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Abstract

This paper uses a difference in differences framework to estimate
the causal impact on the mortality rate of Non Pharmaceutical In-
terventions (NPIs) used to fight pandemics. The results suggest
that NPIs such as school closures and social distancing introduce a
trade-off. While they can lower the fatality rate during the peak of
the pandemic, they also reduce the herd immunity and significantly
increase the death rate in subsequent years. There is no significant

association between the implementation of NPIs and cities’ growth.
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1 Introduction

Since the emergence of the global Covid-19 pandemic, a growing stream of
contributions has sought to inform policy makers by analyzing past pan-
demics. In this context, the 1918 flu might offer an interesting opportunity
to evaluate the potential impact of pandemics on economic activity (Barro,
Ursta, and Weng 2020) and the potential benefits of Non Pharmaceutical
Interventions (NPIs) such as school closures and social distancing (Correia,
Luck, and Verner 2020).

My first contribution is summarized in Figure 1. I estimate with a difference
in differences approach the impact of Non Pharmaceutical Interventions to
fight against pandemics on the aggregate death rate. I show that cities
that responded more aggressively and rapidly to the 1918 pandemic with
NPIs managed to decrease the death rate in 1918. However, these cities
also ended with relatively higher mortality levels in the subsequent years,
in particular when the intervention was long. The net benefit of Non Phar-
maceutical Interventions thus seems smaller in terms of mortality. One
potential explanation would be the lower immunity of the population gen-
erated by these measures making these cities more vulnerable during the
following years. Indeed, the subsequent influenza epidemics, with the ex-
ception of avian influenza, have been caused by descendants of the 1918
virus (Taubenberger and Morens 2006) up to 1977 (Fine 1993). This find-
ing seems to support that herd immunity!, as initially advocated in Fox et
al. (1971), allows to decrease the spread of influenza. Indeed, Fine (1993)
reports that many epidemiological papers argued that herd immunity might
be a convenient way to decrease the spread of influenza these include St
Groth (1977) and Fine (1982).

I then investigate the impact of NPIs on cities” demographic structure and
growth. Unsurprisingly in light of their limited impact on the death rate, 1
find no impact on their population growth or even on the share of popula-
tion belonging to the most affected cohort. Moreover, a careful investiga-
tion of the long run dynamics of the manufacturing sector does not allow to
establish any causal link of NPIs on economic growth given that cities that
adopted longer NPIs had different economic dynamics (pre-trends) before
1909.

The paper is organized as follows. Section 2 presents the background and
the current state of our knowledge on the 1918 pandemic including its po-
tential effect on economic activity. Section 3 presents the data. Section 4
develops a difference in differences approach to estimate the impact of NPIs

1. 7The resistance of a group to attack by a disease to which a large proportion of the
members are immune, thus lessening the likelihood of a patient with a disease coming

into contact with a susceptible individual” (Agnew 1965)



on the death rate. Section 5 discusses the impact of NPIs implemented in
1918 on cities” dynamics. Section 6 concludes.

Figure 1: Evolution of the yearly death rate before and after the 1918 flu
in 43 cities that implemented Non Pharmaceutical Interventions in 1918
for different length
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Seattle, Spokane, Syracuse, Toledo, Washington, Worcester.

2 Background and literature review

2.1 The Policy responses to the 1918 influenza

The year 2020 has seen a global health crisis with more than 50% of the
world population under relatively strict NPIs. The closest crisis from which
enough data is available is the 1918 flu that spread throughout the world
at the end of the First World War and infected about a quarter of the
world population at that time (Taubenberger and Morens 2006). It also



had long run consequences on children born during this period (Almond
2006). The flu mostly affected active people with an unusual casualty rate
concentrated for the age groups between 15 and 45.

In the U.S., the flu was probably spread by troups coming back from Europe
and increased dramatically the death rate in the autumn of 1918. It is
also noteworthy that the death rate due to influenza decreased the next
years but remained at higher levels when compared with previous years
as illustrated in Figure 2. This might be because doctors were then more
likely to report influenza as the cause of some death but also because the
virus mutated and continued to affect people in the following years. Indeed,
Taubenberger and Morens (2006) stress that the virus at the origin of the
1918 pandemic gave birth to most of the subsequent influenza strains, with
the exception of avian flu. Fine (1993) states that “prior to 1977 only a
single magjor [influenza/ virus (shift) subtype was found circulating in the
human population worldwide at any time”.

Figure 2: Evolution of the death rate caused by influenza and influenza
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Author’s computation from Bureau of the Census, Mortality Statistics 21st Annual Report pub-
lished in 1920.

Average death rate computed for a sample of 43 cities: Albany, Baltimore, Birmingham, Boston,
Buffalo, Cambridge, Chicago, Cincinnati, Cleveland, Columbus, Dayton, Denver, Fall River, Grand
Rapids, Indianapolis, Kansas City, Los Angeles, Louisville, Lowell, Milkwaukee, Minneapolis,
Nashville, New Haven, New Orleans, New York, Newark, Oakland, Omaha, Philadelphia, Pitts-
burgh, Portland, Providence, Richmond, Rochester, Saint Louis, Saint Paul, San Fransisco, Seattle,

Spokane, Syracuse, Toledo, Washington, Worcester.

The Federal Government did not coordinate a national response (Cor-
reia, Luck, and Verner 2020) leaving cities to manage the pandemic by
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implementing local measures. The timing of the response appears to be
correlated with the geographical longitude suggesting that cities located
in the West had more time to prepare using the experience of cities in the
East that had been more rapidly overwhelmed. Indeed Markel et al. (2007)
show that the pandemic waves started in the East during the second week
of September 1918, in the Midwest in the last week of September and in
the West in the second week of October. They show that all cities they
investigated implemented some kind of NPI, such as quarantines, social dis-
tancing and school closures, but that some were stricter and faster to take
action than others. Their data also documents some heterogeneity in the
responses within each region. For example, New York responded rapidly
to the pandemic and managed to flatten the epidemic curve implementing
strictly enforced isolation and quarantine procedures. According to Markel
et al. (2007) this allowed the city to experience the lowest death rate on
the East Coast. On the other hand, Pittsburgh only took action on the
beginning of October and closed schools at the end of the month. This
resulted in the highest excess mortality burden in the sample studied.

2.2 Economic and health consequences of the 1918
pandemic

This paper is intended as a contribution to the economic literature and
engages with the epidemiological literature as I study the impact of NPIs
implemented in 1918 on health and economic outcomes. I try to extend
the epidemiological literature documenting the impact of Non Pharmaceu-
tical Policies (NPIs) as Markel et al. (2007), Bootsma and Ferguson (2007),
and Hatchett, Mecher, and Lipsitch (2007) which was carefully reviewed
in Aiello et al. (2010) using an econometric approach. My results confirm
their estimated impact of the short run consequences of NPIs (i.e during the
pandemic) and supplement their results by documenting the medium run
impact of the policies once the main wave is over. My findings are in line
with the literature on herd immunity (Fine 1993; Fine, Eames, and Hey-
mann 2011) as I document a trade-off between short run benefits of NPIs
and their medium run consequences. I show that cities that implemented
NPIs incurred higher death rates in the following years. This paper also
contribute to the literature documenting the evolution of mortality rates
differential in US cities as Feigenbaum, Muller, and Wrigley-Field (2019),
Clay, Lewis, and Severnini (2019), and Acuna-Soto, Viboud, and Chowell
(2011).

[ also contribute to the literature documenting the economic impact of
pandemics. For example, Meltzer, Cox, and Fukuda (1999) estimated in
1999 the potential economic impact of the next pandemic without economic



disruption and analyzed the benefits of developing vaccines to prevent it.
Smith et al. (2009) developed a general equilibrium model to measure the
potential impact of a pandemic on the UK economy under different scenar-
ios. The Covid-19 pandemic has also given rise to a wide range of estimates
of its potential economic impact as Atkeson (2020), Kong and Prinz (2020),
Takahashi and Yamada (2020), Barrot, Grassi, and Sauvagnat (2020), and
Chen, Qian, and Wen (2020). This research is more precisely related to the
literature that documented the impact of past pandemics and in particular
the 1918 pandemic. Barro, Ursiia, and Weng (2020) used a panel of coun-
tries and estimate that the flu had negative impacts on GDP and consump-
tion, estimated to be around 6 and 8 percent, respectively. Velde (2020)
study the short run dynamics of US economics during the pandemics. I dis-
cuss more extensively the recent work of Correia, Luck, and Verner (2020)
who document what kind of economic impact one can expect from non
pharmaceutical intervention and influenza pandemic on cities’” manufac-
turing and banking sectors. My results argue for caution regarding any
inferred causal links between economic activity and the mortality caused
by the pandemic in US cities. I find that on the medium run, NPIs seem
to have decreased the immunity of the population leaving individuals more
sensitive to the following waves of the pandemic and strains of influenza.
My findings can also contribute to the economic literature investigating the
optimal policy responses to pandemics, e.g. Alvarez, Argente, and Lippi
(2020) and Jones, Philippon, and Venkateswaran (2020), as they suggest
that optimal policy responses should include an exit strategy when imple-
menting NPIs. My conclusions tend to support the intuition developed in
Toda (2020) that argues that countries might rely on herd immunity to
fight against the pandemic while limiting the economic slowdown.

3 Data

I construct a panel of 43 cities with precise measures of NPIs in a spirit
close to Correia, Luck, and Verner (2020). My data comes from the census
bureau archives published online. I digitize the Statistical Abstract of
the United States from the Census Bureau to extract information on the
number of wage workers, aggregate wages, the total output and the added
value for the 43 cities from 1899 to 1923. I end up with a balance panel of
43 cities for the years 1899, 1904, 1909, 1914, 1919 and 1920.

