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Global fertility in 204 countries and territories, 1950–2021, 
with forecasts to 2100: a comprehensive demographic 
analysis for the Global Burden of Disease Study 2021
GBD 2021 Fertility and Forecasting Collaborators*

Summary
Background Accurate assessments of current and future fertility—including overall trends and changing population 
age structures across countries and regions—are essential to help plan for the profound social, economic, 
environmental, and geopolitical challenges that these changes will bring. Estimates and projections of fertility are 
necessary to inform policies involving resource and health-care needs, labour supply, education, gender equality, and 
family planning and support. The Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 2021 produced 
up-to-date and comprehensive demographic assessments of key fertility indicators at global, regional, and national 
levels from 1950 to 2021 and forecast fertility metrics to 2100 based on a reference scenario and key policy-dependent 
alternative scenarios.

Methods To estimate fertility indicators from 1950 to 2021, mixed-effects regression models and spatiotemporal 
Gaussian process regression were used to synthesise data from 8709 country-years of vital and sample registrations, 
1455 surveys and censuses, and 150 other sources, and to generate age-specific fertility rates (ASFRs) for 5-year age 
groups from age 10 years to 54 years. ASFRs were summed across age groups to produce estimates of total fertility 
rate (TFR). Livebirths were calculated by multiplying ASFR and age-specific female population, then summing across 
ages 10–54 years. To forecast future fertility up to 2100, our Institute for Health Metrics and Evaluation (IHME) 
forecasting model was based on projections of completed cohort fertility at age 50 years (CCF50; the average number 
of children born over time to females from a specified birth cohort), which yields more stable and accurate measures 
of fertility than directly modelling TFR. CCF50 was modelled using an ensemble approach in which three sub-models 
(with two, three, and four covariates variously consisting of female educational attainment, contraceptive met need, 
population density in habitable areas, and under-5 mortality) were given equal weights, and analyses were conducted 
utilising the MR-BRT (meta-regression—Bayesian, regularised, trimmed) tool. To capture time-series trends in 
CCF50 not explained by these covariates, we used a first-order autoregressive model on the residual term. CCF50 as a 
proportion of each 5-year ASFR was predicted using a linear mixed-effects model with fixed-effects covariates (female 
educational attainment and contraceptive met need) and random intercepts for geographical regions. Projected TFRs 
were then computed for each calendar year as the sum of single-year ASFRs across age groups. The reference forecast 
is our estimate of the most likely fertility future given the model, past fertility, forecasts of covariates, and historical 
relationships between covariates and fertility. We additionally produced forecasts for multiple alternative scenarios in 
each location: the UN Sustainable Development Goal (SDG) for education is achieved by 2030; the contraceptive met 
need SDG is achieved by 2030; pro-natal policies are enacted to create supportive environments for those who give 
birth; and the previous three scenarios combined. Uncertainty from past data inputs and model estimation was 
propagated throughout analyses by taking 1000 draws for past and present fertility estimates and 500 draws for future 
forecasts from the estimated distribution for each metric, with 95% uncertainty intervals (UIs) given as the 
2·5 and 97·5 percentiles of the draws. To evaluate the forecasting performance of our model and others, we computed 
skill values—a metric assessing gain in forecasting accuracy—by comparing predicted versus observed ASFRs from 
the past 15 years (2007–21). A positive skill metric indicates that the model being evaluated performs better than the 
baseline model (here, a simplified model holding 2007 values constant in the future), and a negative metric indicates 
that the evaluated model performs worse than baseline.

Findings During the period from 1950 to 2021, global TFR more than halved, from 4·84 (95% UI 4·63–5·06) to 
2·23 (2·09–2·38). Global annual livebirths peaked in 2016 at 142 million (95% UI 137–147), declining to 
129 million (121–138) in 2021. Fertility rates declined in all countries and territories since 1950, with TFR remaining 
above 2·1—canonically considered replacement-level fertility—in 94 (46·1%) countries and territories in 2021. This 
included 44 of 46 countries in sub-Saharan Africa, which was the super-region with the largest share of livebirths 
in 2021 (29·2% [28·7–29·6]). 47 countries and territories in which lowest estimated fertility between 1950 and 2021 
was below replacement experienced one or more subsequent years with higher fertility; only three of these locations 
rebounded above replacement levels. Future fertility rates were projected to continue to decline worldwide, reaching 
a global TFR of 1·83 (1·59–2·08) in 2050 and 1·59 (1·25–1·96) in 2100 under the reference scenario. The number of 
countries and territories with fertility rates remaining above replacement was forecast to be 49 (24·0%) in 2050 and 
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only six (2·9%) in 2100, with three of these six countries included in the 2021 World Bank-defined low-income group, 
all located in the GBD super-region of sub-Saharan Africa. The proportion of livebirths occurring in sub-Saharan Africa 
was forecast to increase to more than half of the world’s livebirths in 2100, to 41·3% (39·6–43·1) in 2050 and 
54·3% (47·1–59·5) in 2100. The share of livebirths was projected to decline between 2021 and 2100 in most of the 
six other super-regions—decreasing, for example, in south Asia from 24·8% (23·7–25·8) in 2021 to 16·7% (14·3–19·1) 
in 2050 and 7·1% (4·4–10·1) in 2100—but was forecast to increase modestly in the north Africa and Middle East and 
high-income super-regions. Forecast estimates for the alternative combined scenario suggest that meeting SDG 
targets for education and contraceptive met need, as well as implementing pro-natal policies, would result in global 
TFRs of 1·65 (1·40–1·92) in 2050 and 1·62 (1·35–1·95) in 2100. The forecasting skill metric values for the IHME 
model were positive across all age groups, indicating that the model is better than the constant prediction.

Interpretation Fertility is declining globally, with rates in more than half of all countries and territories in 2021 below 
replacement level. Trends since 2000 show considerable heterogeneity in the steepness of declines, and only a small 
number of countries experienced even a slight fertility rebound after their lowest observed rate, with none reaching 
replacement level. Additionally, the distribution of livebirths across the globe is shifting, with a greater proportion 
occurring in the lowest-income countries. Future fertility rates will continue to decline worldwide and will remain low 
even under successful implementation of pro-natal policies. These changes will have far-reaching economic and 
societal consequences due to ageing populations and declining workforces in higher-income countries, combined 
with an increasing share of livebirths among the already poorest regions of the world.

Funding Bill & Melinda Gates Foundation.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 
license.

Introduction
Characterising trends in key demographic indicators of 
fertility and projecting estimates into the future are 
essential to understand the impact of changing birth 
rates on social, economic, and geopolitical systems, both 
now and in the coming century. Dynamics in fertility 
patterns are central to the well established concept of the 
demographic transition,1,2 which classically holds that 
societies will passage from a condition of high fertility 
and high mortality with more young than old people to a 
state of low fertility and low mortality with an 
increasingly older population. Some theorists have 
proposed the concept of a demographic dividend, 
whereby declining fertility rates lead temporarily to 
higher proportions of working adults available to 
generate resources and capital, potentially stimulating 
economic growth and eventual rebounds in fertility 
rates.3 Demographic data in the 5 years preceding 2021 
demonstrate that the total fertility rate (TFR) in some 
countries has fallen below replacement levels—the 
minimum rate necessary for generational replacement 
of the population assuming no migration—with no 
evidence of this predicted rebound.4–7 The replacement 
level is generally accepted to be a TFR of at least 2·1, 
although the true replacement level depends on the 
specific mortality rate and sex ratio at birth in a 
population.8 Low levels of fertility have the potential over 
time to result in inverted population pyramids with 
growing numbers of older people and declining 
working-age populations. These changes are likely to 
place increasing burdens on health care and social 
systems, transform labour and consumer markets, and 

alter patterns of resource use. Accurate estimates and 
future forecasts of fertility rates and their impact on 
population age structures are therefore essential to 
anticipate potential economic and geopolitical 
consequences and to inform the development of effective 
health, environmental, and economic policies.

At present, an important source of fertility estimates 
and future forecasts for countries and areas throughout 
the world has been the Population Division of the UN 
Department of Economic and Social Affairs, which 
most recently produced the 2022 Revision of World 
Population Prospects (WPP 2022).5 The UN Population 
Division estimates of past fertility are not compliant 
with the Guidelines on Accurate and Transparent 
Health Estimates Reporting (GATHER) statement in 
important respects; notably, they do not provide all 
code for statistical models or explicit details on criteria 
for exclusion or adjustment of primary data sources. 
Furthermore, the validity of UN Population Division 
projections has been questioned due to the assumptions 
applied in countries experiencing low post-transition 
fertility dropping below replacement level.9,10 Previous 
UN Population Division forecasts have assumed that, 
in such circumstances, fertility rates will increase 
towards replacement levels,11–13 and WPP 2022 assumes 
convergence to a rate that is a combination of country-
specific historical rates and the mean rate in low-
fertility countries that have experienced fertility 
increases.14 The WPP 2022 projects gradual increases in 
TFR even in countries that have shown no evidence of 
fertility rate increases, such as South Korea and 
Thailand.6,14–17 Additionally, UN Population Division 
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models are based on TFR, which is a period measure 
and therefore does not account for change over time in 
fertility behaviours. For example, in settings where 
fertility rates in older women increase due to choices to 
delay births, TFR would underestimate fertility 
forecasts. Reliance on TFR can also lead to short-term 
fluctuations in estimated fertility forecasts that are 
especially impactful in countries with low fertility 
rates.18 Moreover, their projections forecast TFR solely 
as a function of time and do not include other covariates 
to inform the models, which disregards potentially 
explanatory data and precludes investigating the effects 

of alternative policy-related scenarios or other drivers of 
fertility. The US Census Bureau International Database 
has also provided worldwide fertility estimates and 
projections, currently in 227 countries, since the 1960s, 
but country-specific updates are not performed on a 
regular basis.19 Since the 1990s, global and regional 
fertility forecasts have also been generated by the World 
Population Program of the International Institute for 
Applied Systems Analysis,20 with country-level 
projections more recently produced by an affiliated 
group, the Wittgenstein Centre for Demography and 
Global Human Capital.21,22 These forecasts rely on 

Research in context

Evidence before this study
Since the 1950s, global and national estimates and projections 
of key fertility indicators have been produced and regularly 
updated by the Population Division of the UN Department of 
Economic and Social Affairs, with the most recent iteration 
being the 2022 Revision of World Population Prospects. 
Assessments of fertility at national and subnational levels 
worldwide have also been conducted by the US Census Bureau 
since the 1960s, with estimates reported in the Bureau’s 
International Database. More recently, fertility estimates and 
projections have been generated by the Wittgenstein Centre for 
Demography and Global Human Capital and by the Global 
Burden of Diseases, Injuries, and Risk Factors Study (GBD), 
an ongoing, large-scale research enterprise that systematically 
analyses worldwide data to assess global health trends. Past 
estimates of fertility have been produced as part of GBD since 
2017, and future forecasts based on GBD findings were first 
published in 2020.

Added value of this study
Of the existing large-scale efforts to estimate worldwide trends 
in fertility, only GBD analyses are compliant with the Guidelines 
on Accurate and Transparent Health Estimates Reporting 
(GATHER) statement. This study also incorporates several 
important innovations introduced by the GBD population 
forecasting study by Vollset and colleagues in 2020 that support 
forecasting accuracy assessment and provide a framework by 
which to explore the impact of various policy scenarios on 
fertility patterns. These methods include: basing the GBD 
forecasting model on a measure of cohort fertility (completed 
cohort fertility at age 50 years, CCF50) that reflects the number 
of children born over time to females from a specific cohort, 
which better captures long-term choices people make about 
childbearing—such as delaying having children—than does the 
classic period-based measure of total fertility rate; and 
incorporating measures of female education and met need for 
modern contraceptives as covariates, which improves accuracy 
and allows for modelling alternative scenarios by changing levels 
of these indicators. In contrast to other models that assume rates 
in countries currently experiencing low fertility will tend to 
increase over time, or those that base their projections on expert 

judgements, GBD fertility forecasting methods are grounded in 
existing, real-world evidence about fertility patterns in long-
term cohorts of females and in data on related evidence-based 
covariates such as education and contraception. GBD 2021 has 
further improved the estimation of past, current, and future 
fertility in four important ways. First, an additional 147 surveys, 
21 censuses, and 634 country-years of vital and sample 
registration data were added for estimation of past fertility 
trends. Second, smoothing parameters for estimating past 
fertility trends were updated to better fit available data. Third, to 
further improve specificity and accuracy of future fertility 
projections, two additional covariates were included that 
account for urbanicity (defined here as population density in 
habitable areas) and under-5 mortality in the CCF50 model. 
Fourth, we added a pro-natal alternative scenario to help policy 
makers plan interventions in countries with fertility rates below 
replacement level. Based on a skill metric designed to evaluate 
forecasting accuracy, the model presented here performed better 
across all age groups compared with a constant prediction.

Implications of all the available evidence
Our past estimates and future forecasts indicate that fertility 
rates are declining everywhere and are projected to continue to 
decrease over the coming century. By 2100, we estimate that 
fertility rates will be below replacement level in more than 
95% of the world’s countries and territories but that marked 
disparities in rates will remain. Our forecasts also suggest that, 
by 2100, the largest concentrations of livebirths will shift to 
low-income settings, particularly a subset of countries and 
territories in sub-Saharan Africa, which are among the most 
vulnerable to economic and environmental challenges. Extreme 
shifts in the global distribution of livebirths can be partially 
ameliorated by improved female education and met need for 
modern contraception. Outside of this subset of low-income 
areas, most of the world’s countries will experience the 
repercussions of low fertility, with ageing populations, 
declining workforces, and inverted population pyramids, which 
are likely to lead to profound fiscal, economic, and social 
consequences. National policy makers and the global health 
community must plan to address these divided sets of 
demographic challenges emerging worldwide.
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assumptions informed by expert opinions from 
demographic scientists to predict future fertility 
rates.21–23

The Global Burden of Diseases, Injuries, and Risk 
Factors Study (GBD) is an ongoing, large-scale research 
enterprise that characterises the state of global health by 
estimating key health metrics at global, regional, and 
national levels.24 Beginning with the 2017 GBD cycle, past 
and current fertility estimates generated as part of the 
GBD analytic framework were published;25 before that, 
estimates from the UN Population Division were used as 
inputs to GBD analytic processes.26,27 For GBD 2019, past 
and current fertility estimates were reported jointly with 
mortality, life expectancy, and population measures in a 
publication focused on overall demographic estimates,28 
and GBD-based forecasts of population and fertility 
up to 2100 were reported separately by Vollset and 
colleagues in 2020.5 GBD fertility estimates are based on 
clear data and methods applying a standardised approach, 
providing publicly available code. Vollset and colleagues 
addressed some of the existing issues regarding the use 
of TFR in the modelling process by developing an 
Institute for Health Metrics and Evaluation (IHME) 
forecasting model based instead on completed cohort 
fertility at age 50 years (CCF50: the average number of 
children born over time to females from a specified birth 
cohort)29 to capture change over time in fertility 
behaviours, which yields more stable and accurate fertility 
estimates. Vollset and colleagues4 also included covariates 
representing female educational attainment and 
contraceptive met need (a measure of the proportion of 
females of reproductive age whose need for contraception 
has been met with modern contraceptive methods) to 
better inform fertility estimates and facilitate exploration 
of alternative future scenarios associated with 
achievement of UN Sustainable Development Goals 
(SDGs) related to education and contraception.

The present GBD 2021 study focuses on fertility 
metrics, presenting past estimates (1950–2021) along 
with forecasts up to 2100. Results were improved since 
GBD 2019 and the 2020 study by Vollset and colleagues 
by incorporating newly available demographic data and 
through key methodological advances. This paper 
provides a high-level overview of our findings. We 
anticipate that the results will provide insights for policy 
makers and will be used as a tool to help plan and shape 
future policies to better prepare for profound changes in 
global fertility.

This paper was produced as part of the GBD 
Collaborator Network and in accordance with the GBD 
Protocol.30

Methods
Overview
For each subsequent GBD round, newly available data 
and updated methods are used to update the full time 
series of estimates from 1950 up to the latest year of 

analysis. As a consequence, GBD 2021 estimates 
supersede all previous estimates. GBD 2021 estimated 
key fertility metrics in females between ages 10 years and 
54 years in 204 countries and territories grouped into 
21 regions and seven super-regions. GBD regions are 
made up of countries and territories that are 
geographically close and epidemiologically similar.31 
These regions are then grouped into super-regions based 
on cause of death patterns. The full GBD location 
hierarchy is shown in appendix 1 (table S1). GBD 2021 
drew on the expertise of more than 11 000 collaborators 
across more than 160 countries and territories. The 
GBD 2021 fertility analysis framework produced 
estimates for every year from 1950 to 2021 and forecasts 
up to 2100.

The methods used to produce fertility estimates from 
1950 to 2021 closely followed those of GBD 2019.28 
Methods used to generate fertility forecasts to 2100 were 
based on a modified and revised version of the modelling 
approach used in the 2020 study by Vollset and 
colleagues.4 These methods have been peer-reviewed 
over previous GBD rounds and as part of the peer-review 
process for GBD 2021. Here we provide an overview of 
the methods with an emphasis on the main changes 
since GBD 2019 and the 2020 study by Vollset and 
colleagues;4,28 a more comprehensive description of the 
analytical methods for GBD 2021 is provided in 
appendix 1. Additional details on specific data inputs are 
accessible through the GBD Sources Tool.

Data sources and processing
We systematically searched for accurate and complete 
data on livebirths reported according to the age of 
mothers. In many high-income countries and territories, 
these data were available from high-quality vital 
registration systems, but in many lower-income 
countries, birth registries were incomplete, interrupted, 
or delayed; in these instances, we instead relied on 
complete and summary birth histories in censuses and 
household surveys. Fertility rates from vital registration 
data were calculated as observed births divided by 
population estimates. Complete and summary birth 
history data were collapsed from the available microdata 
and sample weights applied to calculated age-specific 
fertility rates (ASFRs) and number of children ever born, 
respectively. A full description of data seeking and 
synthesis is provided in appendix 1 (section 2.1). In total, 
we compiled 58 072 unique location-source-years of data 
for females aged 10–54 years for the period between 
1950 and 2021 (number of sources by location and by 
year can be found in appendix 1 tables S3 and S4). At the 
national level, we obtained 8680 unique country-source-
years of vital registration data, with an additional 
29 country-source-years of data from sample registration 
systems. We additionally extracted data on period ASFR, 
or average number of children ever born from surveys 
and censuses that yielded 735 complete birth histories, 

For the GBD Sources Tool see 
https://ghdx.healthdata.org/

gbd-2021/sources

See Online for appendix 1

https://ghdx.healthdata.org/gbd-2021/sources
https://ghdx.healthdata.org/gbd-2021/sources
https://ghdx.healthdata.org/gbd-2021/sources
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879 summary birth histories, and 28 unclassified forms 
of birth histories (details are in appendix 1 
tables S3 and S4).

Throughout the forecasting modelling processes, we 
used female education, under-5 mortality, met need for 
contraceptive use, and population density in habitable 
areas as covariates. Details of these covariates are 
available in appendix 1 (section 3.1).

Fertility from 1950 to 2021
GBD 2021 estimates of fertility metrics between 
1950 and 2021 were based on a systematic synthesis of all 
available data for all GBD locations. The fertility 
estimation process was closely connected to parallel, 
concordant modelling of population and mortality, with 
population estimates used iteratively to generate inputs 
to fertility estimation models and vice versa.28 GBD 
methods are designed to account for the diversity of data 
available and the different biases inherent in various data 
sources, with customised data processing and data 
synthesis steps implemented to account for known 
biases, missing data, and heterogeneous measurement 
metrics used across data sources. Estimation of fertility 
rates between 1950 and 2021 for females ages 10–54 years 
largely followed the methods used in GBD 2019.28 First, 
ASFRs were estimated for 5-year age groups between 
15 years and 49 years only using age-specific vital 
registration and complete birth history data. These 
results were used to split all-age data from vital 
registration, summary birth history, and other sources 
into ASFRs, and then another model was fit to estimate 
ASFRs using the original age-specific ASFR data from 
vital registration and complete birth history along with 
these age-split data. Next, we extended these estimates to 
the age groups of 10–14 years and 50–54 years using data 
from these ages and adjacent age groups. Finally, ASFR 
estimates were used to calculate TFR. A summary of 
these methods follows, with a comprehensive description 
provided in appendix 1 (section 2).

