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CHAPTER 1: 
Introduction 
These Guidelines have been prepared to support national statistical offices, ministries of health 
and other relevant government and non-government agencies to better estimate the 
completeness of civil registration and vital statistics (CRVS) systems, in particular, the 
completeness of birth and death registration. 

Much of the literature on CRVS systems uses the terms coverage and completeness 
synonymously in describing those systems. In its strictest sense, however, coverage is used as 
a spatial metric to indicate the geographical reach of CRVS systems. By contrast, completeness, 
is a metric used to evaluate the proportion of vital events that are captured in the CRVS system. 
The Guidelines adhere to these strict definitions: where sources apply the terms interchangeably, 
these are noted in the text. 

Universal civil registration is essential for the achievement of the Sustainable Development Goals 
(SDGs), and its overarching ambition to ‘leave no one behind’: without a timely, accurate, and 
complete record of births and deaths, efforts to achieve sustainable and inclusive development 
remain compromised. Target 16.9 of the SDGs makes explicit the importance of civil registration, 
particularly of births: “By 2030, provide legal identity for all, including birth registration”. The 
target’s associated indicator is the “proportion of children under 5 years of age whose births 
have been registered with a civil authority, by age”. The ability to track progress towards this 
target depends on the existence and maintenance of a well-functioning CRVS system. 

In many low- and middle-income countries, CRVS systems remain quite weak and often suffer 
from incomplete registration and (in some instances) patchy coverage. The United Nations 
Statistics Division compiles data on the completeness of CRVS systems of member States. 
Figure 1 shows the estimated completeness of birth and death registration of member States as 
of February 2021. (Note, here, the use of ‘coverage’ to describe ‘completeness’ in the titles of the 
two maps). Although it can be observed from comparison of the maps that completeness of 
birth registration tends to be higher than for deaths, completeness of civil registration throughout 
most of Africa, parts of Latin America and the Caribbean, and Asia and the Pacific, are often 
substantially incomplete – or lack data entirely. In these cases, what is unknown remains 
invisible: there may be some recording of vital events, but if the numbers of those registered 
events are not reported, even approximate estimates of completeness of civil registration 
become more challenging. 
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Figure 1: Estimated completeness of birth and death registration, February 2021

  
Source: United Nations Statistics Division. https://unstats.un.org/unsd/demographic-social/crvs/ 

  

https://unstats.un.org/unsd/demographic-social/crvs/
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These Guidelines provide technical guidance for the assessment of completeness of civil 
registration systems. While the focus of the Guidelines is on the assessment of completeness 
at a national level, the same principles (albeit, with additional layers of complexity) can also be 
applied to assess the completeness of CRVS systems at sub-national levels, or by sex – both of 
which are important aspects of the ‘leave no one behind’ principle that underpins the SDGs. 

The Guidelines are arranged thematically. Chapter 2 begins with a discussion on the general 
approach to estimating completeness of civil registration data. Chapter 3 explains 
methodologies for adjusting the numerator to account for delayed registration. Chapter 4 then 
explores the estimation of completeness of birth registration data; and Chapter 5, death 
registration data. Wherever possible, the material is supplemented by spreadsheets that 
implement the methods described; or with links to other resources that will allow practitioners 
to derive estimates without requiring a detailed knowledge of the underlying statistical 
procedures involved in producing these estimates.  
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CHAPTER 2:  

Overview of estimating 
completeness of civil registration 
A. Introduction 

Chapter 1 briefly set out the distinction drawn between coverage and completeness of a civil 
registration system. This chapter begins with a more rigorous explanation of that distinction. We 
then proceed to consider in more detail both the numerator and denominator of the ratio that 
defines the completeness of a civil registration system. We conclude the chapter with a brief 
discussion of the potential impact and implications of the COVID-19 pandemic on the 
completeness of civil registration systems. 

B. Coverage vs. completeness 

Some areas of a country may be so remote, hard-to-reach, or subject to internal conflict that they 
may not be serviced by the government agency responsible for civil registration. For example, if 
coverage is estimated to be 80%, it indicates that residents in 80% of the country are able to 
access registration facilities. 

According to this strict definition,  

 

 

 

A goal of 100% coverage is attainable. 

In contrast, completeness is, in its strictest sense, a measure of the proportion of vital events (for 
example, births, deaths, and marriages) that occur in the country in a given period of time that 
are registered in the civil registration system.  

The process of estimating the completeness of civil registration, either births or deaths, involves 
comparing the observed number of events recorded by a CRVS system (the numerator) with a 
counterfactual ‘true’ number of events (the denominator) in the form of a ratio. The denominator 
should represent the best estimate of expected vital events and may be estimated using different 
approaches which will be explained in these Guidelines.  

For example, if 900,000 births are recorded in a given time period, but the ‘best’ estimate of the 
‘true’ number of births in that setting during the same time period is 1,000,000 births, it can be 
estimated that the completeness of birth registration is 90 per cent (900,000 / 1,000,000).  

Population in administrative areas served by the CRVSCoverage (%) 100
Total population

= ⋅

https://web.archive.org/web/20220224075232/https:/crvsgateway.info/Completeness%7E434
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Civil registration eventsCompleteness (%) 100
Estimated 'true' number of events

= ⋅  

Accurate estimation of completeness requires that the numerator and denominator describe the 
same spatio-temporal frame. Where full (or almost full) coverage has not been attained, 
completeness should ideally be measured as the ratio of the number of registered vital events 
(which, by definition would exclude events occurring in areas not covered by the civil registration 
system) to the expected number of those events in the areas covered by the system. Thus: 

 

Number of events registered in covered areasCompleteness (%) 100
Total number of events expected in covered areas

= ⋅  

 

Commonly, however, where CRVS systems are incomplete and lack full coverage, it is not 
possible to estimate the number of events expected only in those parts of the country which are 
covered by the civil registration system. In these circumstances, the denominator is taken to be 
the estimated total number of events, even if the definitions of the numerator and denominator 
are not strictly comparable. 

We can thus define the completeness of a civil registration system in the following terms: 

 

 

 

 

It further follows that – in most situations – the numerator is relatively unproblematic as it 
represents the number of vital events recorded in a civil registration system in a given geographic 
area, during a given time period.  

In contrast, a range of approaches may be used to determine an appropriate denominator which 
accurately reflects the ‘true’ number of vital events, employing different data sources, statistical 
techniques, and assumptions.  

The sections that follow consider both elements that are required to calculate the estimated 
completeness of civil registration. 

C.  Determining the numerator 

The numerator is generally extracted directly from the CRVS data system in a given country. This 
numerator may be further disaggregated by lower-level administrative boundaries and sex (in the 
case of both births and deaths), and by age at death (in the case of deaths).  

However, several cautions apply to the determination and use of a selected numerator: first – 
any disaggregation of data in the numerator requires an equivalent disaggregation in the 
denominator. In many situations, data availability, or methodological constraints in the 
determination of the denominator, will constrain the degree of disaggregation of the derived 
estimate of completeness. 
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Second, the practitioner should be alert to overly fragmenting data. The reason for this is that if 
the number of events in either the numerator or denominator is small, small variations in either 
may result in estimates that are subject to a high degree of uncertainty, rendering the resulting 
estimates unreliable.1 There is no explicit guide for determining what should be defined as 
‘small’, but caution should be taken to not over-interpret results if either numerator or 
denominator is less than 1,000.  

Where the data are at risk of being overly fragmented, it is recommended to aggregate data over 
perhaps two years. However, while in general, changes in the completeness and coverage of a 
CRVS system occur only slowly, aggregation over a period in which it is known that there has 
been a material step-change in either completeness or coverage is not advisable, as the resulting 
estimate will reflect neither the situation before, nor the situation after, the change.  

Third, CRVS data may not necessarily permit detailed disaggregation of the data. Information 
(e.g. on province of birth) may not be recorded, or may not be made available. 

1. Delayed registration 

While there may be regulations or statutory requirements to register vital events within a 
specified number of days of the occurrence of the event, in many countries, there may be 
significant numbers of late registrations of vital events. Births may only be registered and notified 
to the authorities several years after their occurrence, for example when the child is about to 
enter the schooling system. Likewise, deaths may be notified to the authorities many years after 
they have occurred. 

Since completeness estimates are usually computed by a calendar year, for simplicity the term 
‘delayed registration’ is used to refer to the registration of vital events in a calendar year after 
which the event occurred. 

