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Abstract

United Nations agencies and research groups 
reporting on age- and sex-specific mortality 
trends across countries need to take into account 
conflicts, natural disasters and other crises 
that cause short-term substantial increases in 
death rates. In many developing countries, only 
estimates of total crisis deaths may be available 
and age-sex distributions are estimated based 
on very limited data or on assumptions. We 
carried out an extensive search of published and 
unpublished studies, population surveys and 
death registration databases to identify data 
on the age-sex distribution of crisis deaths. We 
found data for 164 crises in 57 countries. We 
used seemingly unrelated regression methods 
with bootstrap resampling to estimate age-sex 
distributions for nine types of crisis events. 
Natural disasters and famines present higher 

relative risks of death in children and older adults. 
Conflicts introduce much higher relative risks 
for men than women and there is a peak in the 
male relative risk at younger adult ages. Male 
relative risks are much closer to female relative 
risks for natural disasters and are somewhat 
lower for earthquakes, tsunamis and storms, 
but not for floods, epidemics or famines. In 
contrast to previous assumptions of constant 
risk among children under 5 years of age, we 
found higher risks in the neonatal (0–27 days) and 
postneonatal  (1–11 months) periods than the 
period between ages 1–4 years. These results 
will improve the empirical basis for estimation of 
mortality for crises for which detailed mortality 
data are not available. However, it is important 
that governments continue to count deaths and 
devote attention to estimating mortality during 
crises.

Summary of findings

•	 Conflicts and natural disasters often occur in countries without usable death registration 
data or disrupt normal death registration processes; in many cases, estimates of crisis 
deaths are not available by age and sex.

•	 This study has assembled the most comprehensive database of age-sex distributions 
of crisis death rates available to date, including studies and data from population 
surveys and death registrations, in order to estimate average relative risks of mortality 
by age and sex for nine categories of crisis events, including conflict, natural disasters, 
epidemics and famine. 

•	 A Microsoft Excel spreadsheet is available to enable application of these results to 
calculate the age-sex specific mortality rates of a crisis event with a specified overall 
crisis mortality rate or with a specified total crisis death rate among children under 5 
years of age.

•	 The results of this study provide the best empirically based estimates of age-sex 
patterns of crisis deaths and death rates to date for crises without information on the 
detailed age and sex of deaths. 

•	 As additional observations of crisis mortality age distributions become available, they 
can be added to the current database and the estimates of crisis age patterns rapidly 
updated to account for the new evidence.
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Introduction

Conflicts, natural disasters and other crises 
can substantially increase death rates for 
specific country-years. Several UN agencies 
that monitor mortality trends have identified 
the need for improved estimates of age-sex-
specific patterns of crisis deaths.1 The United 
Nations Population Division’s (UNPD) need for 
these estimates has increased with the planned 
upgrade from quinquennial to annual life tables 
for all countries.2 Conflicts and natural disasters 
often disrupt existing strategies for monitoring 
mortality and surveys are generally not available 
until some years after a crisis. Annual life tables 
for the World Health Organization’s (WHO) Global 
Health Estimates (GHE)3 take crisis events into 
account based largely on estimates of total crisis 
death disaggregated by age and sex using limited 
data from published studies. 

The United Nations Inter-agency Group for Child 
Mortality Estimation (UN IGME) has also been 
using limited information on age-sex patterns 
of crisis deaths among children under 5 years 
of age to account for major crises in its annual 
estimation and reporting on child mortality trends 
for Member States.4 In the last few years, UN 
IGME has expanded its mortality estimates to 
cover the age range 0–24 years4 using similar 
crisis adjustment methods for older children and 
youth5. Mortality crises include conflicts, natural 
disasters (floods, earthquakes, tsunamis, storms, 
volcanoes, landslides, etc.), epidemics (excluding 
HIV/AIDS, which is explicitly addressed in the 
estimation process) and famines. Crisis deaths 
by age group are estimated directly for some 
specific crises where detailed data are available, 
or by using all-age or under-five estimates of total 
crisis deaths and applying standard age patterns 
by crisis type. 

The B3 model used by UN IGME6 is fitted without 
crisis years and crisis mortality rates are added to 
the fitted curve if the crisis meets the following 
four criteria:

1.	 crisis mortality rate (5q0 or 10q5) > 0.2 per 
1,000 in the relevant age interval 

2.	crisis age-specific deaths > 10

3.	crisis deaths > 10% of non-crisis deaths

4.	crisis is isolated to a few years  

We carried out a study to improve the empirical 
basis for crisis mortality age patterns required 
when only total crisis mortality estimates 
are available (the most common situation). 
We focused on identifying available empirical 
information on age-sex distributions of deaths 
or death rates for crisis events. This information 
is available for surprisingly few major historical 
crises. We were not able to find data on age-sex 
distributions of mortality or populations at risk for 
major events such as the Holocaust, the Chinese 
famine of 1959–1961 and the Haiti earthquake in 
2010, and excluded age-sex data based on model 
life tables or assumptions. Additionally, we only 
included data for entire crisis events or country-
years and did not seek data on specific high-
intensity events during military conflict, such as 
the bombing of Dresden during the Second World 
War. Despite these limitations, we were able to 
include data for age-sex distributions for both 
world wars, the conflicts in Iraq and Afghanistan 
during the twenty-first century, and a number of 
other major events, such as the Ukraine famine 
of 1932–1933.  

Review of studies and data sets

We undertook a comprehensive analysis of more 
than 1,000 articles and books on crisis mortality 
compiled over the years by UNPD and WHO. We 
identified studies and data sets with information 
on age- and/or sex-specific crisis deaths. Relevant 
material cited by the initial sources was also 
included, as were relevant studies identified by 
the Centre for Research on the Epidemiology of 
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Disasters’ Emergency Events Database (CRED 
EM-DAT).7 Age-sex mortality distributions were 
compiled for 107 crises in 41 countries from 
71 data sources covering the years 1348–2019, 
with 64 per cent pertaining to crises since 
1950 and 37 per cent to crises since 2000 (see 
Supplemental Appendix, Table A1). 

Population surveys

Demographic and Health Surveys (DHS), Multiple 
Indicator Cluster Surveys (MICS) and World 
Fertility Surveys covering the period from 1960 
to 2017 were analysed for regions and years with 
crisis events. Age patterns of under-five mortality 
were derived from retrospective full birth 
histories (see Supplemental Appendix, section 
2). Age-sex patterns of adult mortality between 
the ages of 15 and 50 years were calculated from 
DHS sibling survival histories. Potential crisis 
events were identified for 749 country-years with 
total mortality of sufficient magnitude to meet 
the selection criteria. The surveys analysed for 
this report are listed in Table A2 and Table A3 of 
the Supplemental Appendix. 

Data were analysed using the demogsurv R 
package8 based on observed deaths and person-
years by age group converted to cumulative 
hazard probabilities. For countries with multiple 
surveys, the unweighted average for country-
years was used. Confidence intervals were 
computed using the jackknife method.9

Figure A1 of the Supplemental Appendix shows 
plots of annual time series of 4q1 – the probability 
of dying between exact age 1 and exact age 
5 – for countries with potential crisis events. 
Excess deaths in the crisis year were estimated 
using appropriate national or regional non-crisis 
comparison data (see Supplemental Appendix, 
section 2). Estimates of the fraction of deaths 
among infants and among children aged 1–4 
years were included in the analysis data set 
for 12 crises where the 4q1 for the crisis period 
differed with probability p ≥ 80% from the 
average 4q1 for the comparison period or region 
(see Supplemental Appendix, Table A4). 

Sibling survival data from surveys for 38 
countries (see Supplemental Appendix, Table A4) 

were used to compute time series of 35q15, the 
probability of dying between exact age 15 and 
exact age 50. Potential spikes in 35q15 estimates 
for crisis years were identified and age-sex 
patterns of excess deaths relative to national or 
regional baseline death rates were examined 
(see Supplemental Appendix, section 2). In most 
cases, the expected excess deaths based on 
GHE estimates of total conflict deaths were too 
small a fraction of total deaths for the signal to be 
detected in the sibling data.

The 1994 Rwanda genocide and the 2004 Indian 
Ocean tsunami were the only two crises with a 
clear signal in the data and a plausible age-sex 
pattern of deaths. As the analysis data set already 
includes age-sex patterns for these two crises 
from studies, no sibling survival-based data were 
included in further analysis.  

Death registration data

The Human Mortality Database (HMD)10 was 
reviewed to identify 27 country-periods where 
crisis events had occurred (see Supplemental 
Appendix, Table A5 and Table A6). Estimates of 
baseline mortality rates were highly sensitive to 
baseline years selected, age groups selected and 
method used to estimate baseline mortality. In 
many cases, the signal was not strong enough 
to be detected with any confidence. Twelve of 
the HMD data analyses resulted in age patterns 
judged useable. These included data for civilian 
and combatant mortality in both world wars for 
several countries.

The WHO Mortality Database11 was also 
reviewed to identify country-years with crisis 
events. Analyses of excess deaths were carried 
out for all-cause deaths, unintentional injury 
deaths (excluding road injuries) and deaths coded 
to natural disasters (see online Supplemental 
Appendix, section 3). For unintentional injury 
deaths (excluding road injuries), 11 excess crisis 
deaths were included in the analysis data set for 
10 natural disasters (see Supplemental Appendix, 
Table A7). Excess crisis deaths based on all-
cause mortality were included for six conflicts, 
mainly in Eastern Europe and its borders with 
Asia (see Supplemental Appendix, Table A8, and 
for the 2004 Indian Ocean tsunami for Thailand 
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(see Supplemental Appendix, Table A9). Excess 
crisis deaths for more detailed age groups among 
under-fives were included for six natural disasters 
(see Supplemental Appendix, Table A9).

Analysis data set

Data from all sources described above were 
compiled into a single data set. The raw data 
set includes a variety of mortality indicators. All 
observations were converted to age-specific 
death rates for crisis events, using the study 
population to convert death counts, or, if that was 
not reported, the relevant national population 
estimates (see Supplemental Appendix, section 
4).12

Age-sex categories used in the studies are 
variable and inconsistent. Studies were classified 
into three groups: Group 1 included studies with 
data for males and females, and optionally both 
sexes for the same age groups as males and 
females; Group 2 included studies with data for 
males, females and both sexes, and had both 
sexes’ data for age groups not available for males 
or females separately; and Group 3 studies had 
data only for both sexes combined.

Table 1 summarizes available data by type of 
event and group. A few studies of conflicts 
focused specifically on combatant deaths or 
civilian deaths, though most implicitly or explicitly 
included all conflict deaths. Figure 1 summarizes 
the distribution of these 164 data sets by event 
type and data source. 

Analysis strategy for five-year age 
groups in range 0–75+ years

While age-sex-specific death rates can be 
converted to age-sex-specific relative risks that 
are independent of the crisis overall death rate, 
it is difficult to simultaneously estimate all the 
risks while allowing sufficient flexibility in age-
sex patterns for different crisis types. Instead, 
we estimated age-sex fractions of total event 
deaths using seemingly unrelated regression13 
to estimate them all simultaneously (see 
Supplemental Appendix, section 5). As the age-

sex distribution of crisis deaths will depend on 
the population age-sex structure, event deaths 
were calculated for a standard population 
arbitrarily chosen as the world population in 2000 
for both sexes combined (see Supplemental 
Appendix, section 4). Model fitting was 
performed using procedure SUREG14 in Stata 15.

