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Abstract 
 

This paper uses dozens of large-scale household surveys to measure average 

changes in fertility following hundreds of droughts, floods, earthquakes, tropical 

cyclones, other storms, and epidemics in Africa between 1980 and 2016.  

Droughts are the largest and longest-lasting type of disaster on average, and 

fertility decreases by between 3.5 and 6.8 percent in the five years after droughts.  

Fertility changes are smaller or less clear after other types of disasters.  

Comparisons between countries, rather than within countries, drive these findings.  

There is substantial geographic heterogeneity in the direction and magnitude of 

the change in fertility after disasters, driven by characteristics of the disasters and 

survey respondents.  Fertility decreases especially after more recent droughts and 

in areas prone to drought.  Fertility decreases after longer floods.  Fertility 

decreases after epidemics for women near the start and end of their childbearing 

careers, but increases for women in their late twenties and early thirties. 
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1. Introduction 

 

Global climate models project that recent changes in temperature, precipitation, and sea 

level will continue for at least the next several decades.  These climate changes bring greater risk 

of droughts, floods, storms, disease, and other disasters, particularly for less developed countries, 

many of which are located in Africa (Intergovernmental Panel on Climate Change 2012; Dellink 

et al. 2019).  Africa also has the highest fertility rate of any region of the world, and is projected 

to continue to have the highest fertility rate past 2050 (World Bank 2020).  Understanding the 

relationship between natural disasters and fertility in Africa is therefore necessary for projecting 

the consequences of continued climate change, particularly for women, who bear most of the 

costs of having and raising children (Bloom et al. 2009, Jayachandran and Lleras-Muney 2009). 

In this paper, I document average changes in fertility following 91 droughts, 399 floods, 

21 earthquakes, 27 tropical cyclones, 55 other storms, and 355 epidemics that occurred in Africa 

between 1980 and 2016 and are recorded in the Emergency Events Database.  I identify the 

district or districts in which each disaster occurred, and link this information to 365,000 women 

in 33 countries whose place of residence, duration at residence, and birth history are recorded by 

one of 77 Demographic and Health Surveys.  Using women for whom fertility is recorded in a 

10-year window around a disaster, I measure the average change in number of births in the five 

years after a disaster minus the five years before a disaster.  I compare this difference to the 

average change in fertility among women observed at the same time who did not experience a 

disaster during the same 10-year window, but who live in districts that experienced the same type 

of disaster at some other time between 1980 and 2016. 

The resulting event study difference-in-differences estimate finds that, in the five years 

after a drought, fertility decreases by 0.071 children per woman, with a 95-percent confidence 

interval between a decrease of 0.048 and a decrease of 0.093 children per woman.  Given that 

women who experience a drought give birth to 1.36 children on average in the five years leading 

up to a drought, this estimate indicates fertility decreases between 3.5 and 6.8 percent after 

droughts. 

The 91 droughts considered in this paper last 19 months, affect 2.3 million people, and 

cover 245,000 square kilometers on average.  All five other types of disasters are substantially 

smaller, lasting at most two months, affecting at most 245,000 people, and covering at most 
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98,000 square kilometers on average.  I find that these disasters have correspondingly smaller 

changes in fertility, from a decrease of 0.037 children per woman in the five years after tropical 

cyclones to an increase of 0.017 children after other storms.  The confidence intervals on these 

estimates are wide, indicating substantial uncertainty about the magnitude and even direction of 

the average change.  Only after droughts does average fertility clearly and substantially change. 

Again, these main estimates compare changes in fertility among women who experience 

a disaster to changes in fertility among a control group of women who do not experience a 

disaster.  Because the control group is observed at the same time, findings are driven entirely by 

comparisons across space.  To determine how the location of the control group matters, I repeat 

the main estimates using three control groups: women within the same country as women who 

experience a disaster, women outside of the country but in the same region, and women outside 

of the region.  The overall finding of a decrease in fertility after droughts is driven by 

comparisons elsewhere in the region and outside the region, suggesting possible measurement 

error in the geocoding of disasters or spillovers in the consequences of disasters to other districts 

within countries. 

Because vital records are not consistently maintained at the district level in many places, 

I use retrospective birth history surveys.  I restrict the sample to only women who lived at their 

current place of residence around the time of the disaster, so that selective migration into affected 

areas does not drive the findings.  All estimates therefore measure changes in fertility among 

people who experience a disaster and then do not move.  Because the surveys do not record place 

of prior residence, I am unable to measure fertility among women who move away following a 

disaster.  But, I show that the composition of women surveyed just before natural disasters is 

similar to the composition of women surveyed just after.  For example, compared to women 

observed just before floods, women observed just after floods have lived at their place of current 

residence for a similar number of years and report wanting a similar number of children.  These 

comparisons suggest that selection into who moves away after a disaster does not drive the main 

findings. 

This paper contributes to a large body of evidence of changes in fertility following 

natural disasters.  Several studies document changes in fertility following a single disaster or 

type of disaster in a single country.  Fertility decreased following crop failure in Ireland in the 

late 1840s (Boyle and O Gráda 1986), drought in Ethiopia in the early 1970s (Lindstrom and 
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Berhanu 1999), flooding in Bangladesh in 1974 (Hernández-Julián and Mansour 2014), and 

droughts in Mali in the 1970s and 1980s (Pedersen 1995).  Fertility changes were more 

ambiguous following the 1918 influenza pandemic (Fletcher 2018) and recent hurricanes in the 

United States (Evans et al. 2010, Seltzer and Nobles 2017).  Fertility increased after the 2001 

Gujarat earthquake in India (Nandi et al. 2018) and after the 2004 Indian Ocean tsunami in 

coastal areas of Indonesia (Nobles et al. 2015). 