Delayed registration might manifest in the data in two distinct ways – one mechanical; the other 
real. To ensure accurate estimation of completeness, both forms of delayed registration should 
be accommodated. The ‘mechanical’ form should be handled at the time of data extraction, while 
it is preferable that the effects of ‘real’ delayed registration are incorporated into the estimation 
process.  

 Mechanical delayed registration 

As the name suggests, mechanical delayed registration describes those registrations that give 
the appearance of being delayed (i.e. registered in the year after the event occurred), but were 
nevertheless reported within the statutorily-allowed period for registration. 

 
1 As an example, consider a population with 50 reported vital events, and 100 expected vital events in a given period. 
The estimate of completeness would be 50%. However, if the number of reported vital events was 5 events higher 
the following year, with the same number of expected vital events, the completeness would now be 55%. Similarly, if 
a different estimate suggested that 90 vital events were to be expected (and 55 vital events remained reported), the 
completeness would be estimated as 55/90 = 58%. 
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When CRVS data are analysed according to the calendar year of occurrence, there will always be 
some vital events that occur in one year, but are registered in the following. These are not 
necessarily delayed registrations. Consider the (extreme) case of a child born at 23:59 on 31 
December 2020. With all the effort and will in the world, that birth – occurring in 2020 – will, at 
best, be registered in 2021. Most countries allow a period of time (perhaps 30 days) for vital 
events to be registered. In such a situation, in the example above, if the child’s birth is registered 
before 30 January 2021, it should not be regarded as a delayed registration. Without adjustment, 
and simply differencing the year of occurrence from the year of registration, this instance would 
be regarded as a delayed registration, thereby giving a false, inflated, impression of the extent of 
late registration. 

It is important to appreciate that delayed registration of this form can only apply to vital events 
registered in the calendar year after the calendar year in which the event took place. 

 Real’ delayed registration 

In contrast to ‘mechanical’ delayed registration, ‘real’ delayed registration refers to those events 
that were registered after the statutorily-mandated period for registration. 

In many low- and middle-income countries, significant numbers of vital events are registered and 
reported to the authorities several years after the event occurred. In countries where this is the 
case, there may be events that occurred in the relatively recent past (the last few years, for 
example), which have not yet been registered, but may be at some point in the (as yet 
unknowable) future. If these, incurred but not yet reported events are not accounted for, 
estimates of completeness may be biased downwards. 

Contemplation of this issue then leads to the need to consider different understandings of what 
is meant by ‘completeness’. In these Guidelines, we consider the two extremes of those 
definitions.  

2. Year zero’ vs ‘ultimate’ completeness 

To account for the potential impact of delayed registration in completeness estimates, two 
estimates can be produced: ‘year zero’ completeness and ‘ultimate’ completeness. ‘Year zero’ 
completeness estimates for a given year are based only on the vital events registered in that 
calendar year (after adjusting for the effects of ‘mechanical’ delayed registration). ‘Ultimate’ 
completeness estimates account for the level of completeness that may pertain once all late 
registrations (which may be several years into the future) have been registered. 0 explains in 
detail a method for estimating the incurred-but-not-reported events that may have a significant 
impact on estimates of completeness. 

While the most common form of completeness estimate is a ‘year zero’ estimate, where late 
registrations are substantial, it is recommended to produce estimates of completeness based 
on both ‘year zero’ and ‘ultimate’ completeness. The former provides insight into the 
completeness of registrations in near-to real-time. The latter provides an indication of the extent 
of delayed registration, as well as the likely final level of completeness of civil registration. 
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This points to an important consideration when accessing and analysing CRVS data: CRVS data 
for a given calendar year should not be analysed until the sanctioned period for notifications in 
that year has elapsed. Failing to do so might result in the systematic exclusion of events that 
occurred in the year of interest, but which had not yet been notified to the authorities.  

Corrections in respect of both forms of delayed registration are considered in 0. 

D. Determining the denominator 

The choice of the denominator is one of the most critical aspects in estimating the level of 
completeness of a CRVS system, as it also impacts the reliability and accuracy of the resulting 
estimate. The numerator on the other hand, is usually ‘fixed’, and less likely to be subject to 
uncertainty as each vital event is either recorded in the CRVS system, or it is not. 

Aspects that should be considered include: 

• What data sources should be utilised to establish the denominator? 

• What are the potential limitations of these data sources that may compromise the 
robustness of the resulting estimate? 

• What degree of spatio-temporal accuracy can be achieved with the data source? 

There are a wide range of data sources and methods that can be used to provide the 
denominator in the estimation of the completeness of civil registration. These include census 
data; ‘in-house’ population projections derived from census and survey data; the application of 
estimates of demographic parameters (fertility, or mortality rates) to population or 
administrative data; or projections from international organisations or research entities. 

 Census data 

Data from a census can be applied to establish the denominator in the calculation of 
completeness. Where such data are used, directly or indirectly, it is essential that the practitioner 
is satisfied with the completeness, accuracy and fitness-for-purpose of the data. Census data 
from low- and middle-income countries are often prone to error in both dimensions. Unless 
corrected, or compensated for, these errors may carry through into estimates of the 
denominator. 2  Possible direct uses of census data in the derivation of an estimate of 
completeness are outlined below and a more in-depth explanation is provided in the chapters 
that follow. 

• Data on the numbers of young children (aged 0-14, by single years of age) and of women 
(aged 15-64) can be used to estimate the number of births in previous years that gave 
rise to the enumerated population of children by age using a process termed ‘reverse 
survival’. 

 
2 The online manual Tools for Demographic Estimation, produced by the International Union for the Scientific Study 
of Population (IUSSP) with support from UNFPA, is a compendium of resources that can be used to evaluate, adjust, 
and analyse census data, and to derive more robust and reliable estimates of demographic parameters from those 
data. 

http://demographicestimation.iussp.org/
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• Data from a module on deaths in households might be used to derive an estimate of the 
number of deaths in the year before the census.  

• In conjunction with data from a CRVS system, indirect methods of mortality estimation 
allow for the derivation of estimates of the completeness of death registration by age 
group (mostly for adults). 

 In-house population projections 

Many national statistical offices use the results from a census to determine the base population, 
as well as essential demographic input parameters relating to fertility, mortality, and migration, 
that are then used to produce population projections, thus using the census results indirectly to 
establish the denominator for estimating completeness of civil registration data. The 
demographic input parameters may be further informed by data from household surveys such 
as the Demographic and Health Surveys (DHS), or Multiple Indicator Cluster Surveys (MICS). 
These projections may be prepared from scratch, or software packages such as Spectrum3 
might be used to produce projections, using the information from the census. 

Population projections produce an estimate of the annual numbers of births and deaths in the 
population, which can be used as the denominator in the estimation of completeness statistics. 

 Application of demographic parameters to population or administrative data 

In addition to their use in setting demographic parameters for population projections, it is also 
possible to apply estimates of (for example) fertility or child mortality rates from DHS, MICS, or 
other survey data to estimated numbers in the population (from, for example, a population 
projection) to derive alternative estimates of the numbers of births and deaths expected. 

Administrative data, not collected as part of a CRVS system, might also be used to establish 
comparator estimates of completeness. Thus, children vaccinated as part of a routine national 
vaccination programme, might provide an estimate of the numbers of children at particular ages. 
Similarly, school enrolment by age might provide a useful estimate of the number of children in 
the population at each age. However, these data may suffer from their own limitations – 
schooling may be neither compulsory nor universal; vaccination programmes may fail to access 
‘hard to reach’ populations. In both instances, reverse-survival approaches may provide an 
estimate of the numbers of births in previous years. While these data may provide a useful 
alternative comparator, caution must be exercised in their use, and they should not be used 
uncritically. 

 External data sources 

Population projections, at a national level, are prepared every two years by the Population 
Division of the United Nations. The methodology and data sources used to prepare the 
projections is well-documented and a variety of tabulations, by single years of age, and single 

 
3 https://www.avenirhealth.org/software-spectrum.php 

http://www.unpopulation.org/
http://www.unpopulation.org/
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calendar years are routinely produced. Data from these projections can be used as the 
denominators in the estimation of completeness statistics.  

As with all other data sources, however, the practitioner should evaluate the results for the 
country to which the data will be applied to be assured of their reasonableness. 

