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Introduction
Population forecasts and scenarios are an important 
planning and risk management tool for governments, 
businesses, non-governmental organisations, and indivi-
duals. Governments need short-term and mid-term 
scenarios to estimate need for schools, hospitals, and other 
public services; to help inform infrastructure investments 
with long-term benefits; to plan for the necessary skills 

and knowledge for the future workforce; and to invest 
wisely in health research and development resources. 
Governments need long-term scenarios to understand 
potential environmental, military, geopolitical, and other 
risks and to implement prevention or mitigation 
strategies. Population scenarios are equally important for 
businesses that are engaged in investments with long-
term returns, such as those in the pharmaceutical industry 

Research in context

Evidence before this study
Global population projections have been produced by the 
Population Division of the Department of Economic and Social 
Affairs of the UN Secretariat (UNPD) since the 1950s. For many 
years, UNPD used a deterministic model for fertility, mortality, 
and migration. Structural scenarios were also computed by 
assuming a fixed difference of 0·5 children in the total fertility 
rate (TFR) in each time period and country. Beginning in 2010, 
UNPD adopted a statistical model for the TFR and life 
expectancy as functions of calendar year and a deterministic 
model for migration. This blend of statistical models for two of 
the components of population growth has been used to 
generate uncertainty intervals (UIs). In fitting their global 
model for low fertility recovery, UNPD has excluded countries 
with sustained low fertility such as Thailand, South Korea, 
Canada, and Greece. Estimated in this way, the UNPD predicts 
TFRs will rebound to approximately 1·75 in all countries with 
TFR lower than the replacement level (<2·1).

Since the 1990s, the International Institute for Applied Systems 
Analysis–Wittgenstein Centre has generated alternative 
population projections. The Wittgenstein Centre fertility forecasts 
are a blend of expert opinions about future fertility patterns and 
statistical modelling. For low-fertility countries, they assume that 
the TFR will converge to 1·75 in the year 2200. Expert judgment is 
also used by the Wittgenstein Centre to set assumptions of future 
mortality, migration, and education that are combined with 
statistical modelling to produce future population scenarios. 
Their hybrid approach does not generate UIs for population 
projections. By accounting for educational attainment in the 
qualitative assessment, Wittgenstein predicts much faster 
declines in the TFR in sub-Saharan Africa than those by UNPD.

Added value of this study
In our study, we improved on UNPD and Wittgenstein forecasts 
in seven important ways. First, we modelled completed cohort 
fertility at age 50 years (CCF50) rather than the TFR. CCF50 is 
much less affected by the delay of childbearing that occurs as 
females become more educated, which leads the period 
measure of the TFR to initially decline to low levels and then 
increase. By contrast, completed cohort fertility rarely increases, 
making the modelling of CCF50 much more stable. Second, 
we modelled CCF50 as a function of educational attainment 
and contraceptive met need. These two variables alone account 
for 80·5% of the variance in CCF50 over time and location. 
Third, we used the causal model to explore the effect of faster or 

slower than expected changes in educational attainment and 
contraceptive met need. These scenarios, unlike structural 
scenarios, can provide direct guidance to policy debates on the 
impact of faster or slower scale-up of educational attainment or 
access to reproductive health services. Fourth, we leveraged the 
previously published future health scenarios model for cause-
specific and all-cause mortality; this model also allows the 
effect of faster scale-up of educational attainment on mortality 
to be captured. Fifth, rather than assume deterministic patterns 
of migration, we fitted a time-series model with covariates 
(Socio-demographic Index, crude population growth rate, 
and deaths from war and natural disasters) to national net 
migration rates. By making explicit the pathways through 
which fertility, mortality, and migration patterns can change, 
our model is able to identify where future time trends might be 
different from past trends. Sixth, uncertainty in all three 
components (fertility, mortality, and migration) were 
propagated into the uncertainty distributions for each country 
and territory in each year. Seventh, we traced the changes in age 
structure expected in the reference and alternative scenarios on 
total gross domestic product (GDP) using previously published 
forecasts of GDP per adult of working age.

Implications of all the available evidence
Our reference forecast of the global population in 2100 was lower 
than the Wittgenstein Centre forecast and much lower than the 
UNPD forecast. Our findings suggest that, because of progress in 
female educational attainment and access to contraception 
contributing to declining fertility rates, continued global 
population growth through the century is no longer the most 
likely trajectory for the world’s population. By contrast, world 
population might peak just after mid-century and substantially 
decline by 2100. The difference in population forecasts between 
our reference scenario and the UNPD forecasts is a third due to 
faster declines in sub-Saharan African fertility and two thirds due 
to the lower level of TFR expected in populations with fertility 
lower than the replacement level, especially China and India. 
Our findings show that some countries with fertility lower than 
replacement level, such as the USA, Australia, and Canada, 
will probably maintain their working-age populations through 
net immigration. Our forecasts for a shrinking global population 
have positive implications for the environment, climate change, 
and food production, but possible negative implications for 
labour forces, economic growth, and social support systems in 
parts of the world with the greatest fertility declines.
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forecasting framework was reported pre viously.22 
Uncertainty in past data inputs, covariate and health 
driver forecasts, and estimated model parameters 
were propagated by combining draw-level data from 
GBD 2017 with draws from the forecast-generating 
model incorporating, when feasible, parameter draws 
from estimated sampling or posterior distributions. This 
approach captures uncertainty in each modelling stage 
and propagates it through the entire forecasting frame-
work. Point estimates were computed as the mean of 
1000 draws from the corresponding draw distribution 
and 95% UIs were computed with use of the 2·5 and 
97·5 percentiles.

Mortality 
We used the mortality model previously published by 
Foreman and colleagues,22 and extended it to 2100 with 
slight modifications. Briefly, the cause-specific model 
included three components: the underlying mortality, 
modelled as a function of the Socio-demographic Index 
(SDI), time, and additional cause-specific covariates 
where appropriate; a risk factor scalar that captured the 
combined risk factor effects for specific causes, based on 
the GBD 2017 cause-risk hierarchy and accounting for 
risk factor mediation;24 and an autoregressive integrated 
moving average (ARIMA) model25 that accounted for 
unexplained residual mortality.

To accommodate long-range forecasts, we removed the 
spline on SDI and used a random walk with attenuated 

drift for the ARIMA model. Foreman and colleagues 
found that our mortality model had better out-of-sample 
predictive validity than the most widely used demographic 
forecasting model.22 The method used to develop 
reference scenario values for each of the independent 
drivers in the mortality model was not modified from 
Foreman and colleagues.22

Fertility
Modelling CCF50 versus TFR
Previous forecasting studies have forecasted TFR and 
then used assumed age patterns of fertility to estimate 
age-specific fertility rates.15,22,26 Forecasting declines in 
fertility when a nation has a TFR higher than the replace-
ment level is fairly straightforward given the strong 
relationship between fertility rates of decline and variables 
such as maternal education and access to reproductive 
health services.3 However, when TFR is lower than the 
replacement level, trends are more complex, with several 
countries showing declines followed by upturns and 
others such as Singapore showing declines followed by 
stagnation at very low levels. Because females tend to 
delay marriage and childbirth as they become more 
educated and enter the labour force, the TFR as a period 
measure often declines and then increases, even though 
completed fertility over the course of a reproductive 
lifespan for any cohort of females is still declining or 
stagnant.

For this reason, we modelled fertility with use of 
CCF50. CCF50 is defined as the average number of 
children born to an individual female from an observed 
birth cohort if she lived to the end of her reproductive 
lifespan (age 15–49 years). An illustration of TFR and 
CCF50 for five countries is shown in appendix 2 
(section 5). These countries were selected to show the 
relative stability of CCF50 and TFR in countries with 
high fertility rates versus those with low fertility rates. 
In countries with low fertility, CCF50 declined or 
remained constant and did not manifest the fluctuating 
pattern seen with TFR. In the period of 1965–2017, in 
countries with fertility lower than replacement level, the 
TFR increased in 29·4% of country-years, whereas the 
CCF50 increased only in 13·9% of country-years.

The CCF50 model
We modelled CCF50 for females in birth cohort c in 
location l, denoted by CCFl,c using the regression model 
given by:

where β0 is an intercept, βmn is a slope on the proportion 
of contraceptive met need, ns(edul,c) represents a natural 
cubic spline applied to average female educational 
attainment, and ηl,c is a residual term modelled by use of 
a random walk (ARIMA(0,1,0)) in logit space (bounded 
between 1 and 10). Our model used the proportion of 

Figure 1: Model fit for CCF50
CCF50-fitted trends are presented as a function of education across varying levels of contraceptive met need. 
Each point represents a single location-year of past data, and they are coloured by GBD 2017 super-regions. 
Education is measured in years of attainment (0–18 years), and contraceptive met need is measured on a scale 
of 0% to 100%, reflecting the portion of the female population whose need for contraception has been met. 
CCF50=completed cohort fertility by age 50 years. GBD=Global Burden of Diseases, Injuries, and Risk Factors Study.
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contraceptive met need (mnl,c) and average educational 
attainment (edul,c) at age 25 years for each cohort and 
location, because we found that this was the most 
relevant age for explaining CCF50.