Other studies widen their scope across countries or types of disasters.  For example, 

Finlay (2009) documents increases in fertility after earthquakes in Asia, and Caruso (2017) 

documents little change in fertility (but decreases in schooling, health, and earnings) following 

various types of natural disasters across Latin America.  Similar to Caruso, I use a cross-disaster, 

cross-country approach to study changes in fertility following natural disasters in Africa.  By 

comparing several types of disasters, I am able to show that fertility changes most clearly after 

droughts.  By comparing disasters that occurred at different times and places, I am able to 

identify the contexts that drive these overall findings.  The largest decreases in fertility after 

droughts occurred for droughts since 1998.  Fertility decreases after droughts only in places at 

high risk of drought; in places where droughts are less expected, fertility increases on average 

after a drought.  The average decrease of 0.026 children per woman in the five years after floods 

is driven by long floods, the longest of which have subsequent fertility decreases of more than 

0.1 children per woman.  And, there is a clear age profile in the change in fertility after 

epidemics: fertility decreases among women who experience an epidemic in their early twenties 

or late thirties, but increases for women who experience an epidemic in their late twenties or 

early thirties. 

 

2. Data and identification strategy 

 

2.1 Natural disasters 

 

A natural hazard is a naturally-occurring characteristic that could harm people, and a 

natural disaster happens when the harm occurs (Alexander 1993).  For example, a geologic fault 

line is a natural hazard, and an earthquake at the fault line that damages a city is a natural 

disaster.  Natural disasters are therefore not simply naturally-occurring events, but further require 
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an effect on people.  A cyclone that damages a populated coastline is a natural disaster; a cyclone 

in the empty ocean is not. 

An epidemic is a rapid outbreak of disease in a well-defined geographic area and time 

period (Green et al. 2002).  For example, cholera spread along the Congo river in 2011.  This 

definition of an epidemic excludes diseases that are endemic or persistent, such as HIV/AIDS.  

All types of natural disasters result from the interaction of natural events and social conditions, 

but epidemics especially so, because the outbreak of disease is strongly governed by available 

medicine, health facilities, and other public health conditions.  Epidemics can also be more 

difficult to define or observe, and may therefore be recorded less consistently (Guha-Sapir et al. 

2004). 

The Centre for Research on the Epidemiology of Disasters draws on a variety of 

government, United Nations, and Red Cross/Red Crescent reports to maintain a global database 

of disasters.  This Emergency Events Database records the location and timing of more than 

22,000 disasters around the world since 1900 (Guha-Sapir et al. 2018).  Every disaster in the 

database satisfies one of the following criteria: at least 10 people died as a result of the disaster, 

at least 100 people were affected by the disaster, the affected country declared a state of 

emergency, or the affected country requested international assistance.  About one-third of the 

disasters are industrial accidents, transportation accidents, or other technological disasters.  The 

rest are of geophysical, meteorological, hydrological, climatological, biological, or other natural 

origin. 

The database is the most comprehensive summary of disasters in Africa and records 

2,577 disasters of natural origin in Africa between 1900 and 2016.  Fifty-five disasters have more 

than one designation, typically a storm that resulted in flooding.  In these cases, I consider the 

disaster both a storm and a flood.  Ninety percent of disasters occurred since 1980, and I focus on 

this recent period when disasters are more frequent or are recorded more completely.  Some 

types of disasters are rare in Africa.  For example, there have been just 18 incidents of volcanic 

activity and just 8 heat waves.  I focus on the 93 percent of disasters that are droughts, floods, 

earthquakes, tropical cyclones, other storms, and epidemics.  I refer to these disasters collectively 

as natural disasters. 

The United Nations Food and Agriculture Administration’s Global Administrative Unit 

Layers database records administrative boundaries in every country between 1990 and 2014 
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(FAO 2015).  The database records the first and second sub-national administrative levels 

(generally provinces and districts, equivalent to states and counties in the United States), tracking 

any boundary changes over time.  From these 25 years of boundaries, I construct harmonized 

district boundaries by joining any districts that ever overlap.  There are 6,012 harmonized 

districts, an average of 105 per country.  The districts have an average area of 4,970 square 

kilometers and an average population in 2010 of 171,000 people. 

I focus on the 87 percent of disasters that have a location or locations recorded in the 

Emergency Events Database.  For countrywide disasters, I record the disaster as having occurred 

in every district in the country.  For more local disasters, I identify the district or districts that 

contain each location where the disaster occurred.  This approach overstates the geographic reach 

of the 11 percent of disasters recorded as occurring at the sub-district level.  For example, a flood 

occurred in four neighborhoods of Accra Metropolis district in Ghana in 2016.  By recording all 

of the district as exposed to the flood, I include some neighborhoods that were not exposed.  

Because some unaffected areas in these cases are recorded as exposed to disasters, the findings in 

this paper may understate the actual changes in fertility following natural disasters. 

 

2.2 Births 

 

Vital registries of births that offer a comprehensive record of fertility are largely 

unavailable in Africa.  Instead, I use surveys that record the timing of each of a parent’s live 

births.  Because these birth histories are overwhelmingly collected from women alone, all 

analyses in this paper focus on women.  I use 77 nationally-representative Demographic and 

Health Surveys, administered in 33 countries in Africa between 1988 and 2019, that collect 

complete birth histories from women of childbearing age (generally, age 15 through 44 or 49), 

that record the latitude and longitude of the community in which each respondent lives, and that 

record how long the respondent has lived at this location (ICF International 1985–2019).1  Most 

                                                 
1 The surveys were administered in the following countries and years: Angola (2015), Benin 

(1996, 2001, 2017), Burkina Faso (1992, 1998, 2003), Burundi (2016), Cameroon (1991, 2004, 

2018), Central African Republic (1994), Cote d'Ivoire (1994), DRC (2007), Egypt (1992, 1995, 

2000, 2003, 2005, 2008), Eswatini (2006), Ethiopia (2005, 2016), Gambia (2019), Ghana (1993, 
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survey respondents have been married, although only in Egypt do the surveys collect birth 

histories exclusively from women who have ever been married.  I restrict focus to geocoded 

surveys so that I can identify each respondent’s district-level exposure to natural disasters.  I 

restrict focus to surveys that record duration at current residence so that I can identify whether a 

respondent lived in the district when a disaster occurred.  I use these surveys to construct a panel 

for every woman that records the number of births she had in every year she was between the 

ages of 15 and 44 (or between 15 and the age at which she was surveyed, for women surveyed 

before age 44). 

