flu by investigating the differential impact of the Spanish flu among
the higher and lower income countries in our sample and corroborate this hypothesis. We
estimate that the expected real income loss due to the pandemic is more than double for the
typical lower income country than for the typical higher income country every year between
1918 and 1920. The expected income loss cumulated over the three periods amounts to
10.9% for the lower income country group and 4.7% for the higher income country group;
thereby causing an increase in income inequality. The macroeconomic risks, captured by the
5% expected shortfall, amount to the extraordinary fall of real per capita GDP in 1918 of

52.1% for the typical lower income country and 15.3% for the typical higher income country.

2A poll of economists found that the vast majority are concerned that COVID-19 will raise inequality
(see http://www.igmchicago.org/surveys/inequality-and-the-covid-19-crisis/).
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In the specific case of the US economy, Correia et al. (2020) estimate that the pandemic
caused an 18% drop in US manufacturing output and a 23% decline in US manufacturing
employment. The drop in US activity is also documented by Bodenhorn (2020). Using the
specific death rates for the US and the pass-through coefficients of the higher income country
group, our estimates suggest an expected decline in US real per capita GDP by 1.8% in 1918,
0.4% in 1919 and 0.3% in 1920, in line with Burns and Mitchell (1946)’s views that the US
recession in 1918-1919 was brief and of moderate amplitude, a view corroborated by Velde
(2020). However, the estimates of the macroeconomic risks due to the Spanish flu for the
US amount to -5.5% in 1918, -0.8% in 1919 and -0.3% in 1920, a non negligible cumulated
fall in real per capita GDP.

The literature on the macroeconomic impact of pandemic diseases is fast-growing, as a
reaction to the Covid-19 disease and the needs to estimate its economic implications (e.g.,
Alvarez et al., 2020; Atkeson, 2020; Baqaee and Farhi, 2020; Bodenstein et al., 2020; Brodeur
et al., 2020; Jones et al., 2020; Coibion et al., 2020; Correia et al., 2020; Eichenbaum et al.,
2020a,b; Faria-e-Castro, 2020; Favero et al., 2020; Fornaro and Wolf, 2020; Glover et al.,
2020; Gonzalez-Eiras and Niepelt, 2020; Guerrieri et al., 2020; Jorda et al., 2020; Kaplan
et al., 2020; Krueger et al., 2020; Lenza and Primiceri, 2020; Primiceri and Tambalotti, 2020;
Stock, 2020). A large variety of methods are used to assess the economic implications of
the pandemic outbreak. We suggest a non-linear model in a country panel setting. Our
insights from the Spanish flu are informative for the potential depth of contraction and
income inequality implications across lower and higher income countries following the Covid-
19 pandemic.

Section II describes the non-linear framework to evaluate macroeconomic risk. Section
1T discusses the empirical results, applying this framework to the episode of the Spanish flu.

Section IV address the income inequality dimension. Section V concludes.
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II Modelling Macroeconomic Risk

To quantify the macroeconomic risk posed by a pandemic, we rely on a two-step estimation
procedure (see Adrian et al., 2019). First, a non-parametric quantile regression is used to
estimate how country-level death rates heterogeneously affect real per capita GDP growth
across the different percentiles of the conditional distribution of GDP growth; and second,
the predicted growth rates for those various percentiles of the conditional distribution of
GDP growth are smoothed, for each country, into a skewed-t distribution (see Azzalini and
Capitanio, 2003) to facilitate interpretation and the computation of a number of informative
statistics. The quantification of macroeconomic risk then follows from the behaviour of the
left tail of the conditional distribution of GDP growth.

The quantile regression estimator used in the first step is developed by Koenker and
Bassett (1978). Even though the economic profession has typically applied it to large, mi-
croeconomic datasets, quantile regressions are more recently also applied to macroeconomic
data, and GDP growth in particular (see, e.g., Adrian et al., 2018, 2020; Chavleishvili and
Manganelli, 2019; Figueres and Jarocinski, 2020; Ghysels et al., 2018; Giglio et al., 2016;
Brownlees and Souza, 2019; Plagborg-Mgller et al., 2020; De Santis and Van der Veken,
2020). The coefficient vector f3,, which collects the 7-th quantile regression coefficients, re-
lates a vector x; containing n explanatory variables (including an intercept) for country 4
in year t to the 7-th percentile (7 € [0, 1]) of the conditional distribution of the endogenous
variable ;. An estimator BT is obtained by minimizing the sum of the absolute values of
the weighted residuals with positive residuals receiving a weight 7 and negative residuals a

weight 1 — 7:
N T
pr = argminz Z (7_ ’ l(yitzl“itﬁf) ‘ Yit — Tt Br | + (1 - T) ) l(yit<$¢tﬁf) ‘ Yit — Tty |) )

Br i=1 t=1

where 1, is the indicator function, N the number of cross-sectional units in the panel and

T the number of time periods. Following Adrian et al. (2019), this estimation is executed
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for 7 = 5,25,75,95. From this first step, the predicted values for those different quantiles of
the conditional distribution are obtained as Qymx“ (7 | 231) = T 3r-

