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Abstract 1

Papers on Indirect Mortality Estimation & Analysis in LoweBource Settings
by
Romesh Mark Antony Silva
Doctor of Philosophy in Demography
University of California, Berkeley

Professor John R. Wilmoth, Chair

Policy makers in the health and development fields havelesitald important goals and bench-
marks for development progress, as showcased in the Decfacd Alma Ata (in 1978) and the
Millennium Declaration (in 2000). Within these frameworkslear and verifiable set of bench-
marks were developed as a means of advancing transpared@ceountability. Yet, often the
data that are required to inform such evaluations, evendsichindicators such as child mortality,
are lacking in low-income countries. This dissertationeess the state of vital registration data
systems in low-income countries, and then explores interethods for measuring mortality when
comprehensive civil registration systems are lacking.drtipular, | evaluate the reliability of in-
direct methods to measure mortality rates under the age eiEs\by drawing on available data
from Demographic and Health Surveys and from UNICEF’s Mulgtiindicator Cluster Surveys.
| also carry out a validation study of indirect adult moriakestimation methods using historical
population registers from northeast China, and assessutléyqof mortality data collected at a
demographic surveillance site in South Africa. The analge&monstrates that indirect estimates,
especially when adjustments are made to address simgjiBgsumptions, are generally consis-
tent with adjusted direct estimates (in the case of childtality) and life table estimates (in the
case of adult mortality estimates). These results sughasirtdirect estimates have a limited use
in low-income countries, namely for populations that haxpegienced either smooth mortality
declines or only short periods of excess mortality in thegent past. When examining data qual-
ity at the Agincourt demographic surveillance site, | fouhdt such data provide a strong basis
for the examination of health and mortality transitionsawlincome countries given that they are
less vulnerable to many of the data errors found in househalkys and population censuses in
low-income countries. These findings underline the linota of indirect methods, the promise
of demographic surveillance systems as a valuable dataescamd the critical importance of sus-
tained improvements to civil registration systems.
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Chapter 1

Introduction

1.1 Motivation and Specific Aims

This dissertation has two broad aims. The first is to explode@éect mortality estimation meth-
ods, by examining their performance in a broad range ofrggttwith diverse sources of data and
focusing particularly on the reliability and validity of sl estimation methods when some of their
simplifying assumptions are violated in real-world segin The second aim is to develop refine-
ments to the classical indirect estimation methods so biegt¢an be used effectively in situations
where application of the classical methods are vulnerabdensiderable bias.

Over the years there have been a number of internationatetftmfocus and advance efforts
on advancing public health particularly in low-income ctiigs. These efforts date back to the
declaration of Alma Alta that organized policy and actionsuad a target of “Health for All” in
the form of attainment by all peoples of the world by the ye2®d@of a level of health that would
permit them to lead a socially and economic productive liéefnational Conference on Primary
Health Care, 1978). Currently world leaders are coalesmiognd the development goals outlined
in the United Nations Millennium Declaration (commonlyegkd to as “the Millennium Devel-
opment Goals”), some of which include mortality as an imaottindicator of progress (United
Nations, 2000). As a result mortality measurement has bemitieal component in the assess-
ment of health and development progress.

The lack of availability and variable quality of mortalityath in contemporary developing
country populations and many historical populations ofteses many challenges. United Na-
tions (2002)| Bhat (1995) has noted that incomplete cigisgation systems, inaccurate census
enumerations, as well as misreporting of ages in both ptipanland death data pose particular dif-
ficulties to assessing mortality trends and monitoring outealth. In response to these challenges
of inadequate civil registration systems, Henry and Brassgered a suite of indirect estimation
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methods to estimate mortality from summary information arvsval of close relatives_(Henry,
1960; Brass, 1964b; Brass et al., 1968; Brass, 1971b). Tesigods have been progressively
refined and extended over the last five decades (Trussel; Biflivan, 1972; Rajaratnam et/ al.,
2010c; Timaeus, 1992; Gakidou and King, 2006) Additiondlrect approaches have been devel-
oped for adult mortality estimation that make use of sudgeesensuses and death registration data
(Brass| 1975; Hill, 1987; Bennett and Horiuchi, 1981, 19&4irther, in recognizing the important
effect of age, demographers have also developed modehlife methods to infer relationships
between mortality indicators at different ages for a pofpoitewith limited or poor empirical data.
Preston|(1976) noted how such age patterns of mortalityedlective of the relative importance
of specific causes of death at different age groups - for elgnrdectious diseases being partic-
ularly prominent during infancy and early childhood, aerits and injuries more common during
early adulthood years, while degenerative diseases beomgipent at older ages. Thus age spe-
cific mortality rates themselves can yield important ingsghto the underlying disease patterns
and mortality causes affecting a population. Coale and Dgn(£966); United Nations (1932)
developed the first model life tables using early forms ofigipal component analysis to identify
distinct “families” of mortality age patterns. More recgniMurray et al. (2003); Wilmoth et al.
(2012), moving away from discrete families of model age grag, have developed continuous
mortality models that are underpinned by reasonably regalationships between mortality be-
tween birth and age five and adult mortality (ie mortalityietn age 15 and around 50 or 60).

1.2 Theoretical and Practical Significance

Paradoxically, populations that tend to have high moytadind to be those where reliable mor-
tality data are least available. In the absence of natiavall mortality registration or surveillance
data, analysts rely heavily on ad-hoc survey data and dedgropulation censuses. Thus there
is considerable uncertainty in our understanding of thelgwrends and nature of mortality and
underlying health dynamics for most developing countridgs makes the practical yet important
task of engaging basic questions of program evaluation @salrce allocation particularly chal-
lenging.

On the theoretical level, the lack of high quality mortaldsita and the reliance on ad-hoc,
indirect methods make it difficult to empirically assessplausibility of some of the fundamental
aspects of the demographic and epidemiological transi@mran ((1971), in his classic article
on a theory of the epidemiology of population change, oatlia framework for the development
process that accompanies increased population growthingsfrom innovation in disease man-
agement and control and is often followed by population ghogtabilising due to subsequent
fertility decline.
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Omran (1971) theorized that the epidemiological transiteocharacterised by three distinct
phases: (ithe age of pestilence and famjrauring which mortality is high and fluctuating, with
an average life expectancy under 30 years, (ii)dge of receding pandemicduring with life
expectancy rises considerably, from under 30 to over 50(iapthe age of degenerative and man-
made diseasesluring which the rate of the mortality decrease slows, afectious diseases are
replaced by degenerative and man-made diseases as theamosbn cause of death.

Over the years Omran’s framework has been progressivagagand extended, as new empir-
ical evidence has become available. Olshansky and Auli)l1 @8an attempt to incorporate gains
resulting from the “cardiovascular revolution,” proposedburth phase of the transition dubbed
the age of delayed degenerative diseaseshich rapid mortality declines in advanced ages are
caused by a postponement of the ages at which degenera@asds tend to kill. Olshansky et al.
(1998), responding to the inadequacy of Omran’s originaimiework to recent population dy-
namics in many sub-Saharan African countries, proposethastéige of transition in which there
is a re-emergence of of infectious diseases and the inttioduaf new diseases such as HIV/AIDs.

More recently, Caselli et all (2002), noting the considerampirical departures from the
phases of Omran’s epidemiological transition theory, laiteued the basic premise of continu-
ous convergence of life expectancy in Omran’s theory of@pidlogical transition. These authors
have emphasised that divergence in health trajectorieddramated the post-1980s periods - in
which the HIVS/AIDS epidemic, political and social disrigets such as the break-up of the former
Soviet Union and protracted armed conflict have played atanbal role. These debates under-
line the importance of high-quality empirical data andaiele mortality estimation to advance the
development and refinement of our understanding of histbailcd contemporary epidemiological
and demographic processes.

1.3 Data & Methods

In this dissertation, | use data from a wide range of soumgsding large international house-
hold survey programs (namely the Demographic and Healtliegar and Unicef’'s Multiple In-
dicator Cluster Survey program), a household registragigsiem from a Northeastern Chinese
province covering the 19th and early 20th century, and a deaphic surveillance site in South
Africa.

In analyzing these data, | draw heavily on quantitative rm@sifrom the fields of demography
and statistics. In particular, | use the classical directiadirect methods to analyze the available
data and make a series of adjustments for data errors aradivitd of the underlying assumptions
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of the methods. | also investigate use and extend demographli statistical diagnostic methods
to assess the quality of mortality data to examine its effeanortality estimation.

1.4 Structure of the Dissertation

This dissertation starts with an introduction to the stdt@ortality data sources and mortality
estimation methods, noting our persistent reliance onétmld surveys and decennial censuses
and work-around estimation methods. My overall focus iswiirect mortality estimation methods
and their viability as interim approaches to mortality estiion while civil registration continue to
be developed and enhanced.

In chapter 3, | review direct and indirect estimation methtitht are widely used to estimate
under five mortality rates in developing countries when tgghlity vital registration information
is unavailable. | use data from Demographic and Health §srirem West Africa, East Africa,
Latin America and South and Southeast Asia. | quantify tfferdince between direct and indirect
estimates, analyze the nature of the data quality issuesiassd with full birth histories, note the
relative effects of these errors, and test whether theseseexplain observed differences between
direct and indirect estimates. My focus is on situations netdirect and indirect estimates are
derived from a single data source are examined. This asaly$imited by the lack of validation
data in these settings. Yet, my findings suggest that thenaddelifferences between direct and
indirect estimates are mostly explained by some of the siyipd assumptions of the summary
birth history methods and data errors in full birth histerign Chapter 4, | briefly examine the case
when direct and indirect estimates are derived from diffedata sources and outline the need for
additional research in this area.

With child mortality decreasing, an increasing proportidm@ll deaths in the developing world
will occur at adult ages in the coming decades. However] xggistration systems in many de-
veloping countries are incomplete and unreliable, andlare hot able to provide a strong basis
for the estimation of adult mortality. As a result, demodrays have had to rely on work-around
methods such as death distribution methods (eg the geretajrowth-balanced method and syn-
thetic extinct generations method) as well as survey methioat use data on the survivorship of
close relatives (such as the sibling-survival method ampthamnhood method). Yet the reliability
and validity of these methods is not well understood. In td@p, | use high quality household
registration data from Liaoning province in China to asskessalidity and reliability of these two
broad adult mortality estimation methods. | use the houseregistration data as a validation
dataset to gain insights into the performance of these atuttality estimation methods in a high
mortality population.
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In chapter 6, | draw heavily on methods developed at the Hudhamiality Database (HMD).
| adapt the HMD data quality assessment framework to asBespility of demographic surveil-
lance site data being collected in developing countrieseséldata are thought to be the highest
quality contemporary mortality data on developing couopulations, albeit at the subnational
level. Yet these data have not been widely analyzed. Herpresknt a data quality assessment of
the data collected at the Agincourt DSS site in South Afri€ais assessment is intended to ex-
plore the applicability of HMD-style data quality assessitis¢o contemporary DSS data and help
facilitate data quality comparisons with mortality seré®l resulting estimates from high income
countries.

In chapter 7, | conclude by providing an overview of the mamliings from this dissertation
and then discuss potential future research directionsvarax® mortality estimation approaches in
low resource settings.



Chapter 2

Background

In this background chapter, | review the importance of nlitytas a measure of population
health and the sources of data that social scientists arlccdalth researchers have used in its
study. | focus particular attention on civil registratioypsgeems — both for their evaluative poten-
tial and their instrumental importance for both the indinatland society. Despite this, there has
been a stagnation in the development of civil registrati@iesns in low-income countries, where
alternative data sources and work around methods have besmfed sometimes at the expense
of civil registration system development and maintenaricase Sen’s capabilities approach to
draw particular attention to the potential instrumenté&s of civil registration systems and also
note how civil registration systems, used in combinatiothwither data systems such as surveys
and censuses, have yielded important insights into papualdéealth. In conclusion, | note the
vital importance of civil registration and the importandeirdegrating lessons learned from the
development and use of civil registration systems in th@isigaof the post-2015 development
agenda.

2.1 Why Mortality & Mortality Measurement Matter?

Mortality data are important in the measurement of diseasepmpulation health, and thus
critical in the planning of public health interventionsu8ying trends in mortality over time helps
to evaluate how the health status of the population is clmgngid assists in the evaluation of the
health system.

Mortality data also provide a basis for investigating th@dence of disease, its severity and the
quality of life prior to death. The patterns of mortality lmetcommunity disaggregated by cause of
death, age, sex, population subgroup, and geographiédacatform the work of epidemiologists,
medical clinicians, health policy analysts, as well as amstiators. The measurement and com-
parative analysis of mortality rates for different popidas helps to illuminate health differences
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MediUREVENdroups of people. It may also help to hiditlidifferences and guide analysts to
understand what drives health disparities.

2.2 Overview of Population Data Systems Used for Mortality
Measurement

Vital statistics systems are at the core of population ssdnd demography, as they focus on
the accurate recording of core vital events associatedamitiindividual’s entrance into or depar-
ture from life together with changes in civil status” (Van\8alle, 1982). A vital statistics system,
by definition, encompasses “the total process of (a) catfigdnhformation by civil registration
or enumeration on the frequency of occurrence of specifieddafined vital events, as well as
relevant characteristics of the events themselves andegbehson or persons concerned, and (b)
compiling, processing, analyzing, evaluating, presgraind disseminating these data in statistical
form” (United Nations, 2001).

Governments, international organizations and acaders@arehers use six main data sources
when assessing mortality levels and trends at the natiowbsabnational level: (i) civil registra-
tion systems, (ii) population censuses, (iii) householdeys, (iv) population registers, (v) sample
registration systems, and (vi) demographic surveillarystesns. Civil registration is universally
recognized as the most ideal source for the regular desivati vital statistics, including mortality
rates |(United Nations, 2001), as it entails the continupesmanent, compulsory and universal
recording of the occurrence and characteristics of vitahés. Civil registration systems are run
by a public institution and used for legally registering aedording data on vital events related
to the civil status of the population, including births, ttea causes of death, marriages and di-
vorces, on a continuous basis as provided by the laws andbtems of the country. The basic
civil registration functions include recording vital e¥epstoring, safe-keeping and retrieval of vi-
tal records, protection of confidentiality, certificateusg) and other customer services, recording
and reporting information on vital events for statisticaiposes, and providing reliable and timely
in formation and data to other government agencies. Thuespbthe most important attributes of
civil registration systems is that they concurrently semportant legal, administrative, and statis-
tical purposes (in contrast to other sources).

Where civil registration is lacking or incomplete, popidatcensuses and household surveys
are widely used as interim measures for the derivation af gifatistics. Population censuses, by
themselves, are sufficient for the calculation of poputatiates and the statistical estimation of
population parameters for small subnational areas. Howgien their large costs, are only usu-
ally carried out every 10-years and are not able to providaleg, timely insights into population
dynamics. Surveys are subject to an array of sampling anesaopling errors and are usually
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not adequate for disaggregated analysis for small subredtereas. However, given their ver-
satility, surveys have the ability to provide detailed mmh@tion about a range of socio-economic
characteristics of the population, as only a small fractibime total population is actually sampled.

Sample registration systems (SRS) have been institutedhimaGnd India, in both cases, as
an interim measure to generate vital statistics while thi¢ rg@gistration systems there are further
developed. In India, the SRS is based on a system of dualdiegoof births and deaths in fairly
representative sample units spread all over the countrh@datra and Rao, 2001). Whereas, the
Chinese SRS operates more like a wide-area disease sameeilsystem through which deaths
are recorded by health care facilities (for deaths occgrinrclinical facilities) and village health
workers (for deaths that occur at home) (Yang et al., 200Bes€ systems provide annual esti-
mates of levels, patterns, and causes of mortality thategmesentative of the national population
and major provinces/states (Mathers etlal., 2005). Howekey are subject to sampling errors
and non-sampling content errors (about the cause of destieaecording of death information
is regularly preformed by someone other than a health psifieal.

Demographic surveillance sites (DSS) monitor and recordadgaphic and health character-
istics of a population living in a well-defined geographiea(usually of around 10,000 - 20,000
households). Most of these sites were initially set up adoaimongitudinal cohort study (asso-
ciated with a specific health intervention) and have subsetyibeen extended as a platform for
long-term continuous demographic surveillance (Ye eRfl12). Vital events are recorded through
regular censuses, at least annually but at some sites dang@s three times per year. However,
as most deaths occur outside the formal health care sysebghautopsy methods are frequently
used to classify cause of death (Baiden et al., 2006). Acatitimitation of DSSs as a source of
vital statistics is that such sites only cover a small subnat area, thus making generalization of
findings to a broader national population difficult.

2.3 Historical Origins of Modern Civil Registration

Demographers and epidemiologists have both noted theateémiportance that the study of
mortality has played in understanding public health cimgléss and crafting appropriate policy re-
sponses. This tradition of the formal, quantitative stutiyortality and population dynamics dates
back at least to the contributions of John Graunt’ift century London. This important work is
often associated with the founding of modern demographgu@tr(1662), drawing on the regis-
tration of deaths documented in tBéls of Mortality (weekly lists of deaths in the city of London),
organized the data by age and observed notable statistgalarities in probabilities of survival
to each age, constructed the first known life tables, estichtéte population size of London, de-
scribed migration and fertility dynamics, and systemdiiicanalyzed death registration data by
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reported causes of deathThe motivation for Graunt’s analysis came from the busimessmu-
nity in London who were interested in understanding thecefbé the plague on demand for their
products and services (Hald, 2005). Arguably, the most imamb contributions of Graunt were to
identify the importance of death registration data and ¢@oize his analysis around survivorship
by age and the causes of death in the underlying data. Gieearrtldeness of his data, whose death
categorizations included “fever,” “dead in the streethfisomes, and infants,” “cancers,” “king’s
evil,” “dropsies,” and “killed by several accidents,” Grayperhaps was one of the first pioneers in
using indirect methods to evaluate the quality of deathstegfion data.

The importance of death registration in England culminatedilliam Farr’s founding of the
modern English vital statistics system in 1838, throughwosk as as compiler of abstracts at the
General Registrar’'s Office. Farr conceptualized mortagyan important measure of population
health. He drew heavily on the vital registration systempatglly mapping population health
outcomes as an evidentiary basis to guide public sanitafificers, pioneered the study of mor-
tality by occupational classes, used death registratiahetatify the spatial distribution of cholera,
used “health districts” as a benchmarks to estimate excesslity in other districts/(Farr, 1837;
Evler,|1979). His spatial analysis of age-specific mostaigte patterns across rural and urban
communities in the UK was particularly innovative in that@mbined vital registration data with
records from the 1841 population census - thus providinly erdence of the analytical insights
possible when combining vital registration data with thtbéeen complementary population data
systems. The breadth and rigor of Farr’'s work in advancirabast evidence base for public health
policy and action have been noted as being instrumentakimtprovement of living conditions,
particularly in urban areas, during the 19th century in GBrdain (Szreter, 1991).

2.4 Human Rights Underpinnings of Civil Registration

Universal civil registration is crucial, not just to guidachevaluate public health programs,
but also because it contributes to the promotion and piioteof human rights. The right of each
individual to identity and recognition of one’s personhasexplicitly recognized in the core in-
ternational human rights instruments, specifically therdmational Covenant on Civil and Political
Rights and the International Convention on the Rights ofGhdd. For example, article 24(ii)
of the International Covenant on Civil and Political Rigpt®claims that “Every child shall be
registered immediately after birth and shall have a nanigiiitéd Nations, 1966a). The process
of birth registration within a civil registration systengldly acknowledges the existence of the
person, enables the child to obtain a birth certificate béistees the child’s family ties, and tracks

1The compilation of weekly bills of mortality date back to tharly 15th century in some ltalian cities and parts of
continental Europe. However, Graunt was the first to appimnéd demographic methods to study these type of data.
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major life events from live birth to marriage and death.

In Table[2.1, | note that, although registration of vital etgeis recognized in a number of
different international human rights conventions, the wawhich the importance of registration
is recognized varies. Rights to registration of birth andrrage areexplicitly recognized. In
contrast, the right to registration of death and divorceaaly implicitly recognized in core inter-
national conventions.



Table 2.1: Rights to Registration of Vital Events and In&ional Human Rights Instruments

Convention on Consent to Ma
riage, Minimum Age for Marriage
and Registration of Marriage, Arti

—
1

cle3

legal minors, as well as provisior
ing for rights to inheritance, an
other associated economics, soc
and cultural rights.

No.| Human Right | Relevant International Instru-ReferenceRole of Vital Registration
ment(s)
1 | Right to Birth | International Covenant on Civ|l Explicit | Legal record of child’s birth, and
Registration | and Political Rights, Article 24(2 thus basis for basic proof of iden-
(United Nations, 1966a). tity, age, nationality, etc.
International Convention on the Official statistical record of live
Rights of the Child, Article 7 birth
(United Nations, 1989).
2 | Right to Death| ICESCR, Article 12.2 (United Nar Implicit | Monitoring the provision for reduct
Registration | tions,|1966b) (provision for the rg- tion of infant mortality (as stated in
duction of infant mortality). the ICESCR)
Respect for related economic, so-
cial and cultural rights (eg right tp
inherit, right to social security, etc|)
3 | Right to Fe-| ICESCR, Article 12.2(a) (United Implicit | Provision for reduction of the still:
tal Death Reg{ Nations, 1966b). birth rate
istration
4 | Right to Mar-| CEDAW, Article 6.3 (United Na- Explicit | Legal Proof for occurrence and
riage Registrat tions, 1979). characteristics of marriage - specjf-
tion ically for protecting against forced
marriage practices and marriage |of

']_
d
al,
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In addition to the right to registration of vital events bgiecognized in core international hu-
man rights covenants, the promotion and protection of masyckhuman rights that are included
in core international human rights instruments are coetim@n an individual being able to prove
their identity, age, marital status, nationality, etc. iQiegistration safeguards individual human
rights. It does this by establishing identity, parentahtienship, inheritance and citizenship, and
provides eligibility data for social benefits and age-bdsedkefits, such as school entry, the right
to work and a driver’s license, as well as the right to vote.sAewn in Tablé 2)4, most of these
rights are associated with Article 11(1) of the Internaéibb@ovenant on Economic, Social and
Cultural Rights in which “the right of everyone to an adegustiandard of living for himself and
his family” is recognized (United Nations, 1966b). As TaBld shows, the international human
rights conventions identify birth registration as havingeatral role in facilitating the recognition
of key rights associated with education, health care, se@Hare, universal suffrage, marriage,
and marriage. Marriage and death registration are recedig playing important roles, but not to
the same extent of facilitating rights of individuals. Faaeple, the implicit references to death
registration in the International Covenant on Economici&pand Cultural Rights are not geared
towards an individual exercising a specific right, but ratfageilitating public action (by state and
civil society actors) in the provision of suitable publicdaciinical health services. Further, clear
benchmarks in terms of mortality are only mentioned wittpees to foetal, infant and child mor-
tality, with no mention made of premature adult mortality.