In a similar vein, the Institute for Health Metrics and Evaluation (IHME) also produces national 
(and in some instances provincial) population projections. Based on the methodology used to 
produce these projections, practitioners are advised to use estimates from this source with 
extreme caution. 

 The impact of the COVID-19 pandemic on estimates of completeness 

A final consideration cannot be emphasised enough: the impact of COVID-19 on estimates 
of completeness. Empirical and anecdotal evidence both suggest that not only have deaths 
been severely impacted by the pandemic, but also that there may be substantial period4 

effects on fertility. At the time of writing (mid-2021) very few national statistical offices have 
explicitly incorporated the impact of COVID-19 into their population projections. Likewise, the 
United Nations Population Division has not yet released an update to the World Population 
Prospects (UNWPP) incorporating the impact of COVID-19 on fertility, mortality, and 
migration. 

As a consequence, it is probable that the UNWPP current (mid-2021) estimates of deaths in 
the period 2020-21 are likely to be significantly underestimated; while the estimates of 
numbers of births may be overestimated (though by a lesser extent than the deaths are 
underestimated). 

At a bureaucratic level, COVID-19 may have also had impacts on the ability of people to 
register vital events with authorities, perhaps as a result of factors such as: 

• Registration offices being overburdened with death registrations during the most acute 
phases of each wave of infections and deaths, resulting in lower registrations of both 
births and deaths; 

• Registration offices closing temporarily as a result of pandemic restrictions or staff 
being exposed to the virus;  

• National lockdowns in response to the pandemic may have limited peoples’ ability to 
travel to a registering office. 

Where possible, alerts to this effect have been built into the spreadsheets that accompany 
these Guidelines. However, users of this material must make every effort to – somehow – 
adjust the denominators appropriately. Failure to do so will result in the appearance of a rapid 
increase in completeness of death registration (possibly far exceeding 100% completeness), 
and a sudden decline in birth registration completeness. 

 

 
4 A period effect is a change which occurs at a particular time and may affect all age groups and cohorts. 
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 Conclusion 

While the derivation of estimates of completeness is conceptually straight-forward, there are a 
number of complicating aspects that should be considered before performing calculations of 
completeness.  

Aside from the potential impact of delayed registration, the data used in the numerator are 
typically unproblematic – since it is extracted from the CRVS data. Data used in the denominator 
requires more careful consideration. While the recommendation in these Guidelines is to use, at 
least in the first instance, estimates from the United Nations World Population Prospects 
(UNWPP), there will be occasions when these are not fit for purpose (for example, not being 
disaggregated to the level required by the practitioner). It is therefore essential that the 
practitioner uses their selected data source with consideration for the potential limitations and 
validity of the data, and conducts the necessary analytical investigations to establish that the 
data are fit for purpose. 

Finally, when deriving estimates of completeness incorporating the period where deaths and 
births might have been affected by the COVID-19 pandemic, particular care must be taken in 
presenting, analysing, and interpreting the results. 
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CHAPTER 3:  
Adjustment of the numerator for 
delayed registration 
A. Introduction 

As discussed in the previous Chapter, the simplest, yet perhaps most inaccurate, measure of 
completeness requires the number of vital events recorded as occurring in a given calendar 
year, divided by an estimate of the ‘true’ number of events occurring in that year. For this 
approach to produce a reasonable result requires, first, that the data are tabulated by year of 
occurrence; second, that the tabulation is extracted after the statutory period for registering 
the event has expired in respect of events occurring at the end of the calendar year of interest, 
thus allowing mechanically delayed registrations to be included; and third, that real delayed 
registrations are negligible.  

If this is the case, the estimation of completeness resolves to the formula presented in  
Chapter 2. 

Civil registration eventsCompleteness (%)= 100
Estimated 'true' number of events

⋅
 

 

However, as noted in Chapter 2, registration of vital events in many countries may not be 
timely, despite administrative regulations governing how much time is officially permitted for 
vital events to be reported to the authorities.  

Delayed, or late, registration refers to events notified to the authorities outside of the 
statutorily-allowed period. In many situations, delayed registration is significant enough to 
necessitate adjustment of the numerator in the analysis of completeness of vital event 
reporting. 

Quite frequently, however, data from a CRVS system are available that allow a more careful 
investigation into the quantum of mechanical and real delayed registrations. Such data would 
typically include either exact dates of occurrence and the registration of the vital event, or – at 
the very least – the years of occurrence and registration of vital events. 

Two adjustments, described in conceptual terms in the previous chapter, are considered and 
presented in this chapter. The first relates to an accommodation for timely registration in the 
year following the year of occurrence of the event. The second relates to a method for 
estimating late registrations that will be notified in the future. 

Both adjustments might be necessary, and are operationalised in the Excel spreadsheet that 
accompanies these Guidelines. 
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B. Accommodation for timely registrations in the calendar year following 
the calendar year of occurrence 

Where more detailed data than only the tabulation of events by year of occurrence are 
available, it is important for the analyst to be alert to two issues: 

• First, not all events occurring and being registered in the same calendar year are 
necessarily timely. In a situation where the statutory period for reporting a birth is 30 
days, a birth occurring in February but only reported in July of the same year should 
still be regarded as a late registration;  

• Second, not all events occurring in one calendar year but reported in the next are late 
registrations, for the reasons explained in Chapter 2. 

Being alert to the first means that late registrations are not underestimated. However, to 
accurately assess this requires exact dates of occurrence and registration – should the 
difference between these two dates exceed the statutory period allowed, the vital event should 
be considered a late registration, even if occurring in the same calendar year. Tracking, over 
successive calendar years, the proportion of registrations that are late can give important 
information as to the trajectory of the quality of CRVS system data. 

The second issue above becomes important in attempting to estimate the ultimate level of 
completeness that might be achieved – that is, the proportion of vital events that will ever be 
reported, regardless of their timeliness. Two solutions to this matter are described, with the 
choice of method dependent on the data available.  

1. Accurate adjustment to remove mechanical ‘delayed’ registrations in the 
calendar year following the calendar year of occurrence 

This solution requires either precise dates of occurrence and registration, or a system-
generated flag as to whether or not the registration was reported within the statutory 
notification period. Should this information be available, the first step to accurately remove 
these mechanical ‘delayed’ registrations is to derive a variable from the CRVS data indicating 
the lag (in years) between the calendar year of registration and the calendar year of 
occurrence. At this stage, that variable includes ‘false late’ registrations, where the variable 
would take on the value of 1 in the case of an event occurring just before the end of one 
calendar year but timeously registered in the next. To remove these cases where this 
difference variable is equal to 1, it is recoded to 0 if either of the following two conditions apply 

• The difference in days between the date of registration and date of occurrence is within 
the statutory limits prescribed by the registering authority; or 

• The system-generated flag for whether the registration was delayed is coded as ‘not 
delayed’ (or equivalent). 

Doing so will ensure that registrations in the year following the year of occurrence are not 
treated as delayed registrations if they occurred within the statutory period allowed. 

2. Approximate adjustment to remove apparent ‘delayed’ registrations in the 
calendar year following the calendar year of occurrence 

Where the requisite data to implement method (i) are unavailable, an approximate adjustment 
should be implemented. This requires making an assumption regarding the proportion of 
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events registered in the year following the year of occurrence of the event that are not actually 
late registrations, but are mechanically delayed registrations.  

Assuming this proportion to be zero (or 0%) is equivalent to asserting that all registrations in 
the year following the year of occurrence were not registered within the statutorily-allowed 
period, and thus all such instances are ‘true’ delayed registrations. In contrast, assuming the 
proportion to be 1 (or 100%) is equivalent to assuming that all such registrations occurred 
within the statutorily-allowed period. 

It is difficult to estimate this proportion accurately without detailed investigation of national 
data; it will vary substantially from country to country, and will be heavily dependent on the 
length of the statutorily-allowed period. Adopting this approach requires that the practitioner 
ascertains a likely value of this distribution factor. 

Implementation of this correction is allowed for in the Excel spreadsheet that accompanies 
these Guidelines. 

C. Estimating delayed registrations that will be notified in the future 

This section describes a technique, pioneered by actuaries in the analysis of insurance claims, 
to be able to estimate the likely number of delayed registrations that are to occur in the future, 
based on the past pattern of delayed registration. The technique is known variously as the 
“analysis of run-off triangles”, “chain-ladder methods”, or “analysis of incurred but not reported 
(IBNR) data”. 