In the second step, these predicted values are used to estimate the four parameters of
the skewed-t distribution developed by Azzalini and Capitanio (2003). This distribution
is governed by four parameters (u, o, a, and v) that relate, respectively, to the location,
scale, shape and degrees of freedom of the probability density. Despite the small number of
parameters that need to be estimated, the skewed-t distribution provides ample flexibility to
model GDP growth rates which may be skewed and /or fat tailed. In addition, symmetric and
mesokurtic distributions are encompassed as special cases of the skewed-t distribution. To
get estimates of these parameters, we minimize, at the four percentiles under consideration,
the squared distance between Qyit‘xit(r | x;;) obtained in the first step and the growth
rates corresponding to the same four percentiles of the inverse cumulative skewed-t density

Fil(ri 0,0, 0):

. 2
{f,6,4,0} = argminz (Qyitmt(T | z4t) — Fy_lai (15 1y 0, v, 1/)) :
[TReNeRY -

This procedure delivers a closed-form expression for the conditional distribution of the
growth rate of real per capita GDP conditioning on the explanatory variables x;;. In addition
to the median, which is recovered from the cumulative skewed-t distribution, this approach
facilitates the computation of summary statistics requiring the integration of a probability
density. Integrals are derived from a numerical integration, in contrast to the approximate
sum used in Adrian et al. (2019).

In particular, we focus on the expected value (or mean), the expected value conditional
on an economic contraction, and the 5% expected shortfall. The expected value of the
conditional distribution is an alternative measure for the conditional expectation of y;|z;

obtained from an OLS regression (as, for example, reported in Barro et al., 2020). Tt is
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obtained by weighting and integrating the entire probability density:

EV(j,0,4,0) = /OO st(y; i, 0, &, 0)dy,
where st represents the probability density function of the skewed-t distribution. Therefore,
compared to the predicted value for real per capita GDP growth from an OLS regression,
EV(ii,6,4,0) is a better-suited metric in the case of substantial skewness of the conditional
distribution. Next, the 5% expected shortfall is the expected value of the GDP growth rate
evaluated in the left tail of the conditional distribution that covers 5% of the probability

density. For a generic percentile 7 the expected shortfall is given by:

In contrast to the median and the expected value, this metric evaluated at @ = 5% captures
macroeconomic risk by evaluating the expected real per capita GDP growth in the 5% most
adverse cases. An increase in macroeconomic risk is reflected by more negative values of the
5% expected shortfall. Finally, we also report the expected value conditional on a contraction,

A

SF(m), where g = F(0; i1, &, &, D) is the probability of a contraction in economic activity.

III Macroeconomic Risk and the Spanish Flu

III.A Data

We quantify macroeconomic risk during the Spanish flu period by applying the methodology
described in the previous section to the dataset of Barro et al. (2020). This dataset comprises
annual real per capita GDP, total population and deaths caused by the Spanish flu and the
Great War for 42 countries, covering about 90% of the world population in 1918. The
historical data on real per capita GDP is compiled by Barro and Ursua (2008) and collected

in Barro and Ursua (2010). For population data, Barro et al. (2020) rely on McEvedy and

ECB Working Paper Series No 2466 / September 2020 9



Jones (1978) and death rates related to the Spanish flu and the Great War are detailed in
Weng (2016) and Ursua (2009) and briefly described in Barro et al. (2020).

Panels A and B of Figure I show the unconditional distribution of real per capita GDP
growth on an annual basis. The probability density that overlays the histogram in Panel A
is obtained using the model described in Section II with the constant as the only regressor.
Consequently, this distribution can be interpreted as the unconditional distribution of real
per capita GDP growth in a panel setting. The distribution is fat-tailed and slightly skewed
to the left. Panel B gives an indication of the cross-sectional variation in the real per capita
GDP growth over time: the bold line and the dashed line report the real per capita GDP
growth for the median country and the US, respectively; the shaded areas and dotted lines
represent the 16th to 84th percentiles and the lower and upper values realized in each year,
respectively. Many countries including the US suffered a contraction during the Spanish flu,
a period highlighted in grey. Also the time series dimension reported in Panel B shows the
skewed nature of real per capita GDP growth, highlighting the advantage of the non-linear
approach taken in this paper to study macroeconomic risk.

Panels C and D tentatively illustrate a negative relationship between the number of
deaths caused by the Spanish flu (as a share of total country population) and real per
capita GDP growth. Both panels span the period during which the flu spread, i.e., 1918
until 1920, and observations with zero deaths are dropped. In order to reveal cross-country
heterogeneity related to the level of development, two groups of countries are created by
ordering countries according to their level of real per capita GDP relative to the median
country in 1917, the year preceding the outbreak of the Spanish flu. The first group, shown
in Panel C, collects the 50% lower income countries; while the second group, shown in Panel
D, focuses on the 50% higher income countries. The negative relationship between death
rates due to the Spanish flu and real per capita GDP growth is apparent in both sets of
countries. In addition, it is also clear that the lower income countries suffered more deaths

per citizen than the higher income countries. Cumulated over the entire Spanish flu period,
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lower and higher income countries each lost about 2,5% and 1% of their total populations,
respectively. Overall, about 2% of the world population was killed due to the Spanish flu
(Barro et al., 2020).