To estimate ASFRs by 5-year age groups for females 
aged 15–49 years, we implemented mixed-effects 
regression models using bounded logit(ASFR) as the 
outcome. The 20–24-years age group was estimated first, 
and these estimates were used to model the remaining 
age groups. Both sets of models were fit separately for 
the high-income, sub-Saharan Africa, and central Europe, 
eastern Europe, and central Asia super-regions to account 
for differences in the relationships between the ASFR of 
the 20–24-years age group and that of other age groups. 
ASFRs in the 20–24-years age group were modelled with 
female educational attainment as a covariate and random 
intercepts for each location source. Then, we separately 
modelled ASFRs in the remaining age groups between 
15 years and 49 years using a linear spline on the 
logit(ASFR) in the 20–24-years age group. The selection 
of spline knots varied by super-region and age group. 
These models also included female educational 

attainment as a covariate, except in the high-income 
super-region, and random intercepts for each location 
source. After running these mixed-effects models, we 
corrected for systematic differences across data sources 
by selecting a reference source for each location and 
adjusting other sources based on their discrepancy from 
the reference source. Last, a spatiotemporal Gaussian 
process regression (ST-GPR) was used to smooth ASFRs 
across location and time, producing final point estimates 
and uncertainty intervals (UIs).

First-round ASFR estimates were generated from this 
modelling approach using age-specific vital registration 
and complete birth history data. To split total birth data 
from vital registration data, summary birth histories, and 
other sources into ASFRs, we calculated the ratio of the 
parity implied by each total birth data source to the parity 
estimated in this first-round ASFR model. This ratio was 
then multiplied by the estimated ASFRs from the first-
round model. These age-split data were incorporated into 
a second round of estimation for each location using the 
same modelling approach described earlier. To generate 
estimates for ages 10–14 years and 50–54 years, we 
estimated the ratio of ASFR to the adjacent age group 
using all available data, then applied these ratios to the 
second-round ASFR estimates. We used a mixed-effects 
regression model to estimate location-specific ratios for 
ages 10–14 years, whereas we calculated the average ratio 
across all locations for ages 50–54 years. Finally, TFR was 
calculated by multiplying the ASFRs from each 5-year 
age group by five and summing.

Fertility forecasting
We produced forecasts of fertility using an updated 
modelling framework (appendix 1 section 3) that 
improved on the methods in the 2020 study by Vollset 
and colleagues.4 In our updated methods, we used not 
only estimates of female educational attainment and 
contraceptive met need as covariates, but also estimates 
of under-5 mortality and population density in habitable 
areas to account for a larger variation in CCF50 across all 
countries in the sub-models (appendix 1 section 3.1, 
appendix 2 figure S2). Similar to Vollset and colleagues, 
we continued to forecast fertility with CCF50 rather than 
TFR, because modelling in cohort space is more stable 
than in period space. For this analysis, we used past 
CCF50 estimates for birth cohorts from 1945 to 1972 to 
forecast CCF50 up to the 2085 birth cohort of females, 
followed by predicting ASFR for each 5-year age interval 
as a proportion of CCF50. CCF50 was defined as the 
average number of children born to an individual female 
from an observed birth cohort (indexed by year of birth) 
if she lived to the end of her reproductive lifespan (ages 
15–49 years). CCF50 was forecast using an ensemble 
modelling approach with three equally weighted sub-
models (with two, three, and four covariates) in which 
each sub-model utilised the MR-BRT (meta-regression—
Bayesian, regularised, trimmed) tool.32 For example, the 

See Online for appendix 2
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four-covariate sub-model was represented by the 
following equation:

logit(0·7,10)(CCF50lc)=β0 + spline(educationlc) ×  β

+ met needlc ×β2

1

+ under -5 mortalitylc ×β3

+ population density per habitable arealc ×β4

+ εlc,

where CCF50 is scaled from more than 0·7 to less than 
10 and modelled in logit space for location (l) and 
cohort (c), β0 is an intercept, β1 is a vector of the spline 
coefficients of female educational attainment covariate, 
β2 is a slope on proportion of met need for contraception, 
β3 is a slope on under-5 mortality, β4 is a slope on 
population density in habitable areas, and ε is a residual 
term. Further details are provided in appendix 1 
(section 3.2, figure S1).

From forecast CCF50, we then derived ASFR forecasts 
for the years 2022 to 2100 using a combination of a linear 
mixed-effects model, spline interpolation, and an 
autoregressive integrated moving average (ARIMA) 
model (1,0,0) on residuals to estimate the age pattern of 
fertility for each cohort. Once ASFR values for ages 
15–49 years were obtained, we inferred the ASFR values 
for the 10–14-years and 50–54-years age groups based on 
their ratios to the rest of the age pattern during the last 
observed year (2021). Single-year age interval ASFRs 
were summed over all ages to yield the TFR for each 
calendar year (appendix 1 section 3.3).

We also produced fertility forecasts for four alternative 
scenarios applied to all 204 countries and territories. 
These scenarios explore shifting forecast values of 
two known drivers of fertility (education and met need 
for contraceptives) as well as a proxy pro-natal policy. 
More specifically, the scenarios included were: the UN 
SDG target 4.1 for education is achieved by 2030; the 
contraceptive met need SDG target 3.7 is achieved 
by 2030; pro-natal policies are enacted that create 
supportive environments for those who give birth; and 
the previous three scenarios combined (more details are 
provided in appendix 1 section 3.4). For the education 
SDG scenario, the forecasts assume that by 2030, all 
people will have 12 years or more of education by the age 
of 25 years and then maintains the same rate of change 
as the reference scenario up to 2100. For the contraceptive 
met need scenario, to reflect the SDG scenario of 
universal access, the forecasts assumed a linear increase 
in contraceptive coverage to reach 100% by 2030 and then 
stay constant up to 2100.

In the pro-natal scenario, we assumed a country will 
introduce pro-natal policies, such as childcare subsidies, 
extended parental leave, insurance coverage expansion for 
infertility treatment,33 and other forms of support for 
parents to afford high-quality child-care services, once TFR 
decreases to less than 1·75. We then made three 

assumptions on the effects of such policies. First, we 
assumed the full effect of pro-natal policies will be to 
increase TFR by 0·2. Second, it will take 5 years after the 
policy is introduced for the full increase in TFR to occur, 
and TFR will rise linearly over that time span. Last, we 
assumed that both the policies and the increase in 
TFR by 0·2 will endure for the remainder of the century. 
For each pro-natal year, the TFR increase was distributed 
proportionally among the single-year ages according to 
their reference forecast ASFR values. The pro-natal 
scenario parameters were drawn from previously observed 
increases in TFR that coincided with pro-natal policies and 
broader empirical evidence regarding effects of pro-natal 
policies in low-fertility contexts. Further details on the pro-
natal scenario can be found in appendix 1 (section 3.4.3).

In the combined scenario, we applied the 
aforementioned changes to the covariate forecasts 
simultaneously without assigning any weights because 
these covariates were already embedded in our model 
and the coefficients for each covariate were calculated 
based on the observed data.

GBD 2021 updates
To estimate ASFRs from 1950 to 2021, GBD 2021 added 
147 surveys, 21 censuses, and 634 country-years of vital 
and sample registration data compared with GBD 2019, 
for a total of 1455 surveys and censuses, 8709 country-
years of vital and sample registration data, and 150 other 
sources. Methods were updated for GBD 2021 by 
changing the time weight in ST-GPR to use a beta density 
function, in which hyperparameters were assigned based 
on quality of available data sources and the number of 
available datapoints. This better accounted for increased 
data availability, which improved precision and produced 
more plausible time trends compared with GBD 2019.

Updates to the fertility forecasting methods first 
introduced in the 2020 study by Vollset and colleagues4 
included the incorporation of two new covariates in the 
CCF50 model—namely, under-5 mortality and population 
density in habitable areas—in addition to those previously 
used (ie, female educational attainment and contraceptive 
met need). Furthermore, the current iteration of the 
IHME model employed a linear fixed-effect model to 
forecast 5-year ASFRs, which were interpolated to 1-year 
estimates using an ARIMA model on the residuals to 
quantify variation not explained by the covariates.

Comparison with other models
We evaluated the IHME fertility forecasting model 
performance based on out-of-sample predictions during 
the validation period 2007–21. We used the following skill 
metric34 for model evaluation and comparison (see 
appendix 1 section 3.6 for more details): 

skill = 1 – 
RMSE(Model)

RMSE(Baseline Model),
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where Model is our IHME model, and Baseline Model is a 
simplistic model in which ASFR of the most recent past 
year is held constant in the future.34 Out-of-sample 
predicted values for our forecasts were based on the GBD 
fertility model fit using a dataset in which data sources 
from 2007 to 2021 were excluded, and these were compared 
to our final GBD 2021 estimates to compute root mean 
square error (RMSE) values. This skill metric was 
calculated across locations and reported for each 5-year age 
group. A positive skill metric indicates that a model being 
evaluated performs better than the baseline model, 
whereas a negative skill metric suggests the opposite.

GBD research and reporting practices
Point estimates were computed using the mean across 
1000 draws from the estimated distribution of the given 
metric for past and present fertility estimates and 
500 draws for future forecasts (see appendix 1 
section 2 and 3.5, respectively, for details), and 95% UIs 
were obtained by taking the 2·5 and 97·5 percentile values 
from the draws. UIs were computed for forecast alternative 
scenarios but are only reported in the text and tables. For 
readability, figures only include UIs for the past and for 

Figure 1: TFR, globally and by GBD super-region, 1950–2100
The dashed horizontal line indicates replacement TFR (2·1), and the dashed vertical line indicates the year 2022 
(the first forecast year). GBD=Global Burden of Diseases, Injuries, and Risk Factors Study. TFR=total fertility rate.
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the future reference scenario. GBD 2021 complies with 
the GATHER statement (appendix 1 table S2).35

Analyses were completed with Python version 3.10.12, 
Stata 15, and R version 3.5.1. Statistical code used for 
GBD estimation is publicly available online. 

Role of the funding source
The funder of this study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
Additional results and forecasts from the analysis are 
presented in appendix 2 and are also available in 
downloadable form through the GBD Results tool.

Fertility estimates 1950–2021
There were 129 million (95% UI 121–138) livebirths 
globally in 2021 (table 1). This is an increase from 

92·7 million (88·7–96·6) livebirths in 1950, but a decline 
from the peak of 142 million (137–147) in 2016 (appendix 2 
table S1). The global TFR was 2·23 (95% UI 2·09–2·38) 
in 2021, a decrease from 4·84 (4·63–5·06) in 1950 and 
3·61 (3·53–3·69) in 1980 (table 1, figure 1). This 
approximate halving constitutes an annualised rate of 
decline in TFR of 1·1% (1·0–1·2). Across GBD super-
regions, the distribution of livebirths changed 
substantially over the previous seven decades, as did 
relative levels of TFR. More than one-third of global 
livebirths in 1950 occurred in southeast Asia, east Asia, 
and Oceania, which was the largest proportion across 
super-regions (for livebirth counts, see table 1), 
corresponding to a TFR of 5·76 (5·44–6·09). This 
proportion decreased to less than 20% of global livebirths 
in 2021, with a TFR of 1·55 (1·44–1·66). By contrast, 
livebirths in south Asia increased from approximately 
20% to 25% of global livebirths between 1950 and 2021, 
and contributed the largest proportion from 1981 to 2011. 

Figure 2: TFR by country or territory, 1950 vs 2021 (A) and 2021 vs 2100 (B)
Each circle represents the TFR for a country or territory in 1950 and 2021 (A) or in 2021 and 2100 (B). The size of the circle indicates the absolute annual rate of change 
in TFR between the two years. Circles above the diagonal line show countries or territories that have seen an increase in TFR over the study period, whereas those below 
the diagonal had a decline in TFR over the study period. The horizontal and vertical dashed lines indicate replacement TFR (2·1). Country name labels are provided for 
locations that have the largest TFR values, those with large TFR values and annualised rates of change, and the five most populous countries with a low TFR value. 
FSM= Federated States of Micronesia. GBD=Global Burden of Diseases, Injuries, and Risk Factors Study. Isl=Islands. TLS=Timor-Leste. TFR=total fertility rate.
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TFR in this super-region decreased from 6·35 (5·95–6·75) 
in 1950 to 2·07 (1·89–2·28) in 2021. After 2011, 
sub-Saharan Africa contributed the largest share of 
livebirths, up to approximately 30% by 2021 (up from 
8% in 1950). Large numbers of livebirths in 
sub-Saharan Africa in 2021 resulted from a much less 
steep decrease in TFR over the study period compared 
with other super-regions, falling from 6·94 (6·62–7·25) 
in 1950 to 4·29 (4·03–4·58) in 2021. Livebirths and TFRs 
over time for all locations are presented in table 1.

At the national level, estimates of TFR in 2021 ranged 
from 0·82 (95% UI 0·75–0·89) in South Korea to 
6·99 (6·75–7·24) in Chad, with below-replacement levels 
of fertility (TFR <2·1) in 110 of 204 countries and territories 
(table 1, figures 2A, 3). This was an increase from 
82 countries and territories below replacement level 
in 2000. Since 2000, the steepest declines in TFR were 
seen in São Tomé and Príncipe, Puerto Rico, and Kuwait, 
all of which had declines of more than 36%. Overall, 
fertility has declined steadily at the global level and across 
nearly all countries and territories since 1950, with 
rebounds in low fertility levels (ie, below-replacement 
fertility in the year with lowest TFR followed by higher 
fertility in at least one subsequent year) observed in 
47 countries and territories (appendix 2 figure S1). The 
magnitude of these rebounds was small, with an average 
increase of 0·20 from lowest estimated TFR to the TFR 
in 2021, and only three countries rebounded above 
replacement levels: Georgia, Kazakhstan, and Seychelles. 
Cohort-completed fertility is a better indicator of fertility 
trends due to controlling for general shifts in the timing of 
childbearing. Since the 1940 birth cohort, CCF50 declined 
from peak levels in all countries and territories (the 
1971 birth cohort is the last one for which we have complete 
age-specific fertility estimates up to age 50 years). 
Temporal rebounds from below-replacement CCF50 are 

less common compared with TFR, with only 15 countries 
or territories having a cohort that dropped below 
replacement fertility followed by a subsequent cohort with 
higher CCF50. These rebounds were also of smaller 
magnitude, with an average increase of 0·02 from lowest 
estimated CCF50 to the CCF50 in the 1971 birth cohort, 
and no rebounds exceeded replacement levels.

Reference scenario fertility forecasts
Our forecasting estimates suggest that fertility rates will 
continue to decline worldwide from a global TFR of 2·21 
(95% UI 2·06–2·36) in 2022 to 1·83 (1·59–2·08) in 2050 
and 1·59 (1·25–1·96) in 2100 (table 1, figure 1). Except for 
four locations (South Korea, Andorra, The Bahamas, and 
Kuwait), we project that every country and territory will 
experience a decrease in TFR between 2021 and 2100 
(figure 2B). Across GBD super-regions, forecasts of TFR 
in 2050 range from 1·36 (1·09–1·64) in south Asia to 
2·72 (2·32–3·15) in sub-Saharan Africa; in 2100, TFRs in 
these two super-regions are forecast to be 1·10 (0·80–1·43) 
and 1·82 (1·35–2·32), respectively (table 1, figure 1). 
Countries projected to have the highest fertility rates 
in 2050 are Chad (4·81 [4·45–5·18]) and Niger (5·15 
[4·68–5·64]); in 2100, the highest rates are forecast in 
Tonga (2·45 [1·93–2·98]) and Samoa (2·57 [1·98–3·14]; 
table 1). Countries projected to have the lowest fertility 
rates in 2050 are South Korea (0·82 [0·73–0·92]) and 
Puerto Rico (0·84 [0·76–0·92]), with the lowest rates 
in 2100 forecast in Bhutan (0·69 [0·33–1·00]) and 
the Maldives (0·77 [0·42–1·11]; table 1). TFRs are projected 
to decline between 2021 and 2100 at rates of more than 
1% per year in 45 (22·1%) of 204 countries and territories. 
Burkina Faso and Guinea-Bissau are forecast to have the 
fastest annualised declines at rates of around 
1·6% per year (figure 2B).

Global CCF50 is projected to decrease from 3·59 
(95% UI 3·52–3·66) for females who were born in 1950 
to 1·64 (1·33–1·97) for females born in 2050 who will 
have transitioned out of their reproductive years by 2100 
(see figure 4, a Lexis diagram heatmap that simultaneously 
displays single-year ASFR, TFR, and CCF50 estimates 
for comparison). Globally, ASFRs are forecast to decline 
from 2022 to 2100, especially between ages 22 years and 
32 years (as reflected in the change in pixel colours from 
lighter green to darker green moving rightward across 
the horizontal axis). This reflects that in some areas—
particularly countries in the high-income GBD super-
region and some in the central Europe, eastern Europe, 
and central Asia super-region—maternal age structure 
has shifted and will continue to shift dramatically towards 
females being older when they have children. Country-
specific heatmaps that provide insight into different 
fertility patterns for a range of countries are shown in 
appendix 2 (figure S3).

103 (50·5%) of the 204 countries and territories 
included in the study had already reached TFRs below 
replacement level in 2018, and we project that 

Figure 3: Number of countries and territories with TFR below replacement level (2·1) and with a negative rate 
of natural increase, 1950–2100
The number of countries and territories is out of a total of 204. The rate of natural increase is calculated as the birth 
rate minus the death rate; a negative rate indicates more deaths than births in a particular year and location. The 
vertical dashed line is at year 2022 (the first forecast year). TFR=total fertility rate. 
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100 (49·0%) countries will have negative rates of natural 
increase (ie, the number of deaths will exceed the 
number of livebirths) by 2050 (figure 3). The concept of 
population momentum is illustrated in figure 3, which is 
the tendency of a population to continue to grow beyond 
the time it falls below replacement-level fertility. 
Population growth is heavily influenced by the age 
structure of the population; in locations with relatively 
large cohorts of young people (particularly younger than 
15 years), the population will continue to grow well 
beyond the first year of below-replacement fertility as 
these young cohorts move through their reproductive 
years.36,37 Our estimates indicate that there is 
approximately a 30-year gap between the time when TFR 
falls below 2·1 and when the natural rate of population 
increase turns negative. We forecast that 155 (76·0%) 
countries and territories will have fertility rates below 
replacement level in 2050; by 2100, we project this 
number will increase to 198 (97·1%), with 178 (87·3%) 
having a negative natural rate of increase (figure 3).