1. Important assumptions 

The method hinges, crucially, on the assumption that past patterns of delayed registration will 
persist into the future. At times, of course, this assumption may be violated: problems with 
registration during COVID-19 (as discussed in Chapter 2), or a change in government policy, 
for example, that imposes stiff penalties on delayed registration could well lead to a situation 
where future patterns of delayed registration cannot be assumed to be as they were in the 
past. In such a situation, the application of the method is contra-indicated. 

It is also necessary that, even if incomplete, the data being analysed are accurate and error-
free in terms of recording of the dates of occurrence and registration. 

It is not advisable to use more than ten years’ data with this method, to limit the potential for 
violation of the assumption. 

The assumption that the past pattern of delayed registrations will persist into the future can 
be expressed in three different ways, which can be shown to be mathematically equivalent, 
and which will produce the same estimated pattern of future delayed registrations: 

• The proportion of the ultimate number of registrations that occur in a particular 
calendar year (k, where k = 0, 1, 2 … , with year 0 being the calendar year in which the 
event occurred) is constant. This expression is analogous to saying (for example) that 
a historical pattern whereby 85% of vital events occurring in a given calendar year were 
registered in the same calendar year (year 0), 12% in the calendar year after, and 3% in 
the calendar year after that, would persist in all future years. 
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Calendar year of registration - Calendar year of occurrencek =  

In the rest of the exposition, k represents the concept ‘calendar year of registration after 
the calendar year of occurrence’:  
 

 

The importance, too, of adjusting for ‘mechanical’ delayed registrations from the data 
should now be apparent. If not accommodated, delayed registrations in the year after 
occurrence (when k =1) will be overstated, resulting in an underestimate of ‘year zero’ 
completeness. 

• The cumulative proportion of the ultimate number of registrations that occur by a 
particular calendar year (k = 0, 1, 2, … , with year 0 being the calendar year the event 
occurred) is constant. In the same example as above, this would be analogous to 
saying that 85% of all vital events occurring in a given year would be registered in the 
year of occurrence; 97% of all vital events occurring in that year would be registered by 
the end of the year after the year of occurrence; and 100% by the end of the year after 
that. 

• The ratio of the cumulative events registered by a given calendar year k to the ratio of 
the cumulative events registered by the previous year k-1 will be constant. 

Mathematically, if any one of the above statements are true, the other two are – by definition 
– true. However, for ease of exposition, it is best to work with the last expression. We term this 
ratio the cumulative late registration factor (CLRF(k) ) for each k. 

2. Data required 

The method requires a tabulation of the number of vital events by the year of occurrence, and 
the number of years after the year of occurrence that the vital event was registered. If 
appropriate, the data should be extracted, after adjustment for the statutorily-allowed period 
as described in Chapter 3B1 above. If that correction is not available, the assumption 
described in Chapter 3B2 above is required. 

A stylised version of the tabulation, after correction, is presented in Table 1. 

Imagine that, during 2020, one has CRVS data for the years 2015-19, classified accordingly. 
Then the contents of cell (a) would reflect the events that occurred in 2015, and were 
registered in 2015. The contents of cell (b) would reflect events that occurred in 2016, but were 
registered in 2017. The contents of cell (c) are unknown. (We are in 2020, and there may still 
be events that occurred in 2019 which will be reported to the authorities in 2020.). Likewise, 
all the grey-shaded cells contain unknown data. 

Table 1 Stylised representation of a run-off triangle for civil registration data 

 Year of registration after year of occurrence (k) 
Year of 
occurrence 0 1 2 3 4 
2015 (a)     
2016  (b)    
2017      
2018      
2019  (c)    
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3. Implementation of the method 

The method is implemented in the following steps. 

 Cumulate the events for each year of occurrence 

Cumulate the events for each year of occurrence (t = 2015, 2016, … , 2019) by year of 
registration after occurrence (k = 0, 1, …4) in this stylised example. The cumulated results for 
the greyed cells in each row in Table 1 will (since those elements are unknown, and thus zero) 
be the same as the last (right-hand -most) unshaded cell in each row. 

If we denote the events occurring in year t and registered in year t+k as Ev(t,k), we can define 
these cumulative events CEv(t,k), determined by the formula: 

0

( , )= ( , )
k

j

CEv t k Ev t j
=
∑  

 
Derive cumulative late registration factors (CLRF) for each year of  
registration after year of occurrence 

For each k (1, 2, …), derive the cumulative late registration factor for year k, by dividing the sum 
of all unshaded cells for k by the equivalent cells in the preceding year (k-1). Thus, in the 
stylised example, the cumulative late registration factor for year 1 (CLRF(k)) will be the sum of 
the green-shaded cells divided by the sum of the yellow-shaded cells (k=0), as shown in Table 
2. 

Table 2  Stylised representation of a run-off triangle for vital registration data 

 Year of registration after year of occurrence (k) 
Year of 
occurrence 0 1 2 3 4 
2015 (a)     
2016  (b)    
2017      
2018      
2019  (c)    

 

 Derive cumulated events by year of occurrence, adjusted for incurred-but-
not-reported events 

For each year of occurrence, starting with the left-most cell with unknown future events, derive 
the expected cumulated number of events k years after year of occurrence (t), CEv*(t,k), where 
the asterisk denotes an estimated quantity, using the formula 

 

 *( , ) ( , 1) ( )= − ⋅CEv t k CEv t k CLRF k  

  

Step 1 

Step 2 

Step 3 
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 Derive the incremental registrations, after adjustment, in each year (k) 

The actual and expected (where the late registration factor applies) event registrations in year 
k are then determined by differencing the series of cumulative (expected) events in each year 
of occurrence (t): 

* * *( , ) ( , ) ( , 1)Ev t k CEv t k CEv t k= − −  

 

D. Worked example of methods for adjusting the numerator for delayed 
registration 

The method is implemented in the ‘Adjust Numerator’ sheet of the Excel workbook that 
accompanies this Guidelines. The example is based on birth registrations in South Africa from 
2011-2019. This section sets out how to apply the adjustments described above. 

1. Preparatory steps to using the spreadsheet 

All necessary inputs are entered into the green-shaded portion at the very top left corner of the 
‘Inputs’ sheet (Figure 2). In cell B2, select “South Africa”. In cells B4 and B5 enter the starting 
and ending years for the investigation. In cell B7, enter the last year for which the data being 
analysed are complete. This may be the same as the ending year for the analysis, or – if 
analysing the data retrospectively – some years after the ending date entered in cell B5. Select 
the data to be “Births (both sexes)” in cell B9 (Figure 2). All these selections are important as 
they characterise the data from the United Nations Population Division’s World Population 
Prospects (UNWPP) that is accessed to establish the denominator of the completeness 
calculation. 

Data on the sex ratio at birth (SRB) from the UNWPP are used to provide estimates of the 
number of births by sex in the denominator, should sex-disaggregated measures be required. 
If sex-specific measures are to be used, care must be taken to ensure that the observed data 
are appropriately tabulated. 

If the UNWPP estimates are not to be used, or cannot be used, select “Other” in cell B9. And 
enter a description of those data (for your own records) in the textbox that appears in cell B11. 
Text entered in cell B9 will be used in labelling the figures. 

Selecting ‘Yes’ in cell B14 declares that the data to be used have already been corrected for 
the ‘mechanical’ delayed registration described in b) above. 

 

 

 

Step 4 
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Figure 2: Example parameters for estimating delayed registrations using data already 
corrected for ‘mechanical’ delayed registration 

 

Selecting ‘No’ in cell B14 reveals additional options at cell B16 (Figure 3). In this cell, place an 
estimate of the proportion of delayed births registered in the calendar year after occurrence 
that were registered within the statutory period. (In the example, other investigations suggest 
that – were the data not already adjusted for ‘mechanical’ delayed registration – 32 per cent 
of birth registrations in the calendar year following occurrence were actually registered in the 
statutory period, and thus not late registrations.) 