[ supplement this dataset with the data compiled by Markel et al. (2007)
on NPIs describing the number of days under NPIs and the speed of their
implementation after the first case was reported in the city. I also use the
mortality tables for large cities published by the Census Bureau from 1906
to 1924.



Table 1: Descriptive Statistics for the 43 US Cities

Mean Std.Dev.  Obs min max

Demographics

Population (1900) 328018.60 576706.40 43 36800 3437200
Population (1910) 441201.02 776807.64 43 100292 4770082
Population growth (1900-1910) 0.50 0.56 43 0 2
Sex Ratio (men/women) 1910 1.03 0.12 43 1 1
average age (1910) 28.39 1.32 43 25 31
First decile age (1910) 5.09 0.92 43 4 7
Median Age (1910) 26.42 156 43 23 30
Ninth decile age (1910) 53.51 1.88 43 49 58
Health

NPI days (1918) 88.28 46.43 43 28 170
NPI Speed (1918) -7.35 7.84 43 -35 11
Death Rate (1917) 179.10 61.53 43 59 380
Death Rate (1918) 647.14 187.53 43 283 1244
Health Expenditures per head (1900) 0.19 0.11 43 0 1
Health Expenditures per head (1917) 1.84 0.61 43 1 3
Manufacturing sector

Wage Workers (1899) 40886.84  70859.04 43 1060 388586
Value Produced (1899) 114844.51 217164.14 43 3756 1172870
Wages (1899) 1879291  34528.14 43 616 196656

Author’s computation from the Bureau of the Census, Mortality Statistics 21st Annual Report
published in 1920 ,the US census Statistical Abstract and Manufacture Surveys (1900-1929) . NPI
variables are from Markel et al. (2007).

The cities are Albany, Baltimore, Birmingham, Boston, Buffalo, Cambridge, Chicago, Cincin-
nati, Cleveland, Columbus, Dayton, Denver, Fall River, Grand Rapid, Indianapolis, Kansas City,
Los Angeles, Louisville, Lowell, Milwaukee, Minneapolis, Nashville, New Haven, New Orleans,
New York, Newark, Oakland, Omaha, Philadelphia, Pittsburgh, Portland, Providence, Richmond,
Rochester, Saint Louis, Saint Paul, San Francisco, Seattle, Spokane, Syracuse, Toledo, Washington,

Worcester.

Finally, I use the exhaustive census for the years 1900, 1910, 1920 and 1930
downloaded on the IPUMS website and compiled by Ruggles et al. (2020).
The main variables used are summarized in Table 1.



4 The impact of NPIs on the mortality rate

in the medium run

4.1 Empirical specification

Epidemiological studies investigate how Non Pharmaceutical Interventions
allow to flatten the epidemic curve by examining high frequency (weekly)
data (Markel et al. 2007; Bootsma and Ferguson 2007). I follow a different
approach in order to study their impact in the medium run. This is per-
formed by an event study following a growing econometric literature (Duflo
2001; Autor 2003; De Chaisemartin and d’Haultfoeuille 2018; Fetzer 2019)
to investigate the impact of NPIs on the death rate at the city level:

Deathmtei,t = (SZ—F’}/t"‘ Z 5tX1t(i):t><NP[19187i+ Z )\tXLg(Z'):tXXZ'—i—Ei,t
t#1916 t#1916
(1)

where I use three different death rates : total death rate, death rate for
influenza and pneumonia (used in Bootsma and Ferguson (2007), Markel
et al. (2007), and Correia, Luck, and Verner (2020)) and death rate for
influenza only. X; controls for the population in 1910 and health expen-
ditures per capital in 1917. There are two NPI terms reported in Markel
et al. (2007). The first term, NPI Speed, measures the rapidity of the re-
sponse after the first case was discovered in the city, and the second term,
NPI Days, measures the duration that NPIs such as social distancing and
school closures were implemented. 3! is used to describe if cities that re-
sponded more aggressively to the pandemic had different trends from 1911
to 1920.

To compute the net effect, I also estimate a simpler difference-in-differences
specification:

Deathratei,t = (Srf{"Yt"‘ﬁ x Post x NP]19187i+ Z )\t X 1t(i):t X Xﬂ—ei,t (2)
t£1916

where Post takes value one when the year is higher than 1917.5 is used
to measure the net impact of NPIs implemented in 1918 from year 1918
until the end of the observations (up to 1924 for the long run specifications).
Both equations are estimated by ordinary least squares and standard errors
are clustered at the city level.

4.2 Results of the event study

Figures 3 and 4 display the estimates of 3. One can observe that the com-
mon trend assumption is fulfilled before the 1918 pandemic and that high
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and low NPIs cities had similar mortality trends.These policies reduced the
mortality rate in 1918, this is consistent with Markel et al. (2007). How-
ever, one also observes a significant rebound of mortality in these cities in
1919 and 1920. This tends to suggest that the herd immunity of the pop-
ulation is lower and that more people die from influenza and pneumonia
in the two subsequent years than would have been the case with less ag-
gressive NPIs. We observe the same patterns for the two measures of NPI
policies with one difference that argues for the herd immunity interpreta-
tion. In 1919 and 1920, cities that implemented long NPIs experienced a
dramatic increase in their death rate; while this is not so important when
they responded rapidly after the first case appeared. This suggests that
the longer people were isolated from the virus in 1918, the lower the herd
immunity and the higher the death rate the next years. The figures for
”death caused by influenza” could be recovered until 1920 but the series
for the total death rate and deaths caused by pneumonia and influenza are
available through 1924. I provide additional evidence in Figure B.1 and
B.2 of the appendix that the total death rate appears to be higher through
1924 in cities that implemented long NPIs in 1918. It is possible that the
impact of the influenza may be reflected more in the total death rate if
those who die from influenza have other co morbidity factors.

These findings appear to be consistent with the literature on herd im-
munity. They suggest that the 1918 pandemic acted as a vaccine for the
subsequent years in cities that did not implement NPIs. Indeed, Fine,
Eames, and Heymann (2011) reported that “one proposal has been to re-
duce community spread of [influenza] by concentrating on vaccination of
schoolchildren, as transmission within crowded classrooms leads to rapid
dispersal throughout the community, and into the homes where suscepti-
ble adults reside”. As a consequence one might think that NPIs as school
closures limited the spread of the virus during the pandemic but failed to
raise the level of immunity within the city, making the population more
susceptible. The impact of the length of NPIs appears to support this in-
terpretation: the longer children stayed at home, the lower their exposure
to the influenza and the subsequent immunity of the population.



Figure 3: Event study: Estimates of the aggregate impact of NPI imple-

mentation speed on death rates
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Figure 4: Event study: Estimates of the aggregate impact of NPI imple-

mentation duration on death rates
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95% confidence interval clustered at the city level

11



4.3 Robustness checks

I perform several robustness checks to verify the underlying hypothesis, to
investigate the longer run impact of NPIs, and to control for the influence
of the demographic structure of cities before and after the pandemic.

Additional tests of the common trend assumption. [ gathered
longer time series for the total death rate from 1906. Specific death rates
for influenza alone or for influenza and pneumonia were not published in
the sources that I consulted. Results remain unchanged as cities with a
high and low level of NPIs in 1918 had common trends from 1906 as illus-
trated in Figure B.3 in the Appendix. I also extend the series for influenza
and pneumonia and for the total death rate until 1924 in Figure B.1 and
B.2. The results show that the length of NPIs still had a significant impact
through 1924 while the impact of the speed of their implementation faded
rapidly after 1919.

Cities’ weights and differentiated trends between the East and
the West. The observations are weighted according to their population
in 1910. This does not affect the estimated trends. Moreover, as discussed
in Correia, Luck, and Verner (2020) the pandemic spread from the East to
the West, giving the West more time to adjust. One potential confounding
factor could be that cities on the West Coast started to behave differently
from the East Coast after the First World War due to some regional shocks.
I control for this eventuality adding regional shocks, i.e., interacting years
fixed effects with a fixed effect to indicate to which of the four regions the
city belongs (West, South West, East, Midwest), results remain unchanged
as illustrated in Figures C.3 and B.4 in the appendix.

Changing demographic structure. An alternate explanation would be
that cities with an aggressive policy may undergone different demographic
changes that could explain their divergence in terms of mortality after 1918.
Appendix C compares the demographic structure of these cities (popula-
tion, population growth, sex ratio, average age, age distribution, share of
each cohort and age groups ) in each census year. It is noteworthy that
cities that implemented longer and earlier NPIs were younger, had higher
population growth rates and had proportionally more males; these demo-
graphic trends continued unchanged after 1918. This reflects the fact that
these cities tend to be located on the West Coast. If controlling for regional
shocks might absorb these differences, I follow the epidemiological litera-
ture as Markel et al. (2007) and also control explicitly for the difference
in sex ratio, median age and population growth in 1910, before the pan-
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demic, or in 1920, immediately following the pandemic; in all such cases,
the results remain unaffected, as illustrated in Figures B.6 and B.7.