III.B Average Impact of the Spanish Flu on Per Capita GDP

We revisit the analysis carried out by Barro et al. (2020) using the same cross-sectional
database with 42 countries over the sample period 1901-1929 through the lenses of the
non-linear model, applying the two-step semi-parametric approach discussed in Section II,
in a panel setting. The non-linear model allows to trace the impact of a pandemic on
different quantiles of the GDP growth distribution and, in addition, by fitting a skewed-
t distribution, it facilitates the computation of the associated macroeconomic risk, which
requires the integration of a predictive density. The key regressors included in z;, in addition
to the intercept, are the death rates due to the Spanish flu and the death rates due to the
Great War, because it is important to control for the possibly correlated contemporaneous
effects of labour supply shortages due to World War 1. We report two central tendency
measures, the median and the mean, and two macroeconomic risk measures, the expected
value of each country’s real per capita GDP growth conditional on an economic contraction
and the 5% expected shortfall. The partial effect of the Spanish flu on either of these metrics
is evaluated by calculating the difference S ( fyit|xit) -S ( fyitlx;‘t)a where S is the metric of
interest, fyitmt is the estimated conditional distribution and fyt\x;} is fyit‘m evaluated putting
to zero the death rates due to the Spanish flu.

Figure II shows in each panel three distributions of the real per capita GDP growth of the
typical country. The density shown in a full line (“War and Flu Deaths”) uses the observed
data on war deaths and flu deaths (e.g. fynlwn)% the dashed density (“War, no Flu Deaths”)
uses the war deaths, but puts each country’s flu deaths at zero (e.g. fy”m;ﬁ); and the dashed-
dotted density (“No Deaths”) shows the distribution of GDP growth setting both flu and

war deaths to zero. In the absence of both military casualties and flu-related deaths (dashed-
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dotted line), the conditional distribution of the GDP growth rate is, in line with conventional
wisdom, fairly symmetric and centered around a moderately positive growth rate. Including
the military death rate in the conditioning set both shifts and skews the distribution to the
left (dashed line). The impact of the Spanish flu, however, introduces a much stronger skew
to the left. This is clear evidence of considerable macroeconomic risk due to the pandemic
disease. A full set of results for all countries in the sample is provided in Table I, where the
partial effect of the Spanish flu is evaluated with respect to a counterfactual, constructed by
putting to zero the deaths due to the Spanish flu: S (ﬂuﬂxn) -8 (fyit‘$:t>'

Using the same dataset, Barro et al. (2020) finds that the typical country’s real per
capita GDP dropped by 6% cumulated over the period 1918-1920 as a consequence of the
Spanish flu. Our estimated cumulated drop in economic activity of 7.2% based on the
expected value (see Table I) confirms this result, with about 70% of the economic damage
occurring in 1918 (-4.9%). The adverse impact is slightly larger due to the skewness of the
conditional distribution. Most importantly, we can show that macroeconomic risks increase
substantially. The expected loss due to the pandemic in real per capita GDP of the typical
country conditional on an economic contraction is estimated at 7.3% in 1918, 2.7% in 1919
and 0.9% in 1920 and the 5% expected shortfall implies a drop in real per capita income by
29.1% in 1918, 10.9% in 1919 and 3.6% in 1920. All in all, there is clear evidence that a

pandemic disease increases enormously the macroeconomic risks.

IV Inequality and the Spanish Flu

Pandemic diseases can have adverse distributional consequences across countries. We ad-
dress this issue by investigating the differential impact of the Spanish flu among the higher
and lower income countries in our sample. We make use of a dummy variable d; inter-
acted with all regressors, which is set to one for the group of countries with real per capita

GDP higher than the median country in 1917, the year before the start of the pandemic
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outbreak. Therefore, the predicted values of the conditional distribution are obtained as
Qyit‘xit(T | z4) = xit(ﬁh + BQTdi), where the vector BQT estimates the differential impact of
the variables in x; (i.e., intercept and war and flu death rates) in lower versus higher income
countries.

Table II shows the estimated differential effect of the flu death rates on real per capita
GDP and the associated macroeconomic risk across the lower and higher income coun-
tries. The partial effect of the Spanish flu is again evaluated with respect to a hypo-
thetical counterfactual, constructed by putting to zero the deaths due to the Spanish flu:
S ( fyit|1'it) - S ( fymx;). On average, the real income loss for the typical lower income
country is more than double every year between 1918 and 1920. The expected income loss
cumulated over this three-year period is equal to 10.9% for the lower income country group
and 4.4% for the higher income country group, thereby raising income inequality across
countries. Moreover, the macroeconomic risks computed using the 5% expected shortfall
are equal to -52.1% for the typical lower income country and -15.4% for the typical higher
income country in 1918 and remain very high during the two subsequent years in the lower
income country group, thereby generating additional uncertainty in the typical lower income
country. The risks associated to the pandemic are confirmed to be large for the higher in-
come countries and are immense for the lower income countries. Panels C and D of Figure
1T illustrate that this finding is mostly related to a very heavy left tail for the typical lower
income country. Also notice that the stronger skew for the higher income economies partly
reflects their higher military engagement in the Great War, resulting in more military casu-
alties. The military death rate in 1918 (the only year of overlap between the Great War and
the Spanish flu) is 0.2% in the higher income country group and 0.01% in the lower income
country group.