We project that the 2021 World Bank low-income and 
lower-middle-income groups38 combined will contribute 
the majority of the global share of livebirths in 2100, 
at 77·4% (95% UI 69·1–83·6; figure 5, appendix 1 
table S6, figure S2). Our results indicate that the 
proportion of global livebirths in the World Bank low-
income group will increase from 17·8% (17·3–18·2) 
in 2021 to 26·5% (24·4–28·5) in 2050 and 

34·6% (26·4–40·5) in 2100. In 1992, the number of births 
in the low-income group (14·9 million [14·6–15·3]) 
surpassed the number of births in the high-income 
group (14·0 million [13·8–14·2]; appendix 2 figure S4). 
We forecast that the number of births in the low-income 
group will exceed the number in the upper-middle-
income group in 2026. In 1972, the number of births in 
the lower-middle-income group exceeded the number of 
births in the upper-middle-income group. We project 
that the lower-middle-income group will have the highest 
number of births among the four income groups during 
the 2022–2100 period even though it will decrease from 
52·7% (51·7–53·7) of births in 2021 to 48·1% (45·2–50·5) 
in 2050 and 42·7% (37·5–48·7) in 2100 (figure 5). We 
forecast that the number of births in the lower-middle-
income group will reach 53·9 million (43·3–67·1) 
by 2050 and 31·2 million (16·2–53·8) by 2100 (appendix 2 
figure S4). By contrast, the share of livebirths contributed 
by the upper-middle-income group will decrease from 
20·4% (19·8–21·2) in 2021 to 16·1% (14·7–17·8) in 2050 
and 11·6% (8·9–15·3) in 2100 (figure 5). The proportion 
of the world’s livebirths in the high-income group will 
remain relatively stable at 9·3% (8·3–10·6) in 2050 and 
11·1% (7·2–16·2) in 2100 (figure 5). We also computed 
the global proportion of livebirths projected by GBD 
super-region (appendix 1 table S5), showing that the 
share of livebirths in sub-Saharan Africa is 
forecast to increase from 29·2% (28·7–29·6) in 2021 to 

Figure 4: Lexis diagram of CCF50, single-year age interval ASFR, and TFR by age of mother, globally, 1950–2100
These Lexis diagram heatmaps simultaneously display single-year ASFR (colour fill), TFR (numbers at the top), and CCF50 estimates (white numbers at the bottom). 
The horizontal axis of the Lexis diagrams extends from 1950 (the beginning year of data availability) to 2100 (the final year of our forecasts), and the vertical axis 
indicates age of mother. CCF50 estimates are shown for each 10-year birth cohort. CCF50 is the sum of ASFR cells on the diagonal (ie, representing birth cohort), 
whereas TFR is the sum of ASFR cells vertically (ie, ASFR values from the same calendar year by age of mother). CCF50 is a cohort measure and years labelled on the 
x-axis are in period space. CCF50 values correspond to those entering their reproductive age (15–49 years) at that year (in other words, the birth cohort 15 years 
earlier). For example, the CCF50 value shown in 1950 represents CCF50 for those born in 1935. The vertical white lines indicate each decade, and the diagonal black 
dashed lines assist with visualising cohort space. ASFR=age-specific fertility rate. CCF50=completed cohort fertility at age 50 years. TFR=total fertility rate.
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41·3% (39·6–43·1) in 2050 and 54·3% (47·1–59·5) 
in 2100. The two super-regions of south Asia and 
southeast Asia, east Asia, and Oceania—which were the 
primary sources of livebirths in the 1950s and 1980s—are 
projected to contribute only 7·1% (4·4–10·1) and 
9·6% (7·9–12·0) of livebirths, respectively, in 2100. 
Considerable heterogeneity in livebirth counts exists at 
the regional and country level within each super-region. 
For example, the increase in livebirth counts between 
2021 and 2100 is most notable in western and eastern 
sub-Saharan Africa, especially countries in the Sahel 
along with Somalia and South Sudan (table 1).

Alternative scenario fertility forecasts
We developed four alternative scenarios based on 
independent drivers that are included in our model: 
educational attainment, contraceptive met need, 
implementation of pro-natal policies, and a combination 
of these three drivers (appendix 1 section 3.4). The first 
scenario, which assumes meeting the SDG education 
target by 2030, is estimated to result in global TFRs of 1·65 
(95% UI 1·40–1·92) in 2050 and 1·56 (1·26–1·92) in 2100 
(table 2). The second scenario, which assumes meeting 
the SDG contraceptive met need target by 2030, will 
produce global TFRs of 1·64 (1·39–1·89) in 2050 and 
1·52 (1·21–1·87) in 2100. The third scenario, which 
incorporates pro-natal policy implementation, is forecast 
to yield global TFRs of 1·93 (1·69–2·19) in 2050 and 
1·68 (1·36–2·04) in 2100. The combined scenario, in 
which all three other alternative scenarios are applied, is 
projected to result in a global TFR of 1·65 (1·40–1·92) 
in 2050 and 1·62 (1·35–1·95) in 2100. We also projected 
country-level future fertility rates based on the reference 

(presented here) and four alternative (presented in 
appendix 1 section 3.8) scenarios for the world’s ten most 
populous countries in 2021. Among these countries, only 
Nigeria and Pakistan will remain above 1·75 (our 
threshold for the pro-natal scenario implementation) well 
into the future in our reference scenario (beyond 2100 for 
Nigeria and 2050 in Pakistan). TFRs in both Brazil and 
Indonesia are forecast to decrease below 1·75 in 2036. 
Reference TFR values in Bangladesh and India are 
projected to decrease below 1·75 by 2026 and 2027, 
respectively. Mexico, Russia, the USA, and China already 
experienced TFR values below 1·75 in or before 2021 and 
are forecast to maintain flat future trends. Detailed results 
on the alternative scenarios in the world’s ten most 
populous countries are shown in appendix 1 (section 3.8). 
Projections in all 204 countries and territories are shown 
in appendix 2 (figure S5) and table 2.

Comparison with other models
The WPP 2022 revision projected a global TFR of 2·15 
in 2050 and 1·84 in 2100 compared with the global TFRs 
forecast by our model of 1·83 (95% UI 1·59–2·08) and 
1·59 (1·25–1·96) in the same years (appendix 2 figure S6). 
In 2100, WPP’s TFR forecasts converge to a narrower 
range of 1·38–2·22 than do our model’s reference 
scenario TFR values, which range from 0·69 to 2·57. 
Additionally, for countries with low fertility levels, WPP 
predicts that fertility rates will rebound to a much larger 
extent than in our projections, which suggest they will 
remain low or decline (appendix 2 figure S6). We forecast 
that global TFR will fall below the replacement level of 2·1 
after 2030, in contrast to WPP’s forecast that global TFR 
will fall below replacement level in 2056.

Time-series country-level comparisons between ASFR 
and TFR predictions from our model and WPP 2022 are 
presented in appendix 2 (figures S5, S6). For example, 
our model predicts that reference TFR in South Korea 
will be low throughout the forecast period (0·82 [95% UI 
0·73–0·92] in 2050 and 0·82 [0·71–0·95] in 2100), but 
WPP 2022 forecasts an increase in TFR in South Korea 
(1·17 in 2050 and 1·43 in 2100; appendix 2 figure S5). 
These forecasting differences are apparent in other 
countries and territories, including in Taiwan (province 
of China), where we forecast almost no change in TFR 
from 2050 to 2100 (0·90 [0·78–1·04] and 0·90 [0·77–1·05], 
respectively), compared with the WPP projection of a 
rebound in TFR to 1·41 in 2050 and 1·53 in 2100. We 
forecast that TFR will be lower in 200 of 204 countries 
and territories in 2100, including those that already have 
very low fertility rates, and projected a much steeper 
decline in TFR in many African countries than did WPP. 
For example, our model projected that TFR in Sudan will 
fall below replacement in approximately 2045, whereas 
the WPP model forecast that this will happen after 2095. 
Overall, the WPP model predicted that 142 (69·6%) of 
204 countries and territories will have fertility rates below 
replacement level in 2050, whereas our model forecast 
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Figure 5: Share of livebirths by 2021 World Bank income group
The World Bank income group is explicitly chosen to highlight the share of births according to resources per 
person. Resources are defined as gross national income (gross domestic product plus net income) per person.
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Reference scenario Education SDG achieved Contraceptive met need 
SDG achieved

Pro-natal policies enacted Combined scenario

2050 2100 2050 2100 2050 2100 2050 2100 2050 2100

Global 1·83 
(1·59–2·08)

1·59 
(1·25–1·96)

1·65 
(1·40–1·92)

1·56 
(1·26–1·92)

1·64 
(1·39–1·89)

1·52 
(1·21–1·87)

1·93 
(1·69–2·19)

1·68 
(1·36–2·04)

1·65 
(1·40–1·92)

1·62 
(1·35–1·95)

Central Europe, eastern Europe, and 
central Asia

1·68 
(1·56–1·81)

1·57 
(1·42–1·73)

1·65 
(1·52–1·78)

1·56  
(1·41–1·72)

1·52 
(1·39–1·66)

1·51 
(1·36–1·65)

1·80 
(1·68–1·93)

1·64 
(1·49–1·79)

1·62 
(1·49–1·75)

1·57 
(1·42–1·71)

Central Asia 2·31 
(2·16–2·47)

1·95 
(1·76–2·13)

2·27 
(2·11–2·43)

1·93  
(1·75–2·11)

2·11 
(1·95–2·26)

1·88 
(1·70–2·07)

2·33 
(2·18–2·48)

1·95 
(1·77–2·14)

2·09 
(1·94–2·25)

1·89 
(1·70–2·08)

Armenia 1·45 
(1·27–1·65)

1·24 
(1·01–1·49)

1·41 
(1·23–1·62)

1·21 
(0·98–1·46)

1·18 
(0·94–1·42)

1·11 
(0·87–1·37)

1·65 
(1·47–1·85)

1·44 
(1·21–1·69)

1·35 
(1·12–1·60)

1·29 
(1·05–1·55)

Azerbaijan 1·51 
(1·27–1·76)

1·29 
(1·01–1·59)

1·48 
(1·24–1·74)

1·28 
(1·00–1·57)

1·15 
(0·84–1·44)

1·04 
(0·73–1·35)

1·71 
(1·47–1·96)

1·49 
(1·21–1·79)

1·34 
(1·03–1·64)

1·23 
(0·92–1·54)

Georgia 1·80 
(1·65–1·96)

1·52 
(1·34–1·71)

1·71 
(1·57–1·88)

1·49 
(1·31–1·68)

1·53 
(1·34–1·72)

1·39 
(1·20–1·60)

1·80 
(1·65–1·96)

1·72 
(1·54–1·91)

1·67 
(1·49–1·87)

1·57 
(1·38–1·78)

Kazakhstan 2·43 
(2·21–2·65)

1·94 
(1·69–2·19)

2·38 
(2·16–2·60)

1·92 
(1·68–2·16)

2·27 
(2·05–2·49)

1·89 
(1·64–2·13)

2·43 
(2·21–2·65)

1·94 
(1·69–2·19)

2·23 
(2·01–2·46)

1·87 
(1·62–2·11)

Kyrgyzstan 2·35 
(2·05–2·70)

1·95 
(1·63–2·33)

2·32 
(2·01–2·67)

1·94 
(1·62–2·31)

2·01 
(1·68–2·38)

1·73 
(1·40–2·10)

2·35 
(2·05–2·70)

1·95 
(1·63–2·33)

1·99 
(1·65–2·37)

1·92 
(1·59–2·29)

Mongolia 2·46 
(2·02–2·88)

1·87 
(1·35–2·35)

2·36 
(1·90–2·80)

1·83 
(1·32–2·32)

2·22 
(1·79–2·64)

1·77 
(1·28–2·24)

2·46 
(2·02–2·88)

1·87 
(1·35–2·35)

2·15 
(1·70–2·58)

1·79 
(1·29–2·26)

Tajikistan 2·66 
(2·33–2·97)

2·13 
(1·75–2·49)

2·59 
(2·25–2·91)

2·10 
(1·73–2·45)

2·18 
(1·83–2·50)

1·84 
(1·48–2·18)

2·66 
(2·33–2·97)

2·13 
(1·75–2·49)

2·13 
(1·79–2·46)

1·81 
(1·46–2·15)

Turkmenistan 2·25 
(1·87–2·66)

1·81 
(1·38–2·28)

2·10 
(1·68–2·54)

1·74  
(1·29–2·22)

2·02 
(1·65–2·44)

1·72 
(1·30–2·18)

2·25 
(1·87–2·66)

1·81 
(1·38–2·28)

1·91 
(1·51–2·34)

1·86 
(1·43–2·32)

Uzbekistan 2·34 
(2·08–2·62)

1·97 
(1·69–2·27)

2·32 
(2·06–2·60)

1·97 
(1·69–2·26)

2·27 
(2·02–2·54)

1·97 
(1·69–2·27)

2·34 
(2·08–2·62)

1·97 
(1·69–2·27)

2·26 
(2·00–2·53)

1·97 
(1·70–2·26)

Central Europe 1·34 
(1·19–1·50)

1·21 
(1·03–1·41)

1·33 
(1·17–1·49)

1·21  
(1·03–1·41)

1·18 
(1·01–1·35)

1·15 
(0·97–1·35)

1·54 
(1·39–1·70)

1·41 
(1·23–1·61)

1·37 
(1·20–1·55)

1·34 
(1·16–1·55)

Albania 1·34 
(1·10–1·61)

1·17 
(0·86–1·50)

1·29 
(1·04–1·57)

1·15 
(0·83–1·48)

0·86 
(0·52–1·20)

0·80 
(0·44–1·15)

1·54 
(1·30–1·81)

1·37 
(1·06–1·70)

1·04 
(0·69–1·38)

0·99 
(0·63–1·35)

Bosnia and Herzegovina 1·16 
(0·99–1·35)

0·95 
(0·71–1·19)

1·15 
(0·98–1·35)

0·96 
(0·73–1·20)

0·85 
(0·61–1·08)

0·80 
(0·55–1·05)

1·36 
(1·19–1·55)

1·15 
(0·91–1·39)

1·05 
(0·80–1·28)

1·01 
(0·75–1·25)

Bulgaria 1·43 
(1·29–1·59)

1·26 
(1·08–1·45)

1·40 
(1·25–1·56)

1·26 
(1·08–1·45)

1·25 
(1·08–1·42)

1·18 
(0·99–1·37)

1·63 
(1·49–1·79)

1·46 
(1·28–1·65)

1·43 
(1·26–1·61)

1·38 
(1·20–1·57)

Croatia 1·27 
(1·08–1·46)

1·14 
(0·92–1·38)

1·26 
(1·08–1·46)

1·14 
(0·92–1·38)

1·05 
(0·83–1·26)

1·01 
(0·78–1·25)

1·47 
(1·28–1·66)

1·34 
(1·12–1·58)

1·25 
(1·03–1·46)

1·21 
(0·98–1·45)

Czechia 1·54 
(1·34–1·76)

1·36 
(1·13–1·60)

1·53 
(1·33–1·75)

1·35  
(1·13–1·60)

1·44 
(1·23–1·66)

1·31 
(1·09–1·55)

1·74 
(1·54–1·96)

1·56 
(1·33–1·80)

1·62 
(1·41–1·84)

1·50 
(1·28–1·74)

Hungary 1·42 
(1·22–1·65)

1·29 
(1·06–1·55)

1·42 
(1·22–1·65)

1·29 
(1·06–1·55)

1·34 
(1·13–1·57)

1·25 
(1·02–1·51)

1·62 
(1·42–1·85)

1·49 
(1·26–1·75)

1·53 
(1·33–1·77)

1·44 
(1·22–1·71)

Montenegro 1·56 
(1·43–1·70)

1·40 
(1·23–1·58)

1·55 
(1·42–1·69)

1·40 
(1·23–1·58)

1·18 
(0·95–1·39)

1·12 
(0·89–1·34)

1·76 
(1·63–1·90)

1·60 
(1·43–1·78)

1·38 
(1·15–1·58)

1·32 
(1·09–1·53)

North Macedonia 1·10 
(1·01–1·20)

0·97 
(0·84–1·09)

1·08 
(0·98–1·18)

0·97 
(0·84–1·09)

0·80 
(0·66–0·93)

0·76 
(0·62–0·90)

1·30 
(1·21–1·40)

1·17 
(1·04–1·29)

0·99 
(0·85–1·11)

0·96 
(0·82–1·10)

Poland 1·21 
(1·04–1·40)

1·07 
(0·87–1·29)

1·21 
(1·04–1·39)

1·07 
(0·87–1·29)

1·06 
(0·86–1·27)

1·00 
(0·79–1·22)

1·41 
(1·24–1·60)

1·27 
(1·07–1·49)

1·26 
(1·06–1·47)

1·20 
(0·99–1·42)

Romania 1·48 
(1·32–1·66)

1·26 
(1·06–1·48)

1·45 
(1·28–1·63)

1·26 
(1·06–1·47)

1·34 
(1·15–1·52)

1·23 
(1·03–1·44)

1·68 
(1·52–1·86)

1·46 
(1·26–1·68)

1·51 
(1·32–1·70)

1·43 
(1·23–1·64)

Serbia 1·01 
(0·90–1·11)

0·96 
(0·82–1·09)

1·00 
(0·90–1·11)

0·96 
(0·82–1·09)

0·81 
(0·66–0·94)

0·82 
(0·66–0·96)

1·21 
(1·10–1·31)

1·16 
(1·02–1·29)

1·01 
(0·85–1·13)

1·02 
(0·86–1·16)

Slovakia 1·46 
(1·34–1·59)

1·31 
(1·16–1·46)

1·45 
(1·32–1·58)

1·30 
(1·15–1·46)

1·30 
(1·15–1·44)

1·22 
(1·06–1·38)

1·66 
(1·54–1·79)

1·51 
(1·36–1·66)

1·49 
(1·34–1·63)

1·41 
(1·26–1·57)

Slovenia 1·51 
(1·39–1·64)

1·38 
(1·24–1·54)

1·50 
(1·38–1·64)

1·38 
(1·24–1·54)

1·32 
(1·16–1·47)

1·25 
(1·08–1·42)

1·71 
(1·59–1·84)

1·58 
(1·44–1·74)

1·51 
(1·35–1·67)

1·45 
(1·28–1·62)

Eastern Europe 1·28 
(1·15–1·42)

1·19 
(1·05–1·35)

1·24 
(1·12–1·39)

1·18 
(1·04–1·34)

1·16 
(1·02–1·32)

1·13 
(0·99–1·30)

1·48 
(1·35–1·62)

1·39 
(1·24–1·55)

1·34 
(1·20–1·49)

1·32 
(1·18–1·49)

Belarus 1·29 
(1·06–1·55)

1·19 
(0·95–1·47)

1·28 
(1·05–1·54)

1·19 
(0·94–1·47)

1·14 
(0·89–1·41)

1·09 
(0·83–1·36)

1·49 
(1·26–1·75)

1·39 
(1·15–1·67)

1·33 
(1·09–1·60)

1·28 
(1·03–1·56)

(Table 2 continues on next page)
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Reference scenario Education SDG achieved Contraceptive met need 
SDG achieved

Pro-natal policies enacted Combined scenario

2050 2100 2050 2100 2050 2100 2050 2100 2050 2100

(Continued from previous page)

Estonia 1·37 
(1·24–1·50)

1·21 
(1·06–1·36)

1·30 
(1·16–1·44)

1·19 
(1·04–1·35)

1·30 
(1·17–1·44)

1·18 
(1·04–1·33)

1·57 
(1·44–1·70)

1·41 
(1·26–1·56)

1·44 
(1·31–1·58)

1·37 
(1·22–1·52)

Latvia 1·35 
(1·16–1·56)

1·22 
(1·01–1·49)

1·29 
(1·10–1·52)

1·22 
(1·00–1·48)

1·25 
(1·04–1·47)

1·18 
(0·96–1·44)

1·55 
(1·36–1·76)

1·42 
(1·21–1·69)

1·41 
(1·20–1·63)

1·37 
(1·15–1·64)

Lithuania 1·23 
(1·11–1·35)

1·09 
(0·96–1·25)

1·21 
(1·09–1·33)

1·08 
(0·95–1·24)

1·12 
(0·99–1·26)

1·05 
(0·91–1·20)

1·43 
(1·31–1·55)

1·29 
(1·16–1·45)

1·30 
(1·18–1·44)

1·24 
(1·10–1·40)

Moldova 1·09 
(0·94–1·25)

1·03 
(0·87–1·24)

1·07 
(0·92–1·23)

1·03 
(0·87–1·23)

0·95 
(0·78–1·13)

0·95 
(0·77–1·15)

