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FOREWORD

The Division of the Depanimem of Inler
nationat Economic and Social Afflap of the United
Mation has becn concemned with the tasurmenl of
demographic pheoomena fw over 3 years.  The
research programme of the Division has been desigmed
0 improve U collecton, analyas apd understanding of
demusnphh: regds and palecies; and jis anadytical siud-

ies on mortality, fertitity, urbanization and populsion
sructuce have beso wadely wied by both Giowérmments
aod &holars,

A weries of echnicel manuaks hay also been published
by the Population Division, destribing methods of
demagraphic analydy and demogmphic sstimees and
projecibany needed for the purposes of economic and s
citl polickes. These manuaks deal with methods of o
tUmalimg totad popplation for cumeni dates, npprlinhg
the quality of basic data for populslicn esMimaks, pre-
jecting population by sex and wge, ﬁlll'ull.lllg basic
demographic measurcs fom meomplcic data, projecting
the: :mmmmﬂy Belivt popalateon, Ireaswmg interms
migration, and propecting houwsshalds and familiss, The
mosi recenl madaaks are Momad FTI: Mettiod for Fro-
Jecitom q,"{.ihnadﬂwm'hﬁmhrrl ond Manwal 1X:
Wig Frogrosvimes on Fartility,

In the 19%604. many Governments became increasingly
aware of the implications of Lhe unprecedenied popula-
oo wends for economic apd secial development and
hegm by conssder policies designed o modersie populs-

th. Howewer, wjequate demographic da,
mm.l]y in develaping couniries, were bcking. Recog-
nazing thin chers was & serions gap bebween the guantits-
uve informadion about populations and (he anewnt and
quakity of dats aciually svalable, the Popalawan Com-
musson, 41 it twelfh sesdon in 194Y, recommended tha
& thanusl be preparsd on methods of estimating futda-
menial demographic meatonea from ncomplete daie,
sin0e it was apparcnt Ihll there waa 6 necd for 8 menual
that woukd make positbe Tor & demo-
F’I]J-l]llfﬁl‘.lhslll:llrl o d':mn: e maximucn of rchablke
information from dals m & centos or demographic sur-
wey, At dve request of the Linpted Mavcns, Anpsbey J,
Conle wod Pan| Demeny, with Lhe azictance of . D
Esten, Erna Harm and S5 B. Mukherjec, preparcd
Monual JV: Methodr of Ectimaiing Baxic Demographic
Mectricres froms Tucommplews Date 1 which was publisbed in
1967 1is importance and uwsefuloess were quickly recop-
nized by demopraphers and siabshiciana throopghowt the

I 'Wnited MWl pubdiatash, Sales Ko E.74.0).3.
# Lnitnd Waipoac publicaoen, Sk Mo, B CHILE.
Tapmlued Maons pubhcacicn, Sales Mo, E47.01LY.

windd, M [V was reprinted in 1969 and 1978 0 ae-
commminlaee the Macy requests.

Sipoe the pubtication of Mamua! 71, & oumber of new
lechniques for estimading fertlity and monality levels
and trends have been developed and maey of the eaclier
methods bave been refined, Al i ndnélesnib ms%on in
1977, the Population Commesron mecommendsd that
Mavwid [I bt peviced b take into secound the advenees
in methodology and the changes in the demographic si-
uaton in recen| yearad Sipee such A revikon wak al
ready under way through o peogsct inidated by the Com-
mittee on Populanon and phy of 1be Asem bly
of Behavioral and Socl Scietioes of the Nauconal
Research Council, Unied Stalsy Natonal Academy of
Scfences, i wat deerded than the mcommendutions of
ke Population Commisskon would be ben served by
Jjoint effcrts b develop the present mangal.

The Comminet an Population snd Demography was
egiabliashed in Aprid | uncer the Awembdy of
Behavieral aod Social Soences of dthe MMationat
Reseanch Council. Funded by the Liniled Stages Apency
for Intermationg] Development, the Commiliee has on-
Jeriaken Brec mbjor wsks: fa) 2 evaluate avadlable avi-
dence and prepary exumakes of kevels and drends of ler-
hlnt}' and monsily i sekcted developmg countries; (b

ve the technodogier for esimaing, fertibly and

iy whep nnlj.l incompiee of intdequae data exist
{mdudmg wchniques of date collection), wd {c) w
evaloae e facion dewrmining te changes in binh
rlss m developing counimio.

