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Abstract

We study the demographic and economic correlates of the 1918 influenza or ‘Spanish flu’ that
killed an estimated 6% of South Africa’s population. While the pandemic has received some
attention in South African historiography and from social scientists in other contexts, little is
known about its long-term impact on the country. Bringing together data from a range of new
sources, including population and agricultural censuses, household surveys, and the voters’ rolls,
we provide analyses that show, first, the factors that (do and do not) predict ’flu mortality across
South Africa’s magisterial districts, and, second, suggest some important consequences of the
’flu. Our results reveal a large but short-lived demographic shock, and detectable, if small scale,
long-term economic consequences.
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1 Introduction

The 1918 influenza, unfairly named the ‘Spanish flu’, was a global pandemic that killed between 20 and

50 million people. South Africa was amongst the most heavily affected countries.1 While the country’s

Influenza Epidemic Commission set up after 1918 estimates the total death toll at 139 471, Phillips (1984),

in his comprehensive history of the 1918 influenza in South Africa, uses the Quarterly Abstract of Union

Statistics of 1920 to estimate a death toll of between 450 000 and 520 000. He concludes that the actual

number is probably close to 300 000, midway between his estimates and the officially reported figures,

implying that around 6% of the country’s population died during the pandemic.

The first wave of the 1918 influenza to arrive in South Africa was a relatively mild strain. It moved

from the docks in Durban through Natal and Zululand, and on to the mines of Transvaal. Few deaths were

recorded and medical professionals were unconcerned. A Reuters correspondent reported on 28 September

that ‘in view of the fact that such a very large number of people have been affected, the fact there has been

only one death must be considered to be reassuring’ (Phillips 1984, p. 11).

Around that same time, trains carrying South African soldiers returning home from the Great War were

departing Cape Town for the country’s interior. At every station, several soldiers would disembark, happy to

see family and friends. They did not realise that they were disease vectors, rapidly spreading a more severe

strain of influenza throughout the Cape. A wave of deaths soon followed.

Although the 1918 influenza had a relatively low R0 estimated between 2 and 3, its case fatality rate –

the number of cases that end in death – was ten times higher than in all other influenza pandemics (Mills

et al. 2004; Chowell et al. 2006). It also disproportionately affected young adults, potentially due to an

overactive immune response, also known as a cytokine storm. Gagnon et al.(2013), however, find that early

life exposure to a previous Russian ’flu pandemic of 1889-90 caused a dysregulated immune response in the

young adults exposed to the 1918 influenza, increasing the risk of death. Hence the secondary bacterial

pneumonia that followed influenza was the overwhelming cause of death, and not viral pneumonitis or acute

lung injury (Shanks 2015). The influenza therefore affected not only the very old and very young – the

standard U-shaped age distribution – but severely affected the working-age population, one reason why one

might expect large demographic and economic repercussions.

Despite these deadly properties, the 1918 influenza did not affect all regions of South Africa equally. The

Cape Province, including the Transkei, was affected more seriously than the other three provinces (Natal

and Zululand, the Orange Free State, and the Transvaal). Nor, indeed, were all areas of the Cape Province

affected equally. As Figure 2 shows, some regions of the Cape and Transkei had mortality rates in excess of

1It was named the ‘Spanish flu’ because Spain, as a neutral country during World War I, were free to report on
the effects of the ’flu. The Spanish, incidentally, called it the ‘French flu.’

2



Figure 1: South African 1918 ’Flu Mortality Rates and Geographic Regions.
Note: Small polygons represent magisterial districts in 1918, the unit at which both covariates and
death rates are measured.

100 deaths per 1000 residents, while rates elsewhere, sometimes even in areas nearby, were much lower.

In studying South Africa’s experience with the 1918 influenza, we offer two central contributions. First,

we present evidence of pre-existing community-level factors that predicted the severity of the 1918 influenza.

Second, using these factors as ‘pre-treatment’ statistical controls, we investigate the long-term economic and

demographic consequences of the pandemic. We find suggestive evidence of a short-term demographic shock

that translated into persistent demographic differences between districts exposed to high mortality rates and

those less exposed. We also find suggestive evidence of longer-term effects on economic outcomes.

While a large international literature discussed in section 2 suggests that pandemics like the 1918 in-

fluenza have long-term consequences, as far as we are aware, we are the first to statistically test the predictors

of the influenza mortality rates in South Africa, as well as the first to empirically investigate whether these

mortality rates correlate with observable economic and demographic outcomes during later decades of the

twentieth century.

Our data come from several sources, discussed in section 3, typically assembled at the 1918 magisterial

district level (n = 208). Our sources include population censuses of 1911, 1921, 1936, 1960, 1970, 1991, and
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2011, and household surveys for 1993-1995. Other, more esoteric sources include the voters’ rolls of 1984,

historical rainfall data from weather stations, and maize production data from from various agricultural

surveys. To measure mortality rates we rely on estimates published in the official government report on the

1918 influenza (summarised by Phillips (1984)).

In section 4 we analyze the associations between pre-existing community-level characteristics and mor-

tality rates. Our results suggest that the share of the population that was black African, as well as the

proximity to railways, are strong predictors of mortality rates. We then use these and other factors as sta-

tistical controls in analyses of the demographic and economic consequences of the 1918 influenza, presented

in sections 5 and 6.

We urge caution in interpreting our results: our analyses can at best offer suggestive evidence of long-

term effects (or the absence thereof). Future work will have to pay particular attention to identifying causal

outcomes, and we speculate on some pathways for more credible causal analyses in section 7. As Covid-19

and its consequences shifts attention to the medium- and long-run effects of pandemics, we suggest that the

1918 influenza in South Africa provides a quantitatively rich setting to explore these causes and consequences.

2 A global pandemic

Pandemics can have large demographic, economic and social consequences. At one extreme is the Black

Death, a pandemic that killed between 30 and 60% of Europe’s population in the mid-fourteenth century.