1·29 
(1·14–1·45)

1·23 
(1·07–1·44)

1·13 
(0·96–1·31)

1·15 
(0·97–1·35)

Russia 1·33 
(1·20–1·47)

1·21 
(1·06–1·37)

1·29 
(1·16–1·44)

1·20 
(1·06–1·36)

1·21 
(1·07–1·37)

1·15 
(1·01–1·31)

1·53 
(1·40–1·67)

1·41 
(1·26–1·57)

1·38 
(1·24–1·54)

1·34 
(1·20–1·50)

Ukraine 1·01 
(0·88–1·16)

0·98 
(0·83–1·16)

0·99 
(0·85–1·14)

0·97 
(0·82–1·15)

0·92 
(0·77–1·07)

0·93 
(0·77–1·11)

1·21 
(1·08–1·36)

1·18 
(1·03–1·36)

1·10 
(0·95–1·25)

1·12 
(0·97–1·30)

High income 1·43 
(1·30–1·56)

1·37 
(1·22–1·53)

1·42 
(1·29–1·55)

1·36 
(1·22–1·52)

1·38 
(1·24–1·52)

1·34 
(1·19–1·50)

1·62 
(1·50–1·76)

1·56 
(1·41–1·72)

1·57 
(1·43–1·71)

1·52 
(1·38–1·68)

Australasia 1·45 
(1·25–1·68)

1·33 
(1·08–1·59)

1·46 
(1·26–1·67)

1·33 
(1·11–1·57)

1·40 
(1·18–1·64)

1·31 
(1·06–1·58)

1·65 
(1·45–1·88)

1·53 
(1·28–1·79)

1·60 
(1·39–1·84)

1·51 
(1·28–1·76)

Australia 1·45 
(1·23–1·70)

1·32 
(1·06–1·61)

1·46 
(1·24–1·69)

1·32 
(1·09–1·58)

1·41 
(1·16–1·67)

1·31 
(1·03–1·59)

1·65 
(1·43–1·90)

1·52 
(1·26–1·81)

1·61 
(1·38–1·86)

1·51 
(1·25–1·78)

New Zealand 1·45 
(1·33–1·58)

1·35 
(1·20–1·51)

1·45 
(1·34–1·57)

1·35 
(1·22–1·49)

1·39 
(1·25–1·54)

1·31 
(1·15–1·48)

1·65 
(1·53–1·78)

1·55 
(1·40–1·71)

1·59 
(1·45–1·73)

1·51 
(1·37–1·67)

High-income Asia Pacific 1·14 
(1·00–1·30)

1·14 
(0·96–1·35)

1·12 
(0·99–1·28)

1·13 
(0·97–1·33)

1·07 
(0·91–1·24)

1·08 
(0·89–1·30)

1·34 
(1·20–1·49)

1·33 
(1·15–1·54)

1·25 
(1·10–1·42)

1·27 
(1·10–1·48)

Brunei 1·40 
(1·08–1·78)

1·25 
(0·87–1·70)

1·38 
(1·08–1·72)

1·26 
(0·91–1·65)

1·28 
(0·94–1·68)

1·19 
(0·81–1·64)

1·60 
(1·28–1·98)

1·45 
(1·07–1·90)

1·45 
(1·13–1·82)

1·39 
(1·04–1·80)

Japan 1·26 
(1·09–1·45)

1·21 
(1·00–1·43)

1·24 
(1·07–1·43)

1·20 
(1·02–1·41)

1·16 
(0·96–1·38)

1·14 
(0·92–1·38)

1·46 
(1·29–1·65)

1·41 
(1·20–1·63)

1·35 
(1·15–1·56)

1·33 
(1·13–1·56)

Singapore 1·15 
(0·93–1·41)

1·12 
(0·88–1·41)

1·14 
(0·94–1·39)

1·12 
(0·90–1·38)

1·14 
(0·92–1·39)

1·12 
(0·89–1·40)

1·35 
(1·13–1·61)

1·32 
(1·08–1·61)

1·33 
(1·13–1·57)

1·32 
(1·11–1·58)

South Korea 0·82 
(0·73–0·92)

0·82 
(0·71–0·95)

0·82 
(0·73–0·91)

0·82 
(0·71–0·94)

0·79 
(0·67–0·92)

0·82 
(0·68–0·95)

1·02 
(0·93–1·12)

1·02 
(0·91–1·15)

0·99 
(0·87–1·11)

1·01 
(0·88–1·15)

High-income North America 1·51 
(1·38–1·64)

1·43 
(1·27–1·60)

1·50 
(1·38–1·63)

1·43 
(1·28–1·58)

1·44 
(1·31–1·58)

1·38 
(1·22–1·54)

1·71 
(1·58–1·84)

1·63 
(1·47–1·80)

1·64 
(1·50–1·77)

1·57 
(1·42–1·73)

Canada 1·39 
(1·21–1·58)

1·32 
(1·12–1·54)

1·39 
(1·22–1·58)

1·32 
(1·13–1·53)

1·36 
(1·17–1·56)

1·30 
(1·10–1·53)

1·59 
(1·41–1·78)

1·52 
(1·32–1·74)

1·56 
(1·37–1·76)

1·50 
(1·30–1·72)

Greenland 1·84 
(1·60–2·10)

1·67 
(1·36–2·00)

1·74 
(1·46–2·02)

1·62 
(1·28–1·94)

1·77 
(1·52–2·03)

1·62 
(1·30–1·94)

1·84 
(1·60–2·10)

1·87 
(1·56–2·20)

1·88 
(1·60–2·16)

1·76 
(1·44–2·09)

USA 1·52 
(1·40–1·65)

1·45 
(1·30–1·60)

1·51 
(1·40–1·64)

1·44 
(1·30–1·59)

1·46 
(1·33–1·59)

1·39 
(1·24–1·54)

1·72 
(1·60–1·85)

1·65 
(1·50–1·80)

1·65 
(1·52–1·77)

1·58 
(1·44–1·73)

Southern Latin America 1·32 
(1·10–1·57)

1·23 
(0·97–1·53)

1·30 
(1·09–1·54)

1·22 
(0·99–1·50)

1·27 
(1·04–1·53)

1·22 
(0·96–1·52)

1·52 
(1·30–1·77)

1·43 
(1·17–1·73)

1·45 
(1·23–1·71)

1·41 
(1·16–1·70)

Argentina 1·33 
(1·09–1·60)

1·22 
(0·91–1·56)

1·31 
(1·07–1·57)

1·21 
(0·93–1·51)

1·28 
(1·01–1·55)

1·20 
(0·89–1·54)

1·53 
(1·29–1·80)

1·42 
(1·11–1·76)

1·45 
(1·20–1·73)

1·39 
(1·10–1·71)

Chile 1·29 
(1·09–1·51)

1·24 
(0·99–1·51)

1·29 
(1·10–1·50)

1·24 
(1·01–1·50)

1·26 
(1·05–1·50)

1·23 
(0·98–1·51)

1·49 
(1·29–1·71)

1·44 
(1·19–1·71)

1·46 
(1·25–1·70)

1·43 
(1·19–1·70)

Uruguay 1·36 
(1·14–1·60)

1·25 
(0·97–1·56)

1·27 
(1·05–1·52)

1·20 
(0·95–1·50)

1·29 
(1·05–1·56)

1·22 
(0·93–1·55)

1·56 
(1·34–1·80)

1·45 
(1·17–1·76)

1·42 
(1·16–1·69)

1·38 
(1·10–1·70)

Western Europe 1·44 
(1·32–1·57)

1·37 
(1·23–1·52)

1·43 
(1·32–1·56)

1·37 
(1·24–1·51)

1·42 
(1·30–1·55)

1·36 
(1·23–1·51)

1·63 
(1·52–1·76)

1·55 
(1·42–1·70)

1·60 
(1·49–1·73)

1·54 
(1·42–1·68)

Andorra 1·02 
(0·92–1·11)

1·01 
(0·89–1·13)

1·01 
(0·92–1·11)

1·01 
(0·90–1·12)

1·00 
(0·91–1·10)

1·00 
(0·89–1·12)

1·22 
(1·12–1·31)

1·21 
(1·09–1·33)

1·20 
(1·11–1·30)

1·20 
(1·10–1·32)

Austria 1·42 
(1·29–1·55)

1·34 
(1·18–1·51)

1·41 
(1·29–1·55)

1·34 
(1·18–1·50)

1·40 
(1·27–1·54)

1·34 
(1·18–1·51)

1·62 
(1·49–1·75)

1·54 
(1·38–1·71)

1·60 
(1·48–1·73)

1·53 
(1·39–1·69)

Belgium 1·43 
(1·24–1·63)

1·34 
(1·13–1·57)

1·43 
(1·25–1·63)

1·34 
(1·15–1·56)

1·41 
(1·23–1·61)

1·34 
(1·13–1·57)

1·63 
(1·44–1·83)

1·54 
(1·33–1·77)

1·61 
(1·43–1·81)

1·54 
(1·35–1·76)

Cyprus 1·18 
(0·97–1·43)

1·13 
(0·89–1·40)

1·18 
(0·97–1·41)

1·12 
(0·90–1·38)

1·17 
(0·96–1·41)

1·12 
(0·89–1·38)

1·38 
(1·17–1·63)

1·33 
(1·09–1·60)

1·36 
(1·16–1·60)

1·31 
(1·09–1·57)

(Table 2 continues on next page)
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Reference scenario Education SDG achieved Contraceptive met need 
SDG achieved

Pro-natal policies enacted Combined scenario

2050 2100 2050 2100 2050 2100 2050 2100 2050 2100

(Continued from previous page)

Denmark 1·57 
(1·46–1·69)

1·47 
(1·34–1·60)

1·56 
(1·45–1·68)

1·47 
(1·34–1·59)

1·55 
(1·44–1·67)

1·46 
(1·33–1·59)

1·77 
(1·66–1·89)

1·67 
(1·54–1·80)

1·75 
(1·63–1·86)

1·66 
(1·54–1·79)

Finland 1·36 
(1·24–1·49)

1·32 
(1·18–1·48)

1·36 
(1·25–1·49)

1·32 
(1·19–1·47)

1·35 
(1·23–1·48)

1·31 
(1·18–1·46)

1·56 
(1·44–1·69)

1·52 
(1·38–1·68)

1·55 
(1·43–1·67)

1·51 
(1·38–1·66)

France 1·56 
(1·35–1·79)

1·43 
(1·19–1·69)

1·56 
(1·36–1·78)

1·42 
(1·20–1·67)

1·54 
(1·33–1·77)

1·43 
(1·19–1·69)

1·76 
(1·55–1·99)

1·63 
(1·39–1·89)

1·74 
(1·53–1·97)

1·63 
(1·40–1·87)

Germany 1·47 
(1·35–1·58)

1·40 
(1·27–1·53)

1·46 
(1·35–1·58)

1·41 
(1·28–1·53)

1·45 
(1·33–1·57)

1·39 
(1·26–1·52)

1·67 
(1·55–1·78)

1·60 
(1·47–1·73)

1·64 
(1·52–1·77)

1·59 
(1·47–1·72)

Greece 1·36 
(1·17–1·57)

1·28 
(1·06–1·54)

1·35 
(1·17–1·56)

1·28 
(1·07–1·52)

1·34 
(1·15–1·55)

1·28 
(1·06–1·52)

1·56 
(1·37–1·77)

1·48 
(1·26–1·74)

1·53 
(1·35–1·74)

1·48 
(1·27–1·71)

Iceland 1·73 
(1·54–1·93)

1·58 
(1·36–1·82)

1·73 
(1·54–1·92)

1·58 
(1·38–1·80)

1·71 
(1·52–1·92)

1·59 
(1·37–1·82)

1·89 
(1·70–2·09)

1·78 
(1·56–2·02)

1·91 
(1·72–2·11)

1·78 
(1·58–2·00)

Ireland 1·54 
(1·40–1·70)

1·40 
(1·22–1·58)

1·54 
(1·40–1·69)

1·40 
(1·24–1·57)

1·53 
(1·38–1·68)

1·40 
(1·23–1·57)

1·74 
(1·60–1·90)

1·60 
(1·42–1·78)

1·72 
(1·58–1·87)

1·59 
(1·44–1·76)

Israel 2·38 
(2·20–2·59)

2·09 
(1·86–2·34)

2·33 
(2·15–2·54)

2·08 
(1·87–2·31)

2·35 
(2·16–2·56)

2·09 
(1·87–2·34)

2·38 
(2·20–2·59)

2·09 
(1·86–2·34)

2·31 
(2·12–2·52)

2·08 
(1·88–2·31)

Italy 1·18 
(1·00–1·37)

1·09 
(0·88–1·32)

1·18 
(1·00–1·37)

1·09 
(0·90–1·32)

1·16 
(0·99–1·35)

1·09 
(0·89–1·32)

1·38 
(1·20–1·57)

1·29 
(1·08–1·52)

1·36 
(1·19–1·55)

1·29 
(1·10–1·51)

Luxembourg 1·30 
(1·17–1·44)

1·24 
(1·09–1·40)

1·30 
(1·17–1·43)

1·24 
(1·10–1·39)

1·28 
(1·16–1·42)

1·24 
(1·09–1·39)

1·50 
(1·37–1·64)

1·44 
(1·29–1·60)

1·48 
(1·36–1·61)

1·44 
(1·30–1·59)

Malta 1·39 
(1·18–1·64)

1·26 
(1·01–1·55)

1·39 
(1·19–1·64)

1·26 
(1·03–1·54)

1·38 
(1·16–1·62)

1·26 
(1·02–1·55)

1·59 
(1·38–1·84)

1·46 
(1·21–1·75)

1·58 
(1·37–1·82)

1·46 
(1·23–1·74)

Monaco 1·44 
(1·16–1·76)

1·37 
(1·06–1·73)

1·42 
(1·14–1·75)

1·36 
(1·06–1·72)

1·43 
(1·15–1·75)

1·37 
(1·06–1·72)

1·64 
(1·36–1·96)

1·57 
(1·26–1·93)

1·61 
(1·33–1·94)

1·56 
(1·27–1·92)

Netherlands 1·54 
(1·41–1·67)

1·42 
(1·27–1·57)

1·54 
(1·41–1·67)

1·42 
(1·28–1·57)

1·50 
(1·37–1·64)

1·40 
(1·25–1·56)

1·74 
(1·61–1·87)

1·62 
(1·47–1·77)

1·70 
(1·57–1·83)

1·60 
(1·46–1·75)

Norway 1·43 
(1·32–1·54)

1·36 
(1·24–1·49)

1·43 
(1·33–1·54)

1·36 
(1·25–1·48)

1·42 
(1·31–1·53)

1·36 
(1·24–1·48)

1·63 
(1·52–1·74)

1·56 
(1·44–1·69)

1·62 
(1·52–1·73)

1·56 
(1·44–1·68)

Portugal 1·27 
(1·13–1·42)

1·17 
(1·00–1·37)

1·27 
(1·14–1·42)

1·17 
(1·00–1·36)

1·23 
(1·08–1·39)

1·17 
(0·99–1·36)

1·47 
(1·33–1·62)

1·37 
(1·20–1·57)

1·43 
(1·28–1·59)

1·37 
(1·19–1·56)

San Marino 1·27 
(1·09–1·49)

1·20 
(0·99–1·46)

1·26 
(1·08–1·48)

1·20 
(1·00–1·44)

1·25 
(1·07–1·47)

1·20 
(0·99–1·45)

1·47 
(1·29–1·69)

1·40 
(1·19–1·66)

1·44 
(1·26–1·66)

1·40 
(1·20–1·64)

Spain 1·23 
(1·10–1·38)

1·11 
(0·93–1·30)

1·21 
(1·07–1·35)

1·10 
(0·93–1·29)

1·21 
(1·07–1·35)

1·11 
(0·93–1·30)

1·43 
(1·30–1·58)

1·31 
(1·13–1·50)

1·38 
(1·24–1·53)

1·30 
(1·13–1·49)

Sweden 1·51 
(1·39–1·64)

1·38 
(1·24–1·53)

1·48 
(1·35–1·61)

1·37 
(1·23–1·51)

1·47 
(1·34–1·61)

1·36 
(1·22–1·51)

1·71 
(1·59–1·84)

1·58 
(1·44–1·73)

1·64 
(1·51–1·78)

1·54 
(1·40–1·69)

Switzerland 1·40 
(1·28–1·52)

1·33 
(1·20–1·47)

1·39 
(1·28–1·51)

1·33 
(1·21–1·47)

1·38 
(1·27–1·50)

1·33 
(1·20–1·46)

1·60 
(1·48–1·72)

1·53 
(1·40–1·67)

1·58 
(1·46–1·70)

1·53 
(1·41–1·66)

UK 1·38 
(1·18–1·58)

1·30 
(1·08–1·53)

1·37 
(1·18–1·56)

1·30 
(1·09–1·52)

1·36 
(1·17–1·56)

1·29 
(1·07–1·51)

1·58 
(1·38–1·78)

1·50 
(1·28–1·73)

1·55 
(1·36–1·75)

1·49 
(1·29–1·70)

Latin America and Caribbean 1·57 
(1·38–1·79)

1·31 
(1·08–1·57)

1·50 
(1·30–1·73)

1·31 
(1·09–1·56)

1·49 
(1·30–1·71)

1·31 
(1·08–1·55)

1·72 
(1·54–1·95)

1·50 
(1·28–1·76)

1·64 
(1·45–1·86)

1·50 
(1·29–1·74)

Andean Latin America 1·80 
(1·58–2·05)

1·45 
(1·19–1·73)

1·75 
(1·52–2·00)

1·46 
(1·20–1·73)

1·66 
(1·44–1·91)

1·44 
(1·18–1·71)

1·82 
(1·59–2·06)

1·65 
(1·39–1·93)

1·82 
(1·60–2·08)

1·64 
(1·39–1·91)

Bolivia 1·84 
(1·55–2·17)

1·40 
(1·07–1·77)

1·80 
(1·50–2·12)

1·44 
(1·12–1·80)

1·67 
(1·38–1·99)

1·40 
(1·08–1·76)

1·84 
(1·55–2·17)

1·60 
(1·27–1·97)

1·84 
(1·55–2·16)

1·63 
(1·32–1·98)

Ecuador 1·74 
(1·42–2·10)

1·45 
(1·10–1·86)

1·73 
(1·41–2·10)

1·45 
(1·10–1·86)

1·65 
(1·34–2·01)

1·44 
(1·10–1·83)

1·78 
(1·46–2·14)

1·65 
(1·30–2·06)

1·85 
(1·53–2·21)

1·64 
(1·30–2·03)

Peru 1·83 
(1·56–2·13)

1·44 
(1·14–1·80)

1·74 
(1·47–2·06)

1·43 
(1·13–1·79)

1·67 
(1·41–1·97)

1·42 
(1·13–1·77)

1·83 
(1·56–2·13)

1·64 
(1·34–2·00)

1·80 
(1·54–2·12)

1·62 
(1·33–1·96)

Caribbean 1·77 
(1·50–2·08)

1·43 
(1·11–1·88)

1·67 
(1·39–2·00)

1·45 
(1·15–1·88)

1·57 
(1·29–1·89)

1·37 
(1·09–1·79)

1·82 
(1·56–2·12)

1·61 
(1·31–2·05)

1·71 
(1·43–2·02)

1·58 
(1·31–1·98)

Antigua and Barbuda 1·30 
(1·11–1·52)

1·15 
(0·93–1·41)

1·26 
(1·06–1·48)

1·15 
(0·93–1·41)

1·25 
(1·06–1·46)

1·15 
(0·93–1·40)

1·50 
(1·31–1·72)

1·35 
(1·13–1·61)

1·41 
(1·22–1·64)

1·35 
(1·13–1·60)

The Bahamas 1·24 
(1·02–1·49)

1·24 
(0·99–1·52)

1·21 
(0·99–1·47)

1·24 
(0·99–1·52)