4.4 Short run and long run impact of NPIs

In order to get an idea of the net benefits of NPIs, I run a difference in
differences specification. The first one displayed in Table 2 only accounts
for the year 1918 to estimate the short run impact of NPI, i.e. during their
implementation. Columns (1) to (4) do not control for any characteristics
beyond year and cities’ fixed effects. Columns (5) to (8) also control for
health expenditures per capita before the pandemic and city size. The in-
clusion of controls does not change the point estimate but makes it less
precise and not significant. Columns (3), (4), (7) and (8) weight the ob-
servations by their population in 1910. Several comments are in order.
First, speed appear to be more efficient than the duration of NPIs as the
coefficient of the number of days is never statistically significant. Rapid im-
plementation reduced the total death rate by 1.3 per 10,000 population, the
death rate for pneumonia and influenza by 7 per 10,000 and the death rate
for influenza only by 3 per 10,000. Note that the figures for the net number
of lives saved by NPIs vary depending on the rate used. Their estimated
impact is higher on the death rate caused by Influenza and Pneumonia
than on the total death rate, suggesting that a portion of those saved from
influenza by NPIs could have died from other diseases. Another interpre-
tation could be that cities that implemented NPIs attributed a lower share
of their deaths to influenza while the other cities tended to assign more
deaths in 1918 to the ongoing pandemic.

In Table 3, I run the same specifications but including the year 1919 and
1920. One can observe that the point estimates are divided by two or three
and are less significant. Rapid implementation of NPIs reduced the total
death rate by 0.06 per 1,000 population, the death rate for pneumonia and
influenza by 4 per 10,000 and the death rate for influenza only by 1.1 per
10,000. The impact of the number of days under NPIs is never significant.
This suggests that a portion of the people saved by NPIs in 1918 were lost
during the following two years.

Finally, Table 4 presents the estimates extending the series through 1924.
Data for deaths caused by influenza alone were not available. The impact
of speed remains significant in one specification but is even smaller. More
interestingly, the impact of the length of the NPIs on the total death rate
now turns positive and statistically significant in most of the specifications.
This suggests that cities that implemented long periods of NPIs ultimately
lost more people, increasing their death rate by 1.2 per 10,000. One po-
tential interpretation of the finding could be that NPIs should not last too
long and that their exit strategy should include specific policies to avoid
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that having a lower herd immunity lead to higher death rates in the sub-

sequent years.

Table 2: Short Run Impact of NPIs (1911-1918)

(1) 2) (3) (4) (5) (6) (7) ®)
Panel a) Dependant variable: Death rate for all causes (per 1,000)
speed NPI x Post -0.0570 -0.132%* -0.0627 -0.167*
(0.0388) (0.0339) (0.0427) (0.0785)
days NPT x Post -0.00982 -0.0149 -0.00935 -0.0231
(0.00683) (0.0108) (0.00766) (0.0126)
N 343 343 343 343 343 343 343 343
R? 0.915 0.915 0.908 0.888 0.915 0.915 0.910 0.902
Panel b) Dependant variable: Death rate for Influenza and pneumonia (per 10,000)
speed NPI x Post -1.829 -7.405** -2.852 -11.49
(2.894) (2.593) (3.240) (6.273)
days NPI x Post -0.867 -1.328 -0.958 -1.899*
(0.549) (0.784) (0.557) (0.934)
N 343 343 343 343 343 343 343 343
R? 0.894 0.899 0.906 0.897 0.896 0.900 0.910 0.906
Panel b) Dependant variable: Death rate for Influenza only (per 10,000)
speed NPI x Post -2.455 -2.695* -2.691 -4.475
(1.487) (1.086) (1.722) (2.428)
days NPI x Post -0.306 -0.305 -0.416 -0.557
(0.280) (0.353) (0.308) (0.421)
N 343 343 343 343 343 343 343 343
R? 0.922 0.921 0.945 0.938 0.924 0.923 0.948 0.943
Controls
City FE Y Y Y Y Y Y Y Y
Year FE Y Y Y Y Y Y Y Y
Controls x Years FE N N N N Y Y Y Y
Weights N N Y Y N N Y Y

Clustered Standard errors in parentheses

*p < 0.05,* p<0.01, " p<0.001

Post is a dummy indicating observations after 1917 while speed NPI indicates the
speed at which the city implemented their NPI. Days NPI describes the length the

NPI measures were in place.

Estimates of the difference in difference equation:

Deathratei,t = 52 + Yt =+ ﬂ X Post x NPIlglgyi + Zt#1916 )\t X 1t(i):t X X1 + €i,t
Controls include health expenditures in 1917, population in 1910, years and city fixed effects

standard errors clustered at the city level. Cities are weighted with their population in 1910
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Table 3: Medium Run Impact of NPIs (1911-1920)

(1) 2 3) (4) (5) (6) ) (8)
Panel a) Dependant variable: Death rate for all causes (per 1,000)
speed NPI x Post -0.0240 -0.0655"** -0.0284 -0.0569*
(0.0176) (0.0114) (0.0196) (0.0217)
days NPI x Post 0.00906* 0.00585 0.00846* 0.00151
(0.00407) (0.00552) (0.00410) (0.00535)
N 429 429 429 429 429 429 429 429
R? 0.881 0.884 0.882 0.871 0.882 0.884 0.883 0.879
Panel b) Dependant variable: Death rate for Influenza and pneumonia (per 10,000)
speed NPI x Post -0.0163 -2.996** -0.361 -3.315
(1.122) (0.967) (1.229) (2.168)
days NPI x Post 0.00828 -0.141 -0.0749 -0.448
(0.237) (0.326) (0.242) (0.357)
N 429 429 429 429 429 429 429 429
R? 0.880 0.880 0.886 0.879 0.881 0.881 0.887 0.885
Panel b) Dependant variable: Death rate for Influenza only (per 10,000)
speed NPI x Post -0.604 -1.104** -0.716 -1.256
(0.636) (0.326) (0.688) (0.668)
days NPI x Post -0.0201 0.0311 -0.106 -0.103
(0.133) (0.149) (0.136) (0.149)
N 429 429 429 429 429 429 429 429
R? 0.905 0.905 0.925 0.922 0.908 0.908 0.926 0.925
Controls
City FE Y Y Y Y Y Y Y Y
Year FE Y Y Y Y Y Y Y Y
Controls x Years FE N N N N Y Y Y Y
Weights N N Y Y N N Y Y

Clustered Standard errors in parentheses

*p < 0.05,** p<0.01, ** p<0.001

Post is a dummy indicating observations after 1917 while speed NPI indicates the
speed at which the city implemented their NPI. Days NPI describes the length the
NPI measures were in place.

Estimates of the difference in difference equation:
Deathratei,t =8; + vt + B x Post x NPIg18,; + Zt;ﬁlQlG A X 1t(i):t x X;+ et
Controls include health expenditures in 1917, population in 1910, years and city fixed effects

standard errors clustered at the city level. Cities are weighted with their population in 1910
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Table 4: Long Run Impact of NPIs (1911-1924)

1) (2) ®3) (4) () (6) (7) ®)

Panel a) Dependant variable: Death rate for all causes (per 1,000)

speed NPI x Post -0.0136 -0.0535** -0.0140 -0.0268
(0.0256) (0.00928) (0.0261) (0.0183)
days NPI x Post 0.0143* 0.0123* 0.0128* 0.00813
(0.00417) (0.00456) (0.00435) (0.00415)
N 597 597 597 597 597 597 597 597
R? 0.863 0.875 0.888 0.885 0.868 0.876 0.892 0.893
Panel b) Dependant variable: Death rate for Influenza and pneumonia (per 10,000)
speed NPI x Post 0.0976 -2.131% 0.00578 -1.551
(0.652) (0.565) (0.620) (1.112)
days NPI x Post 0.180 0.143 0.0925 -0.123
(0.132) (0.195) (0.127) (0.197)
N 597 597 597 597 597 597 597 597
R? 0.880 0.881 0.891 0.886 0.882 0.883 0.893 0.892
Controls
City FE Y Y Y Y Y Y Y Y
Year FE Y Y Y Y Y Y Y Y
Controls x Years FE N N N N Y Y Y Y
Weights N N Y Y N N Y Y

Clustered Standard errors in parentheses

*p < 0.05,* p<0.01, ** p<0.001

Post is a dummy indicating observations after 1917 while speed NPI indicates the
speed at which the city implemented their NPI. Days NPI describes the length the
NPI measures were in place.

Estimates of the difference in difference equation:

Deathrate; s = 6; + vt + B X Post x NPIg1s,; + Zt¢1916 X Tyy=e X Xi +€i
Controls include health expenditures in 1917, population in 1910, years and city fixed effects
standard errors clustered at the city level. Cities are weighted with their population in 1910
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5 The impact of NPIs on city growth and
demographics

One key measure of a city’s dynamics is its demographic population growth,
especially during a period of industrialization. It could thus be interesting
to investigate the impact of NPIs on population growth in particular in
the light of the higher death rates in the following decade. Moreover, the
1918 pandemic had an unusual characteristic in that, unlike earlier and
later episodes of influenza, its death rate was particularly high for young
workers aged between 24 and 35 years, as stressed in Taubenberger and
Morens (2006) and illustrated in Figure 5. One can try to detect whether
NPIs managed to preserve this demographic group and city’s growth. An
event study is conducted using the 1900 to 1930 censuses to document the
relative demographic dynamics of cities that implemented NPIs.

Figure 5: Death rate from Influenza and Pneumonia in 1917 and 1918

--- Mortality in 1917 — Mortality in 1918 ‘:'

Death rate from pneumeonia and (nfluenza {per

vl yl-4 vald  y1S24  y2534  yin 44 w554 yah 64 yeh T4 YIS B4 y8S
Age Groups

Source: Bureau of the Census, Mortality Statistics 21st Annual Report published in 1920

5.1 Empirical Specification

I conducted an event study in a spirit close to Correia, Luck, and Verner
(2020) to investigate the impact of NPIs on a city’s growth and the relative
share of the cohort age 24 to 35 years in 1918 accounting for the different
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levels of fatality rates in the first year of the pandemic.