The analysis strategy was developed to maximize 
useable data by event type (see Supplemental 
Appendix, section 5). The first step was to 
analyse age-sex distribution of crisis deaths for 
five-year age groups from 0–4 years up to 75+ 
years for studies reporting all those age groups, 
and then to use the results as ‘prior’ distributions 
to impute the five-year age group distributions for 
studies with fewer age groups. There were 141 
studies with age groups spanning all ages. All had 
a final open-ended age group of 60+ years, apart 
from 10 with a final age group of 50+ years, 10 
with 15+ years and two with 5+ years.

Finally, we included events with data spanning 
only a subset of the full age range, e.g., 15–59 
years. Age-sex distributions from the previous 
step were used to impute a full set of death 
fractions by sex for five-year age groups up to 
75+ years. The full data set (with replicated 
mixed-event data) included 174 events with event 
types, as shown in Table 2. 

The SUR model was then run on this final data 
set. Bootstrap resampling was carried out 1,000 
times for the final SUR model and used to 
estimate 90 per cent uncertainty ranges based 
on the fifth and ninety-fifth percentiles of the 
1,000 sets of estimates. Estimates were then 
smoothed using a three-point moving average for 
age groups from 25–29 years to 70–74 years (see 
online Supplemental Appendix, section 5). 

Given the very sparse age-sex-specific data 
available by type of crisis, we decided that it 
was preferable to make estimates of age-sex 
distribution that maximized data use rather than 
withhold part of the available data for testing 
predictive validity. For most crisis types, the 
results of such a process would mostly reflect 
whether the withheld data happened to have 
distributions close to the average of the data 
informing the modelling or not.
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Estimation of crisis age-sex 
distributions for under-five age groups

A separate analysis was carried out for more 
detailed under-five age groups (neonatal, 
postneonatal and 1–4 years) as additional data for 
these age categories were available from birth 
histories and some studies. To maximize use 
of data, the age-sex fractions for the infant age 
group were estimated separately and then used 
to partition the infant fraction from the analysis of 
the 0/1–4-year data (see Supplemental Appendix, 
section 6).

The under-five fractions of total crisis deaths for 
1,000 bootstrap samples in the full five-year age 
group analysis were randomly paired with sex-
specific estimates of the neonatal, infant and 
1–4-year fractions of under-five deaths to produce 
estimates with 90 per cent uncertainty ranges 
of age-sex specific fractions for the complete 
set of age groups – neonatal, postneonatal, 1–4 
years, 5–9 years, … 70–74 years, 75+ years (see 
Supplemental Appendix, section 7).

Resulting estimates of crisis age-sex 
patterns of mortality

Figure 2 shows the five-year smoothed age-sex 
patterns for male and female age fractions of 
crisis deaths in the standard population with 90 
per cent uncertainty ranges for nine types of 
crisis events. The results of the analysis for more 
detailed under-five age groups were converted 
to age-sex-specific mortality rates and divided by 
the overall under-five mortality rate to produce 
age-sex-specific relative risks for all crisis event 
types apart from conflict combatants, as shown 
in Figure 3. Note that although the relative risks 
are highest in the neonatal age group, neonatal 
deaths represent only a small fraction of total 
under-five deaths in the standard population 
(ranging from just under 3 per cent for epidemics 
and tsunamis to 5 per cent for conflicts).

The under-five age-sex fractions were applied 
to the 0–4-year fractions in the five-year age 
group analysis to produce age-sex fractions 
for the expanded set of age groups: neonatal, 

postneonatal, 1–4 years, 5–9 years, … 70–74 
years, 75+ years. These fractions were then 
converted to age-sex-specific death rates in the 
standard population and divided by the total crisis 
death rate to produce age-sex-specific relative 
risks of crisis mortality. We assume that the age-
sex-specific relative risks are relatively invariant 
across population age-sex distributions and 
thus can be used to estimate age-sex-specific 
mortality rates and deaths in the crisis population 
for any crisis that can be mapped to one of the 
nine event types. 

The plots in Figure 4 show these relative risk 
patterns for the nine event types. The estimated 
relative risks and their uncertainty ranges are 
tabulated in Table A15 of the Supplemental 
Appendix. All types of events have higher relative 
risks for children under age 5 and for older adults. 
Relative risks for men are much higher than for 
women in conflicts and there is a peak in the 
male relative risk at younger adult ages. Male 
relative risks are much closer to female relative 
risks for natural disasters and are somewhat 
lower for earthquakes, tsunamis and storms, but 
not for floods, epidemics or famines. Relative 
risks of mortality tend to be lowest at younger 
adult ages for natural disasters, in contrast to 
conflicts. For some age groups in some event 
types, uncertainty ranges are quite narrow, and 
this is likely a reflection of the variation in the 
limited numbers of studies available for these 
event types.

Limitations, caveats and applications

Estimation of total mortality rates for countries 
in years with mortality crises is challenging given 
the lack of detailed mortality data available by 
age and sex during crises. Many crises occur in 
countries without useable death registration data. 
Even in countries where such data are available, 
crises can disrupt regular death registration. 
It is often the case that the only estimates of 
the mortality impact of crisis events are for 
total deaths, without details on age and sex 
distributions. 

Despite our comprehensive data search, useable 
data on crisis age-sex distributions of deaths 
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were limited. It was thus not possible to break 
down crisis categories into more detailed 
subcategories (for example, by detailed types of 
conflict or epidemic) or by region. As such, it is 
possible, for instance, that age-sex distributions 
differ substantially between conflicts in Europe 
and Africa. Where age-sex-specific mortality 
estimates are available for specific crisis events, 
these should be used rather than the distributions 
estimated here. When estimates of total civilian 
and combatant deaths are separately available, 
the distributions for these two groups should be 
used rather than the distribution for the ‘conflict 
(unspecified)’ category. 

If age-specific crisis mortality is available for 
broad age groups (for example, children aged 
0–14 years and youth and adults aged 15+ years), 
these should be used to adjust the estimated 
mortality distributions provided here. Note that 
the estimated age-sex fractions for epidemics 
are an average across a range of infectious 
agents, excluding HIV. If usable data on age-sex 
distribution are available for a specific infectious 
agent (as is the case for Ebola, COVID-19 and 
some other pathogens), these should be used in 
preference to the general pattern estimated here. 

Given the sparse number of events in most 
categories, significant effort was undertaken to 
harmonize the age groups in the final database 
and to fill in the gaps of studies when some ages 
were not available. The results show an important 
difference in the relative risk of dying by age 
across the different mortality crises. Apart from 
conflict, the most fragile age groups (under-fives 
and 60+) tend to have higher relative risks of 
mortality. 

Given the substantial differences in some age 
patterns across crisis types, we chose to use 
a model with indicator variables for five-year 
age-sex groups (and more detailed age groups 
under age 5), rather than parameterize the shape 
of the age-sex distributions, and to use SUR to 
estimate the parameters for the age-sex group 
fractions under the constraint that they add to 
1. Exploratory analyses guided some collapsing 
of event categories, as seen, for example, in 
the merging of the ‘conflict (unspecified)’ and 
‘conflict: civilian’ categories. However, we did 

not use significance estimates for regression 
parameters to further collapse categories without 
statistically significant differences, as there were 
cases of significant differences for parts of the 
age-sex distribution between categories, but 
not for all age-sex groups. The SUR modelling 
was thus used to summarize the observed 
age-sex distributions for each event category. 
Future analyses using additional observations 
of crisis age-sex distributions may thus result in 
some changes to estimated age-sex patterns, 
particularly for event categories with little current 
data. Given the limited data availability, we chose 
not to withhold part of the data set for predictive 
validity testing but rather to estimate uncertainty 
ranges for the age-sex patterns.

A very simple approach was taken for the use of 
data from mixed event types, such as conflict and 
famine. Such data were added to the analyses 
for each of the events separately. More detailed 
information on the relative magnitudes of the 
two causes of death might allow for a more 
sophisticated modelling approach, but the small 
numbers of mixed crisis events in the data do not 
currently allow it. To use these results for a mixed 
crisis event, it would be ideal to use estimates of 
the relative contributions of the two event types 
to total deaths in order to calculate and apply a 
weighted-average age-sex distribution. 

We did not attempt to include data for crises 
due to temperature extremes. Very limited data 
are available for this type of crisis and age-sex 
distributions are likely to be quite context-
specific. It is likely that this type of crisis event 
will become more common as global warming 
continues. Technological disasters (such as major 
industrial and transport accidents) were also 
excluded from this study.

Conclusion

This study was carried out to maximize the 
empirical basis for estimated age distributions of 
crisis mortality rates when specific age-sex data 
for the crisis are not available. Most crisis events 
happen in countries without a well-functioning 
death registration system or where statistical 
systems break down during times of crisis. 
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Our results will be useful for groups engaged 
in estimating and monitoring mortality and life 
expectancy trends for countries experiencing 
crises, including those without high-quality death 
registration systems. However, it is important 
that countries themselves continue efforts to 
count deaths and devote attention to estimating 

mortality during crises. We hope that continued 
improvements in data collection for crisis events 
will lead to larger data sets and more detailed 
analyses of age-sex patterns for specific types of 
crises and reduce the need for estimated average 
distributions.
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TABLES

Table 1. Available age-sex-specific mortality data for crises, by event type and group

Event type Group 1 Group 2 Group 3 Total number
Conflict 20 3 12 35
Conflict and famine 2 2
Conflict: civilian 4 4 8
Conflict: combatant 7 1 8
Cyclone* 3 3
Earthquake 13 5 9 27
Earthquake and tsunami 3 2 5
Epidemics 7 19 26
Epidemics and war 1 1
Famine 20 8 28
Famine and epidemics 3 3
Famine and flood 2 1 3
Flood 6 1 7
Genocide 3 1 4
Tsunami 2 1 1 4
Total 91 15 58 164

* This category includes natural disasters described as storms, hurricanes and typhoons.