Figure 3: Example parameters for estimating delayed registrations using data not 
corrected for ‘mechanical’ delayed registration 

 

However, in this example, the data on registered births from the CRVS, accessed from the 
Statistics South Africa website, were corrected for ‘mechanical’ delayed registration (and 
hence ‘Yes’ was selected at cell B14 of the ‘Inputs’ sheet). The data, tabulated by year of 
occurrence and registration year relative to occurrence year, are pasted in the green-shaded 
range starting in cell B4 of the ‘Adjust Numerator’ sheet (Figure 4). Missing values can be 
either zero or left blank. Note that with these data, there are a small number of births that were 
registered in 2020 (e.g. 1 046 births that occurred in 2018, and registered 2 years later).  This 
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is an artifice of the data prepared by Statistics South Africa, reflecting a few weeks’ 
registrations in 2020 to allow for the ‘mechanical’ delayed births of 2019 to be registered.  

If there are (or it is to be assumed that there are) no delayed registrations, set all registrations 
in all lag to registration years other than k = 0 to zero – (i.e. cells C4:K13 to zero). 

Figure 4: Example input data for estimating delayed registration, South African births 
2011-2019 

 

 
This anomaly is rectified, and the correction for ‘mechanical’ delayed registration implemented 
if ‘No’ had been selected in cell B14 of the ‘Inputs’ sheet at cell V2 of the ‘Adjust Numerator’ 
sheet (Figure 5). 

Figure 5: Implementation of cleaning and correction for ‘mechanical’ delayed 
registration, South African births 2011-2019 

 

Note that the cleaning creates a perfect diagonal, setting the anomalous values for 
registrations in 2020 to zero. 

 Cumulate the events for each year of occurrence 

Step 1 is implemented in the cells beginning at V16 of the spreadsheet (Figure 6). It can be 
seen that in the shaded column for k=9, the cumulative total is the same as cumulative total 
of events originally entered. 

Step 1 
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Figure 6: Example calculations for estimating delayed registrations, South African 
births 2011-2019 

 

 

 
Derive cumulative late registration factors (CLRF) for each year of 
registration after year of occurrence 

The late registration factors for each year are derived in the row of cells beginning at V30 (and 
shown in the last line of Figure 6). The CLRF(7) of 1.003 is calculated from 

 

1034351 1031851
(7) 1.002553

1031554 1029386
+

= =
+

CLRF  

 

 Derive cumulated events by year of occurrence, adjusted for incurred-but not-
reported events 

The output from the calculations is presented in the range beginning at cell A16 of the 
spreadsheet. The CLRFs are applied to the cells with missing data. Thus 

 
*(2013,7) (2013,6). (7) 1024059(1.002553) 1022674EV EV CLRF= = =  

 

Step 2 

Step 3 
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Figure 7: Final estimated cumulative births by year of occurrence and duration of 
delayed registration, South African births 2011-2019 

 
(numbers do not quite balance due to rounding of the numbers above) 

 

 Derive the incremental registrations, after adjustment, in each year (k) 

The final step, presented in cell A30 of the sheet, is to difference the cumulative events to 
derive, by differencing, the schedule of expected registrations by year of occurrence and 
duration of delayed registration. Thus the estimated number of registrations in 2020 of births 
that occurred in 2019 is  

*(2019,1) 999616 954532 45804EV = − =  

 

Figure 8: Final Estimated Births by Year of Occurrence and Duration of Delayed 
Registration, South African Births 2011-2019 

 

How these results are used to estimate completeness is covered in the next two chapters.   

Step 4 
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CHAPTER 4:  
Estimating completeness of birth 
registration 
A. Introduction 

This chapter examines in detail the approaches that can be used to estimate the 
completeness of birth registration. Different approaches are presented and discussed. For 
each approach, the method is described; the data requirements are specified; and caveats 
associated with the use of the method are explained. The following approaches are 
described:  

• Comparison with the number of births estimated from the United Nations World 
Population Prospects (UNWPP); 

• Comparison with the number of births estimated from other sources; 

• Comparison with the number of births estimated using census data, perhaps in 
conjunction with survey data; 

• Comparison with the number of births estimated from administrative or health data. 

B. Comparison with the number of births estimated from the United 
Nations World Population Prospects (UNWPP) 

1. Description of the method 

This method should be routinely applied to derive a first estimate of the level of completeness 
of birth registration. The results from the application of this approach should be used in 
conjunction with estimates derived using other approaches. 

Reduced to a formula, the estimate of completeness, in any given year t, is given by 

CRVS births in year Completeness in year = 100
UNWPP births in year 

⋅
tt

t
 

As described in the two preceding chapters, the numerator could be further refined to reflect 
either 

a) The CRVS births occurring and reported in year t 
This would result in an estimate of ‘year zero’ completeness. In this variant, delayed 
registrations beyond the statutorily-allowed period would not be taken into account. 
In that sense, the estimate of completeness is itself incomplete. However, ‘year zero’ 
completeness is a very useful estimate of the efficacy and level of function of the 
CRVS. 

b) The CRVS births estimated to have occurred in year t 
This formulation would make use of the incurred-but-not-reported (IBNR) adjustment 
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described in 0. This would provide an ‘ultimate’ level of completeness, which provides 
an indication of the proportion of births that ultimately might get registered. 

2. Data requirements to apply the method 

To apply this method, data requirements are minimal –estimate of the number of births 
(adjusted for delayed registration) from the CRVS system; and the number of births estimated 
from the UNWPP. 

Should sex-specific estimates be required, observed sex-specific registrations (corrected 
where appropriate for delayed registration) can be used in conjunction with estimates of the 
sex-specific number of events from the UNWPP. 

It is highly recommended that efforts are made to understand the approach and assumptions 
underlying the data presented in the WPP. The UN Population Division provides an excellent 
summary of its methodology. The data from the WPP should also be evaluated by in-country 
specialists to ensure that the estimates of the numbers of births, deaths, and the assumed sex 
ratio at birth are broadly consistent with expert local knowledge. 

3. Implementation of the method 

The method is implemented in the spreadsheet associated with this Guidelines. 

Preparatory steps 

Derive an estimate of the number of registered births (both ‘year zero’ and ‘ultimate’) using the 
approach outlined in 0.  

Comparison of results with the UNWPP estimates 

In the ‘Inputs’ sheet, the country, years and type of UNWPP data should be specified and will 
be automatically located and presented in cells D6:D14 of the ‘Completeness’ sheet of the 
Excel workbook. 

Estimates of completeness (on both a ‘year zero’ and an ‘ultimate’ basis) are presented in cells 
G6:H15.  

Two possible alerts and warnings might appear in the grey boxes in cell A18 of the ‘Inputs’ 
sheet. The first covers situations where the empirical data extends beyond 2020. In this case, 
the UNWPP data are projections beyond the original date of the UNWPP, and are drawn from 
the medium variant of the UNWPP projections. The second alert is displayed for data that 
incorporates dates from 2020 and 2021, noting that the effects of COVID-19 are not 
incorporated in the UNWPP estimates. The practitioner is referred back to the discussion on 
this matter in Chapter 2D. 

The ‘Figures’ sheet plots the results on a graph. 

4. Worked example of the method 

The worked example continues the example described in Chapter 3. 

https://population.un.org/wpp/Publications/Files/WPP2019_Methodology.pdf
https://population.un.org/wpp/Publications/Files/WPP2019_Methodology.pdf
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Comparison of results with UNWPP estimates 

After correctly specifying the input parameters, the results are displayed in the ‘Completeness’ 
sheet, as shown in Figure 9. 

Figure 9: Completeness of births relative to the UNWPP, South Africa 2011-2019 

 

The output shows a ‘year zero’ (registration in the year of birth) level of completeness of 
between 73% and 81% over the period 2011-2019. The ‘ultimate’ (allowing for delayed 
registration of births) level of completeness is estimated as being between 78% and 88%. 

It would appear that there was a slight dip in completeness of birth registrations in 2015 and 
2016, with increasing completeness from 2017-2019. To determine whether this pattern is real 
(and the reasons underpinning such a pattern), or the consequence of a data error would be a 
matter for further enquiry and research. 

The second figure on the ‘Figures’ sheet plots the estimated completeness of South African 
birth registrations for the period 2011-2019. 

Figure 10: Estimated completeness of registration of births, South Africa 2011-2019 
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C. Comparison with the annual number of births estimated from other 
population projections 

While the recommendation is to use the UNWPP estimates as denominators as the initial step 
in any determination of the extent of CRVS completeness, other sources of data can also be 
used for the denominator. This may also be necessary if for example, the desired 
denominators do not exist in UNWPP estimates (i.e., by subnational area, or by sex in some 
tabulations). 