Vi = 0; + 7 + Z Bt X Lyy= x Mortalityig1s; + Z B4 x Lyiy=t X NPI1g19,
11910 #1910

=+ Z )\t X ]-t(i):t X XZ + ei,t
t#1910

(3)

where y;; is the population growth rate of cities between year t and
t-10 or the share of the cohort aged between 25 and 34 in the first year of
the pandemic. B¢ will estimate the differentiated trend between cities with
high or low mortality in 1918. S5 will estimate the differentiated trends for
cities with different levels of NPIs. X; controls for the log population in
1900, the amount of health expenditures per capita in 1917 and regional
shocks. Standard errors are clustered at the city level.

5.2 Results of the event study

Figure 6 displays the coefficients 5. (s are reported in Figure B.8 in ap-
pendix. None is statistically significant at the standard levels. Cities that
implemented NPIs appear to have had a slightly higher relative growth
rate between 1900 and 1910 and, if anything, lower relative growth rates
between 1910 and 1920 and between 1920 and 1930 as illustrated in panels
a) and b). Moreover, there is no significant difference regarding the share
of the birth cohort mostly affected by the 1918 pandemic.

These results are not so surprising in light of the limited impact of NPIs
on mortality when one remembers that cities in the 1920s and 1930s ex-
perienced extremely large growth rates because of a massive rural exodus?
and very high migration flows (with the exception of the period of the
First World War) at least until the Immigration Act of 1924 that restricted
immigrants from Southern and Eastern Europe. These massive flows of
population may have soon erased the demographic impact of the 1918 pan-
demic on urban population even in the cities most affected. This is evident
from the coefficients 5, on mortality that are never significant as reported
in Figure B.8 in the appendix.

On the other hand, given that population growth is usually a measure
of cities’ attractiveness and economic performance following the seminal

2. By 1890, twenty-eight percent of Americans lived in urban areas, and by 1920 more

Americans lived in towns and cities than in rural areas (Kennedy and Cohen 2015)
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Rosen and Roback model, these results seem at odds with the results pro-
vided in Correia, Luck, and Verner (2020). Appendix D extends their
series at the city level back to 1899 and explores this issue in details. In
a nutshell, their results at the city level might be driven by the fact that
cities that implemented faster NPIs and that had lower mortality in 1918
had a different growth rate of their manufacturing sector and maintained
that trend after the 1918 pandemic. Nevertheless, it should be noted that
our main conclusion on the impact of NPIs on the economy is in line with
their findings as Correia, Luck, and Verner (2020) argue that NPIs did not
depress the local economy, which is also the result of Figure 6. It is possi-
ble that macroeconomic mechanisms still affected the performance of the
national economy while leaving the relative growth of cities unaffected as
suggested by the state level results in Correia, Luck, and Verner (2020) or
the cross country evidence provided in Barro, Ursta, and Weng (2020).
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Figure 6: Event study: Estimates of the aggregate impact of NPI imple-
mentation duration on city population growth and the share of the cohort
age 25 to 34 in 1918
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Reading notes: Cities that implemented NPIs for a longer time or faster in 1918
were not found to have any specific population growth or change in the share of the
cohort who was 25 to 34 1918.

Estimates of the difference in difference equation:

Yit = 0 + 7t + 21010 81 X Legiy=t X Mortalityiois,i + 2121910 85 X Lis)=¢ X NPIigio, +
21910 Ab X Liy=t X Xi + €t

Controls include health expenditures in 1917, regional shocks, years and cities’ fixed effects

95% confidence interval clustered at the city level

6 Conclusion

In this paper, I investigate the 1918 pandemic in the US to assess the po-
tential economic and health benefits of non pharmaceutical interventions
(NPIs) at the city level. My findings can be summarized as follows: first, in
the medium run, I estimate that a significant share of the lives saved dur-
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ing the pandemic might be lost during the subsequent years. A potential
explanation of this could be that herd immunity becomes lower in cities
that implemented NPIs over a long period of time. Second, I do not find
any significant impact of these policies on city growth. These findings do
not deny the short run benefits of these policies that lower the death rate
during the peak of the pandemic and prevent overcrowding of the health
system (Markel et al. 2007). However, policy makers should prepare exit
strategies to prevent NPIs from leading to higher deaths when they end.

The last word is a word of caution. As any study based on an histor-
ical natural experiment, this paper has limited external validity and thus
applicability to current public health policies. It would be difficult to draw
any inference regarding the predicted impact of NPIs as implemented dur-
ing the Covid-19 crisis, not least because their magnitude and scale are
different. Today NPIs are mainly implemented on a national (or state)
scale, rather than at the city level. Moreover, pharmaceutical technologies
were less developed than today, and the capacity to produce a new vaccine
within a reasonable time was much lower(Ni et al. 2020; Callaway 2020).
Finally, the 1918 pandemic was an unprecedented event in the history of
health provided that it gave birth to most strains of seasonal influenza un-
til 1977 and which continue to kill up to 650,000 people yearly worldwide
(World Health Organization 2007; Paget et al. 2019).
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Figure A.1: Evolution of the death rates by level of NPI in 1918
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Reading notes: Cities that implemented NPIs for a longer time saw their death rates
increase less than cities that had shorter NPIs in 1918. On the other hand the death
rate was relatively higher in the next years for these cities

B Robustness Checks

B.1 Evidence until 1924 and from 1906
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Figure B.1: Event study: Estimates of the aggregate impact of NPI imple-

mentation speed on death rates
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(a) All causes of death (b) Influenza and Pneumonia

Reading notes: Cities having adopted more rapidly NPIs saw their death rates in-
crease less than cities that were slower in 1918. On the other hand the death rate
was relatively higher in 1919 and 1920 for these cities

Estimates of the difference in difference equation:

Deathrate; = i +ve + Zt;élglﬁ ﬁt X 1t(i):t x NPIg18,; + Zt;ﬁlQlG At x ]-t(i):t X X;+ € ¢
Controls include health expenditures in 1917, population in 1910, years and city fixed effects
95% confidence Interval clustered at the city level

Figure B.2: Event study: Estimates of the aggregate impact of NPI imple-

mentation length on death rates
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(a) All causes of death (b) Influenza and Pneumonia

Reading notes: Cities that went through long NPIs period saw their death rates
increase less than cities that had shorter NPIs in 1918. On the other hand the death
rate was relatively higher from 1919 for these cities
Estimates of the difference in difference equation:

Deathrate; = 0i + vt + Zt;£1916 ﬁt X 1t(i):t x NPIg18,; + Zt;&lglG At x ]-t(i):t X X;+ €t
Controls include health expenditures in 1917, population in 1910, years and city fixed effects
95% confidence Interval clustered at the city level
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Figure B.3: Event study: Estimates of the aggregate impact of NPI imple-

mentation length on death rates from 1906
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Reading notes: Cities that implemented NPIs for a longer time saw their death rates
increase less than cities that implemented shorter NPIs in 1918. On the other hand
the death rate was relatively higher from 1919 for these cities

Estimates of the difference in difference equation:

Deathrate; s = 6; + vt + Zt;ﬁlgw B X 1y(iy=t X NPlioig i + Zt;ﬁlQlﬁ A x Lyiy=t X Xi +€i
Controls include health expenditures in 1917, population in 1910, years and city fixed effects
95% confidence Interval clustered at the city level
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B.2 Weighting the observation by their population

and adding regional shocks

Figure B.4: Event study: Estimates of the aggregate impact of NPI imple-

mentation speed on death rates
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(a) All causes of death (b) Influenza and Pneumonia

Reading notes: Cities having adopted more rapidly NPIs saw their death rates in-
crease less than cities that were slower in 1918. On the other hand the death rate
was relatively higher in 1919 and 1920 for these cities

Estimates of the difference in difference equation:

Deathrate; s = 6; + vt + Zt¢1916 B X 1y(iy=t X NPlgig i + Zt;ﬁlQlﬁ X Tyiy=e X X+ €
Controls include health expenditures in 1917, population in 1910, regional shocks, years and city
fixed effects

Observations are weighted by their 1910 population

95% confidence Interval clustered at the city level
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Figure B.5: Event study: Estimates of the aggregate impact of NPI imple-

mentation length on death rates
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Reading notes:Cities that implemented NPIs for a longer time saw their death rates
increase less than cities that had shorter NPIs in 1918. On the other hand the death
rate was relatively higher in 1919 and 1920 for these cities
Estimates of the difference in difference equation:

Deathrate; s = 6; + vt + Zt¢1916 B X 1y(iy=t X NPligig i + Zt;ﬁlQlﬁ X Tyiy=e X X+ €i
Controls include health expenditures in 1917, population in 1910, regional shocks, years and city
fixed effects
Observations are weighted by their 1910 population
95% confidence Interval clustered at the city level

B.3 Controlling for differences in the demographic

structures
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Figure B.6: Event study: Estimates of the aggregate impact of NPI imple-

mentation speed on death rates
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(a) All causes of death (b) Influenza and Pneumonia

Reading notes: Cities having adopted more rapidly NPIs saw their death rates in-
crease less than cities that were slower in 1918. On the other hand the death rate
was relatively higher in 1919 and 1920 for these cities

Estimates of the difference in difference equation:

Deathrate; s = 8; + vt + Zt¢1916 B X 1y(iy=t X NPligig i + Zt;£1916 X Tyiy=g X Xi +€ig
Controls include health expenditures in 1917, population in 1910, average age, population growth
and the sex ratio in 1910, years and city fixed effects

95% confidence Interval clustered at the city level
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Figure B.7: Event study: Estimates of the aggregate impact of NPI imple-

mentation length on death rates
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Reading notes: Cities that implemented NPIs for a longer time saw their death rates
increase less than cities that had shorter NPIs in 1918. On the other hand the death

rate was relatively higher in 1919 and 1920 for these cities

Estimates of the difference in difference equation:

Deathratei,t = 51 + vt + Zt¢1916 6t X 1t(i)=t X NPIlgls’i + Zt;ﬁ1916 A x lt(i)zt X X,L + €t
Controls include health expenditures in 1917, population in 1900, average age, population growth

and the sex ratio in 1920, years and city fixed effects

95% confidence Interval clustered at the city level
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B.4 Coefficient on 1918 Mortality

Figure B.8: Event study: Estimates of the aggregate impact of the 1918
death rate on cities’ demographic growth and the share of the cohort aged
between 25 and 34 in 1918
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(¢) Impact of the mortality in 1918 (d) Impact of the mortality in 1918
on the cohort aged between 24 and on the cohort aged between 24 and 35
35 in 1918, controlling for the speed of in 1918,controlling for the length of

implementation of NPIs implementation of NPIs

Reading notes: Cities that implemented NPIs for a longer time saw their death rates
increase less than cities that had shorter NPIs in 1918. On the other hand the death
rate was relatively higher in 1919 and 1920 for these cities

Estimates of the difference in difference equation:

Deathrate; = 0 + vt + Zt;élglﬁ ﬁt X 1t(i):t X NPIg18,; + Zt;ﬁlQlG At x ]-t(i):t X Xi+ € ¢
Controls include health expenditures in 1917, population in 1910, years and city fixed effects
95% confidence Interval clustered at the city level
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C The demographic structure

Table C.1: Balance test, demographics in 1900 by length of NPIs

Below the Median Above the Median Difference
variable year Average Standard Deviation Obs Average Standard Deviation Obs Difference Tstat pvalue
POP 1900 247074 274906 22 415965 782282 21 -168891  -0.953  0.346
POPgrowth 1900 . . . . . . . . .
ratio 1900  0.961 0.0675 22 1.068 0.218 21 -0.106 -2.186  0.0346
average_age 1900  27.34 1.267 22 27.43 1.335 21 -0.0909  -0.229  0.820
age_ql 1900 4.591 0.666 22 5.048 0.921 21 -0.457 -1.870  0.0686
age_q5 1900  25.32 1.323 22 25.76 1.868 21 -0.444 -0.902  0.372
age_q9 1900  53.05 2.126 22 52.10 2.071 21 0.950 1.483  0.146
share_a0001 1900  0.0207 0.00310 22 0.0184 0.00349 21 0.00229  2.279  0.0280
share_a0104 1900  0.0786 0.00875 22 0.0743 0.0120 21 0.00429  1.345  0.186
share_a0514 1900  0.185 0.0159 22 0.186 0.0201 21 -0.00121 -0.219  0.828
share_al524 1900  0.200 0.0157 22 0.193 0.0109 21 0.00667  1.612  0.115
share_a2534 1900  0.192 0.0119 22 0.198 0.0198 21 -0.00588 -1.184  0.243
share_a3b44 1900  0.142 0.00896 22 0.156 0.0213 21 -0.0138  -2.789  0.00799
share_a4554 1900  0.0915 0.00768 22 0.0914 0.00959 21 0.000129 0.0489  0.961
share_ab564 1900  0.0534 0.00782 22 0.0501 0.00836 21 0.00324  1.314  0.196
share_a6574 1900  0.0264 0.00484 22 0.0240 0.00567 21 0.00248 1.542  0.131
share_a7584 1900 0.00887 0.00207 22 0.00759 0.00192 21 0.00128  2.101  0.0418
share_a8500 1900 0.00193 0.000713 22 0.00144 0.000358 21 0.000492  2.841 0.00698
share_c0001 1900
share_c0104 1900
share_c0514 1900 . . . . . . . . .
share_c1524 1900  0.127 0.0139 22 0.120 0.0192 21 0.00697  1.370  0.178
share_c2534 1900  0.181 0.0160 22 0.182 0.0194 21 -0.00104 -0.192  0.849
share_c3544 1900  0.206 0.0170 22 0.197 0.0111 21 0.00884  2.006 0.0515
share_c4554 1900  0.184 0.0110 22 0.192 0.0195 21 -0.00814 -1.693 0.0981
share_c5564 1900  0.132 0.00773 22 0.144 0.0179 21 -0.0123  -2.945 0.00530
share_c6574 1900  0.0842 0.00804 22 0.0829 0.00897 21 0.00130  0.500  0.620
share_c7584 1900  0.0480 0.00755 22 0.0447 0.00806 21 0.00324 1.363  0.180
share_c8500 1900  0.0300 0.00623 22 0.0265 0.00678 21 0.00350 1.766  0.0848
share_c99999 1900 0.00819 0.00558 22 0.0106 0.0132 21 -0.00238 -0.774  0.443
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Table C.2: Balance test, demographics in 1910 by length of NPIs

Below the Median Above the Median Difference
variable year Average Standard Deviation Obs Average Standard Deviation Obs Difference Tstat pvalue
POP 1910 310610 326523 22 578011 1.057e+06 21 -267402  -1.132  0.264
POPgrowth 1910  0.346 0.436 22 0.655 0.630 21 -0.309 -1.878  0.0675
ratio 1910 0.988 0.0923 22 1.073 0.138 21 -0.0844  -2.364  0.0229
average_age 1910  28.15 1.321 22 28.65 1.300 21 -0.505 -1.262  0.214
age_ql 1910  4.818 0.795 22 5.381 0.973 21 -0.563  -2.081 0.0437
age_qH 1910  26.05 1.463 22 26.81 1.601 21 -0.764 -1.635  0.110
age-q9 1910  53.82 1.967 22 53.19 1.778 21 0.628 1.096  0.280
share_a0001 1910  0.0208 0.00309 22 0.0184 0.00294 21 0.00240 2.607  0.0127
share_a0104 1910  0.0750 0.00850 22 0.0684 0.00924 21 0.00659 2435 0.0193
share_a0514 1910  0.169 0.0170 22 0.154 0.0201 21 0.0146 2.575  0.0137
share_al524 1910  0.200 0.0129 22 0.202 0.0108 21 -0.00230 -0.632  0.531
share_a2534 1910  0.192 0.0158 22 0.207 0.0198 21 -0.0154  -2.827 0.00722
share_a3544 1910  0.148 0.00971 22 0.154 0.0113 21 -0.00640  -1.999  0.0522
share_a4b54 1910  0.101 0.00769 22 0.105 0.00807 21 -0.00389 -1.619 0.113
share_a5564 1910  0.0553 0.00708 22 0.0541 0.00717 21 0.00125  0.575  0.568
share_a6574 1910  0.0286 0.00536 22 0.0265 0.00490 21 0.00213 1.358  0.182
share_a7584 1910 0.00947 0.00206 22 0.00863 0.00177 21 0.000838  1.431 0.160
share_a8500 1910 0.00157 0.000372 22 0.00138 0.000312 21 0.000198  1.888  0.0661
share_c0001 1910
share_c0104 1910 . . . . . . . . .
share_c0514 1910  0.131 0.0153 22 0.119 0.0162 21 0.0124 2.585  0.0134
share_c1524 1910  0.168 0.0156 22 0.156 0.0197 21 0.0127 2.344  0.0240
share_c2534 1910  0.209 0.0143 22 0.217 0.0127 21 -0.00721 -1.743  0.0889
share_c3544 1910  0.183 0.0145 22 0.196 0.0181 21 -0.0129  -2.588 0.0133
share_c4554 1910  0.137 0.00942 22 0.143 0.0104 21 -0.00627  -2.078  0.0440
share_cb564 1910  0.0905 0.00773 22 0.0935 0.00792 21 -0.00298  -1.249  0.219
share_c6574 1910  0.0495 0.00700 22 0.0477 0.00707 21 0.00178 0.830  0.411
share_c7584 1910  0.0236 0.00460 22 0.0218 0.00422 21 0.00177 1.312 0.197
share_¢8500 1910 0.00763 0.00173 22 0.00689 0.00143 21 0.000743 1.531  0.134

share_c99999 1910
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Table C.3: Balance test, demographics in 1920 by length of NPIs