A recent literature ties these high mortality rates to large-scale economic transformations in the decades

and centuries to follow: a rise of a high wage economy, urbanisation, gender equality and the emergence

of the Industrial Revolution (Pamuk 2007; De Moor and Van Zanden 2010; Voigtländer and Voth 2013).

Although the 1918 influenza had lower mortality rates, its reach was more global. A more integrated world,

a consequence of the first era of globalisation and the Great War, quickened the speed at which the influenza

spread beyond Europe.

The 1918 influenza has received a great deal of scholarly attention in part because the detail and accuracy

of the available statistical information about infections and deaths allow for the use of more complex models

and estimation of more precise, and credible, results. Modeling the macroeconomic and micro-economic

effects of pandemics is complicated. It depends, for example, on the the biological characteristics of the virus

– whether it has a U-shaped or W-shaped mortality age distribution (Boucekkine et al. 2008) – and on social

networks (Cauchemez et al. 2011), access to healthcare (Blumenshine et al. 2008) and individual and state

responses (SteelFisher et al. 2010). Not only can effects be measured at either the macro or micro level, but

a distinction should be drawn between short-term and long-term consequences.

Given how deadly the 1918 influenza was in South Africa it is perhaps surprising that economists have not
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paid more attention to the case. One reason might be that it is over-identified: the 1918 influenza overlaps

with the end of the First World War, which distorts any conclusions drawn from time-series analyses. A

second is data quality, notably the lack of household-level surveys at the time. A third is the heterogeneity

of outcomes. There seems to be little scholarly agreement on the direction and size of any impacts, and

results that report no statistically significant differences may be less likely to be published.

Although concerns about over-identification also impede attempts to measure effects of the 1918 influenza

elsewhere, this has not prevented many from trying. At the macroeconomic and global level, Barro et al

(2020) regress mortality rates from 43 countries (including South Africa) on gross domestic production to

measure the average economic shock induced by the pandemic. They estimate a decline of 6% to 8% of GDP.

They also find some evidence that higher mortality rates reduced realised real returns on stocks and on short-

term government bills. Others are more optimistic. Brainerd and Stiegler (2003) find, using information at

the US state level, ‘a large and robust positive effect of the influenza epidemic on per capita income growth

across states during the 1920s’. Garrett (2009) finds that US states and cities ‘having had greater influenza

mortalities experienced higher wage growth – roughly 2-3 percentage points for a 10% change in per capita

mortalities’.

Some of the most important contributions have been made at the individual-level. Almond (2006) uses

the 1918 influenza to test the fetal origins hypothesis, the claim that certain chronic health conditions in

later life can be traced to the course of fetal development. Following US individuals into adulthood, he finds

that individuals born in 1919 (nine months after the ’flu hit), have 0.25 fewer years of schooling, have 6%

lower adult incomes, and a 1.5% higher poverty rate. Their socio-economic status falls nearly one index

point.

Such negative effects are not limited to the United States. In a study that most closely approximates

our approach, Guimbeau et al (2020) use Brazilian censuses to measure the effect of 1918 influenza mortality

rates in more than 300 geographical units in the State of Sao Paulo. They find that the pandemic had

‘significant short-run demographic, literacy and productivity impacts in 1920’. They then turn to the 1940s

census and find longer-term consequences, notably in literacy rates (a positive effect for males), hospital

admissions (a 33% increase relative to the mean), and a decline in agricultural productivity.

The cases reviewed here suggest highly heterogeneous outcomes. That is the conclusion reached by

Vollmer and Wojcik (2017), who review 117 censuses in 53 countries (including South Africa) between 1960

and 1990 to investigate the effects of the 1918 influenza. They find no consistent global long-term effects of

influenza exposure on education, employment, or disability outcomes, noting that their ‘findings indicate that

the existing evidence on long-term economic effects of the Spanish ’flu is likely a consequence of publication

bias’ (Vollmer and Wójcik 2017, p. 1). It is these heterogeneous cross-country outcomes that in part motivate
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our single-country case study approach.

3 Sources and methods

We begin with a short description of the measurement of magisterial district mortality rates. Although the

incidence of deaths was greatest during the months of October and, to a somewhat lesser extent, November,

it is important to note that the 1918 influenza persisted into 1919 and beyond. In 1921, Mr W Green, a

school inspector for the districts of Idutywa, Kentani and Willowvale, reported that ‘typhus fever, smallpox

and influenza have never been fully eradicated, and in some areas are still taking a heavy toll’.2 Another

school inspector, Mr Hobart Houghton, responsible for the districts of Elliotdale, Mqanduli, Ngqeleni and

Umtata, noted that ‘there has also been a further epidemic of influenza’3.

This raises concerns about how to measure magisterial district mortality rates. We adopt a narrow

definition, following the Influenza Epidemic Commission, focusing exclusively on the months of October,

November and December 1918.4 Yet even these numbers are approximations and, according to Phillips

(1984), likely underestimates of the actual mortality rates. The official Influenza Epidemic Commission

report noted that ‘[i]t is impossible to obtain reliable statistical information in regard to the attack rate

of the disease, but as accurate an estimate as it is possible to make has been submitted’.5 Phillips, in

summarising the reports of several Transkeian magistrates and contemporary commentators, warns that

substantial under-reporting of deaths occurred in especially rural black districts. He notes that while the

Influenza Epidemic Commission’s estimate of 37 454 deaths in the Transkei was considerably higher than the

30 000 estimated by the Chief Magistrate and the Deputy Commissioner of Police, the 1921 census reported

100 000 fewer people than what was expected, which he attributes to unreported influenza deaths (Phillips

1984, p. 169).

The mortality rates we use, presented as the number of deaths per 1000 population across the magisterial

districts, is thus, at best, a lower-bound approximation of the true mortality rates. If under-reporting were

uniform or random across magisterial districts, this mismeasurement would likely only introduce noise to

our analyses. Unfortunately, it seems very plausible that white and urban deaths were more likely to

be recorded, introducing non-random measurement error that may bias our results in various ways. We

attempt to mitigate these concerns as best as possible by controlling for pre-pandemic demographic shares

and population density, gathered from the 1911 census. We also control for geographical region (as dummy

2Report of the Superintendent-General of Education for the year ended 31st December (1922, Cape Town, Gov-
ernment Printers), p. 82.