Table 2. Final total age-sex-specific crisis mortality data sets for five-year age groups, by event type

Event type No. of events
Conflict 35
Conflict: civilian 8
Conflict: combatant 8
Genocide 4
Cyclone 3
Earthquake 32
Epidemics 30
Famine 35
Flood 10
Tsunami 9
Total 174
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FIGURES

Figure 1.  Available age-sex-specific mortality data for crises, by event type and data type

0 5 10 15 20 25 30 35 40

Conflict

Conflict: civilian

Conflict: combatant

Cyclone

Earthquake

Epidemics

Famine

Flood

Genocide

Tsunami

Studies Surveys Death registration

Number of available data



12

Figure 2. Estimated age-sex fractions of crisis deaths for five-year age groups, by event type
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Figure 3. Estimated relative risks of death for age groups under 5 years with 90% uncertainty ranges, by event type 
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Figure 4. Estimated age-sex-specific relative risks of crisis deaths for full age groups, by event type

female male

0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70

0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70

0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70

1

2

0

1

2

3

4

0

2

4

6

0

2

4

6

1

2

3

1

2

3

4

5

0

2

4

1

2

3

4

0

2

4

6

Re
la

tiv
e 

ris
k

Flood Epidemics Famine

Earthquake Tsunami Cyclone

Conflict Conflict:
combatant Genocide

Age (years)



15

©
 U

N
IC

E
F/

U
N

05
50

00
9/

D
ub

ou
rt

ho
um

ie
u



16

Supplementary Appendix

Contents

1. Methods – Data from studies................................................................................................................................17
2. Methods – Crisis data from population surveys...................................................................................................22
3. Methods – Death registration data	 ................................................................................................................35
4. Preparation of the analysis data set.....................................................................................................................38
5. Estimation methods.............................................................................................................................................39
6. Estimation of crisis age-sex distributions for under-five age groups....................................................................42
7. Results..................................................................................................................................................................26
References...............................................................................................................................................................47

Tables 

Table A1: Studies with crisis mortality data disaggregated by age and sex...............................................................17
Table A2: Population survey data used for under-five birth history analysis...............................................................23
Table A3: Population survey data used in adult sibling survival analysis.....................................................................23
Table A4: Under-five crisis age patterns included in subsequent analysis..................................................................31
Table A5: HMD data availability for country-years with identified crises from 1953 onwards.....................................35
Table A6: HMD data availability for identified crises prior to 1953.............................................................................36
Table A7: Crises for which data were included from registered unintentional injury deaths (excluding road injuries)....37
Table A8: Conflicts for which data were included from all-cause death registration data..........................................37
Table A9: Natural disasters for which data for under-five deaths were included from death registration data..........37
Table A10: Available age-sex-specific crisis mortality data, by event type and group................................................38
Table A11: Available age-sex-specific crisis mortality data for full age range 0–75+, by event type..........................40
Table A12: Estimated neonatal fractions of infant deaths..........................................................................................42
Table A13: Estimated age-sex fractions for infant and 1-4-year deaths......................................................................43
Table A14: Data availability for under-five crisis deaths, by event type......................................................................43
Table A15: Estimated relative risks of crisis mortality, by age, sex, crisis type.........................................................45

Figures

Figure A1: Plots comparing 4q1 from survey birth histories and GHE 2016............................................................24
Figure A2: Plots of 35q15 from survey data and GHE 2016.....................................................................................32
Figure A3: Five-year age-sex fractions by event type, before and after smoothing..................................................41
Figure A4: Event types with additional smoothing for child age groups...................................................................44



17

1. Methods – Data from studies

We carried out an extensive search of published 
and unpublished studies, population surveys and 
death registration databases to identify data on 
the age-sex distribution of crisis deaths up to 
2019. We focused only on identifying available 
empirical information on age-sex distributions 
of deaths or death rates for crisis events. This 
is available for surprisingly few major historical 
crises. We were not able to find data on age-sex 
distributions of mortality or populations at risk for 
major events such as the Holocaust, the Chinese 
famine of 1959–1961 and the Haiti earthquake 
in 2010, and excluded age-sex data based on 
model life tables or assumptions. Additionally, 
we included only data for entire crisis events or 
country-years and did not seek data on specific 
high-intensity events during military conflict, such 
as the bombing of Dresden during the Second 
World War. Despite these data limitations, we 

were able to include data for age-sex distributions 
for both world wars, the conflicts in Iraq and 
Afghanistan during the twenty-first century, and 
a number of other major events, such as the 
Ukraine famine of 1932–1933. 

Table 1 lists studies and data sets identified with 
specific information on age- and/or sex-specific 
distributions of crisis deaths. Crisis deaths 
include those resulting from conflict, natural 
disasters (floods, earthquakes, tsunamis, storms, 
volcanoes, landslides, etc.), epidemics (excluding 
HIV/AIDS) and famines. Two types of crisis 
mortality estimates were extracted from these 
studies:

•	 Age-sex-specific deaths or death rates 
estimated directly for the specific event

•	 Age-sex-specific excess deaths or death rates 
estimated indirectly by comparing the crisis 
period or area with a control period or area

Table A1: Studies with crisis mortality data disaggregated by age and sex

Author(s) and date Full citation

Armenian et al. 
(1997)

Armenian, Haroutune K., et al., ‘Deaths and Injuries due to the Earthquake in 
Armenia: A cohort approach’, International Journal of Epidemiology, vol. 26, no. 
4, August 1997, pp. 806–813.

Ascherio et al. (1992) Ascherio, Alberto, et al., ‘Effect of the Gulf War on Infant and Child Mortality in 
Iraq’, New England Journal of Medicine, vol. 327, no. 13, September 1992, pp. 
931–936.

Bern et al. (1993) Bern, Caryn, et al., ‘Risk Factors for Mortality in the Bangladesh Cyclone of 
1991’, Bulletin of the World Health Organization, vol. 71, no. 1, 1993, p. 73.

Boyle and Gráda 
(1986)

Boyle, Phelim P., and Cormac Ó. Gráda, ‘Fertility Trends, Excess Mortality, 
and the Great Irish Famine’, Demography, vol. 23, no. 4, November 1986, pp. 
543–562.

Burnham et al. 
(2006)

Burnham, Gilbert, et al., ‘Mortality after the 2003 Invasion of Iraq: A cross-
sectional cluster sample survey’, The Lancet, vol. 368, no. 9545, October 
2006, pp. 1421–1428.

Carrión Martín et al. 
(2014)

Carrión Martín, Antonio Isidro, et al., ‘Mortality Rates above Emergency 
Threshold in Population Affected by Conflict in North Kivu, Democratic 
Republic of Congo, July 2012–April 2013’, PLOS Neglected Tropical Diseases, 
vol. 8, no. 9, September 2014, pp. e3181. 

Chen and 
Chowdhury (1977)

Chen, Lincoln C., and A. K. M. Alauddin Chowdhury, ‘The Dynamics of 
Contemporary Famine’, XVIII General Conference of the International Union for 
the Scientific Study of Population (IUSSP), Mexico City, 8–13 August 1977, pp. 
409–426.
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Author(s) and date Full citation

Chiao et al. (1938) Chiao, C. M., Warren S. Thompson and D. T. Chen, An Experiment in the 
Registration of Vital Statistics in China, Scripps Foundation for Research in 
Population Problems, Oxford, Ohio, 1938. 

Chou et al. (2004) Chou, Yiing Jenq, et al., ‘Who Is at Risk of Death in an Earthquake?’, American 
Journal of Epidemiology, vol. 160, no. 7, October 2004, pp. 688–695.

Chowdhury et al. 
(1993)

Chowdhury, A. Mushtaque R., et al., ‘The Bangladesh Cyclone of 1991: Why so 
many people died’, Disasters, vol. 17, no. 4, December 1993, pp. 291–304.

Coghlan et al. (2006) Coghlan, Benjamin, et al., ‘Mortality in the Democratic Republic of Congo: A 
nationwide survey’, The Lancet, vol. 367, no. 9504, January 2006, pp. 44–51. 

Congressional 
Research Service 
(2020)

Congressional Research Service, American War and Military Operations 
Casualties: Lists and statistics, CRS Report RL32492, <https://crsreports.
congress.gov>, 29 July 2020.

Corsini and Delille 
(1979)

Corsini, Carlo A., and Gérard Delille, ‘La Peste de 1656 dans le Diocèse 
de Salerne: Quelques résultats et problèmes’, in The Great Mortalities: 
Methodological studies of demographic crises in the past, edited by Hubert 
Charbonneau and André Larose, 1979.

Curlin et al. (1976) Curlin, George T., Lincoln C. Chen and Sayed Babur Hussain, ‘Demographic 
Crisis: The impact of the Bangladesh civil war on births and deaths in a rural 
area of Bangladesh', Population Studies, vol. 30, no. 1, March 1976, pp. 87–
105.

Doocy et al. (2007) Doocy, Shannon, et al., ‘Tsunami Mortality in Aceh Province, Indonesia’, 
Bulletin of the World Health Organization, vol. 85, no. 4, May 2007, pp. 273–
278.

D’Souza and Chen 
(1980)

D’Souza, Stan, and Lincoln C. Chen, ‘Sex Differentials in Mortality in Rural 
Bangladesh’, Population and Development Review, vol. 6, no. 3, June 1980, pp. 
257–270.

Dyson (1991a) Dyson, Tim, ‘On the Demography of South Asian Famines: Part I’, Population 
Studies, vol. 45, no. 1, March 1991, pp. 5–25.

Dyson (1991b) Dyson, Tim, ‘On the Demography of South Asian Famines: Part II’, Population 
Studies, vol. 45, no. 2, July 1991, pp. 279–297.

Dyson (2002) Dyson, Tim, ‘Famine in Berar, 1896–7 and 1899–1900: Echoes and chain 
reactions’, ch. 5 in Famine Demography: Perspectives from the past and 
present, edited by Tim Dyson and Cormac Ó. Gráda, Oxford University Press, 
Oxford, 2002, pp. 93–112.

Effendi et al. (2016) Effendi, Tadjuddin Nur, et al., ‘Social Capital and the “Rebirth” of Bantul from 
the 2006 Yogyakarta Earthquake’, ch. 9 in The Consequences of Disasters: 
Demographic, planning, and policy implications, edited by Helen James and 
Douglas Paton, Charles C. Thomas, Illinois, 2016, pp. 127–147.

Ezra and Kiros 
(2000)

Ezra, Markos, and Gebre-Egziabher Kiros, ‘Household Vulnerability to Food 
Crisis and Mortality in the Drought-prone Areas of Northern Ethiopia’, Journal 
of Biosocial Science, vol. 32, no. 3, July 2000, pp. 395–409.

Frankenberg et al. 
(2011)

Frankenberg, Elizabeth, et al., ‘Mortality, the Family and the Indian Ocean 
Tsunami’, The Economic Journal, vol. 121, no. 554, August 2011, pp. F162–
F182.

https://crsreports.congress.gov
https://crsreports.congress.gov
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Author(s) and date Full citation

Garenne et al. (2002) Garenne, Michel, et al., ‘The Demographic Impact of a Mild Famine in an 
African City: The case of Antananarivo, 1985–7’, ch. 10 in Famine Demography: 
Perspectives from the past and present, edited by Tim Dyson and Cormac Ó. 
Gráda, Oxford University Press, Oxford, 2002, pp. 204–217.

Greenough (1982) Greenough, Paul R., Prosperity and Misery in Modern Bengal: The famine of 
1943–1944, Oxford University Press, New York, 1982.

Guha-Sapir et al. 
(2006)

Guha-Sapir, Debarati, et al., Risk Factors for Mortality and Injury: Post-
tsunami epidemiological findings from Tamil Nadu, Centre for Research on the 
Epidemiology of Disasters, Brussels, 2006.

Guha-Sapir et al. 
(2018) 

Guha-Sapir, Debarati, et al., ‘Patterns of Civilian and Child Deaths due to 
War-Related Violence in Syria: A comparative analysis from the Violation 
Documentation Center dataset, 2011–16’, The Lancet Global Health, vol. 6, no. 
3, January 2018, pp. e103–e110.

He et al. (2001) He, Honglin, et al., 'Damage and Seismic Intensity of the 1996 Lijiang 
Earthquake, China: A GIS analysis’, Geographical Review of Japan, vol. 74 (ser. 
B), no. 2, 2001, pp. 187–198.

Helleringer and 
Noymer (2015)

Helleringer, Stephane, and Andrew Noymer, ‘Assessing the Direct Effects of 
the Ebola Outbreak on Life Expectancy in Liberia, Sierra Leone and Guinea’, 
PLOS Current Outbreaks, no. 7, February 2015.

