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Abstract
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Global fertility is declining, yet it remains unclear whether 
and how climate-related hazards contribute to realized 
fertility change. This paper combines global fertility data 
with disaster records for 1950–2023 to estimate fertility 
responses to climate-related hazards, distinguishing between 
population disruption (affected-rate exposure) and lethal-
ity (death-rate exposure). Climate-related hazards show no 
systematic fertility response under population disruption 
but are associated with persistent fertility reductions under 
lethality lasting at least 15 years. Aggregate climate esti-
mates mask heterogeneity across hazard types: storms and 

drought-related hazards drive fertility declines, whereas heat 
and cold waves are associated with modest fertility increases. 
Hydrological events show additional negative effects in 
high-lethality episodes. Over time, disruption-based effects 
remain weak, and lethality-based effects are consistently 
negative, although they have attenuated in recent decades. 
Fertility responses vary little across income groups, and 
non-climate disasters remain fertility-reducing. These 
results show that fertility responses to climate risk depend 
on hazard type and lethal severity, rather than on how many 
people are affected.

This paper is a product of the Global Indicators Group, Development Economics. It is part of a larger effort by the 
World Bank to provide open access to its research and make a contribution to development policy discussions around 
the world. Policy Research Working Papers are also posted on the Web at http://www.worldbank.org/prwp. The authors 
may be contacted at atribinuribe@worldbank.org; alejandro.lopez.feldman@efd.gu.se; lbonilme@banrep.gov.co; and 
stefany.lopez@udea.edu.co. A verified reproducibility package for this paper is available at http://reproducibility.worldbank.
org, click here for direct access.    
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1 Introduction 
 
Global fertility rates have experienced a sharp and near-universal decline in recent decades (Figure 

1). In the mid-twentieth century, fertility levels exceeded five births per woman in Africa, Asia, and 

Latin America and the Caribbean, and were around three in Europe, Northern America, and Oceania. 

By 2023, fertility had fallen to below two births per woman in most regions of the world, except in 

Oceania, where fertility remains close to replacement, and Africa, which—despite still recording the 

highest levels—has experienced a substantial decline from 6.5 births per woman in 1950 to just 

above four in 2023 (United Nations, 2024). 

As a result, most high-income countries are now well below replacement levels, and many 

middle- and low-income countries are also converging toward lower fertility (Götmark and An-

dersson, 2020; Doepke, 2015; de Silva and Tenreyro, 2020; Büttner et al., 2024; Aitken, 2024). These 

shifts have traditionally been attributed to rising education, delayed marriage, greater access to 

contraception, women’s labor market opportunities, and the rising economic, social, and opportunity 

costs of child-rearing. Yet emerging global challenges—most notably climate change and increasing 

environmental instability—have prompted new questions about whether environmental risk and 

uncertainty are becoming an additional force shaping reproductive attitudes and behavior. 

A growing number of studies indicate that perceptions of climate change, expressed as 

anxiety, uncertainty, and ethical concern, influence reproductive intentions. Across high-income 

contexts, individuals who are more worried about climate change are consistently less likely to 

intend to have children, often through a higher likelihood of remaining childfree rather than 

simply reducing desired family size (Helm et al., 2025; Bastianelli, 2025; Puglisi et al., 2025; 

Rackin et al., 2023; Bielawska-Batorowicz et al., 2022; Dillarstone et al., 2023). Related work links 

climate-reproductive concern to climate anxiety, worries about overpopulation and resource use, 

and fears for the well-being of future children (Alipour et al., 2025; Zimmermann et al., 2024). 

While this literature documents robust associations between climate concern and fertility 

intentions, evidence on realized fertility behavior remains more limited and mixed. Using German 

panel data, Golovina and Jokela (2024) find that worries about climate change (measured alongside 

other social concerns) are associated with a lower likelihood of becoming a parent, whereas 
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Peters et al. (2025) report little evidence of a consistent relationship between general environmental 

concern and fertility behavior. In the UK, Powdthavee et al. (2024) similarly find weak associations 

between stated environmental attitudes and fertility, but report that individuals engaging more 

strongly in pro-environmental behaviors are less likely to become parents. Together, these findings 

suggest that translating climate concern into realized fertility behavior may depend on how 

environmental risk is experienced and the constraints households face. 