Figure 1 shows CCF50 plotted against educational 
attainment and contraceptive met need, with the model 
fit shown in both. This model with just two variables 
accounted for 80·5% of the variance in CCF50 across all 
countries over a 48-year period. We also investigated the 
inclusion of urbanicity (defined here as the proportion of 
the population living in an urban area for each location) 
as an additional covariate in the model, but it did not 
provide a substantial improvement to the model fit 
(0·01 increase in the adjusted R²). We developed statistical 
models for age-specific fertility rates within a cohort as a 
function of CCF50. More details on the modelling steps 
are available in appendix 1 (section 5). We also assessed 
the out-of-time predictive validity of our model and 
compared it with alternative statistical models3,27 used by 
UNPD since 2012. Our model has smaller forecast errors 
than those of the alternatives (appendix 2, section 5).

Migration
We modelled net migration rates as a function of SDI, death 
due to conflict and natural disasters, and the difference 
between birth and death rates, as well as a random walk 
with drift attenuation. We used 2017 UN data for past 
migration.28 Details of the model specification are provided 
in appendix 1 (section 7). We should note that migration 
forecasts for each country and territory have large UIs.

Independent drivers
Contraceptive met need and educational attainment 
were modelled by applying location-specific annualised 

rates of change from past years, weighted by recency. 
Details of this model are described in appendix 1 
(section 4), as are details of the models used for 
additional independent drivers in the mortality model. 
Contraceptive met need refers to the proportion of 
women who are using, or whose sexual partner is 
using, a method of modern contraception, from among 
those who are fertile and sexually active and who report 
not wanting children or more children or wanting 
to delay having a child. Met need lower than 100% 
shows a gap between reproductive intentions and 
behaviour.29

Population
Each location’s population was projected separately, 
starting from a mid-year estimate of population in 2017. 
The cohort-component method of projection used weekly 
time steps to align with GBD’s youngest age groups. 
This required disaggregating the initial population into 
1-week age groups for projection.30 Mortality rate, fertility 
rate, and migration were considered constant for each 
age, sex, and location during a calendar year. Additional 
details of the life table calculation are described in 
appendix 1 (section 9).

Alternate scenarios
In addition to the reference scenario, we developed 
four alternative scenarios that reflected faster or slower 
trajectories for two key drivers of fertility rates: education 
of females, and access to modern reproductive health 
services, measured by contraceptive met need.31 The 
slower, faster, and fastest alternate scenarios were derived 
by setting the annualised rate of change for education and 
contraceptive met need to their respective 15th, 85th, 

Figure 2: Global life expectancy in the reference, slower, faster, fastest, and SDG pace scenarios, 1990–2100
The reference scenario is presented with 95% UIs, which are represented by the shaded area. Life expectancy was computed at birth, and values are reported in years. 
Past estimates are from GBD 2017. GBD=Global Burden of Diseases, Injuries, and Risk Factors Study. SDG=Sustainable Development Goal. UI=uncertainty interval.
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Population (millions) Total fertility rate

2017 2100 reference scenario 2100 SDG pace scenario Peak population 
(year)

2017 2100 reference 
scenario

2100 SDG 
pace scenario

Global 7640·47 
(7394·65–7867·14)

8785·55 
(6825·31–11829·48)

6289·42 
(4821·12–8733·4)

9732·92 (2064) 2·37 (2·22–2·55) 1·66 (1·33–2·08) 1·52 (1·15–1·99)

Central Europe, 
eastern Europe, 
and central Asia

415·93 
(395·18–435·49)

324·99 
(217·65–498·18)

248·22 
(171·88–387·22)

417·71 (2023) 1·78 (1·59–1·99) 1·80 (1·25–2·40) 1·58 (1·07–2·23)

Central Asia 90·93 (83·02–99·04) 138·93 (85·13–221·17) 91·14 (54·62–153·13) 138·93 (2100) 2·47 (2·26–2·69) 2·14 (1·5–2·83) 1·89 (1·23–2·65)

Armenia 3·03 (2·7–3·35) 1·78 (0·9–3·83) 1·33 (0·83–2·83) 3·04 (2022) 1·58 (1·44–1·72) 1·43 (0·96–2·51) 1·27 (0·95–2·24)

Azerbaijan 10·23 (8·96–11·43) 8·69 (4·42–17·67) 5·75 (3·6–11·91) 11·46 (2045) 1·96 (1·73–2·23) 1·50 (0·98–2·45) 1·29 (0·96–2·17)

Georgia 3·69 (3·37–4·04) 2·78 (1·39–5·26) 1·85 (1·06–3·56) 3·69 (2017) 2·05 (1·86–2·25) 1·59 (1·01–2·55) 1·38 (0·95–2·25)

Kazakhstan 17·90 (16·48–19·23) 30·28 (17·99–48·62) 23·24 (13·87–38·52) 30·28 (2100) 2·39 (2·16–2·63) 1·97 (1·29–2·8) 1·81 (1·12–2·63)

Kyrgyzstan 6·37 (5·59–7·10) 12·45 (6·11–23·68) 6·03 (2·56–12·97) 12·45 (2100) 2·78 (2·59–2·97) 2·25 (1·4–3·29) 1·67 (1·0–2·67)

Mongolia 3·25 (2·87–3·62) 6·07 (1·78–19·73) 4·41 (1·47–14·43) 6·07 (2100) 2·70 (2·49–2·91) 1·98 (0·98–4·27) 1·81 (0·96–3·96)

Tajikistan 9·24 (8·19–10·25) 23·76 (14·82–34·95) 8·20 (4·47–13·75) 23·76 (2100) 3·55 (3·22–3·87) 2·25 (1·68–2·86) 1·54 (1·03–2·14)

Turkmenistan 4·98 (4·56–5·4) 8·96 (3·49–21·58) 5·94 (2·58–15·39) 8·96 (2100) 2·76 (2·47–3·11) 1·91 (1·01–3·51) 1·66 (0·97–3·19)

Uzbekistan 32·24 (24·56–39·91) 44·18 (23·4–76·27) 34·38 (17·71–60·95) 44·99 (2076) 2·35 (2·14–2·57) 1·89 (1·23–2·65) 1·75 (1·12–2·54)

Central Europe 114·80 (112·04–117·49) 52·30 (39·66–70·26) 44·51 (34·98–59·28) 114·80 (2017) 1·43 (1·29–1·59) 1·35 (1·04–1·74) 1·25 (0·96–1·65)

Albania 2·77 (2·47–3·07) 1·97 (1·41–2·7) 1·32 (1·02–1·81) 2·86 (2031) 1·88 (1·63–2·18) 1·49 (1·08–1·97) 1·17 (0·96–1·55)

Bosnia and 
Herzegovina

3·40 (3·09–3·72) 1·42 (1·13–1·72) 1·19 (0·97–1·45) 3·40 (2017) 1·26 (1·17–1·36) 1·19 (1·0–1·45) 1·09 (0·97–1·31)

Bulgaria 7·05 (6·53–7·58) 2·62 (1·82–3·89) 2·28 (1·71–3·3) 7·05 (2017) 1·47 (1·29–1·67) 1·25 (0·95–1·76) 1·21 (0·94–1·72)

Croatia 4·28 (3·83–4·73) 1·62 (1·27–2·00) 1·22 (1·00–1·48) 4·28 (2017) 1·37 (1·3–1·45) 1·39 (1·13–1·69) 1·15 (0·98–1·37)

Czech Republic 10·59 (10·52–10·67) 6·73 (4·95–9·24) 6·04 (4·67–8·26) 10·60 (2020) 1·58 (1·45–1·73) 1·37 (0·99–1·87) 1·31 (0·96–1·82)

Hungary 9·73 (8·74–10·79) 5·20 (3·62–7·99) 4·53 (3·40–6·82) 9·73 (2017) 1·43 (1·26–1·61) 1·38 (0·98–2·01) 1·25 (0·95–1·86)

Montenegro 0·63 (0·56–0·69) 0·44 (0·38–0·52) 0·30 (0·25–0·34) 0·63 (2022) 1·67 (1·59–1·76) 1·62 (1·42–1·82) 1·18 (1·03–1·34)

North 
Macedonia

2·17 (1·82–2·52) 1·27 (1·07–1·51) 0·92 (0·8–1·09) 2·19 (2024) 1·51 (1·41–1·61) 1·39 (1·2–1·62) 1·11 (0·97–1·3)

Poland 38·39 (38·12–38·67) 15·42 (11·67–20·66) 13·66 (10·87–18·07) 38·39 (2017) 1·31 (1·16–1·48) 1·17 (0·96–1·55) 1·14 (0·96–1·5)