1. Alternative sources of data for population projections  

Alternative sources include estimates of the annual number of births drawn from estimates or 
projections produced by the National Statistical Office, outputs from population projections 
based on assumed total fertility rates from the Spectrum suite of population projection 
software, or from estimates or projections produced by other entities and organisations. Given 
the range of potential sources, a detailed explanation of, and guidance on how to access or 
utilise such data lies beyond the scope of these Guidelines. In the absence of strong grounds 
for choosing an alternative, the use of data from UNWPP is to be preferred. 

In recent years, exciting developments have been made in the theory of Bayesian population 
projections for national and subnational populations.5 The skills required to implement these, 
that such approaches may become the default standard in the years to come. 

2. Concerns regarding the use of data from population projections  

When considering data sourced from population projections, there are several areas of 
concern that should again be taken into account. The practitioner should seek to allay these 
concerns, and ensure that the data to be applied are fit for purpose.  

Although not exhaustive, these concerns include: 

• Are the annual estimates of births consistent and plausible? Do they concur with other 
estimates? 

• What assumptions, models, or methods were used in the derivation of those 
estimates? Here, it is important – particularly – to ensure that the estimate of the 
number of births is itself not substantially reliant on the data from the CRVS. If this is 
the case, the calculation of completeness becomes, in effect, circular. 

• If working with data on subpopulations (either spatially, or other categories of the 
national population), how were those subpopulation estimates derived? What methods 
were used to derive them? 

• Are the temporal definitions of the numerator (from the CRVS) and denominator 
consistent?  
In this regard, it is best practice to work with a calendar-year definition of time in the 
numerator and to adjust the denominator accordingly. 

• Has the impact of COVID-19 been considered in the derivation of those estimates? 

 
5 For example: https://www.pnas.org/content/109/35/13915 https://www.demographic-
research.org/volumes/vol30/35/ 

https://avenirhealth.org/software-spectrum.php
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3. Application of denominators from alternative sources 

To make use of these alternative data sources, the numerator (that is data from the CRVS) still 
requires tabulation and adjustment as described in 0. Estimates of the denominator, from 
alternative data sources, for the same (sub)population as used to determine the numerator 
can be placed in cells E6:E15 of the ‘Completeness’ sheet, and the corresponding estimates 
(again, both ‘year-zero’, as well as ‘ultimate’) of completeness will appear in cells I6:J15 of the 
same sheet). 

D. Comparison with the number of births estimated using census data, 
perhaps in conjunction with survey data 

The significant advantage of population projections derived using the widely-adopted cohort-
component approach (the basis for most population projections including those produced by 
the UNWPP and implemented in Spectrum) is that the approach enforces consistency and 
coherence between the demographic stock (population size) and demographic flows (fertility, 
mortality, migration). The assumption of radically different levels and patterns of demographic 
flows from those actually pertaining will rapidly produce estimates of the population size that 
is incompatible with either empirical past data, or plausible expectations as to what may occur 
in the future. 

Nevertheless, there are approaches to estimate the denominator (the number of births actually 
occurring) that do not rely on the results from a population projection.  

This section sets out two such approaches: estimating the past number of births by applying 
reverse-survival approaches to census data; and applying estimates of fertility derived from 
another source (e.g. survey data) to estimates of the population size. 

1. Reverse-survival approaches applied to census data 

The population of children enumerated in a census, by single years of age from 0 to 14, 
represent the survivors of births that occurred in the past. Thus, those aged 0 last birthday at 
the time of the census can be regarded as the survivors of the births that occurred in the 12-
month period ending on the census date. 

Likewise, the enumerated population of women aged between 15 and 64 years represent the 
survivors of women in previous years before the census, and going back a maximum of 15 
years, the numbers of women aged 15-49 (commonly assumed to be women’s reproductive 
years) can equally be determined. 

Reverse-survival methods, described in Tools for Demographic Estimation, use this insight, in 
conjunction with assumed mortality rates, and an assumed, perhaps time-changing, age-
pattern of fertility (note the method does not assume the level of fertility), to estimate the 
number of births that would have occurred in previous years (always ending on the census 
date) to produce the observed age distribution of children under the age of 15 at the time of 
the census. 

http://demographicestimation.iussp.org/content/estimation-fertility-reverse-survival
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It is to be noted that the method is not particularly sensitive to the assumptions made on 
mortality. Other than the possibility that data may not be available, there is no impediment to 
using reverse-survival methods to estimate completeness, disaggregated spatially, or by sex. 

Practitioners wishing to use reverse-survival methods to determine the denominator for the 
calculation of estimated levels of completeness are advised to read the description in Tools 
for Demographic Estimation carefully, in conjunction with the spreadsheet provided, to 
estimate the number of births. 

 Cautions in using reverse-survival approaches 

Three particular cautions apply when adopting this approach. 

First, the method is completely dependent on the underlying accuracy and completeness of 
the census data. Under-enumeration, and differential under-enumeration by age and/or sex, 
will directly and proportionally distort the estimated numbers of births in previous years. It is 
thus essential that the practitioner determines the suitability of the census data for this 
purpose. 

Second, the method produces estimates of the number of births in each 12-month period 
ending on the census date. Another way of expressing this is that the births in those 12-months 
periods can be assumed to have occurred, on average, six months before the census date. 
Since the number of births in the numerator, however, will reflect births in a calendar year, it 
will be necessary to use linear interpolation to estimate the number of births in each calendar 
year (that is, centred on the mid-year of the calendar year in question). 

Finally, the reverse-survival approach implicitly assumes that migration (either internationally, 
when using national level data; or internally, if using subnational data) can safely be ignored. 
In situations where this assumption is untenable, especially for children under the age of 15, 
the use of this approach is contraindicated. In this regard, particular caution must be applied 
when using reverse-survival at a subnational level, where migration may be substantial, and 
complex. 

 Using the ‘Interpolation of data’ sheet 

The ‘Interpolation of data’ sheet in the accompanying workbook to these Guidelines 
implements the interpolation of a sequence of births by either ascending or descending order 
of time that are not centred on the mid-year of the calendar year. The output from the reverse-
survival module from Tools for Demographic Estimation, for example, produces an estimate of 
the number of births in each 12-month period centred on the date exactly 6 months before the 
census. or from any other source that provides a sequence of estimates of births (in ascending 
or descending order of time) to produce estimates of annual births at the mid-year of each 
calendar year. The sheet allows the user to paste data directly from the reverse-survival 
module of Tools for Demographic Estimation (cells K3:L17 of the ‘Method’ sheet of that 
module’s workbook).  

To use the ‘Interpolation of data’ sheet in the workbook which accompanies these Guidelines, 
first declare the data sort order in cell B6. “Ascending (conventional)” order is how data by year 

http://demographicestimation.iussp.org/content/estimation-fertility-reverse-survival
http://demographicestimation.iussp.org/content/estimation-fertility-reverse-survival
http://demographicestimation.iussp.org/content/estimation-fertility-reverse-survival
http://demographicestimation.iussp.org/content/estimation-fertility-reverse-survival
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are conventionally presented, with the earliest year first. In contrast, “Descending (reverse)” 
order describes how the output from the reverse-survival module of Tools for Demographic 
Estimation are presented, with the latest year first. A mismatch between the sort order 
selected, and the order in which the data are pasted will generate an error message in cell D7 
of the sheet. 

Paste the mid-points of the years and the estimate of the number of births in the year centred 
on those mid-points, into cells A10:B24 of the ‘Interpolation of data’ sheet, as can be seen in 
Figure 11. 

Figure 11: Input and output from the ‘Interpolation of Data’ sheet 

 

Interpolated values as of the middle of each applicable year are presented in ascending order 
in cells D10:E24 of the sheet. These values can then be copied directly to the range of cells 
beginning in cell E6 of the ‘Completeness’ sheet, taking care to ensure that the dates are 
correctly aligned – a year of 2012.5 in the ‘Interpolation of data’ sheet corresponds to a year 
of 2012 in the ‘Completeness’ sheet. 

2. Applying estimates of fertility derived from another source (e.g. survey 
data) to estimates of the population size 

The second approach to producing an estimate of the number of births for use in the 
denominator is to use a schedule of fertility rates estimated from a census, or nationally 
representative household survey such as a Demographic and Health Survey (DHS), or Multiple 
Indicator Cluster Survey (MICS). 