Table 2.2: Linkage Between Basic Human Rights in Intermati¢iuman Rights Instruments and Civil Registratior\

| No.| Human Right | Birth | Marriage| Death| International Instrument | Linkage | E
1 Right to an Iden- X Article 24(2), ICCPR., Arti-| Official birth record is the §
tity cle 7, CRC. foremost legal document that2
can certify true, legal name c%
an individual I
2 Right to a nation- X Article 15(1), UDHR., Arti-| Birth record provides proofa')
ality cle 24(3), ICCPR. for eligibility to vote, hold| C
political office, obtain a pass-%
port, etc. u
3 Right to Parental X Article 24(1) Enforcement of duties parentsu
Support and Pro} have to their non-adult offt <
tection spring. >
4 Right of Juve-| X Article 14(4), ICCPR., Arti-| Affording of special treat- 8
niles for Special cle 10(2)(b), ICCPR ment of minors before theg
Treatment before law and the prohibition of the (T')
the law death penalty against minors.Z
5 Right to Protec- X Article 16(1), UDHR., Ar-| Certification of age to guard™
tion from Child ticle 23(2), ICCPR., Articlel against child marriage pra(:-ﬁ
Marriage 10(1), ICESCR tices. @
6 Right to Protec- Article 16(2), UDHR Proof of “free and full con- &'}
tion from Forced sent” N
Marriage d
7 Right to Educa- X Article 13(1), ICESCR, Arti-| Enforcement  of  univer %
tion cle 26(1), UDHR sal, free access to primary
education
8 Right to Work X Article 6(1), ICESCR. Proof of age and nationality
(for some employment oppot-
tunities in government sector)
Continued on next page
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Table 2.2—continued from previous page

N
No. Human Right | Birth | Marriage | Death International Instrument Linkage 2
9 Right to Protec X Article 32(2)(2), CRC. Enforcement of minimum age%
tion from Child employment laws )§>
Labor >

10 | Rightto Food and X X Article 25(1), UDHR., Arti-| Aide assessment of supplem
Nutrition cle 11(1), ICESCR mental maternal/child feed-g

ing programs o

11 | Rightto Health | X X Article 25(1), UDHR., Arti- | Provision for reduction of <
cle 12, ICESCR stillbirth rate and infant mor %

tality rate. Prevention, treat-m

ment, and control of epi-%

demics. g

12 | Rightto Housing | X X Article 25(1), UDHR., Arti-| Evaluation of eligibility for| =
cle 11(1), ICESCR state subsidised housing. 8

13 | Rightto Inherit | X X X Article 5(d), CERD., Article| Proof of parental filiation re; o
6(1)(a), CEDAW quired to expedite inheritangem

rights. g

14 | Rightto Marry X X Article 16(1), UDHR., Arti-| Verification of age eligibility| =
cle 23(2), ICCPR and non-consanguinity. ﬁ

15 | Right to Own| X Article 17(1), UDHR., Arti- | Proof of identity for exercis; @
Property cle 6(1), CEDAW. ing right to own property. CQ

16 | Rightto migrate | X Article 13(2), UDHR., Arti-| Freedom  of movementi:g
cle 12(2), ICCPR (across national border)=

usually requires provisiong

of a passport which, in turn
requires proof of identity.

Continued on next pag
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Table 2.2—continued from previous page

No. Human Right | Birth | Marriage | Death International Instrument Linkage
17 | Right to vote and X Article 21(3), UDHR., Arti-| Verification of age and citi-
be elected cle 25(b), ICCPR. zenship eligibility for voting

or holding of representativ
office.

e
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Death registration is implicitly recognized in the UnivarBeclaration of Human Rights (UDHR)
and the International Covenant on Economic, Social, antu@llRights (ICESCR) - the two in-
ternational human rights covenants that are the leastlyelg@iding on UN member states. The
UDHR is a declaration, and thus not a legally enforceabkgyrbut rather a "common standard of
achievement for all peoples and all nations” (United Ne&idi®43). The ICESCR, like other inter-
national treaties and conventions, is legally binding dreddarties (ie. member states) undertake
to respect, ensure and take steps for the full achievementwade range of rights therein. How-
ever, unlike the other human treaties (eg the Internati@oaknant of Civil and Political Rights,
the Convention on the Rights of the Child, etc), the ICESCRdses a lesser duty on state par-
ties than other human rights conventions in the form ofRhiaciple of Progressive Realization
This principle imposes a duty on all parties “to take stepd, fo the maximum of its available
resources, with a view to achieving progressively the fedllization of the rights recognized” in
the ICESCR. This principle differs from that of the ICCPR atter human rights conventions,
which oblige parties to “respect and to ensure to all indigig within its territory and subject to its
jurisdiction the rights in that Convention” (United Natgnl966a). The principle of progressive
realization acknowledges that some of the rights (sucheasdht to health) are difficult to achieve
in a short period of time, and that states may be subject tauree constraints, but requires them
to act as best they can within their means. The requiremeitlite steps” imposes a continuing
obligation to work towards the realisation of those riglmst does not prescribe what constitutes
adequate steps or reasonable progress.

2.5 Civil Registration & Sen’s Capabilities Approach

In order to more fully appreciate the instrumental naturenaf registration, | review civil reg-
istration through the lens of the capabilities approact iS&#oduced this approach as part of the
Tanner lectures, and progressively developed and refireed tver timel(Sen, 1976, 1980, 1981,
1999). This approach was initially developed in specifipogse to analytical work to understand
extreme deprivation, most notably in the form of famine&sis

The capabilities approach focuses the evaluation of dpusdmt progress around what people
are actually able to be and do. It's specific focus is the gualfilife that individuals are able to
achieve. This is in contrast to utilitarian or commodity éasipproaches - whose locus of primary
concern are more towards subjective judgements and indiVidcome or asset wealth. When
considering civil registration, such basic documentatibthe person can play a basic yet impor-
tant role in protecting and promoting the basic human rightee individual.

The notion of capabilities is strongly linked to the Aridéatn notion of “eudaimonia” or “hu-
man flourishing.” In developing the capability approachn Seught to address key challenges to
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evaluating development progress (and, more specificaligerstand key contributing factors to
extreme deprivation), namely that:

o differing abilities across individuals can convert the samesources into valuable function-
ings,

e evaluation needs to not only focus on subjective mentaliosetout also consider objective
judgments,

e evaluation must be sensitive to both actual achievemehisdtionings”) and effective free-
dom (“capability”).

The entitlement approach and capabilities framework taidagion and famine focuses on
people having or not having enough command over food asididtom there being or not being
enough food to be eaten. Sen’s work was developed in respotfiamine demography literature
that characterized the cause of famines as primarily beitgcéine in food availability (Arnold,
1988). He noted that this seemingly simple explanation didfih the empirical reality of why
only particular subpopulations (such as landless lab@edsagricultural workers) were affected
by famines, while other parts of the population were reddyiwunaffected. The entitlement ap-
proach provided a basis for considering the multidimeralioauses of famine and focusing on a
change in people’s endowments and/or entitlement mappings

Sen’s exchange entitlement framework builds on threecetitategories: the endowment set,
the entitlement-mapping, and the entitlement set. The wnamt set is the combination of all
resources legally owned by a person and can include botliblaragsets (such as land, animals,
vehicles, etc.) and intangibles (for example knowledgehriecal skills, labor power, etc.). The en-
titlement set is the set of gllossiblecombinations of goods and services that a person can legally
obtain through the use of the resources in their endowmentlde entittiement mapping is de-
fined as the relationship between the endowment set and titierent set. This mapping broadly
shows the possible trajectories for conversion of raw nessUin one’s endowment set into possi-
ble goods and services in one’s entitlement set. Figuie @Miges a visual representation of the
relation between these three categories.

In developing the entitlement approach, Sen framed famsreneaentitlement failure that usu-
ally stems from a change in people’s endowments and/oflemgint mappings. Thus the entitle-
ment framework provides a useful organizing framework figr $tudy of the dynamics of famine.
In extending this framework to population health dynamies,can view population health depri-
vations as being essentially characterized by entitlerfiagates, as opposed to simply a shortfall
in aggregate health supply. By framing population healtthiwia human rights framework and
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Exchange Mapping

Endowment Set [ > Entitlement Set

Figure 2.1: Visual Representation of Relationship betwEeedowment Set, Entitlement Set, and
Entitlement Mapping in Sen’s Capabilities Framework

recognizing the centrality of civil registration, we ardebo tease out the interconnectedness of
how failures in the realization or protection of basic humghts leads to reduced human flourish-

ing. In short, this framework helps unpack how legal and adstriative systems have the potential

to strengthen political freedoms, economic facilitiegiabopportunities, transparency guarantees
and social protections of individuals. The two principaksgths of the entitlement approach are
that it is conducive to analysis that is sensitive to pliyadf causes and asymmetries in impact of
demographic and health consequences.

Within this framework, a person suffers from the failure eéhh entittement when their entitle-
ment set does not contain basic health to avoid prematuth,deighout non-entitlement transfers.
So, no matter how they reallocate their resources to obtaitinealth, the individual cannot attain
a minimum amount needed to escape chronic or acute ill hedltlealth crisis results when a large
number of individuals within the community suffer from suaftitlement failures at the same time.

2.6 Current State of Civil Registration Around the World

Despite mortality widely being recognized as an importaspidation health indicator and
civil registration (in the form of death registration withedlically certified cause of death evalua-
tions) being the preferred data source for mortality, ¢®listration coverage remains low. United
Nations (2008b) reported that, of the countries and areatsittimonitors, only 60% of the 230
countries and areas register more than 90% of births. Whgi@adeath registration, only 47% of
the countries and areas have at least 90% coverage.

Boerma and Stansfield (2007) have, as shown in Figuie 2.2nadx$ that investment and ad-
vancement in household surveys in low-income countriesfdragutpaced the development and
enhancement of civil registration systems. Thus govertspelonors and international partners,
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in focusing on the needs for accountability and evaluatimu@ad initiatives such as the Alma
Ata Declaration, Millennium Development Goals, and ICP@EZ process have prioritized short-
term evaluative needs over longer-term development of midtraitive systems (such as civil reg-
istration) that serve both instrumental as well as evalagiurposes. As a result, sample-based
data sources and work-around methods that were originallgldped as interim approaches have
started to take on a more of a role as replacement for civistiegion systems (Hill, 2006).

—— Civil Registration Systems
—— Household Surveys

60 —

20

No. Data Sources

T T T
1980-84 1985-89 1990-94 1995-99 2000-04

Year
Source: Boerma & Stansfield (2007)

Figure 2.2: Mortality data collection and reporting by smim 57 low-income countries, 1980-
2004

Even when there are good analytical opportunities to makeofisomplete civil registration,
they are not always taken. Garenne (2002) notes that dekpitity of Antananaviro, Madagascar
having a high quality civil registration system since 192#&xperienced a famine in the mid 1980s
that remained hidden for decades. Recent analyses of thie idegstration data by Waltisperger
and Meslel(2005); Waltisperger et al. (1998) revealed thahd 1985-86 mortality levels rapidly
increased, and life expectancy fell from 59.4 years in 18789 years in 1986. During this period,
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adult mortality was high - particularly for males - and theisa of death profile was characterized
by mortality from malnutrition/starvation. This mortgliprofile, in which 1.3% of the population
died as a result of famine-related causes, is consistehtthét of a low intensity famine. Yet,
despite the mortality consequences of this famine beingesatically recorded by the death reg-
istration in real time, these data were not analyzed andaiménie broadly discussed until almost
twenty years later.

In India, currently the government and international agescely almost exclusively on the
Sample Registration System, when compiling summary measafrmortality (egqo, 45¢15 and
eo) (United Nations, 2012; Registrar General of India, 2006)wever, some states (such as Ker-
ala and Karnataka) have civil registration completeness af over 90% - the rough international
minimum standard for “completeness” when assessing thguadg of civil registration data for
the production of vital statistics. Yet, the civil regidioa data from states with high coverage are
not used in the official compilation of vital statistics fordia.

Despite (or perhaps because of) its wide-ranging benefit€ass-cutting nature, civil regis-
tration has received limited and somewhat uncoordinatpdat from international organizations.
At the international level, the primary responsibility fetrengthening vital statistics system has
been assumed by the United Nations Statistical Commisdiba.associated technical assistance
to member states has been the domain of the United Stafiiticson and the respective regional
commissions in the Asia Pacific, Western Asia, Latin Ameacoa the Caribbean, Europe, and
Africa. However, the focus of the UN Statistics Division leen primarily on compilation of vital
statistics, to facilitate a robust international compamifamework, rather than the enhancement of
basic civil registration process and systems. UNICEF hasdiitne connection between universal
birth registration, human rights and the realization ofenaal and child health (UNICEF, 2005).
However, UNICEF’s programmatic work in this area has fodus@gularly on birth registration
(without addressing the importance death registratiod)ras lacked coordination with other in-
ternational agencies (such as the World Health OrganizatilNFPA, United Nations Statistics
Division, and United Nations Development Programme).

Challenges at the international level need to be managed alih challenges at the national
and subnational levels for different states. Civil regiBtn, given its cross-cutting nature which
spans the areas of governance, health, economics, anduipeses notable challenges of coordi-
nation for governments. Further, the nature of civil regisbn involves decentralized collection
and management of vital records, but centralized coorndinand compilation of vital statistics -
thus requiring continuous coordination between localiareg, and national levels of government.
The government of India, in noting the critical importané&entity registration in enhancing hu-
man development, has identified technology as fundamenitsl €fforts to implement the world’s
largest identity registration project called “Aadhar.” i$tproject is motivated by the need for
standarization and securitization of identity recordsndid. Currently, to support governance,
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economic and social processes individuals rely on a myrfadifterent registration documents
and databases (eg ration card systems, drivers licenseapiegvoter registration cards, etc) while
the government makes little use of administrative dateesystfor population health measurement
and instead relies on the National Family Health Surveyedeial census, and sample registra-
tion system. The Aadhar project has been designed to use inevetnic technology to create a
unique identifier for every individual in India (Nadhamu2@12). Low-cost biometric technology
is key in facilitating universal access to identity regasiton and reliable authentication (to ensure
that the right individual is recognized when providing avés or entitlement). Further, such bio-
metric technology provides a means of unique identificatimough the use of iris scanning and
finger printing technology. However, Aadhar is focused mostly on identity registratioriacil-
itate broader inclusiveness in India’s burgeoning markenemy and formal banking sector. Its
current design does not incorporate death registrationtaipirth registration procedures have not
been integrated and streamlined into India’s existindhbiegistration proceduréstHence, despite
the careful work in adapting new technologies to advancetityeregistration in India, there has
been limited work in integrating this new system with Indiastablished civil registration process.

Internationally, there continues to be a large emphasishenstupport and development of
sample-based systems. Setel etlal. (2006), citing recem@riexces in China and India, have
emphasized the development of sample registration sysisrfem affordable, cost-effective, and
sustainable short- and medium-term solution” to popultetiealth monitoring challenges. Further,
Sankoh and Byass (2012) have mused that such wide-area tigghagsurveillance “may become
a more common model as countries move towards universalichdil registration.” Sample reg-
istration systems certainly do combine some of the evaleairengths of population censuses,
household surveys and demographic surveillance (Begg,&0)5; Rao, 2011). However, they
do lack the underlying legal and governance foundationwffr@gistration and any resulting mor-
tality assessments are vulnerable to sampling and nonisegrors (particularly for cause of
death data collected through verbal autopsy proceduresylaie, in low-income countries civil
registration data has been used for statistical purposasiyrvery limited ways: mainly to assess
the completeness of sample registration systems. As soefe ts a need for research into how
best to enhance existing civil registration systems andbioendata from multiple sources (eg
incomplete civil registration systems, sample registragiystems, population censuses and house-
hold surveys) to compile reliable vital statistics. A focusintegration of multiple data sources,
with a recognition that civil registration is the foundatiof a strong vital statistics systems, is
more likely to lead to a healthier balance and be less vulhera over-reliance on interim sys-
tems and methods at the expense of basic development ofagstration. Multiple data sources
are needed, given that no single data source or single mettaadquate, to better understand the

2See Breckenridge (2005) for discussion about the potgmiizcy and confidentiality risks associated with the
use of such technology in centralized computer databases.
3See http://uidai.gov.in.
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strengths and limitations of different data sources andesion methods. But recognition of civil
registration’s central role in health monitoring systesalso required to facilitate both evaluative
as well as instrumental effects that are possible from iwvguidealth information systems.

Given the notable challenges of establishment and maintenaf civil registration systems
in low-income countries (where transportation and commatons infrastructure are often un-
derdeveloped), the establishment costs have oft been astedcritical barrier to universal civil
registration. However, recent estimates for achieving odgistration across the African conti-
nent have been estimated at US$80 million per year — a cogtppbaimately 10 cents per capita
(MDG Africa Steering Group, 2008). AbouZahr et al. (2010ydnaoted that this cost is relatively
modest given the wide ranging potential benefits of civigisération and that the Global Fund to
fight AIDS, Tuberculosis and Malaria spent US$1.2 billior2D08. Further, once established civil
registration systems cost notably less to administer andteia than the undertaking of popula-
tion censuses and large household surveys, as after sktablnt civil registries are usually able
to cover their operating costs using revenue collected tlmissuance of official documertts.

2.7 Looking Ahead

Civil registration systems are essential - they underpéniélgal tools to establish personhood
and protect the civil rights of individuals, while also prdwg a high quality data source for the
compilation of vital statistics. Given the wide rangingettjves that civil registration serves (rang-
ing from rule of law, economic enterprise, population he&it human welfare), the improvement
of civil registration systems will require sustained cortment and collaboration between multiple
sectors and across several administrative levels. Fordhmdraphy, statistical and public health
communities this is likely to require a shift in how we addrése information gaps and measure-
ment challenges in monitoring health and mortality in lome@me countries. In short, there is a
need to rediscover the centrality of civil registration impplation health systems, and that other
data sources are complements but not substitutes for higlityguital statistics derived from com-
plete civil registration.

As the international community moves to assess progresstiathe Millennium Development
Goals and develop a post-2015 agenda as part of the Intemah€onference on Population and
Development, it is worth reflecting on Jong-Wook Lee’s itgfgl comments during his tenure
as Director-General of the World Health Organization: “Taka people count, we first need
to be able to count people!’ (Atiman, 2003). But we also needetall that both institutions
and measurement methods matter, and thus how we count hdfeeinoa both the reliability

4Civil registries do not charge individuals for the regisiva of vital events, but often collect nominal fees for the
issuance of certificates (United Natibhs, 1998).
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of our findings and the potential for instrumental contnbas such population data systems can
contribute to people’s livelihoods.
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Chapter 3

Consistency of Under-Five Mortality Rate
Estimates Using Full Birth Histories and
Summary Birth Histories

This chapter has been published as Silva (2012).

3.1 Introduction

In 2001, world leaders, recognizing the lack of progressaucing under-five mortality and
the need for more attention and resources to address th@natexdeterminants of under-five
mortality, agreed to prioritize child mortality reductias part of the United Nations Millennium
Development Goals. In particular, the primary target ofl&fihium Development Goal 4 is for
countries to reduce the level of under-five mortality by tthods of 1990 level by 2015.

The most reliable data source for estimating under-five afiytrate (the probability of dying
between birth and age 5 years old, also denoted in the literasl/5M R andsq,) at the national
level is vital registration data, when such data are core@ed timely. Yet, the countries where
child mortality remains high or child mortality declinesaslow or stagnant are those that lack
comprehensive vital registration systems Mahapatra €2@07b). For these countries, analysts
rely heavily on two common forms of retrospective birth argtdata: full and summary birth his-
tories. In a full birth histories (FBHs), which are usualtyllected via a household survey, women
are asked to retrospectively report each live birth, the dathe birth, and, if the child has died,
its age at death. In summary birth histories (SBHs), whiehraostly collected via a household
survey or a population census, women are asked to reporsaniynary information: the number
of children ever born to them, the number of those childréissirviving at the time of the survey,
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and proxy exposure information (usually the mother’s ageation of her marriage, or time since
her first birth). However, retrospective data in the form oftbFBHs and SBHs suffer from a
number of limitations Woodruft (2002). Hence, there are mhbar of challenging methodological
issues in quantifying the magnitude and pattern of under+fvrtality rates in many low- and
middle-income countries. Analysts can derive direct estés from FBHs, as they provide de-
tailed information about the date of death and the expodigiildren to the risk of dying Rutstein
and Rojas|(2006). In contrast, only indirect estimates atally constructed from the summary
information contained in SBHs, whereby such informatioth@&smother’s age are used as proxies
for exposure to the risk of dying, to derive under-five matyatate estimates using model life
tablesBrass (1964h); Brass et al. (1968); Brass (197 1hjedNations|(1983). Of course, such
indirect estimates can, and often are, also be derived frBMsE The purpose of this paper is
2-fold. The first objective is, using available Demograpaind Health Surveys (DHS) data, to
provide guidance as to whether to use both direct and indaealyses from FBHs. The second
objective is to investigate whether analysts should usedotestimates from SBHs at all. This
analysis is intended to inform discussions about how touatalthese two estimation methods and
make inferences when the resulting estimates from diretiradirect estimation are inconsistent.

The accurate estimation of under-five mortality rates isartamt for two fundamental reasons.
Firstly, the under-five mortality rate is an important iratior of population health Reidpath and
Allotey (2003). It is widely used by the international agescto monitor development progress
as part of the Millennium Development Goals and other itités to improve population health
and human welfare United Nations Children’s Fund (2011)co&dly, the probability of dying
before age 5-years olgy, is one of the principal input parameters used to develamagts of
life expectancy at birth and other summary indicators oftality for developing countries without
reliable vital registratiocnWilmoth et al. (2012). Thustas and biases in estimating child mortal-
ity lead to notable inaccuracies in other summary mortatigasures.

The accurate estimation of under-five mortality rates ifiatift in developing countries that
lack comprehensive vital registration systems. In suchs;agsearchers have to rely on direct and
indirect estimation methods applied to birth historiedemibd in ad-hoc retrospective surveys and
population censuses. Such methods are vulnerable to data @nherent in retrospective data col-
lection systems) and errors resulting from simplifying rallidg assumptions. For example, one
notable data error which can affect direct estimates coc&d from FBHSs is birth transference.
This phenomenon involves the retrospective misreportinth® timing of children’s birthdates
which, if systematic across sampled birth histories, cadl @ bias in estimates of under-five
mortality rates. A key simplifying assumption of the Brassthod is the assumption of constant
fertility in the recent past - As the rate of fertility chanigaecent decades has varied substantially
across populations from relatively small changes in WesicAfto notable declines in Asia and
Latin America.
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3.2 Objectives

This paper aims to provide a systematic assessment of whesst dind indirect methods result
in different estimates, and how best to evaluate such inst@meies. The paper seeks to provide a
sounder empirical basis for the integration of data qudl#gnostics into statistical curve fitting of
point estimates. Such an integration is needed to ensurththastimation process better accounts
for bias and error in the underlying direct and indirect pestimates.

The primary methodological questions that are address#tsipaper include:

1. When full birth histories (FBHs) and summary birth higgsr(SBHs) are available from the
same data source, should analysts use both the direct anecinelstimates from the same
source in their analysis? If so, which form of the indirecttnoel should be used?

2. under what (demographic) conditions direct estimatiethods should not be used?

3. In contrast, under what conditions are indirect methadasy to provide more reliable and
valid estimates of under-five mortality rates or sufficigméliable estimates given the sub-
stantially lesser costs?

This comparative study represents a preliminary step wsviategrating the early literature of
data quality diagnostics and evaluation measures andtrefferts to combine multiple, defective
under-five mortality estimates to aid inferential analydisemporal trends. It assesses direct and
indirect estimates by seeking to identify sources of syatemnbias and random error in the different
estimates. In particular, both potential sources of erogiidata error/bias are examined as well as
the errors and bias resulting from violations of underlyingdel assumptions.

3.3 Background & Motivation

There is considerable variation in the quantity and qualitHS survey data for countries in
the East African, West African, Latin American and South &oditheast Asian regions. To date,
there has only been one DHS in Sierra Leone, whereas sixatedaHS surveys in Senegal that
have collected both full and summary birth histories. Haossirative purposes, Figufe 8.1 displays
the available DHS survey data on under-five mortality rabedNiepal and Nigeria. The direct and
indirect estimates derived from Nepalese DHS data are/faimhsistent. Whereas, summary and
full birth histories from Nigerian DHS surveys yield highlyconsistent estimates. Such variation
in quantity and quality of DHS birth history data poses cdesable challenges when attempting
to infer temporal patterns and trends in under-five mowtadlites in the absence of high quality
vital registration data.