Evidence on realized fertility outcomes following extreme events and disasters is more extensive 

but remains fragmented and largely context-specific. Temperature and precipitation shocks have 

been associated with lower childbearing in multiple settings, with heat frequently emerging as a 

fertility constraint (Barreca et al., 2018; Thiede et al., 2022). Drought exposure has produced multi-

year fertility declines in parts of Africa (Norling, 2022), and cyclones in developing-country settings 

have been linked to sharp short-run reductions in births (Fontaine et al., 2024). Other studies 

document heterogeneity in timing and direction, including short-run rebounds following particular 

events and settings (Davis, 2017a; Jung, 2024). Reviews generally describe an initial trough followed 

by partial recovery in some contexts, with hypothesized mechanisms ranging from income and 

livelihood disruption, displacement, and health risks, to constraints on reproductive services and 

replacement behavior after child mortality (Lee et al., 2023; Ahmed et al., 2024; Strid et al., 2022; 

Sellers and Gray, 2019). 

Despite this growing evidence base, two limitations hinder inference about the demographic 

consequences of climate risk. First, existing studies rarely offer a comparative framework that 

distinguishes how fertility responses differ across climate-relevant hazard types and across impact 

dimensions. Second, the literature lacks global causal estimates that can separate broad population 

disruption from lethality, even though these dimensions may operate differently for fertility 

behavior. This distinction is particularly important because climate-related hazards now affect far 

more people than non-climate events, yet global disaster mortality has not increased in the same 

way and has remained comparatively stable over time (Figure 2). 

We address these gaps by constructing a global panel combining annual country-level fertility 

rates from the United Nations Population Division with disaster records from the Emergency 

Events Database (EM-DAT) for 1950–2023. Rather than asking whether “climate” disasters matter 

more than other disasters, we identify which climate-relevant hazards—storms, droughts, 
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floods/hydrological events, heat and cold extremes, and wildfires—drive fertility responses, and 

how those responses depend on disaster severity. We operationalize disaster exposure using two 

complementary measures capturing distinct impact dimensions: population disruption (affected-

rate exposure), defined as the natural logarithm of the number of people affected per 100,000 

inhabitants, and lethality (death-rate exposure), constructed analogously using disaster-related 

fatalities. 

We then estimate the dynamic fertility responses to disasters and assess heterogeneity across 

hazard types, historical periods, and country income groups. A key empirical challenge in this setting 

is that natural disasters do not constitute a binary or absorbing treatment. Countries may experience 

multiple disasters over time, with substantial variation in magnitude, frequency, and type, and the 

effects of these events may unfold gradually. Standard two-way fixed-effects models are ill-suited to 

this environment, as they can produce biased estimates when treatment effects are heterogeneous 

or when exposure varies continuously. To address these issues, we adopt a generalized difference-

in-differences design that accommodates non-binary, repeated, and heterogeneous exposures (de 

Chaisemartin and D’Haultfœuille, 2024). 

Our analysis provides the first global causal assessment of fertility responses to climate-related 

hazards across the post-1950 period. We show that average fertility effects of climate-related 

hazards depend strongly on the impact dimension: under population disruption (affected-rate 

exposure), climate-related hazards exhibit no systematic fertility response, whereas under 

lethality (death-rate exposure) they are associated with persistent fertility reductions lasting at 

least 15 years. Importantly, pooled climate estimates mask sharp heterogeneity across hazard types: 

storms and drought-related hazards drive the largest fertility declines, while heat and cold waves are 

associated with modest fertility increases. We further document that climate-hazard effects vary 

over historical time and are broadly similar across country income groups. Taken together, these 

findings indicate that the demographic consequences of climate risk depend on the type of 

hazard and the severity dimension through which it is experienced, rather than following a uniform 

“climate-disaster” pattern. 
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2 Results 

We examine how climate-related hazards affect fertility worldwide using two continuous 

exposure measures that capture distinct impact dimensions: population disruption (affected-rate 

exposure) and lethality (death-rate exposure). We then estimate dynamic fertility responses and 

show that average effects mask substantial heterogeneity across climate hazard types. Finally, we 

assess how these effects vary over historical periods and across country income groups. 