3Ibid., p. 84
4Union of South Africa, UG 15, 1919, Report of the Influenza Epidemic Commission.
5Ibid., paragraph 48.
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variables), railway access (using a map of railways in 1907), and seasonal rainfall (from agricultural censuses).

We consider a variety of outcome variables from several sources. These are the South African censuses

of 1921, 1936, 1960, 1970, 1991 and 2011, the agricultural censuses of 1918, 1937 and 1946 from (2019), the

October Households Surveys of 1991-1993 and the South African Voters’ Rolls of 1984. Limitations remain.

First, all censuses conducted prior the end of apartheid are typically more accurate for white South Africans

than other racial groups (Christopher 2009). Second, no individual-level data is available for South African

censuses before 1960. Finally, the 1984 Voters’ Rolls only include white South African voters.

Where possible, we aggregate all censuses and surveys to the 1918 magisterial districts (Senay et al.

2018), the geographical boundaries for which mortality rates were reported. This is not an easy process,

as reporting boundaries shift over time. We reconcile different geographies to the 1918 magisterial districts

through spatial joins, either from more recent geographies up to the 1918 geography (in cases where there

is close-to-perfect overlap), or by converting to a raster layer and then reaggregating to the 1918 geography

(in cases where there is less overlap). For the intricacies of this as related to one of our outcomes (Maize

production), see Greyling (2019). Others have also done similar exercises for the 2011 South African census

mapped onto the 1911 census, although these were municipal and not the magisterial district boundaries

that we use (Krugell 2014; von Fintel and Fourie 2019). Rainfall measures were constructed from data

presented in Lynch (2004), which includes data obtained from approximately 2000 rainfall stations situated

throughout South Africa, then averaged to the 1918 magisterial district boundaries.

4 Determinants of 1918 influenza mortality within South Africa

We begin with an analysis of the determinants of variation in magisterial district mortality. While Phillips

(1984) speculates about a number of correlates that influenced 1918 influenza mortality, we are not aware of

any study that test his historical analyses statistically.

Although mortality rates varied significantly across the country, the highest rates were concentrated in

the Transkei, districts with predominantly black residents. To some, in the prejudiced language of the time,

and likely informed by scientific racism, this proved that black people were ‘more susceptible to the disease

than Europeans’ (Phillips 1984, p. 155). This was not the case. Not only were there many predominantly

black districts with very low mortality rates, but Phillips notes that even the wealthiest white residents of

Cape Town could not escape the virus: it was ‘almost impossible to ignore an epidemic which itself appeared

to pay little attention to social status.’ (Phillips 1984, p. 45).

Black residents did indeed suffer a greater burden, though not because they were more susceptible to

the virus. Black residents had, unsurprisingly, much poorer access to medical services. While this was

true before 1918, the virus amplified these differences. Fourie and Jayes (Fourie and Jayes 2020) use death
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certificates and an innovative measure for access to healthcare – whether a doctor signed the death certificate

– to calculate this disparity in medical treatment. They find large inequalities in health access; for a woman

who is a resident of the district of Queenstown, between age 25 and 34, who works in farming, and whose

informant was illiterate, moving from coloured to black decreases the probability of having a doctor present

on her death certificate from 10% to just 2%, on average. For the same situation, but moving from coloured

to white increases the probability of having a doctor on the death certificate from 10% to 39%.

Given these stark racial inequalities in access to health care, we include the black share and the coloured

share of the 1911 population by district as our first predictor (white population share is omitted to avoid

multicollinearity). The top two panels of Figure 2 visualize these shares against the mortality rates.

A second factor that may explain higher mortality rates is population density, mapped in the middle-left

panel of Figure 2. Although Garrett (2008) finds a positive correlation between density and and mortality,

he finds no correlation between excess mortality and density, and others concur (Karlsson et al. 2014).

A third contributing factor that could explain a high mortality rate is railways. Phillips (Phillips 1984,

p. 152) notes that it was ‘primarily by way of South Africa’s extensive rail system that the Spanish ’flu

was spread to the predominantly Black rural areas of the country’. Soldiers returning from the Great War

brought the virus with them. Five trains left Cape Town between 16 and 30 September, carrying soldiers

to all parts of the Cape Province. As they disembarked at every railway platform, the virus travelled with

them. Specifically, we measure the distance between a magisterial district’s centroid and the nearest railway

line. This variable, along with the the 1907 train tracks themselves, is mapped in the middle-right panel of

in Figure 2.

As a fourth predictor, we also include the average September and October rainfall in centimeters for the

years 1910 to 1950. We include this because evidence suggest that temperature and humidity may affect the

speed of influenza transmission (Lowen et al. 2007). Rainfall is our best proxy for temperature and humidity.

We average over a long period to reduce statistical noise, and include post-pandemic data because we are

confident the pandemic did not affect rainfall over time.6

Finally, we include region dummies (‘fixed effects’) for the six regions reported by Phillips (1984) – the

Cape, Natal, the Orange Free State, the Transkei, the Transvaal, and Zululand. This absorbs time-invariant

regional differences that could confound an analyses that pool all magisterial districts together. We view this

as particularly important given that different strains of markedly varied intensity affected different parts of

the country. This approach also helps mitigate the measurement concerns outlined above, by ensuring, for

example, that areas in Zululand are not compared naively to areas in the rest of Natal.

Table 1 presents the results of two ordinary least squares (OLS) regressions in which magisterial district

6Using alternative measures, like the rainfall in October and November 1918 only, does not change our results in
any meaningful way.
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Figure 2: Covariates and South African 1918 ’Flu Mortality Rates over Space
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Table 1: What Correlates with 1918 Influenza Mortality in South Africa?

