Youngest age groups depend (a) mostly on the intercensal fertility and the number of women in reproductive age groups in census 1 (surviving and present in the country during intercensal period), and (b) to a lesser extent on infant/child mortality and migration between censuses 1 and 2, and (c) potential errors in census 2.
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Population Division • Population projections by the United Nations are derived from models of future trends in the demographic components of change, in particular fertility and mortality • UN projection models have a strong basis in demographic theory; for each country, the models are calibrated using data from the country itself and, especially when data are sparse, from other countries as well • Uncertainty of the UN population projections is reflected in traditional deterministic/normative scenarios; the 2012 Revision introduced new methods based on formal models that yields probabilistic statements about plausible future trends ; the 2022 revision also takes into account uncertainty in past fertility estimates • Work on the probabilistic assessment of uncertainty is ongoing and could benefit from further efforts to incorporate additional sources of uncertainty, notably for international migrations Summary

•

  1950-2021: 6945 country/area x years with mortality crises out of 16,827 locations x years or about 41% (n=237 over 71 years) • Conflicts and Battle deaths: 2355 locations x years (n=171) • Mass killings (including genocide): 95 locations x years (n=18) • Floodings: 2323 locations x years (n=162) • Cyclones: 1605 locations x years (n=169) • Epidemics: 1988 locations x years (n=152) • Earthquakes: 1143 locations x years (n=124) • COVID-19: 431 locations x years (n=218) • Famines/Droughts: 160 locations x years (n=32) • Tsunami: 45 locations x years (n=25)

o▪

  Project fertility, mortality and migration and use with base population in cohortcomponent framework o Can do this through trend extrapolation, parametric modelling, assumptions (e.g., expert-based) o Can investigate implications of different scenarios • Fast vs slow pace of fertility decline • Instant-replacement fertility • Constant-mortality • No migration • Probabilistic o Employ statistical models to project likely trajectories of fertility, mortality and migration, then use results with base population in cohort-component framework How to project the components of population change? Click to edit Master subtitle style Click to edit Master title style Population Division▪ UN projections of fertility and mortality are guided by historical trends in those same variables ▪ Regularities in historical trends have led to theories of demographic change, which give structure to the projection model ▪ Model is calibrated for each country using an estimation procedure that relies primarily on data for that country ▪ Data for other countries influence estimates especially for countries in which the transition is less complete ▪ Bayesian hierarchical model of past trends, combined with time series model of future trends, yields probabilistic depiction of plausible Rate of TFR decline depends on level of TFR ▪ Peak rate of decline when total fertility rates is around 5 or 6 ▪ Slower decline for TFR > 6 or TFR < 5 ▪ Rate of decline in the TFR, as a function of its current level, is modeled using a double-logistic function, which has an inverted U-shape ▪ Bayesian hierarchical model used to estimate model for the world and for each country ▪ In addition, standard time series methods are used to project future trends once countries reach below replacement levelPhase II: fertility decline model by definition, after the first

  

  

  

  

  

  

  

  

  

  

B t,t+n and D t,t+n are

  Click to edit Master subtitle styleClick to edit Master title style t+n = P t + B t,t+n -D t,t+n + I t,t+n -E t,t+n P t+n -P t = B t,t+n -D t,t+n + I t,t+n -E t,t+n P t is the population at time t number of births and deaths occurring between t and t + n.I t,t+n and E t,t+n are number of immigrants and emigrants from the country during the same period

	Population balance (demographic accounting)
	Population Division
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Population Division

•

  For each of the 237 countries or areas:

	o Base population by sex and single year of age (or graduated
	5-year age group) in 1950
	o For every year from 1950-2021, time series of:
	• fertility rates for women aged 10-54 years by single year of
	age group (or graduated 5-year age groups)
	• sex ratio at birth (males/females)
	• sex and age-specific mortality rates (life tables) for single
	ages (or graduated abridged age groups)
	• net international migration by sex and single ages

Input data requirements for WPP
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Population Division

•

  Estimates and projections are revised every 2 years, incorporating all newly available data from censuses, administrative registers, surveys, etc.