Estimated average effects show that climate-related hazards do not produce systematic fertility 

declines under population disruption (affected-rate exposure), consistent with substantial variation 

in disruption that does not translate into persistent demographic change. In contrast, under lethality 

(death-rate exposure), climate-related hazards are associated with clear and long-lasting fertility 

reductions that persist for at least 15 years. Under lethality-based exposure, fertility falls by roughly 

0.01 births per woman five years after the event and continues to accumulate over time, reaching 

declines of around 0.02 births per woman a decade later, with no evidence of rebound. Non-climate 

disasters display consistently negative effects under both exposure measures, providing a reference 

point for the demographic consequences of highly lethal shocks (Figure 3). 

To understand why pooled climate estimates are weak under population disruption but 

persist under lethality, we next disaggregate climate-related hazards by type. Disaggregating 

climate-related hazards reveals substantial within-category heterogeneity that is obscured by 

pooled climate estimates (Figure 4). Panel A shows that storms are associated with clear fertility 

declines, while heat waves and cold waves are linked to modest fertility increases, implying that 

aggregation can mask sign reversals across climate hazard types. Droughts and hydrological 

events exhibit additional negative effects when exposure is proxied by lethality (death-rate 

exposure), whereas estimates under population disruption (affected-rate exposure) are weaker. 

Panel B re-ports biological and geophysical disasters as a calibration benchmark. 

Fertility responses to climate-related hazards vary over the post-1950 period (Figure 5). 

Under population disruption (affected-rate exposure), estimated effects are weak or statistically 

indistinguishable from zero in early decades, whereas under lethality (death-rate exposure) 

effects are modest but consistently negative. In the most recent period, climate-hazard effects 

attenuate. The corresponding time-varying patterns for non-climate disasters are reported in 

Supplementary Figure A.2. 
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Stratifying by country income reveals little evidence that climate-related hazards have stronger 

fertility effects in poorer settings under population disruption (affected-rate exposure) (Figure 6). 

Estimates remain close to zero in both high- and low-income countries under affected-rate exposure, 

while lethality (death-rate exposure) yields modest negative effects that are somewhat larger in low-

income contexts. The corresponding income-stratified estimates for non-climate disasters are 

reported in Supplementary Figure A.5. Taken together, the estimates indicate that hazard type and 

lethality are more informative for fertility responses than broad income groupings. 

 
3 Discussion 

Using global panel data for 1950–2023, we provide the first causal evidence on how climate-related 

hazards shape fertility. Three findings stand out. First, average fertility responses depend strongly 

on the impact dimension through which disasters are experienced: climate hazards exhibit no 

systematic fertility response under population disruption (affected-rate exposure) but are associated 

with persistent fertility reductions under lethality (death-rate exposure), lasting at least 15 years. 

Second, pooled climate estimates conceal sharp heterogeneity across hazard types, with storms and 

drought-related hazards driving the largest fertility declines and heat and cold waves associated with 

modest fertility increases. Third, climate-hazard effects vary over historical time, with lethality-based 

effects modest but consistently negative and attenuating in the most recent period, and show little 

systematic amplification in low-income settings, suggesting that broad income groupings do not fully 

capture the conditions under which climate hazards translate into sustained fertility change. 

These patterns caution against interpreting “climate disasters” as a uniform driver of 

demographic change. Instead, fertility responses differ across hazards with distinct economic 

and health consequences, and the average effect depends on whether exposure reflects broad 

population disruption or lethality. The attenuation of lethality-based effects in the most recent period 

is consistent with evolving vulnerability and preparedness, changes in exposure and reporting 

thresholds, and improvements in emergency response and public health capacity, although the 

aggregate data used here do not allow these mechanisms to be separated. 
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Our findings also help reconcile intention-based evidence with observed behavior. While 

climate concern has been associated with lower intended fertility in several settings, realized fertility 

responses to experienced hazards appear smaller on average and depend on hazard type and 

lethality. This divergence underscores the value of distinguishing anticipatory behavior driven 

by expectations about future climate conditions from fertility responses to realized shocks. 