1·19 
(0·98–1·44)

1·21 
(0·97–1·50)

1·44 
(1·22–1·69)

1·44 
(1·19–1·72)

1·37 
(1·16–1·62)

1·41 
(1·17–1·69)

(Table 2 continues on next page)
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Barbados 1·18 
(0·95–1·47)

1·10 
(0·85–1·42)

1·17 
(0·94–1·46)

1·10 
(0·85–1·42)

1·10 
(0·85–1·39)

1·06 
(0·81–1·38)

1·38 
(1·15–1·67)

1·30 
(1·05–1·62)

1·29 
(1·04–1·58)

1·26 
(1·01–1·58)

Belize 1·58 
(1·28–1·90)

1·28 
(0·93–1·67)

1·46 
(1·14–1·81)

1·25 
(0·90–1·64)

1·38 
(1·08–1·71)

1·18 
(0·85–1·56)

1·78 
(1·48–2·10)

1·48 
(1·13–1·87)

1·49 
(1·18–1·83)

1·36 
(1·02–1·73)

Bermuda 1·19 
(1·04–1·36)

1·07 
(0·88–1·28)

1·13 
(0·97–1·32)

1·06 
(0·88–1·28)

1·15 
(0·99–1·31)

1·05 
(0·87–1·26)

1·39 
(1·24–1·56)

1·27 
(1·08–1·48)

1·29 
(1·13–1·47)

1·25 
(1·07–1·46)

Cuba 1·31 
(1·18–1·44)

1·23 
(1·07–1·39)

1·29 
(1·16–1·43)

1·23 
(1·07–1·38)

1·27 
(1·15–1·40)

1·22 
(1·06–1·37)

1·51 
(1·38–1·64)

1·43 
(1·27–1·59)

1·46 
(1·33–1·59)

1·42 
(1·27–1·57)

Dominica 1·18 
(0·96–1·45)

1·13 
(0·89–1·42)

1·15 
(0·93–1·42)

1·13 
(0·89–1·42)

1·13 
(0·91–1·39)

1·11 
(0·87–1·39)

1·38 
(1·16–1·65)

1·33 
(1·09–1·62)

1·30 
(1·09–1·57)

1·31 
(1·08–1·59)

Dominican Republic 1·84 
(1·55–2·15)

1·51 
(1·19–1·86)

1·80 
(1·52–2·11)

1·53 
(1·22–1·87)

1·72 
(1·45–2·03)

1·47 
(1·16–1·81)

1·84 
(1·55–2·15)

1·71 
(1·39–2·06)

1·90 
(1·63–2·20)

1·69 
(1·39–2·02)

Grenada 1·41 
(1·09–1·79)

1·19 
(0·81–1·62)

1·37 
(1·05–1·76)

1·19 
(0·82–1·63)

1·32 
(0·99–1·70)

1·17 
(0·81–1·60)

1·61 
(1·29–1·99)

1·39 
(1·01–1·82)

1·49 
(1·16–1·87)

1·38 
(1·02–1·81)

Guyana 1·91 
(1·54–2·32)

1·58 
(1·15–2·04)

1·87 
(1·48–2·28)

1·58 
(1·16–2·04)

1·63 
(1·25–2·05)

1·43 
(1·02–1·88)

1·91 
(1·54–2·32)

1·78 
(1·35–2·24)

1·81 
(1·42–2·23)

1·63 
(1·22–2·07)

Haiti 2·10 
(1·68–2·61)

1·44 
(0·92–2·05)

1·89 
(1·43–2·44)

1·46 
(0·95–2·06)

1·73 
(1·27–2·28)

1·35 
(0·84–1·94)

2·10 
(1·68–2·61)

1·64 
(1·12–2·25)

1·82 
(1·34–2·37)

1·58 
(1·07–2·17)

Jamaica 1·16 
(0·93–1·39)

1·04 
(0·79–1·31)

1·15 
(0·93–1·39)

1·05 
(0·80–1·32)

1·12 
(0·90–1·35)

1·05 
(0·80–1·31)

1·36 
(1·13–1·59)

1·24 
(0·99–1·51)

1·32 
(1·10–1·55)

1·25 
(1·00–1·51)

Puerto Rico 0·84 
(0·76–0·92)

0·81 
(0·72–0·93)

0·83 
(0·75–0·92)

0·81 
(0·72–0·93)

0·81 
(0·73–0·89)

0·81 
(0·71–0·93)

1·04 
(0·96–1·12)

1·01 
(0·92–1·13)

1·00 
(0·92–1·09)

1·01 
(0·91–1·13)

Saint Kitts and Nevis 1·08 
(0·92–1·27)

1·00 
(0·81–1·20)

1·08 
(0·91–1·26)

1·01 
(0·83–1·21)

1·05 
(0·89–1·23)

1·00 
(0·82–1·19)

1·28 
(1·12–1·47)

1·20 
(1·01–1·40)

1·24 
(1·08–1·42)

1·20 
(1·03–1·40)

Saint Lucia 1·04 
(0·79–1·32)

0·87 
(0·58–1·19)

1·03 
(0·78–1·31)

0·87 
(0·59–1·19)

0·96 
(0·70–1·24)

0·86 
(0·57–1·17)

1·24 
(0·99–1·52)

1·07 
(0·78–1·39)

1·15 
(0·90–1·43)

1·06 
(0·79–1·38)

Saint Vincent and the Grenadines 1·35 
(1·10–1·64)

1·16 
(0·87–1·51)

1·30 
(1·04–1·60)

1·16 
(0·88–1·50)

1·30 
(1·06–1·59)

1·17 
(0·88–1·51)

1·55 
(1·30–1·84)

1·36 
(1·07–1·71)

1·46 
(1·21–1·76)

1·37 
(1·09–1·70)

Suriname 1·73 
(1·41–2·05)

1·39 
(1·02–1·78)

1·64 
(1·31–1·98)

1·39 
(1·02–1·77)

1·48 
(1·18–1·81)

1·26 
(0·90–1·63)

1·77 
(1·45–2·09)

1·59 
(1·22–1·98)

1·62 
(1·31–1·97)

1·46 
(1·11–1·83)

Trinidad and Tobago 1·35 
(1·13–1·60)

1·19 
(0·94–1·49)

1·33 
(1·10–1·58)

1·19 
(0·94–1·49)

1·16 
(0·92–1·43)

1·10 
(0·84–1·39)

1·55 
(1·33–1·80)

1·39 
(1·14–1·69)

1·35 
(1·11–1·61)

1·30 
(1·04–1·59)

Virgin Islands 1·49 
(1·28–1·77)

1·37 
(1·13–1·69)

1·44 
(1·21–1·72)

1·36 
(1·12–1·67)

1·44 
(1·22–1·72)

1·35 
(1·10–1·66)

1·69 
(1·48–1·97)

1·57 
(1·33–1·89)

1·59 
(1·36–1·88)

1·54 
(1·29–1·85)

Central Latin America 1·47 
(1·23–1·74)

1·21 
(0·93–1·53)

1·38 
(1·13–1·66)

1·20 
(0·93–1·52)

1·40 
(1·16–1·67)

1·21 
(0·94–1·52)

1·64 
(1·40–1·91)

1·40 
(1·13–1·72)

1·53 
(1·28–1·81)

1·40 
(1·14–1·71)

Colombia 1·35 
(1·02–1·71)

1·14 
(0·77–1·54)

1·32 
(0·98–1·68)

1·14 
(0·78–1·54)

1·32 
(1·00–1·67)

1·16 
(0·80–1·56)

1·55 
(1·22–1·91)

1·34 
(0·97–1·74)

1·49 
(1·17–1·85)

1·37 
(1·01–1·76)

Costa Rica 1·18 
(1·02–1·36)

1·03 
(0·84–1·26)

1·15 
(0·98–1·34)

1·02 
(0·83–1·25)

1·11 
(0·96–1·29)

1·01 
(0·83–1·23)

1·38 
(1·22–1·56)

1·23 
(1·04–1·46)

1·29 
(1·13–1·47)

1·20 
(1·02–1·42)

El Salvador 1·58 
(1·23–1·93)

1·28 
(0·86–1·72)

1·47 
(1·10–1·85)

1·29 
(0·88–1·72)

1·52 
(1·18–1·88)

1·29 
(0·89–1·72)

1·78 
(1·43–2·13)

1·48 
(1·06–1·92)

1·63 
(1·28–2·01)

1·50 
(1·10–1·92)

Guatemala 1·62 
(1·26–1·98)

1·16 
(0·73–1·61)

1·40 
(1·02–1·80)

1·15 
(0·74–1·58)

1·49 
(1·13–1·87)

1·17 
(0·76–1·59)

1·82 
(1·46–2·18)

1·36 
(0·93–1·81)

1·53 
(1·16–1·93)

1·37 
(0·98–1·79)

Honduras 1·71 
(1·35–2·11)

1·27 
(0·82–1·76)

1·48 
(1·07–1·94)

1·25 
(0·80–1·73)

1·63 
(1·27–2·04)

1·29 
(0·87–1·76)

1·79 
(1·43–2·19)

1·47 
(1·02–1·96)

1·65 
(1·25–2·09)

1·48 
(1·06–1·95)

Mexico 1·39 
(1·19–1·62)

1·15 
(0·91–1·41)

1·31 
(1·09–1·54)

1·14 
(0·90–1·39)

1·33 
(1·13–1·55)

1·15 
(0·92–1·41)

1·59 
(1·39–1·82)

1·35 
(1·11–1·61)

1·46 
(1·25–1·69)

1·35 
(1·12–1·59)

Nicaragua 1·65 
(1·30–2·01)

1·29 
(0·86–1·73)

1·51 
(1·13–1·91)

1·29 
(0·87–1·73)

1·64 
(1·29–1·99)

1·33 
(0·92–1·76)

1·85 
(1·50–2·21)

1·49 
(1·06–1·93)

1·72 
(1·35–2·11)

1·54 
(1·13–1·96)

Panama 1·76 
(1·49–2·05)

1·49 
(1·20–1·81)

1·72 
(1·45–2·02)

1·49 
(1·21–1·81)

1·64 
(1·38–1·93)

1·45 
(1·17–1·76)

1·76 
(1·49–2·05)

1·69 
(1·40–2·01)

1·82 
(1·55–2·11)

1·65 
(1·37–1·97)

Venezuela 1·79 
(1·43–2·19)

1·51 
(1·10–1·97)

1·72 
(1·35–2·14)

1·52 
(1·12–1·97)

1·65 
(1·29–2·05)

1·45 
(1·04–1·89)

1·79 
(1·43–2·19)

1·71 
(1·30–2·17)

1·80 
(1·44–2·21)

1·66 
(1·27–2·10)

Tropical Latin America 1·57 
(1·36–1·81)

1·32 
(1·08–1·59)

1·52 
(1·30–1·76)

1·32 
(1·08–1·58)

1·52 
(1·31–1·76)

1·32 
(1·08–1·59)

1·77 
(1·56–2·01)

1·52 
(1·28–1·79)

1·68 
(1·47–1·92)

1·52 
(1·29–1·79)

(Table 2 continues on next page)
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Brazil 1·57 
(1·35–1·81)

1·31 
(1·06–1·59)

1·52 
(1·29–1·77)

1·31 
(1·06–1·59)

1·52 
(1·31–1·76)

1·32 
(1·07–1·60)

1·77 
(1·55–2·01)

1·51 
(1·26–1·79)

1·68 
(1·46–1·93)

1·52 
(1·27–1·79)

Paraguay 1·66 
(1·25–2·11)

1·39 
(0·93–1·89)

1·61 
(1·19–2·06)

1·39 
(0·94–1·88)

1·62 
(1·21–2·06)

1·41 
(0·96–1·90)

1·86 
(1·45–2·31)

1·59 
(1·13–2·09)

1·77 
(1·36–2·22)

1·61 
(1·17–2·09)

North Africa and Middle East 1·94 
(1·62–2·28)

1·64 
(1·28–2·06)

1·80 
(1·48–2·14)

1·67 
(1·35–2·06)

1·72 
(1·40–2·06)

1·63 
(1·30–2·04)

2·00 
(1·68–2·34)

1·75 
(1·40–2·15)

1·76 
(1·44–2·10)

1·73 
(1·42–2·12)

Afghanistan 3·34 
(2·78–3·89)

1·61 
(0·90–2·32)

2·30 
(1·67–2·92)

1·62 
(0·98–2·28)

2·63 
(2·00–3·24)

1·52 
(0·87–2·18)

3·34 
(2·78–3·89)

1·81 
(1·10–2·52)

1·95 
(1·31–2·57)

1·75 
(1·16–2·37)

Algeria 1·79 
(1·37–2·18)

1·48 
(1·04–1·89)

1·74 
(1·32–2·13)

1·49 
(1·06–1·89)

1·59 
(1·19–1·96)

1·37 
(0·96–1·77)

1·79 
(1·37–2·18)

1·68 
(1·24–2·09)

1·75 
(1·36–2·12)

1·58 
(1·17–1·97)

Bahrain 1·39 
(1·10–1·68)

1·26 
(0·92–1·57)

1·37 
(1·07–1·65)

1·27 
(0·94–1·57)

1·22 
(0·91–1·51)

1·17 
(0·84–1·49)

1·59 
(1·30–1·88)

1·46 
(1·12–1·77)

1·41 
(1·10–1·69)

1·38 
(1·06–1·69)

Egypt 2·38 
(1·97–2·82)

2·05 
(1·62–2·50)

2·38 
(1·97–2·80)

2·06 
(1·65–2·50)

2·35 
(1·94–2·78)

2·07 
(1·64–2·51)

2·38 
(1·97–2·82)

2·05 
(1·62–2·50)

2·34 
(1·95–2·77)

2·07 
(1·66–2·51)

Iran 1·31 
(1·03–1·58)

1·28 
(0·97–1·58)

1·30 
(1·02–1·58)

1·28 
(0·98–1·58)

1·18 
(0·91–1·44)

1·20 
(0·90–1·49)

1·51 
(1·23–1·78)

1·48 
(1·17–1·78)

1·38 
(1·11–1·63)

1·40 
(1·11–1·68)

Iraq 1·95 
(1·63–2·35)

1·59 
(1·25–2·01)

1·92 
(1·61–2·31)

1·60 
(1·28–2·01)

1·69 
(1·36–2·09)

1·50 
(1·15–1·90)

1·95 
(1·63–2·35)

1·79 
(1·45–2·21)

1·88 
(1·56–2·26)

1·71 
(1·38–2·10)

Jordan 1·78 
(1·44–2·10)

1·57 
(1·20–1·93)

1·75 
(1·41–2·08)

1·57 
(1·21–1·93)

1·50 
(1·09–1·88)

1·40 
(0·99–1·80)

1·78 
(1·44–2·10)

1·77 
(1·40–2·13)

1·68 
(1·27–2·06)

1·60 
(1·20–1·99)

Kuwait 1·07 
(0·89–1·30)

1·14 
(0·93–1·39)

1·05 
(0·87–1·28)

1·14 
(0·93–1·39)

1·04 
(0·86–1·26)

1·13 
(0·92–1·37)

1·27 
(1·09–1·50)

1·34 
(1·13–1·59)

1·22 
(1·04–1·44)

1·33 
(1·13–1·57)

Lebanon 1·44 
(1·12–1·80)

1·33 
(0·98–1·73)

1·40 
(1·09–1·77)

1·33 
(0·99–1·73)

1·28 
(0·93–1·66)

1·24 
(0·88–1·65)

1·64 
(1·32–2·00)

1·53 
(1·18–1·93)

1·45 
(1·11–1·84)

1·45 
(1·09–1·85)

Libya 1·13 
(0·87–1·43)

1·03 
(0·75–1·37)

1·09 
(0·84–1·40)

1·03 
(0·75–1·36)

0·91 
(0·62–1·23)

0·90 
(0·60–1·24)

1·33 
(1·07–1·63)

1·23 
(0·95–1·57)

1·09 
(0·80–1·41)

1·10 
(0·80–1·44)

Morocco 1·36 
(1·05–1·70)

1·02 
(0·67–1·40)

1·22 
(0·88–1·57)

1·04 
(0·69–1·42)

1·28 
(0·97–1·61)

1·03 
(0·69–1·39)

1·56 
(1·25–1·90)

1·22 
(0·87–1·60)

1·37 
(1·04–1·72)

1·26 
(0·92–1·62)

Oman 1·64 
(1·27–2·02)

1·29 
(0·88–1·72)

1·59 
(1·23–1·97)

1·31 
(0·92–1·72)

1·30 
(0·87–1·73)

1·18 
(0·76–1·62)

1·84 
(1·47–2·22)

1·49 
(1·08–1·92)

1·47 
(1·05–1·90)

1·40 
(0·98–1·83)

Palestine 2·08 
(1·79–2·44)

1·77 
(1·43–2·15)

2·05 
(1·75–2·40)

1·77 
(1·45–2·15)

1·82 
(1·47–2·22)

1·65 
(1·30–2·05)

2·08 
(1·79–2·44)

1·77 
(1·43–2·15)

1·80 
(1·46–2·19)

1·85 
(1·51–2·25)

Qatar 1·43 
(1·17–1·69)

1·29 
(1·01–1·57)

1·40 
(1·15–1·66)

1·28 
(1·01–1·57)

1·25 
(0·97–1·52)

1·20 
(0·91–1·49)

1·63 
(1·37–1·89)

1·49 
(1·21–1·77)

1·43 
(1·15–1·70)

1·40 
(1·11–1·68)

Saudi Arabia 1·09 
(0·80–1·39)

0·97 
(0·65–1·31)

1·06 
(0·77–1·37)

0·98 
(0·66–1·31)

0·92 
(0·62–1·23)

0·89 
(0·57–1·22)

1·29 
(1·00–1·59)

1·17 
(0·85–1·51)

1·11 
(0·80–1·41)

1·10 
(0·78–1·42)

Sudan 1·93 
(1·48–2·44)

1·40 
(0·93–1·95)

1·83 
(1·37–2·34)

1·42 
(0·96–1·96)

1·54 
(1·06–2·07)

1·30 
(0·83–1·85)

1·93 
(1·48–2·44)

1·60 
(1·13–2·15)

1·69 
(1·22–2·22)

1·53 
(1·07–2·07)

Syria 1·57 
(1·21–1·98)

1·39 
(1·01–1·84)

1·55 
(1·20–1·96)

1·40 
(1·03–1·84)

1·40 
(1·03–1·83)

1·33 
(0·95–1·77)

1·77 
(1·41–2·18)

1·59 
(1·21–2·04)

1·59 
(1·22–2·01)

1·53 
(1·16–1·97)

Tunisia 1·36 
(1·02–1·73)

1·19 
(0·82–1·59)

1·33 
(0·99–1·71)

1·19 
(0·83–1·59)

1·22 
(0·88–1·59)

1·14 
(0·78–1·53)

1·56 
(1·22–1·93)

1·39 
(1·02–1·79)

1·40 
(1·06–1·76)

1·34 
(0·98–1·73)

Türkiye 1·32 
(1·13–1·56)

1·17 
(0·95–1·42)

1·29 
(1·09–1·52)

1·17 
(0·96–1·41)

1·15 
(0·95–1·39)

1·10 
(0·88–1·34)

1·52 
(1·33–1·76)

1·37 
(1·15–1·62)

1·33 
(1·12–1·57)

1·30 
(1·09–1·54)

United Arab Emirates 1·53 
(1·26–1·81)

1·31 
(1·00–1·64)

1·52 
(1·26–1·79)

1·31 
(1·00–1·63)

1·44 
(1·13–1·73)

1·30 
(0·97–1·62)

1·73 
(1·46–2·01)

1·51 
(1·20–1·84)

1·63 
(1·33–1·92)

1·50 
(1·18–1·82)

Yemen 1·91 
(1·32–2·54)

1·22 
(0·54–1·95)

1·66 
(1·04–2·32)