Romania 19·43 (17·34–21·55) 7·77 (5·02–13·3) 6·60 (4·62–11·17) 19·43 (2017) 1·56 (1·4–1·74) 1·28 (0·92–2·0) 1·24 (0·93–1·93)

Serbia 8·87 (7·85–9·84) 4·14 (3·31–5·14) 3·18 (2·64–3·85) 8·87 (2017) 1·37 (1·21–1·56) 1·34 (1·09–1·62) 1·13 (0·96–1·36)

Slovakia 5·42 (5·01–5·82) 2·56 (1·93–3·47) 2·29 (1·80–3·08) 5·42 (2018) 1·39 (1·23–1·58) 1·30 (0·99–1·70) 1·24 (0·97–1·65)

Slovenia 2·07 (2·05–2·09) 1·15 (0·89–1·50) 0·99 (0·79–1·28) 2·07 (2018) 1·52 (1·39–1·66) 1·36 (1·04–1·77) 1·26 (0·98–1·62)

Eastern Europe 210·20 (192·44–228·28) 133·75 (81·62–226·07) 112·57 (73·79–190·72) 210·20 (2017) 1·55 (1·35–1·79) 1·45 (0·94–2·25) 1·34 (0·88–2·14)

Belarus 9·49 (8·37–10·56) 5·53 (3·72–8·89) 4·91 (3·46–7·84) 9·49 (2017) 1·57 (1·4–1·78) 1·40 (0·99–2·08) 1·34 (0·96–1·96)

Estonia 1·31 (1·3–1·33) 0·82 (0·56–1·24) 0·70 (0·49–1·04) 1·31 (2017) 1·57 (1·38–1·79) 1·48 (1·0–2·13) 1·36 (0·96–2·02)

Latvia 1·95 (1·93–1·96) 0·43 (0·22–0·77) 0·34 (0·17–0·66) 1·95 (2017) 1·58 (1·39–1·79) 1·37 (0·96–2·03) 1·31 (0·93–1·92)

Lithuania 2·85 (2·83–2·87) 1·47 (0·92–2·33) 1·24 (0·85–2·01) 2·85 (2017) 1·62 (1·44–1·82) 1·44 (0·99–2·16) 1·37 (0·96–2·07)

Moldova 3·72 (3·15–4·28) 1·51 (0·94–2·51) 1·27 (0·88–2·0) 3·72 (2017) 1·31 (1·16–1·49) 1·32 (0·97–1·96) 1·19 (0·94–1·8)

Russia 146·19 (129·8–162·59) 106·45 (66·58–178·81) 89·37 (59·76–155·49) 146·19 (2017) 1·61 (1·39–1·85) 1·43 (0·96–2·23) 1·32 (0·92–2·12)

Ukraine 44·69 (37·16–51·85) 17·55 (11·25–28·24) 14·74 (10·32–22·82) 44·69 (2017) 1·40 (1·22–1·61) 1·32 (0·96–1·92) 1·20 (0·94–1·77)

High income 1074·89 
(1033·31–1116·72)

956·89 
(763·16–1215·89)

827·90 
(667·17–1052·54)

1135·08 
(2041)

1·67 
(1·52–1·84)

1·59 
(1·25–1·98)

1·45 
(1·12–1·83)

Australasia 28·39 (26·43–30·17) 42·35 (31·04–58·1) 36·02 (26·53–48·89) 42·39 (2096) 1·89 (1·71–2·09) 1·71 (1·22–2·29) 1·55 (1·07–2·11)

Australia 23·94 (22·09–25·64) 36·34 (26·99–49·76) 31·06 (23·32–41·75) 36·38 (2096) 1·86 (1·65–2·09) 1·69 (1·19–2·26) 1·52 (1·06–2·07)

New Zealand 4·45 (4·04–4·85) 6·01 (3·82–9·5) 4·97 (3·31–8·06) 6·01 (2095) 2·10 (1·92–2·32) 1·71 (1·07–2·54) 1·56 (1·01–2·4)

High-income 
Asia Pacific

187·03 (175·66–198·89) 93·70 (69·78–137·27) 84·10 (66·98–121·59) 187·03 (2017) 1·30 (1·15–1·47) 1·33 (0·95–1·97) 1·23 (0·91–1·82)

Brunei 0·43 (0·39–0·48) 0·42 (0·25–0·68) 0·30 (0·2–0·48) 0·53 (2050) 1·88 (1·74–2·03) 1·67 (1·06–2·44) 1·37 (0·99–2·06)

Japan 128·36 (118·33–139·14) 59·72 (42·89–91·91) 52·69 (42·12–79·96) 128·36 (2017) 1·33 (1·11–1·59) 1·32 (0·96–2·03) 1·20 (0·95–1·85)

Singapore 5·57 (4·91–6·19) 6·78 (5·4–9·68) 6·39 (5·23–9·04) 8·04 (2062) 1·26 (1·05–1·52) 1·27 (0·91–1·99) 1·22 (0·89–1·95)

South Korea 52·67 (48·44–56·79) 26·78 (20·94–36·35) 24·72 (20·26–32·79) 54·29 (2031) 1·24 (1·18–1·30) 1·24 (0·94–1·78) 1·20 (0·92–1·68)

(Table continues on next page)
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Population (millions) Total fertility rate

2017 2100 reference scenario 2100 SDG pace scenario Peak population 
(year)

2017 2100 reference 
scenario

2100 SDG pace 
scenario

(Continued from previous page)

High-income 
North America

360·88 (324·22–398·6) 379·95 (282·96–509·77) 322·69 (244·94–432·12) 408·40 (2064) 1·79 (1·65–1·95) 1·54 (1·13–2·03) 1·40 (1·03–1·86)

Canada 35·98 (33·29–38·59) 44·09 (36·8–53·16) 37·06 (32·09–43·28) 45·17 (2078) 1·66 (1·42–1·94) 1·58 (1·29–1·90) 1·37 (1·12–1·64)

Greenland 0·06 (0·06–0·06) 0·05 (0·03–0·07) 0·03 (0·02–0·05) 0·06 (2039) 2·02 (1·79–2·26) 1·52 (1·08–2·06) 1·29 (0·99–1·79)

USA 324·84 (288·6–362·83) 335·81 (247·53–456·32) 285·59 (215·82–385·94) 363·75 (2062) 1·81 (1·68–1·95) 1·53 (1·1–2·02) 1·40 (1·02–1·86)

Southern 
Latin America

65·61 (60·27–70·62) 66·50 (46·02–93·09) 55·32 (38·37–78·46) 78·02 (2057) 2·06 (1·9–2·25) 1·58 (1·14–2·06) 1·48 (1·05–1·98)

Argentina 44·27 (39·11–49·25) 48·27 (31·99–70·54) 39·62 (26·4–57·99) 54·59 (2062) 2·17 (2·02–2·33) 1·62 (1·14–2·13) 1·51 (1·04–2·06)

Chile 17·92 (16·67–19·08) 15·52 (11·73–20·64) 13·43 (10·59–17·41) 20·29 (2046) 1·81 (1·59–2·06) 1·37 (1·04–1·78) 1·29 (1·01–1·68)

Uruguay 3·42 (3·06–3·77) 2·71 (2·07–3·51) 2·27 (1·77–2·92) 3·60 (2042) 1·97 (1·72–2·27) 1·44 (1·16–1·76) 1·37 (1·08–1·70)

Western Europe 432·97 (420·94–445·9) 374·39 (303·66–465·27) 329·75 (270·49–410·49) 447·92 (2038) 1·59 (1·43–1·78) 1·64 (1·28–2·05) 1·50 (1·16–1·88)

Andorra 0·08 (0·08–0·08) 0·03 (0·03–0·04) 0·03 (0·03–0·04) 0·08 (2021) 1·20 (1·06–1·35) 1·23 (1·02–1·50) 1·17 (1·0–1·44)

Austria 8·79 (8·73–8·86) 6·58 (5·22–8·37) 6·01 (4·83–7·60) 9·07 (2033) 1·51 (1·38–1·66) 1·37 (1·02–1·76) 1·31 (1·00–1·71)

Belgium 11·32 (11·23–11·41) 13·48 (10·41–17·46) 11·57 (9·08–14·8) 13·63 (2084) 1·69 (1·52–1·87) 1·60 (1·21–2·06) 1·46 (1·05–1·9)

Cyprus 1·26 (1·14–1·39) 0·79 (0·66–1·00) 0·76 (0·64–0·96) 1·37 (2038) 1·01 (0·87–1·17) 1·18 (0·96–1·52) 1·16 (0·95–1·49)

Denmark 5·73 (5·68–5·78) 6·06 (4·17–8·66) 4·88 (3·66–6·96) 6·24 (2071) 1·75 (1·57–1·95) 1·66 (1·08–2·31) 1·39 (0·99–1·98)