Below the Median Above the Median Difference
variable year Average Standard Deviation Obs Average Standard Deviation Obs Difference  Tstat pvalue
POP 1920 369174 385078 22 711416 1.249e+-06 21 -342242 -1.226 0.227
POPgrowth 1920  0.187 0.110 22 0.282 0.191 21 -0.0949 -2.003 0.0518
ratio 1920 0.968 0.0607 22 1.015 0.0519 21 -0.0465 -2.693 0.0102
average_age 1920  29.01 1.330 22 29.98 1.520 21 -0.964 -2.216 0.0323
age_ql 1920 4.955 0.899 22 5.476 0.928 21 -0.522 -1.872  0.0683
age-q5 1920 2718 1.593 22 28.71 1.793 21 -1.532 -2.966  0.00501
age-q9 1920 55.41 1.894 22 55.81 2.089 21 -0.400 -0.659 0.513
share_a0001 1920  0.0198 0.00268 22 0.0167 0.00220 21 0.00307 4.086  0.000199
share_a0104 1920  0.0759 0.0102 22 0.0680 0.00961 21 0.00789 2.607 0.0127
share_a0514 1920  0.173 0.0183 22 0.160 0.0149 21 0.0134 2.624 0.0122
share_al524 1920  0.176 0.0142 22 0.171 0.0115 21 0.00519 1.315 0.196
share_a2534 1920  0.185 0.0127 22 0.196 0.0105 21 -0.0112 -3.141  0.00312
share_a3b44 1920  0.151 0.0114 22 0.161 0.0112 21 -0.0106 -3.083  0.00365
share_a4b54 1920  0.112 0.00899 22 0.115 0.0115 21 -0.00349 -1.113 0.272
share_a5564 1920  0.0647 0.00843 22 0.0684 0.00930 21 -0.00374  -1.381 0.175
share_a6574 1920  0.0307 0.00476 22 0.0311 0.00548 21 -0.000414  -0.265 0.793
share_a7584 1920  0.0105 0.00202 22 0.0106 0.00214 21 -8.32e-05 -0.131 0.897
share_a8500 1920 0.00218 0.000378 22 0.00217 0.000447 21 9.49e-06  0.0753 0.940
share_c0001 1920  0.0193 0.00279 22 0.0171 0.00256 21 0.00221 2.706 0.00989
share_.c0104 1920  0.0751 0.00934 22 0.0682 0.00865 21 0.00686 2.496 0.0167
share_c0514 1920  0.167 0.0171 22 0.154 0.0137 21 0.0127 2.676 0.0107
share_c1524 1920  0.186 0.0158 22 0.184 0.0113 21 0.00236 0.562 0.578
share_c2534 1920  0.180 0.0126 22 0.194 0.0105 21 -0.0137  -3.875  0.000377
share_c3544 1920  0.142 0.0105 22 0.150 0.0109 21 -0.00758 -2.324 0.0252
share_c4554 1920  0.100 0.00890 22 0.105 0.0116 21 -0.00417  -1.327 0.192
share_chb564 1920  0.0574 0.00757 22 0.0606 0.00864 21 -0.00321 -1.297 0.202
share_c6574 1920  0.0256 0.00424 22 0.0259 0.00491 21 -0.000293  -0.210 0.835
share_c7584 1920  0.00740 0.00145 22 0.00756 0.00157 21 -0.000153  -0.333 0.741
share_c8500 1920 0.00145 0.000337 22 0.00145 0.000339 21 7.99e-07  0.00774  0.994
share_c99999 1920  0.0386 0.00510 22 0.0336 0.00450 21 0.00503 3.421  0.00143
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Table C.4: Balance test, demographics in 1930 by length of NPIs

Below the Median Above the Median Difference
variable year Average Standard Deviation Obs Average Standard Deviation Obs Difference  Tstat pvalue
POP 1930 408033 411836 22 887415 1.545e+06 21 -479382 -1.404 0.168
POPgrowth 1930  0.115 0.118 22 0.238 0.219 21 -0.123 -2.313 0.0258
ratio 1930 0.952 0.0509 22 0.978 0.0372 21 -0.0262 -1.918 0.0621
average_age 1930  30.33 1.342 22 31.14 1.378 21 -0.808 -1.948  0.0583
age_ql 1930 5.773 0.813 22 6.286 0.644 21 -0.513 -2.288 0.0274
age_qd 1930 28.50 1.739 22 29.81 1.692 21 -1.310 -2.501 0.0165
age_q9 1930 57.59 2.039 22 57.86 1.905 21 -0.266 -0.442 0.661
share_a0001 1930  0.0149 0.00168 22 0.0140 0.00169 21 0.000988 1.922 0.0616
share_a0104 1930  0.0639 0.00686 22 0.0590 0.00648 21 0.00495 2.431 0.0195
share_a0514 1930  0.174 0.0194 22 0.158 0.0127 21 0.0163 3.232 0.00243
share_al524 1930  0.177 0.0112 22 0.174 0.00867 21 0.00283 0.920 0.363
share_a2534 1930  0.169 0.0159 22 0.179 0.00991 21 -0.00904  -2.227  0.0315
share_a3b44 1930  0.155 0.0106 22 0.165 0.00791 21 -0.00930  -3.246  0.00233
share_a4b54 1930  0.117 0.00937 22 0.122 0.0104 21 -0.00501  -1.657 0.105
share_ab564 1930  0.0748 0.00966 22 0.0748 0.00897 21 -2.73e-05 -0.00959  0.992
share_a6574 1930  0.0393 0.00626 22 0.0405 0.00686 21 -0.00116 -0.581 0.564
share_a7584 1930  0.0122 0.00213 22 0.0127 0.00263 21 -0.000491  -0.674 0.504
share_a8500 1930  0.00207 0.000453 22 0.00208 0.000436 21 -3.50e-06  -0.0258 0.980
share_c0001 1930 0.0178 0.00226 22 0.0158 0.00155 21 0.00199 3.349 0.00175
share_c0104 1930  0.0675 0.00758 22 0.0616 0.00516 21 0.00594 2,987 0.00474
share_c0514 1930  0.179 0.0138 22 0.181 0.00886 21 -0.00145  -0.407 0.686
share_c1524 1930  0.169 0.0145 22 0.178 0.00916 21 -0.00885  -2.378  0.0222
share_c2534 1930  0.148 0.0102 22 0.157 0.00872 21 -0.00949  -3.280  0.00212
share_c3544 1930  0.108 0.00938 22 0.111 0.0103 21 -0.00302 -1.007 0.320
share_c4554 1930  0.0674 0.00939 22 0.0676 0.00862 21 -0.000279  -0.101 0.920
share_cb564 1930  0.0324 0.00525 22 0.0339 0.00626 21 -0.00154 -0.878 0.385
share_c6574 1930  0.00869 0.00169 22 0.00906 0.00196 21 -0.000371  -0.666 0.509
share_c7584 1930 0.00113 0.000243 22 0.00115 0.000250 21 -1.88e-05  -0.250 0.804
share_¢8500 1930 8.54e-05 4.32¢-05 22 7.90e-05 2.41e-05 21 6.30e-06 0.587 0.561
share_c99999 1930  0.201 0.0216 22 0.184 0.0163 21 0.0171 2.921  0.00566
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Table C.5: Balance test, demographics in 1900 by speed of NPIs

Below the Median Above the Median Difference
variable year Average Standard Deviation Obs Average Standard Deviation Obs Difference Tstat  pvalue
POP 1900 258556 271404 22 403936 786094 21 -145380  -0.818  0.418
POPgrowth 1900 . . . . . . . . .
ratio 1900  0.968 0.0657 22 1.061 0.221 21 -0.0936 -1.899  0.0646
average_age 1900  27.28 1.221 22 27.49 1.373 21 -0.207 -0.523  0.604
age_ql 1900 4.500 0.598 22 5.143 0.910 21 -0.643 -2.750  0.00883
age_q5 1900 25.36 1.329 22 25.71 1.875 21 -0.351 -0.710  0.482
age_q9 1900 5291 2.022 22 52.24 2.234 21 0.671 1.034 0.307
share_a0001 1900  0.0208 0.00300 22 0.0183 0.00351 21 0.00248 2.496  0.0167
share_a0104 1900  0.0791 0.00852 22 0.0738 0.0119 21 0.00532 1.689  0.0988
share_a0514 1900  0.185 0.0167 22 0.185 0.0194 21 -0.000401 -0.0726  0.942
share_al524 1900  0.198 0.0155 22 0.195 0.0119 21 0.00330 0.778 0.441
share_a2534 1900  0.193 0.0121 22 0.197 0.0200 21 -0.00411  -0.819  0.417
share_a3b44 1900  0.143 0.0112 22 0.154 0.0211 21 -0.0110 -2.143  0.0381
share_a4554 1900  0.0914 0.00767 22 0.0915 0.00960 21 -5.34e-05 -0.0202  0.984
share_a5564 1900  0.0529 0.00738 22 0.0507 0.00895 21 0.00220 0.882 0.383
share_a6574 1900  0.0259 0.00460 22 0.0246 0.00607 21 0.00134 0.817 0.419
share_a7584 1900 0.00858 0.00190 22 0.00789 0.00224 21 0.000689  1.090 0.282
share_a8500 1900 0.00179 0.000527 22 0.00160 0.000693 21 0.000192  1.024 0.312
share_c0001 1900
share_c0104 1900
share_c0514 1900 . . . . . . . . .
share_c1524 1900  0.127 0.0137 22 0.119 0.0190 21 0.00827 1.641 0.108
share_¢2534 1900  0.181 0.0165 22 0.182 0.0190 21 -0.000922 -0.170  0.865
share_c3544 1900  0.204 0.0170 22 0.199 0.0123 21 0.00483 1.061 0.295
share_c4554 1900  0.185 0.0113 22 0.191 0.0198 21 -0.00572  -1.168  0.249
share_c5564 1900  0.133 0.00944 22 0.143 0.0178 21 -0.0101 -2.344  0.0240
share_c6574 1900  0.0839 0.00773 22 0.0832 0.00929 21 0.000684  0.263 0.794
share_c7584 1900  0.0474 0.00709 22 0.0453 0.00868 21 0.00214 0.886 0.381
share_c8500 1900  0.0292 0.00579 22 0.0274 0.00751 21 0.00180 0.883 0.382
share_c99999 1900  0.00888 0.00605 22 0.00985 0.0131 21 -0.000963 -0.311  0.757
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Table C.6: Balance test, demographics in 1910 by speed of NPIs