Previous studies on the consistency of direct and indisgehates of under-five mortality rates
have mostly focused on select surveys from the WFS conductbd 1970s and 1980s and a small
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Figure 3.1:Direct and Indirect Estimates of Under-Five Mortality Rate s from available DHS
survey data for Nigeria & Nepal.

number of surveys from early waves of the Demographic & He@lirvey program. These studies
all identified measurable differences between direct aduent estimates but were not unanimous
in their conclusions. Both Preston (1985) and Adetunji @)2&tributed most of these differences
to violations of the assumptions underling the Brass imdlireethod Preston (1985); Adetunji
(1996) . In contrast, the United Nations (1992) suggestatl ithsome circumstances indirect
methods may still provide useful evidence of levels anddsan under-five mortality rates United
Nations (1992b). Given the increasingly importance of aglthnce on Demographic & Health
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Surveys for estimting under-five mortality in high mortaltountries, this article examines the
consistency

3.4 Overview of Estimation Methods

Review of Full & Summary Birth History Methods

Direct estimation of under five mortality, using either arukehold survey or a population
census, is derived from full birth histories of women betwéige ages of 15 and 49 years ald.
In a full birth history, women are asked to report for eacle Ibirth, the date of the birth and, if
the child has died, its age at death. With a full birth histargynthetic cohort life table approach
can be used which combines mortality probabilities for $agd segments based on actual cohort
experience into more common age groups (Rutstein and FR§)8s).

Indirect estimation of under five mortality rates requirasthe very least, abridged birth his-
tories where women report the total number of children ewen o them and the number who
are still alive at the time of the survey. This indirect esttian technique was initially outlined
in Brass 1(1964b); Brass etlal. (19638); Brass (1971b) andi®uh the insight that the number
of deaths at given age and the probability of dying in that gigeip is primarily determined by
the age pattern of fertility. The original Brass method assd that recent fertility and mortality
levels were constant and a child’s mortality risk was sokelfunction of his/her mother’s age.
Trussell (1975) subsequently extended the Brass methdbbtofar linear mortality decline, thus
relaxing the strong constant mortality assumption in Bsamsginal modell Feeney (1980) further
extended the Brass indirect estimation technique by dpugya method to locate the estimates in
calendar time prior to the survey date. Other authors sagitidress potential biases resulting
from misreporting by female respondents of their own agdlivaa (1972) adapted the original
Brass method so that information about children ever bodhclildren surviving were organized
around the woman’s duration of marriage - implicitly assognihat marriage duration was sub-
ject to less reporting bias and was a reasonable proxy to Inexgesure years of the woman’s
children. Sullivan’s variant of the Brass method, commaefgrred to as the ‘marriage duration’
variant of the Brass method, is only applicable in populatiavhere there is negligible fertility
outside of marriages and formal unions. Hill and Figuerd?0(9 developed the ‘Time Since First
Birth (TSFB)’ variant of the Brass method in attempt to adgdrage misreporting (particularly by
elderly women). The TSFB method requires an additional tipre$o be asked - namely about the
year the female respondent experienced her first live birth.

The Brass method and its subsequent variants make adjusttoehe proportion of children
dead by the mother’'s age group (or by the mother’s maritahtitur or by the time since first
birth) for an estimated exposure distribution so as to eggminder-five mortality and associated

1In Demographic & Health Surveys, birth histories are usuatily collected from women between the ages of 15
and 49 years old. Further, in some cultures, sampled wongereatricted to “ever married” women.
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reference dates for these rates. The underlying adjustoneocgss of the Brass indirect method is
dependent on a number of key underlying assumptions (Btads #968| Brass, 1971b; Trussell,
1975). These include:

e No, or at worst a small, change in fertility levels and agegoas,
e either there is no change or a linear decline in mortalitgley

e the age-specific mortality pattern is consistent with magd patterns represented by the
Coale-Demeny Model Life Table system or the United Natiorml®l Life Table system,

o mortality risks for the mother are independent of those tardhild,

e mortality patterns for children are homogenous acrossetbfs except the mother’s age (or
the time since the mother’s first birth or the mother’'s darabf marriage).

The classical Brass method is an “indirect” method of ediionain that it (i) uses proxy in-
formation (in the form of either mother’s age, time sincetfinisth or mother’'s marriage duration)
as a proxy for a child’s exposure to mortality, and (ii) it fiestimates general mortality measures,
such asy(1), ¢(2), ¢(3), q(5), ¢(10), andq(15) and then translates them to a common mortality
measure such ag5) (usually through the use of Coale-Demeny or United Natioosi®l Life Ta-
bles). The Rajaratnam low-cost method is a quasi-indirethod in that it uses indirect measures
(of mother’s age and/or time since first birth) to estimatdidds exposure to death, but directly
estimates g, from the proportion of deceased childr%ﬁgg, using the logit transformation. This
method was recently developed by researchers at the bestifiHealth Metrics and Evaluation
in attempt to improve and refine the classical Brass indestimation method. In this paper, we
evaluate the Rajaratnam low-cost method alongside theici®rass indirect method and direct
estimation method (Rajaratnam et al., 2010b).

The Rajaratnam low-cost method was designed to addreseltbeihg particular limitations
of the classical Brass indirect estimation method:

e selection biases and small sample-size variablity in sumpiigth histories collected from
15-19 and 20-24 year old women,

o the lack of a statistical framework associated with thesitad Brass indirect method for the
specification of uncertainty intervals around point estasa

e alack of external validation of indirect estimates, despitdespread application of the Brass
indirect method over the last 50 years.

Further, the Rajaratnam low-cost method attempts to ingtbe use of proxy measures to
approximate a child’s exposure to the risk of death. Rajaratet al.|(2010b) do this by (i) com-
paring the use of period-based and cohort-based measutiee pfoportion of children dead as
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the key input to their model, and (ii) examining whether thetiner’'s age or time since first birth
provides better model fit. This method also specifies a coatbmethod that synthesizes the four
variants of period-based, cohort-based, age-based aedstime first birth methods using loess
regression.

Analytical Strategy for Comparison of Full & Summary Birth H istory
Methods

The direct and indirect methods are theoretically supptsedsult in unbiased estimates of
infant/child mortality rates, despite the methods beingellaon two different forms of data and
different model assumptions. The indirect method is paldity appropriate when infant/child
mortality data are collected during a population census leemretrospective reporting of ages
and dates are known to be unreliable. Recently, UNICEF hagptad the indirect method as
its standard to measure infant/child mortality in leastedeped countries as part of the fourth
phase of its Multiple Indicator Cluster Survey (MICS) pragr (UNICEF, 2009a). In adopting
this method, UNICEF cited an “even greater need for up-te;daigh quality data to reflect the
scaling-up of key maternal, newborn and child survival ardlth interventions and the related
MDG indicators as we approach 2015,” thus implying thatddped birth history information and
the indirect estimation method may yield more valid ancatgk results than the direct estimation
method (UNICEF, 2009b).

This paper, in comparing direct estimation (using full binistories) and indirect estimation
methods (using summary birth histories), begins to exptlogerelative costs and benefits of the
additional empirical information gained from full birth ¢tories against the heavy reliance on
model-based mortality patterns and simplifying mortabtyd fertility assumptions when using
summary birth histories for indirect estimates. This as@lpassumes that no estimation method is
universally applicable in all situations, and thus attegriptidentify under what circumstances is
one method preferable to the other.

3.5 Literature Review

Consistency of estimates from direct and indirect methods

The literature on the consistency of the estimates derikad the two traditional methods of
childhood mortality estimation is scanty. The few attemptade at checking the consistency of
the methods are those by Preston (1985), Adetunji (1996)tednited Nations (1992h). Preston
(1985) derived direct and indirect estimates of childhoauttality using world fertility survey
(WFS) data collected in developing countries in the 197@stha early 1980s and concluded that
the estimates derived from the direct method provided morgirécal evidence about trends in
mortality and age patterns of mortality those from the iedirmethod. He noted that the full birth
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histories are subject to recall errors that lead to erroseating of birth and death events, and
identified systematic bias resulting from such dating ertbrough the analysis of age heaping
(specifically around deaths at 12-months) and observatfiarratic morality trends. However,
he concluded that indirect estimates derived from summiatly bistories are poor substitutes for
direct estimates. Preston (1985) concluded that, basedtanfrbm the WFS, the lack of direct
evidence of temporal trends and age patterns of mortalisppimmary birth histories leads to im-
plausible estimates and potential systematic biases. giedrthat, while both direct and indirect
estimates are subject to bias, the systematic bias asswevih indirect estimates are, on average,
larger than those associated with direct estimates usihgifth histories. In contrast to Preston
(1985),/ Adetunji(1996) did not prefer one method to the othHeather, he compared levels of
infant mortality rates (IMR) derived from the two method#&gsDHS data from a small collection
of African countries gathered in the 1980s and 1990s. Hevelrilirect and indirect estimates
of IMR from the data and compared the estimates usitggts. He concluded that the direct and
indirect methods gave estimates which were statisticéffigrént and that the differences were not
entirely explained by errors in the data. He suggested higadifferences could be due to intrinsic
properties of the methods, thus causing notable challewpes attempts are made to combine
estimates from the different methods to infer an overaligsator trend. However, Adetunji (1996)
did not explore the potential explanations for inconsisydmetween the two methods in detail.

ThelUnited Nations| (1992b) also considered the consistehtlge estimates from the two
methods of childhood mortality measurement. It was coreduithat there is no one method that
works well in all situations, thus the need for using the clilmethod in some situations (for
example, when the respondents are literate and are likgiiyéoaccurate dates of vital events) and
to use the indirect method in situations where the availdata for childhood mortality estimation
are limited to just totals of children ever born and childsenviving.

Inferring Under Five Mortality Rate Patterns from a Combina tion of Direct
and Indirect estimates’

When different data sources and methods of estimation &, estimates of child mortality
for a particular reference period tend to differ becauseoti lIsampling and non-sampling errors.
They may also be dependent on the choice of methods as wall@slations of methodological
assumptions. The magnitude of the differences increadbstiné degree of variation in the data
sources and methods of analysis. This makes it difficult tdyse trends in under-five mortal-
ity rates. There have been four major efforts in combinindtiple data sources on infant/child
mortality, namely:

e graphical methods that rely on visual inspection and adtkohniques|(United Nations,
1992b),

¢ spline-based fitting methods (Hill et/al., 1999),
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e loess regression methods (Murray etlal., 2007), and

e gaussian process regression.(Rajaratnam et al., 2010a).

These recent advances by the United Nations (1992b), Hallgt1999), and Murray et al.
(2007) have advanced our understanding and statisticiit@m how to combine multiple ob-
servations of infant/child mortality from different datawsces. However, this recent literature
fits smooth curves to the available observations, based araese evaluation of data quality
using methods that do not fully encapsulate the uncertaihthe available observations. The
early methods, such as graphical fitting methods, splind$a@ss regression, focused exclusively
on adapting available regression-based methods to tha gat without attempting to identify,
measure and incorporate data quality issues related tonitherlying observations into the mod-
elling exercise. Thus these early modeling exercises &xtexclusively on adapting available
regression-based methods to the given data without attegniat identify, measure and incorpo-
rate data quality issues related to the underlying obsenainto the modelling exercise. There
is a body of literature on how to identify and measure datdityuasues for infant/child mortality
data collected from sample surveys and population censbksegxample, Sullivan et al. (1994b)
noted that under five mortality data from the DHS survey progwere vulnerable to several bi-
ases and errors, such as problems encountered in the ngpaoirthnformation on dead children, the
phenomena that mothers were considerably less able to reeng¢he date of birth of children who
had died, and evidence in over half the surveys of a displanéof births of dead children from
the 5th to the 6th calendar year prior to the survey. PulluchSullivan (2008) assessed whether
there is differential birth displacement according to swoxship status, and explored procedures
to correct for any resulting bias in estimated mortalitgsat

3.6 Methods

Data

The empirical analysis of this paper is focused on the exatiain of relative differences be-
tween direct and indirect estimates of under-five mortaitgs. Direct and indirect estimates are
derived from DHS data collected in West Africa, East AfriSauth and Southeast Asia and Latin
America. Tablé 3]1 lists the data sources used in this aisalys

Tables

Table 3.1: Data Sources Used to Examine Consistency of Direct and Indict Under-five
Mortality Rate Estimates from a Common Data Source.



3.6. METHODS

No. Country DHS Survey(s)

1 Bangladesh 1993, 1996, 1999, 2004, 2007
2 Burkina Faso 1992, 1998, 2003

3 Benin 1996, 2001, 2006

4 Bolivia 1989, 1993, 1998, 2003, 2008
5 Brazil 1986, 1991, 1996

6 Burundi 1987

7 Congo, DRC 2007

8 Central African Republic 1994

9 Congo Brazaville 2005

10 Cote d’lvoire 1994, 1998

11 Cameroon 1991, 1998, 2004

12 Colombia 1986, 1990, 1995, 2000, 2004, 2009
13 Dominican Republic 1986, 1991, 1996, 1999, 2002, 2007
14 Ecuador 1987

15 El Salvador 1985

16 Ethiopia 1985, 1992, 1997

17 Ghana 1988, 1993, 1998, 2003, 2008
18 Guinea 1999, 2005

19 Guatemala 1987, 1995

20 Guyana 2005, 2009

21 Honduras 2005

22  Haiti 1994, 2000, 2005

23 Indonesia 1992, 2005

24 India 1987, 1991, 1994, 1997, 2007
25 Kenya 1988, 1993, 1998, 2003, 2008
26 Cambodia 2000, 2005, 2010

27 Liberia 1986, 2006

28 SriLanka 1987

29 Mali 1987, 1995, 2001, 2006

30 Malawi 1992, 2000, 2004

31 Mexico 1987

32 Nicaragua 1997, 2001

33 Nigeria 1990, 1999, 2003, 2008

34  Niger 1992, 1998, 2006

35 Nepal 1996, 2001, 2006

36 Peru 1986, 1991, 1996, 2000

37  Philippines 1993, 1998, 2003, 2008

38 Pakistan 1990, 2006

33
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39 Paraguay 1990

40 Rwanda 1992, 2000, 2005

42  Sierra Leone 2008

43  Senegal 1986, 1992, 1997, 2008

44  Chad 1996, 2004

45 Togo 1988, 1998

46  Thailand 1987

47  Tanzania 1991, 1996, 1999, 2004, 2009
48 Uganda 1988, 1995, 2000, 2006

49  Vietnam 1997, 2002

Table 3.1 Source: Demographic & Health Surveys, 1985-2009

Methods of Analysis

These differences are evaluated and then successivehalhgzad after diagnostic analysis of
and adjustment for various shortcomings of the classigakctliand indirect estimation methods.
In particular, | successively carried out diagnostic asalyand re-estimation of rates to account
for birth omissions and birth transference in full birthtbises used in direct estimation. | also
adjusted indirect estimates by relaxing the implicit canstfertility assumption that underlies
the classical Brass indirect method. After each readjustrokthe estimates, | successively re-
viewed the paired differences between the direct and iod@stimates. In order to charactertize
the observed differences, after controlling for potendiaia errors in the full birth histories and
adjusting for violations of assumptions that underly tha€3rmethod, | drew on categorizations
developed by Garenne & Gakusi (2006) Garenne and Gakust)200particular, | classified the
inconsistencies between revised direct and indirect estisraccording to the nature of health and
mortality transitions. These classifications distinguishntries by their apparent health transition
experience between 1950 and 2000, estimated using poobst dstimates when several surveys
were available for a given country. The classifications pi@countries into five main categories:
those that experienced (i) a smooth monotonic mortalitfligec(ii) minor mortality increases
over short periods of time, (iii) major mortality increassse to political and economic crises,
(iv) stalled mortality declines for several years, and égent mortality increases due to infectious
disease outbreaks. These classifications provide a usafuefvork to identify the magnitude of
observed differences in direct and indirect estimatestive to the type of health and mortality
transition experienced. This helps to identify differemtonsistencies observed across different
health transitions, particularly when there is deviaticonf linear mortality decline in the recent
past.
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| examined the mean relative differences between undemrfiweality rate estimates derived
using the direct estimation method and the indirect estonamnethod. Direct estimates were
calculated using the synthetic cohort method. The indiestimates are calculated using two dif-
ferent indirect methods: the classical Trussell versiatmeBrass Indirect Method and an adjusted
version of the Trussell version that uses cohort-specifitipa to relax the constant fertility as-
sumption.

| used paired difference tests to examine whether the icid@gtimates were measurably dif-
ferent from corresponding direct estimates. Direct esdi@mavere re-estimated for calendar years
corresponding to indirect estimates (associated with S@igined from women aged 25-29, 30-
34, and 35-39 years old). The calendar years for indirechagtés were derived using the standard
method for time-referencing of indirect estimates Feed&3().

The relative difference between these two estimation nusthy d; was defined as follows:

d; = . if',mdirect - jj,direct (3.1)
§(xi,indirect + T4 direct)

wherez; indirect aNAZ; 4irece are the estimated rates derived from indirect method aretdir
method, respectively, for th&" year prior to the survey.

| formulated the following hypothesis test to examine wieetthe mean relative difference
between the two estimates is measurably different from:zero

Ho:ud = 0 (32)
Hy:pg # 0 (3.3)

My analysis was focused on differences associated witmastis derived from birth histories
of women aged between 25-29, 30-34, and 35-39 years old.ludea the summary birth histo-
ries from 15-19 and 20-24 year old women, since the indirstitnates associated with these age
groups are subject to notable selection bias and imprecidibis is consistent with the standard
methodology used by the United Nations Inter-Agency Grooportality Estimation UNICEF,
WHO, The World Bank and UN Population Division (2007). Thées&on bias results from the
over-representation of births to women of low socioecomostatus in this age group, whereas
imprecision results from the notably smaller sample siZé¢kase birth cohorts. Estimates based
on birth histories collected from older women are excluded tb their vulnerability to notable
levels of recall error Pullum and Stokes (1997). | expectgdabserved difference to, on average,
be explained by reliance on model-based age patterns wiep the indirect estimation method
and additional data errors and biases to which full birthdnies may be vulnerable. To accu-
rately compare direct and indirect estimates, direct eggswere centered on the time-references
associated with the comparable indirect estimates.
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3.7 Results

Table[3.2 displays the results of the paired difference tesing DHS birth histories from West
Africa, East Africa, Latin America, and South & SoutheastaAsThis analysis is based on DHS
data from 132 surveys in 49 countries, as described in Tallle Surveys from Southern Africa
were excluded as such data were likely to be affected bygnship biases resulting from high
HIV prevalence. Data from Australasia was excluded, aslitimeludes Tonga. Data from Europe
and Central Asia were excluded, since most of those cosrftage attained under-five mortality
rate levels below 35 per 1,000. Relative paired differeraresreported for mortality estimates
associated with summary birth histories from women age@250-34 and 35-39 years old. We
observe that the differences are uniformly positive acatlsggions, and individually statistically
significant. This is broadly consistent with earlier comgans which found that, using fifteen
birth histories collected as part of the World Fertility 8ey program, the Brass indirect estima-
tion method resulted in infant mortality rate estimateg there, on average, 20-35% higher than
those derived using the same data source but by employirgdjréet estimation methad Adetunji
(1996) . This earlier analysis focused on the following &ftecountries: Botswana, Zimbabwe,
Namibia, Kenya, Senegal, Burkina Faso, Ghana, Nigeriszdi@a, Uganda, Zambia, Malawi and
Liberia. These findings suggest that when analysts comBimaates from summary and full birth
histories, they need to factor in such differences to enthattemporal patterns aren’t inferred
from error or bias resulting from a particular estimationtiog.

The paired relative differences for Latin America and Asiad to be larger than those for West
and East Africa. This is likely a result of bias in the Brasdiiact method due to violation of the

assumption of constant fertility in the recent past, gives ton average, larger fertility declines
experienced in Asia and Latin America.

So the critical questions for investigation are

e are these differences driven by potential data errors ifDtH8 survey data for West Africa,
East Africa, Latin America and South/Southeast Asia? or

¢ do these differences result more from some of the key assomnspodf the Brass indirect
method being violated for the populations being studied?, o

e do they appear to be a combination of data errors and undgriyiethodological assump-
tions being violated?

The remaining parts of this section investigate whethesdlabserved differences can be ex-
plained by apparent data quality issues with the DHS sura&yflom these regions. | also discuss

how much of these differences are attributable to the ingitality of the Brass indirect method
assumptions.
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Diagnostic Analysis of Potential Errors & Biases in Direct and Indirect

Estimates
Decomposition of Brass Indirect Estimator into Error Components

The Brass indirect estimation method can be decomposed firgi component that is affected
by model-based errors and a second component that is affegtata errors in the summary birth
histories. This formal decomposition, which is presentethis section, is a helpful way of iden-
tifying and classifying components of variability in the&Bss indirect estimation method.

The Brass indirect estimation method is used to estimatertiteability of dying before a given
age,M, denoted ag(M) in the following way:

G(M) = k.D, (3.4)

whereD,, is the proportion of dead children born to mothers of a givga @, andk is an estimated
constant used to transform the observed dat&pto ¢(M).
The proportion of deceased children can be written in theviehg way:

m:A co(@)g(a)da (35)

wherec, (a) is the relative frequency of children at agéor women aged: andq(a) is the proba-
bility of dying between birth and age a in the reference papaih. In reality, as we cannot measure
D, exactly, we estimate it using survey data (like those ctidldin a DHS) as follows:

mz/%mmwm (36)

wherec, ;(a) is the relative frequency of children at age the survey population ang(a) is the
probability of dying between birth and agen the survey population.

The conversion constant, used to transform the proportion of deceased children timo
mortality statisticg;(x) can be written as:

L — qu(M)
f Co, M (CL)QM(a)da

wherec, ;(a) is the relative frequency of children at ageandg,(a) is the probability of dying
between birth and ageas per a particular set of fertility and mortality model sfieations.

By combining equation§_3.6 arid 8.7, we can rewrite the Bradisect estimation equation as
follows:

(3.7)
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M odel—Based
-

qu (M)
J canm(a)qu(a)da /Cx,s(a)qs(a)da (3.8)

G(M) =

-~

Survey—Based

This representation of the Brass indirect estimation netlkbown in Equatiori_318, helps us to
explicitly identify which parts of the estimator is subjeéotmodel uncertainty and which parts of
the estimator are vulnerable to data errors and biasesifisplg, that model-based error and bias
is generated from the componeBt ~ [ ¢, s(a)gs(a)da and survey-based error results from the

1 (M
component; = %

If the model parameters and data are error-free, then thmadstis correct such that

qM) = q(M) (3.9)
- q(M)
= T loglaria D, (3.10)

Data Errors in Birth Histories

It is difficult to identify and assess data errors in indirestimates, in the absence of a gold
standard (eg vital registration data). Yet, there are a reurabpotential data errors that can affect
summary birth histories. Omissions of live births from bihistories are a possible area for indi-
rect estimates to be vulnerable to systematic bias, as tiieenaf a summary birth history does
not force a mother to recall each live birth individually. \Wever, large survey programs like the
DHS and MICS often entail a level of probing and question@ustation (usually by including
guestions about children who no longer live with the motherpinimize such omissions.

In examining summary birth histories, | focused on evahratiof the recorded female age
distribution, sex ratio at birth and parity distribution. Héh examining the available data for 49
countries from DHS surveys, | found that data generally conéd to the expected patterns of
data quality diagnostics. In general, diagnostic analykssimmary birth histories did not identify
serious flaws in the available data aside from anomaliesxmag® data in South Asia and some
anomalies in female age distributions in conflict-affeatedntries.

Potential Data Errors and Biases in Direct Estimates

Demographic and Health Surveys contain two questionnagéutes in which data are col-
lected on antenatal, delivery, and postnatal care of théa@ndor recent births and on numerous
health and nutrition issues for these children. These nasdefi the questionnaire must be admin-
istered for each birth which occurs after a pre-defined dutlate, typically set to January of the
fifth complete calendar year prior to a survey (but for someesgs in DHS Phase Il set to January
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of the third calendar year prior to the survey).