Dependent Variable:

Deaths/1000 Log(Deaths/1000)

Black Share (1911) 39.432∗∗∗ 1.490∗∗

(10.933) (0.599)

Coloured Share (1911) 15.482 0.343
(16.460) (1.042)

Log(1 + Population Density (1911)) 1.187 0.047
(1.534) (0.089)

Log(1 + Distance to Rail in Km (1907)) −1.776∗ −0.094∗

(1.042) (0.052)

Avg. Sept/Oct Rain in Cm (1910-1950) −0.139 −0.012
(0.101) (0.008)

Region = Natal −26.074∗∗∗ −0.777∗∗∗

(5.680) (0.217)

Region = Orange Free State −17.115∗∗∗ −0.586∗∗∗

(3.631) (0.155)

Region = Transkei −0.996 0.087
(7.594) (0.265)

Region = Transvaal −19.556∗∗∗ −0.659∗∗∗

(4.528) (0.177)

Region = Zululand −32.910∗∗∗ −1.337∗∗∗

(6.698) (0.361)

Constant 18.758∗∗ 3.030∗∗∗

(7.804) (0.467)

Dependent Variable Means 25.946 2.984
Observations 205 205
R2 0.352 0.299
F Statistic (df = 10; 194) 10.551∗∗∗ 8.259∗∗∗

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
HC2 Robust standard errors in parentheses.
Omitted region = Cape.
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mortality is regressed against the predictors outlined above. The first column presents results with mortality

measured as deaths per 1000 population, and the second column presents results with that variable logged

(to address right skew). The predictors are also transformed as appropriate, to compensate for skewness.

The results in both columns reveal a few important insights. First, the black population share strongly

predicts 1918 influenza mortality rates, both substantively and in terms of statistical significance. Moving

from an exclusively white area to an exclusively black area increases mortality by nearly 40 deaths per 1000

people. At the same time, the coloured population share substantively less influential, and not statistically

distinguishable from zero at conventional levels. Surprisingly, we find only a very small positive coefficient

on population density, and not statistically significant at conventional levels. Proximity to railways does

indeed appear to explain mortality – the further a magisterial district is from the railway, the lower the

mortality rate, though these coefficients are only statistically significant at the 10% level. We also find no

substantively important or statistically significant evidence of a correlation between rainfall and mortality

rates. It is also worth noting that the regional dummies absorb large level differences when compared to the

omitted Cape province, consistent with the broader historical narrative that the Cape strain was far more

severe than the earlier Natal strain.

Of course, these pre-pandemic covariates do not represent an exhaustive list of potential determinants

of mortality rates. We imagine that many other factors played a role – the age and gender composition

of the districts, the presence of medical facilities, private and public responses, access to information, and

social networks, to name a few. Yet these covariates prove helpful in explaining a reasonable proportion of

variation in mortality rates. We include them as controls when we consider the 1918 influenza’s demographic

and economic consequences.

5 Demographic consequences

5.1 Short-term fertility

We begin our investigation of the demographic consequences by undertaking a cohort analysis, in the spirit

of Almond (2006), of those born during 1919, the year following the influenza. We first use the 1960 and 1970

censuses to examine whether they were significant changes in the number of births in the years following

the epidemic. Because most of South Africa’s censuses do not allow us to identify the month of birth, the

best we can do is to follow the annual cohort. We then replicate and extend those analyses using the 1984

Voter’s Roll which includes month of birth, and find similar patterns.

Figure 3 shows that there is a notable decrease in the number of individuals born in 1919, both relative

to previous years (1918, 1917) and to subsequent years (1920, 1921). This sudden drop is specific to 1919
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and is therefore unlikely to be driven by higher child or infant mortality. If it were, we should also observe a

decrease in the number of individuals aged between one and three years old during the peak of the epidemics

(Oct/Nov 1918), and those born between 1915 and 1918.

Figure 3: Number of people in South Africa (see note), by year of birth.
Note: For the 1960 census, the data include 15% samples of Asian, Coloured, and Indian people,
and a 10% sample of White people. For the 1970 census, the data include a 5% sample of African
people, and the entire enumeration of Asian, Coloured, Indian, and White people.

To understand whether this drop in births in 1919 was driven by higher in-utero mortality (or higher

vulnerability of the pregnant mother), or whether it was the result of fertility choices, we use the 1984 Voters’

Roll of South Africa which includes month of birth.7.

The 1984 Voters’ Rolls list the universe of the registered white voters in the Republic of South Africa.

Figure 4 presents the number of individuals in the 1984 Voter’s Rolls by month of birth for the years 1917

through 1920. The number of births in 1919 is exceptionally low during the months of June and July,

when compared to both 1917, 1918 and 1920. Remarkably, this is not the case for the other months of the

year. June and July 1919 are exactly 9 months after the peak of the 1918 influenza (October-November

1918), suggesting that these ‘missing births’ could be due to changes in women’s fertility behavior: during

the pandemic women conceived fewer children, either because they or their partner were sick, or as a

precautionary measure in response to the economic uncertainty and/or negative prospects created by the

’flu.

One caveat to both of these analyses (the censuses and the Voter’s Rolls), is that we only observe

individuals that have survived until 1960, 1970, and 1984. It is plausible that our analyses are capturing

differential mortality by cohort – that those conceived during the 1918 influenza carried with them health

7The Voters’ Rolls of 1984, compiled by the Department of Home Affairs, were transcribed and sup-
plied to the authors by the Genealogical Society of Southern Africa. More information is available at:
https://genza.org.za/index.php/en/projects/1984-voters-roll-capture.
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Figure 4: Number of white voters in 1984, by month and year of birth

consequences that shortened their average lifespans. Although we cannot test this possibility explicitly, we

note that the sharp drop in June and July of 1919 is inconsistent with the idea that the in-utero experience

of the ’flu only affects longevity. If this was true, one must plausibly argue that the ’flu would have only

affected those conceived during October but not those conceived one month earlier. There is no medical

evidence to suggest the influenza would have had differential affects on a fetus at the moment of conception

versus one which is one month old.