The Commilice ap he Aird mek hrough
careful essssment, by diemad aod exteroal nson;
and through anabysis, by K-ition of the moal reliable
methods kninwn, of all the daw sources available, Each
of the cooniry siudses undenaken thecelore conseied of
the applicaden of & renge of methods w 4 dumber of
dala sews Bey esumates of kevels and recent ends were
then developed on the grounds of their concistency and
Plawibdlity, agd the robumines of tee  individioal
melhods lrom whick they were derived. Several country
mpots on bevals and ends of fertility snd morabicy
have been published

The Commitzes sscond task, refinzmeel of methe-
dology, was scen as g by-producy of schigving the ir.
The application of particulsr methods 0 Becy diferem
daia sets from difieenl countrics aod refermng o
different time periods would inevitmbly provide vahuable
information about the prectical fosclioning of Gthe

'ﬂ.ﬂiﬁm’z’ﬁh Eromamdc oad Social Comwll S p-secomd
4, para. 135,

5.#.-.-u|.bln|’rm lee Mutional hchdemy Pros, Y100 Cipuaidion
Avenee WKW, Wasngu, DC. 204138, L'uml Simees, of 4 merica.



methods themeelves, Panicular gata sets mighn also re-
quire the development of new methodology or the
refinement of cxisiing techmiques.

Manpel X has iy ongins in the Grst 1esk of the Com-
mittee on Populetion and Demography, hut it has grown
w inchude the presenmbion of the methodolegical
e reyulting rom the Commitlee’s work on
ity secnnd Caskc. When the Committes weas Brst consider-
g e etablishment of panels (o prepare couniry Mud-
vk, it recogmiced that much of the valuable mﬂl'hdﬂh:lf-
bkl weork carried out in e preceding decade was widely
scuoiered throdgh echofes! publcatons which wers
diFicult 0 obiain- To Bwalivine che poned's cuimation
wock, the Commiitee decided that il would be wschal 10
have & raousl of the mo#t up-w-dae  analyocel
oiethods, A the work of e Commntee progretied,
several wew mehvods were developed and & number of
exisling methods wers refined. In view of the Liniwd
Mauans work in this area, (L was declded than the mgny-
H, ratver than being & mere o] in dhe preparacion of
country ifudies, should become an opeto-dats <om-
prehingive  demographic  oMInAGOnR  manual o he
Jevedoped with the collaboraion of the Papuldtigd
Divisian of the Bepanimenl of Inemational Economic
and Social AR of te United Netions Secretariac

The project that is the subject of this repon was ap-

ved by the Gowerning Board of the MNational
cxearch Touncl, whose members are drawn from the
councils of whe Malional Acedemy of Schences, the
Manonal Academy of Enginesring and the Institure af
Medwcine, The members of the Commiliee fesponsible
for Uke Tepon were choten far their specin] compelences
amd with regard for sppropriske balance. The repon has
been reviewed by » group other than the authen, ac-
sording b0 procedurss & by B cOMMilles CORSEEL-
ing of menbers of the Ackdenies snd the [nstitute.

The Unibed Mations wishes w tank Fapoeth Hil am
Hania Zloimk of the Commiter saf and James
Trussell of the Office of Populaton Reseanch, Pringelon
Liniversity, who weote Momed X, Hama Zlotmik has also
prepared cornpuler programs 1o apply some of the 1ech-
mrgues desiribed in this work. These are published in a
separale volumnet enuitked Comgputer Frograms for Dese-
Frephie Extimanion; A User's (e ®

The Upnited Mations al53 wishes ko thank the membess
of the Committer on Populanion gnd Demography for
their contribution s this imporanl siedy! Ansley ),
Coale (Chaieman), (Hice of Population Reseatch,
Princeion University; William Brass, Cencre fog Popula-
tion Studies, Londan School of Hygiene and Tropical
Medicine; Lee-Jay Cho, Exst-West Population Inastule,
East-West Center, Honolule; Fonald Freedman, Popu-
lavion Studies Croier, University of Michigan: Mathan
Keyliz, Depariment of Saciology, Harvard Universiny,
Leslic Kish, Institowe for Sociel Rescarch, Universicy af
Michigan; W. Parker Mauldin, Populstson Division,
The Rockefellker Foundation; lene Menksn, Ofice of
Population Rescarch, Princedon Upiversity, Sarmwel
Preston, Pepuladion Swedies Cenler, University of
Fennsylvanm; William Selwer, Sntstcal Ofice, United
Nations; Conmad Tatuber, Kennedy Institute, Ceoter for
Pupuleoim Reganch, Georgeiown Univemity; Etienne
van de Walke, Populatwon Swdies Center, University of
Perngylvanis; Rabert 1. Lapham, Study Dareetor,