Several limitations qualify interpretation and point to priorities for future research. First, EM-

DAT disasters reflect realized events shaped by hazard intensity, exposure, vulnerability, and 

reporting, and are therefore an imperfect proxy for climate change and for underlying hazard 

anomalies. Linking fertility more directly to climate anomalies and hazard metrics—for example, 

temperature and precipitation extremes—would strengthen interpretation. Second, national 

fertility rates may mask subnational heterogeneity in exposure, mobility, and service disruption; 

integrating subnational fertility, displacement, and health-system disruption data could better 

identify mechanisms and recovery dynamics. Third, the aggregate setting limits direct inference on 

channels such as income shocks, health risks, and constraints on reproductive healthcare, 

highlighting the value of combining macro evidence with micro data on beliefs, risk perceptions, and 

reproductive health access. 

From a policy perspective, the results highlight the importance of maintaining access to 

reproductive health care and household stability following severe events, particularly where 

disasters are lethal or generate sustained disruption. For climate adaptation, the heterogeneity 

across hazard types implies that preparedness and response strategies relevant for fertility outcomes 

are likely to differ across storms, drought-related hazards, and temperature extremes. More 

generally, understanding how climate risk interacts with demographic change will require 

integrating evidence on both realized shocks and the evolving expectations that shape long-term 

fertility behavior. 

 
4 Conclusion 
 
Fertility decline is one of the most consequential demographic shifts of the modern era, while climate 

change is a defining macro shock of the twenty-first century. Yet the empirical link between them 

remains unclear. Surveys consistently show that climate anxiety and expectations of environmental 

mental instability can deter childbearing (Kemper et al., 2024; Bastianelli, 2025; Dillarstone et al., 
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2023; Golovina and Jokela, 2024; Sellers and Gray, 2019; Casey et al., 2019), whereas studies of dis-

asters document heterogeneous fertility responses—including declines linked to income losses, 

displacement, and service disruptions, as well as short-run increases consistent with replacement or 

insurance motives (Ahmed and Rudd, 2023; Lee et al., 2023; Seltzer and Nobles, 2017; Jung, 2024; 

Davis, 2017a). Against this backdrop, our study provides the first global causal estimates of how 

climate-related hazards affect fertility during 1950–2023, moving beyond subjective intentions and 

isolated case studies toward a systematic assessment across the global demographic transition 

(Goldin, 2025; Götmark and Andersson, 2020; Doepke, 2015). 

Three conclusions follow from our results. First, average fertility responses to climate-related 

hazards depend on the impact dimension: under population disruption (affected-rate exposure), 

climate-related hazards exhibit no systematic fertility response, whereas under lethality (death-rate 

exposure) they are associated with persistent fertility reductions lasting at least 15 years. Second, 

pooled climate estimates mask sharp heterogeneity across hazard types: storms and drought-related 

hazards drive fertility declines, while heat and cold waves are associated with modest fertility 

increases. Third, these patterns vary over historical time, with lethality-based effects modest but 

consistently negative and attenuating in the most recent period, and differ little across broad income 

groupings, suggesting that hazard type and lethality are more informative for fertility responses than 

country income level. Non-climate disasters are consistently fertility-reducing across exposure 

measures, providing a benchmark for the demographic consequences of highly disruptive shocks. 

Although disasters are an imperfect proxy for climate change, the findings clarify how 

environmental shocks relate to fertility in a period of global low fertility. Policies that maintain access 

to reproductive health care and support household stability following severe events are likely to 

be most relevant where disasters are lethal or generate sustained disruption. Future research should 

link fertility more directly to climate anomalies and hazard metrics, examine slow-onset climatic 

stressors alongside acute shocks, and exploit finer-grained data on service disruption, mobility, and 

coping strategies. As climate hazards evolve and concerns about environmental futures grow, 

understanding how realized shocks and anticipatory responses jointly shape fertility behavior will 

