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c. From other sources 

4. Census figures by 5-year age groups 

a. From UNSD DYB based on data provided by national statistical authorities 

b. From country national statistical authorities 

c. From other sources 

5. Survey data on population by single years of age (usually as percents) 

6. Survey data on population by 5-year age groups (usually as percents) 

Note that for items 5 and 6, an estimate of the total population, by sex will be needed. January 1 

population data from the Human Mortality Database (HMD
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[Action item: Compile a more complete set of PES estimates of net coverage errors by age to look at 

spatial and temporal patterns. This could also include separately identified estimates based on 

demographic analysis. �t UNPD status as of mid-march 2020: an initial data compilation has been 

completed, and need to be further consolidated.]  

PES's have been done in various forms in the US since 1950, but often the sample error is so high that it 

is hard to determine definitively whether there was an undercount or an overcount.  

Age-specific under- or over-enumeration can significantly distort the age distribution of the population.  

A consistent pattern across many countries is the undercounting of young children.  The Infant 

Enumeration Study 1950 (U.S. Census Bureau, 1953) looked at infants enumerated in the 1950 census to 

the birth registration data, and followed up on registered births that were not matched by a 

questionnaire sent to t
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Some countries (like Canada) do use the results of the PES to adjust their population estimates.  It is 

important to read the metadata (which may include footnotes in tables) to check on whether estimates 

are adjusted or not.  In the HMD estimates for Canada (2019a): 

Population estimates obtained from census enumerations are subject to undercount errors, 

which vary from census to census (typically 1�t3% for recent censuses). Starting in 1971, 

Statistics Canada has been correcting the July 1st population estimates to adjust for the net 

undercount in the census. No such adjustments were applied to population estimates for the 

earlier years. 

This does raise questions about whether pre-1971 populations should be adjusted to be consistent with 

later estimates. 

PESs taken in India in 1981, 1991, and 2001 show relatively consistent patterns of net omissions by age, 

with high levels for the population under 5 and for young adults (males 15-39 and females 15-29 in 

2001), and some indications of a rise in the oldest age groups (Gerland, 2013).  These figures also show a 

slow rise in overall net omission rates over time from a minimum of 0.68% in 1961 to 2.33% in 2001. 

B.2.c. Other sources to assess completeness 

Other sources of data can be used to assess the quality of enumeration.  These are mostly 

administrative sources that are collecting data for other purposes.  These can include: 

�x Vital statistics from birth (and death) registration or from health authorities 

�x Education statistics (numbers of students by age): particularly relevant for primary and 

secondary age groups where/when school enrollment is quasi-universal 

�x Voter rolls for adult voting age groups 

�x Tax records for adults 

�x Immunization records, especially for infants under age 1 (e.g., DTP3) 

�x Records of issuance of IDs to residents 

�x Old-age pension and medical records 

As noted above, registered births and deaths and records of migration flows can be combined to 

produce demographic estimates of expected populations (either total or by age and sex). 

The use of other administrative data tends to be used to provide alternative estimates for particular age 

ranges of the population.  As noted above, these records and data are collected for other purposes, so 

the first task is to locate these types of data. Some of these data may be found in statistical yearbooks 

produced by national governments. This may point to the part of the government that collects this data 

so that additional information and detail may be obtained from the particular government agency 

website.  Other data may be aggregated by international organizations such as WHO, UNICEF, UNESCO, 

etc.  

The second task is to determine what age group they relate to so that c
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I have used the Beers (ordinary) in the past, and it works well. At the U.S. Census Bureau we used it 

regularly, often with the Johnson (Stover, et al., 2008) adjustment for age 0, to create the base 

population used in the Rural-Urban Projection (RUP) program (U.S. Census Bureau, 2014) for 

projections. The modified version does some smoothing and does not necessarily reproduce the totals. 

The Sprague method seems to work well also.  The monotonic spline has the advantage of allowing 

varied inputs, including 10-year age groups or 0-4 and then 10-year groups. This can be helpful to force 

the excess population at ages ending in 0 to be redistributed in both directions (younger and older).  It 

also guarantees there will be no negative populations, which can happen with Beers and Sprague.  The 

DemoTools monoCloseout routine is a blend of Sprague at younger ages with the monotonic spline at 

older ages to prevent any negative values. We may want to look at the assumptions at the youngest 

ages: a test run of the monotonic spline using the 1950 WPP 2019 female population for Bangladesh 

(admittedly not real data for analysis) resulted in much lower estimates for age 0 compared to other 

methods (at least 8% lower).  However this same data did produce negative numbers at older ages for 

the Sprague and both Beers versions. 

These smoothed/graduated populations can then be used for: 

1. Cohort comparison 

2. Mortality estimation 

3. Census evaluation 

4. Estimation of 1950 population 

[Action item: Comparison of different methods for splitting 5-year ages into single years of age to 

determine which works best in certain circumstances.] 

[Recommended steps: Single age data should be used as much as possible and be smoothed if 

necessary. The original or smoothed single age data should be compared to graduated 5-year data. 

Series should be compared, and a set of conditions/criteria/threshold be formulated for when to accept 

one series over another.] 

 

B.5.b. Age overstatement or understatement 

Age over- or under-statement (other than related to age heaping) can be more difficult to correct.  The 

LAMBdA (2019) model discussed above dealt with this for older ages (above age 45) by using a model 

based on conditional net overstatement probabilities and age-specific propensities to over-state age 

estimated based on the results of a 2002 evaluation study linking Costa Rica 2000 census records to 

voter register records that included age information from birth certificates.  The net overall tendency to 

overstate 



Draft WPP2021 Technical Documentation 3/31/2020 Do not cite or quote 
 

29 
 

older ages than typically available from censuses (Wilmoth, et al., 2019, Condran, et al.,1991, Jdanov, 

2015). 