	• Data collected through:
	IPUMS International, DHS, MICS, etc.)
	o Published reports and NSO web sites
	o Ad-hoc requests to national institutions
	• Latest revision in 2022 considered:
	o 1,758 population censuses conducted between 1950 and 2021
	o Information on births and deaths from vital registration systems for 169 countries
	o Demographic indicators from 2,890 surveys

o UN Statistics Division (Demographic Yearbook System) o UN regional commissions & agencies (UNICEF, UNFPA, UNHCR, UNAIDS, etc.) o Global or regional databases (WHO, Eurostat, HMD, HFD, etc.) o Public-use micro-datasets (

Procedures/frequency to incorporate newly available data ?
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• To fill-in gaps in missing data: most

  

	information often available only for
	some countries and/or dates, or not sufficiently disaggregated by age
	• To reconcile differences between (a) data sources and/or estimation
	method(s) for a specific date and (b) within sources over time
	• To ensure international comparability using similar
	definitions/concepts, methodology and assumptions across countries
	UN population estimates and projections are used in the calculation of many
	development indicators used by the United Nations system, including about one-
	quarter of the indicators used to monitor global progress towards the achievement of
	the SDGs.

With so many data available, why estimates are necessary…
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Population Division

• For many countries, data available vary greatly in quantity, frequency, quality, reliability and consistency. • Not all data points are as informative and can be trusted equally… • Estimates can vary based on the type of data sources (census, surveys, vital registration), the type of survey itself (national survey vs. international survey programs), the estimation methods (direct or indirect estimates) and by various

biases affecting reporting of retrospective data (e.g., birth histories or lifetime fertility, parental or siblings' survival). Estimation of robust time series for demographic rates (e.g., fertility and mortality)
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Population Division India fertility rates graduated by age: 1950-2021
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Population Division India fertility rates graduated by age: 1950-2021

  

	Population Division
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•

  Compile and compute direct and indirect estimates from as many empirical data sources as possible for each country since 1950 • Review and assess the various series • Generate an initial robust time trend for overall summary indicators (e.g., TFR, 5q0, 45q15) and age-specific rates (e.g., ASFR, life tables) • Use this initial set of estimates within the full cohort-component population reconstruction by age and sex since 1950 • Compare and assess the reconstructed population cohorts with those enumerated across the various censuses • Revise and adjust the set of WPP estimates to reconcile the various demographic components (e.g., TFR) that satisfy the demographic balancing relationships over time, age and cohorts

WPP workflow process with vital rates

  

	• 113 locations with empirical life tables based on different types of
	inputs and data gaps
	Population Division
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Age-specific type of mortality input data

  

	Type of age pattern	Input data	Locations (n)
	Empirical	Complete	44
	Empirical	Abridged	69
	Model-based	Abridged	124
		Total	237
			21
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Annual time series of excess mortality due to crises 22 About 61 million excess deaths: • 19.8 million due to conflicts (32%) • 19.9 million due to famines (33%) • 4.7 million due to natural disasters (8%) • 15.0 million due to COVID-19 (25%) About 61 million excess deaths: • 19.8 million due to conflicts (32%) • 19.9 million due to famines (33%) • 4.7 million due to natural disasters (8%) • 15.0 million due to COVID-19 (25%)

  

	UN cohort-component projections to cross-validate estimations
	Remember… over the last 70 years:
	• 87% of countries have ≥ 3 censuses, 77% have ≥ 4 and about
	half of the countries have ≥ 5.
	• Each census can be evaluated by itself, and in the context of the
	previous ones by following birth cohorts over time.
	With at least 3-5 censuses in the last decades…
	1. Start cohort-component projections with base year in 1950 for
	all 237 countries/areas.
	2. Insure full internal consistency by age and sex between all
	demographic components and enumerated populations.
	Population Division

See WPP 2022 methodology and structured metadata for further details Click to edit Master subtitle style Click to edit Master title style Population Division Click to edit Master subtitle style Click to edit Master title style Click to edit Master subtitle style Click to edit Master title style

Population Division Sri Lanka: 1963-2001 censuses
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800,000 Sri Lanka -Comparison of the projected and observed Both Sexes population: WPP vs 1963 Census

  

	Both Sexes observed, Sri Lanka 1963	Both Sexes projected, Sri Lanka 1963
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000,000 Sri Lanka -Comparison of the projected and observed Both Sexes population: WPP vs 1971 Census

  

	Both Sexes observed, Sri Lanka 1971	Both Sexes projected, Sri Lanka 1971
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,000 2,000,000 2,500,000 Sri Lanka -Comparison of the projected and observed Both Sexes population: WPP vs 1981 Census