be central to anticipating demographic change. 
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Figure 1: Global fertility rates, 1950–2023. Each gray line represents the fertility trajectory of a 
country. The red line represents the global average, computed as a population-weighted mean using 
country populations in 2010 as the base year. Only countries with complete fertility data for the 
period are shown. 
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Number of Natural Disasters 
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Figure 2: Global trends in natural disasters, 1950–2023. Each grey line represents a country-level 
time series and the red line shows the unweighted global average. Panels (a)–(b) report the 
annual number of natural disasters for climate-related and non-climate-related hazards, 
respectively. Panels (c)–(d) show the number of people affected per 100,000 population by climate-
related and non-climate-related disasters. Panels (e)–(f) display disaster-related death rates per 
100,000 population for climate-related and non-climate-related events. Climate-related hazards 
include storms, floods, droughts, wildfires, heatwaves and cold waves; non-climate-related hazards 
include geo-physical and biological events. Only countries with continuous EM-DAT reporting over 
the period are shown. 
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(a) Affected rate (b) Death rate 
Figure 3: Fertility effects of climate- and non-climate-related disasters by impact dimension. 
Panels show estimated dynamic effects of disaster exposure on fertility using population disruption 
(affected-rate) and lethality (death rates), each standardized to one standard deviation. Points 
denote coefficient estimates and error bars indicate 95% confidence intervals. Under affected-rate 
exposure, climate-related disasters show no systematic fertility response, whereas non-climate 
disasters are associated with persistent fertility declines. Under death-rate exposure, both climate-
and non-climate-related disasters are associated with substantial and long-lasting fertility reductions 
that persist for at least 15 years after the event. 
 

 

Figure 4: Fertility effects by hazard type. Estimated five-year effects of disaster exposure on 
fertility by hazard type. Climate-related hazards are shown on the left and non-climate hazards on 
the right (benchmark). Estimates are shown for population disruption (affected-rate) and lethality 
(death rates), each standardized to one standard deviation. Points denote coefficient estimates 
and error bars indicate 95% confidence intervals. Among climate hazards, storms are associated 
with fertility declines, whereas heat and cold waves are associated with modest fertility increases; 
droughts and hydrological events exhibit additional negative effects when exposure is measured 
by lethality. Non-climate hazards (biological and geophysical) show consistently negative effects 
under both exposure measures, providing a reference for the magnitude of fertility responses to 
highly disruptive shocks. 
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(a) Affected rate (b) Death rate 

Figure 5: Time-varying effects of climate-related hazards on fertility. Five-year fertility effects 
of climate-related hazard exposure by event year, estimated using (a) population disruption 
(affected-rate) and (b) lethality (death-rate), each standardized to one standard deviation. Points 
denote coefficient estimates and error bars indicate 95% confidence intervals. Under population 
disruption, estimated effects are generally weak or statistically indistinguishable from zero in earlier 
decades. Under lethality, estimated effects are modest but consistently negative, and attenuate in the 
most recent period. The corresponding time-varying estimates for non-climate disasters are 
reported in Supplementary Figure A.2 
 
 

(a) Affected rate (b) Death rate 
Figure 6: Fertility effects of climate-related hazards by country income level. Estimated five-
year effects of climate-related hazard exposure on fertility in high- and low-income countries using 
(a) population disruption (affected-rate) and (b) lethality (death-rate), each standardized to one 
standard deviation. Points denote coefficient estimates and error bars indicate 95% confidence 
intervals. Under population disruption, estimated effects are generally weak or statistically 
indistinguishable from zero in both income groups. Under lethality, effects are modestly negative and 
somewhat larger in low-income countries. The corresponding income-stratified estimates for non-
climate disasters are reported in Supplementary Figure A.5. 
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Online Appendix 

 
A Methods 

A.1 Data Sources 

Our analysis uses an annual country-level panel dataset that includes fertility rates and exposure 

to natural disasters from 1950 to 2023. Fertility rates and population data are obtained from the 

United Nations Population Division. Data on natural disasters are extracted from the Emergency 

Events Database (EM-DAT), published by the Centre for Research on the Epidemiology of 

Disasters (CRED). EM-DAT records an event as a disaster if it causes at least 10 deaths, affects 

100 or more people, or results in an official declaration of emergency or a request for international 

assistance. 