Finland 5·52 (5·47–5·56) 5·24 (4·04–6·70) 4·59 (3·61–5·83) 5·73 (2038) 1·64 (1·47–1·83) 1·60 (1·22–2·01) 1·47 (1·1–1·85)

France 65·71 (59·68–71·56) 67·15 (53·33–85·37) 60·13 (47·63–76·53) 70·64 (2046) 1·84 (1·66–2·05) 1·78 (1·42–2·20) 1·65 (1·28–2·07)

Germany 83·29 (74·7–92·02) 66·42 (53·96–80·86) 60·06 (49·98–72·53) 85·08 (2035) 1·39 (1·24–1·57) 1·35 (1·05–1·69) 1·26 (1·0–1·58)

Greece 10·40 (9·3–11·47) 5·48 (4·07–7·64) 4·73 (3·78–6·5) 10·40 (2017) 1·42 (1·27–1·6) 1·29 (0·97–1·82) 1·19 (0·97–1·68)

Iceland 0·34 (0·33–0·34) 0·38 (0·25–0·56) 0·32 (0·21–0·49) 0·40 (2063) 1·83 (1·68–2·00) 1·72 (1·16–2·40) 1·59 (1·04–2·25)

Ireland 4·86 (4·52–5·22) 5·44 (3·76–8·27) 4·82 (3·3–7·29) 5·77 (2057) 1·84 (1·64–2·07) 1·68 (1·1–2·46) 1·57 (1·01–2·32)

Israel 8·95 (7·82–10·12) 24·07 (13·89–41·48) 17·65 (10·4–30·45) 24·07 (2100) 2·90 (2·64–3·19) 2·36 (1·45–3·54) 2·05 (1·19–3·19)

Italy 60·60 (60·15–61·03) 30·54 (24·61–39·44) 27·79 (23·41–35·51) 60·60 (2017) 1·33 (1·18–1·5) 1·23 (0·99–1·64) 1·17 (0·98–1·58)

Luxembourg 0·59 (0·59–0·6) 0·71 (0·57–0·88) 0·64 (0·52–0·79) 0·77 (2063) 1·48 (1·35–1·61) 1·50 (1·13–1·9) 1·39 (1·06–1·79)

Malta 0·43 (0·39–0·48) 0·29 (0·23–0·36) 0·26 (0·22–0·33) 0·44 (2027) 1·49 (1·32–1·68) 1·27 (1·0–1·64) 1·21 (0·96–1·57)

Netherlands 17·03 (16·89–17·18) 13·58 (10·59–17·52) 11·15 (8·92–13·76) 17·50 (2033) 1·66 (1·49–1·85) 1·59 (1·24–2·01) 1·39 (1·06–1·73)

Norway 5·26 (5·22–5·31) 7·47 (5·15–10·95) 6·47 (4·65–9·82) 7·47 (2099) 1·74 (1·59–1·9) 1·67 (1·09–2·35) 1·52 (1·02–2·28)

Portugal 10·68 (9·53–11·86) 4·50 (3·43–6·1) 4·16 (3·29–5·68) 10·68 (2017) 1·29 (1·14–1·48) 1·26 (0·98–1·73) 1·21 (0·97–1·7)

Spain 46·39 (42·86–49·88) 22·91 (17·89–32·95) 21·54 (17·39–30·84) 46·43 (2019) 1·35 (1·23–1·49) 1·24 (0·96–1·83) 1·21 (0·96–1·78)

Sweden 10·04 (9·34–10·73) 13·11 (9·77–17·63) 10·72 (8·2–14·34) 13·11 (2100) 1·84 (1·69–1·99) 1·72 (1·24–2·31) 1·46 (1·02–2·01)

Switzerland 8·59 (7·91–9·21) 8·33 (7·09–9·84) 7·39 (6·42–8·52) 9·82 (2048) 1·50 (1·34–1·67) 1·43 (1·17–1·73) 1·28 (1·04–1·54)

UK 66·64 (60·8–72·58) 71·45 (55·76–90·29) 63·74 (50·26–82·78) 74·87 (2063) 1·73 (1·55–1·94) 1·61 (1·21–2·04) 1·50 (1·13–1·96)

Latin America and 
Caribbean

581·95 
(553·22–607·72)

575·16 
(429·01–787·74)

467·80 
(348·39–651·4)

715·51 
(2055)

2·18 
(1·99–2·4)

1·58 
(1·22–2·01)

1·50 
(1·13–1·94)

Andean Latin 
America

61·45 (59·14–63·65) 93·29 (58·24–148·05) 69·71 (42·09–112·88) 97·44 (2078) 2·82 (2·57–3·1) 1·79 (1·17–2·51) 1·69 (1·09–2·39)

Bolivia 11·54 (10·29–12·73) 23·45 (13·29–40·55) 15·82 (8·81–28·66) 23·46 (2099) 3·24 (2·92–3·61) 1·79 (1·07–2·71) 1·66 (1·03–2·59)

Ecuador 16·69 (14·86–18·48) 18·02 (9·97–32·78) 14·54 (8·8–25·8) 21·89 (2060) 2·27 (1·93–2·67) 1·47 (0·99–2·25) 1·39 (0·98–2·14)

Peru 33·22 (33·06–33·36) 51·81 (31·48–85·24) 39·34 (22·54–66·38) 53·92 (2079) 2·96 (2·64–3·33) 1·75 (1·1–2·61) 1·63 (1·04–2·44)

Caribbean 46·27 (43·67–48·92) 31·75 (18·27–54·94) 22·94 (13·48–41·52) 50·19 (2040) 2·24 (2·05–2·44) 1·55 (1·08–2·22) 1·51 (1·02–2·2)

Antigua and 
Barbuda

0·09 (0·08–0·1) 0·06 (0·04–0·07) 0·05 (0·04–0·06) 0·10 (2037) 1·51 (1·28–1·78) 1·26 (1·01–1·57) 1·22 (1·0–1·54)

The Bahamas 0·38 (0·33–0·42) 0·28 (0·19–0·41) 0·24 (0·17–0·35) 0·42 (2041) 1·54 (1·28–1·85) 1·38 (1·0–1·88) 1·32 (0·98–1·78)

Barbados 0·30 (0·26–0·33) 0·18 (0·13–0·25) 0·15 (0·12–0·21) 0·30 (2031) 1·43 (1·2–1·7) 1·36 (1·02–1·78) 1·22 (0·99–1·64)

Belize 0·39 (0·35–0·44) 0·51 (0·35–0·76) 0·44 (0·32–0·65) 0·60 (2066) 2·23 (1·96–2·53) 1·32 (1·0–1·9) 1·28 (0·99–1·83)

Bermuda 0·07 (0·06–0·07) 0·03 (0·03–0·05) 0·03 (0·02–0·04) 0·07 (2022) 1·30 (1·16–1·46) 1·33 (1·01–1·76) 1·27 (1·0–1·7)

Cuba 11·38 (10·25–12·44) 4·52 (2·49–9·0) 4·07 (2·37–8·24) 11·38 (2017) 1·51 (1·43–1·6) 1·41 (0·98–2·24) 1·35 (0·97–2·15)

Dominica 0·07 (0·06–0·08) 0·04 (0·03–0·08) 0·04 (0·02–0·07) 0·07 (2033) 1·60 (1·35–1·92) 1·41 (0·99–2·16) 1·35 (0·99–2·14)

Dominican 
Republic

10·45 (9·31–11·57) 7·73 (4·22–13·55) 5·52 (2·82–10·34) 12·09 (2047) 2·37 (2·04–2·75) 1·46 (1·01–2·1) 1·39 (1·0–2·01)

(Table continues on next page)
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Grenada 0·11 (0·1–0·12) 0·07 (0·04–0·13) 0·06 (0·04–0·11) 0·11 (2036) 1·88 (1·59–2·23) 1·43 (0·99–2·24) 1·37 (0·98–2·17)

Guyana 0·74 (0·67–0·82) 0·59 (0·38–0·84) 0·29 (0·18–0·44) 0·83 (2048) 2·50 (2·16–2·88) 1·61 (1·27–1·95) 1·31 (1·02–1·65)

Haiti 11·82 (9·85–13·74) 12·94 (5·93–26·7) 8·19 (4·28–18·56) 16·25 (2058) 3·14 (2·81–3·52) 1·42 (0·98–2·42) 1·39 (0·99–2·39)

Jamaica 2·78 (2·47–3·08) 0·85 (0·41–1·63) 0·71 (0·33–1·39) 2·78 (2023) 1·58 (1·39–1·79) 1·36 (1·0–1·88) 1·31 (1·0–1·87)

Puerto Rico 3·67 (3·24–4·09) 1·11 (0·83–1·47) 1·04 (0·81–1·37) 3·67 (2017) 1·21 (1·1–1·33) 1·19 (1·0–1·46) 1·16 (0·99–1·45)