These estimates of fertility have the advantage of being directly-observed, and perhaps 
represent a more current and more realistic estimate, than those used in the derivation of 
population projections. 

http://demographicestimation.iussp.org/content/estimation-fertility-reverse-survival
http://demographicestimation.iussp.org/content/estimation-fertility-reverse-survival
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 Data requirements 

In order to apply this approach, the following input data are required: 

• A schedule of age-specific fertility rates for the (sub)population being evaluated for 
completeness; and 

• Estimates of the number of women, in the same age groups used to derive the age-
specific fertility rates, for the middle of the calendar year to which the age-specific 
fertility rates most closely apply. These estimates may be sourced from population 
projections, or directly from census data if it is considered reliable and accurate. 

However, there are several aspects that should be considered before implementing this 
approach. 

 Estimates of the number of births derived from a census 

As described in Tools for Demographic Estimation, data on fertility collected in censuses, 
particularly those in developing countries, suffer several common problems. First, data on 
women’s lifetime fertility (their parities) are often subject to recall errors, especially among 
older women. Second, responses to the question(s) on births that took place in the year before 
the census are subject to general under-reporting. Unless these two errors are accommodated, 
the resulting estimates of the fertility rate may be significantly compromised. 

Tools for Demographic Estimation provides guidance, and spreadsheets, that seek to adjust for 
both kinds of error: 

• Errors in reporting of average parities are adjusted by means of the el-Badry 
correction, while 

• The results from the el-Badry correction of average parities can then be used to 
adjust for errors in reporting of recent fertility by means of a relational Gompertz 
fertility model. 

Once robust estimates of fertility rates have been derived, the procedure to estimate the 
number of births is as follows: 

                  Determine the date to which the derived age-specific fertility rates apply 

This date will be the date half-way through the period used to estimate the fertility rates. With 
census data, this is typically a year (i.e. based on responses to births in the 12 months before 
the census date), so the rates would apply to a date six months before the census date. 

Given the number of assumptions made in deriving these estimates, and the usually slow 
changes in fertility rates over relatively short periods of time, interpolation of the fertility rates 
to the middle of the calendar year closest to the date to which the derived fertility rates apply 
is almost always unwarranted.  

Step 1 

http://demographicestimation.iussp.org/content/evaluation-and-correction-fertility-data
http://demographicestimation.iussp.org/content/estimation-fertility-reverse-survival
http://demographicestimation.iussp.org/content/el-badry-correction
http://demographicestimation.iussp.org/content/el-badry-correction
http://demographicestimation.iussp.org/content/relational-gompertz-model
http://demographicestimation.iussp.org/content/relational-gompertz-model
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 Apply the fertility rates to the population of women (by age) 

The number of births in a calendar year (t) is given by summing, across age groups (i), the 
product of the fertility rates and the mid-calendar year population of women in each age group. 
In mathematical terms, 

( ) ( , ). ( , )
i

Births t ASFR i t Women i t=∑  

This estimate of the number of births can then be used as the denominator of the calculation 
of a completeness ratio. Application of a known, or an assumed sex ratio at birth (using 
UNWPP estimates for example) would allow sex-specific estimates of the number of births to 
be derived.  

 Estimates of the number of births derived from survey data 

The same general approach applies to the estimation of the number of births using survey 
data. While the data from MICS and DHS surveys are generally of very high quality and are 
typically more reliable than those collected in a census, it is important to bear in mind that in 
many surveys, the published fertility rates are derived from births in the last three, or even five 
years. This means that the fertility rates apply to a point half-way through that interval – and 
not the survey year. The estimates of the population of women used to derive the number of 
births, using the same formula as above, should therefore be applicable to an appropriate date. 

E. Comparison with the number of births estimated from administrative 
or health data  

A final approach to estimating completeness of birth registration is to compare the civil 
registration data on birth registrations (described in 0) with an estimate of the number of births 
in the same calendar year derived from either administrative or health data. The approach 
relies heavily on that described in Chapter 4D. 

Such an approach, should ideally only be considered as the final resort to estimating 
completeness, as the potential for misleading interpretations is substantially greater than the 
other approaches described in this chapter. Nevertheless, there is still value in describing the 
process to estimate completeness using administrative or health data to determine the 
denominator. Two such sources are considered. 

1. Administrative data: school enrolment 

Administrative data on school enrolments by age might be used in conjunction with a reverse-
survival approach to estimate the numbers of births that occurred in the past (usually five or 
more years previously, depending on the age at which schooling becomes compulsory). In 
addition to the cautions on the application of reverse-survival data described in 0, a further 
layer of complexity is introduced in working with administrative data on school enrolments.  

This complexity relates to the fact that not all children are enrolled in school (despite it perhaps 
being compulsory); and enrolment may decline dramatically once the mandatory level or age 

Step 2 
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of schooling has been reached. Sex-specific differences in school enrolment may further 
complicate this analysis. Special care needs to be taken should there be knowledge or 
suspicion that enrolment in school is strongly gendered; in which case the approach below 
should be stratified by sex. 

Under the assumption that any inaccuracies or incompleteness in the census data are not 
differentially underreported by enrolment in school, it is possible to estimate the overall 
population of children of school-going age: 
 

Enrolled children aged ( )
Children( )  Number of children aged (x) in the census

Enrolled children aged ( ) in the census
= ⋅

xx
x

 

The results from the calculation above can then be used in a reverse-survival exercise to 
estimate the number of births in previous years that would have given rise to the estimated 
number of children. 

2. Health data: child vaccinations 

Routine vaccination data collected by national ministries of health may provide an alternative 
estimate of the number of children which can be applied to estimate the total number of births 
in a defined region in a calendar year. 

These data can provide a lower-bound estimate of the number of births, although for this 
approach to be successfully applied, it is essential that vaccination is near-universal and the 
record-keeping of vaccinations is accurate and complete.  

To implement such an approach, it is preferable to choose a vaccination that is routinely 
administered to neonates or infants. Taking care to avoid double- or triple-counting of 
multidose vaccines (e.g. DTP or polio), the estimated number of doses administered can be 
taken as a measure of the size of the population.  

For multidose vaccines, it is important to select a dose-administration age that is relatively 
close to birth – the number of doses subsequently administered will be affected by infant and 
child mortality; and hence reverse-survival approaches will have to be applied to these data to 
adjust for the effect of child mortality. 
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CHAPTER 5: 
Estimating completeness of death 
registration 
A. Introduction 

In general, many of the same approaches used to determine the completeness of birth 
registration can also be used to derive estimates of the completeness of death 
registration.  

Thus, most of the methods described in the two previous chapters can usually be applied 
to assess the completeness of death registration, with only the most marginal of 
modifications. Certainly, for example, the number of recorded deaths (with or without 
allowance for a run-off of incurred but not reported events) can be compared with the 
number of deaths estimated from the UN World Population Prospects (UNWPP). However, 
unlike the estimation of completeness of birth registration for which only data on the 
aggregate number of births is available, the UNWPP produces data on deaths that permit 
a more disaggregated analysis of completeness of death registration.  

The sections of this chapter describe the estimation of completeness of death registration  

• Using data from the UNWPP; 

• Using data from other sources (including alternative population projections); 

• Using indirect demographic estimation methods. 

B. Estimating completeness of death registration using UNWPP data 

The UNWPP data allows for the estimation of national (but not subnational) completeness of 
death registration of 

• Deaths at all ages, either total, or disaggregated by sex 

• Infant deaths, not disaggregated by sex 

• Deaths of children under the age of 5, not disaggregated by sex 

In the case of data in the form of the first two types above, estimates of the numbers of deaths 
(all ages, by sex; and total infant deaths) are available in UNWPP data, and the process of 
deriving an estimate of the completeness of death registration follows exactly the same 
procedure as outlined in Chapter 3 and Chapter 4B. As before, it is recommended that the data 
from the WPP should be evaluated by in-country specialists to ensure that the estimates of 
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the numbers of births, deaths, and the assumed sex ratio at birth are broadly consistent with 
expert local knowledge. 

The Excel spreadsheet that accompanies these Guidelines implements the first two options 
directly by means of selecting one of the options, “Deaths (both sexes)”, “Deaths (males)”, 
“Deaths (females)”, or “Infant deaths (both sexes)”, in the drop-down box in cell B7 of the 
‘Inputs’ sheet (Figure 12). 