The case of the US is interesting because the US recession in 1918-1919 was brief and of
moderate amplitude (Burns and Mitchell, 1946; Velde, 2020). Using the specific death rates

for the US and the quantile regression coefficients for the higher income country group, our
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estimates suggest an average decline in the US real per capita GDP by 1.8% in 1918, 0.4%
in 1919 and 0.3% in 1920. The Spanish flu did not have a large negative impact on the US
economic activity and this is in line with the view that the US recession in 1918-1919 was
mild. However, the estimates of the macroeconomic risks for the US amount to -5.5% in
1918, -0.8% in 1919 and -0.3% in 1920, a non-negligible risk in real per capita GDP, which
confirms that the economic costs associated to the pandemic can be very high in an adverse
scenario.

The heterogeneous results among lower and higher income countries are driven by both
the country group-specific parameters (i.e. pass-through coefficients) and the country-specific
death count due to the pandemic flu. We separate those effects along both steps of the two-
step estimation procedure.

First, we focus on the heterogeneity captured by the quantile regression in the first step.
Figure IV shows the estimated quantile regression coefficients and the associated 90% error
bands for percentiles 7 = 5,10, ...,95. More precisely, Panel A shows Bh, the impact of a
1 percentage point increase in the Spanish flu death rate on real per capita GDP growth.
Panel B shows /827-, the extent to which the transmission of the flu death rate to GDP growth
differs for higher relative to lower income countries. Even though the higher percentiles of
the conditional distribution of GDP growth may not be responsive to the Spanish flu, the
distribution below the 50th percentile, which represents the downside macroeconomic risk, is
substantially adversely affected by the pandemic. As such, it is mostly the lower percentiles
of the GDP growth distribution that shift to the left when the flu death rate increases.
Moreover, although the estimated uncertainty is high, Panel B indicates that real per capita
GDP growth below the 50th percentile of the conditional distribution is more sensitive to
flu death rates in higher income countries than in lower income countries. Since the death
rates are exogenous labour supply shifters, the pass-through coefficients from the Spanish flu
death rates to economic growth measure the effect of the labour force contraction on economic

activity. Labour force is expected to be more productive in higher income countries. This
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explains why 327 is negative, particularly in the left tail of the distribution.

The second step of the estimation procedure corresponds to a highly non-linear mapping
of the quantile regression coefficients into our metrics of interest, such as the expected value
and the 5% expected shortfall. To assess whether the higher sensitivity of lower-income
countries’ macroeconomic risk to the pandemic is primarily driven by their higher death
rates rather than by the pass-through coefficients, which shape the density functions, we
perform a counterfactual exercise. Specifically, we substitute the pass-through coefficients of
the pandemic death rate estimated for the higher income country group into the estimation of
the conditional distribution of real per capita GDP growth of the lower income country group.
If the pass-through were the key drivers of such difference, then S ( fynlxn) -S ( fyit‘x;) would
be the same across country groups and, for example, the impact of the flu on the 5% expected
shortfall would amount to about -15.3% in 1918 in the lower income country group as well
as in the higher income country group (see Table II). In a typical lower income country, the
5% expected shortfall implies a drop in real per capita GDP by 52.1% in the baseline and
by 37.1% in the counterfactual exercise. Similarly, the 10% expected shortfall implies a drop
in real per capita GDP in the lower income country by 37.1% in the baseline and by 32.2%
in the counterfactual exercise. The same holds for the effect of the flu on the expected value
of real per capita GDP conditioning on a contraction in economic activity. This metric is
at 11.7% in the baseline (reported in Table IT) and at 13.3% in the counterfactual exercise.
Given that the impact in the baseline is close to the impact obtained with the counterfactual,
we can conclude that the higher death rates in lower income countries explain the emergence

of the extraordinarily large macroeconomic risks in the typical lower income country.

V Conclusions

Assessing the economic consequences of the spread of the new coronavirus disease (Covid-19)

in the world in 2020 is a challenge for the economic profession. The unprecedented nature and
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global scale of a pandemic renders traditional tools for macroeconomic monitoring, including
the monitoring of macroeconomic risk, ill-suited, as they are typically linear models or log-
linearized models around the steady state.

We try to gain insights from the 1918-1920 Great Influenza Pandemic (known also as
Spanish flu); arguably the only precedent for a global pandemic that the world has seen
in modern history. To address the question, we use a non-linear model in a country panel
setting covering all major countries in the world, which are two key features characterizing
pandemic diseases.