We also test statistical significance of the reduction in the number of children conceived during the

epidemic peak. Table 2 presents OLS estimates of the relationship between month of conception and cohort

size. Given that we observe only births of individuals who have survived until 1984, we include year fixed-

effects to control for differential mortality rates between cohorts, and month fixed-effects to control for

birth seasonality. Column 2 and 4 shows that there is a significantly lower number of children conceived in

October and November 2018. The estimates suggest a reduction of 460 (white) births in November 1918,

which represents a 25% decrease with respect to the average cohort size among individuals born between

1915 and 1923. We find that neither the number of children conceived in September 1918 – before the

pandemic peak – or those in December 2018 – after the the pandemic peak – were significantly lower than

usual (Column 1 and column 4).

13



Table 2: 1918 Influenza Mortality and Short-Term Fertility

Dependent Variable:

Cohort size per month of birth

(1) (2) (3) (4)

Conception in September 1918 55.489
(121.192)

Conception in October 1918 -253.102**
(118.264)

Conception in November 1918 -460.648***
(110.832)

Conception in December 1918 -140.057
(120.405)

R2 0.87 0.88 0.89 0.87
N 108 108 108 108

Year of Birth FE Yes Yes Yes Yes
Month Birth FE Yes Yes Yes Yes
average number of individual 1787 1787 1787 1787

Notes. This table presents OLS estimates of the effect of conception month on the
number of individuals born nine month later. Observation are at the month-year
level and range from January1915 to December 1923. The outcome is the number
of white voters born in a given month and year as reported by the voter roll of 1984.
Standard errors are reported in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.

5.2 Long-term fertility

We measure long-run fertility and infant mortality using October Household Surveys from the 1990s and the

2011 Census. October Household Surveys were administered annually between 1993 and 1999, and identify

the magisterial district in which each respondent lived. The 1993 survey collected complete birth histories

from women aged 49 and younger, and the 1994 and 1995 surveys collected complete birth histories from

women aged 54 and younger.8 These birth histories record the timing of each birth and, if the child died,

the child’s age (in months) at death. We measure fertility using women born in the 1940s, who were over

age 40 and generally done having children by the 1990s. We measure infant mortality using children born

in the 1970s, who were typically children of these women born in the 1940s. This final sample consists of

14,440 women and 54,452 children. These women had 3.1 children on average, and 0.65 percent of children

died before their first birthday.

We also use the 10 percent sample of the 2011 census.9 For women between the ages of 12 and 50, the

census recorded her total number of children, the date of her most recent birth, and, if the child died, the

8October Household Surveys, Central Statistical Service. Accessed through DataFirst, University of Cape Town.
https://www.datafirst.uct.ac.za/.

9Census 2011, Statistics South Africa. Accessed through DataFirst, University of Cape Town.
https://www.datafirst.uct.ac.za/.
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Table 3: 1918 Influenza Mortality and Long Term Fertility, by District

Dependent Variable:

Average number of Average number of
children, among Deaths before age 1 children, among Deaths before age 1

women born in the per 1,000 children women born in the per 1,000 children
1940s born in the 1970s 1960s born in the 2000s

Overall 0.0069*** 0.1471*** 0.0034*** -0.0176
(0.0016) (0.0449) (0.0004) (0.0167)

Black 0.0051** 0.1912*** 0.0026*** (0.0015)
(0.0024) (0.0445) (0.0008) (0.0212)

Coloured 0.0033 -0.0369 0.001 -0.4177***
(0.0052) (0.0626) (0.0031) (0.1376)

Indian 0.0164*** -0.0147 0.0042 -0.075
(0.0038) (0.0104) (0.0052) (0.0491)

White -0.0003 0.0514 0.0046* -0.0342**
(0.0031) (0.1398) (0.0027) (0.0142)

Notes. Death rate is deaths per 1,000 population in 1918. Women age aged 40 and older when observed. Sources:

October Household Survey (Central Statistical Service 1993 – 1995), 2011 Census (Statistics South Africa 2011).

date of death. The census also recorded the municipality in which each woman lived. We measure fertility

using women born in the 1960s, who were over age 40 and likely finished having children by 2011. We

measure infant mortality using last-born children born in the 2000s. This sample consists of 211,373 women

and 421,403 children. These women had 3.0 children on average, and 1.0 percent of children died before

their first birthday.

We first consider whether districts in 1918 that experienced more influenza deaths had different rates

of fertility and child mortality decades later. The first row of Table 3 presents the results of four OLS

regression for the entire country, at the magisterial district level, without covariates or region fixed effects.

Each additional ’flu death per 1000 population in 1918 was associated with district-level changes of 0.0069

additional births per woman born in the 1940s, 0.15 additional deaths per 1000 children born in the 1970s,

0.0034 additional births per woman born in the 1960s, and 0.0018 fewer deaths per 1000 children born in the

2000s.10 The remaining four rows present the slopes of the regression lines when the samples are restricted

to members of each population group. Black South Africans drive the main findings.

Although an optimistic interpretation of the results may suggest long-run correlations between influenza

10The findings in columns 1 and 2, and all remaining findings using October Household Survey data, are similar
if each respondent’s district of birth is used instead of district of residence. Standard errors are bootstrapped using
1,000 samples of the original survey and census data.

15



mortality, fertility, and infant mortality, the district-level comparisons are susceptible to distortion by a

handful of small districts. For example, the positive and statistically significant association between influenza

mortality in 1918 and district-level infant mortality in the 1960s is due, in part, to De Aar district in Cape

province. De Aar district experienced 82 influenza deaths per 1,000 people in 1918, and 39 infant deaths per

1,000 births in the 1960s, both among the 10 percent of districts with the most mortality, yet the district

had just 4,200 residents in 1918, placing it in the lowest decile of population.