Heuveline (2001) Heuveline, Patrick, ‘The Demographic Analysis of Mortality Crises: The case of 
Cambodia, 1970–1979’, ch. 5 in Forced Migration & Mortality, edited by Holly 
E. Reed and Charles B. Keely, National Academies Press, Washington, D.C., 
2001, pp.102–129.

Hill (2011) Hill, Kenneth, ‘Influenza in India 1918: Excess mortality reassessed’, Genus, 
vol. 67, no. 2, December 2011, pp. 9–29.

Hirschman et al. 
(1995)

Hirschman, Charles, Samuel Preston and Vu Manh Loi, ‘Vietnamese Casualties 
during the American War: A new estimate’, Population and Development 
Review, vol. 21, no. 4, December 1995, pp. 783–812.

Hoeffler (2008) Hoeffler, Anke, ‘Dealing with the Consequences of Violent Conflicts in Africa’, 
Background paper for the African Development Bank Report 2008, 2008. 

Hollingsworth and 
Hollingsworth (1971)

Hollingsworth, Mary F., and Thomas H. Hollingsworth, ‘Plague Mortality Rates 
by Age and Sex in the Parish of St. Botolph’s without Bishopsgate, London, 
1603’, Population Studies, vol. 25, no. 1, 1971, pp. 131–146.

Iraq Family Health 
Survey Study Group 
(2008)

Iraq Family Health Survey Study Group, ‘Violence-related mortality in Iraq from 
2002 to 2006’, New England Journal of Medicine, vol. 358, January 2008, pp. 
484–493.

Iraqi Ministry of 
Health (2007)

Iraqi Ministry of Health, Iraq Family Health Survey (IFHS) 2006/7, 2007.

James (2016) James, Helen, ‘How Do We Re-Make Our Lives? Gender and Sustainability in 
the Post-Disaster Context in Asia’, ch. 15 in The Consequences of Disasters: 
Demographic, planning, and policy implications, edited by Helen James and 
Douglas Paton, Charles C. Thomas, Illinois, 2016, pp. 201–223.

Jannetta (1992) Jannetta, Ann Bowman, ‘Famine Mortality in Nineteenth-century Japan: The 
evidence from a temple death register’, Population Studies, vol. 46, no. 3, 
1992, pp. 427–443.
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Kelman (2005)

Jonkman, Sebastiaan N., and Ilan Kelman, ‘An Analysis of the Causes and 
Circumstances of Flood Disaster Deaths’, Disasters, vol. 29, no. 1, March 
2005, pp. 75–97.

Kidane (1989) Kidane, Asmerom, ‘Demographic Consequences of the 1984–1985 Ethiopian 
Famine’, Demography, vol. 26, no. 3, August 1989, pp. 515–522.

Lahiri et al. (2001) Lahiri, Ashok K., et al., ‘Economic Consequences of Gujarat Earthquake’, 
Economic and Political Weekly, vol. 36, no. 16, April 2001, pp. 1319–1332. 

Li (1991) Li, Lillian M., ‘Life and Death in a Chinese Famine: Infanticide as a 
demographic consequence of the 1935 Yellow River flood’, Comparative 
Studies in Society and History, vol. 33, no. 3, July 1991, pp. 466–510.

Merli (2000) Merli, M. Giovanna, ‘Socioeconomic Background and War Mortality during 
Vietnam’s Wars’, Demography, vol. 37, no. 1, February 2000, pp. 1–15.

Meslé and Vallin 
(2012)
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2. Methods – Crisis data from 
population surveys

Demographic and Health Surveys (DHS),1 
Multiple Indicator Cluster Surveys (MICS)2 and 
World Fertility Surveys3 covering the period from 
1960 to 2017 were analysed for regions and years 
determined to have experienced crisis events. 
Potential crisis events were identified using a list 
compiled from three different sources:

•	 Uppsala Conflict Data Program (UCDP) 
estimates of conflict mortality, 1989–20174

•	 Integrated Network for Societal Conflict 
Research (INSCR) conflict events, 1960–20175 

•	 Centre for Research on the Epidemiology of 
Disasters, Emergency Events Database (EM-
DAT) natural disaster events, 1960–20176

Conflicts were selected from UCDP if there 
were at least 1,000 deaths or at least 0.1 death 
per 1,000 population that resulted in at least 10 
deaths. INSCR conflict events were included if 
INSCR-estimated magnitude was greater than 4 
for war of independence or international conflict 
and greater than 2 for civil war or ethnic conflict. 
These criteria identified 749 country-years with 

crisis events. For each crisis event, a control 
period of two years before the crisis year, or in 
some cases control regions separate to the crisis 
region, was also analysed.

Natural disasters from the EM-DAT were limited 
to epidemics, droughts, earthquakes, mass 
movements, floods, landslides, famines and any 
combination of those events that resulted in at 
least 1,000 deaths or a death rate of more than 
0.1 deaths per 1,000 population and 10 deaths.

Population surveys used for birth history analysis 
are listed in Table 2 and for adult sibling survival 
analysis in Table 3. Full birth histories were 
analysed for years within 25 years of the survey 
date in order to compute age patterns of under-
five mortality. Full sibling histories for adult deaths 
in the age range 15–50 years were analysed for 
years within the 15-year period before the year 
the survey was conducted. Both types of data 
were analysed using the demogsurv R package7 
based on observed deaths and person-years 
by age group converted to cumulative hazard 
probabilities. For countries with multiple surveys, 
the unweighted average for country-years was 
used. Confidence intervals were computed using 
the jackknife method.8
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Table A2: Population survey data used for under-five birth history analysis

Country or area No. 
of 

years

Years 
available

Country or area No. 
of 

years

Years 
available

Chad 41 1973–2013 Sudan 35 1955–1989
Eswatini 32 1982–2013 Syria 24 1954–1977
Nepal 39 1977–2015 Tajikistan 24 1988–2011
Pakistan 60 1952–2011 Tunisia 58 1954–2011
Panama 24 1952–1975 Türkiye 49 1954–2002
Peru 58 1954–2011 Uganda 52 1964–2015
Philippines 59 1954–2012 United Republic of Tanzania 47 1968–2014
Rwanda 47 1968–2014 Venezuela (Bolivarian Republic of) 24 1953–1976
Sao Tome and Principe 24 1984–2007 Yemen 58 1955–2012
Sierra Leone 29 1984–2012 Zimbabwe 51 1964–2014
South Africa 24 1974–1997 Total 21 countries 2,349

Table A3: Population survey data used for adult sibling survival analysis

Country or area No. 
of 

years

Years 
available

Country or area No. 
of 

years

Years 
available

Afghanistan 14 2001–2014
Angola 14 2001–2014
Brazil 14 1982–1995
Burkina Faso 25 1985–2009
Burundi 20 1996–2015
Cambodia 28 1986–2013
Central African Republic 14 1980–1993
Chad 31 1983–2013
Colombia 8 2001–2008
Congo 20 1991–2010
Democratic Republic of the Congo 20 1993–2012
Ethiopia 30 1986–2015
Eswatini 14 1992–2005
Gambia 14 1999–2012
Guatemala 14 1981–1994
Guinea 27 1985–2011
Haiti 30 1986–2015
Indonesia 32 1980–2011
Jordan 14 1983–1996

Total 38 countries 867

Country or area No. 
of 

years

Years 
available

Kenya 30 1984–2013
Liberia 20 1993–2012
Malawi 37 1978–2014
Mali 30 1982–2011
Morocco 25 1978–2002
Mozambique 28 1983–2010
Myanmar 14 2002–2015
Nepal 24 1992–2015
Niger 34 1978–2011
Nigeria 19 1994–2012
Peru 33 1978–2010
Philippines 19 1979–1997
Rwanda 29 1986–2014
Sao Tome and Principe 14 1994–2007
Sierra Leone 19 1994–2012
South Africa 14 1984–1997
Uganda 35 1981–2015
United Republic of Tanzania 25 1990–2014
Zimbabwe 35 1980–2014

Total 38 countries 867
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Analysis of birth history data for under-five 
deaths
To identify potential crisis mortality signals in the 
under-five birth history data, annual time series of 

4q1 – the probability of dying between exact age 1 
and exact age 5 – were calculated from the birth 
history data and from the WHO Global Health 
Estimates (GHE) 2016 life tables, which included 
annual estimates of crisis deaths.9 Figure A1 
shows plots for countries with potential crisis 
events. Due to the limited data and relatively 
small numbers of observations involved in 
the excess crisis deaths, data were analysed 
for both sexes combined. An exploratory sex-
specific analysis found a wide range of sex ratios 
of excess deaths, including some implausible 
patterns.

For potential crisis signals identified in these 
plots, the excess deaths in the crisis year were 
estimated using appropriate national or regional 

non-crisis comparison data and the age-sex-
specific excess deaths plotted. Where the 
surveys allowed, data were extracted for the 
crisis region and for other ‘baseline’ regions. To 
the extent possible, two to three years on either 
side of the potential crisis peak were chosen for 
comparison, though where necessary, additional 
mortality peaks in the comparison period were 
excluded.
 
The plots in Figure 1 show 4q1 time series from 
survey birth histories (blue line) together with 
estimated 4q1 time series from the GHE 2016 life 
tables (red line). The dots on the horizontal line 
at the bottom denote crises identified from three 
independent databases as described above. Note 
that red dots denote crisis years for which the 
survey-based 4q1 estimate differs significantly 
with probability p ≥ 80% from the average for 
the prior two years. Revised control periods or 
regions were used for final selection of crisis data 
to include in this study.

Figure A1: Plots comparing 4q1 from survey birth histories and GHE 2016
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Figure A1 (continued): Plots comparing 4q1 from survey birth histories and GHE 2016
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Figure A1 (continued): Plots comparing 4q1 from survey birth histories and GHE 2016
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Figure A1 (continued): Plots comparing 4q1 from survey birth histories and GHE 2016
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Figure A1 (continued): Plots comparing 4q1 from survey birth histories and GHE 2016
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Figure A1 (continued): Plots comparing 4q1 from survey birth histories and GHE 2016

national GHE LT
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Figure A1 (continued): Plots comparing 4q1 from survey birth histories and GHE 2016
0

.1
.2

.3
4q

1

1960 1965 1970 1975

NGA Crisis/Non-crisis

0
.1

.2
.3

4q
1

1985 1990 1995 2000 2005 2010

LBR Crisis/Non-crisis

0
.0

2
.0

4
.0

6
.0

8
.1

4q
1

1990 1995 2000 2005 2010

IDN Crisis/Non-crisis

0
.1

.2
.3

.4
4q

1

1990 1995 2000 2005 2010 2015

HTI Crisis/Non-crisis

0
.0

5
.1

.1
5

4q
1

1990 1995 2000 2005 2010

COG Crisis/Non-crisis

0
.0

5
.1

.1
5

.2
.2

5
4q

1

1990 1995 2000 2005 2010

COD Crisis/Non-crisis

0
.1

.2
.3

4q
1

1990 1995 2000 2005 2010 2015

BDI Crisis/Non-crisis

non-crisis crisis

sig80any crisis

GHE LT



31

Estimates of the fractions of infant and 1–4-year 
deaths were included in the overall analysis of 
crisis age patterns in cases where the 4q1 for the 
crisis period differed with probability p ≥ 80% 
from the average 4q1 for the comparison period 
or region. Available age fractions for neonatal 
and postneonatal deaths were also included for 
events for which the infant/1–4-year fractions 
were included, except for a few cases where the 
neonatal fraction was 1. Age-specific estimates 
for under-five crisis mortality were included from 
survey birth histories for the events listed in Table 
4.