 

2.3 Identification strategy 

 

Fertility may change after a natural disaster because of the disaster or because of some 

other reason.  To identify whether any changes in fertility after a disaster are in fact due to the 

disaster, I compare fertility changes around a disaster to fertility changes in other places that did 

not experience a disaster.  This difference-in-differences (DD) estimate calculates the change in 

fertility after a disaster in the places affected by the disaster (the treatment group), and subtracts 

the same change in places unaffected by the disaster (the control group). 

I use two extensions to this basic DD design.  First, I measure changes in fertility not just 

between two periods (before and after the disaster), but across several years.  I measure how 

fertility changes in the years leading up to a disaster to provide support for the parallel trends 

assumption: the DD estimate measures the causal effect of the disaster only if any differences in 

fertility between treatment and control groups prior to the disaster would have persisted had the 

disaster not occurred.  I measure how fertility changes in the years after a disaster to determine 

whether any changes are short or long-lived.  I therefore use an event study DD design, 

                                                 
1998, 2003, 2008), Guinea (2005, 2018), Kenya (2003, 2008), Lesotho (2004, 2009), Liberia 

(2006, 2008, 2019), Madagascar (1997, 2008), Malawi (2000, 2004, 2010, 2015), Mali (1995, 

2001, 2006, 2018), Morocco (2003), Namibia (2000, 2006), Niger (1992, 1998), Nigeria (1990, 

2003, 2008, 2018), Rwanda (2005), Senegal (1992, 1997, 2005, 2008), Sierra Leone (2008, 

2019), South Africa (2016), Tanzania (1999, 2015), Togo (1988, 1998), Uganda (2000, 2006, 

2016), Zambia (2007, 2013, 2018), Zimbabwe (1999, 2005, 2015). 
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measuring fertility across a span of years minus fertility the year before a disaster, in treatment 

areas minus in control areas. 

The second extension of the basic DD design is that I consider disasters occurring at 

different times.  A common approach uses place fixed effects, time fixed effects, and their 

interaction to yield a DD estimate when treatment is staggered.  A growing literature shows that 

this two-way fixed effects estimate compares later-treated units to both control units and earlier-

treated units.  If the treatment effect varies over time, some of these comparisons will have 

negative weight when combined into the single DD estimate (Borusyak and Jaravel 2018, 

Goodman-Bacon 2021).  One way to avoid this problem is to use a stacked DD design that 

compares treated units only to control units observed at the same time (Goodman-Bacon 2021).  

Cengiz et al. (2019) and Deshpande and Li (2019) use variations of a stacked DD design.  I use a 

stacked DD design in this paper. 

For each type of disaster, I restructure the data into sub-experiments, distinguished by 

years.  For each year in which one or more disasters began, I consider only women who have 

their fertility recorded in the five years leading up to the disaster and in the five years after the 

disaster began.  The treatment group consists of all women living in districts that are affected by 

a disaster the year of the sub-experiment.  The control group consists of all women living in 

districts that are not affected by a disaster at any point in the 10-year window around the sub-

experiment’s year.  Because the location of natural disasters in Africa is not random (for 

example, tropical cyclones cannot strike Niger) but their timing is plausibly random (I assess the 

validity of this assumption in section 2.4), I further restrict the control group to only districts but 

that are affected by the same type of disaster at some other time.  The control group excludes 

women living in places that never experienced a disaster. 

I stack each sub-experiment’s treatment and control observations into a single dataset, 

and I use the following event study DD specification: 
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Births records the number of children born to woman i in year y in district d in sub-experiment e.  

Disaster equals one if a natural disaster occurred in district d in the year of sub-experiment e.  

Estimated coefficient β measures the first difference, births in the treatment group minus births in 

the control group.  Estimated coefficients γ measure the second difference, births to women 

observed each year in a 10-year window around the disaster minus births to women observed the 

year before the disaster.  Estimated coefficients of interest δ measure the difference-in-

differences, births in the treatment minus control groups, in each year minus the year before the 

disaster. 

Average births per woman rise from less than 0.10 among women aged 15 to more than 

0.28 among women in their mid-twenties, then fall as women continue to age.  Because of this 

age profile, I include age fixed effects in equation 1 so that different age distributions in the 

treatment and control groups do not drive the estimates.  Additionally, as I discuss in section 2.4, 

multiple disasters sometimes strike a treated district during any given 10-year window (again, the 

control group is defined such that no disasters occur within the 10-year window).  I additionally 

include fixed effects for the timing of any other disasters in the district during the 10-year 

window so that these earlier or later disaster do not confound the estimates. 

Because natural disasters are recorded at the district level, I cluster standard errors by 

district.  I weight all observations using sampling weights that record the inverse probability of 

being included in the sample, equal to the number of people in the population that each woman 

represents.2  The size of each experiment’s control group varies depending on survey coverage in 

unaffected places.  Some control groups are about the same size as their corresponding treatment 

group, others are several orders of magnitude larger.  A large control group has influence on the 

DD estimates that is out of proportion to the size of the corresponding treatment group.  So that 

changes in fertility in disproportionally large control groups do drive the DD estimates, I rescale 

                                                 
2 Following ICF International (2012), these weights equal the original sampling weight included 

in each survey (variable v005), divided by 1,000,000, then multiplied by the number of women 

aged 15-49 in the country in the year of survey, and divided by the number of women aged 15-49 

in the survey sample.  I use the population of women aged 15-49 in each country every five years 

as recorded in United Nations (2017).  I linearly interpolate population for years in between. 
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the weights in each experiment’s control group so that their sum equals the sum in the 

corresponding treatment group. 

This approach yields the same DD estimates as would distinguishing sub-experiments by 

unique disaster year-by-person combinations and separately matching each woman affected by a 

disaster to all control group women.  Under such an alternative approach, there would be many 

more treatment groups (one per woman affected by a disaster), so the same control group as 

before (all women who do not experience a disaster during the 10-year window) would be 

repeated for every single woman, resulting in a stacked dataset with billions of observations for 

the more common disasters.  Distinguishing sub-experiments by disaster years alone eliminates 

this duplication of the control group and yields a final dataset that is more computationally 

tractable and provides the same DD estimates. 