Acknowledgement is also due o the Unined Maigons
Fund for alation Actvilies, whose Anancial gram
made possible the printing of this Mamal

¥R Mo || of ke Commilees o Popidnnicn aned Demengrapho;
l.ﬂ.ill.l:ﬁ?rm Ihe Malioanl Academy Pren. )
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INTRODUCTION

A, DK INZ AND SCOPE OF Mamet! ¥

Mamu¥ X weg originally conceived £5 an 4id o popu-
Intion matnly from develmping cowniries, o
carry oud Ihe best poasible evaluanon aod enphoilation of
Tocal daw sources. T was alsa meanl o serve a9 the
Mramewwk on which (e detailed counlry reporks

red by the Committer on Popalalion and Demog-
¥ and ik paneh should be based. Use of prekim-
inary aecthions of the Mamwa! b ceoy out the
Commilise™s work demonstrated Ibhal il i3 &
welul research waol, digeminating the st fecent weh-
Tigqeass of demographic sstimanion. The coliaborston of
the Populatien Daviden of the Department af Tnjema.
ional Economic and Social Affirs of the United
Manions Secrerardan with the Commictee on Population
and Dremography assures an even wider sudience for the
Marwal, makitig it yel tare imporiant thil wstrs under
Hand mlhmg ni'?lu origing in order 1o be forewamed
F the limitetioses of the presenition,

Manual X i particulardy valuable beciuse il is the
mosl complzie compilation to date off l.ﬂ:hmqm auited
for dhe ll'hllrlls of incompleie or defectire demogaphic
data. Even m this respexi, howerer, the Hmmrj s oot
perfixt. During the past four years, the Aeld of dema-
Araphic estination has expanded Consdebly, and the
tmsk of mamwming the Momea compiersly up-io-date
was beyond the capabilitics of i awthors. Furthermore,
a5 pew methods wers scd nod tesked, il frequently
becarme apparent that their robusiness o eoror was nod
as high s expected. Therelor, in severnl instances,
metihods included in preliminary versions of the Moma!
had Ly be abiered. 1t is poagible that some of the methods
included im the present versiom will require Tuture
modifications (o improve their performance.  Thus. in
termis both of scope and of detail, this volume cannot be
condderad the Jast word on demographic sMimanen.

The sioad quality of Moww! X 03 thal il B “user
arwnked”™. %% hes been given o the way in which
eslimation echniques are applied Detailed examples
are provided, and the averall iepdency has been io
imcbnde tpn much gewail radver than oo Litde. This sirat-
gy conirasb aharply with the praciice nommally fol
lowed in papers published by professional jonmals,
afen Lhe only publiched sources of information abou
recenily developed methods. Dtvisutly, thes alneady
famitinr with the methods described may consider such
a level of dewil ennecesary or overwhelming. How-
svel xpenense has vhown that the deiail iy useiul For
the lest sophisicated woer, for whom il in sasential thal
no errcrs resoling frem the Taulry application of a
method be confoundsd whh (hese already pretznd in the
datn usd,

As 4 consecuenice of this user-oriented approach, &
coniscions Mol has been made to smplify a9 moch e
possitde dhe descriplion of cach neetbod amd of fhe
ratipnale underlying it. Suwch n sEwkegy is cerinly in
agresmenl with the “how 07 chamcter of the Momsx',
bt 1 teduces iy theorelical significance. Therefom, Lbe
wser of Masoe! X will find informalion concerning the
aviilable iechniques, the basic hypolheses un ing
them, <trtain guiding principhs About casey in which it
i3 fod Approprats o use given melhody, detuilad axam-
ples of how 1o apply the ischniques proposed and some
guidance g3 W iR interpretation of Lhe raulb ey
yicld: bl even loe masiery of the entire Mamaa! will
provide the user with litde inkghi ini bow sew ech-
niques or aliernative approsches o avaeilable chniques
can be deveipped. Lo this sense, the Manual i mon &
tnol than & generel theory of indirect sstimation. The
useT whi is interesicd in 3 more theorclica] trealmenl
ghauld conanll the papers avadable in dw demographic
literature, references 10 which are pravided ip the LX),