For all births occurring subsequent to the pre-defined ffulade, the DHS contains approx-
imately 100 additional questions on maternal and childtheaField staff in DHS surveys can
considerably lessen their workload by recording birth$ #taually occur after the cut-off date as
occurring before that date and, in turn, avoiding the adstiation of additional survey modules
that apply to child births occurring before the cut-off da®me analysts have documented such
birth transference in DHS surveys Pullum and Sullivan (30&8ich birth transference can affect
mortality rates if it happens in a frequent and systemashifan and particularly if it affects dead
and alive children differently.

Possible displacement of births beyond the reference datikei maternal and child health
sections can be discerned by tabulating a birth conceottratdex, as follows:

2x By

Birth Concentration Index 100 X ——MM—
(Bi—1 + Biy1)

(3.11)

whereB;_1, B;, and B, are the number of births in the— 1, t andt + 1 calendar years.

This index should be close to 100. A value of less than one traahidnplies fewer births than
expected for yeat.

The birth concentration index is calculated where (g the last year for which a child is el-
igible and again (ii) whert is the year prior to the last year of eligibility for the matat and
child health sections. The last year of eligibility for tkesections is defined to be the fifth year
preceding the survey for most DHS surveys, and the third fggaa few surveys (usually carried
out in DHS Phase IlI).

Figure[3.2 displays a box plot of the displacement ratio$fdhs to surviving and dead chil-
dren across different phases of the DHS for surveys list8alole[3.1. We observe that there is a
notably higher concentration of births documented fordreih who died than those who survived.
Also, the extent of birth transference appears to have ase@ in Phases IV & V of the DHS,
relative to earlier phases of the DHS.

For estimates pertaining to the 5-year period immediatefgie the survey, such birth transfer-
ence is likely to cause a systematic downward bias in undeniiortality rate estimates. Whereas,
for estimates pertaining to the penultimate 5-year peitasilikely to result in a systematic upward
bias.
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Figure 3.2: Documented Birth Transference by DHS Phase for Births of Swiving and Dead
Children in Last Year of Eligibility and in Year Prior to Last Year of Eligibility.
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Adjustment of Direct and Indirect Estimates for Possible Daa Errors

| investigated whether the effect of data errors in fulllbbinistories and the main assumptions
of the Brass indirect method explain the differences betvaect and indirect estimates observed
in Table[3.2. | did this by successively examining pairefedénces after adjusting for data errors
in full birth histories and then some of the main assumptafrike Brass indirect method. | adjust
for birth transference by re-estimating the direct estendor the time period that immediately
precedes January of the year prior to health cutoff for tkergbirth history. These re-estimated
rates capture births (and deaths) that have been trardferress the health module cut-off date.
The expected effect of this re-estimation is an increasbamiortality rate for the estimation pe-
riod immediately preceding the survey and a decrease inatieefor the penultimate estimation
period.

Table 3.2:Relative Paired Differences (reported at percentages) beeen Direct and Indirect
Estimates across Geographic Regions Derived Using Demogptsic & Health Surveys

Age Mean Rel. 95%
Group Difference Cl
Asia 25-29 9.99 (2.2,17.8)
30-34 19.5 (125, 26.5)
35-39 35.0 (26.9,43.1)
Latin America 25-29 12.7 (7.5,17.9)
30-34 23.0 (16.7,29.4)
35-39 38.9 (34.3,43.6)
East Africa 25-29 11.7 (7.6, 15.8)
30-34 6.9 (1.9,11.9)
35-39 10.1 (5.2,15.1)
West Africa 25-29 6.7 (1.7,11.6)
30-34 9.2 (3.3,15.5)
35-39 13.7 (8.7,18.7)
All Regions 25-29 115 (8.7,14.1)
30-34 17.2 (14.1, 20.3)
35-39 29.0 (25.9,32.0)

| adjusted for potential violations of the constant fetyilassumption of the Brass method by
recalculating the Brass indirect estimates by using cesyaetific parities available in the full birth
history of the DHS. By using cohort-specific parities insted the aggregated period parities, |
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adjusted for changes in fertility over time instead of assigneonstant fertility in the recent past
as is the case in the Trussell version of the Brass method.

Figure[3.3 displays the results of a series of successivegdifference tests between direct
and indirect estimates calculated from 132 DHS surveys icotntries for the age groups 25-29,
30-34 and 25-39 years old. The DHS survey data sources uski ianalysis are listed in Table
[3.1. Across the three age groups (25-29, 30-34, and 35-3% wéd) and the four geographic
regions, successive adjustment for birth transferencevanidtions of the constant fertility as-
sumption of the Trussell version of the Brass method reduiiéncreased consistency between
direct and indirect estimates, as shown in Figuré 3.3. Tdsslt is consistent with the hypothesis
that most of the difference between direct and indirectresies derived from the same DHS birth
histories is explained by birth transference and violaiohthe constant fertility assumption of
the Brass indirect method. For Asia, Latin America, and Wdgta, adjustment of both direct
and indirect estimates (to control for the effects of biriinsference and relax the assumption
of constant fertility in the recent past, respectively)utesin notably more consistent estimates.
However, this is not the case for estimates associated etEast African region. For this region,
adjustment only of one set of estimates improves consigteéBut adjustment of both direct and
indirect methods results in estimates that are less censigtan when neither estimate is adjusted.
Further, for this region, in contrast to others, adjustetiract estimates tend to be approximately
10%-20% lower than adjusted direct estimates. Recenalitez has noted that identifying fertility
trends in several sub-Saharan African countries, padiuEast African countries, is challenging
and that there are several inconsistent findings amongsttretudies that all rely on DHS data
Machiyama(2010). Depending on the fertility estimatiortimoel used, some researchers find a
fertility stall where others identify a fertility declineddigaartsl (2006, 2008); Schoumaker (2009);
Garenne!(2008); Westoff and Cross (2006); Sneeringer [j200&hiyama |(2010). Machiyama
(2010) concluded that these inconsistencies are a functibh S data being vulnerable to age dis-
placement of children, omission, and other survey erransisTfor countries where recent fertility
decline is small or nonexistent, the cohort-based parijystichents may over-adjust the indirect
estimates.

Across the three age groups (25-29, 30-34 and 35-39 yeaiigharfour geographic regions,
successive adjustment for birth transference and vialated the constant fertility assumption of
the Trussell version of the Brass method resulted in inegasnsistency between direct and in-
direct estimates, as shown in Figlrel3.3. This result isisterg with the hypothesis that most
of the difference between direct and indirect estimatetveérfrom the same DHS birth history
is explained by birth transference and violations of thestamt fertility assumption of the Brass
indirect method. For Asia, Latin America, and West Africauatiment of both direct and indirect
estimates (to control for the effects of birth transfereacd relax the assumption of constant fer-
tility in the recent past, respectively), results in noyailore consistent estimates. However, this is
not the case for estimates associated with the East Afregiom. For this region, adjustment only
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of one set of estimates improves consistency. But adjugtofdoth direct and indirect methods
results in estimates which are less consistent than whémemeistimate is adjusted. Further for this
region, in contrast to others, adjusted indirect estimtged to be approximately 10-20% lower
than adjusted direct estimates. Recent literature hasl tiod identifying fertility trends in several
sub-Saharan African countries, particularly East Africanintries, is challenging and that there
are several inconsistent findings amongst recent studieshvall rely on DHS data Machiyama
(2010). Depending on the fertility estimation method usedne authors find a fertility stall where
others identify fertility declines Bongaarts (2006, 2008thoumaker (2009); Garenne (2008);
Westoff and Cross (2006); Sneeringer (2009); Machiyama@pOHe concludes that these incon-
sistencies are a function of DHS data being vulnerable tadé&g@acement of children, omission
and other survey errors. Thus, for countries where recetiitiedecline is small or non-existent,
the cohort-based parity adjustments may over-adjust theeict estimates.

Detailed Examination of Consistency Between Direct and Inislect Estimates Across
Different Health Transition Typologies

By decomposing health and mortality transitions into théifierent typologies, Garenne &
Gakusi (2006) are able to identify the key underlying fagttirat drive variation in health tran-
sitions in sub-Sahran Africa Garenne and Gakusi (2006).elthsir typological framework and
extend it to countries in South/Southeast Asia and Latin Acae Given the Brass indirect estima-
tion method’s assumption of constant fertility in the retgeast, this framework is useful to assess
the potential impact of violations of the constant moryadissumption of the Brass method on con-
sistency of direct and indirect estimates (after contnglfor birth transference and fertility change,
respectively). Figure 3.4 displays the paired relativéed#nces between direct and indirect esti-
mates for countries organized by these typological categoior countries that experienced a
steady mortality decline (labeled “SMD”), the paired redatdifferences between the direct and
indirect estimates associated with birth histories froomea aged 25-29, 30-34 and 35-39 years
old are relatively large, when raw direct and indirect eaties are considered. However, these dif-
ferences are substantially reduced (approximating zerbifth histories from women aged 25-29
and 30-34 years old), after adjusting for birth transfeesinadirect estimates and violations of the
Brass method assumptions. This suggests that for popusatiat have experienced a steady mor-
tality decline, there is very little difference in usingelit and indirect estimates derived from birth
histories from women aged 25-29, 30-34, and 35-39 years mid appropriate adjustments are
made for data errors and violation of the Brass method assomnsp In contrast, for countries that
experienced political and economic crises, periods of &oeortality and periods of stagnation
(labelled “PEC,” “XSM,” and “STA.” ), notable differencegmained between direct and indirect
estimates even after controlling for data errors in theafliestimates and assumption violations in
the Brass indirect method. This result suggests the neetptore these cases in more detail, as
presented in the following paragraphs.

As the Trussell version of the Brass indirect method assuimesr mortality change in recent
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times, the violation of this assumption is one potentiaksewf inconsistency between direct and
indirect estimates. Figufe 3.5 presents example casesrghtiwe consistency of the two types
of estimates across different health transition charaetons, after adjustments are made for
birth transference (in direct estimates) and fertilitymfpa (in indirect estimates) by using cohort-
specific parity ratios. Point estimates derived using ba#ctiand indirect estimation methods are
shown in each graph. In addition, three loess curves ard fitteeach country: one through the
direct estimates only, one through the indirect estimatgsand one through the full combination
of direct and indirect estimates.

For countries that experienced either smooth mortalityies or short periods of excess mor-
tality, such as Malawi and Tanzania in Figlrel3.5, theretielbbservable difference between
general fitted trends using only direct estimates, onlyrewdiestimates or a combination of the
two. However, in the case of populations that experienceg@eiof excess mortality, the indirect
estimates do a poor job of capturing short-term patterns€aa for Tanzania in the early 1980s).
For Niger, a population that experienced a stall in mostalécline through the 1970s, 1980s and
early 1990s, direct estimates capture a general trend ghatian followed by decline. On the
other hand, the indirect estimates are more variable duhageriod of stagnation, suggesting
more variation than their direct counterparts in 1980s @D, and suggest the onset of mortal-
ity decline began only in the mid 1990s. However, after theebmf mortality decline in Niger,
both the direct and indirect estimates are generally cterdis

For Rwanda, a country that experienced a political/econamsis in the form of the 1994
genocide, the adjusted direct and indirect estimates hatable inconsistencies both before and
after the elevated mortality period around 1994. The imdiestimates tend to smooth out rapid
change in mortality, and therefore underestimate bothffeeteof the 1994 genocide. Further, the
mortality peak is dislocated in time (to before the actualagde), suggesting that in such crisis
situations indirect estimates are particularly vulnegatol time-location errors and bias. Further
as Pedersen (2012) has noted, when examining acute mocdiaieés such as the Rwandan geno-
cide under-five mortality rates that were estimated usilyg&r periods tended to smooth out the
genocide-related mortality unlike when 1-year periodsused Pedersen (2012).

3.8 Discussion

This chapter has examined the consistency of direct andeictdmethods used to estimate
under-five mortality rates when high quality vital regisiva data are not available. Assessments
were made of direct and indirect estimates derived from ancomfull birth history (such as a De-
mographic & Health Survey). Specific examination of thetredéeeffects of data errors in full birth
histories (principally birth transference) and violasasf simplifying assumptions in the summary
birth history methods (principally assumptions aboutiligrtand mortality patterns in the recent
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past) was undertaken.

The main finding from this research is that indirect estimai® generally consistent with di-
rect estimates, once adjustment is made for fertility cleaargl birth transference, but don’t appear
to add much additional insight beyond direct estimates. ¢él@r choice of method does mattera
both in the indirect method used and in adjusting for datarsrand the constant fertility assump-
tion of the Brass indirect approach. This study strengthiemexisting literature on comparisons of
direct and indirect estimation of under-five mortality, bypwling on a larger body of empirical data
than previous studies and by also successively adjusttmyages for identifiable errors and biases.

When examining relative differences across differenttheahd mortality transitions, greater
inconsistencies between direct and indirect estimates wieserved for countries that had expe-
rienced either a political or economic crisis or a stalledltietransition. In contrast, in countries
where either smooth mortality declines or only short pesioflexcess mortality were experienced,
the adjusted estimates were generally consistent. Thedi@ds suggest the importance of ad-
justment for birth transference and use of cohort paritya @dien constructing direct and indirect
estimates from FBHs. They also suggest the general consysté the Brass indirect method dur-
ing relatively smooth health transitions, but point to itsitations when applied to crisis mortality
situations or populations that have experienced stallaftthhgansitions.

The analysis presented here suggests that, when FBHs alabbajaadjusted indirect esti-
mates are generally consistent with the comparable digtchates. The basis for adjustment to
such indirect estimates is the use of cohort-specific pariiom the FBHs, as opposed to the
period parities used in the classical Brass method. Theedeaconsistencies between the two
estimates are observed in populations whose recent heatisitions have departed substantially
from a smooth mortality decline. These findings suggestdtah indirect methods can be useful
but are unlikely to provide deeper insights and more rediastimates than direct methods, when
FBHs are available. This finding lends support to, when FBtésaaailable, reliance on direct
estimates from the FBHs when trying to infer the overall grattof under-five mortality change
over time. However, in the special case when birth tranefeyén FBHs is considerable and both
mortality and fertility in the recent past have been apprately constant, indirect estimates may
be preferable.

3.9 Future Research Directions

This chapter has examined the consistency of direct anceictddstimates from widely-available
survey data. Retrospective full birth histories and sunynbath histories are implemented in sit-
uations where comprehensive vital registration systemmavailable. As a result, this analysis,
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like previous empirical investigations into direct andinedt estimates of under-five mortality es-
timates, is limited by the lack of ground truth data againktoly summary and full birth history
methods could be validated. As a result, this study has &mtos consistency between different
estimates, as opposed to the validity of the underlyingress themselves. That being said, there
are two natural extensions to this study that are likely &alleo new insights into the remaining
guestions about the validity and reliability of direct andirect estimates collected through ad-hoc
surveys and population censuses.

First, the Demographic Surveillance Sites (DSS) cooreuhéty the INDEPTH Network col-
lect high-quality vital registration information in a dirge set of developing country subnational
populations. By carrying out a series of retrospective alitytsurveys, in which a summary birth
history is included, researchers could study both theb#ilia and validity of the summary birth
history methods. Essentially, the DSS fertility and maiyalegistration data could be treated as
‘ground truth’ data. Such a series of studies are likely &mll&o new insights into the real-world
performance of full and summary birth history methods ifed@nt demographic and epidemio-
logical settings.

Second, demographic microsimulation can be used to motedyexplore some of the main
assumptions of the indirect estimation methods. Spedyjcirough such a simulation testbed
framework, the types and magnitudes of error and bias agedcivith permutations and combi-
nations of data errors and model assumption violationsdcbelexamined. Such an examination
would be useful to better understand the variability due taleh misspecification and data errors
associated with estimates derived from summary birth hesto
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Figure 3.3:Relative Paired Differences between Under-Five MortalityRate Estimates derived
from Demographic & Health Surveys by Age Group of Mother & Geographic Region. Re-
gions include South and Southeast Asia ("“ASIA”), Latin Aar& the Carribean (“LATC”), East

& Central Africa (“SAEC”), and West Africa (“SAWC?”). In eacpanel, the left box plot displays
the relative paired difference between raw direct estimatel classical Brass indirect estimates
(UU); the middle box plot displays the relative paired diffiece between direct estimates that have
been adjusted for birth transference and classical Bralseot estimates (UA); and the right box
plot displays the relative paired difference between diestmates after adjustment for birth trans-
ference and cohort-parity-based Brass estimates (AA)c8ouemographic & Health Surveys,
1985-2009.
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Figure 3.4:Estimated Relative Paired Differences for Under-Five Mortlity Rates for devel-
oping countries organized by Garenne & Gakusi (2006) categ®s - Epidemiologic Crisis
(EPI), Political & Economic Crisis (PEC), Smooth Mortality Decline (SMD), Periods of Stag-
nation (STA), and Periods of Excess Mortality (XSM).
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Figure 3.5:Differences in Estimated Trends of Adjusted Under-Five Motality Rates for Ex-
ample Countries Organized by Garenne & Gakusi (2006) Categtes.
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Chapter 4

Additional Issues In Indirect Estimation of
Under-5 Mortality Rates

The brief chapter explores the associated differencesdegtwhe Rajaratnam et/al. (2010b)
indirect method and the direct estimation method. The Rajam et al.[(2010b) method refines
the classic Brass method by providing alternative apprations to the child’s length of exposure
to mortality, using cohort and period measures of the prtogoiof children ever born that have
died, and modeling regional and country variation in the gaggern of fertility and mortality. For
this evaluation, | compare indirect estimates from avédaensus data and MICS surveys with
direct estimates from full birth histories derived from DI88rveys with overlapping reference
periods (to the census or MICS). This comparison is impo@arthe Rajaratham method, when
developed, was validated against direct estimates frohiiftth histories. Thus evaluation of the
Rajaratnam et all (2010b) method by comparing indirectregs compiled from sources other
than DHS surveys provides an important reliability chedkistheck provides a means to evaluate
the consistency of this revised indirect estimation methibll direct estimates against the observed
consistency between the classical Brass indirect methddiagct estimates derived from full birth
histories. In line with evaluations in the first part of thegger, | again use the Garenne and Gakusi
(2006) characterizations of health and mortality transgito characterize the types of errors and
bias associated with statistically measurable inconsigts between direct and indirect estimates.

4.1 Use of Synthetic Cohort Approaches

On some occasions, a full birth history data source is avi@ltor a reference period exactly
five or ten years after a summary birth history data sourcar{other full birth history data source).
In this situation, analysts can use these birth historie®tstruct synthetic cohorts to capture the
mortality experience during the intersurvey period. Thitimod is described in detail in (United
Nations; 1983) and (Zlotnik and Hill, 1981).
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Figure [4.1 displays the paired differences between ditohates and indirect estimates cal-
culated using the Trussell version of the Brass method ¢eenas Truss-D in the graph), the
intersurvey synthetic cohort method (denoted ISC-D in ttagply), and the Maternal Age Cohort
(MAC) version of the Rajaratnam (2010) low cost method (deddMAC-D in the graph). This
paired relative difference analysis is based on data frons BHrveys and IPUMS census files,
where the intersurvey/census duration is five years. Thea slatirces used in this analysis are
listed in Table 5 of the Supplementary Appendix.

25-29 Age Group 30-34 Age Group 35-39 Age Group

-

T T T T
Brass-D IscC-D MAC-D Brass-| D ISC-D MAC-D Brass-| D Isc-D MAC-D

Source: DHS, MICS, IPUMS, 1985-2009.

Figure 4.1: Estimated Relative Paired Differences for Usitlee Mortality Rates

The paired relative differences are, on average, smalér those observed for general DHS
data sources in Figute 3.3. This is may be because countitleglata available more regularly
tend to have higher quality data. The paired relative diffiees between the Brass estimates and
the direct estimates as well as those between the integseywehetic cohort estimates are both
small — on average less than 5%. Further, although the urterg synthetic cohort estimates are
more consistent with direct estimates than the Brass esgnthe improvement in consistency
(from the Brass estimates) is relatively small. This sugg#st the impact of the Trussell method
assumptions of recent linear mortality changes and conidility have relatively little impact
for most countries for which there are two summary birthdrists available separated by five
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years. In fact, the difference in paired relative differemdetween direct/Brass estimates and
direct/Intersurvey synthetic cohort estimates were lafgeRwanda (2000 & 2005) and Nigeria
(2003 & 2008) than for the other countries in Table 5 — sugggs$hat intersurvey cohort estimates,
when available, are preferable to classical Brass estgfiateountries that have experienced any
fertility change and non-linear mortality change in thear@gast.

Somewhat surprisingly, the paired relative differencasvben the Maternal Age Cohort ver-
sion of the Rajaratnam low-cost estimates and direct estsraae, in general, larger than those for
the Brass and intersurvey synthetic cohort estimates. Hie differences between these summary
birth history methods are that the Rajaratnam et al. (20dW)dost method (i) does not rely on
model life table patterns of mortality but instead fits a tagodel for;q, to empirical data from
DHS surveys, and (ii) incorporates cohort and period messoi the proportion of children dead
into the estimation process.

4.2 Errors and Bias Associated with Under-Reporting of
Births

Both full and summary birth histories are vulnerable to ung@porting of infant/child deaths.
In this section, | outline the related errors and biasesaatsa with under-reporting of births (and
deaths) in retrospective surveys. | consider both firstestagors and second stage errors. | define
first stage errors as those that result from a failure to sarmpkenumerate women whose birth
histories are likely to be associated with child birth andttigorocesses during recent time periods.
Second stage errors are defined as errors resulting frortinigrgollection of birth histories to
women aged between 15 and 49 at the time of the survey. Thisalffiects estimates for periods
within 3-years of the time of the survey.

First stage errors are a product of inaccurate indirect §aghgndirect sampling is used here,
because there is no available sampling frame that direotlgrs all live births in recent times. As
a result, researchers must indirectly sample this targetilption through a related population (in
this case, the population of women aged 15 to 49 at the timleeo$tirvey). In contrast, second-
order errors result not from inaccurate (indirect) samphat rather from errors in reporting by
the sampled population.

In the case of birth histories used to measure under-fiveatitgrtates, first-stage reporting
errors take three main forms:

1. errors resulting from incomplete enumeration of the acpopulation of women aged be-
tween 15 and 49 years old at the time of the survey,

!(Lavallee, 2007) defines indirect sampling in terms of twpylations:U4 andU Z, where we wish to produce
an estimate fol/? but unfortunately, we only have a sampling frame &of. In indirect sampling, the existing
links between these two populations are utilized so thataveraove from observed data from the populatiot to
statistical inferences about the target populatiofi,
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2. non-enumeration of women who may have experienced aaltig in the time-periods of
interest but are not aged between 15 and 49 years old (eg wageshbetween 12 and 15
years old and those aged above 50 years old), and

3. errors resulting from when loss of children as a resulteztd or migration of mother are
not reported.

In terms of non-enumeration of women who may have experaobddbearing but not fall
between 15 and 49 years old during the time of the survey, fthetef the omission of women
under 15 years old is small and only affects estimates ratgto . Whereas the omission of women
50-years and above is mostly done because recall bias (imgdatevents in a birth history and
reporting of their own age) for women in these older age aateg is thought to be substantial.
A second shortcoming, and the empirical focus of this saci®the potential for transference of
women from the 15-49 age group to other age groups to reduceeaniewer’s workload. This
phenomenon would lead to some women who are actually agd® y&ars old at the time of the
survey being documented as being 10-14 years old and somemwaged 45-49 years old being
documented as being 50-54 year old women.

Second-stage errors manifest themselves in two main ways:

1. Recall Lapse that results in non-reporting of a livekb{om, 1970; Pullum and Stokes,
1997) and

2. recall error that results in misreporting of a child’s adate of birth, and/or date of death
(which may either be random or systematic error).