Below the Median

Above the Median

Difference

variable year Average Standard Deviation Obs Average Standard Deviation Obs Difference Tstat pvalue
POP 1910 326922 320429 22 560922 1.063e+06 21 -234001  -0.987  0.329
POPgrowth 1910  0.365 0.436 22 0.636 0.639 21 -0.271 -1.635  0.110
ratio 1910  0.994 0.0903 22 1.067 0.143 21 -0.0736  -2.028 0.0491
average_age 1910  28.10 1.259 22 28.70 1.342 21 -0.603 -1.519  0.136
age_ql 1910 4.864 0.834 22 5.333 0.966 21 -0.470 -1.709  0.0949
age_q5 1910  26.05 1.430 22 26.81 1.632 21 -0.764 -1.635  0.110
age_q9 1910  53.64 1.733 22 53.38 2.061 21 0.255 0.441  0.662
share_a0001 1910  0.0208 0.00311 22 0.0184 0.00294 21 0.00239  2.586 0.0134
share_a0104 1910  0.0750 0.00853 22 0.0684 0.00924 21 0.00653  2.408  0.0206
share_a0514 1910  0.170 0.0173 22 0.154 0.0194 21 0.0157 2.805 0.00767
share_al524 1910  0.199 0.0122 22 0.203 0.0114 21 -0.00399 -1.108 0.274
share_a2534 1910  0.192 0.0160 22 0.206 0.0203 21 -0.0135  -2.433  0.0194
share_a3b44 1910  0.149 0.0101 22 0.153 0.0114 21 -0.00454 -1.384  0.174
share_a4554 1910  0.101 0.00795 22 0.105 0.00774 21 -0.00411 -1.716  0.0937
share_ab564 1910  0.0548 0.00646 22 0.0547 0.00781 21 9.90e-05 0.0454  0.964
share_a6574 1910  0.0281 0.00485 22 0.0270 0.00559 21 0.00108  0.675  0.503
share_a7584 1910 0.00922 0.00188 22 0.00889 0.00204 21 0.000331  0.553  0.583
share_a8500 1910 0.00151 0.000348 22 0.00144 0.000365 21 7.47e-05  0.687  0.496
share_c0001 1910

share_c0104 1910 . . . . . . . . .
share_c0514 1910  0.131 0.0154 22 0.119 0.0161 21 0.0126 2.628  0.0120
share_c1524 1910  0.169 0.0160 22 0.155 0.0191 21 0.0133 2.489  0.0170
share_c2534 1910  0.209 0.0138 22 0.217 0.0128 21 -0.00876 -2.156  0.0370
share_c3544 1910  0.184 0.0147 22 0.195 0.0186 21 -0.0111  -2.167 0.0361
share_c4554 1910  0.138 0.00971 22 0.142 0.0106 21 -0.00424 -1.368  0.179
share_c5564 1910  0.0902 0.00790 22 0.0938 0.00760 21 -0.00358 -1.512  0.138
share_c6574 1910  0.0489 0.00629 22 0.0483 0.00784 21 0.000595 0.275  0.785
share_c7584 1910  0.0231 0.00417 22 0.0223 0.00480 21 0.000816  0.596  0.555
share_c8500 1910  0.00740 0.00158 22 0.00713 0.00169 21 0.000279  0.561  0.578
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Table C.7: Balance test, demographics in 1920 by speed of NPIs

Below the Median Above the Median Difference
variable year Average Standard Deviation Obs Average Standard Deviation Obs Difference Tstat pvalue
POP 1920 388825 377175 22 690830 1.257e+06 21 -302005  -1.078  0.287
POPgrowth 1920  0.193 0.106 22 0.275 0.197 21 -0.0828  -1.729  0.0913
ratio 1920 0.978 0.0609 22 1.005 0.0588 21 -0.0262  -1.433  0.159
average-age 1920 29.04 1.402 22 29.95 1.469 21 -0.911 -2.080 0.0438
age_ql 1920 5 0.976 22 5.429 0.870 21 -0.429  -1.517  0.137
age_q5 1920  27.27 1.723 22 28.62 1.746 21 -1.346  -2.545  0.0148
age_q9 1920  55.27 1.882 22 55.95 2.061 21 -0.680  -1.130  0.265
share_a0001 1920  0.0196 0.00290 22 0.0169 0.00221 21 0.00264  3.340 0.00180
share_a0104 1920 0.0751 0.0107 22 0.0689 0.00974 21 0.00622  1.994  0.0528
share_a0514 1920  0.172 0.0192 22 0.160 0.0145 21 0.0119 2.296  0.0269
share_al524 1920  0.177 0.0137 22 0.170 0.0116 21 0.00682  1.753  0.0871
share_a2534 1920  0.186 0.0127 22 0.195 0.0115 21 -0.00942 -2.549 0.0146
share_a3bd44 1920  0.151 0.0115 22 0.161 0.0115 21 -0.00988 -2.821 0.00734
share_a4b54 1920  0.112 0.0106 22 0.115 0.0102 21 -0.00243  -0.769  0.446
share_ab564 1920  0.0644 0.00889 22 0.0687 0.00871 21 -0.00426 -1.587  0.120
share_a6574 1920  0.0303 0.00448 22 0.0316 0.00566 21 -0.00126 -0.814 0.421
share_a7584 1920 0.0104 0.00187 22 0.0107 0.00227 21 -0.000378 -0.597  0.554
share_a8500 1920 0.00218 0.000384 22 0.00216 0.000442 21 2.19e-05 0.174  0.863
share_c0001 1920 0.0191 0.00287 22 0.0173 0.00263 21 0.00182  2.161  0.0366
share_.c0104 1920  0.0743 0.00987 22 0.0691 0.00866 21 0.00520  1.833  0.0741
share_c0514 1920  0.166 0.0177 22 0.155 0.0133 21 0.0119 2491 0.0169
share_c1524 1920  0.187 0.0154 22 0.183 0.0115 21 0.00419  1.004  0.321
share_¢2534 1920  0.181 0.0125 22 0.193 0.0115 21 -0.0122  -3.316 0.00192
share_c3544 1920  0.142 0.0104 22 0.150 0.0111 21 -0.00723 -2.202 0.0334
share_c4554 1920  0.101 0.0111 22 0.104 0.00964 21 -0.00282 -0.885 0.381
share_c5564 1920  0.0571 0.00772 22 0.0609 0.00834 21 -0.00388 -1.585 0.121
share_c6574 1920  0.0252 0.00390 22 0.0263 0.00514 21 -0.00106 -0.763  0.450
share_c7584 1920 0.00735 0.00139 22 0.00761 0.00162 21 -0.000264 -0.575  0.569
share_c8500 1920 0.00146 0.000351 22 0.00143 0.000324 21 2.34e-05 0227  0.821
share_c99999 1920  0.0383 0.00546 22 0.0340 0.00445 21 0.00430  2.820 0.00736
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Table C.8: Balance test, demographics in 1930 by speed of NPIs

Below the Median Above the Median Difference
variable year Average Standard Deviation Obs Average Standard Deviation Obs Difference Tstat pvalue
POP 1930 430678 403520 22 863691 1.555¢406 21 -433013  -1.263  0.214
POPgrowth 1930  0.111 0.112 22 0.242 0.220 21 -0.131 -2.479  0.0174
ratio 1930  0.952 0.0496 22 0.977 0.0393 21 -0.0252  -1.844 0.0725
average-age 1930 30.29 1.351 22 31.18 1.341 21 -0.890 -2.167  0.0361
age_ql 1930 5.682 0.780 22 6.381 0.590 21 -0.699 -3.304  0.00199
age_q5 1930  28.45 1.654 22 29.86 1.740 21 -1.403 -2.710  0.00979
age_q9 1930  57.55 2.110 22 57.90 1.814 21 -0.359 -0.598  0.553
share_a0001 1930  0.0150 0.00159 22 0.0139 0.00176 21 0.00105  2.060  0.0458
share_a0104 1930  0.0644 0.00678 22 0.0585 0.00613 21 0.00589  2.985 0.00477
share_a0514 1930  0.174 0.0193 22 0.158 0.0129 21 0.0163 3.249  0.00231
share_al524 1930  0.177 0.0104 22 0.175 0.00974 21 0.00226  0.732  0.469
share_a2534 1930  0.170 0.0161 22 0.178 0.0103 21 -0.00707 -1.701  0.0965
share_a3b44 1930  0.155 0.0100 22 0.165 0.00857 21 -0.00949 -3.331 0.00184
share_a4b54 1930  0.116 0.00896 22 0.123 0.0104 21 -0.00650 -2.204 0.0332
share_ab564 1930  0.0746 0.00994 22 0.0750 0.00863 21 -0.000464 -0.163  0.871
share_a6574 1930  0.0392 0.00670 22 0.0406 0.00638 21 -0.00146 -0.731  0.469
share_a7584 1930  0.0122 0.00226 22 0.0127 0.00251 21 -0.000536 -0.737  0.465
share_a8500 1930  0.00207 0.000455 22 0.00208 0.000434 21 -1.91e-05 -0.141  0.888
share_c0001 1930  0.0176 0.00231 22 0.0160 0.00167 21 0.00168  2.729  0.00930
share_.c0104 1930  0.0670 0.00766 22 0.0621 0.00558 21 0.00497  2.421  0.0200
share_c0514 1930  0.179 0.0129 22 0.181 0.0103 21 -0.00157 -0.440  0.663
share_c1524 1930  0.170 0.0147 22 0.177 0.00972 21 -0.00701 -1.837 0.0735
share_¢2534 1930  0.148 0.00938 22 0.158 0.00935 21 -0.00995 -3.485 0.00119
share_c3544 1930  0.107 0.00913 22 0.112 0.0102 21 -0.00465 -1.577  0.122
share_c4554 1930  0.0672 0.00969 22 0.0678 0.00826 21 -0.000571 -0.208  0.837
share_c5564 1930  0.0324 0.00568 22 0.0339 0.00585 21 -0.00156 -0.885  0.381
share_c6574 1930  0.00866 0.00176 22 0.00909 0.00188 21 -0.000434 -0.781  0.439
share_c7584 1930 0.00113 0.000251 22 0.00115 0.000240 21 -1.74e-05 -0.232  0.818
share_¢8500 1930 8.70e-05 4.38e-05 22 7.74e-05 2.24e-05 21 9.60e-06  0.899  0.374
share_c99999 1930  0.202 0.0211 22 0.183 0.0158 21 0.0191 3.351  0.00174
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D Reyvisiting the impact of the 1918 flu on

local output and employment growth

D.1 Purpose of the section

This section revisits a recent study that exploits the 1918 flu and the poli-
cies implemented in large US cities to document the impact of pandemics
on the economic activity at the state and the city level and assess the
benefits of NPIs. They use a difference-in-difference framework to com-
pare cities that aggressively fought against the pandemic with these that
adopted a more passive behaviour. Their main finding can be summarized
in panel a) of Figure D.1. They show that there is a correlation between
NPIs and Mortality suggesting that NPIs might have mitigated mortality.
Moreover, they also show that cities that applied stricter NPIs didn’t suffer
from an economic loss and tended to grow faster in the medium term. My
first contribution is summarized in panel b) of Figure D.1 where I show
that the correlation between NPIs, growth and mortality in 1918 was the
same before the flu. This suggests that cities that applied stricter NPIs
had different trends from laxer cities even before the flu. As a consequence
the common trend assumption to estimate the impact of NPIs comparing
both group of cities might be violated making any inference much more
challenging.