A lurther Tmitation of the Mowual i thl 0 deals
meinky with the esimation of ferililty and morality in
deveboping countriss.  There are other demographic
processes affectdng e populations of thee codnines
imrgrauon, For ewample] which are ol reawed here,
There s w0 theoreitsl st that the technique
described should pol be applied o sccurmis dels from
dmlup-:ﬁ coumiries (and indeed many of them huve
been, with generally wéry salisfaciory resulty) axcapt thal
such applicationz me not necesary from the poind of
viow of cvaluating the data, though they wre often of
imteresL in evalusiing the methodology e, One area
of demogmphic anabpis for developed conniries in
which the twechaiques have proved osefol i historical
demogmphy, whene the dats cunnot alwayn be axsussd
b be accuraie, As long a3 the undedying ssuinpbions
are more or bess met, e methods presenied cam be
applied under any conditions, thaugh their use may s
be nevesaary,

Ferbaps the most zenous Imitation of Afaeud X i
that il does not provide sufficient for ihe
assesament of reaulis, an spect ul‘.lnl]}:u that is Al
somewhat perfuncionly considersd in the likerwtare,
The reason for this omizsion is thal the I.Hk af nmen-
mend s eAlTmely com varying wnd: t-Ei
calion o applrciLion, o 10 0E :Irlm nn K
lay down geperad roles o perform it This hrliulhn.
exmceraied wosome degres by the modular sruciuce of
the Mol Indoed, Bince every sclhon in daai W
be st sli-conisined a3 possible, mosl exsmn ar
trented independendy, leaving litte room for dhe inter-
meihod, inkeremporsl or imerdsis companiaone that am
2 {llumpinating ic ecousl soalyss. Becapss the cowntry



sidies prepared for the Committee on Populaion and
Demography of the Naugnal Research Council slempd
to estabdish coherent puetorts of the demographic evoli-
tion of & population, akieg ko account all the retevant
dacx svailable, they provide more insighis into he
ansmenl of reulls fom diferenn methods. diia seb
and ime penedds. and inio the way hat sengs can be
made of & varery of imperfecdy consasbent eslimates.
Therzfore, it is pecommended thay nsers of dthe M
pefer @ the country repons Jisted o the end of this
iArduction ks aubr:glﬂ of how the results yielded by
the methoch described herein cun be wad efecuvely In
combinacinn rather than in wnlation.

B. DEFIMITION QOF INTIRECT TECHHIQUES
I DEMCORAFHIC ESTIMATION

Demographic uimalion consists of the atempn o
mensure values of basic demegraphic paramensrs, sich
ok the Finh rate, ihe death rate or the bevel of conal feeil-
iy, upder ks than perfest condubons. Thes: basic
paramesers indicate the way in which a population will
ewnlve, in tmd of 5ize and ape simctune, over L,

The izrm “incirect™ used to qualily some of the wch-
nrques used in demographic citimation has i ongil in
the fucl 1hai such techniques prodoce esimales of o cer-
win parametar oo the basis of informetiop tbal s onky
indirecily related to it valee. The classic example ic the
nw of Lhe propoclica of children dead among those sver
borne by women aged 20-24 years to cslimate the probe-
biiny of dying beforg gge 1 The observed properion of
chibren dead & cleary relatsd ko moradily condinons,
Bl il i ool a2 pure mopality mepsure becanse (f B
alecied by other, pon-mortality parameders. In order i
ramyfarm this proporlion indD the deured life-tabdke
funcrion, ihe other paramesers must be 2llowed far. gen-
erlly by wsing procedures founded on demographic
mdels. Thersfore, ol oRly 5 (he iformauon wed
“indivect", Tl the prcedune [ollowed, although tondad-
erably simplified in praciice, is by no means sicsighifor-
war] theonetically. The extent ¢f imdirccmeay varies
gremy. however, among procedures, in ferme both of
tbr reliance on models and of the cumbar ol unwaned
feciors that have o be allowed for. The term Mindirect™
is therelore weed Lo déscribe any estimaton method thal