Type Subcategory Events % Total events Affected rate (Mean, SD) Death rate (Mean, SD) 

All 
 

8591 100.00 2245.67 (6329.82) 5.75 (26.98) 

Climatic  6562 76.38 2782.79 (7148.61) 6.14 (19.90) 
 Cold Wave 299 3.48 707.95 (3706.73) 0.21 (0.45) 

 Drought 526 6.12 11947.33 (17867.85) 30.57 (92.68) 
 Heat Wave 222 2.58 100.96 (985.08) 3.23 (7.07) 
 Hydrological 3233 37.63 950.56 (3756.11) 0.48 (3.87) 
 Storm 2009 23.38 2717.23 (13605.10) 2.28 (15.17) 
 Wildfire 273 3.18 272.71 (2970.81) 0.07 (0.16) 

Non-climatic  2029 23.62 634.30 (3873.45) 4.59 (48.21) 
 Biological 1053 12.26 229.92 (1254.54) 2.28 (8.50) 

 Geophysical 976 11.36 1038.67 (6492.36) 6.89 (87.92) 

Table A.1: Summary statistics of natural disasters. This table reports the number of disaster 
events, their share of total events, and summary statistics for the exposure measures used in the 
analysis. Affected rates and death rates are reported as means with standard deviations in 
parentheses, conditional on the occurrence of a disaster. Disasters are classified into climate-related 
and non-climate-related categories and further disaggregated by hazard type. 

 
We classify disasters into two categories: climate related and non-climate related, based on 

EM-DAT hazard types (see Table A.1). Exposure to disasters is measured in two ways: the affected 
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rate, defined as the natural logarithm of the number of people affected per 100,000 inhabitants (using 

the 2010 population as a reference); and the death rate, constructed analogously using disaster-

related fatalities. Both measures capture intensity rather than mere incidence and allow exposure 

to vary continuously over time and across countries. For ease of interpretation and comparability, 

all exposure variables are standardized to have mean zero and unit variance in the estimation sample. 

 
A.2 Empirical Strategy 

The empirical approach of this study is based on a difference-in-differences (DiD) framework to 

estimate the causal impact of natural disasters, both climatic and non-climatic, on fertility rates 

across countries, considering the occurrence and intensity of disasters. 

Most of the existing literature implements two-way fixed effects (TWFE) models with staggered 

treatment timing to estimate treatment effects. Recent literature has shown that the traditional 

approach has limitations in settings where treatment effects are heterogeneous over time or across 

units, resulting in biased and inconsistent estimators (Goodman-Bacon, 2021). In response, a 

growing literature has emerged proposing heterogeneity-robust and consistent estimators of the 

treatment effect, designed for binary and staggered treatments (Callaway and Sant’Anna, 2021; Sun 

and Abraham, 2021; Borusyak et al., 2024). 

In the context of natural disasters, treatment is neither homogeneous, nor binary nor absorbing: 

countries can experience multiple disasters over time, with wide variation in magnitude, frequency, 

and type. Moreover, disaster impacts may be persistent, with lagged effects on fertility outcomes. 

To address these challenges, we adopt the methodology proposed by de Chaisemartin and 

D’Haultfœuille (2024), which generalizes the DiD framework to incorporate non-binary and non-

absorbing treatments. Their estimator is consistent under heterogeneous treatment effects and 

allows for dynamic, continuous, and repeated exposures, features well aligned with our setting. 

Let Yg,t denote the fertility rate for country g at time t and Dg,t the disaster exposure measured 

either by the standardized affected rate or death rate. de Chaisemartin and D’Haultfœuille (2024) 
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δ 

g,ℓ 

define the following estimator: 
 
 

DIDg,ℓ 
 
= Yg,Fg−1+ℓ 

− Yg,Fg−1 − 
Ng ∑ 

(
Yg′,F −1 1 

g +ℓ 

 
− Yg′,Fg−1

  

Fg−1+ℓ g′ 

 
Where Fg is the time when country g first receives the treatment and Ng,Fg−ℓ is the number of 

control groups with the same baseline treatment. 