The literature on recall lapse points to potential diffgreffects. Garenne (1981), when examining
birth histories collected from women in a demographic sllerece area, found that women did
not forget their births to a large enough extent to producasueable biases in under-five mortality
rate estimates. Recall errors can arise for multiple readéstillbirths are recorded as live births,
this can bias the estimates since births and deaths will beestimated. A second and possibly
counterveilling source of such recall error results frordemeporting of neonatal deaths. Further,
Prazak and Booth (1995) have reported that in some cultorest-Saharan Africa, when a child
dies shortly after birth such a child is often not regardegaas of the family and when reporting
on children ever born to the family, parents often do notudel such children. The exclusion of
such children in surveys and censuses may bias estimatagaot and child deaths downward.
Another source of bias is mis-reporting of dates of birthd @@aths, which is common in societies
where literacy rates are low (Sullivan et al., 1994a).

Errors resulting from a mother dying before the time of thevey are largely confined to
populations that have experienced severe HIV epidemiasthiab reason, in this paper we do not
consider populations from Southern Africa.

In order to examine the relative magnitude of first stage ungjgorting in full birth histories
relative to summary birth histories, | compare estimatddasof misreporting (as defined by the
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fitted values in Pullum (2006)) in full birth histories frorheé Demographic & Health Surveys
and summary birth histories from UNICEF’'s Multiple IndioatCluster Surveys. The method
used to quantify the magnitude of first stage under-repgitirfull birth histories is described in
the attached Supplementary Appendix. Fidure 4.2 compagesrhissions rates in birth history
reports from DHS and MICS surveys for women aged 15-19 and%$ears old. Despite the
considerably larger incentives in DHS surveys for omitivgmen from the birth history modules,
there is very little difference in the omission rates in MI@8d DHS surveys for women aged
15-19 years old. For women aged 45-49, the omission ratdsotbrDHS and MICS are notably
larger in magnitude than those for women aged 15-19 — pentediesting the uniformly larger
workload in documenting a birth history from a woman in hée li@rties compared with a woman
who has just entered her childbearing years. But somewmatipzically, the omissions rates for
45-49 year ole women from MICS survey summary birth hiseaiee, in general, larger than those
from DHS full birth histories.
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Figure 4.2: Estimated Omissions Rate of Women Aged 15-19-&9%&om comparable DHS and
MICS Surveys



55

Chapter 5

Indirect Methods to Estimate Adult
Mortality: Assessments of Reliability and
Validity

With child mortality decreasing, an increasing proportidm@ll deaths in the developing world
will occur at adult ages in the next decades. However, vifgilstration systems in many develop-
ing countries are incomplete and unreliable, and are thtalle to provide a solid basis for the
estimation of adult mortality. As a result, demographengehaad to rely on alternative methods
such as death distribution methods (DDMs, eg the genedagjr@wth-balanced method and syn-
thetic extinct generations method) as well as survey metiioat use data on the survivorship of
close relatives (such as the sibling-survival method ampth@mnhood method). Yet the reliability
and validity of these methods is not well understood. In thiapter, | use high quality household
registration data from Liaoning province in China to asgbssvalidity and reliability of these
two broad adult mortality estimation methods. | use thisdedwld registration data as a valida-
tion dataset to gain insights into the performance of thelsdt anortality estimation methods in a
low-resource setting.

5.1 Introduction

With child mortality decreasing and more countries movihgtigh the early stages of the
demographic transition, an increasing proportion of alittle in the developing world will occur
at adult ages in the next decades (Reniers et al.| 2011). tDedast few decades, there has been
a sustained focus on the adult mortality effects of the HINZ8 epidemic in sub-Saharan Africa
(Feeney, 2001; Blacker, 2004). Maternal mortality, in jgaitar, has also received increasing pol-
icy interest in recent years as part of the Millennium Depetent Goals and related initiatives
(World Health Organization et al., 2010, 2012; Hogan et/2010). In resource-poor settings,
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adult deaths threaten the livelihood of entire families hadseholds, limit resources to the young
and old, reduce the size of the labor force and result in Edgeuption. Thus, adult mortality is
an important area of health research and policy development

Accurate measurement of adult mortality in many develomiogntries is challenging. Few
developing countries have functioning vital registratsystems to measure adult mortality accu-
rately (Mahapatra et al., 2007b). In sub-Saharan Africaittséfrica and Zimbabwe are notable
exceptions, but by and large the rest of the region stillamsiderable challenges and obstacles
to overcome and address the difficult issues of vital regfistn set-up and maintenance (Feeney,
2001; Dorrington et all, 2001). In contrast, India and CHiage both developed sample registra-
tion systems. Even when there is reasonable vital regmtrabverage, the age reporting in the
registration data is often inaccurate (Hill et al., 2005n¥at al., 2005; Bhat, 2002).

As a result, demographers and statisticians have had te piavy reliance on household sur-
veys and population censuses and the use of indirect egimmaethods. Yet these methods are
rarely consistent (Preston, 1985; United Nations, 1992keténji, 1996; Silva, 2012). In partic-
ular, sibling-survival estimates appear to systemataafider-estimate adult mortality relative to
death distribution methods (DDMs) (Grassly et lal.. 2004re@ne and Friedberg, 1997; Timaeus
et al., 2001; Gakidou et al., 2004). However, DDMs themsebre subject to considerable mea-
surement uncertainty — of the order ©20% (Murray et al., 2010). Official estimates of adult
mortality are generally extrapolated from child mortalitgices and model life tables: because of
a lack of adequate vital statistics in many developing coesit Grassly et all (2004) have noted
that UN model-derived estimates are systematically higha&n survey-based estimates that are
derived from maternal and paternal orphanhood data. Thselancy is most likely in part due to
under-reporting in orphanhood histories collected in says\and other associated errors and biases
as well as adult mortality from causes other than AIDS beowelr than assumed in the UN’s
models.

There is a long and well-developed literature on adult nlibytastimation in situations where
civil reqgistration is absent or severely deficient. Hill @), United Nations (2003a) and Reniers
et al. (2011) provide useful overviews of the scholarly aratptioner writings in this area. Given
the paucity of high-quality, empirical data on adult mdtyain developing countries, the United
Nations Population Division has often derived adult mastaheasures for such populations by
combining child mortality estimates and model mortalithedules|(United Natiohs, 2009, 2012).
In India and China, where comprehensive vital registraigidacking at the national level, sample
registration has been developed as an alternative apptoacbasure adult mortality (Yang et al.,
2005; Bhat, 2002). However, for most developing count@@slysts rely on data from decennial
censuses and household surveys for adult mortality estmat
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5.2 Objectives & Structure of Chapter

In this chapter, | seek to better understand the strengtthdimitations of indirect adult mor-
tality estimation methods that are widely used for conterapgpopulations where comprehensive
vital registration is lacking. My focus is on two particutdasses of methods: (i) death distribution
methods that assess the relative completeness of deaskratigh to census enumeration and (i)
indirect estimation methods that convert information altbe survivorship of close adult relatives
into standard life table functioris.

| draw on data from household registers from Northeast Canthuse these registers to ex-
amine the basic assumptions underlying the various indimethods that can be used for adult
mortality estimation. | regard these registers esseptl“validation data” that allow calculation
of the true mortality schedules to which a population wagestibd. Such validation data is of-
ten lacking in contemporary low-resource settings, whede&ct methods are most often applied.
Thus, by drawing on historical household registries | camy a validation exercise of indirect
methods that are widely-used in contemporary developingtry situations.

Given the nature of the data and that the focus of my analysia the underlying indirect es-
timation models, | do not carry out an in-depth examinatibreporting errors and their effects on
the resulting indirect estimates. Such reporting errok& leeen examined previously by various
authors:| Bennett and Horiuchi (1984) have examined thecteffeage reporting errors in gen-
eral, Ewbank/(1981) has examined the effect of age repoetiregs on death distribution methods,
whereas Elo and Preston (1994) use the SEG method to shoWdbis ef age misreporting when
estimating African-American mortality rates by direct im&ds in the United States.

This chapter is structured as follows. Section 5.3 provaésief non-technical overview of
the indirect adult mortality estimation methods examinethis chapter. Then, in Sectién 5.4, |
review the Chinese household register data that | draw onyimmalyses. Sectidn 5.5 provides
detailed mathematical description of the four main indigetult mortality estimation methods. |
examine the performance of the respective indirect estisegainst the direct estimates from Chi-
nese household register data in Secfion 5.6, then explerditierent error and bias components
that may explain the observed deviations from the diredtnesés in Section 517.

This chapter, by exploiting high quality household registm data from historical China, ex-
plores the relative performance of three particular degtnidution methods - namely th@ener-
alized Growth Balance Method (GGBndSynthetic Extinct Generations (SEG) Methahd two

Due to limitations of the data that | use, | am unable to irgesé the accuracy of one-parameter models that
use child mortality statistics, such gg, as the sole input to estimate adult mortality rates. Spadlifi the Chinese
historical data that | rely on are subject to substantialewsrdporting errors for infant and childhood deaths (Le& an
Campbell, 2011a).
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particular indirect kinship-based estimation methodsmelg the Sibling Survivor Methodgnd
theOrphanhood Method focus particularly on the following methodological clegiges that can
result in errors and biases in adult mortality estimates:

e “Survivorship bias effects” associated with the Orpharthowthod. This survivorship bias
occurs, as the survival of adults who have no living childeamnrepresented in the reported
proportions of parents alive (Hill and Trussell, 1977). ther, parents with more than one
surviving child are over-represented in comparison toehwish exactly one surviving child
in proportion to the number of their surviving children. Bhihe method only produces
unbiased results if the survival of the parents is unreltadtbw many of their children are
alive at the time that the data are collected (Trussell ardfiBoez, 1990).

e “Sibship death clustering effects” associated with théirggosurvival method. To the ex-
tent that mortality clusters within sibships (i.e. sets afthers or sisters born to the same
mother), adult mortality estimates will be biased. Suclslsip clustering occurs whenever
deaths are more concentrated in a small proportion of gbghian would be expected by
chancel(Zaba and David, 1996).

5.3 Overview of Indirect Methods to Estimate Adult Mortalit y

The two most widely-used approaches, when comprehendaerggistration is lacking, are
death distribution methods and estimation techniquesdbasethe reporting of survivorship of
close relatives. In this section, | provide a broad ovenaéthese estimation methods as a means
of providing motivation to the subsequent section that @ytsthe objectives of this chapter. More
detailed and formal descriptions of these indirect mettavdpresented in Sectién b5.5.

Death Distribution Methods

Death distribution methods compare the age distributiorecbrded deaths with the age dis-
tribution of the population being studied. They have theyaton balancing equation (shown in
Equation 5.11) as their foundation, and assume that birthdaadh rates are constant during the
interval, that net migration is either negligible or knovamd that age reporting is accurate.

Population; .y = Population; + Births; — Deaths; + Net.Migration, (5.1)

There are three main death distribution methods that are imssituations where compre-
hensive vital registration is lacking: (i) the Generalizétbwth Balance (GGB) method, (ii) the
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Synthetic Extinct Generations (SEG) method, and (iii) arld/Bpproach that iteratively applies
both the SEG and GGB methods. These death distribution miethave been used widely in as-
sessing the completeness of death registration and estgreatult mortality for populations that
lack comprehensive vital registration (Murray et al., 2Z0B8nnett and Horiuchi, 1931; Hill and
Thomas, 2007). The following paragraphs give a brief owmeach of these three methods.

The Generalized Growth Balance Method

The GGB method requires (i) the age-sex distribution of tbeytation being studied at two
separate time points (these are usually derived from twallatipn censuses), and (ii) the count of
annual deaths experienced by the population between th@nweopoints. The method is under-
pinned by the following relationship derived from the demagahic balancing equation:

Birth.Rate = Population.Growth.Rate + Death.Rate (5.2)

By using the observed population growth rates, the obserwéurate and the observed death
rate, the relative coverage of the population censuseseastbnated along with the relative cov-
erage of the death registration process (Hill, 1987). Th&8@&@&thod assumes a closed population
(ie no migration), no age misreporting, and that the coveegoss age groups is constant.

The Synthetic Extinct Generations Method

The SEG method requires the same input data as the GGB metaowly (i) the age-sex
distribution of the population being studied at two sepatahe points (these are usually derived
from two population censuses), and (ii) the count of anneallas experienced by the population
between the two time points. In contrast to the GGB methazdgh, the SEG method is built on
the fact that the number of living people of a given age musdel to the number of people who
will eventually die from the cohort born at the same timepirthat time point until the cohort
has completely died off (Bennett and Horiuchi, 1981, 198Ahe method essentially compares
the estimated future cohort deaths to the current cohoofsifation size as a means to assessing
the completeness of the death registration process duragntercensal time period. The SEG
method makes the same assumptions as the GGB method (iepsswof a closed population
(ie no migration), no age misreporting, and that the coweyoss age groups is constant) but
also requires the additional assumption that coveragesathe two censuses does not change.
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The GGB-SEG Hybrid Method

The GGB-SEG hybrid method requires the same data needetlddd@B method and the
SEG method and makes the same assumptions as the SEG mé#ratk@essary adjustments are
made. The method, itself, involves application of the GGRhud to the available data to adjust
the raw data followed by application of the SEG method to tiBa@adjusted data. In particular,
the GGB method is used to estimate the relative coverageedimb censuses and then adjust the
population distributions prior to application of the SEGthwl. This initial application of the
GGB method results in the SEG method assumption of consteerage between the two cen-
suses being able to be replaced by the assumption that G@aest of relative census coverage
are unbiased (Hill and Choi, 2004).

Indirect Adult Mortality Estimation Methods Based on Survi vorship of
Close Relatives

The second widely-used class of indirect adult mortalitynestion methods uses survey-data
on the survival of close relatives, such as parents or gjblito estimate adult mortality statistics
such as the probability of dying between ages 15 and 45, whicfien denotedsq;5. This class
of methods was developed in a similar manner to Brass’s anddality estimation method using
maternity histories on children ever born and children stimg - those methods are discussed in
Chapter 3 of this dissertation. For adult mortality estiomtthere are two primary methods of
this type: the orphanhood method and the sibling survivahou

The Orphanhood Method

The basic logic behind the orphanhood method is that the emggf survey respondents
represents the survival duration of the parent. As a retht,proportion of respondents in a
given age group with their parent (mother or father) alivéhattime of the survey approximates
a survivorship ratio. Figurle 5.1 presents a lexis diagrgmesentation of the orphanhood method
in which N (z,t) respondents agedyears at time report about the number of their mothers who
are still alive a the time of surveyO(x + a,t). The basic method relies on the fact that the
parents of a particular respondent are known to have beanatlithe time of conception (for the
father) or birth (for the mother) of the respondent. Thusepts have been exposed to the risk of
dying for a period equal to the respondent’s age (for mojtarage plus the gestation period (for
fathers). The proportion of respondents of a given age gvatipa surviving parent is therefore
an indicator of adult survival probabilities. The variougthods that have been developed all
model this relationship using various fertility and moitiamodels to convert the proportion with
a surviving parent into a life table survivorship ratio, lsua[sl;—25 Brass and Bamgboye (1981)
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and| Palloni and Heligman (1985) developed methods to lateteadult mortality estimates in
calendar time so that analysts could derive average temperals of adult mortality from the
available orphanhood data.

Age, x ; ;
F(a, t-x) = Proportion of births
at time t-x that occurred to
mothers aged a

- a+Xx

M(x,t) = Proportion of
persons aged x at time t
whose mothers are alive

«P.(t) = Probability of
survival from ageato a
+ x for cohort of

S o M(x,1) women aged a at time
t-x

F(a,t-x) 1

t-x t time, t

Figure 5.1: Lexis Diagram Representation of Orphanhoochbtt

The Sibling Survival Method

The second approach that draws on data about the survigaréklose relatives, the sibling
survivor method, was initially developed by Hill and Truk$2977). The method exploits the
closeness in ages of respondents and their siblings andhesgesoportion of a respondent’s sib-
lings who are still alive as an estimator of life table suorship of adults till the respondent’s
age conditional on their survival to age 15. Figure 5.2 piesia Lexis diagram schematic of the
sibling-survival method. In a population whose underlymgrtality has been changing, the esti-
mated survivorship ratios reflect the mortality rates theatehbeen experienced by each cohort at
a range of ages and dates. However, these estimates carategllotcalendar time by estimating
how many years before the survey/census each cohort surataequalled period survivorship.
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Figure 5.2: Lexis Diagram Representation of Sibling-StalvMethod

5.4 Data Sources

In this chapter, in order to study the validity and relialilbf different adult mortality estima-
tion methods, | make use of household registers from nasti@hina. | use triennial household
register data from 1789 to 1885 for more than 600 villagesdaohing province (hereafter referred
to as the China Multi-Generational Panel Dataset - Liaof@igGPD-LN)) (Lee and Campbell,
2011b).

The Liaoning registers (ie CMGPD-LN) consist of 1.5 millioecords describing approxi-
mately 260,000 people who lived in 28 administrative poparfeg across 698 communities be-
tween 1749 and 1909. | limit my analysis to the subset of teggsspanning 1789 to 1885 since
() in 1789 the format of registries changed significantlytimmore detail at the household-level
being included in registers from 1789 onwards) and (ii) ¢hare no surviving registers covering
the period between 1888 and 1903. These registers resersdliea of triennial censuses in terms
of their structure and organization. The population magdwpsists of immigrants from Northern
China who settled in rural Liaoning during the early eigihtbecentury, and their descendants. En-
tries were ordered by village and residential householdugdbolds and their members appeared
in almost the same order in each register, even when theydrtovenother village. The exten-
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sive detail on household relationships, meanwhile, allfmw$ocation of kin and measurement of
their characteristics. For each person in a householdgtiisters recorded relationship to house-
hold head; name(s) and name changes; adult occupatiory;ifige; lunar year, month, day, and
hour of birth; marriage, death, or emigration, since therkegister, if any; and village of residence.

The ages of individuals, in the CMGPD-LN, were recordedumn- a traditional form of re-
porting a person’s age in China. Individuals wersulat birth, and their age incremented every
Lunar Year. On average, an age recordeduis 1.5 years higher than when reported according
to Western conventions of recording age.

Historical demographers have already used these regfstetise study of historical mortal-
ity patterns in China using event history analysis meth@srpbell and Lee, 1996, 2000, 2003,
2004). However, the comprehensive nature of these retysirdata have not yet been exploited
to examine the performance of indirect estimation methaédihiough, Campbell and Lee (2002)
have directly analyzed the household patterns of widowlmalbrphanhood mortality using event
history analysis.

The CGMPD-LN is unique in that, through the application othbhamanual and automated
record-linkage, the registers follow families across updeen generations and reconstruct paternal
kin networks living outside the household. As a result, baigal and life course events for parents,
children, sibling and other close kin are documented arkettinHence, the CMGPD-LN provides
a notably different validation framework than those thatehbeen used in past validation studies
of both direct and indirect estimation methods of both claildi adult mortality methods. Pre-
vious validation studies have exploited regular censusdsun a demographic surveillance area
and then supplemented these with a DHS-style survey thiatdes the retrospective collection of
summary or full birth histories and sibling-survival hises[Insert citations here]. This frame-
work has been effectively used to identify the nature andmtade of different reporting errors
associated with mortality events collected via retrogpecurveys. The CMGPD-LN provides
an internally consistent validation framework in that btith life table estimates and the indirect
estimates are derived from the exact same data source -atilitafing a focused assessment of
errors associated with indirect methods. Also, the cowtirsuwupdating of the Liaoning registers
and thorough recording of kinship ties and survival stafugrofurther facilitates the direct exam-
ination of the underlying model assumptions of indirectlachortality estimation methods - an
area of inquiry that has only been studied via simulatiorho@s$ to datgcitep insert citations to
simulation studies}

A notable limitation of these registers in relation to motyaanalysis is that the registers do
not record the precise date of death for an individual, btiterarecord whether or not a death
occurred during an intercensal period (ie within the lasti@6iths for CMGPD-LN). The nature
of this registration may result in some imprecision in theoreling of ages at death in the form of
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age overstatement, age understatement and symmetric aggpoting. Preston etlal. (1999) have
shown that such age misreporting biases older age mor{fityages 80 and over) downwards,
but has only small effects on adult mortality rates below @@e

These Chinese household registers have some other nataliktibns that need to be con-
sidered when using them for the study of mortality. FirsiJdten who died in infancy or early
childhood were omitted from the registers. Thus infant amttianortality cannot be reliably esti-
mated from these registers. Second, daughters are edpectaie to omission from the registers,
even when they survived. Taking these limitations into @eration, the focus of this chapter is
on adult mortality using data available on males from thehiag household registers.

5.5 Methods

Formal Description Death Distribution Methods for Estimating Adult
Mortality

In this section, | present detailed formal descriptionshefdeath distribution methods | use to
indirectly estimate adult mortality.

Generalized Growth Balance Method

Death distribution methods (DDMs) compare the distributid deaths by age with the age
distribution of living individuals and provide age pattsraf mortality in a given reference pe-
riod. There are three basic DDMs that are widely used: themgdized growth balance (GGB)
method |(Hill, 1987), the synthetic extinct generations@Eethod/(Bennett and Horiuchi, 1981,
1984) and a hybrid GGB-SEG method (Hill and Choi, 2004). Ehesthods make several strong
assumptions:

¢ that the population is closed to migration
¢ that the completeness of recording of deaths is constarmgéy a

e that the completeness of recording of population is constaage for the GGB method and
age and time for the SEG method, and

¢ that ages of the living and the dead are reported without.erro

In these methods, age-specific growth rates are used to tavebserved distribution of
deaths by age into the corresponding stationary populatyendistribution. In a stationary pop-
ulation the deaths above each agare equal to the population aged since the deaths in the
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stationary population above ageorovide an estimate of the population of ageThe complete-
ness of death registration relative to population is edohly the ratio of the death-based estimate
of population aged: to the observed population aged The synthetic estimate of the population
agedz is given by:

/ D(y)el gy (5.3)

whereN(x) is the population aged, D(y) is the observed number of deaths at ggendr(z) is
the age-specific growth rate of the population at age

The GGB method basically extends the demographic balamgjngtion to obtain the relative
coverage of the first census to the second census as well eddtiee completeness of death reg-
istration to census coverage. The demographic balancingtieq expresses the identity that the
growth rate of the population is equal to the difference leetwthe entry rate and the exit rate.
This identity holds for open-ended age segments The entry raté(z, ) minus the growth rate
r(xy) provides a residual estimate of the death réte, ). We can then estimate the residual from
population data from two population censuses and compar@direct estimate using the recorded
deaths (from the census or vital registration), and compahese two records we can estimate the
completeness of death recording relative to populatioti &dd Chai, 2004).

Hilll(1987) showed that

(SNl,x—S . N27x)0.5 1l (NZ,:NL) 1 ]{51 4 (kl . ]{52)(05) D(.I'+)
— —(n ~ .
5- (N17m+ . N27x+>0'5 t NL:BJr ]{32 C t- (Nl,er . N27I+)0'5
where N; and N, are population counts at two time points separated Yygars,D are recorded

intercensal deaths, ardl, k5, andc are respectively the completeness of the first and second pop
ulation counts and the intercensal deaths.

(5.4)

Hill and Choi (2004) suggested that the combination of SEG @@B might be more robust
than using either method by itself. The combined methodistsef first applying GGB to esti-
mate any changes in census cover?geusmg the estimate to adjust one or other census to make
the two consistent, and then applylng SEG using the adjystpdlation data in place of the re-
ported.

The basic logic of the Generalized Growth Balance (GGB) ik that for any open-ended
age segment, of a closed population, the entry rate into the segmignt, ) is simply equal to
the growth rate of the segmeniz_ ) plus the death (or exit) rat&a ) of the segment. It follows
that for a closed population the growth rate is equal to thé bate minus the death rate, as shown
in Equatiori5.b.
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r(ay) =b(ay) — d(as) (5.5)

In a stable population, since the growth rate is constanalicage segments, then the entry
rates and the death rates are separated by a constant. Hemestry rate into the population,

]\J,Vg“j) the population growth rate;, and the death/exit rate from the populati ZB have the
foilowing relationship:
N(a) D(as)
=r(ay) + (5.6)
M) " N

Hilll(1987) has shown that this equation can then be furtlesegalized for non-stable population
settings, when there are multiple census enumerationkbleaas follows:

N(a) 1 D(ay)
_ — k4.
Nay T N
wherer(a. ) is the observed growth rate of the population aggears and over, andis the error
in the growth rate resulting from a systematic change in Ggerates between censuses.