Saint Lucia 0·18 (0·16–0·2) 0·11 (0·09–0·15) 0·10 (0·08–0·13) 0·19 (2038) 1·54 (1·28–1·84) 1·28 (1·01–1·66) 1·22 (1·0–1·6)

Saint Vincent and 
the Grenadines

0·11 (0·1–0·13) 0·05 (0·02–0·09) 0·04 (0·02–0·07) 0·11 (2017) 1·86 (1·56–2·2) 1·37 (0·99–1·99) 1·31 (0·98–1·91)

Suriname 0·57 (0·52–0·63) 0·54 (0·31–0·95) 0·39 (0·24–0·67) 0·66 (2051) 2·20 (1·91–2·53) 1·50 (1·01–2·25) 1·34 (0·98–2·09)

Trinidad and 
Tobago

1·39 (1·24–1·55) 0·91 (0·56–1·58) 0·69 (0·49–1·17) 1·43 (2033) 1·70 (1·49–1·94) 1·37 (0·98–2·11) 1·22 (0·97–1·93)

Virgin Islands 0·10 (0·09–0·12) 0·07 (0·03–0·15) 0·06 (0·03–0·13) 0·10 (2017) 2·04 (1·74–2·38) 1·71 (1·03–2·65) 1·60 (1·01–2·56)

Central Latin 
America

255·49 (238·67–271·43) 277·23 (212·16–369·14) 216·55 (165·24–288·6) 334·73 (2059) 2·35 (2·12–2·63) 1·52 (1·23–1·9) 1·44 (1·12–1·83)

Colombia 50·61 (43·06–58·08) 46·55 (37·52–57·43) 42·36 (33·74–53·16) 61·49 (2052) 2·12 (1·82–2·45) 1·45 (1·18–1·75) 1·38 (1·09–1·66)

Costa Rica 4·65 (4·18–5·15) 3·87 (2·73–5·94) 3·50 (2·49–5·51) 5·48 (2049) 1·75 (1·61–1·92) 1·30 (0·99–1·89) 1·27 (0·99–1·86)

El Salvador 6·09 (5·31–6·83) 1·43 (0·83–2·51) 1·06 (0·67–1·71) 6·27 (2029) 1·95 (1·7–2·22) 1·32 (1·02–1·68) 1·27 (1·0–1·62)

Guatemala 16·92 (14·23–19·63) 21·89 (12·54–43·16) 17·51 (11·06–34·45) 25·56 (2067) 2·80 (2·41–3·24) 1·32 (0·96–2·33) 1·31 (0·97–2·28)

Honduras 9·50 (8·57–10·41) 14·39 (9·06–22·6) 11·18 (7·34–17·84) 15·91 (2072) 2·89 (2·51–3·36) 1·48 (1·01–2·16) 1·41 (1·01–2·07)

Mexico 126·57 (112·47–141·47) 145·97 (117·7–184·64) 107·62 (84·36–134·39) 170·71 (2062) 2·42 (2·07–2·86) 1·44 (1·18–1·71) 1·36 (1·08–1·63)

Nicaragua 6·40 (5·48–7·34) 4·81 (2·2–10·53) 3·84 (1·94–8·73) 7·92 (2049) 2·46 (2·1–2·88) 1·44 (0·99–2·37) 1·39 (0·99–2·27)

Panama 3·92 (3·48–4·38) 6·94 (5·19–9·14) 5·00 (3·89–6·69) 6·94 (2100) 2·31 (1·97–2·69) 1·81 (1·39–2·29) 1·48 (1·11–1·93)

Venezuela 30·83 (27·57–34·14) 31·37 (17·79–55·21) 24·48 (14·22–43·11) 38·05 (2056) 2·24 (1·99–2·52) 1·63 (1·07–2·35) 1·52 (1·03–2·27)

Tropical Latin 
America

218·74 (195·05–242·09) 172·89 (116·09–257·01) 158·60 (110·0–239·95) 244·46 (2044) 1·78 (1·61–1·99) 1·47 (1·03–2·04) 1·40 (0·98–2·0)

Brazil 211·81 (187·73–234·87) 164·75 (114·27–240·69) 151·64 (108·04–225·76) 235·49 (2043) 1·76 (1·58–1·97) 1·44 (1·03–1·97) 1·37 (1·01–1·93)

Paraguay 6·93 (5·88–8·05) 8·14 (4·52–13·93) 6·96 (3·68–12·18) 9·42 (2063) 2·55 (2·18–2·97) 1·84 (1·18–2·6) 1·70 (1·06–2·49)

North Africa and 
Middle East

600·18 
(579·17–621·86)

978·20 
(714·8–1403·72)

697·16 
(491·18–1041·03)

996·53 
(2084)

2·71 
(2·51–2·94)

1·78 
(1·29–2·49)

1·69 
(1·13–2·44)

Afghanistan 32·85 (22·83–42·06) 129·77 (99·93–163·5) 42·72 (30·95–56·47) 129·78 (2099) 6·01 (5·71–6·3) 1·65 (1·34–1·98) 1·36 (1·05–1·68)

Algeria 40·46 (35·82–45·76) 78·83 (42·12–138·32) 60·07 (32·98–108·92) 78·83 (2100) 2·81 (2·49–3·12) 2·01 (1·11–3·17) 1·82 (1·02–3·01)

Bahrain 1·47 (1·31–1·64) 1·86 (1·44–2·43) 1·54 (1·23–1·99) 2·25 (2057) 2·05 (1·87–2·22) 1·37 (1·03–1·8) 1·28 (1·0–1·71)

Egypt 96·48 (90·07–102·86) 199·06 (100·92–389·44) 163·92 (78·68–318·32) 199·06 (2100) 2·66 (2·43–2·91) 2·08 (1·24–3·18) 1·91 (1·1–2·97)

Iran 82·18 (75·84–88·06) 70·00 (37·48–155·1) 62·23 (35·86–134·17) 95·32 (2049) 1·73 (1·47–2·03) 1·55 (1·0–2·77) 1·48 (0·98–2·68)

Iraq 43·30 (31·84–54·1) 108·12 (81·77–140·03) 73·25 (57·14–96·24) 108·19 (2097) 3·76 (3·42–4·15) 1·53 (1·1–1·95) 1·39 (1·01–1·84)

Jordan 10·65 (9·76–11·56) 21·17 (13·45–33·82) 14·13 (9·05–23·47) 21·39 (2090) 3·05 (2·8–3·35) 1·70 (1·09–2·46) 1·51 (1·02–2·26)

Kuwait 4·26 (3·82–4·71) 4·54 (2·72–11·2) 4·15 (2·64–9·8) 5·67 (2057) 1·42 (1·28–1·57) 1·47 (0·88–3·15) 1·44 (0·88–3·1)

Lebanon 8·51 (5·68–11·78) 8·75 (6·44–11·72) 6·56 (4·94–8·57) 11·54 (2058) 2·40 (2·06–2·81) 1·45 (1·15–1·76) 1·37 (1·07–1·69)

Libya 6·91 (5·97–7·83) 8·58 (4·33–18·42) 6·99 (3·79–14·63) 9·11 (2062) 2·12 (1·78–2·55) 1·66 (1·0–3·01) 1·57 (0·98–2·85)

Morocco 35·49 (32·61–38·85) 32·80 (24·7–42·98) 28·44 (21·38–37·14) 42·45 (2051) 2·14 (1·88–2·45) 1·39 (1·06–1·79) 1·33 (1·02–1·73)

Oman 4·54 (4·51–4·56) 9·30 (6·61–13·15) 6·56 (4·96–9·2) 9·30 (2098) 2·55 (2·3–2·81) 1·64 (1·08–2·3) 1·40 (1·0–2·03)

Palestine 4·85 (4·53–5·16) 9·85 (7·43–12·79) 5·56 (4·2–7·07) 10·06 (2087) 3·49 (3·16–3·86) 1·80 (1·46–2·13) 1·49 (1·17–1·79)

Qatar 2·75 (2·53–2·98) 2·33 (1·65–3·28) 1·88 (1·39–2·71) 3·53 (2052) 2·04 (1·87–2·22) 1·51 (1·04–2·12) 1·39 (1·01–2·0)

Saudi Arabia 34·44 (30·56–38·38) 33·04 (20·11–64·71) 27·30 (19·0–50·78) 44·68 (2052) 1·67 (1·47–1·88) 1·39 (0·97–2·49) 1·32 (0·97–2·37)

Sudan 40·26 (34·71–45·49) 81·94 (64·79–100·52) 51·16 (41·32–62·99) 84·37 (2086) 4·22 (3·86–4·62) 1·45 (1·16–1·74) 1·27 (1·02–1·55)

Syria 18·13 (15·31–20·58) 13·46 (7·19–25·63) 10·15 (6·41–19·48) 20·12 (2044) 2·17 (1·88–2·51) 1·38 (0·95–2·18) 1·28 (0·93–2·13)