 

2.4 Descriptive statistics 

 

Exhibit 1 summarizes the final sample of disasters, districts, and survey respondents.  

Panel (a) compares the numbers of each type of disaster.  The Emergency Events Database 

records 312 droughts in Africa 1900 and 2016.  Of these, 231 have location information that can 

be linked to one or more districts, 187 started in or after 1980, 129 occur where survey 

respondents live, and 91 occur when one or more survey respondents live in the district and are 

of childbearing age.  These 91 droughts comprise the final sample used to identify the treatment 

group.  There are similarly 399 floods, 21 earthquakes, 27 tropical cyclones, 55 other storms, and 

355 epidemics in the final sample of disasters. 

Panel (b) shows the distribution of each type of disaster by district.  These maps first 

identify the districts where any disaster occurred between 1980 and 2016.  Droughts, floods, and 

epidemics are both the most numerous and the most widespread types of disasters.  Earthquakes 

are concentrated along the Mediterranean coast in Morocco and Algeria and near the 30-degree 

line of longitude from Egypt to South Africa.  Tropical cyclones primarily strike Madagascar, 

Mauritius, and Mozambique.  Except for parts of the Sahara and Kalahari deserts, nearly every 

district in Africa has experienced at least one natural disaster. 

The maps then identify the subset of districts that experienced disasters since 1980.  The 

maps further identify the subset of these districts in which survey respondents live.  Because the 
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treatment and control groups are drawn only from places where disasters have occurred since 

1980, these districts comprise the final sample of districts.  The maps finally further identify the 

subset of districts where disasters have occurred when survey respondents live there.  These 

districts are where the final sample of disasters from panel (a) occur. 

Panel (c) compares the average size and duration of the different types of disasters.  

Droughts stand apart as by far the largest and longest disasters on average.  The average drought 

affects 29 districts, covers 245,000 square kilometers, lasts 19 months, and affects 2.3 million 

people (the number of people affected is recorded in the Emergency Events Database).  All other 

types of disasters are smaller and shorter lived on average.  At most, tropical cyclones affect 17 

districts and 245,000 people on average, and epidemics cover 98,000 square kilometers and last 

two months on average. 

Panel (d) compares the final sample of districts in which at least one disaster occurred 

between 1980 and 2016 and in which survey respondents live.  Droughts, floods, and 

earthquakes occur widely, each in more than 1,900 districts in 30 or more countries.  

Earthquakes, tropical cyclones, and other storms occur in fewer places.  Disasters tend to strike 

the same place repeatedly, and the average district experiences multiple disasters, from 1.5 

droughts to 4.3 tropical cyclones on average. 

The last row in panel (d) measure the correlation of disasters over time.  Across all 

district-year combinations in which a flood occurs, 15 percent experience another flood the next 

year.  Within ten years, this share rises to 76 percent.  Among district-year combinations in which 

a flood does not occur, only six percent experience a flood the next year, and only 53 percent 

within ten years.  Tropical cyclones and epidemics are also more likely to occur after one has 

already occurred, while earthquakes are less likely to occur after one has already occurred.  

These disasters are serially correlated.  Droughts and other storms are not, and are just as likely 

to occur after a one occurs as after a one does not occur.  Again, because the location of natural 

disasters is not random, I restrict focus to places where disasters have ever occurred, and 

interpreting the findings as causal requires only that the timing of disasters is random.  The lack 

of serial correlation of droughts and of other storms indicates that the timing of these disasters is 

plausibly random. 

Panel (e) compares survey respondents in the treatment and control groups for each type 

of disaster.  For droughts, 84,000 women belong to the treatment group in one or more sub-



 12 

experiments, and 171,000 women belong to the control group in one or more sub-experiments.  

Some women belong to the treatment group in one experiment and, many years earlier or later, 

the control group in another sub-experiment.  Women in the treatment group are slightly older on 

average, have lived longer at their current place of residence, have more children, would want 

fewer children if they could return to the start of their childbearing careers, have completed 

fewer years of schooling, and are less likely to be employed.  For the other types of disasters, 

treatment and control groups are similarly imbalanced across some characteristics.  I therefore 

include age as a covariate in equation 1 so that imbalanced age profiles do not drive the findings.  

Ideal number of children, education, and employment all plausibly influence fertility, but I do not 

include them as controls because they are only measured at time of survey and are themselves 

plausibly influenced by exposure to disasters. 

 

2.5 Migration 

 

The surveys record duration at current residence, but not place of previous residence.  For 

people who move into districts after a disaster takes place, it is therefore not possible to 

determine their previous exposure to disasters.  So that the treatment group consists of only 

people who definitely experienced a disaster, and the control group consists of only people who 

definitely did not experience a disaster within the 10-year window, I restrict the survey sample to 

the years in which each woman has lived at her current place of residence.  The empirical 

findings in this paper therefore apply only to women who experience disasters and then remain 

in the district. 

The sample excludes women who move away before being surveyed.  Migration is a 

common response to natural disasters (Berlemann and Steinhardt 2017).  Eighty percent of the 

population of New Orleans left after Hurricane Katrina in 2005 (Gutman and Field 2010).  In the 

interwar period in the United States, tornado-affected areas similarly experienced net emigration, 

while flood-affected areas experienced net immigration (Boustan et al. 2012).  People who 

remain after a natural disaster may do so because they cannot afford to move, because they have 

deeper social networks allow them to better adapt to the disaster, or for some other reason.  

However, because I cannot track migrants, I am unable to determine how fertility changed after 
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natural disasters for migrants compared to women who remain in the district.  (I similarly cannot 

measure changes in fertility among women who die before being surveyed.) 