(5.7)

Death Distribution Methods: Synthetic Extinct Generations Method

The second death distribution method, the Synthetic Ex@®Benerations (SEG) method, ex-
ploits the relationship that the number of living people gfiven age must be equal to the number
of people who die from the cohort born at the same time, froamtilne point until the cohort has
completely died off. Bennett and Horiuchi (1984) generalithis to non-stable closed populations
by noting that the population at agecan be estimated from the period deaths at all ag@ghere
x Is greater tham) by using age-specific growth rates to incorporate past deaphic dynamics
of the population, as shown in Equationl5.8:

N(a) = D(x)els "4 qy; (5.8)
where N(a) is the population agedD(x) are the number of registered deaths at ag€) is the
population growth rate at age

The completeness of death registration relative to thaén$us enumeration is then estimated
by comparing observed population size to that estimatetyusguatioh 5.8 as follows:
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Y D IS rwdy g
e(a) = fx:a (x)e x
No(a)
The SEG method requires an additional assumption on topasietlassumed by the GGB
method, namely that the completeness of population endioem@oes not change over time. Hill
(2000) has noted that, when the assumptions of constantletanpss of coverage of the censuses

and reporting of deaths by age are reasonably valid, neignation is negligible, and age report-
ing is not affected by major distortions or anomalies, deligtribution methods perform well.

(5.9)

Formal Description of Methods Based on Survivorship of Clos Relatives for
Estimating Adult Mortality

In this chapter, we also explore two estimation methods dn@tbased on the survivorship
of close relatives: the orphanhood method and the siblimghgal method. Both methods have
been used to collect adult mortality data in household sis\&ich as the Demographic & Health
Surveys, and population censuses. These methods areiagibgentensions to the Brass indirect
estimation method for child mortality estimation (Bras864a, 1968, 1971a), which was the focus
of Chapter 3 of this dissertation.

As noted in chapter 3, the methods based on reported infmmalbout the survival of close
relatives — are an important subclass of indirect methddegaide those based on intercensal sur-
vival techniques and death distribution approaches.

Relatives may be children, parents, spouses, or siblintfeeatespondent - leading to different
sections of the age distribution of mortality to be estirdat€éhese responses can then be used to
find the portion of given relatives who are still living acdorg to characteristics of respondents
that reflect the risk period of survival of the relative, therent age of the respondent reflects the
the risk period for the mother.

A major advantage of indirect estimation methods basedmsukivivorship is that the respon-
dent does not have to answer according to some time refereroe respondent simply needs
to report the survivorship status of their relatives (eg thbeor not their (biological) parents are
alive).

Page and Wunsch (1976) found that such summary survivakstmore accurately reported
than complete survivorship data that includes dates dfi laind dates of death (for deceased rel-
atives) in addition to survival status. As discussed in tdap of this dissertation and by Pullum
(2006), full birth histories are subject to age heaping aintth transference problems which can
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result in notable biases in direct child mortality estinsate

The Sibling Survival Method

The sibling survival method uses retrospectively-coddibling survivorship histories from
adults above age 15 (DHS and other large survey programdlyusofiect these histories from
adults between ages 15 and 49). Respondents are asked hgwohthair sisters/brothers lived
to age 15 and how many of these sisters/brothers are st atithe time of the census or sur-
vey. By tabulating the responses to these questions aogptaliihe respondent’s age, analysts can
then calculate the proportion still alive of sisters/berthwho were alive on theirs" birthday by
five-year age group of respondent. Timaeus et al. (2001 jf@gmkregression coefficientgn) and
b(n) to convert proportions still alive after theip™” birthday aged: — 5 to n, denoted by.S,, s,
to age-based probabilities of survivorship according to:

n—15P15 = a(n) + b(n)sS,_s (5.10)

By fitting a 1-parameter relational logit model life tablegach estimated survivorship probability,
n—15P15, the survivorship probabilities can then be converted atommon adult mortality metric

- such as;qis, 35915, OF 25¢15-

Orphanhood estimates can be derived in a similar way tongjldurvival estimates from ret-
rospectively collected information on survivorship of tharents of adult respondents aged less
than 50. To derive adult mortality estimates from orpharmhsarvivorship information, the fol-
lowing are tabulated: (i) the proportion of respondents sehmother/father is alive by five-year
age groups, (ii) the number of births in the year before timeesucensus tabulated by five-year age
groups of the women giving birth, and (iii) (for estimatiohmale adult mortality) the difference
between the median ages of currently married men and women.

Timaeus|(1992) specified the following regression equdiortonverting parental survivor-
ship proportions between agé and25 + n (wheren > 0) into common mortality indices:

W25 = a(n) + b(n) - MY + c(n)s S5 (5.11)

where M represents the mean age at childbearing, and is estimatsdiglifrom the data, A 1-
parameter relational logit model can then be fitted to th&igorship proportions to derive adult
mortality rate indices.
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In a stable population, the number of siblings ever bgyears before a respondent who is
currently aged: can be written as:

o { [Ferapey i) fe—pas gz
y fswe—r(z—a)f(z).l(z_y).f(z_y)dz y <0

wherey > 0 relates to older siblings ang < 0 to younger siblings; integration is over the entire
age period of childbearing;is the age of the mother at the birth of the respondgnt— y) is the
probability of the respondent’s mother giving birth at age y conditional on having given birth
to the respondent at aggiie f(z — y) is the distribution of ages at birth of an individual woman);
andr is the stable population growth rate. Then, the proportisildings still alive among those
respondent who survived to age 15, in five-year age groups + 5, is given by:

z+5 w—s
f l(a) f Vyl(a+y)dyda
z 15-—a x> 15 (5.12)

555” - z+5 w—s -
l(15)f l(a) -f15— «Vydyda

Indirect Orphanhood Method

The indirect orphanhood method was first introduced by Hilll 8rass|(1973) and Brass
(1975). The basic approach uses a weighted average of tperfioms of respondents in 5-year
age groups whose parents are still alive, whereby the weagtist for the mean age of childbear-
ing, to calculate life table survivorship statistics.

If we assume that a survey is conducted at tinre which the survivorship of parents (ie or-
phanhood status of respondents) is collected. The numbertb§ T years prior to the survey is
given by the product of the number of wom@&hyears ago by age and their age-specific fertility
ratesT” years ago:

Bt—T = C(CL,t — T) . ft_T<CL) (513)

If the population is stable, with a constant rate of growththen the number of womeh years
ago aged: years can be written as:

c(a,T) = By-e " Digir(a) (5.14)

where B denotes the current number of births dpgdr-(a) denotes the proportion of women born
a + T years ago who survived to age



5.5. METHODS 70
The number of women whd; years ago, became mothers at agad survived to the time of
the survey is given by(a,T) - . f. l“l*i(;(z;p), wherel,,r(a + T') is the proportion of women born

a + T years prior to the survey.

The number of women who gave birihyears ago at age and who survive to the time of the
survey is given by:

Ws(a,T) = By - e "D f(a)lopr(a+T) (5.15)

The total number of mothefE years ago at ageis:

Wr(a,T) = By - ¢ f(a)lay1(a) (5.16)
Thus, the proportion of mothers who gave bifthyears ago and survive to the time of the
survey is given by (7T'):
fWS a t fB - € T((H_T )l +T(CL—|—T)CZ

fWT (a,t)da th e="@+T) f(a)lyyr(a)da

This model assumes approximate independence between thema@robability of surviving
and the probability of survival of the child.

(5.17)

In order to convert the proportion of mother’s survivirg7'). into a standard mortality statistic,
we need to estimate the age distribution of mothers at the dihchildbearing)/:

f a-e "t f(a) - l(a)da
f e~r(t+a) . f(a) - l(a)da

Hence, by deriving or assuming model fertility and morjeéithedules, one can then estimate
P(T) and M. Hill and Brass|(1973) then specified the following regressnodel to estimate a
traditional life table statistic:

M= (5.18)

[(25+1t)
1(25)
The regression coefficients, b, andc, were estimated by Hill and Trussell (1977) using a wide
range of model fertility and mortality schedules.

—a+b-M+c-P(t) (5.19)

Brass and Bamgboye (1981) have extended this approachstie lihe adult mortality estimates
in calendar time so that analysts can derive average tetrtpemads of adult mortality. They have
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noted that the proportion of respondents aged whose mdthgessurvived to the time of the sur-
vey, S(a), given by

e b 7 Uy+a) 4
S(a) = ( )]; c(a,y) i) Y (5.20)

o) [ cla )y

can be rewritten as a weighted average of cohort survivorshios:

w

S(CL) = a'U;(; ’ ap;dx (521)

—de)  (,0¢ is the contribution td5(a) from parents who bore children at age

w
c(a,x)dx

- ie children now aged).

where, v¢ =

This time location method aims to estimate the tifat which the cohort measure of sur-
vival, ,p¢, equals the equivalent period measyye,(7'), such thatS(a) = f aUya Pe(T)dz. An
approximate expression for cohort survivorship in pergrais can derived via a Taylor series ex-
pansion abouf’, such that:

r+a r+a

In(ap) = u(y, T)dy — (y — (v +a) = T)'(y, T)dy (5.22)

xT x

wherey/(y, T') is the first derivative of the force of mortality(y, t) evaluated ai” with respect to
time.

If there is a constant relationship between the rate of chamthe force of mortality with time
for a fixed age and the rate of change in survivorship with ageime, the cohort survivorship
ratio can then be written as:

r+a

In(up = n(epe(T) — K | (4 (x+a)—T) L1y, T)dy
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Brass and Bamgboye (1981) showed that this differentiak®en in(,pS) andin(.p.(7)) ap-
proaches zero, at the following timg;

L/;yﬁl(a) L[w Vs - apa(T)(a - Uz, T) — oLy (T))dzda

T= Yy+5 w
j@; l(a) j; Vs oD (T)(U(2,T) = l(x + a,T))dzda

(5.23)

z+a
where,L,(T) = f Uz, T)dz, (I(z,T) — l(x + a,T)) is the number of deaths between ages
andz + a, and(a - l(z,T) — ,L.(T)) is the person-years lived by those who died between ages
andz + n.

5.6 Validation Analysis of Indirect Estimates

Table[5.1 presents summary results of the validation aisabfsthe four indirect estimation
methods using the CMGPD-LN register data. This validatinalgsis compares the respective
indirect estimates to corresponding life table estimaldsese comparisons of indirect estimates
are made with the 95% confidence intervals associated watlifétable estimates. The point esti-
mates fory;q;5 and corresponding confidence intervals were derived ubmépllowing formulae
described in_Chiang (1984):

i = 5.24
D

M, == 5.25

B (5.25)

where; is the probability that an individual will die in theh interval,n; is the length of the
interval, M; is the death rate in the interval (i.e. the number of indiaidudying in the interval
(D;) divided by the mid-year populatio(), which is the number of years lived in the interval by
those alive at the start of the interval, i.e. it is the perS8ore denominator for the rate), angis
the fraction of the last age interval of life.

The results in Table 5.1 show that the estimates from theifwlirect methods differ substan-
tially from the life table validation estimates gf;;5, but in different ways. Out of the four indirect
methods, the orphanhood method yields the estimates thabaraverage, most consistent with
the life table estimates qfq;5. Almost 80% of the orphanhood point estimates lie withinQb&6
confidence interval associated with the life tahle; estimates. In contrast, the GGB and SEG
methods perform similarly whereby only half of the resugtindirect point estimates fall within
the 95% confidence interval associated with the life tablg; estimates. The sibling-survivor
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estimates tend to systematically under-estimatg, whereby more than half of the indirect point
estimates fall below the 95% confidence interval associafti#itl the life table,sq;; estimates.
This finding is consistent with previous work by Stanton e{2000) that, comparing unadjusted
sibling-survival estimates from the World Fertility Supgdo model mortality schedules, suggested
the sibling-survival estimation method tends to undeireatie adult mortality. Further, these find-
ings are consistent with evaluation of the indirect orplwanthmethod applied to data reported by
young adults. These findings show that, aside from repoetiing's and data quality problems, the
method produces estimates that are fairly consistent widtidestimates and vital registration-
based estimates (Timaeus, 1992). More recently, Luyl e?@1X); Luy (2012) have shown, using
multi-round health surveys in Italy, that adult mortalit§ferentials by education levels and occu-
pation estimated using indirect orphanhood methods argistent with direct methods.

Figure§ 5.3, 54, 515, arld 5.6 display the temporal pattittmedfour indirect estimates in com-
parison with the life table estimates @fj;5. The sibling-survival and orphanhood estimates tend
to smooth out the localized variation in the adult mortaéigtimates over time. This smoothing
out process is a direct result of such indirect estimatesngisdly being weighted averages of co-
hort survivorships, as shown in Section|5.5. There is howeagation in the relative differences
between the life table estimates and the orphanhood estmiaelative differences betwegy;
estimates associated with reports associated with 10-d4L5+19 year olds tended to be lower
than the associated life table estimates, compared witketfrom 0-4, 20-24, 25-29 and 30-34
year olds.

5.7 Examination of Errors and Bias

Orphanhood Estimates

Orphanhood data has been widely collected in populatiosussas and household survey pro-
grams (most notably the Demographic & Health Surveys anprédecessor, the World Fertility
Surveys). The indirect orphanhood method makes the fatigunplicit and explicit assumptions:

1. orphanhood status is accurately reported by respondents
2. the survival of parent’s is assumed to be independento$tinvival of their children,

3. the age distribution of parents is assumed to be apprdéeiystable,
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Table 5.1:Summary Statistics of Validation Analysis of Indirect Adult Mortality Estimates.
Mean relative error (MRE), mean absolute relative error RI#, the percentage of estimates with
an absolute relative error (ARE) of more than 0.15, and tmegmage of estimates for which the
indirect estimate falls below/within/above the 95% conficke interval of the corresponding life
table-based estimate gfy;s.

Mean Errors % of Estimates

Method N MRE MARE | ARE Below Within Above

< .15 95%Cl 95% Cl 95% CI
DDM
GGB 33 -02 .21 51.6 21.2 515 27.3
SEG 33 -.08 .24 | 515 12.1 51.4 36.4
Kin-based
Orphanhood 198 .07 A1) 82.1 0.6 79.5 19.9
Sibling-Survival 198 -.33 34 | 78.3 54.6 40.4 0.0

Source: CMGPD-LN, 2012

4. the age pattern of mortality for the population being Eddan be approximated by standard
model life tables,

5. the probability of a parent’s survival status being régadrby a single surviving child is
independent of the number of children the parent is survibye@nd

6. the survivorship statistics can be accurately locatediendar time (Timaeus et/al., 2001).

Many researchers have focused heavily on reporting ersssceated with the orphanhood
method. In particular, they have noted that reporting sfreuch as adoption effects can contribute
notable bias to resulting indirect mortality estimates.e Huoption effect occurs when adopted
individuals under-report the mortality of their parents,they interpret survey questions about
parental survival to relate to their living (adopted) paseas opposed to their (deceased) biologi-
cal parents. This measurement error is challenging, asnegmts may not be willing to disclose
if the parent’s they are reporting on are their biologicabpds. Further, survey enumeration teams
may not want to jeopardize rapport with the respondent bbipgabout whether the parent be-
ing reported is a biological or adopted parent (Blacker 211&8186). Several authors, examining
orphanhood modules used as part of household surveys, b&e@ Imow such an adoption effect
can lead to notable under-estimation of adult mortalityn{deus, 1986; Blacker, 1977). In the
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Figure 5.3: Comparison of Estimates,gf;; derived using the Indirect Orphanhood Method with
corresponding Life Table Validation Estimates & Confidehdervals, 1792-1885

CMGPD-LN registers, there were 266 adoptions (referrecsguaji in Chinese) registered. This
represented 0.02% of registered individuals and thus feetedf any actual adoption effect would
be negligible for CMGPD-LN adult mortality estimates usithg orphanhood method. Hence,
given the negligible adoption effect and the continuoustaght quality reporting of vital events in
the CMGPD-LN registers, the focus of this analysis is on ffeceof simplifying model assump-
tions on resulting adult mortality estimates.

When applying the orphanhood method survivorship bias eault; as survival of adults who
have no living children is unrepresented in the reported@rions of parents alive (Hill and
Trussell| 1977). Further, parents with more than one singiehild are over-represented in com-
parison to those with exactly one surviving child in propamtto the number of their surviving
children. Thus, the orphanhood method only produces uedisssults if the mortality of parents
is unrelated to how many of their children are alive at theettimat the data are collected (Trussell
and Rodriguez, 1990).
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Figure 5.4: Comparison of Estimatesgf,5; derived using the Indirect Sibling-Survival Method
with corresponding Life Table Validation Estimates & Coefide Intervals, 1792-1885

The orphanhood method is also vulnerable to a multiple tegpbias, whereby parents who
live longer have more children and therefore have a highesitieof reporting than those who die
earlier. In Tablé 512, | examine orphanhood estimates by\sng parity (ie the number of children
alive at the time of data collection) against the classicaghanhood estimates. We observe that
parity-based orphanhood estimates derived using the CMG®Bimilar to standard orphanhood
estimates, suffer from systematic bias. In particular, beeove that the bias decreases as the num-
ber of surviving children at the time of the survey increasiésese disaggregated estimates point
to the size of the bias resulting from differential repagtimased on parental longevity and fertil-
ity. We also note that using only orphanhood data reportefirétyporn children, as suggested by
Rutenberg et all (1990), tends to over-estimate adult itgrtelative to life table style estimates
- even more so than the standard estimation method for the RIDAGN data. This finding is con-
sistent with work by Trussell and Rodriguez (1990) that skdwhat (i) restriction of the sample
to one respondent per sibship results in a systematic ugwasd(ii) the actual bias in the indirect
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Figure 5.5: Comparison of Estimates gf;;5 derived using the Generalized Growth Balance
(GGB) Method with corresponding Life Table Validation Es#tes & Confidence Intervals, 1792-
1885

orphanhood estimate is dependent on the probability of aft ddath and sibship size, and (iii)
inclusion of all surviving siblings in the sampling and esdition for orphanhood estimates results
in the least biased estimates.

Another key problem with parental survivorship data is tmglicit relation between fertility
and mortality. Women who survive longer (throughout theproductive years), on average, pro-
duce more offspring. As a result, mother’s survival statugssociated with a higher probability
of reporting (by her children). [Thus the proportion of norphans is affected by a self-selection
of higher fertility women: respondents will be drawn digpootionately from mothers from low
mortality groups.] Thus respondents will be dispropority drawn from sibships associated
with mothers from low mortality groups. This will result ihé estimated proportion surviving,
PS(z + 25|25), being upwardly biased due to selection effects. As the &¢feeaespondent de-
creases, the mortality level associated withi(z + 25(25) is increasingly affected by the upwards
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Figure 5.6: Comparison of Estimates gf;;5 derived using the Synthetic Extinct Generations
(SEG) method with corresponding Life Table Validation Esttes & Confidence Intervals, 1792-
1885

bias: resulting in a misleading estimated effect of ace¢det mortality decline.

Pison and Langaney (1985), by validating a census in EaStemegal with genealogical sur-
vey data, found that maternal orphans overwhelmingly riepatheir orphanhood status correctly.
Robertson et all (2008) also reviewed the consistency anpalr survival reporting in successive
rounds of a cohort study in Manicaland, Zimbabwe. They fothad 86.6% of paternal orphans
consistently reported their parent’s survival status s&success survey rounds.

Women who survive longer (throughout their reproductivargg on average, produce more
offspring. As a result, mother’s survival status is asgediavith a higher probability of reporting
(by her children). Thus the proportion of non-orphans ie@#d by a self-selection of higher
fertility women: respondents will be drawn disproportitelg from mothers from low mortality
groups. The following conceptual example describes thantyes of this selection effect: Imagine
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Table 5.2: Summary Statistics of Validation Analysis of Unadjusted aml Adjusted Indirect
Adult Mortality Estimates. Mean relative error (MRE), mean absolute relative error R, the
percentage of estimates with an absolute relative erroE)ARRmore than 0.15, and the percentage
of estimates for which the indirect estimate falls belovithivi/above the 95% confidence interval
of the corresponding life table-based estimate;ofs.

Mean Errors % of Estimates

Method N MRE MARE | ARE Below Wihin  Above

<.15 95%Cl 95%Cl 95% ClI
DDM
GGB
- 3-year span 33 -.02 21| 51.6 21.2 51.5 27.3
- 6-year span 32 -.07 21| 78.1 25.0 53.1 21.9
- O-year span 31 -.05 19| 834 25.8 51.6 22.6
- 12-year span 22 -.08 18| 90.9 27.3 54.5 22.7
SEG
- 3-year span 33 -.08 24| 515 12.1 51.4 36.4
- 6-year span 32 -.09 22| 56.3 21.9 53.1 28.1
- O-year span 31 -11 21| 58.1 16.1 54.8 25.8
- 12-year span 22 -.10 25| 59.1 18.2 54.5 27.3
Kin-based
Orphanhood
— Standard 198 .07 A1) 82.1 0.6 79.5 19.9
— Firstborn-only 198 .02 .16 | 86.3 5.7 68.6 25.7
— Parity-1 198 .06 A8 | 97.1 5.7 53.1 41.4
— Parity-2 198 -.001 A5 | 97.7 8.0 71.4 20.6
— Parity-3 198 .004 A2 | 97.5 2.3 78.3 19.4
— Parity-4+ 198 .06 14 | 98.3 2.3 85.7 12.0
Sibling-Survival
— Standard 198 -.33 34| 78.3 54.6 40.4 5.0
- Sii-weighted 198 .06 A7 | 51.6 5.7 64.6 29.7
—2-weighted 198 .07 15 | 53.1 3.6 68.8 27.6

Source: CMGPD-LN, 2012
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a survey carried out at timE. For a group of mothers subject to fertility rate fif), we consider
two subgroups of women - one grou, who have a high level of mortalityp ; (a), and another,
L, who experience a low level of mortality;,(a). As a result, the proportion of mothers that
will produce offspringl” — ) years before the survey will be lower for women who expeenc
the higher mortality ratep;(a). As a result, individuals whose mothers experienced thedow
mortality rate,m(a), will be over-represented amongst respondents to thesaged(). Hence,
the corresponding estimated conditional probability asal, P(25 + T — Q|T — @), will be
biased upwards and the estimated mortality levels assaolcwith these conditional probabilities
will be affected by increasing positive biases as the ageggondent gets smaller. The effect of
the selection bias is that respondents a@egears old will have been born to women, who are
T — @ years older, who are disproportionately drawn fronthe group with lower mortality. The
proportion of non-orphansy(a), will thus be:

lu(a+T) Ip(a+T)
(a+T-0Q) lp(a+T—Q)

B
‘/f@+T—QWm@+T—QyHu@+T—@Ma

+np(a+T—Q)

B
[ tmla+ -0 Yo

S(a) =

in which the survivorship curve associated with subpopariat will be over-represented, since
n@(a +T—-Q) >nyla+T— Q) and the estim.ate qf}% will be upwqrplly bias. This bias
will be largest when no mothers from populatiéhsurvive to produce additional offspring, and
then the magnitude of the bias in the conditional probabiiiill apporximately be equal to the
difference in the conditional probabilities of survivingrfsubpopulationd, andH, ie:

~

(a+T)  lgla+T)  lyla+7)
la+T—-Q) Ipla+T—-Q) Iyla+T—Q)
Hence the bigger the mortality differential between sulytajoon /7 and L, then the larger the
magnitude of the bias. As Campbell and |Lee (2003, 1996, 2688 noted, health and mortal-
ity differentials within the registered Liaoning poputatiwere relatively small. Thus, the overall

effect of this selection effect is small for orphanhoodresties derived from the CMGPD-LN reg-
isters.