Analysis of sibling survival histories for adult 
crisis mortality

Sibling survival data from surveys for 38 
countries were used to compute time series of 

35q15 – the probability of dying between exact 
age 15 and exact age 50. These were compared 

to plots of 35q15 from the GHE 2016 life tables,9 
which included separate annual estimates of 
crisis deaths. Potential spikes in 35q15 estimates 
from the survey data were identified and age-sex 
patterns of excess deaths relative to national or 
regional baseline death rates were examined (see 
Figure A2). In most cases, the expected excess 
deaths based on GHE estimates of total conflict 
deaths were too small a fraction of total deaths 
for the signal to be detected in the sibling data.
The Rwanda genocide in 1994 and the Indian 
Ocean tsunami in 2004 were the only two crises 
with a clear signal in the data and a plausible 
age-sex pattern of deaths. The Ethiopian conflict 
in 2000 is a third possibility, though it is unclear 
that the age pattern adds any real information. 
As the analysis data set already includes age-sex 
patterns for the Rwanda genocide and the Indian 
Ocean tsunami from studies, no sibling survival-
based data were included in the overall data set 
for further analysis of age-sex distributions of 
crisis deaths. 

Table A4: Under-five crisis age patterns included in subsequent analysis

Country 
or area

Year Event Region Sex Neonatal/postneonatal Infant/1–4 years

Cambodia 1977-78 Conflict national both yes yes
Chad 1980 Conflict national both yes
Colombia 1960 Conflict national both yes
Congo 1999 Conflict national both yes yes
Haiti 2010 Earthquake crisis region both yes
Indonesia 2004 Tsunami crisis region both yes yes
Liberia 1990 Conflict crisis region both yes
Liberia 1990 Conflict national both yes
Nigeria 1966 Conflict national both yes yes
Nigeria 1968–70 Conflict crisis region both yes yes
Nigeria 2014 Conflict national both yes
Rwanda 1994 Genocide national both yes yes
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Figure A2: Plots of 35q15 from survey data and GHE 2016

Burundi: 1993 “genocide” and 1993–2005 civil war 

Democratic Republic of the Congo: 1996 conflict

Congo: 1997 conflict
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Figure A2 (continued): Plots of 35q15 from survey data and GHE 2016

  Ethiopia: 1989–1991 conflict and 2000 conflict

Haiti: 2010 earthquake 

  Guinea: Peak in sibling deaths not associated 
with known crisis

Indonesia: 2004 Indian Ocean tsunami    Cambodia: 1989 conflict
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Figure A2 (continued): Plots of 35q15 from survey data and GHE 2016

Liberia: conflict

Myanmar: Cyclone  Philippines: Cyclone 

Rwanda: 1994 genocide  Sierra Leone: Conflict 
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3. Methods – Death registration data

The Human Mortality Database (HMD)10 contains 
national life tables carefully constructed from 
available death registration data of sufficient 
completeness and quality. The HMD was 
reviewed to identify country-years in the database 
where crisis events had occurred. This analysis 
was done in two steps. In the first, all HMD 
data for years 1953 onwards were reviewed for 
crises using conflict and natural disaster mortality 
estimates from the WHO GHE 20169 and natural 
disaster deaths from EM-DAT6. Table A5 lists the 
crises identified and the available years selected 
to provide baseline mortality rates. 

Baseline non-crisis mortality rates by age and sex 
were estimated using two methods: (a) simple 
average rate of baseline years and (b) Poisson 
regression of age-specific deaths with population 
offset. Initially, five-year age groups were used, 
but substantial fluctuations were found above 

and below baseline rates for most of the crisis 
years analysed. Some analyses were repeated 
with broader age groupings, but the implied 
age patterns were found to be substantially 
dependent on the age groupings chosen. None of 
the HMD data analyses resulted in age patterns 
judged useable.

For most of these crises, the estimated EM-
DAT total deaths represent only a very small 
proportion of total annual deaths. Estimates of 
baseline mortality rates are highly sensitive to 
baseline years selected, age groups selected and 
method (average versus regression prediction). 
In most cases, the signal is clearly not strong 
enough to be detected with any confidence. 

In the second step, HMD data available for some 
countries for years prior to 1953 were reviewed 
to identify potential crises resulting in increased 
mx for crisis years. For France and England and 
Wales, life tables were available for the two world 

Table A5: HMD data availability for country-years with identified crises from 1953 onwards

Country or area Event type Crisis 
year(s)

Baseline years Avg. annual 
baseline 

deaths

EM-DAT/ 
WHO crisis 

deaths
Iceland Landslide 1995 1999–2000 1,796 34

Italy Landslide 1963  1960–1962, 
1964–1966 494,000 1,917

Italy Earthquake 1980 1977–1983 969,000 4,689
Japan Earthquake 1995 1992–1998 1,785,735 5,297
Japan Earthquake/Tsunami 2011 - - 19,848

Russian Federation Storm/Landslide/ Trans-
port/Industrial/Temp 1995 1992–1994, 

1996–1998 3,635,119 599

Russian Federation Earthquake 1995 1992–1998 3,635,119 1,985

Russian Federation Conflict 1999–
2000

1996–1998, 
2001–2003 382,100 -

Taiwan Province of 
China Earthquake 1999 1984, 1986, 1988, 

2003, 2005, 2006 253,308 2,265

Taiwan Province of 
China Epidemic 2003 - 262,450 37

Taiwan Province of 
China Flood/Storm 2005 - 279,550 34

United States of 
America Conflict 2001 1999–2000, 

2002–2003 483,000 2,996
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Table A6: HMD data availability for country-years with identified crises prior to 1953

Country or area Event type Crisis year(s) Baseline years Included 
in analysis 

dataset
Australia Conflict: combatant 1943–1945 1938, 1939, 1947 No
England and Wales Conflict: combatant 1914–1917 1913, 1920* Yes
England and Wales Conflict: combatant 1939–1945 Civilian: 1937, 1938, 1946 Yes
Finland Conflict 1939–1945 1938, 1946 Yes
France Conflict 1870–1871 - Yes
France Conflict: civilian 1914–1917 1913, 1920* Yes
France Conflict: combatant 1914–1917 1913, 1920* Yes
France Conflict: combatant 1940–1945 Civilian: 1937, 1938, 1946 Yes
France Conflict: civilian 1940–1945 1938, 1939, 1947 Yes
Italy Conflict 1940–1946 1938, 1939, 1948 No
Netherlands Conflict: civilian 1940–1943 1938, 1939, 1946 Yes
Netherlands Famine 1944–1945 1938, 1939, 1947** Yes
Sweden Famine 1773 - Yes
Sweden Epidemics 1831 - Yes
United States of 
America Conflict: combatant 1941–1945 1940, 1946 No

* Data for the flu pandemic years 1918 and 1919 excluded (included in analysis data set from Murray et al. 2006).
** Conflict mortality rates assumed same as for 1940–1943 and subtracted from excess over baseline.

wars for civilians only and for total population. 
It was possible to extract combatant age-sex 
patterns of mortality for these two populations 
by subtracting civilian baseline mx from total 
population mx.

Twelve major crises were identified for which 
plausible mortality age-sex patterns could be 
extracted from the HMD data (see Table A6). 
These were included in the analysis data set.

The WHO Mortality Database11 was also reviewed 
to identify country-years with crisis events. For 
natural disasters, deaths coded to the ICD codes 
for natural disasters were analysed. The only 
crisis with complete coding of crisis deaths to 
natural disaster codes giving total deaths close to 
that reported by EM-DAT and other sources was 
the 2011 tsunami in Japan. 

For other natural disasters and conflicts, a further 
analysis of excess deaths for all causes and 
excess deaths for unintentional injury deaths 
(excluding road injuries) was carried out. Excess 
deaths were calculated as deaths in the crisis 
year minus average deaths per year based on six 
years of data (three before and three after the 
crisis year). For all cause deaths, the only crisis 
with useable data was for Thailand in 2004 (Indian 
Ocean tsunami). Using death registration data 
for unintentional injury deaths (excluding road 
injuries),11 excess crisis deaths were included in 
the analysis data set for the 10 crises listed in 
Table A7.

All-cause death registration data gave useable 
age-sex patterns for excess deaths due to 
conflict for the events listed in Table A8 and were 
included in the analysis data set.
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Table A7: Crises for which data were included from registered unintentional injury deaths (excluding road injuries)

Country or area Year Event
Armenia 1988 Earthquake
Chile 2010 Earthquake
Iceland 1995 Landslide
Italy 1963 Landslide
Italy 1980 Earthquake
Italy 2009 Earthquake
Japan 1995 Earthquake
Japan 2011 Tsunami
Netherlands 1953 Famine
Peru 2009 Landslide

Table A8: Conflicts for which data were included from all-cause death registration data

Country or area Year Event
Albania 1997 Conflict
Azerbaijan 1992–1994 Conflict
Chile 1973 Conflict

Croatia 1991–1992 Conflict
Guatemala 1981 Conflict
Tajikistan 1992–1994 Conflict

For crises identified above in the death 
registration data for analysis of the five-year age 
group patterns, the under-five age patterns were 
also analysed. Age-specific estimates of excess 

crisis under-five deaths from the WHO Mortality 
Database were included for the six natural 
disasters listed in Table A9.

Table A9: Natural disasters for which data for under-five deaths were included from death registration data

Country or area Year Event Sex
Japan 2011 Tsunami Male, female
Italy 1980 Earthquake Both sexes
Italy 2009 Earthquake Both sexes
Italy 1963 Landslide Both sexes
Netherlands 1953 Famine Both sexes
Thailand 2004 Tsunami Male, female
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4. Preparation of the analysis data set

Data from all sources described above were 
compiled into a single data set. All observations 
were converted to age-specific death rates 
for crisis events, using the study population to 
convert death counts, or if that was not reported, 
the relevant population estimates from World 
Population Prospects12 or historical population 
data13. Where total deaths for a crisis event and 
control population were reported, the event death 
rates were computed by subtracting control 
death rates from crisis death rates.

The age-sex categories used in the studies are 
highly variable and inconsistent. Some studies do 
not include age groups covering all possible ages 
and many do not split deaths by sex. Studies 
were classified into three groups based on 
availability of sex-specific data (sex coded as 1 = 
male, 2 = female, 3 = both sexes):

Group 1 studies with sex = 1, 2 data 
and optionally sex = 3 for the same age 
groups as sex = 1, 2

Group 2 studies that have data only report 
sex = 1 or sex = 2 but not both in addition 
to sex = 3 

Group 3 studies that have data for sex = 
3 only

Table A10 summarizes available data from all 
data sources, by type of event and group. A 
few studies of conflicts focused specifically on 
civilian deaths or combatant deaths, though most 
implicitly or explicitly included all conflict deaths. 
As age-sex distributions are very different for 
civilians and combatants, these event types were 
separately identified where possible.