To better account for the distribution of people across the country, we additionally perform comparisons

at the person level.11 Table 4 presents the estimated coefficients of regressions of each person’s outcomes

(lifetime fertility or infant mortality) on the 1918 pandemic death rate in their district. Column 1 of panel

(a) suggests a positive correlation between pandemic mortality and fertility: each additional pandemic death

per 1,000 people in 1918 was associated with 0.0093 additional births per woman born in the 1940s. Column

(2) adds region fixed-effects, and the estimated correlation rises to 0.013 additional births, suggesting that

regional variation in influenza intensity does not explain the relationship between influenza deaths and later

fertility. Column (3) adds several district-level characteristics from the early 1900s that were associated

with the influenza death rate: the predictive pre-treatment covariates outlined in section 4. The estimated

coefficient falls to 0.0041. Although not proof of causality, this final estimate suggests that, controlling for

different fertility levels between regions and controlling for various factors that may have affected influenza

intensity, each additional influenza death per 1,000 people in 1918 was associated with an increase of 0.0041

births per woman born in the 1940s. This increase was small relative to the average fertility of 3.1 children

per woman among this cohort, but was statistically distinguishable from zero.

The remaining columns of Table 4 perform equivalent regressions for the other three long-run demo-

graphic outcomes. In our preferred specification that includes region fixed-effects and early 1900s-era co-

variates, each additional influenza death per 1,000 people in 1918 is associated with a 0.0031 percentage

point decrease in the likelihood that a child born in the 1970s dies before his or her first birthday, 0.00043

fewer births per woman born in the 1970s, and a 0.0064 percentage point decrease in the likelihood that a

child born in the 2000s dies before his or her first birthday. Again, these changes are small. The remaining

panels of Table 4 repeat the regressions by population group. Although a few of the estimated coefficients

are statistically significant, such as the associated between influenza mortality and Indian fertility in the

1940s, these estimates are generally quite small, especially when the district-level covariates are included.

11Because we only know each person’s magisterial district of residence in 1993–1995 or municipality in 2011, and
not district in 1918, we calculate influenza death rates in each modern-day district or municipality as the average of
each overlapping 1918-era district, weighted by the area of overlap. We use the same procedure for the covariates
introduced later in this paragraph.
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Table 4: 1918 Influenza Mortality and Long-Term Infant Mortality, by Person

Dependent Variable:

Average number of children, Deaths before age 1 per 1,000 Average number of children, Deaths before age 1 per 1,000
among women born in the 1940s children born in the 1970s among women born in the 1960s children born in the 2000s

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

(a) Overall
Flu death rate 0.0093*** 0.013*** 0.0041 0.00014* 0.000057 0.000031 0.0090* 0.012*** -0.00043 -0.000018 -0.000004 -0.000064*

(0.0031) (0.0029 (0.0027 (0.000079 (0.000062) (0.000073) (0.0054) (0.0039) (0.0023) (0.000043) (0.00003) (0.000033)
Region FE Yes Yes Yes Yes Yes Yes Yes Yes
Covariates Yes Yes Yes Yes
Mean 3.14 3.14 3.14 0.0065 0.0065 0.0065 2.99 2.99 2.99 0.01 0.01 0.01
Obs. 14,440 14,440 14,440 54,452 54,452 54,452 211,373 211,373 211,373 421,403 421,403 421,403
R2 0.004 0.02 0.039 0.001 0.004 0.004 0.003 0.042 0.069 0 0.001 0.001

(b) Black
Flu death rate 0.0064** 0.0097*** 0.0038 0.00018* 0.00011 0.000091 0.0081 0.011** -0.002 -0.000014 -0.000029 -0.000077**

(0.0028) (0.0032) (0.003) (0.000097) (0.000079) (0.000095) (0.0051) (0.0043) (0.0021) (0.000042) (0.000035) (0.000037)
Region FE Yes Yes Yes Yes Yes Yes Yes Yes
Covariates Yes Yes Yes Yes
Mean 3.47 3.47 3.47 0.0068 0.0068 0.0068 3.24 3.24 3.24 0.011 0.011 0.011
Obs. 7,867 7,867 7,867 32,335 32,335 32,335 158,150 158,150 158,150 353,002 353,002 353,002
R2 0.002 0.011 0.021 0.001 0.005 0.005 0.003 0.035 0.058 0 0.001 0.001

(c) Coloured
Flu death rate -0.0037 -0.0065* -0.0034 -0.00021* -0.00031** -0.00012 -0.0011 -0.0018 -0.00068 -0.000079** -0.000074** -0.000055

(0.0037) (0.0036) (0.0043) (0.00012) (0.00014) (0.00014) (0.002) (0.0021) (0.002) (0.000033) (0.000033) (0.000061)
Region FE Yes Yes Yes Yes Yes Yes Yes Yes
Covariates Yes Yes Yes Yes
Mean 3.08 3.08 3.08 0.0094 0.0094 0.0094 2.68 2.68 2.68 0.0053 0.0053 0.0053
Obs. 2,332 2,332 2,332 9,137 9,137 9,137 22,931 22,931 22,931 37,467 37,467 37,467
R2 0.001 0.005 0.01 0.001 0.003 0.007 0 0.001 0.006 0 0.001 0.002

(d) Indian
Flu death rate -0.017* -0.028** -0.055*** -0.000017 -6.00E-06 -0.00030* 0.0043 0.0089** 0.0021 -0.00008 -0.00017 -0.00053*

(0.01) (0.011) (0.021) (0.0001) (0.00014) (0.00018) (0.0032) (0.0043) (0.0074) (0.000054) (0.00013) (0.00029)
Region FE Yes Yes Yes Yes Yes Yes Yes Yes
Covariates Yes Yes Yes Yes
Mean 2.67 2.67 2.67 0.0022 0.0022 0.0022 2.2 2.2 2.2 0.003 0.003 0.003
Obs. 1,286 1,286 1,286 4,717 4,717 4,717 6,595 6,595 6,595 7,651 7,651 7,651
R2 0.008 0.022 0.031 0 0 0.002 0.001 0.004 0.009 0 0 0.003

(e) White
Flu death rate 0.0038 0.0053 0.0038 0.00014 0.00015 0.000096 -0.00073 0.0023 -0.0013 -0.000068*** -0.000033 -0.000045

(0.0038) (0.0033) (0.003) (0.000097) (0.00015) (0.00012) (0.003) (0.002) (0.0014) (0.000024) (0.000031) (0.000031)
Region FE Yes Yes Yes Yes Yes Yes Yes Yes