Tunisia 11·44 (10·35–12·47) 11·68 (7·67–18·46) 9·93 (6·71–15·74) 13·63 (2055) 1·77 (1·52–2·09) 1·52 (1·01–2·29) 1·44 (1·0–2·22)

Turkey 80·46 (80·02–80·94) 101·64 (79·79–127·94) 86·10 (70·31–109·64) 112·51 (2068) 1·79 (1·61–2·0) 1·34 (1·01–1·73) 1·26 (1·0–1·63)

United Arab 
Emirates

9·73 (8·43–11·17) 3·45 (2·54–4·79) 3·15 (2·37–4·36) 10·17 (2029) 1·31 (1·17–1·49) 1·27 (1·0–1·72) 1·23 (0·99–1·71)

Yemen 30·45 (25·79–35·17) 47·13 (31·0–65·81) 30·70 (20·55–45·36) 56·15 (2069) 4·53 (4·16–4·96) 1·39 (1·02–1·82) 1·33 (1·01–1·78)
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South Asia 1782·68 
(1637·81–1941·51)

1441·70 
(955·35–2242·79)

1200·21 
(853·24–1858·76)

2117·38 
(2049)

2·27 
(2·04–2·54)

1·33 
(0·96–1·90)

1·27 
(0·95–1·82)

Bangladesh 156·98 (140·23–173·23) 81·30 (55·58–120·99) 74·19 (52·72–110·08) 173·49 (2039) 2·00 (1·81–2·22) 1·19 (0·99–1·59) 1·17 (0·99–1·56)

Bhutan 0·96 (0·82–1·09) 0·77 (0·54–1·14) 0·72 (0·52–1·05) 1·19 (2051) 1·98 (1·76–2·27) 1·35 (1·02–1·83) 1·30 (1·01–1·79)

India 1380·56 
(1235·54–1535·78)

1093·15 
(724·48–1714·29)

929·87 
(663·75–1443·47)

1605·60 (2048) 2·14 (1·93–2·39) 1·29 (0·99–1·89) 1·24 (0·98–1·8)

Nepal 29·89 (26·62–32·83) 18·09 (11·14–34·73) 15·55 (10·34–29·96) 34·57 (2043) 2·21 (1·96–2·52) 1·20 (0·98–1·91) 1·19 (0·98–1·89)

Pakistan 214·29 (198·94–228·96) 248·39 (151·17–427·14) 179·88 (120·72–320·32) 314·08 (2062) 3·40 (2·99–3·9) 1·31 (0·99–2·04) 1·27 (0·99–1·99)

Southeast Asia, 
east Asia, and 
Oceania

2158·80 
(1981·55–2321·29)

1437·41 
(979·55–2435·23)

1263·48 
(864·11–2156·81)

2249·56 
(2032)

1·72 
(1·63–1·83)

1·61 
(1·14–2·44)

1·50 
(1·03–2·36)

East Asia 1485·71 
(1316·09–1646·5)

768·13 
(463·86–1587·39)

733·09 (457·41–1486·17) 1506·02 (2024) 1·52 (1·43–1·61) 1·47 (0·91–2·66) 1·41 (0·89–2·56)

China 1412·48 
(1244·31–1571·26)

731·89 
(455·61–1499·32)

699·74 (452·81–1402·01) 1431·91 (2024) 1·53 (1·43–1·63) 1·47 (0·96–2·55) 1·41 (0·95–2·49)

North Korea 25·72 (22·82–28·77) 12·98 (10·6–15·87) 11·01 (8·87–13·29) 26·08 (2028) 1·32 (1·17–1·51) 1·30 (1·09–1·53) 1·22 (1·03–1·45)

Taiwan (province 
of China)

23·58 (23·4–23·77) 10·89 (8·32–14·78) 10·53 (8·29–14·58) 23·87 (2027) 1·04 (0·92–1·19) 1·30 (0·98–1·8) 1·26 (0·95–1·78)

Oceania 12·60 (11·58–13·65) 34·16 (25·28–44·82) 14·28 (11·29–18·26) 34·16 (2100) 4·02 (3·67–4·37) 1·99 (1·58–2·56) 1·41 (1·1–1·88)

American Samoa 0·06 (0·05–0·06) 0·11 (0·06–0·2) 0·07 (0·04–0·12) 0·11 (2100) 2·92 (2·55–3·34) 2·13 (1·37–3·06) 1·67 (1·03–2·56)

Federated States 
of Micronesia

0·10 (0·09–0·12) 0·17 (0·1–0·29) 0·11 (0·07–0·18) 0·17 (2094) 2·72 (2·42–3·07) 1·79 (1·14–2·58) 1·48 (1·0–2·22)

Fiji 0·91 (0·85–0·97) 1·12 (0·67–1·71) 0·62 (0·38–0·92) 1·14 (2077) 2·61 (2·3–2·96) 1·98 (1·48–2·51) 1·61 (1·17–2·09)

Guam 0·17 (0·15–0·19) 0·27 (0·07–0·7) 0·17 (0·05–0·5) 0·27 (2100) 2·95 (2·71–3·19) 2·26 (1·06–3·95) 1·92 (0·99–3·64)

Kiribati 0·12 (0·11–0·13) 0·34 (0·24–0·48) 0·14 (0·1–0·19) 0·34 (2100) 3·71 (3·26–4·2) 2·32 (1·82–2·9) 1·40 (1·02–1·86)

Marshall Islands 0·06 (0·05–0·06) 0·08 (0·05–0·11) 0·06 (0·04–0·09) 0·08 (2074) 2·86 (2·55–3·22) 1·75 (1·31–2·2) 1·63 (1·21–2·13)

Northern 
Mariana Islands

0·04 (0·04–0·05) 0·04 (0·03–0·06) 0·03 (0·02–0·04) 0·05 (2039) 2·06 (1·82–2·31) 1·72 (1·32–2·18) 1·48 (1·11–1·91)

Papua New 
Guinea

9·23 (8·26–10·22) 27·01 (20·42–34·21) 11·37 (9·41–13·71) 27·01 (2100) 4·21 (3·83–4·59) 1·83 (1·52–2·18) 1·32 (1·08–1·57)

Samoa 0·20 (0·18–0·21) 1·06 (0·08–3·56) 0·17 (0·02–1·01) 1·06 (2100) 4·69 (4·23–5·22) 4·47 (2·26–7·32) 2·51 (1·02–5·21)

Solomon Islands 0·64 (0·56–0·71) 1·08 (0·61–1·69) 0·29 (0·18–0·47) 1·18 (2078) 4·20 (3·8–4·64) 1·91 (1·44–2·43) 1·41 (1·04–1·84)

Tonga 0·10 (0·1–0·11) 0·31 (0·18–0·51) 0·13 (0·08–0·24) 0·31 (2100) 3·17 (2·77–3·61) 2·62 (1·81–3·67) 1·48 (0·99–2·46)

Vanuatu 0·29 (0·27–0·31) 0·68 (0·52–0·88) 0·34 (0·26–0·46) 0·68 (2097) 3·73 (3·41–4·12) 1·77 (1·41–2·13) 1·40 (1·05–1·75)

Southeast Asia 660·48 (625·64–694·46) 635·12 (457·86–894·48) 516·10 (371·34–744·67) 786·84 (2052) 2·08 (1·88–2·32) 1·61 (1·21–2·07) 1·49 (1·11–1·99)

Cambodia 16·12 (14·15–18·18) 15·93 (10·77–24·35) 13·14 (9·58–20·41) 20·77 (2056) 2·73 (2·49–3·04) 1·30 (1·0–1·9) 1·27 (0·99–1·85)

Indonesia 258·13 (228·44–286·87) 228·69 (141·13–387·53) 202·69 (128·87–346·57) 300·51 (2047) 1·97 (1·7–2·3) 1·51 (1·01–2·21) 1·43 (1·0–2·14)

Laos 6·97 (6·44–7·47) 6·81 (5·23–8·77) 5·45 (4·25–7·1) 9·23 (2056) 2·90 (2·64–3·21) 1·28 (1·01–1·6) 1·24 (1·0–1·55)

Malaysia 30·64 (27·09–34·12) 41·33 (31·7–54·14) 35·13 (27·51–45·19) 44·19 (2070) 2·02 (1·81–2·26) 1·64 (1·26–2·08) 1·53 (1·18–1·97)

Maldives 0·46 (0·42–0·5) 0·57 (0·37–1·01) 0·48 (0·34–0·83) 0·68 (2062) 1·87 (1·72–2·02) 1·38 (0·96–2·36) 1·32 (0·95–2·26)

Mauritius 1·27 (1·15–1·4) 0·72 (0·5–1·12) 0·66 (0·49–1·02) 1·30 (2031) 1·32 (1·22–1·44) 1·27 (0·97–1·88) 1·23 (0·97–1·82)