  

	Both Sexes observed, Sri Lanka 1981	Both Sexes projected, Sri Lanka 1981
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,000 1,800,000 2,000,000 Sri Lanka -Comparison of the projected and observed Both Sexes population: WPP vs 2001 Census

  

	1963 census	1971 census
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	Both Sexes observed, Sri Lanka 2001	Both Sexes projected, Sri Lanka 2001
		2001 census
	1981 census	

Population Division 1. Survive the base population in t by age and sex to t+n in projection period

  

	Multiply each age group population by life table survival ratios
	(open-ended interval requires special handling)
	2.

Make any necessary adjustments for migration 3. Calculate the total number of births (total, by sex) during t, t+n

  

48 countries/areas in Phase III by 2021

  

	• Europe		• Eastern & South-Eastern Asia / Pacific
	o Armenia	o Lithuania	o Australia
	o Austria	o Luxembourg	o China
	o Belarus	o Malta	o China -Hong Kong SAR
	o Belgium	o Netherlands	o China -Macao SAR
	o Bulgaria	o North Macedonia	o China -Taiwan Province of China
	o Czechia	o Norway	o Japan
	o Denmark	o Poland	o Singapore
	o Estonia	o Republic of Moldova	o Viet Nam
	o Finland	o Romania	
	o France o Germany o Greece o Guernsey	o Russian Federation o Serbia o Slovakia o Slovenia	• Latin America and the Caribbean o Barbados o Cuba
	o Hungary	o Spain	
	o Ireland	o Sweden	• Northern America
	o Italy	o Switzerland	o Canada
	o Jersey	o Ukraine	o United States of America
	o Latvia	o United Kingdom	
			35

Sources of error vary in importance with the length of the projection horizon: 1950-1995.

  

	Population in 2015:
	• +3.1% (233 mio)
	to -3.7% (-272 mio)
	Click to edit Master title style
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UN population projections: Past and Present 1980

  to 2022 revisions of the World Population Prospects (WPP)

		7.6	UN 1980 UN 1982
	(billions) population	5.6 6.0 6.8 7.2 6.4	UN 1984 UN 1988 UN 1990 UN 1992 UN 1994 UN 1996 UN 1998 UN 2000 UN 2002 UN 2004
	Total	5.2	UN 2006 UN 2008
			UN 2010
		4.8	UN 2012
			UN 2015
		4.4	UN 2017
		1980 1985 1990 1995 2000 2005 2010 2015	UN 2019
		Year	UN 2022
			53

* MARE is the mean absolute relative error. Coverage is the proportion of the 1990-2010 observations that fell within their prediction interval, in percent. Source: Raftery, A.E., N. Li, H. Ševčíková, P. Gerland, and G.K. Heilig (2012). "Bayesian probabilistic population projections for all countries." Proceedings of the National Academy of Sciences. 109 (35):13915-13921. doi: 10.1073/pnas.1211452109

• Differences in medium trajectories are driven mostly by differences in fertility assumptions • Differences in uncertainty ranges are closely linked to differences in assumptions about the strength of correlation across countries in changes taking place over time • UN population projections have a good track record and continue to be guided by the same core principle in choosing assumptions -that historical trends in fertility, mortality and migration are the best available predictor of future trends*.

Three important considerations about differences in long-term population projections 48 * More precisely, that historical trends in fertility, mortality and migration provide the most reliable basis for calibrating theoretically informed models of future trends
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• National Research Council, & Committee on Population (2000). Beyond six billion: Forecasting the world's population. National Academies Press.

• Keyfitz, N. ( 1981). The limits of population forecasting. Population and development review.

• Lee, R. D. ( 1990). Long-run global population forecasts: A critical appraisal. PDR. • DataCatalog: comprehensive inventory for each country of primary data sources (censuses, demographic surveys, etc.) providing data on demographic processes (fertility, mortality, population structure and dynamics, marital status and family planning) for all countries and areas, as of Dec. 2023, about 8,250 entries

• DataArchive: a virtual repository of documents, tabular datasets and reports (potentially) for each data source, as of Dec. 2023, more than 32,750 files

• DemoData: SQL database to store in a structured and standardized way empirical data and demographic estimates (with meta-information) on population, fertility, mortality and (net) international migration data from as many sources as possible: Online resources