Covariates Yes Yes Yes Yes
Mean 2.21 2.21 2.21 0.0042 0.0042 0.0042 1.91 1.91 1.91 0.0025 0.0025 0.0025
Obs. 2,955 2,955 2,955 8,263 8,263 8,263 23,085 23,085 23,085 22,054 22,054 22,054
R2 0.001 0.003 0.011 0.001 0.003 0.004 0 0.003 0.008 0 0.001 0.001

Notes. See section 5. Death rate is deaths per 1,000 population in 1918. Covariates consist of: share of the population 1911 that was Black, share of the population in 1911 that was

Coloured, log population density in 1911, log distance (in kilometers) from district centroid to nearest railway in 1907, and average rainfall in September and October between 1910

and 1950. Women age aged 40 and older when observed. Sources: October Household Survey (Central Statistical Service 1993 – 1995), 2011 Census (Statistics South Africa 2011).
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This section documents a positive correlation between 1918 influenza mortality and fertility decades

later that is at its strongest when comparing women within each region. This correlation is consistent with

an explanation in which a positive fertility response to influenza deaths immediately after 1918 changed

preferences for family size in the long run, especially so in places heavily affected by the ’flu. Because the

connection between 1918 influenza mortality and infant mortality decades later is weaker, it is unlikely that

this increase in fertility is merely a response to higher child mortality. However, later fertility is associated

with racial composition and other district-level characteristics from the early 1900s that were predictive of

influenza intensity. Conditioning on these characteristics, the relationship between influenza mortality and

later fertility weakens, especially by the cohort of women born in the 1970s. Together, these findings suggest

that any effect of the 1918 influenza pandemic fertility decades later is likely small.

6 Economic consequences

We now turn to the economic consequences of the 1918 influenza, of which there is little documented evidence.

Even in the short-run, the epidemic seems to have had no severe effects on the economy; Boshoff and Fourie

(2020) report a healthy GDP growth rate in 1918 of 3.9% and a remarkable 10.1% in 1919 (followed by a

slump of -11% in 1920). Phillips (1984, p. 18) notes that, aside from a short term increase in the numbers of

work-seekers, ‘the epidemic left little permanent mark on the gold-mining industry’. Even those industries

most likely to be negatively affected by the crisis, like insurance, were not permanently harmed. Phillips

reports that fear of another pandemic resulted in record sales of life assurance in the months following the

Spanish influenza. This ‘surge of new business allowed the insurance industry to more than recoup what it

had paid out through the deaths of its policyholders during Black October’ (Phillips 2012).

6.1 Unemployment

We begin by analysing unemployment as a measure of magisterial district economic wellbeing. We measure

unemployment amongst white residents in 1936, a full 18 years after the 1918 influenza.12 These data are

fit to the 1918 magisterial district level, and capture the number of white residents who reported being

unemployed in the 1936 census, divided by the total population of working age white residents (ages 15 -

64) in 1936.

Table 5 presents results from OLS regressions that estimate the relationship between the log of 1918

influenza mortality and 1936 unemployment, controlling for the predictive pre-treatment covariates outlined

in section 4. We find a robust negative association between the intensity of the 1918 ’flu and 1936 unemploy-

12We are indebted to Joachim Wehner for digitising this census volume and sharing it with us.
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Table 5: 1918 Influenza Mortality and Unemployment

Dependent Variable:

U. Rate (Total) U. Rate (Women) U. Rate (Men)

Log(Deaths/1000) −0.007∗∗∗ 0.001 −0.011∗∗∗

(0.002) (0.001) (0.003)

Black Pop. Share (1911) 0.001 −0.013∗∗ 0.000
(0.014) (0.005) (0.023)

Coloured Pop. Share (1911) 0.001 −0.011 0.004
(0.023) (0.008) (0.036)

Log(1 + Pop. Density (1911)) 0.015∗∗∗ 0.005∗∗∗ 0.024∗∗∗

(0.002) (0.001) (0.003)

Log(1 + Distance to Rail in Km (1907)) −0.002 −0.001 −0.003
(0.001) (0.000) (0.002)

Avg. Sept/Oct Rain in Cm (1910-1950) −0.000∗∗∗ −0.000∗∗ −0.000∗∗

(0.000) (0.000) (0.000)

Constant 0.044∗∗∗ 0.008∗ 0.069∗∗∗

(0.013) (0.005) (0.021)

Dependent Variable Means 0.039 0.008 0.065
Region FE Yes Yes Yes
Observations 205 205 205
R2 0.457 0.362 0.439
F Statistic (df = 11; 193) 14.784∗∗∗ 9.972∗∗∗ 13.753∗∗∗

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
HC2 Robust standard errors in parentheses.
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ment, at least among white South Africans. The results in column (1) suggest that doubling the mortality

rate (say, from 4 deaths per 1000 to 8), would result in a 0.49 percentage point decline in unemployment.13

Columns (2) and (3) show that association is purely driven by men, and that a doubling in ’flu mortality

would result in a 0.76 percentage point decrease in male unemployment. Strikingly, there is no association

between 1918 influenza mortality and unemployment for women.

It is worth considering whether this somewhat surprising result is reflective of the economic or demo-

graphic consequences of the 1918 influenza. While it is plausible that ’flu induced an increase in medium-term

economic prosperity (perhaps through public or private investment), it could well be that the uptick in em-

ployment rates among men is reflective of the demographic shock induced by the ’flu: in the worst hit areas,

many people of working age died, decreasing the denominator for unemployment. Further research should

seek to disentangle these two explanations.

6.2 Maize production

We next consider whether the 1918 influenza had consequences for agricultural production, measured as maize

production. Especially in rural settings, agricultural output is often an important indicator of economic well-

being, sometimes even more reliable than income. Existing research suggests that disease outbreaks may

influence agricultural output. De La Fuente et al. (2020), for example, study the effect of the 2014 Ebola

epidemic on agricultural output in Liberia; they find that higher Ebola mortality rates reduced the rice area

planted as well as rice yields. Likewise, in the Covid-19 pandemic, much has been made of potential shocks

to food supply chains.