Myanmar 52·80 (48·36–57·31) 49·77 (36·66–69·05) 45·82 (34·4–64·21) 63·51 (2051) 2·02 (1·85–2·21) 1·38 (1·03–1·84) 1·32 (1·02–1·79)

Philippines 103·47 (94·56–111·89) 169·46 (117·16–237·9) 107·03 (70·59–159·4) 173·28 (2085) 3·12 (2·85–3·45) 1·78 (1·3–2·3) 1·59 (1·1–2·1)

Seychelles 0·10 (0·09–0·11) 0·09 (0·05–0·16) 0·07 (0·04–0·14) 0·11 (2042) 2·15 (1·9–2·43) 1·68 (1·05–2·54) 1·57 (1·02–2·46)

Sri Lanka 21·60 (19·45–23·8) 10·45 (6·85–15·11) 7·31 (4·49–10·97) 22·34 (2031) 1·80 (1·52–2·11) 1·46 (1·11–1·87) 1·38 (1·06–1·77)

Thailand 70·63 (62·64–78·58) 34·66 (26·07–49·31) 33·20 (25·66–47·55) 71·97 (2028) 1·21 (1·07–1·38) 1·28 (1·0–1·76) 1·24 (0·99–1·73)

Timor-Leste 1·29 (1·19–1·39) 2·94 (2·16–3·93) 1·69 (1·24–2·24) 2·94 (2098) 4·14 (3·63–4·69) 1·81 (1·39–2·26) 1·39 (1·04–1·82)

Vietnam 96·14 (84·73–108·05) 72·85 (51·69–104·23) 62·76 (45·22–89·57) 107·25 (2044) 1·85 (1·68–2·05) 1·39 (1·02–1·86) 1·33 (1·01–1·79)

Sub-Saharan 
Africa

1026·04 
(988·37–1062·59)

3071·21 
(2477·11–3838·43)

1584·66 
(1226·15–2057·39)

3071·21 (2100) 4·62 (4·33–4·93) 1·73 (1·42–2·06) 1·52 (1·18–1·89)

Central 
sub-Saharan Africa

121·67 (99·15–143·25) 343·47 (251·51–459·5) 161·60 (118·8–225·04) 343·76 (2097) 4·88 (4·62–5·13) 1·70 (1·29–2·18) 1·38 (1·06–1·81)

Angola 28·20 (25·98–30·71) 84·34 (69·18–101·51) 46·71 (38·24–56·04) 84·68 (2095) 5·12 (4·72–5·54) 1·55 (1·3–1·81) 1·41 (1·14–1·68)

(Table continues on next page)
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Population (millions) Total fertility rate

2017 2100 reference scenario 2100 SDG pace scenario Peak population 
(year)

2017 2100 reference 
scenario

2100 SDG pace 
scenario

(Continued from previous page)

Central African 
Republic

4·62 (3·94–5·33) 2·56 (1·52–3·74) 1·17 (0·62–1·8) 5·15 (2041) 3·56 (3·18–4·0) 1·34 (1·1–1·63) 1·15 (1·0–1·4)

Congo 
(Brazzaville)

4·91 (4·24–5·61) 5·20 (3·76–6·95) 3·92 (2·79–5·3) 6·72 (2059) 3·30 (2·99–3·66) 1·29 (1·02–1·63) 1·24 (1·01–1·58)

Democratic 
Republic of the 
Congo

80·88 (57·85–102·65) 246·35 (170·29–346·15) 106·12 (73·79–156·78) 246·35 (2100) 5·05 (4·73–5·37) 1·75 (1·27–2·3) 1·34 (1·01–1·85)

Equatorial 
Guinea

1·35 (1·24–1·45) 3·03 (2·49–3·65) 2·09 (1·83–2·35) 3·17 (2083) 3·88 (3·36–4·44) 1·39 (1·21–1·55) 1·29 (1·13–1·44)

Gabon 1·70 (1·55–1·86) 1·99 (1·55–2·53) 1·60 (1·27–2·02) 2·47 (2063) 2·79 (2·47–3·17) 1·30 (1·03–1·62) 1·25 (1·01–1·54)

Eastern sub-
Saharan Africa

393·18 (375·73–410·77) 1056·10 
(843·46–1316·08)

570·85 (443·91–734·14) 1062·77 (2093) 4·65 (4·36–4·98) 1·73 (1·43–2·04) 1·48 (1·15–1·83)

Burundi 10·91 (9·54–12·33) 42·57 (23·09–71·74) 14·89 (8·04–30·36) 42·57 (2100) 5·30 (4·99–5·65) 1·61 (1·0–2·53) 1·46 (1·0–2·39)

Comoros 0·72 (0·61–0·83) 0·78 (0·53–1·14) 0·51 (0·37–0·77) 0·99 (2060) 3·39 (2·92–3·9) 1·39 (1·03–1·88) 1·22 (0·99–1·69)

Djibouti 1·11 (0·98–1·23) 1·19 (0·86–1·58) 0·91 (0·68–1·22) 1·59 (2057) 3·82 (3·33–4·34) 1·33 (1·04–1·71) 1·28 (1·01–1·65)

Eritrea 5·86 (4·22–7·49) 7·01 (5·45–8·75) 4·90 (3·92–5·9) 9·05 (2062) 4·03 (3·55–4·57) 1·27 (1·12–1·44) 1·22 (1·06–1·38)

Ethiopia 102·88 (89·58–116·2) 223·45 (180·08–276·35) 153·93 (124·17–192·18) 240·29 (2080) 4·79 (4·42–5·2) 1·33 (1·04–1·63) 1·28 (1·02–1·59)

Kenya 48·33 (42·49–53·83) 74·14 (43·62–121·46) 59·25 (34·84–98·73) 83·85 (2071) 3·38 (2·95–3·84) 1·59 (1·03–2·29) 1·49 (1·01–2·15)

Madagascar 26·11 (20·4–31·8) 105·77 (70·49–159·25) 42·22 (28·81–63·17) 105·77 (2100) 4·89 (4·36–5·45) 1·61 (1·16–2·15) 1·45 (1·02–2·0)

Malawi 17·19 (14·94–19·28) 36·52 (28·13–46·18) 25·73 (19·35–33·03) 38·73 (2080) 4·46 (4·16–4·79) 1·60 (1·29–1·92) 1·51 (1·16–1·87)

Mozambique 30·04 (27·82–32·01) 46·36 (35·88–58·68) 32·08 (25·71–40·46) 54·73 (2070) 4·16 (3·84–4·49) 1·26 (1·01–1·52) 1·20 (1·0–1·48)

Rwanda 12·55 (11·27–13·78) 33·02 (20·94–47·92) 19·57 (13·0–29·36) 33·33 (2092) 4·43 (4·01–4·91) 1·49 (1·01–2·08) 1·41 (1·0–2·02)

Somalia 16·88 (12·48–21·43) 62·52 (47·58–77·67) 6·59 (4·33–9·24) 62·52 (2100) 6·10 (5·72–6·5) 2·57 (2·24–2·88) 1·31 (1·18–1·45)

South Sudan 9·94 (8·73–11·24) 68·95 (52·11–88·18) 17·54 (13·85–21·6) 68·95 (2100) 5·93 (5·56–6·35) 2·46 (2·07–2·83) 1·30 (1·03–1·58)

Tanzania 53·97 (48·57–59·61) 185·96 (129·06–258·26) 88·79 (59·28–129·12) 185·96 (2100) 4·79 (4·44–5·18) 1·60 (1·12–2·1) 1·46 (1·01–1·99)

Uganda 39·08 (35·69–42·45) 119·86 (102·59–138·26) 73·35 (61·22–86·28) 120·63 (2093) 5·24 (4·99–5·51) 1·72 (1·48–1·97) 1·60 (1·32–1·87)

Zambia 17·36 (15·31–19·45) 47·33 (33·77–63·96) 30·22 (20·43–42·41) 47·65 (2093) 4·68 (4·21–5·22) 1·69 (1·23–2·12) 1·58 (1·1–2·04)

Southern sub-
Saharan Africa

77·37 (71·35–83·41) 124·03 (81·94–180·27) 96·98 (61·99–144·44) 125·14 (2087) 2·62 (2·38–2·9) 1·92 (1·39–2·54) 1·77 (1·24–2·38)

Botswana 2·28 (2·05–2·53) 3·09 (2·19–4·41) 2·78 (1·96–3·94) 3·41 (2067) 2·36 (2·2–2·53) 1·61 (1·15–2·15) 1·51 (1·07–2·02)

eSwatini 1·12 (1·05–1·2) 1·54 (0·84–2·63) 1·20 (0·64–2·08) 1·72 (2068) 3·04 (2·65–3·51) 1·63 (1·03–2·35) 1·54 (1·01–2·26)