We show that the economic costs associated to the pandemic can be very high, with the
5% left tail of the distribution suggesting a drop in the typical country’s real per capita GDP
amounting to 29.1% in 1918, 10.9% in 1919 and 3.6% in 1920, most of the real risk occurring
in the first year. The results are highly heterogeneous across lower and higher income
countries; thereby causing an increase in income inequality. Moreover, the risk associated to
the pandemic are confirmed to be large for higher income countries and are immense for the
lower income countries, potential source of additional uncertainty in these countries. As for
the United States, the literature has argued that the recession during the Spanish flu was
mild in the US (Burns and Mitchell, 1946; Velde, 2020). Given the central tendency of our
results, we would also agree. However, the estimated macroeconomic risks due to pandemic
are non-negligible cumulated over the period 1918-1920.

These potential extreme economic losses, which a country could face, can explain the
prompt and large fiscal and monetary policy interventions globally after the spread of the
Covid-19 disease in 2020. Although the mortality rate due to the Covid-19 pandemic will be
much lower, due to the health infrastructure, the stringent lockdown measures and the gen-
eral knowledge about the disease, the insights from the Spanish flu should not be dismissed,
as both periods share the countries” adoption of social distancing measures (in terms of re-
strictions on economic activity and travelling imposed or self-imposed), well documented in

the case of United States (e.g. Bootsma and Ferguson, 2007; Markel et al., 2007; Bodenhorn,
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2020; Wheelock, 2020) and Italy (e.g. Carillo and Jappelli, 2020).> The Covid-19 pandemic
is a disaster risk and the insights from the Spanish flu are telling: the risk of a sharp fall
in economic activity in 2020 close to two digits due to the Covid-19 is real. Similarly, our
results support the view of international economic organizations, such as the World Bank
and the United Nation Development Programme (UNDP), which argue that the Covid-19
pandemic will leave deep scars in lower income countries, unless urgent policy action is taken

with support from the international community.

3An example of social distancing policy put in place in Europe in 1918 is detailed in these articles
about Liverpool (https://www.liverpoolecho.co.uk/news/liverpool-news/social-distancing-liverpool-during-
spanish-18139281) and Milan (https://www.fondazionecorriere.corriere.it/ai-tempi-dellinfluenza-spagnola/).
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Table I: Spanish Flu’s Partial Effect on Real Per Capita GDP in 1918-1920 (%)

Median Mean Exp. Value / Contract. 5% Shortfall
1918 1919 1920 1918 1919 1920 1918 1919 1920 1918 1919 1920

Typical country -2.03 -0.74 -0.24 -486 -1.74 -0.57 -7.27 -2.75 -0.92 -29.12  -10.86  -3.55