Although I cannot track migrants, I am able to measure how observable characteristics of 

survey respondents change depending on whether their survey was administered before or after a 

disaster.  First, I measure how years at current residence changes.  As in section 2.3, I use a 

stacked DD design, with one sub-experiment per year of disaster.  For each year, I consider only 

surveys conducted within a 10-year window of the disaster year.  The treatment group consists of 

all women in districts in which a disaster occurred within the 10-year window.  The control 

group consists of all women in districts in which no disaster occurred within the 10-year window.  

I then stack together the treatment and control groups from all sub-experiments.  I estimate 

equation 1, but with years at current residence as the dependent variable. 

Panel (a) of Exhibit 2 presents the event study DD estimates.  For surveys conducted in 

the years leading up to and just after a drought, there is little change in average years at current 

residence in treated districts minus control districts.  But, this difference increases by one year 

starting the second year after a drought.  Two reasons related to migration could explain this 

change: either migrants are less likely to move into a district after a drought, or people who have 

lived in the district a long time are less likely to leave after a drought.  There are similar 

increases in average duration at current residence two or three years after floods, earthquakes, 

and tropical cyclones.  These disasters either particularly dissuade people from moving into the 

area or particularly encourage shorter-lived residents to move away.  The opposite happens after 

epidemics. 

I next measure how demographic characteristics differ across pairs of surveys conducted 

before and after a disaster.  Several countries have administered multiple waves of Demographic 

and Health Surveys (these are repeated cross-sections, not a panel).  Using pairs of surveys 

conducted in the same district, I first identify whether a disaster occurred between the two 

surveys.  I then calculate a two-period DD estimate of the average of a particular demographic 

characteristic in the later survey minus in the earlier survey, among pairs between which a 

disaster occurred minus among pairs between which a disaster did not occur.  I include fixed 

effects for the number of years between surveys. 

Panel (b) presents these DD estimates, using women observed in the later surveys who 

had resided in the district since before the earlier survey.  (Again, these are repeated cross 
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sections, so they do not follow the same people over time.)  Panel (c) presents similar estimates, 

comparing all women observed in the earlier surveys to women who have newly moved into the 

district by the time of the later survey.  For example, average ideal number of children is 0.1 

children higher after droughts among women who have remained, but changes little after 

droughts among women who have newly moved into the district.  The changes across other 

demographic characteristics and for other types of disasters vary, indicating no clear selection 

into who remains behind in or moves into places that experience a disaster.  These comparisons 

suggest, but cannot prove, that there may be also be no clear selection into who moves away 

after a disaster. 

 

3. Results 

 

3.1: Main findings: Changes in fertility after natural disasters 

 

The first row of Exhibit 3 presents average births per woman in the years leading up to 

and following disasters.  In both the treatment and control groups, fertility follows a distinct age 

profile that peaks around the time of the disaster.  This profile occurs because of how the sample 

is constructed.  Again, a woman is included only if her fertility is recorded throughout the five 

years before and five years after a disaster.  Because fertility tends to rise through a woman’s 

twenties and then fall in her thirties, the typical woman’s 10-year window starts in her late teens 

or twenties as fertility on average rises, and ends in her thirties or early forties as fertility on 

average falls.  Before droughts, women in the treatment group – who are about to experience a 

drought – given birth to up to 0.02 more children per year than do women in the control group.  

This relationship reverses the year after droughts occur, with fertility around 0.02 children per 

woman lower in the treatment group than in the control group.  There is no similarly apparent 

change after any of the other types of disasters. 

The rest of Exhibit 3 presents the event study DD estimates from equation 1.  Because the 

regression includes fixed effects for age and for other disasters in the years before and after, 

these estimates are not exactly equal to the simple difference of the two lines in the first row of 

Exhibit 3.  Starting the year after a drought begins, fertility decreases sharply in the treatment 

group relative to the control group, by up to 0.027 children per woman.  Only in the fourth year 
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after droughts does average fertility in the treatment group begin to rebound.  Cumulative 

fertility in the year of a drought and the four following years decreases by 0.071 children per 

woman relative to the five years before a drought, in treatment minus control groups.  The 95-

percent confidence interval for this five-year change in fertility lies between a decrease of 0.048 

and 0.093 children per woman.  Relative to a baseline of 1.36 children born per woman in the 

treatment group in the five years before a disaster, the 95-percent confidence interval suggests 

that fertility decreases between 3.5 percent and 6.8 percent in the five years after droughts begin. 

The p-value for a test of the equality of the coefficients in the pre-period is less than 

0.001, indicating that fertility in the treatment and control groups diverges ahead of droughts.  

However, this divergence involves fertility increasing in the treatment group relative to the 

control group, which is the opposite of the observed pattern after droughts begin.  Although the 

parallel trends assumption is not supported, the divergence in pre-trends suggests that the actual 

change in fertility may be larger than 0.071 children per woman.  And, as discussed in section 

2.4, because a drought is equally likely to occur in the years after a drought occurs as in the years 

after no drought occurs, the timing of droughts is plausibly random.  This evidence therefore 

supports the assertion that droughts cause a subsequent decrease in fertility.  

Fertility does not change as clearly after any of the other types of disasters.  Following 

floods, fertility decreases by between 0.008 and 0.044 children per woman, due mostly to a 

decrease in the third and fourth years after floods.  For all other types of disasters, the 95-percent 

confidence intervals on the five-year change in fertility span zero.  In Appendix A, I show that 

these main findings are generally robust to alternative samples and empirical specifications.  P-

values for a test of equality of the coefficients in the pre-period fail to reject, at the five-percent 

level of significance, that these coefficients are unequal for floods, earthquakes, tropical 

cyclones, and other storms.  Again, though, only other storms (and droughts) are not serially 

correlated and have plausibly random timing.  This evidence therefore supports the assertion that 

storms have an ambiguous effect on fertility, with a 95-percent confidence interval between a 

decrease of 0.018 children per woman and an increase of 0.051 (between -2.4 percent and 7.0 

percent, from a baseline of 0.73 children per woman in the five years before disasters). 

The choice of a 10-year window of observation, five years before a disaster and five 

years after, is arbitrary.  Wider windows could reveal delayed or more lasting changes in fertility.  