Table A10: Available age-sex-specific crisis mortality data, by event type and group

Event type Group 1 Group 2 Group 3 Total
Conflict 20 3 12 35
Conflict and famine - - 2 2
Conflict: civilian 4 4 - 8
Conflict: combatant 7 1 - 8
Cyclone 3 - - 3
Earthquake 13 5 9 27
Earthquake and tsunami 3 - 2 5
Epidemic 7 - 19 26
Epidemic and war 1 - - 1
Famine 20 - 8 28
Famine and epidemic - - 3 3
Famine and flood 2 - 1 3
Flood 6 1 - 7
Genocide 3 - 1 4
Tsunami 2 1 1 4
Total 91 15 58 164
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Study data are sparse for most event types and 
an analysis strategy was developed to maximize 
the useable data by event type. A preliminary 
analysis estimated age patterns for three broad 
age groups – 0–14 years, 15–59 years and 60+ 
years – and then more detailed five-year age 
patterns within each group. This led to implausible 
discontinuities across the five-year age groups 
due to inclusion of different subsets of studies 
in the analysis within each broad age band. The 
analysis strategy thus consisted of analysing the 
age-sex distribution of crisis deaths for five-year 
age groups – 0–4 years, 5–9 years, … 70–74 
years, 75+ years – starting initially with studies 
that provided data for those age groups, and 
then using the results as ‘prior’ distributions to 
impute the full five-year age group distributions 
for studies with fewer age groups. There were a 
few studies with non-standard age groups such 
as 0–5 years, 6–10 years, 11–15 years, … or use 
of a non-standard boundary such as 18 years. In 
these cases, death numbers were imputed to 
standard five-year age groups assuming uniform 
death distributions by age within age groups. 
In all, there were 141 studies with age groups 
spanning all ages. All had a final open-ended age 
group of 60+ years, apart from 10 with a final age 
group of 50+ years, 10 with 15+ years and two 
with 5+ years.

Since the age-sex distribution of crisis deaths 
will depend on the population age-sex structure, 
event death distributions were calculated for 
a standard population arbitrarily chosen as 
the world population in 2000 for both sexes 
combined. Males and females were assumed to 
have the same age distributions.

5. Estimation methods

Seemingly unrelated regression (SUR) method

We used a regression framework to estimate 
the age-sex distribution of crisis deaths by event 
type for 16 age groups. One approach would have 
been to estimate each age-sex death fraction f as 
the dependent variable in 16 separately estimated 
equations for each sex. However, this strategy 
ignores the fact that the proportions must sum 
to 1 across both sexes. The correct regression 

model thus involves one fewer equation and 
a constraint that the proportions sum to 1. We 
followed the approach developed by Aitchison14 
by dividing the proportion of deaths in each 
age-sex group by the proportion in a selected 
‘base’ age-sex group b (and sex = 1 if sexes are 
separately identified): 

yas=fas/ fb1                            
where a is age (≠b) and s is sex 1, 2

The vector of dependent variables is then 
assumed to be multivariate normal and is 
estimated for each event type by including 
dummy variables for all event types except a base 
category. To account for the correlated nature 
of the dependent variables, we estimated the 
entire set using seemingly unrelated regression 
(SUR). The resulting age-sex fractions are then 
computed as follows:

fb1=1⁄(1+∑a≠b,syas) 
fas=yas×fb1                       for a ≠ b

Model fitting was performed using procedure 
SUREG15 in Stata 15.

Estimation strategy for 16 five-year age 
groups, from 0–4 years to 75+ years

The first step was to estimate a set of age-
sex fractions by event type (labelled ‘prior1’) 
for the 56 studies that had data by sex for a 
complete set of five-year age groups up to 75+. 
This included one study with the mixed-event 
type ‘Epidemic and war’. The study data were 
replicated for each of the two events. An initial 
analysis found that the 2011 Japan tsunami had a 
very high proportion of deaths (0.137 for men and 
0.103 for women) in the 75+ age group, which 
was much higher than that of the earthquake 
distribution. For a general tsunami age pattern, 
this outlier would likely result in an overestimate 
of deaths in the 75+ age group. To estimate the 
general tsunami age pattern, these proportions 
were replaced by the 75+ proportion from the 
initial analysis for floods: 0.0497 (men) and 0.042 
(women). The flood proportions were the highest 
for the other disaster types (typically around 2–3 
per cent of the 75+ age group in the standard 
population).
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The second step was to estimate a set of age-
sex fractions by event type (labelled ‘prior2’) for 
the 72 events that had data for a complete set of 
five-year age groups up to 60+. As before, data 
for mixed-event types were replicated for each 
of the component events. Prior1 was first used 
to impute sex-specific fractions for Group 2 and 
Group 3 studies (see section 3 for definition of 
groups). Prior1 was then used to impute death 
fractions for five-year age groups up to 75+ for 
studies with a broader final open-ended age 
group. 

The third step was to estimate a set of age-sex 
fractions by event type (labelled ‘prior3’) for the 
141 events that had data for a complete set of 
age groups covering all ages. As before, data 
for mixed-event types were replicated for each 
of the component events. Prior2 was first used 
to impute sex-specific fractions for Group 2 and 
Group 3 studies. Prior2 was then used to impute 
death fractions for all five-year age groups up to 
75+. The event type ‘cyclone’ appeared for the 
first time in this step and did not have a prior age-
sex distribution. The prior2 distribution for flood 
was used for cyclone. The data available for each 
event type are shown in Table A11 (mixed-event 
types are counted twice in this table).

The final step was to include events with data 
spanning only a subset of the full age range, e.g., 
15–59 years. Prior3 was used to impute a full set 

Table A11: Available age-sex-specific crisis mortality data for 
full age range 0–75+, by event type

Event type No. of events
Conflict 25
Conflict: civilian 8
Conflict: combatant 8
Genocide 2
Cyclone 3
Earthquake 28
Epidemics 28
Famine 34
Flood 10
Tsunami 7
Total 153

of death fractions by sex for five-year age groups 
up to 75+. The full data set (with replicated 
mixed-event data) included 174 events for 10 
event types (see Table 2 in the main paper).

The SUR model was run on this final data set to 
produce estimates for the age-sex fractions of 
deaths in the standard population. These fractions 
were then converted to age-sex specific mortality 
rates and scaled to a standard overall crisis 
mortality rate for the population. It is assumed 
that the age-sex specific relative risks of mortality 
are the relevant parameters that apply across 
populations with different age structures and can 
be used to estimate crisis mortality age patterns 
in real populations and specific periods.

Uncertainty estimation

Bootstrap resampling was carried out 1,000 
times for the final SUR model and used to 
estimate 90 per cent uncertainty ranges based 
on the fifth and ninety-fifth percentiles of the 
1,000 sets of estimates. Because there were 
small numbers of observations for most event 
types, and within-event-type variation as large 
as or larger than across-event-type variation, 
uncertainty ranges tend to be relatively broad. 
Estimates for a given event type were often not 
statistically significantly different from those for 
some of the other event types for some age-
sex categories. Despite this, estimates were 
prepared for each of the 10 event types as the 
most appropriate summary of the age-sex pattern 
of deaths in the relevant data sets.

Smoothing

The estimates of age-sex fractions for five-year 
age groups in the standard population have quite 
wide uncertainty ranges and point estimates in 
adult age groups showed considerable variation 
across age groups for some event types. 
Estimates were then smoothed using a three-
point moving average for age groups from 25–29 
years to 70–74 years. Upper- and lower-relative 
uncertainty bounds were also replaced by their 
three-point moving average if that resulted in 
wider uncertainty. Figure A3 illustrates the effect 
of smoothing for three event types where there 
was substantive smoothing.
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Figure A3: Five-year age-sex fractions by event type, before and after smoothing
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6. Estimation of crisis age-sex 
distributions for under-five age groups

Apart from the birth history data for children 
under age 5, there were additional study data 
for the under-five age group only, so a separate 
analysis was carried out for more detailed under-
five age groups (neonatal, postneonatal and 1–4 
years) to provide an age-sex breakdown of the 
under-five crisis death fraction from the full five-
year age group analysis (described in section 4 
above). 

There were only 12 events with data for neonatal 
and postneonatal age groups under 1 year and 
only one with a breakdown by sex. Age-sex 
fractions for the infant age group were estimated 
separately and then used to partition the infant 
fraction from the analysis of the 0 and 1–4-year 
data. 

Estimation of neonatal fraction of crisis infant 
deaths

In contrast to the 12 events for neonatal/
postneonatal split, there were 24 studies for 
age groups infant and 1–4 years, all including 
sex-specific data. For this reason, the age-sex 
fractions for the infant age group were estimated 
separately.

The neonatal/postneonatal age distribution 
was analysed for both sexes combined and 
the standard population assumed to have 1/12 
neonates and 11/12 aged 1–11 months. There 
were insufficient event types to estimate each 
separately, so the data were analysed for two 

broader categories: conflict and natural disasters. 
There was also one study for the 1994 genocide 
in Rwanda; the uncertainty range for genocide 
was assumed to be the same as that for conflict. 
The SUR analysis with bootstrap resampling 
resulted in the estimates for the neonatal fraction 
of infant deaths shown in Table A12.

Estimation of infant and 1–4-year fractions of 
under-five crisis deaths

For analysis of infant/1–4-year distribution of 
deaths under age 5, data with mixed-event type 
were replicated for each of the event types. The 
standard population was based on the world 
population in 2000, with an infant population 
fraction of 0.2084 and a 1–4-year population 
fraction of 0.7916 of the total under-five 
population. Standard population numbers for boys 
and girls are assumed equal.

Estimation of age-sex fractions under age 5 was 
carried out in two steps. First, we estimated 
‘prior’ infant and 1–4-year fractions by sex using 
Group 1 data. Data for the 2011 New Zealand 
earthquake were dropped from analysis, as there 
were three infant deaths and no child deaths in 
the 1–4-year age group. That left 33 studies for 
the following event types: conflict (10), famine 
(15), epidemic (4), tsunami (2), earthquake (1) and 
flood (1). Data for earthquake, tsunami and flood 
were grouped together as event type ‘natural 
disaster’.

The resulting age-sex fractions for under-five 
deaths and the sex ratios are shown in Table A13. 

Table A12: Estimated neonatal fractions of infant deaths

Event type Neonatal fraction Lower-uncertainty bound Upper-uncertainty bound

Conflict 0.148 0.0528 0.301
Natural disaster 0.115 0.010 0.298
Genocide 0.096 0.010 0.279
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Infant deaths 1–4-year deaths M/F sex ratio

Event type Male Female Male Female Infant 1–4 years
Conflict 0.299 0.231 0.249 0.220 1.295 1.132
Natural disaster 0.242 0.242 0.233 0.281 1.000 0.832
Epidemic 0.218 0.160 0.256 0.211 1.360 1.211
Famine 0.306 0.312 0.177 0.203 0.979 0.875

Table A13: Estimated age-sex fractions for infant and 1–4-year deaths

Table A14: Data availability for under-five crisis deaths, by event type

Event type* All data Group 3 Group 1

Conflict 19 12 7
Conflict: civilian 3 0 3
Earthquake 6 4 2
Epidemic 19 15 4
Famine 28 13 15
Flood 2 1 1
Genocide 1 1 0
Tsunami 3 1 2
Total 81 47 34

* Mixed-event types appear twice in the above table

Given the small number of observations, most 
of the sex differences are not statistically 
significant. Estimates for epidemics are based 
on only four studies from 1808, 1831, 1834 
and 1918. Estimates for famine are based on 
15 observations, of which nine are prior to the 
twentieth century and six are from the twentieth 
century. However, there is not much difference 
for famine estimates if early famines (<1900) are 
excluded. These results were used as a ‘prior’ 
distribution to impute sex-specific fractions 
for Group 3 studies for both sexes combined. 
The high sex ratio for infants in epidemics was 
adjusted downwards to 1.36 based on the 
average ratio of infant/child sex ratios of 1.115. 
With the inclusion of Group 3 data for under-five 
crisis deaths, there were 47 events, as shown in 
Table A14. 