5 upon models of sy consmtency chetks, o
imferd wiek conventosal da in oan unconventiosal

wiy.
C. NEEDFOR INTOTRECT E3TIMATION

TraditionsNy, demogeaphic sstimaton has been based
on et collecied by censuses and by & vingl reglairation
o A CHoinuous regiration syabenn wsadly hag the

sk of recordiog vl evenls (hinhs, dewths, mameges,
divorses eic) ms they occar, When this syalem is coup-
Isd with pericdic counts of the ulation [Censuses),
the calculabion of d:m%:ihi: pRrameiers beoomm
possible. Asuning thal the regisiration of vital
cveni and the censis counts were perfect, demographic
paramecters codld be caltulaed direcdy from the data

reponied and inere would be po et for indirsen estima-
ton. LU'efonussicly, bowever, in many counptries odey.
cither the daws-collection systems descnibed above do
o exish or their perfommance i 30 poor that the esti-
muled obuzined dirsedy from tbe dew tbey produce are
severtly Bawed.

Soms of the persibe deficiencics of a vital regisiration
syste, where i eaiss a0 all, may b oudined, The main
defichency 15 il failuee 10 record all vilal events a3 ey
oecur. For eabmple, it o well known thel births may go
unrepisered for sevedal vears. Only when (ke child is
ready to join the public cducalion mystem, or some other
type of organization for which 3 birth cerlifeats i
required, is the bmh reporied. In couniries where &
sitcable proportion of the population s never ikended
schocd of been 10 ady Way coonecked with official -
izatigny demanding idenlity cerufcates, many binhks
mey never be regimered. The sane may be wue of the
birtha of chikiren who die very young, in such cxses, the
parents may consider g regislention of either the birth
or the death (o be fugle. Adult demhs are likely sither
10 be reportcd near the fme of (hein GCEurtences o not ol
all. In most countries, & death must be pegisered belore
¥ burial permil i kawed. Hense, more peaple may dnd
il neccssary to reporl deaths sonn afler they nocur, aope-
rially in urban arcas where buaria] grounds are often fe-
stricled (o ceriain areas whose administrators are dosely
supervised by governmend officigls. However, the neces.
sty for a burial permit may be practically pon-exten
in mirak areas, where Liey wilh e povernment adnios-
Iration are weaker. Therefore, it iy aod surprisang (o fnd
thal, in ypite of the begal necessity of registering denths,
many of them are never recobded.  The vilal registosdon
sysiem muy alsc be deficient in recording characizristics
al gvents, such 2y zﬂnl death. age of mother at a binh,
or mahers parity r & hinh,

Censpyes, the sepond ocomponent of the wadicional
dempgraphic Laimanion input, are &lao far fhom yidding
periccl dats. They sulfer mainly from ovo iypey of
em: Lhe failore to enumerate all e members of the
relevanl population (though, occasionslly, soms cen-
sukén have also prochuced populabon overcousiny wed

ra ing on the pan of the popolation can-
?mﬂrﬁm I:IJ'!‘:I'IE: of the populstion by age
and s2 is alm very ofien pressel young children, espe-
Gally, wend 1 be undercounted o & greater eatent than
the adult populatica), snd i efcco candod alweys be
wparaud s of mpe misstalenent,

D, EvOLUTHON OF INDIRECT ESTIMATION
AHD THE COHTEMTS OF Mtniawd X

Faced wilh the impossibility of obisining reasonablc
mesures ol demographic i direcly froem the
radixioznl daw sourmces, have devels
g el of pechriques i allow their [ndirect eatipaation.
The develapment of these techoiques has taken two
main courses: either the scarch for mobust methods w
analyse dats that have been collecied by the vaditlonal
sysiems (swch a5 2 method designed o ertinite 4 death



raie foom vidl-regiairaion data of unesniain aecuracy’
or the search for queslions thal cas be eoswersd with
reasonable sccuracy wed thal provide enough informa-
con aboul & cenam demographic phenomenon o pe-
mul et indirecy eximmuon of ity lewel (for exatnple, the
ust of informaiion on the inckdence of orphanhood w
et ndult mortadiny

Because of their reliance uwpon special aypes of
questions, mdirect meiheds af sstimalion of the secnnd
type bive come (o be closely pmociiled sath sample syr-
veys. Indecd, (e sample survey provides perhaps the
best means for collecting the data required for these
Lechniques.!