1·29 
(0·64–2·00)

1·63 
(1·03–2·26)

1·23 
(0·59–1·93)

1·91 
(1·32–2·54)

1·42 
(0·74–2·15)

1·67 
(1·07–2·33)

1·49 
(0·88–2·18)

South Asia 1·36 
(1·09–1·64)

1·10 
(0·80–1·43)

1·27 
(1·00–1·56)

1·10 
(0·80–1·43)

1·24 
(0·97–1·53)

1·09 
(0·78–1·41)

1·53 
(1·26–1·81)

1·28 
(0·97–1·61)

1·38 
(1·10–1·67)

1·29 
(0·98–1·61)

Bangladesh 1·20 
(0·84–1·54)

0·97 
(0·57–1·37)

1·17 
(0·80–1·52)

1·03 
(0·64–1·41)

1·18 
(0·83–1·52)

1·02 
(0·63–1·41)

1·40 
(1·04–1·74)

1·17 
(0·77–1·57)

1·36 
(1·01–1·71)

1·26 
(0·88–1·64)

Bhutan 1·07 
(0·73–1·34)

0·69 
(0·33–1·00)

0·93 
(0·62–1·20)

0·80 
(0·48–1·09)

1·05 
(0·76–1·30)

0·75 
(0·44–1·03)

1·27 
(0·93–1·54)

0·89 
(0·53–1·20)

1·15 
(0·86–1·40)

1·06 
(0·76–1·33)

India 1·29 
(0·97–1·62)

1·04 
(0·67–1·42)

1·22 
(0·89–1·57)

1·04 
(0·67–1·41)

1·20 
(0·88–1·53)

1·04 
(0·67–1·41)

1·49 
(1·17–1·82)

1·24 
(0·87–1·62)

1·35 
(1·01–1·69)

1·24 
(0·87–1·62)

(Table 2 continues on next page)
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SDG achieved

Pro-natal policies enacted Combined scenario

2050 2100 2050 2100 2050 2100 2050 2100 2050 2100
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Nepal 1·18 
(0·80–1·53)

0·82 
(0·40–1·22)

1·13 
(0·77–1·49)

0·94 
(0·55–1·32)

1·04 
(0·66–1·39)

0·82 
(0·43–1·20)

1·38 
(1·00–1·73)

1·02 
(0·60–1·42)

1·22 
(0·86–1·57)

1·11 
(0·75–1·48)

Pakistan 1·76 
(1·25–2·28)

1·16 
(0·59–1·77)

1·56 
(1·04–2·11)

1·18 
(0·64–1·77)

1·47 
(0·93–2·04)

1·12 
(0·58–1·72)

1·76 
(1·25–2·28)

1·36 
(0·79–1·97)

1·54 
(1·01–2·11)

1·34 
(0·81–1·92)

Southeast Asia, east Asia, and 
Oceania

1·37 
(1·22–1·54)

1·30 
(1·11–1·53)

1·32 
(1·16–1·49)

1·29 
(1·11–1·51)

1·31 
(1·15–1·47)

1·27 
(1·09–1·50)

1·53 
(1·38–1·70)

1·49 
(1·30–1·71)

1·45 
(1·30–1·62)

1·46 
(1·28–1·66)

East Asia 1·14 
(0·99–1·30)

1·16 
(0·99–1·34)

1·11 
(0·96–1·27)

1·16 
(0·99–1·34)

1·13 
(0·99–1·29)

1·16 
(1·00–1·34)

1·34 
(1·19–1·50)

1·36 
(1·19–1·54)

1·31 
(1·16–1·47)

1·36 
(1·20–1·54)

China 1·14 
(0·99–1·31)

1·16 
(0·99–1·35)

1·12 
(0·97–1·28)

1·16 
(1·00–1·35)

1·14 
(0·99–1·30)

1·16 
(1·00–1·35)

1·34 
(1·19–1·51)

1·36 
(1·19–1·55)

1·31 
(1·17–1·48)

1·37 
(1·20–1·55)

North Korea 1·24 
(1·00–1·48)

1·16 
(0·90–1·42)

1·19 
(0·95–1·43)

1·15 
(0·90–1·41)

1·18 
(0·94–1·41)

1·13 
(0·88–1·39)

1·44 
(1·20–1·68)

1·36 
(1·10–1·62)

1·34 
(1·10–1·58)

1·33 
(1·08–1·59)

Taiwan (province of China) 0·90 
(0·78–1·04)

0·90 
(0·77–1·05)

0·89 
(0·77–1·03)

0·90 
(0·77–1·05)

0·89 
(0·77–1·03)

0·89 
(0·76–1·05)

1·10 
(0·98–1·24)

1·10 
(0·97–1·25)

1·08 
(0·96–1·22)

1·10 
(0·97–1·25)

Oceania 2·93 
(2·45–3·46)

1·67 
(1·01–2·35)

2·09 
(1·51–2·70)

1·58 
(0·98–2·22)

2·38 
(1·83–2·96)

1·55 
(0·93–2·20)

2·93 
(2·45–3·46)

1·86 
(1·20–2·54)

1·81 
(1·22–2·43)

1·68 
(1·10–2·32)

American Samoa 1·98 
(1·67–2·31)

1·68 
(1·34–2·05)

1·84 
(1·50–2·19)

1·68 
(1·34–2·04)

1·84 
(1·51–2·18)

1·61 
(1·27–1·97)

1·98 
(1·67–2·31)

1·88 
(1·54–2·25)

1·89 
(1·56–2·24)

1·81 
(1·48–2·17)

Cook Islands 1·40 
(1·14–1·72)

1·25 
(0·96–1·58)

1·36 
(1·10–1·68)

1·24 
(0·96–1·57)

1·37 
(1·11–1·67)

1·25 
(0·97–1·58)

1·60 
(1·34–1·92)

1·45 
(1·16–1·78)

1·53 
(1·27–1·84)

1·45 
(1·17–1·77)

Federated States of Micronesia 1·82 
(1·39–2·33)

1·46 
(0·96–2·05)

1·74 
(1·30–2·27)

1·46 
(0·97–2·04)

1·56 
(1·11–2·09)

1·35 
(0·87–1·93)

1·82 
(1·39–2·33)

1·66 
(1·16–2·25)

1·71 
(1·26–2·24)

1·56 
(1·07–2·13)

Fiji 1·95 
(1·61–2·31)

1·64 
(1·28–2·04)

1·92 
(1·58–2·30)

1·65 
(1·30–2·04)

1·84 
(1·52–2·20)

1·62 
(1·27–2·01)

1·95 
(1·61–2·31)

1·84 
(1·48–2·24)

1·82 
(1·50–2·19)

1·83 
(1·48–2·21)

Guam 2·07 
(1·76–2·38)

1·76 
(1·42–2·09)

2·01 
(1·70–2·33)

1·73 
(1·40–2·07)

1·98 
(1·66–2·30)

1·71 
(1·38–2·05)

2·07 
(1·76–2·38)

1·76 
(1·42–2·09)

1·93 
(1·62–2·25)

1·89 
(1·56–2·22)

Kiribati 2·13 
(1·70–2·62)

1·67 
(1·19–2·21)

2·12 
(1·69–2·60)

1·68 
(1·22–2·21)

1·78 
(1·34–2·27)

1·52 
(1·06–2·05)

2·13 
(1·70–2·62)

1·87 
(1·39–2·41)

1·78 
(1·34–2·26)

1·74 
(1·28–2·26)

Marshall Islands 1·98 
(1·67–2·32)

1·65 
(1·31–2·02)

1·86 
(1·53–2·20)

1·64 
(1·31–2·00)

1·94 
(1·64–2·27)

1·66 
(1·33–2·03)

1·98 
(1·67–2·32)

1·85 
(1·51–2·22)

1·84 
(1·52–2·18)

1·86 
(1·53–2·22)

Nauru 2·40 
(1·93–2·95)

1·91 
(1·39–2·51)

2·27 
(1·79–2·84)

1·90 
(1·40–2·49)

2·04 
(1·53–2·62)

1·76 
(1·25–2·36)

2·40 
(1·93–2·95)

1·91 
(1·39–2·51)

1·95 
(1·45–2·54)

1·76 
(1·26–2·35)

Niue 1·71 
(1·37–2·08)

1·50 
(1·13–1·90)

1·66 
(1·32–2·04)

1·50 
(1·13–1·90)

1·61 
(1·28–1·97)

1·47 
(1·10–1·86)

1·87 
(1·53–2·24)

1·70 
(1·33–2·10)

1·78 
(1·44–2·14)

1·67 
(1·31–2·06)

Northern Mariana Islands 1·67 
(1·36–2·01)

1·50 
(1·17–1·88)

1·58 
(1·27–1·94)

1·49 
(1·17–1·86)

1·57 
(1·26–1·91)

1·44 
(1·11–1·81)

1·87 
(1·56–2·21)

1·70 
(1·37–2·08)

1·70 
(1·38–2·06)

1·64 
(1·31–2·00)

Palau 1·65 
(1·37–1·92)

1·44 
(1·14–1·74)

1·58 
(1·29–1·85)

1·43 
(1·14–1·72)

1·51 
(1·24–1·76)

1·38 
(1·09–1·66)

1·85 
(1·57–2·12)

1·64 
(1·34–1·94)

1·66 
(1·38–1·92)

1·57 
(1·29–1·85)

Papua New Guinea 3·03 
(2·50–3·58)

1·64 
(0·94–2·35)

2·08 
(1·45–2·72)

1·52 
(0·87–2·22)

2·45 
(1·84–3·06)

1·53 
(0·88–2·22)

3·03 
(2·50–3·58)

1·84 
(1·14–2·55)

1·79 
(1·15–2·46)

1·65 
(1·02–2·33)

Samoa 3·18 
(2·69–3·68)

2·57 
(1·98–3·14)

3·07 
(2·56–3·59)

2·54 
(1·95–3·12)

2·51 
(1·90–3·07)

2·17 
(1·55–2·75)

3·18 
(2·69–3·68)

2·57 
(1·98–3·14)

2·45 
(1·83–3·03)

2·16 
(1·54–2·75)

Solomon Islands 2·51 
(2·10–2·90)

1·70 
(1·21–2·21)

2·19 
(1·73–2·67)

1·74 
(1·25–2·26)

2·01 
(1·53–2·47)

1·49 
(1·00–1·99)

2·51 
(2·10–2·90)

1·90 
(1·41–2·41)

1·82 
(1·34–2·31)

1·73 
(1·26–2·24)

Tokelau 1·54 
(1·17–1·94)

1·34 
(0·94–1·78)

1·46 
(1·09–1·88)

1·33 
(0·94–1·76)

1·42 
(1·07–1·82)

1·30 
(0·92–1·73)

1·74 
(1·37–2·14)

1·54 
(1·14–1·98)

1·56 
(1·21–1·97)

1·49 
(1·12–1·92)

Tonga 3·04 
(2·58–3·50)

2·45 
(1·93–2·98)

2·90 
(2·43–3·39)

2·43 
(1·92–2·95)

2·47 
(1·91–3·00)

2·14 
(1·58–2·68)

3·04 
(2·58–3·50)

2·45 
(1·93–2·98)

2·38 
(1·83–2·91)

2·13 
(1·59–2·65)

Tuvalu 2·20 
(1·71–2·70)

1·71 
(1·17–2·26)

2·15 
(1·65–2·65)

1·72 
(1·19–2·25)

1·84 
(1·34–2·35)

1·58 
(1·06–2·11)

2·20 
(1·71–2·70)

1·91 
(1·37–2·46)

1·81 
(1·31–2·31)

1·79 
(1·28–2·31)

Vanuatu 2·44 
(2·06–2·87)

1·79 
(1·33–2·31)

2·21 
(1·79–2·69)

1·79 
(1·34–2·30)

2·04 
(1·63–2·50)

1·62 
(1·18–2·13)

2·44 
(2·06–2·87)

1·79 
(1·33–2·31)

1·90 
(1·48–2·38)

1·84 
(1·40–2·33)

Southeast Asia 1·60 
(1·40–1·83)

1·35 
(1·14–1·60)

1·54 
(1·34–1·78)

1·35 
(1·13–1·60)

1·48 
(1·28–1·71)

1·31 
(1·10–1·57)

1·74 
(1·54–1·98)

1·54 
(1·32–1·80)

1·63 
(1·43–1·87)

1·51 
(1·29–1·76)

Cambodia 1·65 
(1·32–1·93)

1·10 
(0·71–1·45)

1·36 
(1·00–1·68)

1·08 
(0·70–1·43)

1·49 
(1·14–1·78)

1·12 
(0·75–1·44)

1·77 
(1·44–2·05)

1·30 
(0·91–1·65)

1·47 
(1·11–1·78)

1·30 
(0·93–1·62)

(Table 2 continues on next page)
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Indonesia 1·53 
(1·25–1·84)

1·29 
(0·99–1·63)

1·51 
(1·23–1·82)

1·30 
(1·00–1·63)

1·44 
(1·17–1·74)

1·26 
(0·97–1·60)

1·73 
(1·45–2·04)

1·49 
(1·19–1·83)

1·62 
(1·35–1·92)

1·47 
(1·18–1·80)

Laos 1·61 
(1·29–1·88)

1·09 
(0·73–1·40)

1·43 
(1·08–1·72)

1·14 
(0·78–1·44)

1·53 
(1·22–1·79)

1·14 
(0·79–1·44)

1·81 
(1·49–2·08)

1·29 
(0·93–1·60)

1·60 
(1·25–1·89)

1·39 
(1·02–1·70)

Malaysia 1·39 
(1·11–1·70)

1·17 
(0·86–1·52)

1·35 
(1·07–1·67)

1·19 
(0·88–1·53)

1·32 
(1·06–1·62)

1·17 
(0·87–1·50)

1·59 
(1·31–1·90)

1·37 
(1·06–1·72)

1·49 
(1·23–1·80)

1·38 
(1·09–1·71)

Maldives 1·07 
(0·79–1·34)

0·77 
(0·42–1·11)

0·97 
(0·67–1·27)

0·79 
(0·45–1·13)

0·84 
(0·52–1·15)

0·71 
(0·37–1·05)

1·27 
(0·99–1·54)

0·97 
(0·62–1·31)

0·98 
(0·67–1·30)

0·93 
(0·60–1·27)

Mauritius 1·17 
(0·94–1·42)

1·03 
(0·77–1·32)

1·16 
(0·93–1·41)

1·04 
(0·78–1·33)

0·97 
(0·72–1·24)

0·92 
(0·66–1·21)

1·37 
(1·14–1·62)

1·23 
(0·97–1·52)

1·16 
(0·92–1·43)

1·13 
(0·87–1·42)

Myanmar 1·69 
(1·42–1·97)

1·22 
(0·89–1·57)

1·48 
(1·17–1·81)

1·22 
(0·88–1·56)

1·63 
(1·37–1·91)

1·27 
(0·95–1·61)

1·77 
(1·50–2·05)

1·42 
(1·09–1·77)

1·66 
(1·37–1·98)

1·47 
(1·14–1·81)

Philippines 1·84 
(1·61–2·11)

1·50 
(1·23–1·79)

1·78 
(1·54–2·05)

1·48 
(1·21–1·77)

1·62 
(1·36–1·90)

1·43 
(1·16–1·72)

1·84 
(1·61–2·11)

1·70 
(1·43–1·99)

1·78 
(1·52–2·06)

1·62 
(1·35–1·91)

Seychelles 1·86 
(1·60–2·14)

1·60 
(1·31–1·91)

1·85 
(1·58–2·13)

1·61 
(1·33–1·91)

1·83 
(1·57–2·10)

1·61 
(1·33–1·91)

1·86 
(1·60–2·14)

1·80 
(1·51–2·11)

1·81 
(1·55–2·09)

1·82 
(1·54–2·12)

Sri Lanka 1·50 
(1·24–1·81)

1·30 
(0·99–1·66)

1·47 
(1·20–1·79)

1·29 
(0·99–1·66)

1·40 
(1·14–1·72)

1·28 
(0·99–1·63)

1·70 
(1·44–2·01)

1·50 
(1·19–1·86)

1·58 
(1·31–1·89)

1·48 
(1·19–1·83)

Thailand 1·13 
(0·96–1·31)

1·04 
(0·86–1·24)

1·13 
(0·97–1·31)

1·04 
(0·86–1·24)

1·08 
(0·92–1·25)

1·02 
(0·83–1·21)

1·33 
(1·16–1·51)

1·24 
(1·06–1·44)

1·28 
(1·12–1·45)

1·22 
(1·04–1·41)

Timor-Leste 2·27 
(1·62–2·90)

1·58 
(0·85–2·30)

2·18 
(1·54–2·83)

1·61 
(0·92–2·32)

1·86 
(1·18–2·53)

1·45 
(0·75–2·15)

2·27 
(1·62–2·90)

1·78 
(1·05–2·50)

1·83 
(1·14–2·50)

1·70 
(1·01–2·39)

Viet Nam 1·63 
(1·38–1·93)

1·38 
(1·10–1·70)

1·59 
(1·34–1·88)

1·36 
(1·09–1·69)

1·53 
(1·29–1·82)

1·35 
(1·07–1·67)

1·83 
(1·58–2·13)

1·58 
(1·30–1·90)

1·70 
(1·44–1·99)

1·53 
(1·26–1·85)

Sub-Saharan Africa 2·72 
(2·32–3·15)

1·82 
(1·35–2·32)

2·27 
(1·83–2·74)

1·80 
(1·37–2·28)

2·29 
(1·88–2·73)

1·73 
(1·29–2·22)

2·73 
(2·33–3·16)

1·89 
(1·42–2·40)

2·03 
(1·60–2·49)

1·82 
(1·41–2·31)

Central sub-Saharan Africa 2·52 
(2·05–2·94)

1·86 
(1·37–2·31)

2·38 
(1·91–2·82)

1·89 
(1·42–2·34)

2·06 
(1·61–2·48)

1·77 
(1·31–2·21)

2·52 
(2·05–2·94)

1·86 
(1·38–2·31)

2·01 
(1·55–2·43)

1·93 
(1·48–2·36)

Angola 2·76 
(2·21–3·35)

1·97 
(1·37–2·62)

2·61 
(2·06–3·22)

2·03 
(1·46–2·67)

2·30 
(1·74–2·91)

1·87 
(1·30–2·51)

2·76 
(2·21–3·35)

1·97 
(1·37–2·62)

2·23 
(1·69–2·83)

1·93 
(1·39–2·55)

Central African Republic 2·36 
(1·86–2·88)

1·35 
(0·77–2·03)

1·94 
(1·38–2·54)

1·41 
(0·81–2·10)

1·74 
(1·22–2·29)

1·17 
(0·59–1·83)

2·36 
(1·86–2·88)

1·55 
(0·97–2·23)

1·73 
(1·17–2·35)

1·45 
(0·85–2·13)

Congo (Brazzaville) 1·90 
(1·54–2·32)

1·49 
(1·11–1·93)

1·86 
(1·51–2·27)

1·49 
(1·13–1·92)

1·64 
(1·29–2·05)

1·45 
(1·08–1·88)

1·90 
(1·54–2·32)

1·69 
(1·31–2·13)

1·81 
(1·46–2·22)

1·65 
(1·29–2·07)

Democratic Republic of the Congo 2·46 
(1·82–3·03)

1·76 
(1·09–2·38)

2·34 
(1·69–2·93)

1·78 
(1·13–2·40)

2·00 
(1·37–2·56)

1·67 
(1·02–2·27)

2·46 
(1·82–3·03)

1·76 
(1·09–2·38)

1·93 
(1·31–2·49)

1·89 
(1·26–2·49)

Equatorial Guinea 2·19 
(1·70–2·75)

1·83 
(1·29–2·43)

2·19 
(1·71–2·74)

1·83 
(1·32–2·42)

1·90 
(1·35–2·49)

1·76 
(1·23–2·37)

2·19 
(1·70–2·75)