D.2 Empirical Specifications

I follow Correia, Luck, and Verner (2020) and run an event study at the city
level in order to compare the growth rate of cities with high or low fatality
rate before and after the 1918 flu. I estimate the following equation.

log(yi+) = dit+ Z B" X 1y(iy=¢ x Mortality g1z i+ Z A Lyiy=e X X 1900+€5 ¢
t£1918 #1918
(D.1)
where y; ; are the different outcomes gathered from 1899 to 1923 as total
output, total added valued of the manufacturing sector, number of wage
workers or the sum of wages for each city i at time t. 3 will estimate the
differentiated trend between placed that faced a high or a low mortality
in 1918. The added value is not available for 1923. X; control for the log
population in 1900, the amount of health expenditures per capita in 1917,
the mortality in 1917, the ratio of manufacturing job to population in 1900.
Standard errors are clustered at the city level.
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I proceed similarly to identify the impact of NPIs:

log(yi) = i+t Z B x 1y(iy=t X NPI1g15,;+ Z A Ly(iy=e X X 1000+ €5 ¢
#1918 #1918
(D.2)
I use the same controls as in equation D.1

Figure D.1: Correlation between change in employment before and after
1918 with Mortality in 1918 in 43 US cities
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(a) Change in employment from 1914 to 1919, after the Flu and the implemen-
tation of NPIs
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(b) Change in employment from 1899 and 1904, before the Flu and the imple-
mentation of NPIs
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D.3 Balance tests for economic structure

I control for the comparability of low and high NPI cities with balance tests
reported in Table D.1 and D.2. Overall, there are few significant differences
between the two groups, apart from their level of NPI (by construction)
and their level of mortality.

Table D.1: Balance test, manufacturing and health by length of NPIs

Below the Median Above the Median Difference

variable Average Standard Deviation Obs Average Standard Deviation Obs Difference Tstat  pvalue
citypop1900 246259 274059 22 413671 777509 21 -167412  -0.950  0.347
NPI_day 49.82 10.09 22 128.6 32.99 21 -78.75 -10.69 0
NPISPEED -12.09 7.374 22 -2.381 4.631 21 -9.710 -5.142  7.09e-06
MORT_1917 199.7 65.79 22 157.5 49.53 21 42.13 2.363  0.0229
MORT_1918 730.2 184.8 22 560.1 149.8 21 170.2 3.307  0.00197
MANUF_1899 34965 44458 22 47091 91596 21 -12126 -0.556  0.581
VP_1899 84172 111908 22 146978 289427 21 -62807  -0.947  0.349
Wages_1899 15149 18083 22 22611 46156 21 -7462 -0.704  0.485
Health_perhead — 0.203 0.125 22 0.184 0.105 21 0.0189 0.535 0.595
HEALTH 17 1.989 0.656 22 1.689 0.519 21 0.301 1.660 0.104

Table D.2: Balance test, manufacturing and health by length of NPIs

Below the Median Above the Median Difference
variable Average Standard Deviation Obs Average Standard Deviation Obs Difference Tstat  pvalue
citypop1900 257736 270547 22 401648 781318 21 -143911  -0.815 0.420
NPI_day 56.86 24.94 22 121.2 40.63 21 -64.33 -6.290  1.68e-07
NPILSPEED -12.82 6.558 22 -1.619 4.080 21 -11.20 -6.685  4.59e-08
MORT_1917 197.2 67.14 22 160.2 49.83 21 36.99 2.044  0.0475
MORT_1918 723.1 184.2 22 567.5 158.8 21 155.6 2.961  0.00509
MANUF_1899 35092 44287 22 46958 91701 21 -11867  -0.544  0.589
VP_1899 86974 110528 22 144042 290619 21 -57069 -0.859 0.396
Wages_1899 15274 17965 22 22479 46226 21 -7205 -0.680 0.501
Health_perhead — 0.194 0.121 22 0.193 0.111 21 0.00123  0.0348  0.972
HEALTH_17 1.940 0.674 22 1.740 0.521 21 0.200 1.085 0.284

D.4 Results of the event study

D.4.1 Differentiated trends between cities with different mor-
tality in 1918

Figure D.2 presents the coefficients estimated using equation D.1. These
figures are in line with the results presented in Correia, Luck, and Verner
(2020) for states and cities, as we observe a stronger decline in employment
after the influenza of 1918 in cities with higher mortality rate and there is
no particular trend between 1909 and 1914. However, the addition of data
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points from 1899 and 1904 changes the picture. One can observe than the
cities with lower mortality rates in 1918 used to behave differently in 1899
and 1904 with a growth rate significantly higher than cities with higher
mortality in 1918. This findings is in line with panel b) of Figure D.1.
While one potential interpretation of the change of sign of the growth rate
could be the impact of the 1918 flu, this differentiated trend casts doubt
on the possibility of treating the two groups of cities as comparable and of
deriving any causal link. Panel b) has no counterpart in Correia, Luck, and
Verner (2020) did not include any result on wages. One can observe that
the sign of the growth rate of the sum of the wages also becomes negative.
While this could be attributed to the impact of the flu, the differentiated
positive growth rates at the beginning of the century would also cast serious
doubts on this interpretation. Moreover, the sign of the impact is not in line
with previous studies; Garrett (2007)for instance finds a positive impact on
wages potentially explained by a shortage of labor. Panels ¢) and d) offer a
very similar picture, as employment, total output and value added decline
but their trends were also different in 1899 and 1904. To summarize, cities
more affected by the flu had different trends before 1918 when compared
with those less affected. It is thus difficult to infer any causal relationship
between the 1918 pandemics and cities’ manufacturing sector dynamics.
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Figure D.2: Event study: Estimates of the differentiated trends in the
manufacturing sector between cities with High mortality and low mortality
in 1918
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Reading notes: Cities having higher mortality rate had higher growth rate for em-
ployment, wage bills, output and added value in 1899 and 1805 and lower in 1819.
The growth rates were declining before

Estimates of the difference in difference equation:

log(yi,t) = 8+t + 2121018 B' X Ly(i)=e X Mortalityi91s,i + > ;21018 A X Le(iy=t X Xi,1900 + €,
Controls include health expenditures in 1917, population in 1900, the ratio for wage workers to
population in 1900, and the mortality in 1917, years and city fixed effects

95% confidence Interval clustered at the city level

D.5 Differentiated trends between cities with differ-
ent NPIs policies

Figures D.3 and D.4 respectively the differentiated trends of cities that
adopted NPIs either earlier or for a longer period of time, and cities with
laxer policies. There is no particular trend in mortality between 1909 and
1914, but for all dependant variables a clear trend of the opposite sign
appears before the flu, casting doubt on the causal interpretation of the
impact of NPIs on economic activity. Moreover the evidence presented in
the previous section documents that these cities also experienced higher
death rates in 1919 and 1920 casting doubt on the potential channels that
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might explain the rebound, given that part of the human capital preserved
in 1918 was lost in the subsequent years.

Figure D.3: Event study: Estimates of the differentiated trends in the
manufacturing sector between cities High number of days and low number
of days under NPIs in 1918
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Reading notes:Cities that implemented NPIs for a longer time in 1918 had lower
growth rates for employment, wage bills, output and added value in 1899 and 1805
and higher in 1819. The growth rates were rising before 1918

Estimates of the difference in difference equation:

log(yi,e) = 8 + vt + Xy s1018 B X Legiy=t X NPIo1s,i + >y 41918 A* X Legiy=t X Xi 1000 + €3t
Controls include health expenditures in 1917, population in 1900, the ratio for wage workers to
population in 1900, and the mortality in 1917, years and city fixed effects

95% confidence Interval clustered at the city level
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Figure D.4: Event study: Estimates of the differentiated trends in the man-

ufacturing sector between cities which were faster and slower to implement

NPIs in 1918
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Reading notes: Cities having adopted NPIS faster in 1918 had lower growth rates for

employment, wage bills, output and added value in 1899 and 1805 and higher in 1918.

The growth rates were rising before 1918

Estimates of the difference in difference equation:

log(yi,t) = 8 + 7t + Xy s1018 B X Legiy=t X NPIo1s,i + 2y 41918 A* X Legiy=t X Xi 1000 + €5t
Controls include health expenditures in 1917, population in 1900, the ratio for wage workers to

population in 1900, and the mortality in 1917, years and city fixed effects

95% confidence Interval clustered at the city level
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