B.6. Comparing population estimates by age and sex 

Once the initial analysis of the population estimates is completed, the results based on different 

censuses (or data sources) should be compared to makes sure that they are consistent.  The PAS 
workbook GRPOP-YB.xls (or NewPAS versions GRPOP-YBNEW.xls and POP1COHNew.xls) plot 

populations estimates for different dates by birth cohort instead of by age. This type of plot can also be 

applied to the reported populations to help identify cohorts that may be smaller or larger than 

expected. 

Figure B-3. Male Population of  Djibouti by Census and 5-Year Cohort 

 

If some of the estimates have been based on smoothing (and adjusting) populations by single years of 

age and some have been based on smoothing and splitting data by 5-year age groups, then this can help 

identify if there are inconsistencies in the resulting estimates.  This type of plot can also help identify 

cohorts that may have been affected by migration. 

Another way of assessing the consistency of the estimates is to compute census survival ratios.  Using 

populations by single years of age should make it easier to do this analysis if the intercensal interval is 

not 5 or 10 years. Survival ratios are expected to decrease monotonically with age, and to always be 

lower than 1.  In addition, any abnormal deviations in some age groups are expected to follow the birth 

cohorts as they age if these deviations reflect real historical events 
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Figure D-1 shows TFR estimates from DHS surveys in D5stimates 
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Legend for symbols used:
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Diagram PopT-2: Time Series of Geographic Adjustment Factors
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Diagram PopT-4: Final Time Series Adjustment
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Diagram MortA-1: Adult Mortality Overview
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Diagram MortA-5: Check Quality of Adult Deaths by Age and Sex

Questions/Notes:

1. What to do with high sex ratio indices of deaths by age?

a. May indicate differential mortality patterns by sex (like changes in Colombia)

b. May indicate differential levels of completeness of death registration

c. Maybe don't bother looking at sex ratios (except to make sure there aren't any

sudden changes that may point to data errors or special circumstances).  Sex ratios 

of mx values are usually more informative.

2. Check on cohort patterns?

a. May indicate abnormal birth cohort size (baby boom or bust)

b. Possible long-term impacts of events in early childhood?

Start with first 
set of death 
data

Deaths by Yes

No

Smoothing 
needed?

Yes

No

Compute 
heaping indices 
and smooth as 
needed

Compute 5-year age 
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Smooth data
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Diagram MortA-7: Adult Mortality Validation and Review

sex comparison

Any direct Mx 
data for older 

ages?

Yes

No

Does country 
have indirect
estimates of 

Yes

No

Does country
have U5MR 

data?

Yes

No

mx data and 
summary 
nqx values

Return to 
Adult 

overview

Validation and 
review of 

mortality for 
adults (or full

age distribution)



Draft WPP2021 Technical Documentation 3/31/2020 Do not cite or quote



Draft WPP2021 Technical Documentation 3/31/2020 Do not cite or quote

Diagram MortC-1: Child Mortality Overview
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Diagram MortC-3: IGME Adjustments and B3 Model

https://childmortality.org/methods

81

https://childmortality.org/methods
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Diagram MortC-4: IGME Notes

Overview of IGME procedures (p. 26) [my emphasis in red]

https://childmortality.org/wp-content/uploads/2019/10/UN-IGME-Child-Mortality-Report-2019.pdf

UN IGME follows the following broad strategy to arrive at annual estimates of child mortality:

1. Compile and assess the quality of all available nationally representative data relevant to the estimation of child mortality, including data from

vital registration systems, population censuses, household surveys and sample registration systems

2. Assess data quality, recalculate data inputs and make adjustments as needed by applying standard methods

3. Fit a statistical model to these data to generate a smooth trend curve that averages possibly disparate estimates from the different data

sources for a country

4. Extrapolate the model to a target year (in this case, 2018)

p. 28
Whatever the method used to derive the estimates, data quality is critical. UN IGME assesses data quality and does not include data

sources with substantial non-sampling errors or omissions as underlying empirical data in its statistical model.

5. Criteria for inclusion/exclusion in the B3 model

a. Include direct FBH data if available.

b. Exlude estimates from SBH if estimates from FBH in the same survey are available

c. Exclude certain data sources (e.g., surveys/censuses) that don't seem consistent based on

data quality assessment (i.e., substantial non-sampling errors, omissions or lack of national

representation).

d. Exclude VR data if implied completeness < X%?

e. Exclude data points from crisis years, fit the B3 model to the remaining data, and then add

the crisis-specific mortality rate to the fitted B3 curve
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Diagram F-3: Compute Fertility Estimates Based on Registration Data

Does country  
have annual 
population 

estimates by 

Yes

No

Calculate ASFRs

Does country
publish reg 
ASFRs and 

Yes

No

Compile ASFRs 
and TFRs

Registered 
ASFRs 




	A. Introduction
	B. Population
	B.1. Introduction

	C. Mortality
	C.1. Overview

	D. Fertility
	D.1. Overview

	E. Migration
	E.1. Overview

	F. Produce Reconciled Estimates 1950-2020
	F.1. Estimate 1950 base population

	G. Specifications of the general analysis process, including documentation
	H. REFERENCES
	I. Appendix: List of Diagrams
	Legend for symbols used
	I.1. Population
	I.2. Adult Mortality
	I.3. Child Mortality
	I.4. Fertility