1·83 
(1·29–2·43)

1·90 
(1·37–2·49)

1·77 
(1·25–2·36)

Gabon 1·93 
(1·41–2·52)

1·56 
(1·02–2·19)

1·88 
(1·37–2·47)

1·56 
(1·03–2·17)

1·68 
(1·17–2·27)

1·51 
(0·97–2·12)

1·93 
(1·41–2·52)

1·76 
(1·22–2·39)

1·85 
(1·34–2·44)

1·71 
(1·18–2·31)

Eastern sub-Saharan Africa 2·50 
(2·04–2·96)

1·68 
(1·17–2·22)

2·11 
(1·64–2·61)

1·70 
(1·22–2·21)

2·17 
(1·72–2·65)

1·61 
(1·12–2·13)

2·50 
(2·04–2·96)

1·80 
(1·29–2·34)

1·98 
(1·51–2·48)

1·77 
(1·30–2·27)

Burundi 2·74 
(2·16–3·31)

1·55 
(0·83–2·25)

2·11 
(1·45–2·77)

1·55 
(0·86–2·24)

2·20 
(1·53–2·84)

1·48 
(0·80–2·18)

2·74 
(2·16–3·31)

1·75 
(1·03–2·45)

1·80 
(1·11–2·48)

1·69 
(1·03–2·39)

Comoros 1·73 
(1·17–2·33)

1·23 
(0·60–1·92)

1·66 
(1·10–2·26)

1·26 
(0·66–1·92)

1·42 
(0·82–2·05)

1·17 
(0·56–1·84)

1·73 
(1·17–2·33)

1·43 
(0·80–2·12)

1·58 
(1·00–2·21)

1·40 
(0·81–2·05)

Djibouti 1·41 
(0·92–1·88)

0·95 
(0·38–1·51)

1·26 
(0·78–1·76)

1·00 
(0·47–1·54)

1·27 
(0·79–1·75)

0·96 
(0·43–1·50)

1·61 
(1·12–2·08)

1·15 
(0·58–1·71)

1·36 
(0·89–1·86)

1·20 
(0·71–1·73)

Eritrea 2·20 
(1·52–2·86)

1·28 
(0·49–2·09)

1·84 
(1·15–2·55)

1·32 
(0·59–2·09)

1·62 
(0·87–2·35)

1·15 
(0·41–1·92)

2·20 
(1·52–2·86)

1·48 
(0·69–2·29)

1·63 
(0·91–2·37)

1·39 
(0·69–2·13)

Ethiopia 2·40 
(1·86–2·89)

1·29 
(0·64–1·87)

1·73 
(1·15–2·27)

1·30 
(0·72–1·86)

2·14 
(1·60–2·63)

1·32 
(0·75–1·86)

2·40 
(1·86–2·89)

1·49 
(0·84–2·07)

1·83 
(1·28–2·35)

1·53 
(1·00–2·06)

Kenya 1·84 
(1·39–2·35)

1·45 
(0·96–2·01)

1·80 
(1·34–2·31)

1·48 
(1·00–2·03)

1·77 
(1·33–2·26)

1·46 
(0·98–2·01)

1·84 
(1·39–2·35)

1·65 
(1·16–2·21)

1·77 
(1·34–2·28)

1·68 
(1·22–2·23)

Madagascar 2·33 
(1·91–2·78)

1·70 
(1·23–2·22)

2·14 
(1·69–2·61)

1·71 
(1·24–2·21)

2·19 
(1·77–2·62)

1·73 
(1·25–2·25)

2·33 
(1·91–2·78)

1·90 
(1·43–2·42)

2·04 
(1·60–2·50)

1·93 
(1·46–2·45)

(Table 2 continues on next page)
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Reference scenario Education SDG achieved Contraceptive met need 
SDG achieved

Pro-natal policies enacted Combined scenario

2050 2100 2050 2100 2050 2100 2050 2100 2050 2100

(Continued from previous page)

Malawi 2·03 
(1·46–2·57)

1·55 
(0·94–2·14)

1·94 
(1·36–2·48)

1·59 
(1·01–2·16)

2·00 
(1·42–2·53)

1·62 
(1·02–2·22)

2·03 
(1·46–2·57)

1·75 
(1·14–2·34)

1·92 
(1·35–2·47)

1·86 
(1·27–2·45)

Mozambique 2·44 
(1·91–2·93)

1·55 
(0·95–2·14)

2·09 
(1·52–2·65)

1·64 
(1·07–2·21)

2·16 
(1·62–2·67)

1·56 
(0·99–2·13)

2·44 
(1·91–2·93)

1·75 
(1·15–2·34)

1·93 
(1·37–2·49)

1·85 
(1·29–2·42)

Rwanda 1·97 
(1·54–2·42)

1·24 
(0·76–1·77)

1·60 
(1·15–2·08)

1·22 
(0·76–1·73)

1·76 
(1·35–2·20)

1·21 
(0·77–1·70)

1·97 
(1·54–2·42)

1·44 
(0·96–1·97)

1·67 
(1·25–2·14)

1·40 
(0·97–1·89)

Somalia 4·30 
(3·92–4·68)

2·45 
(1·92–3·00)

3·15 
(2·68–3·62)

2·37 
(1·87–2·90)

2·73 
(2·15–3·28)

1·69 
(1·14–2·24)

4·30 
(3·92–4·68)

2·45 
(1·92–3·00)

2·15 
(1·59–2·69)

1·91 
(1·39–2·44)

South Sudan 4·09 
(3·59–4·64)

1·98 
(1·22–2·75)

2·67 
(1·98–3·34)

1·91 
(1·18–2·65)

2·54 
(1·77–3·26)

1·35 
(0·58–2·11)

4·09 
(3·59–4·64)

1·98 
(1·22–2·75)

1·77 
(1·00–2·53)

1·56 
(0·82–2·32)

Tanzania 2·42 
(2·02–2·86)

1·70 
(1·23–2·20)

2·25 
(1·81–2·72)

1·74 
(1·28–2·24)

2·20 
(1·79–2·64)

1·70 
(1·24–2·20)

2·42 
(2·02–2·86)

1·90 
(1·43–2·40)

2·08 
(1·66–2·54)

1·75 
(1·30–2·25)

Uganda 2·72 
(2·26–3·19)

1·98 
(1·48–2·50)

2·59 
(2·13–3·07)

2·01 
(1·54–2·51)

2·49 
(2·05–2·96)

2·00 
(1·51–2·51)

2·72 
(2·26–3·19)

1·98 
(1·48–2·50)

2·40 
(1·95–2·88)

2·03 
(1·56–2·53)

Zambia 2·39 
(1·88–2·91)

1·83 
(1·28–2·40)

2·31 
(1·80–2·83)

1·83 
(1·31–2·39)

2·25 
(1·77–2·77)

1·85 
(1·32–2·43)

2·39 
(1·88–2·91)

1·83 
(1·28–2·40)

2·19 
(1·70–2·72)

1·85 
(1·33–2·43)

Southern sub-Saharan Africa 1·94 
(1·67–2·21)

1·63 
(1·29–1·99)

1·92 
(1·66–2·20)

1·63 
(1·30–2·00)

1·86 
(1·61–2·13)

1·62 
(1·29–2·00)

2·07 
(1·80–2·34)

1·76 
(1·44–2·09)

1·99 
(1·73–2·25)

1·75 
(1·44–2·10)

Botswana 1·70 
(1·31–2·12)

1·38 
(0·94–1·84)

1·70 
(1·32–2·12)

1·39 
(0·96–1·85)

1·68 
(1·30–2·10)

1·41 
(0·98–1·88)

1·82 
(1·43–2·24)

1·58 
(1·14–2·04)

1·88 
(1·51–2·30)

1·62 
(1·20–2·08)

Eswatini 1·98 
(1·62–2·36)

1·53 
(1·13–1·95)

1·93 
(1·56–2·32)

1·55 
(1·16–1·97)

1·96 
(1·60–2·34)

1·59 
(1·20–2·03)

1·98 
(1·62–2·36)

1·73 
(1·33–2·15)

1·92 
(1·55–2·30)

1·81 
(1·42–2·24)

Lesotho 1·88 
(1·50–2·34)

1·47 
(1·03–1·98)

1·78 
(1·38–2·25)

1·45 
(1·01–1·95)

1·82 
(1·45–2·27)

1·49 
(1·06–2·01)

1·88 
(1·50–2·34)

1·67 
(1·23–2·18)

1·78 
(1·39–2·24)

1·67 
(1·25–2·18)

Namibia 2·03 
(1·70–2·40)

1·62 
(1·24–2·03)

2·00 
(1·67–2·37)

1·63 
(1·26–2·04)

1·96 
(1·63–2·32)

1·63 
(1·26–2·04)

2·03 
(1·70–2·40)

1·82 
(1·44–2·23)

1·93 
(1·60–2·29)

1·84 
(1·47–2·25)

South Africa 1·69 
(1·46–1·89)

1·45 
(1·20–1·67)

1·67 
(1·45–1·88)

1·44 
(1·19–1·66)

1·60 
(1·39–1·79)

1·41 
(1·17–1·62)

1·89 
(1·66–2·09)

1·65 
(1·40–1·87)

1·79 
(1·58–1·98)

1·60 
(1·37–1·82)

Zimbabwe 2·56 
(2·12–3·01)

2·01 
(1·52–2·51)

2·55 
(2·11–3·00)

2·04 
(1·55–2·53)

2·51 
(2·09–2·95)

2·05 
(1·57–2·56)

2·56 
(2·12–3·01)

2·01 
(1·52–2·51)

2·50 
(2·08–2·94)

2·07 
(1·59–2·58)

Western sub-Saharan Africa 3·03 
(2·60–3·48)

1·89 
(1·39–2·44)

2·40 
(1·93–2·91)

1·85 
(1·38–2·39)

2·49 
(2·05–2·95)

1·80 
(1·32–2·33)

3·04 
(2·60–3·48)

1·94 
(1·44–2·49)

2·08 
(1·61–2·57)

1·83 
(1·38–2·36)

Benin 3·12 
(2·65–3·60)

1·58 
(0·95–2·18)

2·26 
(1·70–2·80)

1·55 
(0·96–2·14)

2·33 
(1·75–2·87)

1·46 
(0·88–2·03)

3·12 
(2·65–3·60)

1·78 
(1·15–2·38)

1·81 
(1·21–2·36)

1·66 
(1·08–2·22)

Burkina Faso 3·76 
(3·23–4·28)

1·62 
(0·89–2·26)

2·12 
(1·42–2·73)

1·53 
(0·84–2·15)

3·20 
(2·61–3·75)

1·62 
(0·93–2·24)

3·76 
(3·23–4·28)

1·82 
(1·09–2·46)

1·95 
(1·27–2·56)

1·75 
(1·08–2·38)

Cabo Verde 1·09 
(0·73–1·48)

0·91 
(0·51–1·34)

1·07 
(0·71–1·46)

0·94 
(0·55–1·35)

1·08 
(0·73–1·46)

0·95 
(0·57–1·37)

1·29 
(0·93–1·68)

1·11 
(0·71–1·54)

1·26 
(0·92–1·65)

1·17 
(0·80–1·58)

Cameroon 2·44 
(1·92–3·03)

1·71 
(1·13–2·36)

2·35 
(1·82–2·94)

1·74 
(1·19–2·36)

2·12 
(1·62–2·69)

1·69 
(1·13–2·31)

2·44 
(1·92–3·03)

1·91 
(1·33–2·56)

2·06 
(1·55–2·64)

1·92 
(1·38–2·53)

Chad 4·81 
(4·45–5·18)

2·15 
(1·65–2·71)

3·04 
(2·57–3·57)

2·10 
(1·63–2·65)

3·28 
(2·77–3·82)

1·73 
(1·26–2·28)

4·81 
(4·45–5·18)

2·15 
(1·65–2·71)

2·26 
(1·73–2·83)

1·77 
(1·30–2·33)

Côte d’Ivoire 2·57 
(2·11–3·04)

1·44 
(0·87–1·99)

2·03 
(1·53–2·53)

1·45 
(0·93–1·98)

2·13 
(1·65–2·63)

1·42 
(0·91–1·94)

2·57 
(2·11–3·04)

1·64 
(1·07–2·19)

1·78 
(1·28–2·29)

1·65 
(1·15–2·18)

The Gambia 2·21 
(1·81–2·61)

1·37 
(0·92–1·87)

1·88 
(1·49–2·33)

1·41 
(0·98–1·88)

1·73 
(1·31–2·18)

1·25 
(0·81–1·73)

2·21 
(1·81–2·61)

1·57 
(1·12–2·07)

1·75 
(1·33–2·21)

1·50 
(1·08–1·97)

Ghana 2·12 
(1·57–2·71)

1·57 
(0·97–2·20)

2·04 
(1·48–2·63)

1·57 
(0·98–2·19)

1·81 
(1·26–2·39)

1·51 
(0·92–2·13)

2·12 
(1·57–2·71)

1·77 
(1·17–2·40)

1·76 
(1·20–2·34)

1·71 
(1·14–2·32)

Guinea 3·02 
(2·58–3·43)

1·42 
(0·81–2·00)

2·02 
(1·44–2·54)

1·40 
(0·81–1·95)

2·20 
(1·62–2·70)

1·28 
(0·70–1·80)

3·02 
(2·58–3·43)

1·62 
(1·01–2·20)

1·81 
(1·23–2·33)

1·49 
(0·95–2·01)

Guinea-Bissau 2·41 
(1·88–2·91)

1·26 
(0·63–1·86)

1·80 
(1·23–2·35)

1·30 
(0·72–1·87)

2·01 
(1·47–2·54)

1·25 
(0·68–1·82)

2·41 
(1·88–2·91)

1·46 
(0·83–2·06)

1·81 
(1·26–2·37)

1·51 
(0·97–2·07)

Liberia 2·10 
(1·52–2·71)

1·47 
(0·85–2·14)

1·94 
(1·34–2·58)

1·52 
(0·91–2·18)

1·83 
(1·25–2·45)

1·45 
(0·85–2·11)

2·10 
(1·52–2·71)

1·67 
(1·05–2·34)

1·77 
(1·18–2·41)

1·70 
(1·11–2·36)

Mali 4·21 
(3·83–4·63)

1·85 
(1·30–2·42)

2·42 
(1·86–3·01)

1·70 
(1·15–2·28)

3·37 
(2·87–3·88)

1·79 
(1·26–2·33)

4·21 
(3·83–4·63)

1·85 
(1·30–2·42)

2·12 
(1·56–2·70)

1·89 
(1·35–2·49)

(Table 2 continues on next page)
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that the number will be 155 (76·0%). By 2100, the 
two models reach similar conclusions globally, with 
197 countries and territories (96·6%) projected by 
WPP to reach TFR below replacement level and 
198 (97·1%) predicted by our model.

We validated the IHME model over the period 2007–21 
using a forecasting skill metric based on RMSE values. 
The predicted values for our ASFR forecasts were 
compared with our final GBD 2021 estimates to compute 
RMSE values across locations for each 5-year age group. 
Our model had a positive skill value across all age groups, 
indicating that it is better than the baseline model (here, 
simply holding 2007 ASFR values constant over the 
period 2007–21). The lowest skill value was 0·15 (age 
30–34 years), and the highest skill value was 0·46 (age 
45–49 years; appendix 1 figure S3).

Discussion
Main findings
This study presents comprehensive estimates of past and 
future trends in fertility in 204 countries and territories 
from 1950 to 2100. We broadly found that human 
civilisation is rapidly converging on a sustained low-
fertility reality, although comparatively high fertility rates 
in low-income regions, particularly in a subset of countries 
and territories in western and eastern sub-Saharan Africa, 
will result in a demographically divided world. As much of 
the planet contends with challenges related to low fertility, 
many low-income countries will still be facing issues 
associated with high fertility during the 21st century. 
Overall, fertility has declined steadily at the global level 
and across almost all countries and territories since 1950 
and is likely to continue to do so until 2100, from a global 
TFR of more than 4·8 births per female in 1950 to 
approximately 2·2 in 2021, with TFRs of approximately 

1·8 and 1·6 projected in our reference scenario in 
2050 and 2100, respectively. Only six of 204 countries and 
territories (Samoa, Somalia, Tonga, Niger, Chad, and 
Tajikistan) are projected to have above-replacement levels 
of fertility by 2100, and only 26 will still have a positive rate 
of natural increase (ie, the number of births will exceed 
the number of deaths).

Historically, fertility rates have varied dramatically 
between GBD super-regions, with the highest rates in 
sub-Saharan Africa and the lowest in the high-income 
super-region (eg, TFR of approximately 4·3 vs 1·5 in 2021), 
driven by many factors, such as wealth, education, and 
sociocultural behaviours and practices.39,40 By 2100, TFRs 
will continue to differ, but to a smaller extent, from just 
over 1·8 in sub-Saharan Africa to approximately 
1·1 in south Asia, all converging well below replacement 
levels. Patterns in livebirths will shift dramatically over 
the coming century, with the proportion of livebirths 
occurring in sub-Saharan Africa increasing from less 
than 30% in 2021 to almost 55% in 2100. Likewise, we 
forecast that the proportion of livebirths occurring in the 
World Bank low-income group will increase from just 
under 18% in 2021 to 35% in 2100. The proportion of 
global livebirths in the low-income and lower-middle-
income groups combined will surpass 77% by 2100.

Implications of sustained low fertility
The aforementioned changes in fertility over the coming 
century will have profound effects on populations, 
economies, geopolitics, food security, health, and the 
environment, with a clear demographic divide between 
the impacts on many middle-to-high-income locations 
versus many low-income locations. For nearly all 
countries and territories outside of sub-Saharan Africa, 
sustained low fertility will produce a contracting 

Reference scenario Education SDG achieved Contraceptive met need 
SDG achieved

Pro-natal policies enacted Combined scenario

2050 2100 2050 2100 2050 2100 2050 2100 2050 2100

(Continued from previous page)

Mauritania 2·50 
(1·98–3·08)

1·66 
(1·04–2·34)

2·24 
(1·68–2·85)

1·66 
(1·07–2·32)

1·97 
(1·40–2·57)

1·54 
(0·95–2·19)

2·50 
(1·98–3·08)

1·86 
(1·24–2·54)

1·81 
(1·23–2·43)

1·75 
(1·17–2·39)

Niger 5·15 
(4·68–5·64)

2·24 
(1·48–2·92)

2·74 
(2·00–3·40)

1·99 
(1·28–2·64)

4·34 
(3·75–4·89)

2·20 
(1·50–2·85)

5·15 
(4·68–5·64)

2·24 
(1·48–2·92)

2·52 
(1·83–3·17)

2·02 
(1·36–2·67)

Nigeria 2·69 
(2·06–3·31)

1·87 
(1·19–2·54)

2·54 
(1·88–3·17)

1·90 
(1·22–2·56)

2·25 
(1·63–2·82)

1·78 
(1·12–2·43)

2·69 
(2·06–3·31)

1·87 
(1·19–2·54)

2·16 
(1·53–2·76)

1·81 
(1·15–2·46)

São Tomé and Príncipe 1·77 
(1·29–2·28)

1·37 
(0·83–1·94)

1·67 
(1·18–2·19)

1·38 
(0·87–1·93)

1·61 
(1·12–2·12)

1·35 
(0·83–1·90)

1·77 
(1·29–2·28)

1·57 
(1·03–2·14)

1·74 
(1·25–2·26)

1·57 
(1·06–2·11)

Senegal 2·32 
(1·79–2·79)

1·25 
(0·60–1·83)

1·66 
(1·08–2·18)

1·24 
(0·62–1·80)

1·98 
(1·44–2·48)

1·26 
(0·67–1·79)

2·32 
(1·79–2·79)

1·45 
(0·80–2·03)

1·70 
(1·14–2·22)

1·45 
(0·88–1·97)

Sierra Leone 2·43 
(1·99–2·85)

1·31 
(0·78–1·82)

1·78 
(1·27–2·28)

1·28 
(0·76–1·80)

2·04 
(1·59–2·47)

1·29 
(0·77–1·80)

2·43 
(1·99–2·85)

1·51 
(0·98–2·02)

1·79 
(1·29–2·29)

1·49 
(0·97–2·02)

Togo 2·01 
(1·61–2·42)

1·24 
(0·79–1·72)

1·75 
(1·32–2·18)

1·28 
(0·84–1·74)

1·65 
(1·24–2·08)

1·21 
(0·78–1·67)

2·01 
(1·61–2·42)

1·44 
(0·99–1·92)

1·69 
(1·26–2·14)

1·45 
(1·03–1·90)

Numbers in parentheses are 95% uncertainty intervals. Super-regions, regions, and countries are listed in alphabetical order. SDG=Sustainable Development Goal.