Figure 12: Selection of UNWPP denominators for estimating completeness of death 
registration 

 

For estimating the registration completeness of deaths of children under the age of 5, there 
are additional caveats that are discussed briefly in the subsection below. 

1. Registration completeness of deaths of children under the age of 5 using 
UNWPP data 

For deaths of children under the age of 5, the number of deaths under the age of 5 in a given 
calendar year (t) are derived by applying the UNWPP published values of probability of a child 
dying before its fifth birthday in year (t), 5q0(t), to the published number of births estimated to 
have occurred two years previously; that is in year (t-2). 

This approximation is necessary to accommodate the fact that child mortality under the age 
of 5 is heavily concentrated in the first year of life, while the temporal pattern of births may 
also be changing. Consequently, the adjustment described in the previous paragraph seeks to 
attenuate those two effects. Nevertheless, and while users should be alert to the 
approximation applied, the effect of the adjustment is rather small, especially when comparing 
estimates of the completeness of death reporting. 

The Excel spreadsheet that accompanies these Guidelines implements estimates of 
registration completeness for deaths under five years using UNWPP data, by selecting “Child 
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deaths (under 5, both sexes)” as the UNWPP data. In other words, the data in this spreadsheet 
has already been adjusted and no additional computations are required by the analyst with 
respect to the denominator.  

C. Comparison with the annual number of deaths estimated from other 
population projections6 

While the recommendation is to use the UNWPP denominators where possible, as the initial 
step in any determination of the extent of CRVS completeness, this does not preclude the use 
of other sources of data besides UNWPP for the denominator, to derive estimates of 
completeness. Indeed, in some circumstances, this may be necessary – for example if the 
desired denominators do not exist in the UNWPP (for example, by subnational area, or by sex 
in some tabulations). 

1. Sources of population projections other than those produced for the 
UNWPP 

Alternative sources include estimates of the annual number of births drawn from estimates or 
projections produced by the National Statistical Office, outputs from population projections 
based on assumed total fertility rates from the Spectrum suite of population projection 
software, or from estimates or projections produced by other entities and organisations. Given 
the range of potential sources, a detailed explanation of, and guidance on how to access or 
utilise such data lies beyond the scope of these Guidelines. In the absence of strong grounds 
for choosing an alternative, the use of data from UNWPP is to be preferred. 

2. Concerns regarding the use of data from population projections other than 
those produced for the UNWPP 

As discussed in in Error! Reference source not found., there are several concerns that need to 
be addressed in using data from population projections, regardless of their source. Although 
not exhaustive, these concerns include: 

• Are the annual estimates of deaths consistent and plausible? Do they concur with other 
estimates? 

• What assumptions, models, or methods were used in the derivation of those 
estimates? Here, it is important to ensure that the estimate of the number of deaths is 
itself not substantially reliant on the data from the CRVS. If this is the case, the 
calculation of completeness becomes essentially redundant. 

• If working with data on subpopulations (either spatially, or certain other categories of 
the national population), how were those subpopulation estimates derived? What 
methods were used to derive them? 

• Are the temporal definitions of the numerator (from the CRVS) and denominator 
consistent? Where the time-period may differ, it is easier to adjust the denominator 
accordingly. 

 
6 This section repeats the material presented in Chapter 4 Section C, with only trivial modifications, for ease of 
reference. 

https://avenirhealth.org/software-spectrum.php
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• Has any accommodation for the impact of COVID-19 been allowed for in the derivation 
of those estimates? 

3. Application of denominators from alternative sources 

To make use of these alternative data sources, the numerator (the CRVS data) still requires 
tabulation and adjustment as described in Chapter 3. Estimates of the denominator, from 
those alternative data sources, for the same (sub)population as used to determine the 
numerator can be placed in cells E6:E15 of the ‘Completeness’ sheet, and the corresponding 
estimates (again, both of ‘year-zero’, as well as ‘ultimate’) of completeness will appear in cells 
I6:J15 of the same sheet). 

D. Using indirect demographic methods to estimate completeness of 
death registration  

This section describes a final set of approaches, that permit the estimation of the 
completeness of adult death registration from information on the population age structure 
described in at least one census (although, preferably, from two censuses). These approaches 
broadly labelled ‘Death Distribution Methods’, draw on a very different body of mathematical 
population theory developed in the 1980s. 

These approaches, the data required, the assumptions underpinning the methods, together 
with spreadsheets that implement them and worked examples, are described in great detail in 
Tools for Demographic Estimation, and are not repeated here. However, it is useful to provide 
a brief summary of these methods so that the practitioner might be guided in their choice of 
potential method. 

It should be noted, however, that all Death Distribution Methods require the assumption that 
the completeness of registration of deaths is constant by age above some minimum age. 
Typically, this is taken to be age 15, as it is well understood that there may be material 
differentials between the completeness of child and adult registration of deaths, with the 
former frequently worse than the latter. 

Within the category of Death Distribution Methods, different approaches are required 
depending on whether data on the age structure from one, or two, censuses are available. 
Given their underlying theoretical underpinnings, the methods should be generally robust to 
increasing levels of mortality arising from, for example, COVID-19. 

1. Methods requiring data from a tally of deaths and a single estimate of the 
population  

Approaches that might be adopted when there is a count of reported deaths by age and a 
single estimate of the population age and sex structure are the Brass Growth-Balance and the 
Preston-Coale methods. Both methods, described in Tools for Demographic Estimation require 
deaths, by sex and five-year age group, and an estimate of the population (by sex and the same 
five-year age groups), and a number of assumptions: 

• The population is stable 

http://demographicestimation.iussp.org/content/brass-growth-balance-method
http://demographicestimation.iussp.org/content/preston-coale-method
http://demographicestimation.iussp.org/
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• Completeness of reporting of deaths is constant with respect to age above a 
minimum age (usually 15) 

• The population is closed to migration, although this assumption can be relaxed if net 
migration is small relative to the mortality rates, or if one has reasonably accurate 
estimates of the number of migrants by age to allow for in the balance equation 
(which is very seldom the case). 

Tools for Demographic Estimation notes that the Brass Growth Balance method is less 
vulnerable to age misreporting than the Preston-Coale method; but is more susceptible than 
the Preston-Coale method to rapidly declining mortality when the Brass Growth Balance 
method is likely to result in underestimation of completeness.  

The Preston-Coale method is also more robust to departures from the required assumption of 
demographic stability, a phenomenon seldom (if ever) observed in practice. The Preston-Coale 
method therefore is likely to be preferred, unless age misreporting is known to be a major 
issue. In general, methods using data from a pair of censuses which do not require the 
assumption of stability should be preferred over methods using data from only a single 
census. 

2. Methods requiring data from a tally of deaths and a pair of population 
estimates  

Approaches that might be adopted to estimate the completeness using a tabulation of 
reported deaths and data from two censuses are the Generalized Growth Balance (GGB) and 
Synthetic Extinct Generations (SEG) methods. 

Both require the same key assumptions: 

• The coverage within each census is the same for all ages. (Note, that this is NOT the 
same as a requirement that the coverage of each census is the same; differential 
overall coverage between the two censuses is allowed for by each method) 

• The completeness of reporting of deaths is the same for all ages above some minimum 
age (usually age 15, or perhaps even age 5 with the GGB method). 

• The population is closed to migration. Although the method can be adapted to allow 
for migration, accurate enough estimates of the net numbers of migrants to do so 
seldom exist. For national populations, net migration is often low enough to ignore, but 
for situations where migration is significant one needs to take this into account when 
interpreting results and deciding on an estimate of completeness. 

There is a long-standing, and unresolved, debate within the community of demographers who 
apply these methods as to which of the GGB or SEG methods is to be preferred. The interested 
reader is referred to the Tools for Demographic Estimation website, and attention is particularly 
drawn to the suggestion of using the GGB method to determine the scale of a parameter, delta, 
which can then be included in an application of the SEG method (as described in Step 7 of the 
application of the SEG method), leading to a hybrid approach, frequently termed GGB+SEG. 
 

http://demographicestimation.iussp.org/
http://demographicestimation.iussp.org/content/generalized-growth-balance-method
http://demographicestimation.iussp.org/content/synthetic-extinct-generations-methods
http://demographicestimation.iussp.org/
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