(5.26)

Sibling Survival Method

If the risk of mortality varies with sibship size, the clasaisibling-survival method will pro-
duce biased estimates. An overestimate will result if theeggpositive association between sibship
size and mortality, as larger sibships experiencing moreréble health and mortality conditions
will be over-represented. Talle 5.3 shows how the assoniéttween sibship size and mortality
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No. Dead Brothers
0 1 2 3 4 5 6 7 8 9 10

N(n) 666 548 267 102 61 21 10 4 O O 1
D(n) 6,712 5,311 2,959 1,327 603 222 67 51 14 28 7
no. sibships 6,587 5,178 2,883 1,302 577 211 62 50 14 28 7
PD,cq .0992
PDobserved .0921

Source: CMGPD-LN, 2012

Table 5.3: Reporting of Sibling-Survival Status in CMGPD-Registers, 1864

results in an under-estimation of adult mortality in 186éthggshe CMGPD-LN registers.

In order to correct for selection bias, Gakidou and King @Gihd Masquelier (2013) have pro-
posed re-weighting formulae. Gakidou and King (2006) psapa family-level weighting scheme
- % where B; is the number of siblings born to parenat the start of the period ang is the
number of siblings that survive to the time of the data coitec Whereas as Masquelier (2013)
proposes a sibship-level weighting scheng%.-

The motivation behind both of these weighting schemes igtovgight estimates by down-
weighting the sibships with high rates of survivorship. Thessical sibling-survival method, as a
means to estimatingq, 5, calculates the proportion dead in each sibship as follows:

n—1
pp = 20?1 = (@) (5.27)
> oo(n—1)(n —x)f(x)
wherez is the number of dead siblings the size of the sibshign — x) the number of respon-
dents in each sibshig(z) the probability mass function of the binomial distribution

The weighting scheme proposed by Gakidou and King (2006)ifspe an adjustment to the
proportion dead as follows:

PD — Zgéz i (5.28)
_ Zg(nggéxf(x) (5.29)
>-9(n) > —gnf(x)
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whereg(n) is the distribution of sibship sizes.

However, Masquelier (2013) has noted that Gakidou and Kimggighting scheme operates
at the family-level. However, the sibling-survival methoperates at the sibling-level whereby
the proportion dead are calculated from data organized $goredent in which each observation
containing sibling histories per sibling. As a result, Maslier (2013) proposed an alternative
weighting-scheme that operates at the sibling-level whetbe the numerator and denominator
for the proportion dead is weighted by the inverse of the nremalb surviving siblings:

Y g
PDHRE

Given that sibship size and adult mortality are stronglyatiegly correlated in the CMGPD-
LN registers p = —0.721), | adjusted for this association using both the familyeleand sibling-
level corrections. In Figurie 5.7 arid 5.8, | compare the tegpindirect sibling-survival estimates
with both the uncorrected sibling survival estimates ardlifie-table estimates of¢,5. Both ad-
justment procedures correct for the systematic undemasitn to which the unadjusted sibling-
survival method is vulnerable. Masquelier (2013), in hiaraxation of DHS data in which he
observes little association between sibship size and fitgrtaotes that the family-based correc-
tion weights over-correct for survivorship bias but that gbling-level correction weights don’t
over-correct. He notes that this is because such weiglstthgmes are usually misapplied for
all siblings instead of simply for adult siblings only. Inetltase of the CMGPD-LN registers,
when both weighting schemes are applied to adult siblingssee that they perform similarly and
provide adjustments to the indirect sibling-survival noetithat considerably reduce the under-
estimation of;5¢;5. As shown in Tablé 512, the adjusted sibling-survival eats fall within the
95% confidence intervals for around 65-69% of the point esti® - considerable improvement
over the unadjusted sibling-survival estimates.

PD = (5.30)

Death Distribution Methods

In contemporary settings, death distribution methods asstrmommonly applied when there
are two national population censuses and available degistnaion data. Given that most coun-
tries undertake a national population census every 10 ytergxamination of the GGB and SEG
methods using triennial censuses may be unrealistic. &g presents some sensitivity test re-
sults in which GGB and SEG estimates were re-estimates @sifgand 12 year interval spans
between census rounds. Given the completeness of these DNIEPRegisters we observe very
little difference between GGB and SEG estimates deriveagu3iyear spans and long spans. The
variability of GGB and SEG estimates with larger spans arg senilar to those derived using 3-
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year spans. Similarly, when applying GGB and SEG estimaiislarger spans, the magnitude of
bias associated with these estimates is comparable togbatiated with estimates derived using
3-year spans. Hence, the use of somewhat non-traditiogahBdurations in between censuses
does not appear to have had a substantial effect on the &valud death distribution methods
against orphanhood and sibling-survival methods.
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Figure 5.7: Comparison of Adjusted/Unadjusted Siblingv&al Estimates with Life Table Esti-
mates

5.8 Conclusions

Given the paucity of high quality civil registration systemm many low-income countries, it
remains challenging for demographers to accurately etiadult mortality rates for these pop-
ulations. As a result, heavy reliance has been placed on exbutality estimation methods that
draw on data from household surveys and population cens&sgther, recently there has been
renewed interest in the development and refinement of adwitafity estimation methods when
high quality civil registration is lacking. Although thesgethods have been widely applied over
the last three decades, particularly in sub-Saharan AfnghAsia, there has only been limited
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Figure 5.8: Temporal Pattern of Adjusted and Unadjustedirfg#Survival Estimates and Life
Table Estimates

assessment of the reliability and validity of these indireethods. Most assessments of indirect
adult mortality estimation methods have focused on thetsfef reporting errors on the reliability

of resulting estimates. Further, | know of no previous sttt has comparatively examined the
reliability and precision of death distribution methodshwindirect kin-based estimation methods.

In this chapter, | focused on the simplifying assumptionsdirect methods and explored the
validity of two main classes of indirect adult mortality iesation methods: kin survivorship-based
methods and death distribution methods. By drawing on higllity triennial population registers
from Liaoning, China, | was able to examine the performarfdb@se methods in estimating the
probability of dying between ages 15 and 6§y,5, against life table estimates. In particular, |
was able to use internally consistent data and thus focussues of bias and variability of the
different indirect estimation methods. | found that the-kased estimation methods, namely the
orphanhood method and sibling-survival method (afterstdpents are made for survivorship bias)
were the more consistent with life table estimates thanhdgiatribution methods.

| find that the unadjusted orphanhood estimates are the masistent with life table esti-
mates of;5¢;5. However, as other authors have noted, the nature of orploanttata is such that
they refer to periods prior to the data collection perioduwdtd®-15 years earlier than analogous
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sibling-survival and death distribution data. Though, lyuating sibling-survival data for sur-
vivorship bias the performance of the sibling-survival hoet can be considerably improved —
although such adjustments appear to over-adjust.

However, this analysis is vulnerable to the a number of atiohs and complications. For
Liaoning, censuses are triennial so there remains a smaluanhof uncertainty around the ex-
act time location of vital events (ie Liaoning is only a queaalidation dataset). Given that the
CMGPD-LN registers are collected every three years, theyahestrate a notably higher level of
data quality than is normally present in contemporary patpah censuses and household surveys.
Further, there may be questions about the appropriatehessng contemporary model life table
approximations for historical Northeast Chinese popatati The applicability of validation re-
sults from the CMGPD-LN registers may not be directly trangble to contemporary developing
country contexts given that the demography of Liaoninged#fnotably from many developing
country contexts. For one, the challenges associated wetisurement of adult mortality in the
presence of high HIV-prevalence is not something that isctgd in the CMGPD-LN registers.

Nevertheless, the somewhat stylized nature of the CGMPDelgi$ters provide a useful means
by which to explore the comparative performance of indisstilt mortality estimation methods
and thus stimulate policy and practice on how to best measiuk mortality while continuing to
develop civil registration systems. The results in thisptbasuggest that kin-based survival data
collected regularly (eg triennially) are an effective loast method to measure adult mortality
when comprehensive civil registration systems are lackiBgspite the limitations of indirect
methods, indirect methods provide a solid basis for the tcoctson of full life tables. Further,
they are efficient in that each data collection round pravidstimates of the historical trend in
adult mortality, whereas direct estimation methods arg able to provide estimates for a single
point in time. Thus, given the need for interim cost-effeetmethods to monitor adult health
and mortality, indirect estimation methods offer a effitiand cost-effective complement to direct
estimation methods.
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Chapter 6

Assessing the Quality of Mortality Data
from Demographic Surveillance:
A Case Study from Agincourt, South Africa

6.1 Introduction

Over the last few decades, there has been an increasing ddardrealth data and mortality
measurement from policy-makers and practitioners to hedpss program efforts against develop-
ment goals. These health and development goals, whileagigmial, have been articulated within
a framework of benchmarks (for reduction in morality rataghe cases of Millennium Develop-
ment Goals (MDGSs) 4 and 5) that are time-specific. Howevenatgaphers and statisticians have
increasingly noted the paucity of high quality data to aately evaluate development progress
and, in particular, progress towards the MDGs.

As discussed by Setel et al. (2007) and in Chapter 2 of thgedistion, advances in the cov-
erage and quality of civil registration systems in the pa8#l have been limited. To date, in
low-income countries, the response to these demands fa dada and better measurement have
primarily been organized around sources such as populet¢iosuses and household surveys and
associated measurement methods. As Sanga!(2011) hasthitedsponse - particularly in sub-
Saharan Africa - has achieved some important milestoneh (@8 better documentation of the
standards and methods used to compile and analyze MDG taticas well as increased tech-
nical cooperation to address problems of comparabilityadhdicross sources and countries) but
has been constrained by notable structural limitationges€&himitations include considerable gaps
in data and sometimes a disproportionate focus on mongafilmealth and development progress
(particularly with the MDGSs) at the global and regional lewmstead of the national and subnational
level. In China and India, there has been substantial im@stin sample registration systems as
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a means to improve the evidentiary basis for mortality analtheevaluations. However, these

efforts, while complementary to survey-based and cenasecapproaches, involve challenging
sampling issues and substantial costs both in terms adlisiit-up and maintenance of continuous
operations (Setel et al., 2006; Rao €tlal., 2005).

Bangha et al. (2010), recognizing the limitations of popialacensuses and household sur-
veys in assessing health and development progress, havesingd the strengths of demographic
surveillance sites (DSS). DSS sites are organized arougwuareand repeated censuses of a ge-
ographically defined population and entail the systematiording of vital events (births, deaths
and in/out migration)._Bangha et/al. (2010) noted, in patég the longitudinal nature of demo-
graphic surveillance and the associated rigor in which D&3 dre collected and managed. High
guality mortality data, such as DSS data, has also playeahpartant role in advancing our under-
standing of mortality transitions and developing empihichased mortality models (Heuveline
and Clark, 2011), as well as shaping our understanding of thowtality transitions impact pri-
mary healthcare systems (Tollman et/al., 2008). The stargftsuch DSS data, after much lively
debate/(Chandramohan et al., 2008) and important techamlvainces in the form of INDEPTH’s
iShare platfornt, recently became more widely available for population analthescience re-
search/(Sankoh and Byass, 2012; Sankoh et al., 2013).

The purpose of this chapter is to develop a framework for #ta duality assessment of mortal-
ity data collected from subnational demographic survedéasites. Such a framework is intended
to enhance comparisons along different dimensions - fomeka (i) the comparison of mortality
data quality from a single DSS site across different yeaijsthe comparison of mortality data
quality from multiple DSS sites, and (iii) comparison of @ajuality at DSS sites with mortality
data from other sources, such as the Human Mortality Daga@p#lglD). This case study builds on
previous work by INDEPTH scientists in assessing the qualitDSS data and the data quality
assessment work of HMD researchers associated with offimalality data at the national level.

6.2 Background & Motivation

Infant and child mortality, adult mortality and life expaoty are all important indicators of
health and development progress (Sen, 1995; Preston, 200%). Yet, in developing countries,
there are a number of important methodological challengseaated with the measurement of

1t should be noted, though, that some recently launched deaphic surveillance sites have started to explore
low-cost methods of surveillance. For example, in Northdiadawi researchers have found that village-informant
demographic surveillance that is customized to the locateed can produce relatively complete and high quality
basic vital registration data (Jahn et al., 2007). Howewarlier work in Burkina Faso at the Oubritenga DSS site
suggested otherwise, perhaps pointing to the importanmosufstomization of data collection procedures to the local
context(Diallo et all, 1996).

2See www.indepth-ishare.org.
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these demographic indicators which remain unresolved arlypanderstood. At the heart of these
challenges are (i) the diagnostic assessment of error asdrbunderlying mortality data, (ii) the
modeling of these errors and biases to quantify measureumaartainty, and (iii) the study of
model uncertainty which arises from the approximation rehein applicable demographic esti-
mation techniques.

The lack of complete vital registration in developing coies has hampered accurate knowl-
edge of mortality levels and trends (Mahapatra ét al., 2ZPOlfaorder to derive most summary
measures of mortality (such as life expectancy), a compmethe set of age-specific mortality
rates are required. As a result, demographers have pla@ey heliance on data from decen-
nial censuses, retrospective mortality surveys (sucheaBé&mographic and Health Survey (DHS)
system and UNICEF’s Multiple Indicator Cluster Survey (MACprogram) and models under-
pinned by model life table systems (most notably the CoaeiBny and United Nations model
life table systems). Yet these data are often hampered bynderof limitations - most notably
non-sampling errors in the form of recall errors, surviigpsbiases, and misreporting errors - that
have been discussed in Chapters 3 and 4 of this dissert&tinother, model life table patterns are
heavily dependent on historical European patterns, whihmot be representative of age patterns
of mortality in contemporary developing country populaspand do not reflect recent phenomena
such as HIV/AIDS-related mortality. Thus current empitiestimates of mortality in developing
countries are subject to considerable uncertainty andunea®nt error. Further, mortality analy-
ses on developing country survey data, which draw on theiclasdirect and indirect estimation
methods, often do not adequately account for the strong hasdamptions and quantify common
errors and biases (such as recall error, survivorship btas,

Demographic surveillance site data are a valuable dat@eaurdeveloping countries, which
have not been fully utilized by demographers (Pison, 20@g&n et al., 2006). These data mimic
the richness and quality of complete vital registratioraghtit are geographically focused on docu-
menting the vital events of small subnational populatidree sites usually cover between 10,000
and 20,000 households. Most of the 60 or so DSS sites around/dnd are coordinated by
the International Network of field sites with continuous Degraphic Evaluation of Populations
and Their Health in developing countries (INDEPTHJurrently, within the INDEPTH Network,
there are 44 DSS sites in 20 countries in Africa, Asia, anda@igewhich register vital events
approximately 2.83 million persons.

Demographic surveillance has a long and rich history arahadvorld. The earliest forms of
demographic surveillance, which usually took the form afgtaregistries or local population reg-
isters, date back several centuries. The earliest knowalgtpn register is from the Han Dynasty
period in China (and modern-day Taiwan) during the secontucg B.C (Bielensteir, 1980). In

Swww.indepth-network.org
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Japan, population registration dates back at least to Tagitaration period in the seventh century
A.D (Farris, 1995). The oldest preserved parish registeEaurope are from England, France and
Italy and date back to the mid-1500s (Wriglev and Schofied@3dt Gautier and Henry, 1958; Gou-

bert, 1960} Alfani| 2006). These registers have their aggn official Church decrees and local

clergy’s practice of maintaining records of religious amadar officials. Such record keeping

was subsequently expanded to the local population. By ashtin more recent times, localized

population registration and surveillance has been mati/atore by evidence-based public health
initiatives. For example, one of the earliest forms of madd#Emographic surveillance was devel-
oped in China in 1932 in Dingxian district, which encompais$63,087 residents in the surveil-

lance area (Chen and Bunge, 1989). Further the world’s kirgmning DSS site, established in

Matlab, Bangladesh in 1963, was originally founded to thstéffectiveness of cholera vaccine
programs and has subsequently expanded considerablysizésnd scope (Aziz and Mosley,

1997).

Garenne et all (1997), in reviewing the evolution of dempbia surveillance data resulting
from prospective community studies, have noted that afjhane focus of many of these DSS
sites was originally family planning, there has been a &iast shift in their focus towards the
study of health and disease processes. Tollman et al.|(12%#) noted that such studies, in the
tradition of public health approaches, take the commurstyh@ object of study, as opposed to
clinical studies that focus on the individual.

The operational and technical challenges involved in thiection and storage of DSS data are
non-trivial. Data collection and systematic documentagicactices can be particularly challenging
in rural areas in low-income countries - where electricay @e intermittent , telecommunications
systems unreliable and transportation infrastructurenofinderdeveloped. Further, the longitudi-
nal nature of the data require sophisticated data manaderaatices, the living arrangements of
the resident population can be diverse, and the registrafianigration events is labor intensive
Berhane et al! (1999). Yet, these DSS data are likely to bhigtest quality mortality data avail-
able for most countries in sub-Saharan Africa. Clark (20¢&5 profiled their notable strengths,
noting that:

e DSS data usually describe populations that are not deskchipether data,

e they are individual-based, prospectively collected yflihked data describing whole popu-
lations at several levels, and

¢ they are longitudinal and often describe the long term hystd the population under study.

However, DSS data do suffer from limitations including issof (national) representativeness and
the relatively high cost in maintaining a DSS site.
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Madhavan et all (2007), in their detailed review of the Agim¢ Demographic Surveillance
System in South Africa, noted that the quality of DSS datadapendent on the local community’s
continued acceptance of the DSS’s objectives and the coiityisuimvolvement in the process.
In particular, they argue that the long-term presence ofX88 and its community involvement
contribute to high response rates and improved data guiéycontinuous reporting back to com-
munity members provides valuable checks on the local ratevand comprehension of questions,
and coordinated community feedback can help customizevbatting and the content of research
guestions. Thus, the underlying design and implementationess of demographic surveillance
are fundamental in ensuring high quality health and maytdkta.

The founding of the INDEPTH Network in 1998 has helped féaié the sharing of lessons
learned on operational fieldwork issues as well as collalmsaround methodological research
and substantive insights (INDEPTH Network, 1998). A key ivadton for this chapter is to draw
on these important advancements and contribute to theati@iof DSS data quality assessment
by integrating recent advances from the Human Mortalitygbase (HMD) project. The HMD was
developed to document the longevity revolution of the modea and to facilitate research into its
causes and consequenéeRhe technical work of the HMD has been underpinned by theiggid
technical principles of comparability, flexibility, ac#sility, and reproducibility. This underlying
rigor and meticulous evaluation of data quality has underpd a wide range of research publica-
tions on the nature of and variation in mortality transis@md population ageing processes across
several national populations (Human Mortality Databa$$)82. As more DSS sites are set up
(Aryal et al., 2012} Tran et al., 2012), and data from INDEPDSS sites becomes more widely
accessible, the demand for comparative analyses (bottebatdifferent DSS populations and of
a given population using complementary data sources) éylito grow. This chapter seeks to
contribute to an increasingly robust platform for such camagive analysis.

6.3 Literature Review

Bobadilla et al.|(1997), in their study of mortality tranaits in the newly independent states
of the former Soviet Union, have noted the importance ofgpamency in reporting underlying
data quality and the use of adjustment methods to calcufatables and summary demographic
statistics. They note, in particular, that both policy-mekand researchers need “to be aware
that overall measures of mortality, such as expectatioifieoht birth and expectation of remaining
life at all ages, may be substantially affected by the methused in the construction of life tables.”

4The Human Mortality Database (HMD) consists of high-qudife tables for national populations of industrial-
ized countries and thus represents high-quality vitalstegfiion. The earliest year for which data are available &l11
(for Sweden), and the most recent year for each country isnar@010.
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Demographers often evaluate data quality along two prindanensions: coverage and con-
tent. Coverage refers to the level of inclusion into the dgtem of people or demographic events
in the reference population or study area. Hence, coveragesaefer to under-registration or
over-registration of individuals and events in the studdaaiContent errors refer to inaccuracies in
the recording of basic details and relevant covariatesczsal with individuals and events.

In the sections below, | provide a brief overview of methoalsifientification of coverage and
contents errors and also review demographic analysis mgtihat have been used in data quality
assessments of mortality data.

Methods to Identify Coverage Errors

Coverage analysis has been carried out by collecting aeeview sample (usually via a post-
enumeration survey), matching the sample at the recosl-tevthe DSS enumeration and, and
then using dual-systems estimation to estimate the sizesafienumerated population (Sekar and
Deming, 19409).

This evaluation can be expensive and time-consuming, asdapéndent data collection ef-
fort is required in addition to intensive record-level ntatgy. Further, dual systems estimation
makes the strong assumption that the probability of an iddal/event being enumerated in the
first data system is independent of being enumerated in ttwndedata system (Freedman and
Wachter| 1994). Nevertheless, dual systems estimatioplagsed an important role in identifying
and adjusting for under-registration of minority popuat and duplicate registration of other sub-
populations in the decennial censuses of the United SiBtesvitt, 2000! Zaslavsky, 1993; Bell
and Coher, 2008). Recently official statisticians in thetebhStates have shifted their motivation
and focus of coverage analysis and evaluations that usesgsi@ims estimation. Less emphasis is
being placed on the adjustment of census counts and, instead focus is being given to the use
of post-enumeration survey data evaluations to informrtiq@ovement of census field operations
and processes (Bell and Cohen, 2008).

Methods to Identify Content Errors

Given the importance of age structure in the estimation atafity (and fertility), demographic
data quality assessment has mostly focused on reportirggeahformation. Such age misreporting
can be borne out of respondents’ ignorance, interviewes, lbiad data processing errars. Ewbank
(1981) has noted that there are four main approaches to ¢héfidation of age reporting errors:
(i) record-level matching comparisons of age reportingnia independent data sources (eg a pop-
ulation census and a post-enumeration survey), (ii) islecomparison methods to examine the
age distributions of various groups in a population to idgrstigns of unexpected differences in
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their characteristics (for example, sex-based compasisbage distributions), (iii) external com-
parison of age reporting of the same population from diffedata collection exercises, and (iv)
diagnostic indices (such as Whipple’s Index and Meyers @enindex) to identify evidence of
age heaping.

Despite their considerable expense, record-level majcétindies only provide a measure of
the variance in the age reporting error. But as Preston| €¢1896) have shown, by matching a
sample of death certificates for elderly African Americamthree successive census enumerations
in the United States, the direction of bias in age reportingpa@ individual level is unexpectedly
different to what is observed for the aggregate measuremAdiion of internal comparison tests,
such as sex-ratio tests for age misreporting, is that thegatadistinguish between deviations due
to age misstatement and deviations due to sex-selectivepoiging.

Diagnostic data quality indices are primarily used to idfgraige exaggeration and age heaping
in raw mortality data. Age heaping refers to the extent toollsige data show systematic heaping
on certain ages as a result of digit preference or roundihg.most commonly observed heaping
patterns are observed for ages ending in 0 and 5. Whipplééxiand Myer’s blended index are
the two most widely used measures for age heaping (Swansdn 2004). The classical Whip-
ple’s index has been widely used to test for age heaping anexging in 0 and 5, whereas Myer’s
index offers more versatility (with slightly more compltea formulae) in its ability to identify
preferences for any terminal digit. Age exaggeration istmosamonly measured by examination
of the ratio of deaths at ages 105+ and ages 100+ (Jdanoy20@8).

In addition to these techniques of identifying age misrépgrBourgeois-Pichat (1946) has
outlined a model for assessing potential problems withlarid child mortality data. His model
decomposes infant mortality into an endogenous or unahegrlgomponent and an exogenous com-
ponent that indicates mortality due to environmental fectd@ his model fits the cumulative pro-
portion deadg(n), in a cohort by age days between the end of the first month and the end of the
first year of life, as follows:

q(n) = a + bllog(n+)]? (6.1)

wherea represents the endogenous mortality component. Thus theyBois-Pichat model pro-
vides a useful benchmark against which to assess the qaabiyth and infant death registration.