Argentina -0.24 -0.26  0.00 -0.57 -0.61  0.00 -0.91  -0.98 0.00 -3.53 -3.79 0.00
Australia 0.00 -0.37 -0.06 0.00 -0.87  -0.13 0.00 -1.41 -0.21 0.00 -5.55 -0.78
Austria -1.17  -0.31  0.00 -2.69 -0.74  0.00 -3.73  -1.20 0.00 -17.23  -4.74 0.00
Belgium -1.06 -0.17 -0.02 -2,50 -040 -0.04 -391 -0.65 -0.06 -15.46 -2.50 -0.21
Brazil -0.73 -0.31  0.00 -1.71 -0.73  0.00 -2.70  -1.19 0.00 -10.64  -4.72 0.00
Canada -0.62 -0.23 -0.11 -146 -0.54 -0.25 -2.03 -0.87 -0.40 -9.97 -3.38 -1.52
Chile -0.09 -0.81 -0.05 -0.22 -1.90 -0.12 -0.36 -2.99 -0.19 -1.36 -11.79  -0.72
China -0.85 -098 -0.33 -200 -231 -0.77 -3.15 -3.62 -1.25  -12.42 -14.29 -4.93
Colombia -0.66 0.00 -0.04 -1.56 0.00 -0.08 -2.47 0.00 -0.12 -9.71 0.00 -0.45
Denmark -0.25 -0.12 -0.09 -0.60 -0.28 -0.21 -0.95 -0.46 -0.34 -3.70 -1.76 -1.29
Egypt -1.19 -0.28 -0.15 -280 -0.65 -0.36 -4.37 -1.06 -0.57 -17.34 -4.18 -2.21
Finland na. -0.23 -0.04 n.a. -0.53  -0.09 n.a. -0.85  -0.13 n.a. -3.29 -0.49
France -0.79 -0.34 0.00 -1.89  -0.79  0.00 -2.52  -1.28 0.00 -12.30  -5.07 0.00
Germany -1.00 -0.03 -0.16 -2.31 -0.07r -0.37 -3.14 -0.10 -0.59 -15.20 -0.35 -2.30
Greece -0.64 -0.03 0.00 -1.52  -0.07  0.00 -2.31 -0.11 0.00 -9.33 -0.38 0.00
Iceland -0.66 -0.31 -0.23 -1.55 -0.73 -0.55 -246 -1.19 -0.88 -9.67 -4.72 -3.42
India -6.48 -1.28 -040 -15.63 -3.03 -0.93 -19.96 -4.72 -1.50 -93.70 -18.69  -5.90
Indonesia -3.40 -1.14  0.00 -8.04 -2.70 0.00 -12.14 -4.22 0.00 -48.24  -16.76 0.00
Italy -1.71  -0.09 0.00 -4.10  -0.22  0.00 -6.12  -0.35 0.00 -24.58  -1.34 0.00
Japan -0.61 -0.28 -0.56 -143 -0.65 ~-1.32 -2.27 -1.05 -2.11 -9.00 -4.13 -8.32
Malaysia -1.83 -0.10  0.00 -4.33  -0.23  0.00 -6.63  -0.37 0.00 -26.10  -1.42 0.00
Mexico -2.30 0.00 -0.78 -5.46 0.00 -1.83 -8.33 0.00 -2.89  -33.06 0.00 -11.40
Netherlands -0.83 -0.21 -0.03 -195 -048 -0.08 -3.06 -0.78 -0.12 -12.07 -3.02 -0.44
New Zealand -0.80 -0.04 -0.13 -195 -0.09 -0.31 -294 -0.14 -0.50 -11.04 -0.52 -1.94
Norway -0.67 -0.17 -0.02 -1.58 -0.39 -0.04 -250 -0.63 -0.05 -9.86 -2.45 -0.18
Peru -0.15 -0.15 -0.29 -0.34 -0.34 -0.69 -0.56 -0.56 -1.12 -2.15 -2.15 -4.43
Philippines -1.59  -1.22  0.00 -3.77  -2.89  0.00 -5.80  -4.50 0.00 -22.86  -17.86 0.00
Portugal -2.55 -0.14  0.00 -6.07  -0.32  0.00 -9.17  -0.52 0.00 -36.50  -2.01 0.00
Russia -2.10 -0.59 -0.09 -5.04 -1.39 -0.21 -7.24 -221 -0.34  -31.05 -8.72 -1.31
Singapore -1.48 -022 -024 -350 -0.51 -0.56 -540 -0.82 -0.90 -21.34 -3.17 -3.51
South Africa -3.14  -1.85 0.00 -7.45 -4.39 000 -11.24 -6.72 0.00 -44.68  -26.47 0.00
South Korea -1.16  -0.37 -0.56 -2.74 -0.86 -1.31 -428 -1.39 -2.08 -17.00 -5.47 -8.23
Spain -1.57 -0.21 -0.26 -3.71 -049 -0.62 -5.71 -0.79 -0.99 -22.50 -3.08 -3.85
Sri Lanka -0.86 -149 -0.26 -2.03 -3.53 -0.60 -3.19 -5.44 -0.96 -12.57 -21.46 -3.74
Sweden -0.70 -0.21 -0.04 -166 -049 -0.08 -2.62 -0.78 -0.13 -10.33 -3.04 -0.46
Switzerland -0.80 -0.16 -0.19 -1.89 -0.38 -0.44 -298 -0.61 -0.70  -11.74  -2.36 -2.73
Taiwan -0.80 -0.03 -0.78 -1.88 -0.06 -1.84 -297 -0.09 -290 -11.74 -0.34 -11.46
Turkey -1.59 -0.08 0.00 -3.77  -0.18  0.00 -4.80  -0.28 0.00 -24.79  -1.08 0.00
United Kingdom -0.50 -0.18  0.00 -1.20  -0.43 0.00 -1.62  -0.69 0.00 -7.66 -2.69 0.00
United States -0.59 -0.11 -0.08 -140 -0.26 -0.19 -2.18 -0.42 -0.31 -8.69 -1.62 -1.17
Uruguay -0.19 -0.08 -0.06 -045 -0.19 -0.13 -0.73 -0.30 -0.21 -2.82 -1.13 -0.79
Venezuela -1.48 -0.40 0.00 -3.50 -0.94 0.00 -5.39  -1.51 0.00 -21.29  -5.92 0.00

Notes: This table shows the partial effect of the Spanish flu on (i) the median of real per-capita GDP growth, (ii) the expected
value of real per-capita GDP growth, (iii) the expected value of real per-capita GDP growth conditional on a contraction,
and (iv) the expected value of real per-capita GDP growth in the lower 5% tail of the conditional probability density. The

partial effect is computed as S (fyit|zit> -S (fyit|1%t>7 where S is one of the four described metrics, fyulzit is the estimated

conditional distribution, and z}, is the same distribution function derived by putting the number of deaths due to the Spanish
flu to zero.
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Table II: Spanish Flu’s Partial Effect on Real Per Capita GDP in Lower and Higher Income
Countries in 1918-1920 (%)