To account for differences in treatment magnitude (different levels of exposure to natural 

disasters), the estimator is normalized as follows: 

 

 
n 
g,ℓ 

DIDg,ℓ 
= D 

g,ℓ 

Where δD is the total treatment change between Fg and Fg−1+ℓ: 
 
 

D 
ℓ−1 ( 

δg,ℓ = ∑ Dg,Fg+k − Dg,1 
k=0 

The aggregation across countries discards any DIDg,ℓ that has experienced both a strictly lower 

and a strictly larger treatment than its period-one treatment at Fg−1+ℓ. This approach yields an 

interpretable reduced-form event-study estimator, corresponding to the marginal effect of a one- 

unit increase in disaster exposure on fertility, averaged across countries and time periods. 

DID 
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B Figures 

 

Figure A.1: Longer-run fertility effects by hazard types. Estimated ten-year effects of disaster 
exposure on fertility by hazard type. Climate-related hazards are shown on the left and non-climate 
hazards on the right (benchmark). Estimates are shown for population disruption (affected-rate) 
and lethality (death rates), each standardized to one standard deviation. Points denote coefficient 
estimates and error bars indicate 95% confidence intervals. Among climate hazards, storms remain 
associated with fertility declines, whereas heat and cold waves continue to be associated with 
modest fertility increases; droughts and hydrological events continue to exhibit additional negative 
effects when exposure is measured by lethality. Non-climate hazards (biological and geo-physical) 
show consistently negative effects under both exposure measures, providing a reference for the 
magnitude of fertility responses to highly disruptive shocks. 
 
 

(a) Affected rate (b) Death rate 
Figure A.2: Time-varying effects of non-climate-related hazards on fertility. Five-year fertility 
effects of non-climate-related hazard exposure by event year, estimated using (a) population 
disruption (affected-rate) and (b) lethality (death-rate), each standardized to one standard deviation. 
Points denote coefficient estimates and error bars indicate 95% confidence intervals. Under both 
population disruption and lethality, the estimated effects are positive and significant in the early 
decades, followed by a decline after the 1970s–1980s period. More recently, the effect has attenuated 
under population disruption. 
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(a) Affected rate (b) Death rate 

Figure A.3: Longer-run time-varying effects of climate-related hazards on fertility. Ten-year 
fertility effects of climate-related hazard exposure by event year, estimated using (a) population 
disruption (affected-rate) and (b) lethality (death-rate), each standardized to one standard deviation. 
Points denote coefficient estimates and error bars indicate 95% confidence intervals. Under 
population disruption, estimated effects are generally weak or statistically indistinguishable from 
zero in earlier decades, but become negative during intermediate periods. Under lethality, estimated 
effects are consistently negative. 
 
 

(a) Affected rate (b) Death rate 
Figure A.4: Longer-run time-varying effects of non-climate-related hazards on fertility. Ten-year 
fertility effects of non-climate-related hazard exposure by event year, estimated using (a) population 
disruption (affected-rate) and (b) lethality (death-rate), each standardized to one standard deviation. 
Points denote coefficient estimates and error bars indicate 95% confidence intervals. Under both 
population disruption and lethality, the estimated effects are positive in the early decades, followed 
by a decline after the 1970s–1980s period. More recently, the effect has attenuated under population 
disruption. 
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(a) Affected rate (b) Death rate 
Figure A.5: Fertility effects of non-climate-related hazards by country income level. Estimated 
five-year effects of non-climate-related hazard exposure on fertility in high- and low-income 
countries using (a) population disruption (affected-rate) and (b) lethality (death-rate), each 
standardized to one standard deviation. Points denote coefficient estimates and error bars indicate 
95% confidence intervals. Low-income countries exhibit significant fertility declines under both 
population disruption and lethality. By contrast, in high-income countries fertility declines are 
observed under lethality exposure. 

. 