Previous Work on Assessing Data Quality of Subnational Dengraphic
Surveillance Data

There are two main types of data quality assessment thataied out at most demographic
surveillance sites: (i) in-field assessments and (ii) pestwork assessments.
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In-field assessments include field-based supervision aherators, reviews of completed sur-
vey forms , and a re-interview process of a select subsamplgoooximately 3-10% of the house-
holds (INDEPTH Network, 2002). Post-fieldwork assessménthide both database integrity
assessments as well as demographic/statistical analysis.

Post-fieldwork data integrity assessments are focused mnigrg the relational structure of
DSS data to identify illogical values, invalid codes, dapte entries, and items with missing val-
ues. Such data integrity assessments are underpinned bgefieked relational data models (Ben-
zler et al.| 1998; Clark, 2006).

The demographic and statistical evaluations of DSS datlitgjbhave focused both on coverage
analysis and plausibility of the age-sex reporting of thpyation. Recently, coverage analysis has
been carried out using record-linkage techniques in BasdafSenegal to evaluate the reliability
and validity of maternal mortality and female adult motiatiata collected at a DSS. Helleringer
et al. (2013a), when assessing maternal mortality regprtionsidered the DSS data as a ‘gold
standard.” They found that 94% of deaths classified as preynalated in the DSS data were also
so classified in independently-collected sibling survivistories. When assessing overall adult
mortality reporting, Helleringer et al. (2013b), using tap-recapture methods, found that the
DSS was able to capture 89.8% of all deaths: 96.3% of adulalieateaths were documented by
the DSS, whereas only 73.6% of female deaths under 15 yeageoivere documented by the
DSS. These results suggest that DSS processes are mottveffecdocumenting adult deaths
than child and adolescent deaths and are consistent wiliereavaluations at other DSS sites
(Becker and Mahmud, 1984; Pison and Langaney, 1988). Goliet al./(2007), by triangulating
health and demographic surveillance with national censis, dound that DSS data were much
more effective in capturing temporary and circular migratevents of the highly mobile and rural
population studied at the Agincourt DSS — suggesting thel slata systems are less vulnerable
to ‘errors of closure.|_Fotterell et al. (2008) have, usirggadfrom Ethiopia, evaluated the impact
of random errors in DSS data on the estimation of demogrgmniameters. They found that the
effect of such random errors on the population age-sexldigion was minimal and that mortality
risk factors were largely unaffected even by relativelyrhigvels of random errors in the data.

6.4 Description of Data & Methods

Overview of Agincourt Site and Data

The Agincourt DSS field-sitewhich was set up in 1992, is situated about 300 miles norsh-ea
of Johannesburg in the Agincourt sub-district of Bushbidde region, of the Northern Province

SFor a detailed overview the Agincourt Demographic Surseite Site as well as its data collection and data
management processes, lsee Kahnlet al. (2007).
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in South Africa. Until 1994 the site was located within a Bastan (homelands) area. The field
site spans twenty-one village communities across an ar@d®fsquare miles. Approximately
one-third of the residents in the DSS area are of Mozambidgime- a substantial portion arrived
in the mid-1980s during the Mozambican civil war. Given tiheximity of the site to the Mozam-
bican border and the high unemployment in the area, temparegration is common.

As of 2010, the total surveillance population was 66,840ppebtving in 10,500 households,
with a population density of around 300 persons per squale mhe sex ratio for the total pop-
ulation is 929 males per 1,000 females and the study populé&icharacterized by a young pop-
ulation age structure. As shown in Figlrel6.1, the age-s&xillition for this population has a
classic pyramid-like shape for countries in sub-Saharait&fthe population is characterized by
high fertility, relatively low life-expectancy, and a higlouth dependency ratio. The setting is
rural in terms of distance from urban centres and lack ofstfucture. The main ethnic group is
Shangaan, although Mozambicans, originally refugeespcsemore than a quarter (29%) of the
total population. Both groups are Shangaan-speaking antMtdzambicans are culturally affili-
ated to the South African host population. The steady flownehigration into the DSA area is
shown in Figuré 6]2. There are mainstream Christian chgrechdependent African churches and
an amalgamation of traditional and Christian beliefs ateropracticed.

Figure[6.8 showcases the diversity of residential pattertise Agincourt DSS by displaying
six different stylized life-course patterns. Each diaddina represents the observed lifecourse tra-
jectory for an individual person while resident in the Aginict DSA area. Black circles represent
birth and death events observed in the DSA area, whereaswailicles represent in/out-migration
events. These six life lines show an array of residentiabhiss for native-born residents (individ-
uals C and E), as well as migrants (individuals A, D, E and &)visal trajectories (deaths during
the observation period of individuals A, B and E), and terappmigration events (individuals D
and E).

The Agincourt DSS site was established with a comprehebsiseline survey in 1992 in which
all births, deaths and migration events since then. Sulesglyuthis census was updated every 15-
18 months between 1993 and 1999, and from 1999 census upbdatebeen carried on an annual
basis. The data collected at the Agincourt DSS, as with afb Bifes, are truly longitudinal and
recorded as events and episodes in relational databasek,(2006). To calculate mortality rates,
we need data that locate vital events in time and clearly ohecu the persons years in which an
individual is exposed to the risk of dying in the Agincourt ®STable[6.1 displays the basic data
structure we use to identify vital events and derive basposure times for each resident of the
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Figure 6.1: Agincourt DSS Population Structure by Age arxi $897-2008

DSS area.

When an individual is born while their mother is residenthe DSS area, their birth corre-
sponds to the start date for their first exposure intervahdfdate of birth is equal to the exposure
start date of one of the individual’'s exposed intervalsnttiee birth is assumed to have occurred
within the DSA while the mother was under observation anglibcluded in any counts of births.
Correspondingly if an individual's date of birth does notiabthe exposure start date of any of the
individual's observed exposed intervals, the it is assuthatthe birth was not observed and it is
not included in any counts of births. When a resident indigicdies inside the DSS area, their
date of death corresponds to the stop date for their lastsexpanterval. If the date of death does
is not equal the exposure stop date of any of the individaalbserved exposed intervals, then it is
assumed that the death occurred outside the DSS area og @uperiod when the individual was

not properly under observation, and as a result the deatht iscluded in the death count.

95
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Figure 6.2: Counts of Population size, Births, Deaths, aAblligrations by Year, 1993-2008

6.5 Data Quality Assessment

To assess the quality of mortality data from the Agincour8DBEcarry out a series of internal
and external assessments of the data. Internal assessarepisluations of the data for internal
consistency or checks for unexpected and/or implausibigodeaphic patterns. External assess-
ments are evaluations of the data against external dataesotirat are thought to be high quality
and subject to only minimal errors in the underlying raw ddtamy external assessments, | use
data from the Human Mortality Database.

Internal Assessments
Sex Ratios of Births & Deaths

The sex ratio of reported births and deaths is an importambdeaphic indicator and a useful
data quality metric for demographic data. Figure 6.4 digplthe reported sex ratios at birth and
death in the Agincourt DSS data. We observe that the sexaatietrospectively reported deaths
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Figure 6.3: Lexis Representation of Diversity of ResideRejterns Observed in Agincourt DSS,
1992-2008. Individual A migrates into the area at age 9, aed In the area until death at age 14;
Individual B is observed in the 1992 baseline census at agel 4esides in the area continuously
until death at age 15, individual C is born in 1993 in the DSAaaand is observed continuously in
each subsequent census round, individual D is a temporamantiwho enters the site at age 7 in
2002 at leaves the area two years later, individual E is bodr®B7 in the DSA area, migrates out
of the area in 2002 and returns in 2005 before dying in 20@Byidual F migrates into the area in

2004 and is observed continuously until the last censusdrouB008.

(ie deaths occurring before the launch of the demographieglance site) are heavily skewed
towards women. In contrast, births recorded in near read¢-tlie those occurring after 1992) are
much closer to 1.0 - suggesting that the real-time recordirigrths is much more consistent and
complete across the sexes. The sex ratio for deaths, recbateeen 1993 and 2008, are subject
to much more variability than those for births and indicdtat tgenerally 5-40% more deaths of
males are documented each year than for females.
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No. Field Name Data Format Null Values

1. Individual ID Unique Alphanumeric String  No null values

2. Sex Male/Female/Unknown No null values

3. Date of Birth MM-DD-YY No null values

4, Date of Death MM-DD-YY Null values allowed
5. Date of Exposure Start MM-DD-YY No null values

6. Date of Exposure End MM-DD-YY No null values

Table 6.1: Data Structure & Format of Exposure Data from &gurt DSS, 1992-2008

Age Heaping

Raw population data are often characterized by age heapinghich individuals tend not
to give their exact age but instead they round their age uppamndo the nearest number that
ends in 0 or 5. When the ages are plotted, the age distribigitinsmooth and instead exhibits
high concentrations of individuals with ages in ending ir @ oWhipple’s Index is a widely used
measure to assess heaping on terminal digits ending in O (Bwléhson et al., 2004) and is defined
as follows:

W_5><(P25+P30+P35+---+P60)
(Pos + Poy + ... + Psr + P2

whereP, is the count of people (or deaths) at agm completed years.

(6.2)

The classic Whipple’ s index only measures preferencesoioaoidance of) ages ending in
either O or 5 without distinction. An extension of the Whigglindex was developed in Spooren-
berg (2007), called the digit-specific modified Whipple Indea which digit specific indices were
developed to evaluate potential preference for (or avaidari) ages ending in digits 0 to 9. The
digit-specific modified Whipple Index is defined as:

{ 5X (P34 Pyi+Psi+Pei+Pri) fori e (l 2)

5P3i72;'5g)ﬁ1i72;5P5iP72+;P6i7P2‘S5P7i72
X(FPoi+P3i+P4i+Psi+Fei H
5P2—2+5P3i—2+5P1i—2+5P5i—2+5FP6i—2 foric (3’9)

VI/Z-:

whereP, is the count of people (or deaths) at age completed years angP, is the popula-
tion (or number of deaths) in the age rarigex + 4).

If there is no digit preference or digit avoidance, the dgpecific modified Whipple index will
be equal to 1, whereas an index above indicates digit preferand an index below indicates digit
avoidance. Figurle 8.5 shows the digit-specific modified Wlendex for male and female deaths
documented in the Agincourt DSS between 1993 and 2008. Werabgreater deviation in the
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Whipple indices for female age at death reporting than folemaWe also observe that there is
no clear digit preference for ages at death ending in O or likeuwhat is observed in population
censuses from low-income countries such as India (whiéyelV; are usually greater than 2.5)
(Spoorenberg, 2007). Although we do observe non-negégibliation from the horizontal line at
W, = 1.0, to a similar degree to what is observed in population cessasmiddle income coun-
tries like Moroccol(Spoorenberg, 2007). Deviation of thedified digit-specific Whipple’s Index
from 1.0 to this degree is likely partly a function of the qtyabf age reporting and the stochastic
variation in ages at death that may be observed in small $omahpopulations.

Age Exaggeration

Age exaggeration, where respondents tend to overstatedipeiby reporting birth dates that
are likely to be earlier than their actual dates of birth, moammon problem in demographic in-
quiries — particularly amongst the oldest old. Demograph&hen assessing mortality data, often
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Figure 6.5: Digit-specific Modified Whipple’s Index for Mal@nd Females, 1993-2008

evaluate ratios of reported deaths above particular agetdify potential age exaggeration. Com-

mon ratios that are sometimes examined inclggg;ei— %190(;: an dD90+ whereD, . is the number

of deaths reported in a given year above ag&Vvhen3 D“ > 0.2, the data are deemed to exhibit

severe age exaggeration and wl%n falls between 15 and .199, the data are deemed to exhibit
substantial age exaggeration (Jdanov et al.,'2008).

Given the relatively small number of centenarians residenihe Agincourt DSA, | focused
my age exaggeration analysis on the ratio of deaths at#ges$o agesrs+, 5 Dg‘” . As shown in

Figure[6.6, Most of the substantial age exaggeration, W@éhe > 0.15, is assomated with the
female deaths suggesting that old age reporting of femalasgeneral of lower quality than that
of males.



6.5. DATA QUALITY ASSESSMENT 101

0.25 \\

0.20 \N\

—1 N .
I~ A / ’
| A / / AN o
N / AN \ /
o/\ \ II \ // \
\f

\ / °\~o\\

TR N/
\//\ N f \

0.00 o Male
T T T
1995 2000 2005

D90+/D75+

0.05

Years

Figure 6.6: Ratio of Deaths Above 90 to Deaths above 75 foeMahd Females, 1993-2008

Plausibility of Estimated Age/Sex Patterns of Mortality

To evaluate the plausibility of estimated age/sex pattefinsortality, | examined (a) the infant
fraction (defined as the ratio of the probability of deathwmn ages 0 and 1 to the probability
of death between ages 0 and 54@) and (b) the adult-child mortality quotient (defined as the
ratio of the probability of death between ages 15 and 60 tgthbbability of death between ages
0 and 5, m%). In Figure??, we observe that the infant fraction for females is fairlysigtent
over time with the infant fraction for males- suggestingt tigre is no systematic sex bias in the
reporting of infant/child mortality. We also observe thatgeneral, the adult-child mortality quo-
tient is systematically higher for males relative to thatfeanales. This indicates that, in general, a
heightened adult mortality relative to child mortality fmales compared with females (or possibly
a lower relative magnitude of child mortality to adult mditiafor males than for females). Ngom
and Clark (2003) have noted that, in South Africa during gesod, male HIV-related mortality
was substantially greater and older than female HIV-rdlatertality.
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External Assessments
Comparison of Adult Mortality Measures (e.g ,,¢.) with HMD Data Series

We consider two issues: (i) the completeness of infant rityr{@ge 0 only) relative to child
mortality overall (ages 0-4 inclusive), and (ii) the contpleess of child mortality (ages 0-4) rela-
tive to adult mortality (ages 15-59).1 examine the follogyimortality levels for the Agincourt DSA
in comparison to typical patterns found amongst HMD coestri

1. the infant fraction, defined as the following quotieﬁg:;

2. the size of under-five mortality relative to adult motigldescribed by the following quo-
tient; 22,

45415
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For these external assessments, | compared the Agincoudlityodata with all 37 mortality
series in the Human Mortality Database. For, ease of praBeni | showcase comparisons with
the HMD series for Sweden , UK (Total), Russia, and Ukraisdhase analyses are illustrative of
the overall findings from comparisons across all HMD segben examining the relative size of
infant and under-five mortality, under-five mortality obssat for the Agincourt DSA were unusu-
ally high for the given level of infant mortality relative the HMD series, as shown in Figure 6.8
and Figuré 6.9. This suggests that either the level of infamttality (relative to observed under-
five mortality) in the Agincourt DSA is either unusually higbmpared with the historical series
observed in the HMD, or that the Agincourt DSA is vulneralol@hder-reporting of child mortal-
ity (ie deaths occurring between a child’s first and fifth ltdidy). Further, there is more variability
in the observed infant fractions for Agincourt DSA than fongparable observations from HMD
countries.
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Figure 6.8: Comparison of Infant/Child Mortality PattetnsSex with Sweden & UK, 1993-2008
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2008

Analysis of the infant fraction compareddg, can be a useful means of identifying cases where
the under-reporting of child mortality occurs predomimait the first year of life. In Figuré 6.10
and Figuré 6.11, | also examined comparisons betwegeand the conditional probabilities of dy-
ing in the age intervals from 15 to 60 yeaksq(s). These analyses are particularly useful for cases
when deaths are uniformly under-reported at all ages belgeabs, as the infant fraction analy-
ses would be a poor diagnostic in such cases. However, trer-fimd/adult mortality quotient is
complicated in that this quotient represents both undesrteq of childhood deaths and genuine
situations of excess adult mortality. Further, for popolas from the former Soviet Union official
statistical agencies have used a non-definition of a livilabihus complicating the cross country
comparisons.

Figure[6.10 shows that the under-five/adult mortality qerttiobserved in Agincourt varies
considerably from patterns observed in the entire UK anddewéistorical HMD series. Whereas,
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Figure 6.10: Comparison of Adult/Child Mortality PattelmsSex with Sweden & UK, 1993-2008

comparison with HMD mortality series from Russia and Ukeain Figure[6.111 shows that the
under-five/adult patterns observed at the Agincourt DSA@asonably close, but still more vari-
able and extreme, to those observed in Russia and Ukraine.

The unusual under-five/adult mortality quotients obsefeedRussia and Ukraine are consis-
tent with the sharp increase in cardiovascular mortalitystality from injuries and violence, infec-
tious and respiratory diseases following the collapse @ftihmer Soviet Union (Denisova, 2010;
Shkolnikov et al., 1998; Murphy, 2011). Whereas, the comlplar patterns for under-five/adult
mortality quotients observed in the Agincourt DSA have batributed to the HIV/AIDS epi-
demic being primarily concentrated within the prime adeftnoductive ages (Ngom and Clark,
2003).
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Figure 6.11: Comparison of Adult/Child Mortality Pattedmg Sex with Russia & Ukraine, 1993-
2008

6.6 Conclusions & Future Research Directions

In this chapter, | have examined the quality of mortalityedabm the Agincourt DSS by using
some of the standard metrics used by the HMD team for botimatand external assessments of
data quality. Such DSS data are an important source of dexpbigrdata in low-income countries,
and are often thought to be the highest quality demograpdte dn contemporary populations in
low-income countries. The internal assessments certamtyirm that the Agincourt DSS mor-
tality data are less vulnerable to the sorts of reportingrerto which retrospective data (such as
population censuses and household surveys) in developingries are vulnerable, as exemplified
by the internal assessments of sex ratios at birth and dag¢hheaping and age exaggeration of
mortality data. Yet, internal assessment of the Agincou®Slata indicate that they do have a
substantially higher amount of age exaggeration and agargthan the HMD data series. Ex-
ternal assessments of the Agincourt DSS mortality datanag&dMD series indicate that (i) the
Agincourt DSS data are subject to more variability than HMbrtality data, as one would expect
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from a small subnational DSS, and (ii) the adult mortalitit@ans observed in the Agincourt DSS
data, in particular, characterized by high prevalence &/HIDS deviate notably from the mor-

tality patterns observed in the HMD data series - even thbsateeme mortality situations such
as the observed through the 1990s in the former Societ-loloetdes.

This analysis approaches data quality from a classical despbic analysis perspective, thus
providing a complementary evidentiary framework to dasgbquality checks and field evalua-
tions often carried out at demographic surveillance arétswvever, further research is required
to develop this analytical framework. In particular, thisalysis could be enriched by incorporat-
ing DSS data from DSS sites neighboring the Agincourt DS8h(ss other South African DSS
sites like the Africa Center in KwaZulu Natal, Limpopo, an@jiRale, and perhaps even the Man-
hicaland site in Mozambique) and also population/mostaldta from South African population
censuses and household surveys. Second, further develbfamequired to develop a framework
for DSS mortality data quality assessment that draws on eoisgms with geographically-relevant
comparisons (such as available population census dataghold survey data and DSS data from
surrounding areas) as well as comparisons to high quabtphical data (such as those from DSS
sites from further afield). Thirdly, further research is dee to explore how new approaches to
coverage measurement may be applicable in the settings®$ $which coverage measurement
is used to develop a more effective feedback loop to enhdweosointinuous improvement of demo-
graphic data collection. As INDEPTH DSS data become inong@savailable to researchers, with
the launch of INDEPTH’s iShare program, such data qualisgasment will provide an important
basis for analysts to distinguish data errors from actuataiity patterns.
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Chapter 7

Conclusions

In 2015 the international community will assess progregstds MDGs. The MDGs build on
Alma Alta Declaration in developing a framework for assesshof and accountability in devel-
opment progress evaluation. There has been considerétieassfd some commendable progress
towards accelerated development progress and improvedrhtealth. Most notably, on child
mortality. For example, Togo, Guinea, and Laos have all hdo$tantial improvements in child
mortality. In other countries, such as Benin and Niger tie®been limited progress in reducing
mortality. Whereas, in places like South Africa, Kenya, &mtibabwe their have been mortality
reversals.

Yet, many countries lack basic vital registration data #@uat critical for the accurate mea-
surement of age-specific mortality rates. As a result, fones@ountries there is considerable
uncertainty associated with mortality measurement. Famgte, in 2009 the United Nations Pop-
ulation division estimated the probability dying betweges 15 and 60 (ig;q;5) for females in
Niger as 310 per 1,000, whereas the World Health Organizatestimate for the same quantity
that year was 440 per 1,000.

The progress in establishing vital registration systentseahational level has been slow in re-
cent years. Such systems are expensive to set up and mafP¢airaps as a result, at least in part,
of these considerable costs and operational challengesilgimn and health practitioners have
focused more on the collection of household survey dataylptipn census information, subna-
tional demographic surveillance site data, and sampletragion data. Vital registration remains
the gold standard in mortality measurement, as it providesly and reliable information on both
death events and the population at risk at both national abhdational levels. As this disserta-
tion has shown, while there are many alternative work-agda@glutions to mortality measurement,
when comprehensive/high-quality vital registration diatamot available, all of these alternative
approaches come with notable limitations and trade-offs.
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When examining child mortality estimation methods in laegaurce settings, | found that in-
direct estimates are generally consistent with directreg®s, after adjustment for fertility change
and birth transference, but dohadd substantial additional insight beyond direct estimiaHow-
ever, choice of direct or indirect method was found to be irtgrd in terms of both the adjustment
for data errors and the assumptions made about fertilitthodigh adjusted indirect estimates are
generally consistent with adjusted direct estimates, sootable inconsistencies were observed
for countries that had experienced either a political omecaic crisis or stalled health transition
in their recent past. However, the observed inconsisteridientified suggest that the indirect
method is particularly prone to bias resulting from viadas of its strong assumptions about re-
cent mortality and fertility. Hence, indirect estimatesuoider-five mortality rates from summary
birth histories should be used only for populations thatehexperienced either smooth mortality
declines or only short periods of excess mortality in thegent past.

When examining adult mortality estimation in low-resouse&tings, using historical household
registration data, | found that the kin-based estimatiothoas, namely the orphanhood method
and sibling-survival method (after adjustments are madsuovivorship bias) were the more con-
sistent with life table estimates than death distributiethmds. Although unadjusted orphanhood
estimates are the most consistent with life table estinafteg s, they refer to periods about 10-
15 years earlier than analogous sibling-survival and déistinibution data. Though, by adjusting
sibling-survival data for survivorship bias the perforroarof the sibling-survival method can be
considerably improved.

When examining the quality of demographic surveillancededm the Agincourt DSS site
using data quality assessment methods used for the HumatalljoDatabase, | found that such
demographic surveillance data are less vulnerable to thie ebreporting errors to which ret-
rospective data (such as population censuses and houselte&ys) in developing countries are
vulnerable. Although internal and external assessmerttseofAgincourt DSS data indicated that
such data are characterized by more substantial age heapihgge exaggeration errors than in
most HMD data series. Further, mortality series construfitem such DSS data display substan-
tially more variability than HMD mortality series, givenatithey represent only small subnational
populations. Nevertheless, such demographic survedldata like those from the INDEPTH Net-
work do provide a strong empirical basis for the assessnfdraith and mortality transitions in
low-income countries.

These findings all show that indirect methods can be useftgitain stylized situations. But
in situations characterized by stalled health transitaomgeconomic and political crises, arguably
the situations where we need reliable mortality measuréthermost, such indirect methods are
often subject to considerable biases and limitations. @Hieslings build on previous work that
has examined the limitations of using incomplete deathstesgion data and mortality data from
the Demographic and Health Surveys to estimate child anti axdutality (Gakidou et al., 2004;
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Murray et al., 2010). In doing so, they call into question toatinued reliance on work-around
census and survey based methods as a long-term approacprtwving mortality measurement
and therefore supporting the effective reduction in premsatieaths and burden of preventable
diseases. The findings in this dissertation also clarifyctrmimstances in which indirect methods
can be used effectively and reliably when comprehensivkreyistration systems are not available
- a situation that will likely continue for some time, evenhére is an imminent, renewed political
will and scaling up of civil registration systems in devalgpcountries.
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