For example, only in the fourth year after droughts does fertility start to rebound, suggesting that 
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the estimated five-year decrease in fertility may be a lower bound on the longer-run change.  

Fertility only meaningfully decreases in the third and fourth years after floods, again suggesting 

that the estimated five-year decrease in fertility may understate the longer-run change.  In 

Appendix B, I present equivalent event study DD estimates by country, many of which are 

trending upwards or downwards in the years after a disaster.  However, looking at wider 

windows restricts the sample to respondents whose births are observed over this wider window.  

For example, extending the window by just one year before and after droughts reduces the final 

sample of women by 17 percent from 207,421 to 172,859, and reduces the final sample of 

disasters by 10 percent from 91 to 82.  Extending the window an additional four years before and 

after droughts reduces the sample of women by 61 percent and the sample of disasters by 32 

percent.  I therefore continue with a 10-year window, which offers several pre-treatment years in 

which to observe any pre-trends, and several post-treatment years in which to observe changes in 

fertility.  Alternative records of births, such as vital registries that are maintained consistently 

over decades, would be better suited than birth histories to study longer-run changes in fertility 

after natural disasters. 

 

3.2 Source of variation in main findings 

 

Again, with a stacked DD, every treatment and control group pair is comprised of women 

observed at the same time.  Unlike a two-way fixed effects DD specification, the main findings 

in section 3.1 do not come from comparing treatment and control observations in different years.  

Rather, all of the variation comes from comparisons across space.  In this section, I decompose 

this comparison across space to identify the source of the variation that drives the main findings, 

whether within countries, within regions, or between regions. 

I begin by restructuring the data three ways.  First, I restrict the control group to only 

women in the same country as women in the treatment group.  Sub-experiments are now defined 

not just by the year but also the country in which a disaster occurs.  Second, I restrict the control 

group to only women in the same region of Africa (Northern, Western, Central, Eastern, and 

Southern), but not the same country, as women in the treatment group.  Third, I restrict the 

control group to only women outside of the same region as women in the treatment group.  For 

each approach, I estimate equation 1 and present the results in Exhibit 4.  The number of sub-
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experiments and sample size increase as the scope of the possible control group expands from 

within countries to within regions to between regions. 

As depicted in panel (a), fertility changes little following droughts when comparing 

within countries.  Rather, as depicted in panels (b) and (c), comparisons within regions and, 

especially, between regions drive the main finding of a decrease in fertility after droughts.  

Inaccurate geocoding could explain the absence of a relationship between droughts and fertility 

within countries.  Spillovers in the consequences of droughts to nominally unaffected districts 

within countries, and to a smaller extent between neighboring countries, could also explain this 

pattern of variation. 

Each definition of the control group yields an estimated decrease in fertility of between 

0.2 and 0.5 children per woman after floods.  Estimates are similarly consistent for other storms 

and epidemics.  For earthquakes and tropical cyclones, the change in fertility is positive using a 

within-country control group, and is negative using a control group outside the disaster’s region. 

 

3.3 Comparisons by context 

 

Again, many previous studies focus on fertility changes after a single disaster or in a 

single setting, such as the 2004 Indian Ocean tsunami in coastal areas of Indonesia (Nobles et al. 

2015).  By using a sample of many disasters that occurred in different settings, I am able to 

identify how the fertility change depends on features of the disasters and the contexts in which 

they occur.  I first consider how the fertility change varies by country.  For every country in 

which a type of disaster occurs, I repeat equation 1 using only that country’s treatment group but 

still using the full control group.  The first row of Exhibit 5 presents the change in births per 

woman in the five years after a disaster minus the five years before a disaster, minus the 

equivalent change in the control group (equivalent to the values in the fourth row of Exhibit 3).  

The overall decrease in fertility after droughts is heterogeneous.  Countries in Northern, Western, 

Eastern, and Southern Africa drive the decrease in fertility after droughts, while fertility tends to 

increase after droughts in Central Africa, and there is variation within every region.  There is 

similar variation across countries in fertility changes after most other types of disasters, except 

that fertility increases on average after epidemics in nearly all countries in Western and Central 
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Africa.  In Appendix B, I show the event study plots for each of these country-specific 

regressions. 

As depicted in the second row of Exhibit 5, there is even greater variation between 

districts in the change in fertility after natural disasters.  For example, fertility falls on average 

after droughts in Nigeria, but in 41 percent of districts fertility actually increases after droughts.  

Only in Ethiopia and Morocco is the direction of the change in fertility after droughts consistent 

in all or nearly all districts.  There is similar variation at the district level in the changes in 

fertility after every other type of disaster. 

In Exhibit 6, I consider how variation in other characteristics of disasters and the context 

in which they occur may explain this variation within regions and countries.  The first row 

compares changes in fertility by year of disaster.  Large decreases of more than 0.1 births per 

woman in the five years after droughts occurred for droughts in eight years, all after 1998, 

meaning that more recent droughts explain much of the overall decrease in fertility.  Large 

decreases in fertility are also concentrated among later tropical cyclones, but there is substantial 

variation over time in the change in fertility following each type of disaster.  Year of disaster 

alone does not fully explain the change in fertility after disasters. 

I next consider how the change in fertility varies by duration and size of disaster.  Again, 

droughts are by far the longest and largest disasters on average.  But, among droughts, duration 

and size of the drought have little relationship with the direction of magnitude of the change in 

fertility.  The same holds for epidemics, the only other type of disaster to ever last longer than 

four months.  The longest floods, lasting between two and four months, drive the small overall 

change in fertility after floods.  But, as with droughts and earthquakes, there is little relationship 

between size of flood and change in fertility.  Earthquakes and other storms are all comparatively 

short and small. 