[huring the sl 4nempls K obidin eslimatkes of $émao-
graphic parametens fromm data gathered by amphk sur-
viEys, the questions ided were he sicnightforward guenes
sumsl-tdqby the mraditone! daws seurcet 1 birth aw
was & be eslimated, the pumber of Binhs eccaming dur-
E‘Iﬁn‘ given year bad o be known;, heoce, the guestion

w maay barths have cccumed 1o this household Jdur-
ing the past yeur™ was oo be aphed. |nwas soon mealired
that one could da beuer by saking each womin of child.
bearing age in the brusehold. “How many children
have you had during the year?", and recording ber
age. With that informaton, age-specibic fertilily rates
coull nko be estimuied. If an estimate of the death ke
was needed, 8 question on deaths i he bousehold dur-
ing Wae year preceding, the survey would be used. If 2
death bed pecwrred, recording the age and sex of the
deceased would permin the esimadion of age-speci e
ardd 3en. ific central montaliny raies frem which » life
tabls could be derived. Thirs, a compleie demographic
profile wias a1 hand, jusi by saking tw or (hees cm phe
questions,

Unforunaiely, the ntsults obtaintd from: these sorveys
dikil ¥ makch capecwtions. The death raies oblined
worr Mmos inveniably 100 kw and the birh ks osa-
ally seemed implaucble. The failure of the quention on
deaths wus cxpinmed by arguing thel peaple do not like
10tk of such cvenls; they wash wo forgst them, Adso, it
was argued thal the occuntnce of & death within a
kouschold mighl bring aboul the boaschold s disiniegra-
ton, & thit bousbholds existing nt the time ol the
survey woold be ovore likely not (o have expenienced
deatha of any of hele edull members dunng the preced.
ing year than would those which were in existence al
some dime duning U course of the year,

A further reanon postulaied for the Fo-nr perfarmance
of thew questions was the txisénce of & MsconcETHiON
oft (ke part of (b espondent of the length of the bime
pericd being alluded . The vagoe cxpreason “dering
the preceding year™ might sod be interpreted by (hose
being imiervicwed a5 exactly the 1Z months precediog
the imtervicw, bul insiced a6 m bonger or shorer period,
ecoording o caliors! factors,

t Fowr an m-dipil n iz al Lhe varimos dats-collection echmiques
mre pvadable, xt Pl cw Chte Collerisn, fﬂ'ﬁ!‘l‘l?' H'i\rlhr:
Extiastioer | hﬂrﬂwm“ﬁ"“‘l Rt-;fch‘ {w:.ﬂhcm
miCen < Nk w y Mepon Mo ingaon,
C_ i iy Freds. [FE1E

Further inals with olber ways of phrasing these ques-
uons have shown than their performance may be
imprinced L some exient by making them more specific.
For exemple, the pericd being considerad should be
specified a5 exacily as pessibbe, prefecably by quoung
dares thal have special relevance for the populehion
being interviewed. Thus, when a sumvey is (king place
during he second hall of November [, for eanmple,
iL may be bener ko ask “Elow many children have youw
had zince 1 Tenuary of wthis year? Lhan “l{ow many
children bave you had sibce 23 November 19717 The
frstl version of the guestion does pot ¢over 3 complex
year, hun il wondd petfiorm beaier than the second in a
calendarconscions weiely bicause 12 Navember iz nal
likely to be & significant date for the wespondents The
systematsc errors infroduced by résincling the informa-
ton eollecied 1o perieds that are shomier than a year i
length are casicr 0 correcl lban are thox arising, from
iMCoTEC b rESponses.