 

(a) Affected rate (b) Death rate 
Figure A.6: Longer-run fertility effects of climate-related hazards by country income level. 
Estimated ten-year effects of climate-related hazard exposure on fertility in high- and low-income 
countries using (a) population disruption (affected-rate) and (b) lethality (death-rate), each 
standardized to one standard deviation. Points denote coefficient estimates and error bars indicate 
95% confidence intervals. Under population disruption, estimated effects remain weak or 
statistically indistinguishable from zero in both income groups. Under lethality, effects are negative 
in low-income countries but positive in high-income countries, though none of these estimates are 
statistically significant. 
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(a) Affected rate (b) Death rate 
Figure A.7: Longer-run fertility effects of non-climate-related hazards by country income level. 
Estimated ten-year effects of non-climate-related hazard exposure on fertility in high- and low-
income countries using (a) population disruption (affected-rate) and (b) lethality (death-rate), each 
standardized to one standard deviation. Points denote coefficient estimates and error bars indicate 
95% confidence intervals. Low-income countries exhibit significant fertility declines under 
population disruption. By contrast, in high-income countries fertility declines are observed under 
lethality exposure. 
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1950–1970 

(a) Affected rate (b) Death rate 

1955–1975 

(c) Affected rate (d) Death rate 

1960–1980 

(e) Affected rate (f) Death rate 
1965–1985 

(g) Affected rate (h) Death rate 
Figure A.8: Effects on fertility of climatic and non-climatic disasters over time periods. Event-
study coefficients are estimated over 20-year rolling windows from 1950–1970 to 1965–1985 using 
standardized affected rates (population disruption) and death rates (lethality). Points denote co-
efficient estimates and error bars represent 95% confidence intervals. 
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1970–1990 

(i) Affected rate (j) Death rate 

1975–1995 

(k) Affected rate (l) Death rate 

1980–2000 

(m) Affected rate (n) Death rate 
1985–2005 

(o) Affected rate (p) Death rate 
Figure A.8: Effects on fertility of climatic and non-climatic disasters over time periods. Event-
study coefficients are estimated over 20-year rolling windows from 1970–1990 to 1985–2005 using 
standardized affected rates (population disruption) and death rates (lethality). Points denote 
coefficient estimates and error bars represent 95% confidence intervals. 
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1990–2010 

(q) Affected rate (r) Death rate 

1995–2015 

(s) Affected rate (t) Death rate 

2000–2020 

(u) Affected rate (v) Death rate 

2005–2023 

(w) Affected rate (x) Death rate 
Figure A.8: Effects on fertility of climatic and non-climatic disasters over time periods. Event-
study coefficients are estimated over rolling windows from 1990–2010 to 2005–2023 using 
standardized affected rates (population disruption) and death rates (lethality). Points denote 
coefficient estimates and error bars represent 95% confidence intervals. 
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Climate-related hazards 
Cold waves 

(a) Affected rate (b) Death rate 

Drought 
 

(c) Affected rate (d) Death rate 

Heat waves 

(e) Affected rate (f) Death rate 

Hydrological 
 

(g) Affected rate (h) Death rate 
Figure A.9: Effect on fertility by hazard type. Event-study coefficients are estimated separately for 
each natural disaster category using standardized affected rates (population disruption) and death 
rates (lethality). Points denote coefficient estimates at each event time and error bars represent 95% 
confidence intervals. 
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Climate-related hazards 
Storms 

(i) Affected rate (j) Death rate 

Wildfires 

(k) Affected rate (l) Death rate 
Non-climate-related hazards 

Biological 
 

(m) Affected rate (n) Death rate 

Geophysical 
 

(o) Affected rate (p) Death rate 
Figure A.9: Effect on fertility by hazard type. Event-study coefficients are estimated separately for 
each natural disaster category using standardized affected rates (population disruption) and death 
rates (lethality). Points denote coefficient estimates at each event time and error bars represent 95% 
confidence intervals. 
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Low-income countries 
 

(a) Affected rate (b) Death rate 

High-income countries 
 

(c) Affected rate (d) Death rate 
Figure A.10: Effects on fertility of climatic and non-climatic disasters by income group. Event-
study coefficients are estimated separately for low- and high-income countries using standardized 
affected rates (population disruption) and death rates (lethality). Points denote coefficient estimates 
at each event time and error bars represent 95% confidence intervals. 
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