I next consider how the change in fertility depends on a district’s risk of experiencing a 

disaster.  The United Nations Environment Programme’s Global Risk Data Platform records 

physical exposure to droughts, floods, earthquakes (of strong intensity, Modified Mercalli 

Intensity scale seven or higher), and high winds associated with tropical cyclones (United 

Nations Environment Programme 2019).  This exposure weights the risk of a natural hazard with 

population density, at a grid resolution of 2.5 arc-minutes.  For each district, I identify the highest 

risk of any grid cell that overlaps the district, then group all districts into deciles from lowest to 



 19 

highest risk.  In districts at lowest risk of drought, fertility increases after floods by nearly 0.1 

children per woman.  Fertility increases after droughts in places where droughts are more 

unexpected.  As risk of drought rises, this change in fertility falls, nearly monotonically.  In 

districts at greatest risk of drought, where droughts are more expected, fertility decreases after 

droughts by more than 0.1 children per woman.  There is no comparable risk profile to the 

change in fertility after floods.  The risk profiles for the change in fertility after earthquakes and 

tropical cyclones are dominated by the half or more districts that all have equally low risk of 

disaster.   

In the last row of Exhibit 6, I compare how the change in fertility depends on respondent 

age.  The age profile of the change in fertility after disasters is nearly flat for droughts and 

floods, and has no clear pattern for tropical cyclones.  Among older women, fertility tends to 

increase after earthquakes and other storms, although there is again substantial variation by age.  

There is a clear age profile after epidemics: fertility decreases by 0.1 children per women after 

epidemics for women who experience epidemics in their early twenties, compared to women of 

the same age who do not experience an epidemic.  This decrease weakens nearly monotonically 

for older women, such that fertility increases by 0.1 children per woman after earthquakes for 

women around the age of 30.  The pattern then reverses, and fertility again decreases by 0.1 

children per woman after earthquakes for women in their late thirties.3 

 

4. Discussion 

 

This paper measures changes in fertility following hundreds of natural disasters in Africa 

between 1980 and 2016.  Droughts, which are the largest and longest-lasting type of disaster in 

Africa, are followed by the largest, clearest change in fertility.  Fertility falls by between 3.5 

                                                 
3 Also using Demographic and Health Surveys, Dorélien (2016) documents seasonality of births 

in Africa.  In Appendix C, I measure seasonality in the change in fertility after natural disasters.  

In Central Africa, floods in the middle part of the year (during the rainy season) are followed by 

a decrease in fertility, while floods at other times are followed by an increase in fertility.  

Elsewhere and for other types of disasters, I find little evidence of seasonality in changes in 

fertility after disasters. 
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percent and 6.8 percent on average in the five years after droughts, or up to 93 additional births 

per 1,000 women.  Comparisons between countries and regions of Africa, rather than within 

countries, drive this finding.  This average decrease in fertility after droughts masks substantial 

variation between countries and even between districts within a country in the change in fertility.  

Fertility decreases after droughts in some places, but increases in others.  The timing of droughts 

may explain part of this variation.  The largest decreases in fertility after droughts all occurred 

since 1998, indicating that fertility decreases especially after more recent droughts.  Fertility also 

decreases only after droughts in places at high risk of having droughts.  Where droughts are less 

expected, they are followed by an increase in fertility. 

There is no clear, substantial change in average fertility after floods, earthquakes, tropical 

cyclones, other storms, and epidemics.  Again, though, there is variation between countries and 

between districts.  Longer floods are associated with larger subsequent decreases in fertility.  

Older women have the largest increases in fertility after earthquakes and other storms, while the 

age profile of changes in fertility after epidemics has an inverted-U shape, with decreases in 

fertility among women who experience epidemics in their early twenties or late thirties, and 

increases in fertility among women who experience epidemics in their late twenties and early 

thirties. 

There are many reasons why fertility could increase or decrease after a natural disaster.  

Parents may wish to replace children who die during a disaster.  For example, Nobles et al. 

(2015) find evidence of communitywide increases in fertility after the 2004 Indian Ocean 

tsunami, even among parents that did not lose a child.  Population loss could also lead to labor 

shortages, raising wages and perhaps making surviving parents more able to afford having 

children.  Destruction from natural disasters could destroy wealth and depress economic activity, 

making children more difficult to afford, but could also damage health facilities and reduce 

access to contraception or other family planning services, making births harder to avert.  Evans 

et al. (2010) suggest that reduced access to contraception during some hurricanes in the US may 

help explain the subsequent increase in fertility.  The occurrence of a natural disaster could 

change expectations about the likelihood of future disasters, changing fertility decisions even 

among people who did not experience the disaster. 

Further research will help identify the mechanisms that explain the changes in fertility 

identified in this paper.  For example, why is the decrease in fertility after droughts greatest after 
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more recent droughts and in places where droughts are most expected?  Identifying these 

mechanisms will require not just information about the timing and placement of disasters, but 

also documenting other changes that following disasters, including recovery efforts and other 

public policy responses. 
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Appendix A: Alternative samples and specifications 

 

I introduce the main sample and specification in section 2.  Panel (a) of Exhibit A.1 

presents the main findings of the change in fertility in the five years after disasters minus the five 

years before disasters, in the treatment group minus in the control group.  These are the same 

point estimates and 95-percent confidence intervals as in the fourth row of Exhibit 3.  In this 

appendix, I show how these findings vary using alternative samples and alternative 

specifications. 

Panel (b) of Exhibit A.1 presents the five-year change in fertility after disasters using 

alternative samples.  Using all geocoded disasters between 1900 and 2016, not just those since 

1980, the change in fertility varies only slightly for most disasters, except fertility increases after 

earthquakes.  When the sample of disasters is restricted to only the longest disaster in each 

district, there is a substantial decrease in fertility after floods, earthquakes, and tropical cyclones.  

When using only the largest disasters in each district, droughts are no longer followed by a 

decrease in fertility, and epidemics are followed by a substantial increase in fertility.  The small 

overall decrease in fertility after floods is comprised of a larger decrease in urban areas and little 

change in rural areas.  Similarly, people far from district boundaries also have the largest 

decrease in fertility after floods, while people nearby district boundaries have the largest increase 

in fertility after other storms.4  Together, these comparisons indicate that sample selection 

matters, especially for floods and the less frequent earthquakes, tropical cyclones, and other 

storms.  Sample selection matters less for droughts and epidemics. 