Just like rice production in Liberia today, maize production was an important economic measure in early

twentieth-century South Africa. The agricultural sector represented 16% of the country’s GDP between 1918

to 1946, and maize production represented 72% of total field crops planted between 1937 to 194614. Table

6 presents results from OLS regressions that estimate the relationship between the log of 1918 influenza

mortality and maize yields over a number of years (columns), controlling, as before, for the predictive pre-

treatment covariates outlined in section 4.

These analyses reveal a statistically significant negative association between mortality rates and maize

yields during all years analysed, with the largest coefficient reported in 1922, four years after the 1918

influenza. Substantively, the results for 1922 suggest that a doubling in the district death rate (say, from 4

deaths per 1000 to 8) decreased maize yields by 0.087 tonnes per hectare or 14.4%; in 1918, 1937 and 1946

13The expected change in percent unemployment for a doubling in ‘flu mortality = (β̂ × log(2)) × 100
14GDP data: Boshoff and Fourie (2020). Maize data: Greyling and Pardey (2019). We use the period 1937 to 1946

as it is the earliest with fully disaggregated data available
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Table 6: 1918 Influenza Mortality and Maize Yields

Dependent variable and growing season

Maize yield (tonnes/hectare)
1918 1922 1937 1946

Log(Deaths/1000) −0.063∗∗ −0.126∗∗∗ −0.060∗∗ −0.091∗∗

(0.025) (0.025) (0.028) (0.037)

Black Share (1911) 0.313 0.456∗∗ 0.145 0.146
(0.192) (0.180) (0.210) (0.270)

Coloured Share (1911) 0.899∗∗∗ 1.260∗∗∗ 0.226 0.176
(0.288) (0.284) (0.316) (0.411)

Log(1 + Population Density (1911)) 0.025 −0.016 −0.050∗ −0.056
(0.024) (0.023) (0.029) (0.037)

Log(1 + Distance to Rail in Km (1907)) 0.009 −0.013 −0.035∗ 0.018
(0.017) (0.017) (0.019) (0.025)

Growing season rainfall −0.0004∗∗ 0.0001 0.0002 −0.0003
(0.0002) (0.0002) (0.0002) (0.0003)

Constant 0.587∗∗∗ 0.512∗∗∗ 0.831∗∗∗ 0.734∗∗∗

(0.167) (0.167) (0.181) (0.238)

Dependent Variable Means 0.64 0.60 0.73 0.51
Region FE Yes Yes Yes Yes
Observations 201 199 196 197
R2 0.317 0.398 0.162 0.195
F Statistic 7.963∗∗∗ 11.219∗∗∗ 3.235∗∗∗ 4.074∗∗∗

Notes: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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that number was 0.044, 0.042 and 0.063 tonnes per hectare respectively.15 Why influenza mortality had such

persistent effects on mortality is an important question for future research.

7 Conclusions

There is little consensus on the demographic and economic consequences of pandemics. In this paper we

contribute a new set of suggestive findings on both the determinants and the consequences of the 1918

influenza. We do so by studying South Africa, a case that has received little attention in the literature

despite the country’s extreme experience during the pandemic, in which nearly 6% of the population died.

While we encourage caution in interpreting our results, we hope this paper provides researchers with a

stepping stone for more in-depth, comprehensive, and nuanced analyses of the 1918 influenza in South Africa.

In particular, we hope that future work interrogates the suggestive causal claims we make more closely. We

see a number of potential avenues in this regard. There are multiple potential instrumental variables that,

assuming their properties appear satisfactory, may be used to learn something about the influenza’s effects.

One might, for example, use the presence of existing railways to define districts that received ‘encouragement

to treatment’ (where treatment is mortality) and districts with planned-but-not-completed railways as those

that did not receive that ‘encouragement’, excluding the rest of the country entirely. Alternatively, one could

use anomalous rainfall in Sept-Nov 1918 as an instrument, on the assumption that anomalously high rainfall

in that period might have influenced mortality.

Other approaches could include the use of regression discontinuity designs using date of birth to look

at the life trajectories of cohorts born just before Sept 1918 and those born during or after the pandemic.

Moreover, as researchers digitize more data from just before and just after 1918, there should also be the

potential to find good comparison pairs based on pre-pandemic data for a difference-in-differences analysis.

Alternative source material may also provide fruitful avenues to explore. Our analysis is limited to

variation between the 208 magisterial districts. Fourie and Jayes (2020) use more than 30 000 individual

death certificates in only ten districts between 1915 and 1920. Were death certificates for more districts

available, the more precise spatial indicators available in these certificates could allow for better identification

strategies. Other individual-level records, like birth, baptism and marriage records, may prove equally useful

when linked to later-life outcomes.

For now, we hope our results not only help to explain the past, but also offer useful lessons for the

present. Racial demographics, which are closely tied to socio-economic factors in South Africa, appear to be

an important predictor of mortality rates, while density appears less important. Unsurprisingly, transport

nodes seem to be important vectors for the virus.

15The expected change in maize yields associated with a doubling in ‘flu mortality = β̂ × log(2)
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Our results also allow us to speculate about the likely consequences. Fertility rates appear to have

declined significantly in the nine months following the disease. This may have been a result of the 1918

influenza’s specific properties, which adversely affected pregnant mothers. Fewer children were born in 1919

than in 1918 – with implications for school enrollment from 1925 until that cohort left school in 1937. It

also appears plausible that the 1918 influenza increased fertility and infant mortality rates five decades

after the event, though here the relationship weakens once we include covariates. Given that Covid-19

disproportionately affects older individuals, it is unlikely that the current pandemic would have the same

effect.

Conditional on pre-existing community-level factors, it also appears that higher 1918 influenza mortality

rates induced lower unemployment, but also lower maize yields, up to two decades after the event. Although

the effects are not particularly large, they appear to persist for a long time. If we learn anything from the

1918 influenza, it is that the demographic and economic consequences of Covid-19 are likely to be with us

for some time to come.
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