Median Mean Exp. Value / Contract. 5% Shortfall

1918 1919 1920 1918 1919 1920 1918 1919 1920 1918 1919 1920
Typical Lower Income -0.92 -0.32 -0.09 =727 -2.75 -0.8 -11.65 -5.03 -1.97 -52.13 -22.14 -8.98
Typical Higher Income -1.50 -0.55 -0.17 -3.50 -0.89 -0.26 -6.61 -1.06 -0.30 -15.35 -1.07 -1.30
Lower Income
Belgium -0.36  -0.04 0.00 -3.04 -0.43 -0.05 -5.49 -1.26 -0.09 -24.08 -6.09 -0.34
Brazil -0.24 -0.09 0.00 -2.05 -0.84  0.00 -3.92 -1.94 0.00 -17.34 -8.87 0.00
China -0.28 -0.33 -0.09 -2.42 -2.80 -0.88 -4.44 -5.11 -2.01 -19.85 -22.46 -9.17
Colombia -0.21  0.00 -0.01 -1.86 0.00 -0.09 -3.62 0.00 -0.19 -16.06 0.00 -0.67
Egypt -0.40 -0.08 -0.03 -3.41 -0.74 -0.37 -6.05 -1.77 -1.17 -26.49 -8.19 -5.72
Finland n.a -0.06 -0.01 n.a. -0.58 -0.10 n.a. -1.52 -0.20 n.a. -7.13 -0.71
Iceland -0.21  -0.09 -0.06 -1.86 -0.84 -0.61 -3.61 -1.94 -1.56 -15.99 -8.87 -7.31
India -5.40 -0.43 -0.12 -1858 -3.70 -1.09 -24.93 -6.51 -2.36 -112.90 -28.48 -10.66
Indonesia -1.44 -0.38 0.00 -9.94 -3.28 0.00 -15.66 -5.85 0.00 -68.55 -25.67 0.00
Japan -0.20 -0.07 -0.18 -1.73 -0.73  -1.57 -3.23 -1.76 -3.15 -15.02 -8.15 -14.04
Malaysia -0.63 -0.01 0.00 -5.31 -0.21  0.00 -9.03 -0.89 0.00 -39.70 -4.52 0.00
Mexico -0.82 0.00 -0.26 -6.70 0.00 -2.20 -11.09 0.00 -4.17 -48.55 0.00 -18.41
Peru -0.03 -0.03 -0.08 -0.36 -0.36  -0.78 -1.15 -1.15 -1.85 -5.62 -5.62 -8.51
Philippines -0.54 -0.41 0.00 -4.62 -3.52  0.00 -8.04 -6.23 0.00 -35.62 -27.26 0.00
Portugal -0.98 -0.02 0.00 -7.54 -0.33  0.00 -11.50 -1.10 0.00 -53.19 -5.44 0.00
Singapore -0.50 -0.05 -0.06 -4.28 -0.56 -0.63 -7.46 -1.48 -1.59 -32.88 -6.97 -7.43
South Korea -0.39 -0.11 -0.18 -3.33 -1.00 -1.55 -5.93 -2.21 -3.12 -26.01 -10.01  -13.90
Sri Lanka -0.29 -0.51 -0.07 -2.45 -4.31 -0.68 -4.56 -7.51 -1.67 -20.07  -33.11 -7.75
Taiwan -0.27 -0.01 -0.26 -2.28 -0.07 -2.22 -4.21 -0.14 -4.19 -18.84 -0.51 -18.50
Turkey -0.98  0.00 0.00 -5.44 -0.15  0.00 -3.46 -0.76 0.00 -34.98 -3.98 0.00
Venezuela -0.50 -0.12  0.00 -4.27  -1.09 0.00 -7.44 -2.37 0.00 -32.79 -10.69 0.00
Higher Income
Argentina -0.45 -0.48 0.00 -0.72 -0.77  0.00 -0.78 -0.86 0.00 -0.50 -0.50 0.00
Australia 0.00 -0.67 -0.13 0.00 -1.11  -0.19 0.00 -1.43 -0.23 0.00 -2.17 -0.96
Austria -2.03 -0.58 0.00 -3.53 -0.94  0.00 -5.95 -1.14 0.00 -12.57 -1.30 0.00
Canada -1.09 -0.44 -0.22 -1.84 -0.69 -0.33 -3.16 -0.73 -0.31 -5.20 -0.49 -0.72
Chile -0.20 -1.06 -0.12 -0.29 -2.32  -0.18 -0.26 -3.81 -0.21 -0.53 -9.08 -0.90
Denmark -0.47 -0.25 -0.19 -0.75 -0.38 -0.28 -0.83 -0.38 -0.24 -0.49 -0.99 -0.46
France -1.36  -0.62  0.00 -2.37 -1.01 0.00 -4.16 -1.25 0.00 -7.68 -1.65 0.00
Germany -1.85 -0.06 -0.31 -3.04 -0.09 -0.48 -5.13 -0.11 -0.44 -9.75 -0.48 -0.40
Greece -1.12  -0.07  0.00 -1.96 -0.10  0.00 -3.30 -0.12 0.00 -6.06 -0.52 0.00
Italy -249 -0.19 0.00 -5.17  -0.29  0.00 -9.28 -0.25 0.00 -23.67 -0.51 0.00
Netherlands -1.07 -0.40 -0.08 -2.37 -0.62 -0.12 -3.93 -0.63 -0.14 -9.41 -0.49 -0.59
New Zealand -1.53  -0.09 -0.27 -2.63 -0.13 -041 -4.60 -0.16 -0.36 -8.51 -0.67 -0.47
Norway -1.01 -0.34 -0.03 -1.98 -0.51 -0.05 -3.05 -0.48 -0.06 -6.91 -0.56 -0.26
Russia -3.24  -0.95 -0.19 -6.38 -1.75  -0.28 -11.30 -2.59 -0.25 -29.21 -5.58 -0.48
South Africa -6.21 -3.12 0.00 -10.05 -5.69 0.00 -15.81 -9.25 0.00 -44.59 -25.44 0.00
Spain -2.42  -0.41 -0.48 -4.71 -0.63 -0.78 -7.83 -0.65 -0.88 -21.16 -0.55 -0.54
Sweden -1.02 -0.40 -0.08 -2.06 -0.62 -0.12 -3.23 -0.63 -0.14 -7.41 -0.51 -0.61
Switzerland -1.06 -0.32 -0.37 -2.31 -0.49 -0.56 -3.79 -0.45 -0.55 -9.03 -0.46 -0.56
United Kingdom -0.99 -0.36 0.00 -1.56 -0.55  0.00 -2.88 -0.54 0.00 -3.05 -0.51 0.00
United States -1.00 -0.23 -0.17 -1.79 -0.35 -0.25 -2.82 -0.34 -0.21 -5.47 -0.83 -0.32
Uruguay -0.38 -0.16 -0.13 -0.58 -0.24 -0.19 -0.57 -0.19 -0.23 -0.44 -0.28 -0.97