Lesotho 1·95 (1·67–2·21) 2·13 (1·5–2·93) 1·65 (1·11–2·33) 2·55 (2061) 2·87 (2·63–3·16) 1·57 (1·24–1·91) 1·47 (1·12–1·86)

Namibia 2·35 (2·11–2·6) 4·33 (3·39–5·49) 3·75 (2·94–4·82) 4·39 (2086) 3·01 (2·76–3·3) 1·79 (1·44–2·16) 1·66 (1·31–2·03)

South Africa 54·95 (49·03–60·64) 74·69 (53·07–101·36) 60·36 (41·88–84·31) 77·97 (2073) 2·29 (2·05–2·61) 1·70 (1·28–2·19) 1·57 (1·14–2·03)

Zimbabwe 14·71 (13·32–16·04) 38·25 (18·75–70·08) 27·24 (11·74–52·86) 38·25 (2100) 3·78 (3·53–4·04) 2·22 (1·46–3·12) 2·03 (1·21–2·96)

Western sub-
Saharan Africa

433·82 (413·56–453·7) 1547·61 
(1215·77–1972·7)

755·23 
(564·94–1007·71)

1547·61 (2100) 4·94 (4·63–5·27) 1·70 (1·38–2·07) 1·53 (1·14–1·95)

Benin 11·59 (10·51–12·74) 30·30 (23·72–38·02) 17·45 (14·1–21·57) 31·06 (2088) 4·78 (4·44–5·17) 1·33 (1·07–1·63) 1·25 (1·02–1·53)

Burkina Faso 21·12 (18·12–24·13) 71·89 (52·65–94·98) 34·25 (25·43–45·13) 72·11 (2096) 5·40 (5·07–5·77) 1·41 (1·04–1·8) 1·35 (1·01–1·72)

Cameroon 27·77 (23·78–31·89) 43·10 (31·7–57·42) 32·84 (23·58–44·69) 49·67 (2071) 3·94 (3·51–4·42) 1·41 (1·06–1·81) 1·35 (1·02–1·74)

Cape Verde 0·55 (0·48–0·61) 0·50 (0·34–0·81) 0·46 (0·32–0·74) 0·68 (2053) 2·19 (1·82–2·61) 1·33 (0·99–2·01) 1·30 (0·98–1·97)

Chad 15·22 (13·39–17·03) 123·32 (101·78–148·38) 32·91 (27·13–39·34) 123·32 (2100) 6·72 (6·42–7·04) 2·19 (1·9–2·54) 1·46 (1·23–1·71)

Côte d’Ivoire 24·97 (22·78–27·06) 60·60 (36·7–103·99) 35·06 (24·56–63·47) 61·50 (2090) 4·50 (4·13–4·93) 1·35 (0·98–2·24) 1·32 (1·0–2·24)

The Gambia 2·13 (1·93–2·33) 3·63 (2·92–4·4) 2·26 (1·86–2·72) 4·10 (2074) 4·14 (3·69–4·66) 1·32 (1·09–1·56) 1·22 (1·01–1·45)

Ghana 30·21 (26·66–33·57) 51·91 (36·61–73·17) 36·29 (26·62–52·53) 55·12 (2079) 3·47 (3·02–3·98) 1·43 (1·01–1·95) 1·35 (1·0–1·86)

Guinea 11·82 (10·84–12·84) 26·79 (19·56–35·59) 14·11 (11·12–18·93) 27·93 (2084) 4·63 (4·38–4·9) 1·36 (1·03–1·73) 1·21 (1·01–1·58)

Guinea-Bissau 1·86 (1·63–2·07) 3·42 (2·09–5·64) 2·23 (1·54–3·81) 3·75 (2076) 4·63 (4·23–5·04) 1·33 (1·0–2·06) 1·29 (1·0–2·01)

Liberia 4·72 (4·14–5·28) 7·46 (5·79–9·22) 5·00 (3·9–6·28) 8·70 (2071) 4·25 (3·84–4·74) 1·32 (1·08–1·57) 1·27 (1·02–1·52)

Mali 20·25 (17·82–22·67) 85·21 (65·68–109·09) 34·82 (26·47–45·41) 85·21 (2100) 6·02 (5·72–6·37) 1·47 (1·13–1·82) 1·39 (1·05–1·77)

Mauritania 3·91 (3·56–4·29) 8·87 (5·97–13·47) 6·30 (4·67–9·57) 9·19 (2085) 4·15 (3·85–4·5) 1·34 (0·99–2·02) 1·31 (0·99–1·97)

Niger 21·38 (19·34–23·65) 185·04 (129·68–257·03) 57·81 (40·17–81·88) 185·04 (2100) 7·08 (6·76–7·43) 1·79 (1·34–2·25) 1·65 (1·16–2·15)

(Table continues on next page)
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and 99th percentile rates of change across locations in the 
period 1990–2017. For the UN Sustainable Development 
Goal (SDG) pace alternate scenario, we set a rate of 
change to one that would allow all locations to meet 
the SDG targets for educational attainment (universal 
secondary education by 2030)32 and contraceptive met 
need (universal coverage by 2030).33 We held those rates 
constant past 2030 in the education SDG scenario, and 
held contraceptive met need at 100% coverage past 2030 
(appendix 1, section 10). This scenario shows what we can 
expect population trends to look like if every country and 
territory meets the SDGs for education and contraceptive 
met need by 2030. Many countries are not on track to 
achieve these goals.34

GDP forecasts
We traced the economic consequences of population 
scenarios using the work of Chang and colleagues.35 They 
forecasted gross domestic product (GDP) per working-
age adult and showed that forecasts of GDP per capita 
have smaller prediction errors when modelling GDP per 
working-age adult and multiplying by the number of 
working-age adults than those through direct modelling 
of GDP per capita. Using their long-range GDP per 
working-age adult forecasts, we computed GDP for each 
country and territory at various points in time for each of 
the scenarios.

Comparison with other models
For comparison, we evaluated our reference scenario 
against the UNPD median variant and Wittgenstein 
SSP2 (medium) scenarios (see appendix 2, sections 7–9 
for more details).

Role of the funding source
The funders had no role in study design, data collection, 
data analysis, data interpretation, or writing of the report. 
All authors had full access to all the data in the study and 
had final responsibility for the decision to submit for 
publication.

Results 
Global mortality scenarios
We plotted the evolution of global life expectancy in the 
reference scenario and in the slower, faster, fastest, and 

Population (millions) Total fertility rate

2017 2100 reference scenario 2100 SDG pace scenario Peak population 
(year)

2017 2100 reference 
scenario

2100 SDG pace 
scenario

(Continued from previous page)

Nigeria 206·09 (188·25–224·28) 790·73  
(594·39–1055·64)

408·54 (292·03–567·19) 790·73 (2100) 5·11 (4·71–5·51) 1·69 (1·25–2·16) 1·57 (1·11–2·07)

São Tomé and 
Príncipe

0·20 (0·18–0·22) 0·20 (0·14–0·28) 0·16 (0·12–0·22) 0·28 (2058) 3·25 (2·83–3·71) 1·25 (1·0–1·63) 1·21 (1·0–1·6)

Senegal 14·69 (13·24–16·1) 32·21 (21·14–47·97) 18·79 (13·11–29·99) 33·77 (2083) 4·57 (4·23–4·97) 1·34 (1·0–1·97) 1·30 (1·0–1·95)

Sierra Leone 7·83 (7·21–8·48) 12·03 (8·72–16·31) 8·03 (6·02–10·88) 14·20 (2070) 4·25 (3·83–4·7) 1·28 (1·02–1·66) 1·23 (1·01–1·59)

Togo 7·52 (6·72–8·35) 10·39 (7·35–13·92) 7·90 (5·96–10·86) 12·39 (2068) 3·82 (3·54–4·12) 1·27 (1·0–1·68) 1·23 (1·0–1·65)

Data in parentheses are 95% uncertainty intervals, unless specified otherwise. The SDG pace scenario had a custom rate of change that would allow all locations to meet the SDG targets for educational attainment 
and contraceptive met need by 2030. Population and total fertility rate values are presented as means. Estimates in 2017 are from GBD 2017 estimates. Peak population was calculated from 1990 up to 2100. 
Super-regions, regions, and countries are listed in alphabetical order. GBD=Global Burden of Diseases, Injuries, and Risk Factors Study. SDG=Sustainable Development Goal. 

Table: Population and total fertility rate in 2017, in 2100 with the reference scenario, and in 2100 with the SDG pace scenario and the year of peak population

Figure 3: Global and sub-Saharan African total fertility rates, 1990–2100
Past data reflect GBD 2017 estimates, with future results for the reference, slower, faster, fastest, and SDG pace 
scenarios. The reference scenario is presented with 95% UIs, which are represented by the shaded area. GBD=Global 
Burden of Diseases, Injuries, and Risk Factors Study. SDG=Sustainable Development Goal. UI=uncertainty interval.
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