Note the data are extremely sparse for most 
event types, particularly when it comes to sex-
specific data. Two outlier observations from 

Turpeinen16 for famine and epidemic in the 
1830s have an infant fraction of 1. These two 
observations were dropped as implausibly high.

Estimation of full age-sex fractions of under-
five crisis deaths

Sex-specific estimates of the neonatal fraction of 
infant deaths from 1,000 bootstrap samples were 
randomly paired with estimates of the infant and 
1–4-year fractions of under-five deaths to produce 
estimates with 95 per cent uncertainty ranges 
of age-sex specific fractions of under-five crisis 
deaths for neonatal, postneonatal and 1–4-year 
age groups. 

Estimation for all age groups to 75+ with more 
detailed under-five breakdown

The under-five fractions of total crisis deaths 
estimated in section 5 for 1,000 bootstrap 
samples were randomly paired with sex-specific 
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estimates of the neonatal, infant and 1–4-
year fractions of under-five deaths to produce 
estimates with 90 per cent uncertainty ranges of 
age-sex specific fractions for the complete set of 
age groups – neonatal, postneonatal, 1–4 years, 
5–9 years, … 70–74 years, 75+ years.

The full age patterns contained a trough for the 
age group 1–4 years followed by a peak in 5–9 
years for three event types: cyclone, earthquake 
and genocide. This pattern results from the 
analysis strategy of estimating the detailed under-

five age patterns separately using a different set 
of studies with relevant age groups and then 
nesting it within the broader five-year age group 
pattern. The age patterns for these three event 
types were further smoothed by replacing the 
5–9-year death rate by an average of the death 
rates for age groups 0–4, 5–9 and 10–14 years. 
For earthquakes, this did not sufficiently remove 
the discontinuity in the age pattern, and the 5–9-
year death rate was simply reduced by 10 per 
cent. The smoothed age patterns for these three 
event types are shown in Figure A4. 

Figure A4: Event types with additional smoothing for child age groups (revised version on right)
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7. Results

Table A15: Estimated relative risks of crisis mortality, by age, sex, crisis type

Age-specific death rates given total crisis death rate of 1 per 1,000 population

Event 
type Age

Male
90% un-
certainty 
range

90% un-
certainty 
range

Female
90% un-
certainty 
range

90% un-
certainty 
range

Both 
sexes

90% un-
certainty 
range

90% un-
certainty 
range

Conflict 0-4 1.28 0.96 1.59 1.29 0.85 1.70 1.29 0.93 1.61

Neonatal 5.10 1.45 10.25 4.59 1.21 9.66 4.85 1.36 9.91

Postneonatal 2.41 1.59 3.31 2.16 1.30 3.09 2.29 1.47 3.16

Infant 2.63 1.85 3.47 2.36 1.44 3.27 2.50 1.68 3.36

1-4 0.92 0.68 1.20 1.01 0.65 1.37 0.97 0.69 1.27

5 0.39 0.22 0.55 0.44 0.20 0.71 0.41 0.21 0.63

10 0.23 0.17 0.28 0.17 0.12 0.23 0.20 0.15 0.25

15 0.80 0.59 1.06 0.16 0.12 0.22 0.48 0.37 0.61

20 1.75 1.27 2.34 0.21 0.16 0.27 0.97 0.74 1.28

25 1.75 1.30 2.31 0.25 0.19 0.32 1.00 0.77 1.28

30 1.47 1.08 1.94 0.25 0.19 0.34 0.86 0.67 1.09

35 1.46 1.10 1.89 0.29 0.21 0.41 0.88 0.69 1.09

40 1.40 1.12 1.73 0.41 0.28 0.59 0.90 0.73 1.11

45 1.48 1.26 1.77 0.54 0.36 0.77 1.01 0.84 1.22

50 1.60 1.41 1.86 0.64 0.40 0.92 1.12 0.94 1.34

55 1.91 1.66 2.26 0.82 0.53 1.15 1.37 1.13 1.65

60 2.21 1.80 2.72 1.21 0.77 1.74 1.71 1.32 2.19

65 2.75 2.09 3.53 1.86 1.19 2.67 2.31 1.69 3.07

70 3.41 2.48 4.49 2.72 1.75 3.94 3.07 2.18 4.21

75+ 4.32 3.10 5.61 3.74 2.38 5.29 4.03 2.81 5.45

All ages 1.38 1.26 1.52 0.62 0.48 0.74 1.00 1.00 1.00

Conflict: 
combatant

0-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Neonatal 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Postneonatal 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Infant 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

10 0.01 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.01

15 1.28 1.08 1.45 0.04 0.00 0.10 0.66 0.59 0.73

20 3.94 3.21 4.85 0.09 0.09 0.26 2.06 1.61 2.61

25 3.82 3.23 4.56 0.09 0.01 0.09 1.92 1.62 2.29

30 3.27 2.77 3.90 0.11 0.00 0.23 1.69 1.39 2.06

35 2.81 2.58 3.11 0.16 0.00 0.34 1.48 1.29 1.72

40 2.44 2.17 2.74 0.28 0.27 0.48 1.34 1.17 1.54

45 2.31 1.64 2.66 0.25 0.12 0.24 1.30 1.01 1.44

50 2.02 1.30 2.63 0.23 0.00 0.48 1.12 0.89 1.40

55 2.22 1.05 3.21 0.20 0.00 0.42 1.21 0.74 1.61

60 2.07 0.44 3.43 0.09 0.00 0.20 1.08 0.32 1.72

65 2.30 0.30 3.97 0.07 0.00 0.15 1.19 0.23 1.99

70 2.55 0.11 4.59 0.04 0.00 0.08 1.30 0.09 2.30

75+ 3.20 0.14 5.74 0.05 0.00 0.10 1.62 0.12 2.87

All ages 1.91 1.79 2.00 0.09 0.00 0.21 1.00 1.00 1.00



46

Table A15 (continued): Estimated relative risks of crisis mortality, by age, sex, crisis type

Age-specific death rates given total crisis death rate of 1 per 1,000 population

Event 
type Age

Male
90% un-
certainty 
range

90% un-
certainty 
range

Female
90% un-
certainty 
range

90% un-
certainty 
range

Both 
sexes

90% un-
certainty 
range

90% un-
certainty 
range

Cyclone 0-4 2.10 2.01 2.17 2.22 1.97 2.42 2.16 2.03 2.29

Neonatal 5.02 0.41 13.79 5.03 0.38 13.55 5.03 0.40 13.88

Postneonatal 3.91 3.13 4.50 3.91 3.08 4.71 3.91 3.17 4.55

Infant 4.00 3.69 4.24 4.00 3.55 4.38 4.00 3.73 4.28

1-4 1.60 1.43 1.75 1.75 1.55 1.92 1.67 1.54 1.80

5 1.41 1.22 1.61 1.51 1.39 1.66 1.46 1.40 1.51

10 0.69 0.68 0.69 0.79 0.77 0.81 0.74 0.73 0.75

15 0.40 0.16 0.66 0.52 0.33 0.72 0.46 0.25 0.68

20 0.22 0.12 0.32 0.52 0.37 0.66 0.37 0.26 0.49

25 0.17 0.12 0.23 0.65 0.43 0.78 0.41 0.30 0.48

30 0.20 0.15 0.27 0.80 0.71 0.93 0.50 0.48 0.57

35 0.24 0.20 0.32 0.95 0.87 1.07 0.60 0.59 0.64

40 0.30 0.23 0.40 1.06 0.98 1.20 0.68 0.68 0.73

45 0.36 0.23 0.51 1.17 1.05 1.36 0.76 0.76 0.81

50 0.45 0.27 0.65 1.31 1.12 1.59 0.88 0.83 0.95

55 0.59 0.40 0.79 1.55 1.25 1.93 1.07 1.00 1.19

60 0.76 0.60 0.95 1.81 1.42 2.27 1.29 1.14 1.49

65 0.93 0.72 1.16 2.19 1.73 2.71 1.56 1.33 1.87

70 1.10 0.75 1.48 2.69 2.19 3.22 1.90 1.58 2.33

75+ 1.36 0.72 1.89 3.43 2.79 3.89 2.39 1.92 2.89

All ages 0.75 0.73 0.77 1.25 1.23 1.27 1.00 1.00 1.00

Earthquake 0-4 1.18 1.00 1.36 1.10 0.92 1.29 1.14 0.97 1.32

Neonatal 3.12 0.23 8.13 3.02 0.22 7.98 3.07 0.22 8.10

Postneonatal 2.41 1.64 3.27 2.33 1.60 3.17 2.37 1.63 3.23

Infant 2.54 1.80 3.32 2.54 1.80 3.39 2.54 1.79 3.34

1-4 0.95 0.69 1.25 1.02 0.76 1.32 0.98 0.73 1.28

5 0.78 0.66 0.89 1.02 0.87 1.17 0.90 0.79 1.00

10 0.65 0.55 0.75 0.88 0.74 1.03 0.76 0.67 0.86

15 0.56 0.49 0.64 0.81 0.69 0.92 0.68 0.60 0.77

20 0.56 0.48 0.66 0.79 0.69 0.90 0.68 0.59 0.77

25 0.57 0.49 0.69 0.80 0.72 0.93 0.69 0.61 0.79

30 0.63 0.54 0.77 0.86 0.79 0.99 0.75 0.67 0.86

35 0.68 0.51 0.84 0.87 0.80 1.00 0.78 0.65 0.90

40 0.77 0.66 0.94 0.93 0.84 1.08 0.85 0.76 0.99

45 0.91 0.78 1.10 1.02 0.83 1.22 0.96 0.86 1.13

50 1.10 0.87 1.30 1.20 1.01 1.49 1.15 1.01 1.37

55 1.34 1.16 1.57 1.39 1.13 1.76 1.36 1.17 1.63

60 1.60 1.37 1.89 1.72 1.34 2.22 1.66 1.37 2.02

65 1.95 1.61 2.36 2.15 1.62 2.79 2.05 1.64 2.55

70 2.31 1.89 2.83 3.23 2.38 4.24 2.77 2.16 3.48

75+ 3.25 2.42 4.12 3.21 2.27 4.12 3.23 2.37 4.11

All ages 0.91 0.87 0.95 1.09 1.05 1.13 1.00 1.00 1.00
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Table A15 (continued): Estimated relative risks of crisis mortality, by age, sex, crisis type