Notes: This table shows the heterogeneous effect of the Spanish flu among lower and higher income countries using four metrics
derived from the conditional distribution of real per-capita GDP growth. The higher (lower) income country group comprises
countries with a real per capita GDP above (below) the median in 1917. The first two lines show the summary statistics for the
typical lower and higher income groups, respectively. The summary statistics are (i) the median of real per-capita GDP growth,
(ii) the expected value of real per-capita GDP growth, (iii) the expected value of real per-capita GDP growth conditional on
a contraction, and (iv) the expected value of real per-capita GDP growth in the lower 5% tail of the conditional probability

density. The partial effect is computed as S (fy“|x“> -S (fy”mft), where S is one of the four described metrics, fyulwit is
: it |} 3

the estimated conditional distribution, and 7, is the same distribution function derived by putting the number of deaths due

to the Spanish flu to zero.
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Figure I: Data

A. Real per capita GDP growth (1901-1929)  B. Annual real per capita GDP growth (1901-1929)
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Notes: Panels A and B show the annual real per capita real GDP growth in percent computed for 42 countries over the period
from 1901 until 1929. In Panel A, the fitted distribution corresponds to the unconditional distribution of real per capita GDP
growth, which is obtained using the methodology described in section II with a constant as the only regressor. In Panel B, the
full line shows the median real per capita GDP growth across countries over time, the shaded area covers the respective 16th
to 84th percentiles, the dotted lines show the minimum and maximum values over time and the dashed-dotted line shows the
US real per capita GDP growth. The shaded bar highlights the period of the Spanish Flu. Panels C and D show the relation
between the annual real per capita GDP growth and the number of deaths caused by the Spanish flu, expressed as percentage
of each country’s population, in the lower and higher income countries, respectively. The lower and higher income country
classification is relative to the across-countries’ median of the real per capita GDP in 1917. Only observations with a non-zero
death count are included.

ECB Working Paper Series No 2466 / September 2020 26



Figure II: Conditional Probability Density of Real Per Capita GDP Growth (1918)
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Notes: This figure shows three conditional distributions of the real per capita GDP growth rate for a typical country generated
by the model described in Section II. The density shown in a full line (“War and Flu Deaths”) uses the observed data on war

deaths and flu deaths; the dashed density (“War, no Flu Deaths”) uses the war deaths, but puts the flu deaths at zero; and the
dashed-dotted density (“No Deaths”) shows the distribution when both flu and war deaths are put to zero.
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Figure III: Conditional Probability Densities of Real Per Capita GDP Growth in the Typical
Lower and Higher Income Countries (1918)

A. Lower income country B. Higher income country
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Notes: Each panel shows three conditional distributions of the real per capita GDP growth rate generated by the model
described in Section II, where the estimated parameters are allowed to differ according to whether or not the country’s 1917
level of GDP is below or above the across countries’ median level of real per capita GDP in 1917. The density shown in a full
line (“War and Flu Deaths”) uses the observed data on war and flu deaths aggregated either over the below-median countries
(Panels A and C), or over above-median countries (Panels B and D); the dashed density (“War, no Flu Deaths”) uses the (per
category aggregation of) war deaths, but puts the flu deaths at zero; and the dashed-dotted density (“No Deaths”) shows the
distribution when both flu and war deaths are put to zero. Panels C and D focus on the extreme left-tails of the distribution.
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Figure I'V: Pass-Through Coefficients from Spanish Flu to Real Per-Capita GDP growth in Typical
Lower and Higher Income Countries
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Notes: This figure shows estimated quantile regression coefficients and the associated 90% error bands for percentiles 7 =
5,10,...,95. Panel A shows 31-, the impact of a 1 percentage point increase in the Spanish flu death rate on real per capita
GDP growth in percent as a function of 7. Panel B shows (5,, the extent to which the transmission of the flu death rate to
GDP growth differs for higher relative to lower income countries.
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