Table 2: Total fertility rate for the reference scenario and four alternative scenarios by location, 2050 and 2100
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population with fewer young people relative to older 
people before the end of the 21st century. These changes 
in age structure are likely to present considerable 
economic challenges caused by a growing dependency 
ratio of older to working-age population and a shrinking 
labour force.41,42 Unless governments identify unforeseen 
innovations or funding sources that address the 
challenges of population ageing, this demographic shift 
will put increasing pressure on national health insurance, 
social security programmes, and health-care infra-
structure. These same programmes will receive less 
funding as working-age, tax-paying populations decline, 
further exacerbating the problem.43,44

Sustained low fertility rates might likewise lead to 
labour shortages in some sectors, potentially hindering 
economic growth. If productivity per working-aged adult 
does not increase in accordance with declines in the 
working-age population, growth in gross domestic 
product will slow.4 Reliance on immigrants will become 
increasingly necessary to sustain economic growth in 
low-fertility countries.45 The shifting global distribution 
of livebirths, with a higher proportion occurring in 
current lower-income countries, could make immigration 
a viable way to address these issues. However, this 
approach will only work if there is a shift in current 
public and political attitudes towards immigration in 
many lower-fertility countries and if there are sufficient 
incentives in place for people to migrate from higher-
fertility countries. Continued skilled worker migration to 
high-income, low-fertility economies—a concept referred 
to as brain drain—can also have devastating effects on 
the economies these workers leave behind.46,47 This 
underscores the importance of developing ethical and 
effective immigration policies with global cooperation. 
Aside from immigration, innovations to the labour force, 
such as advancements in artificial intelligence and 
robotics, could reduce the economic effects of changes in 
age structure, but the potential landscape is difficult to 
predict and would undoubtedly vary between nations.48 
Furthermore, shifts in productivity in older ages, years of 
education required to participate fully in certain sectors 
of the workforce, the proportion of people who could give 
birth in the workforce, the ability to fulfil fertility 
intentions in older ages, and other factors could also 
affect the impact of ageing on economic growth, but 
these are likewise complex, and the impacts are largely 
unknown and beyond the scope of this study to consider.

To date, one strategy to reverse declining fertility in low-
fertility settings has been to implement pro-natal policies, 
such as child-related cash transfers and tax incentives, 
childcare subsidies, extended parental leave, re-
employment rights, and other forms of support for 
parents to care and pay for their children.49,50 Yet there are 
few data to show that such policies have led to strong, 
sustained rebounds in fertility, with empirical evidence 
suggesting an effect size of no more than 0·2 additional 
livebirths per female.51,52 The pro-natal alternative scenario 

we present here thus assumes that pro-natal policies will 
be implemented once the TFR of a country or territory 
falls below 1·75 and that the effect will be to increase TFR 
by 0·2 births per female 5 years later. Under this scenario, 
we project a global TFR of 1·68 in 2100 compared with 
1·59 in the reference scenario. This modest increase 
suggests that even under optimistic assumptions on the 
impact of pro-natal policies based on current data, global 
TFR will remain low—and well below replacement 
level—up to 2100. Nevertheless, our pro-natal scenario 
forecasts also suggest that pro-natal policies might 
prevent some countries from dropping below very-low 
(<1·6 TFR) or the lowest-low (<1·3 TFR) fertility in the 
future. We projected that 64 fewer countries and 
territories would fall below lowest-low fertility levels 
in 2100 in the pro-natal scenario compared with the 
reference scenario (30 vs 94). Moreover, although pro-
natal policies primarily aim to increase births, they also 
offer additional benefits to society, including better quality 
of life, greater household gender equality (ie, more equal 
division of household labour),53 higher rates of female 
labour force participation,54 lower child-care costs,55 and 
better maternal health outcomes,56 depending on policy 
design and contextual factors. In the future, it will be 
beneficial to perform an in-depth analysis on varying 
impacts of pro-natal policies in selected countries that 
have a meaningful impact on population.

Importantly, low fertility rates and the modest effects 
that pro-natal policies might have on them should not be 
used to justify more draconian measures that limit 
reproductive rights, such as restricting access to modern 
contraceptives or abortions. For example, in Romania 
during and in the aftermath of severely restricting 
abortions and the sale of contraceptives in the 1960s–80s, 
coercive policies led to dramatic increases in maternal 
mortality rates from illegal abortions; large numbers of 
children placed in orphanages; harmful, long-lasting 
effects on the labour market and educational outcomes 
for the population born under the restrictions; and other 
negative impacts, including long-term trauma to women 
and children.6,57,58 Access to modern contraceptives is not 
only fundamental to the principles of basic human rights 
and reproductive justice, but also has demonstrated 
positive effects on the economy; contraceptive access and 
use is positively associated with formal labour force 
participation and higher incomes.59–63

Although sustained below-replacement fertility will 
pose serious potential challenges for much of the world 
over the course of the century, it also presents 
opportunities for environmental progress. Alongside 
strong pro-environmental regulations, a smaller global 
population in the future could alleviate some strain on 
global food systems, fragile environments, and other 
finite resources, and also reduce carbon emissions.64–69 A 
2012 study suggests that if global population were to 
follow a low-growth rather than a medium-growth path, 
worldwide carbon emissions would be 15% lower by 2050 
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and 40% lower by 2100.70 The 2023 Intergovernmental 
Panel on Climate Change (IPCC) report likewise suggests 
that low population growth (a result of low fertility) is an 
important factor in limiting global warming.71 However, 
increasing consumption per capita due to economic 
development could offset the benefits of smaller 
populations.72,73

Implications of the changing global distribution of 
livebirths
While the world faces the challenges that arise from 
sustained low fertility in most locations, it will 
simultaneously be confronted with challenges that arise 
from the concentration of the world’s livebirths shifting 
from middle-to-high-income towards low-income 
countries and territories. In the coming decades, the 
majority of children will be born in some of the poorest 
regions of the world, with the proportion of global 
livebirths almost doubling in low-income countries and 
territories (as defined by the World Bank) between 
2021 and 2100, from 18% to 35%. Sub-Saharan Africa is 
projected to contribute over half of the world’s livebirths—
more than 54%—by 2100, up from approximately 
29% in 2021. Countries in eastern and western 
sub-Saharan Africa, many in the Sahel, are projected to be 
primary drivers of livebirths by 2100, but considerable 
heterogeneity exists across countries within these regions. 
Child mortality rates are disproportionately high in low-
income settings, with the highest rates in western 
sub-Saharan Africa (at more than 85 deaths per 1000 
among children younger than 5 years in 2021 compared 
with approximately 35 per 1000 at the global level).74 Thus, 
this shift in fertility and livebirths from higher-income to 
lower-income settings will make the challenge of 
continued progress on improving health outcomes—
particularly child mortality—even more difficult.

Many higher-fertility, low-income countries will also 
face increasingly frequent droughts, flooding, and 
extreme heat as climate change worsens.71 All of these 
aspects of climate change threaten food, water, and other 
resource security and dramatically increase the risk of 
heat-related illness and death.71,75–78 For example, the IPCC 
projects substantial declines in crop yields across many 
low-income settings due to climate change, including a 
20–40% decrease in millet yield in the Sahel region in 
response to a potential 30-year mean increase of 2–3°C in 
maximum temperature.79,80 Population growth will only 
worsen the growing strain on food supplies in this region 
in the future.81 Food and resource scarcity, along with 
several other issues including the long legacy of 
colonialism, contribute to political instability and 
security issues in some vulnerable areas. Between 
January, 2020, and July, 2023, there were coups in 
six Sahel nations82 and, in 2022, 43% of all global 
terrorism deaths occurred in this region.83 Broadly, over 
the coming decades, the majority of livebirths will 
become concentrated in the areas of the world that are 

most vulnerable to climate change, resource insecurity, 
political instability, poverty, and child mortality. High 
numbers of births in these regions will further strain all 
areas of vulnerability.

Our projections suggest that improving access to 
modern contraceptives and female education—the 
two primary drivers of fertility4,84–86—would reduce 
fertility rates in higher-fertility countries and territories, 
limiting the increasing concentration of livebirths in 
these areas. We project that in sub-Saharan Africa, 
achieving universal female education or universal 
contraceptive met need by 2030 would each result in 
TFRs of approximately 2·3 in 2050, compared with 
approximately 2·7 in the reference scenario. By 
combining universal access to both drivers of fertility, 
plus an increase in TFR of 0·2 in locations with a TFR 
less than 1·75 from the pro-natal scenario (which will not 
apply to most locations in this super-region until 
almost 2100, if at all), our combined scenario highlights 
opportunities for even larger declines in fertility to 
2·03 in sub-Saharan Africa in 2050. Although we project 
that global TFRs will eventually converge to 1·52–1·68 
in 2100 across the reference and three alternative 
scenarios, the considerably steeper fertility declines in 
the next several decades achieved through the rapid 
scale-up of education and contraceptive access would 
reduce the number of livebirths in sub-Saharan Africa 
in 2100. For the highest-fertility countries, the 
opportunities are even greater; in Niger, for example, our 
reference scenario forecasts a TFR of 5·15 (95% UI 
4·68–5·64) in 2050 versus 2·74 (2·00–3·40) in the 
education SDG target scenario, 4·34 (3·75–4·89) in the 
contraceptive SDG target scenario, and 2·52 (1·83–3·17) 
in the combined scenario. Although achieving both SDG 
targets in all locations by 2030 is likely to be unattainable, 
our SDG-related scenarios demonstrate that increasing 
levels of access to female education and contraceptives in 
higher-fertility countries will result in fewer individuals 
in the future being born into severely heat-stressed, 
politically fragile, economically weak environments. 
Policy makers can and should use these projections to 
inform priorities.

In addition to its direct impact on fertility rates, 
expanding female access to education and contraceptives 
has important societal benefits. First, access to education 
contributes to women’s empowerment: the process 
through which women gain the freedom to make their 
own choices and the opportunity to participate fully in 
society.87 Quality education increases the knowledge, 
skills, and self-confidence needed to challenge traditional 
gender roles, and equips women to make more informed 
decisions about their health, careers, and lives as a 
whole.88–90 It also improves women’s decision-making 
power in the household and lowers their risk of exposure 
to abuse in the home.87,90–92 Furthermore, higher female 
educational attainment is associated with higher paid 
labour-force participation and higher wages. In fact, the 
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financial returns on female education exceed those of 
males (which is not to say that earnings are higher for 
females; they remain lower for females at the same level 
of education), as do the returns in low-income settings 
compared with high-income settings, making female 
education a valuable personal and societal investment.93 
Finally, universal access to modern contraceptives and 
education are fundamental human rights that the world 
should be working towards for all populations regardless 
of their outcomes on fertility, society, and the economy.

Comparisons with estimates from WPP 2022
TFR estimates from 1950 to 2021 generated by UN 
Population Division WPP 2022 generally align with the 
estimates produced by our model in countries with high-
quality vital registration data (appendix 2 figure S5). 
However, estimates differ in some locations with less 
reliable data sources, particularly in the sub-Saharan Africa 
and north Africa and the Middle East super-regions. This 
is mostly due to differences in data sources used and data 
processing steps. For example, in locations without vital 
registration data, our methods use complete birth 
histories as a reference source and correspondingly 
adjust the estimates of sources such as summary birth 
histories that do not give information on fertility by 
mother’s age. By contrast, estimates from WPP 2022 
more closely follow estimates from these less reliable 
sources. This process affects estimates in countries for 
which the most recent data come from summary birth 
histories, leading to differences in recent time trends 
that can heavily influence forecasts. For example, in 
South Sudan, we estimated a decline in TFR from 5·98 
(95% UI 5·61–6·33) in 2000 to 5·45 (5·04–5·87) in 2021, 
compared with the WPP estimates of a decline from 
7·51 (6·99–8·09) in 2000 to 4·47 (3·42–5·76) in 2021. 
Other countries in which there are large discrepancies 
in 2021 estimates from the two models include the 
Democratic Republic of the Congo and Central African 
Republic.

In a comparison between our IHME model forecasts 
and those of the WPP 2022 revision, we found that the 
WPP global TFR forecasts were higher throughout the 
2022–2100 period and the country-level TFR forecasts 
converged to a much narrower range in 2100 than the 
projections from our model (appendix 2 figure S6). 
Broadly, for countries with low fertility levels, WPP 
predicts that fertility rates will rebound, whereas our 
projections suggest they will remain low or decline. The 
higher TFRs predicted by WPP are primarily a reflection 
of differences in how post-transition countries were 
modelled. The WPP forecasting methodology is based in 
demographic transition theory and assumes that all 
countries follow the historically observed three-phase 
pattern of fertility.14 However, there is some evidence that 
current higher-fertility countries—especially those in 
sub-Saharan Africa—have experienced fertility patterns 
that do not perfectly reflect these phases, such as periods 

with stalling declines.94,95 Our method does not make this 
structural assumption. Furthermore, WPP denotes a 
country moving from phase II (fertility decline) to 
phase III (low-fertility post-transition) when it 
experiences two successive periods of TFR increase after 
falling below a TFR of 2·0. This threshold of 2·0 might 
not hold in the future for all countries. In fact, our 
estimates in Seychelles show a transition into phase III 
after a TFR of 2·04 (95% UI 1·95–2·12). Due to these 
assumptions, WPP reference forecasts in all locations 
might rely too heavily on the fertility patterns of a subset 
of low-fertility countries that have experienced increases 
in TFR.

Limitations
This study has a number of limitations, many of which 
are related to data availability and quality. First, sparsity of 
recent census data and lags between censuses affected the 
availability of birth history data for certain locations. This 
absence of data means that past fertility estimates in some 
locations—particularly countries in sub-Saharan Africa as 
well as others such as Afghanistan, Haiti, Syria, and 
Yemen—were based on modelled projections. Similarly, 
the absence of high-quality vital registration systems 
affected the precision of fertility estimates in many 
locations, resulting in large UIs. This effect was especially 
apparent during the 2020–21 COVID-19 pandemic period, 
during which reporting from vital registration systems 
was particularly limited and delayed. Furthermore, our 
forecasts rely on past time-series data not only for fertility, 
but also the drivers of fertility, such as met need for 
contraceptives. These data were not always available for 
each location, and even when they were, they were only 
available as far back as 1970.

Second, we made several simplifying assumptions in 
the modelling of past fertility. Due to sparse data, we 
estimated fertility in the age groups of 10–14 years and 
50–54 years solely based on neighbouring age groups 
using data from locations with complete vital registration 
data. Other factors could be driving fertility rates in these 
age groups that are not captured in the available data, but 
the effect of our models for these age groups on TFR is 
minimal. We compared the TFR in 2021 calculated with 
and without these age groups across GBD regions and 
found that the maximum difference was 0·03 (95% UI 
0·02–0·04; appendix 2 table S3). Additionally, estimates 
of uncertainty were simplified due to computational 
resource constraints. Uncertainty for some covariates was 
not propagated through our analytical process, including 
female educational attainment and lag-distributed 
income in our first-stage regression model. Furthermore, 
we do not account for correlations between locations 
when producing geographical aggregate values, which 
might underestimate uncertainty because estimates in 
nearby locations are likely to have positive correlation. We 
could improve accuracy of UIs in the future by accounting 
for correlations when aggregating estimates.
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Third, our forecasting analysis modelled 
four covariates as potential drivers of fertility: female 
educational attainment, contraceptive met need, 
population density in habitable areas, and under-5 
mortality. This method contrasts with non-causal time-
series models by UN Population Division, in which 
time is the only driver of fertility and no covariates are 
used. Our inclusion of covariates can be considered 
both a strength and a limitation.13,96,97 Explicitly modelling 
associations between drivers and outcomes requires us 
to separately forecast future trends for each driver, 
which has advantages in that we capture potentially 
important effects and can vary covariate levels to model 
fertility outcomes of policy choices related, for example, 
to education or contraception. However, modelling such 
associations also presents a challenge in that accurate 
fertility forecasts rely heavily on accurately forecasting 
each of these independent drivers into the future. 
Although we have not studied mechanisms by which 
our covariates impact fertility, living in urban areas may 
give better access to education, family planning services, 
and employment opportunities for women, all of which 
are associated with lower fertility.98

Fourth, more research is needed on determinants of 
fertility in low-fertility locations; most of the difference 
between our forecasts and those produced by the UN 
Population Division WPP 2022 are due to the projected 
level of fertility to which locations ultimately converge 
after dropping below replacement levels. Our use of 
CCF50 captures the effects of age-related declines in 
each cohort of females.

Fifth, we encountered a range of additional limitations 
specific to our forecasting models. All long-range 
forecasting models, regardless of the modelling strategy, 
face the challenge that the past is not always predictive of 
the future—ie, there will be potential changes in the 
future that cannot be predicted. Also, we applied the pro-
natal scenario to all locations even if the location has 
already implemented pro-natal policies, such as Australia, 
Japan, South Korea, and countries in Scandinavia. We 
further describe this in appendix 1 (section 3.2–3.3). 
Additionally, we did not incorporate into any scenarios 
the possibility that certain locations could exceed their 
capacity to feed their people. In most locations, any 
insufficiencies in domestic food production could be 
solved by importing food. But for several countries with 
growing food production concerns71,99 that are forecast to 
have large population growth and remain low income—
including Niger, Chad, and South Sudan—it is possible 
that our forecast levels of fertility will be unsustainable 
due to food insecurity. Finally, due to paucity of data, we 
did not define the pro-natal scenario based on a specific 
policy or policies that have a known impact on fertility 
rates. Rather, we considered policies such as paid parental 
leave, the right to return to work, and subsidised or 
universal childcare as pro-natal—in other words, policies 
that have been enacted in countries such as Australia, 

Sweden, Denmark, Norway, Finland, and elsewhere that 
are thought of as making it more financially feasible to 
have children.

Conclusions
Fertility rates have declined dramatically around the 
world since 1950 and will continue to decline in almost 
all countries and territories up to 2100. While human 
civilisation is converging on a sustained low-fertility 
reality, comparatively high fertility rates in some low-
income countries and territories will result in a clear 
demographic divide between a subset of low-income 
countries and the rest of the world. On one side, 
sustained low fertility rates—and a resulting contraction 
and ageing of the population—will lead to serious 
economic challenges and increasing pressure on health 
systems, social security programmes, and the labour 
force. On the other hand, a dramatic shift in the 
concentration of livebirths from middle-income and 
high-income settings to low-income settings will lead to 
serious challenges related to sustaining and supporting a 
growing young population in some of the most heat-
stressed, politically unstable, economically vulnerable, 
health system-strained locations. In low-fertility settings, 
implementing pro-natal policies that support parents 
and children might provide a small boost to fertility rates, 
whereas in higher-fertility settings, rapidly expanding 
access to female education and contraceptives will 
accelerate declines in fertility and lessen the concentration 
of livebirths in these locations. Future trends in fertility 
rates and livebirths will propagate shifts in global 
population dynamics, driving changes to international 
relations and a geopolitical environment, and 
highlighting new challenges in migration and global aid 
networks. All of these issues will necessitate focused and 
collaborative work to address.
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