Panel (c) of Exhibit A.1 presents the five-year change in fertility after disasters using 

alternative specifications.  Fewer than two percent of children are born in the same year as a 

sibling, and the estimates hardly change if the dependent variable in equation 1 is replaced with a 

dummy variable equal to one if any births occurred.  When the fixed effects for age and 

surrounding disasters are excluded from equation 1, the decrease in fertility after floods 

                                                 
4 To protect respondent confidentiality, Demographic and Health Surveys randomly displace 

reported geocoded locations by up to two kilometers in urban areas and up to five kilometers in 

rural areas.  I define locations that are more than this range of uncertainty away from a district 

boundary as being far from a district boundary. 
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disappears, there is a larger decrease in fertility after earthquakes, and an increase in fertility after 

epidemics.  Also using a stacked DD design, Desphande and Li (2019) include place and time 

fixed effects and do not rescale the weights of every control group to have the same sum as the 

corresponding treatment group.  Using this specification, with district and year fixed effects and 

without rescaled weights, the findings barely change.  Including fixed effects for all other types 

of disasters slightly increases the magnitude of the estimated change in fertility after droughts 

and floods, and decreases the magnitude after tropical cyclones.  Finally, I drop the control group 

and re-run equation 1 without the Disaster and Disaster×time variables.  This single-difference 

specification finds generally large decreases in fertility after all types of disasters except 

earthquakes.  Again, though, without a control group, this final specification cannot determine 

whether disasters or some other, coincident factor are responsible for these decreases in fertility. 

 

 

Appendix B: Main findings by country 

 

In section 3.3, I discuss the main findings separated by country.  For every country in 

which a type of disaster occurs, I repeat equation 1 using only that country’s treatment group but 

still using the full control group.  Exhibit 5 depicts the estimated five-year change in fertility 

from these event study DD regressions.  Exhibit B.1, I present each event study estimate, from 

five years before a disaster takes place to four years.  So that all figures can be compared on a 

single graph, I omit the axes.  As indicated in Exhibit 5, there is substantial heterogeneity across 

countries in the direction and magnitude of the changes in fertility after disasters. 

 

Appendix C: Seasonality 

 

Dorélien (2016) documents variation in the seasonality of births by country and 

ecological zone in Africa.  For example, births peak around March, April, and May in many 

countries in Central Africa.  I compare the seasonality of changes in fertility after natural 

disasters by repeating equation 1, using only disasters in each region that started in each month.  

Exhibit C.1 presents the DD estimate of the change in fertility in the five years after a disaster.  

There is little evidence of seasonality in most regions for most disasters.  However, in Central 
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Africa, floods in July, August, and September have the greatest subsequent decrease in fertility.  

The timing of these floods is approximately nine months before fertility tends to peak in Central 

Africa. 
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Exhibit 1: Characteristics of natural disasters and survey respondents 
 

 
 
Notes: See section 2.4.  Data sources: See sections 2.1 and 2.2. 
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Exhibit 2: Migration 
 

 
 
Notes:.See section 2.5.  Regressions in panel (a) performed using equation 1, with years of current residence as the dependent variable.  
Standard errors are clustered by district.  Data sources: See sections 2.1 and 2.2. 
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Exhibit 3: Main findings 
 

 
 
Notes: See section 3.1.  Regressions performed using equation 1, described in section 2.3.  Standard errors are clustered by district.  
Data sources: See sections 2.1 and 2.2. 
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Exhibit 4: Source of variation in main findings 
 

 
 
Notes: See section 3.2.  Regressions are performed according to equation 1, described in section 2.3, but with sub-experiments defined 
for every unique disaster year-by-country.  Standard errors are clustered by district.  Data sources: See sections 2.1 and 2.2. 
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Exhibit 5: Comparison of main findings by country and district 
 

 
 
Notes: See section 3.3.  Each map presents the DD estimate of births per woman in the five years after a disaster minus the five years 
before a disaster.  Regressions are performed according to equation 1, described in section 2.3, repeated for disasters that occur in each 
country or district.  Standard errors are clustered by district.  Data sources: See sections 2.1 and 2.2. 
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Exhibit 6: Comparison of main findings by characteristics of disaster, district, and respondent 
 

 
 
Notes: See section 3.3.  Each figure presents the DD estimate of births per woman in the five years after a disaster minus the five years 
before a disaster.  Regressions are performed according to equation 1, described in section 2.3, repeated for each year a disaster began, 
every length of disaster, every size of disaster, every decile of risk of disaster, and every respondent age at time of disaster.  Standard 
errors are clustered by district.  Data sources: See sections 2.1, 2.2, and 3.3.  
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Exhibit A.1: Main findings with alternative samples and empirical specifications 
 

 
 
Notes: See Appendix A.  Each figure presents the DD estimate of births per woman in the five years after a disaster minus the five 
years before a disaster.  Regressions in panel (a) are performed according to equation 1, described in section 2.3.  Regressions in panel 
(b) are performed according to equation 1, but with alternative samples.  Regressions in panel (c) are performed using the main sample 
but with alternative specifications.  Standard errors are clustered by district.  Data sources: See sections 2.1 and 2.2. 
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Exhibit B.1: Comparison of main findings by country of disaster 
 

 
 
Notes: See Appendix B.  Each figure presents the DD estimate of births per woman in each year 
before or after a disaster minus the year before a disaster.  Regressions are performed according 
to equation 1, described in section 2.3, repeated for every unique country in which a disaster 
occurred.  Standard errors are clustered by district.  Data sources: See sections 2.1 and 2.2. 
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Exhibit C.1: Comparison of main findings by region and month of disaster 
 

 
 
Notes: See Appendix C.  Each figure presents the DD estimate of births per woman in the five years after a disaster minus the five 
years before a disaster.  Regressions are performed according to equation 1, described in section 2.3, repeated for every unique region 
in which a disaster occurred and month a disaster began.  Standard errors are clustered by district.  Data sources: See sections 2.1 and 
2.2. 
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