Age-specific death rates given total crisis death rate of 1 per 1,000 population

Event 
type Age

Male
90% un-
certainty 
range

90% un-
certainty 
range

Female
90% un-
certainty 
range

90% un-
certainty 
range

Both 
sexes

90% un-
certainty 
range

90% un-
certainty 
range

Epidemics 0-4 1.72 0.93 2.49 1.72 0.74 2.80 1.72 0.85 2.65

Neonatal 3.56 0.22 10.27 3.24 0.16 10.05 3.42 0.19 10.22

Postneonatal 2.76 1.37 4.33 2.51 0.99 4.35 2.65 1.20 4.38

Infant 2.82 1.45 4.33 2.57 1.05 4.37 2.71 1.26 4.37

1-4 1.43 0.76 2.10 1.50 0.64 2.44 1.46 0.70 2.25

5 0.60 0.51 0.70 0.73 0.52 0.90 0.66 0.53 0.77

10 0.40 0.30 0.54 0.55 0.45 0.64 0.48 0.41 0.57

15 0.51 0.34 0.72 0.55 0.39 0.75 0.53 0.36 0.73

20 0.62 0.42 0.85 0.68 0.56 0.84 0.65 0.49 0.84

25 0.74 0.47 0.98 0.74 0.61 0.95 0.74 0.55 0.96

30 0.85 0.54 1.13 0.81 0.61 1.08 0.83 0.57 1.10

35 0.96 0.64 1.22 0.86 0.62 1.18 0.91 0.63 1.20

40 1.05 0.77 1.28 0.92 0.67 1.25 0.99 0.72 1.26

45 1.17 0.92 1.37 0.99 0.72 1.34 1.08 0.82 1.35

50 1.28 1.03 1.48 1.05 0.75 1.42 1.16 0.89 1.45

55 1.56 1.14 1.93 1.13 0.79 1.56 1.34 0.99 1.70

60 2.03 1.29 2.70 1.29 0.93 1.77 1.65 1.18 2.11

65 2.44 1.36 3.44 1.70 1.21 2.36 2.06 1.44 2.63

70 2.22 1.17 4.07 2.43 1.54 3.59 2.33 1.63 2.96

75+ 1.30 0.70 1.94 3.54 1.86 5.41 2.42 1.71 3.08

All ages 1.00 0.98 1.02 1.00 0.98 1.02 1.00 1.00 1.00

Famine 0-4 3.28 1.90 4.62 3.43 1.94 4.81 3.35 1.92 4.71

Neonatal 11.70 0.76 31.66 11.54 0.75 31.14 11.61 0.76 31.35

Postneonatal 9.14 4.87 13.68 9.02 4.88 13.30 9.07 4.85 13.43

Infant 9.35 5.29 13.65 9.23 5.15 13.18 9.28 5.22 13.36

1-4 1.68 0.90 2.58 1.91 1.03 2.81 1.79 0.98 2.70

5 0.76 0.63 0.92 0.73 0.60 0.88 0.74 0.62 0.90

10 0.48 0.36 0.58 0.46 0.34 0.56 0.47 0.35 0.57

15 0.26 0.16 0.37 0.23 0.15 0.34 0.25 0.16 0.35

20 0.29 0.19 0.40 0.25 0.16 0.35 0.27 0.18 0.37

25 0.32 0.22 0.46 0.26 0.18 0.40 0.29 0.20 0.42

30 0.38 0.27 0.56 0.30 0.20 0.44 0.34 0.24 0.50

35 0.48 0.34 0.70 0.36 0.24 0.52 0.42 0.29 0.61

40 0.61 0.42 0.89 0.44 0.30 0.64 0.52 0.36 0.76

45 0.79 0.54 1.16 0.56 0.38 0.81 0.67 0.46 0.98

50 1.01 0.69 1.49 0.76 0.52 1.10 0.88 0.61 1.29

55 1.31 0.94 1.89 1.03 0.74 1.48 1.17 0.85 1.67

60 1.75 1.35 2.43 1.49 1.14 2.06 1.62 1.26 2.23

65 2.42 1.98 3.25 2.07 1.70 2.76 2.24 1.86 2.98

70 3.35 2.77 4.52 2.82 2.39 3.71 3.09 2.59 4.09

75+ 4.73 3.62 6.13 3.86 3.09 4.75 4.29 3.37 5.41

All ages 1.05 1.02 1.09 0.95 0.91 0.98 1.00 1.00 1.00
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Table A15 (continued): Estimated relative risks of crisis mortality, by age, sex, crisis type

Age-specific death rates given total crisis death rate of 1 per 1,000 population

Event 
type Age

Male
90% un-
certainty 
range

90% un-
certainty 
range

Female
90% un-
certainty 
range

90% un-
certainty 
range

Both 
sexes

90% un-
certainty 
range

90% un-
certainty 
range

Flood 0-4 3.04 1.01 5.21 3.85 1.30 6.54 3.45 1.16 5.88

Neonatal 12.39 0.59 37.07 14.17 0.66 42.71 13.28 0.64 40.06

Postneonatal 9.74 3.03 16.95 11.12 3.49 19.38 10.43 3.24 18.18

Infant 10.67 3.54 18.32 10.67 3.59 18.13 10.67 3.59 18.26

1-4 1.43 0.47 2.46 1.66 0.56 2.82 1.55 0.51 2.66

5 0.68 0.52 0.82 0.69 0.48 0.91 0.68 0.51 0.85

10 0.35 0.17 0.61 0.33 0.17 0.56 0.35 0.18 0.60

15 0.33 0.15 0.60 0.26 0.11 0.49 0.33 0.15 0.60

20 0.47 0.24 0.82 0.25 0.11 0.45 0.36 0.18 0.63

25 0.50 0.26 0.91 0.22 0.11 0.43 0.36 0.19 0.67

30 0.55 0.28 1.01 0.22 0.11 0.43 0.38 0.20 0.73

35 0.63 0.32 1.13 0.25 0.13 0.48 0.44 0.23 0.81

40 0.75 0.38 1.30 0.32 0.17 0.57 0.54 0.28 0.94

45 0.94 0.50 1.53 0.43 0.23 0.72 0.68 0.37 1.12

50 1.11 0.60 1.75 0.55 0.30 0.90 0.83 0.46 1.32

55 1.37 0.72 2.16 0.78 0.40 1.28 1.07 0.57 1.71

60 1.76 0.89 2.82 1.16 0.56 1.96 1.46 0.74 2.38

65 2.43 1.17 3.96 1.80 0.83 3.11 2.12 1.01 3.53

70 3.32 1.56 5.43 2.63 1.21 4.57 2.99 1.40 5.00

75+ 4.54 2.04 7.13 3.93 1.65 6.24 4.24 1.86 6.70

All ages 1.09 1.00 1.21 0.91 0.79 1.00 1.00 1.00 1.00

Genocide 0-4 0.77 0.51 1.02 0.62 0.48 0.83 0.69 0.49 0.93

Neonatal 0.90 0.55 1.24 0.90 0.64 1.19 0.90 0.60 1.20

Postneonatal 0.77 0.47 1.06 0.77 0.54 1.02 0.77 0.51 1.03

Infant 0.78 0.48 1.07 0.78 0.55 1.03 0.78 0.52 1.04

1-4 0.76 0.46 1.08 0.58 0.41 0.80 0.67 0.44 0.94

5 0.79 0.52 1.01 0.64 0.54 0.75 0.75 0.56 0.93

10 0.81 0.53 1.10 0.65 0.62 0.68 0.81 0.65 0.99

15 0.87 0.68 1.10 0.69 0.59 0.79 0.87 0.80 0.99

20 1.21 1.03 1.42 0.69 0.53 0.88 0.95 0.81 1.07

25 1.39 1.11 1.78 0.84 0.55 1.14 1.12 0.83 1.37

30 1.39 1.12 1.75 0.89 0.61 1.21 1.14 0.92 1.36

35 1.55 1.19 1.98 1.01 0.58 1.42 1.28 1.05 1.54

40 1.31 1.09 1.60 0.98 0.73 1.24 1.15 0.96 1.35

45 1.25 1.08 1.49 0.99 0.76 1.21 1.12 0.95 1.31

50 1.17 1.03 1.37 0.98 0.74 1.23 1.08 0.89 1.28

55 1.15 0.99 1.36 0.98 0.70 1.26 1.06 0.85 1.31

60 1.11 0.90 1.35 0.93 0.64 1.23 1.02 0.77 1.29

65 1.20 0.92 1.52 0.95 0.67 1.23 1.07 0.80 1.37

70 1.47 0.79 1.98 1.10 0.59 1.41 1.28 0.69 1.70

75+ 2.00 1.24 2.77 1.43 1.04 1.82 1.71 1.14 2.30

All ages 1.18 1.08 1.29 0.82 0.71 0.92 1.00 1.00 1.00
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Age-specific death rates given total crisis death rate of 1 per 1,000 population

Event 
type Age

Male
90% un-
certainty 
range

90% un-
certainty 
range

Female
90% un-
certainty 
range

90% un-
certainty 
range

Both 
sexes

90% un-
certainty 
range

90% un-
certainty 
range

Tsunami 0-4 1.46 0.85 2.00 1.73 0.90 2.51 1.59 0.87 2.26

Neonatal 3.40 0.20 9.76 3.59 0.20 10.50 3.50 0.20 10.14

Postneonatal 2.64 1.12 4.38 2.79 1.10 4.71 2.72 1.12 4.56

Infant 2.70 1.15 4.37 2.86 1.10 4.77 2.78 1.15 4.58

1-4 1.13 0.61 1.73 1.43 0.72 2.21 1.28 0.67 1.97

5 0.96 0.71 1.16 1.11 0.77 1.38 1.03 0.74 1.27

10 0.64 0.59 0.70 0.76 0.63 0.87 0.70 0.63 0.75

15 0.52 0.42 0.64 0.75 0.67 0.87 0.64 0.56 0.74

20 0.56 0.42 0.74 0.65 0.48 0.83 0.61 0.46 0.77

25 0.57 0.44 0.90 0.69 0.54 0.87 0.63 0.50 0.79

30 0.62 0.47 0.80 0.81 0.68 0.96 0.72 0.61 0.85

35 0.64 0.50 0.83 0.94 0.82 1.07 0.79 0.70 0.91

40 0.69 0.55 0.87 1.07 0.95 1.21 0.88 0.79 1.00

45 0.81 0.66 0.99 1.21 1.09 1.37 1.01 0.82 1.15

50 0.99 0.84 1.17 1.38 1.25 1.56 1.18 1.07 1.35

55 1.17 1.00 1.39 1.52 1.35 1.76 1.34 1.19 1.56

60 1.41 1.18 1.76 1.68 1.42 2.06 1.55 1.31 1.90

65 1.69 1.33 2.22 1.84 1.46 2.40 1.76 1.40 2.30

70 2.36 1.80 3.21 2.42 1.82 3.34 2.39 1.82 3.27

75+ 2.45 1.86 3.31 2.11 1.57 2.87 2.28 1.72 3.09

All ages 0.89 0.85 0.95 1.11 1.05 1.15 1.00 1.00 1.00

Table A15 (continued): Estimated relative risks of crisis mortality, by age, sex, crisis type
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The United Nations Inter-agency Group for Child Mortality Estimation (UN IGME) was 
formed in 2004 to share data on child mortality, improve methods for child mortality 
estimation, report on progress towards child survival goals and enhance country 
capacity to produce timely and properly assessed estimates of child mortality. The 
UN IGME is led by the United Nations Children’s Fund and includes the World Health 
Organization, the World Bank Group and the United Nations Department of Economic 
and Social Affairs, Population Division, as full members. 

The UN IGME’s independent Technical Advisory Group, comprising leading academic 
scholars and independent experts in demography and biostatistics, provides technical 
guidance on estimation methods, technical issues and strategies for data analysis and 
data quality assessment. The UN IGME updates its child mortality estimates annually 
after reviewing newly available data and assessing data quality. Country-specific 
estimates and the data used to derive them are available at <www.childmortality.org>. 
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