el althouph b deta produced by these questions
[or by the mosi recend and best version avadable 1o
xplote recent binhs—aamdy, "What was the dae of
your modl recent birth?” —poasd 1o A1 women of reqiro-
duclive apes) arc better, they are sbll far from perfecl
Omision aod recall errors are always present to varying,
degrees 50 hat special analyticel toods are necessary for
the agsegament And correction af the hasic data. Same
20 years ago, Brass® propascd a method that made pessi-
bl the adjusiment of Lbe reported dais on Births o the
pasd year. Thi meibnd is based on the smple e of
comparing the declared lifetime, or cumulawed, femlily
of young women [children ever born} with comubaed
period fertilily obtained from B question on birhs in the
past wear, Brass argued that although the aomber of
Births reponied as accucring in the year before the survey
might oot be cormec, the proporibonate =prar might be
more or less constamn with ehe nwother's age, so chan the
age.pattern of recent Tertiling could ke pecepted sven il
the kvel could not Smilarly, one would expect
younger women o eeporl their bfeime Teruliey mone
accuraely, sinte their birthy would have ociumred Farly
recenty, 0 thal therr kevel of Lifetime ferility could b
cordidered rehakle. The comection proposed by Bras
was o t the two mosl reliable paris of the infomma-
tion wvailable, aking the age padern of Tepality from the
observed number of births i the past year and scaling it
o match be leve] of feoility indicated by the hfetime
fertility reporied by younger women.

That idem gave rig 10 & 3encs of methods exploiting
the dewn oo children cver bom, obisined by asking
women of mproducive agss the question: “How many
children, who were bom alive, have vou ever had?”
These melhods are presenbed in chapier 1 Az (ar as
possibde, all of them take inte accoum the usual
deficiencrs of dask on children ever bom, such as the
iendency of vlder women W declare Eewer children than
the number they have really bomme. This 1endency hay

2 W Bmay, mLlsed o e nuud oF Shatey dulie o I okl v o w3 lel
ram”, (E¢CH A2 AS ALY 5T paper d for ine afncan Sem-
manon Witad Sisdidecy, Acllis Abuba, IFIE‘!! Tezcembser 1dd,



been explained by arguing thal oldér women may sither
omil thos: children who have died or report only those
who il Irve wath therm. Omiasion may be minimized
%ﬂinﬁ maore ifc questicns, sach as: *How many

ildren de yoo have who live with you™, "How many
children do you have who lve clsewhere?”, and “Hew
many chikiren heve you had who hawve died?” The sum
ol the io these questions gives the desired
oamber of children Sver bern.

A by-prodict of the dala on childen cver bom galh-
ered by the set of three questons just presented & the
number of children surviving among those ever bom.
The rutic of these two numbers, that is, ihe proporticn of
the children who are still alive, has kong béen mcognized
m an indicator of <hild mortality, and Eras® was the
st v sugpest 4 method &0 wansfori these ratios (eom-

for women im sach Gve-year age proup) into Life-

ble mensures of mortility, Some of the vaneais of his

original method are presented in chapter 111 They con-

stitute probably the mosl powerful 1schniques of indirecd

ic eslimation, sspecially in view of the

dilculty in ohdaining valid csimeks of child morality

from megisintion daa where, s peinted oul carlier,

centhys of young children are particalarly Fusceplible o
s

In e ura of ol momality estimation, mwo
spproaches were deviloped almos sinultansously. The
Erd was based oa the ibrlity of gatheting daia Ooal
wauld indirectly provide information on adult montaliny.
The demographic sample mirvey provides an ideal
mepns of collecting these daia, becawse if allows the
types of questions thatl are eapected to provlde reasdo-
ably reliable resubts o be esled without | EXpETISE.
%o far, w0 guestiops have proved wselul for the estim-
ton of 1dull mortality. Ooe propesed by Brasm and Hill*
th estinimt: female monelity invesligates the matemal
o(I:Inlhmd stats of each member of the populiiion
'l yoer mother gliveT"); the other is used & cyumane
mule or female mortality by Dvesugatiog et sucvival
sulas of the fmi spouse of women or men, respeclively,
whe have boen mamied at least once Is your first hus-
band sull alve?*, “Is your first wile still alive?™).
Psspomipes o thess questions have been found 1o exhbat
e characieratic biases, Young children whose orue
motbers bave dicd are very ofign living witk pdoptive
mathers; and ihe ndinit W 3 queshon oo suraval of
mather s pol likely to make the disipction when
snswering, dither becaue he or she simply docs n
koow about the adoplion or because be or she Tegls thal
the mutier should not be reporied. (Indeed, wilh young
children, the “respondeni™ is net really the respomdent
al all, sincé mi information 3 provided oy an adult
booschold member) Therfore, the ue incidence of
orphanhood ot younger ages 5 ofen undemreponed aod
e adult morality o poung adult (emalss cannol be

—_——

) ped
4oy, B anad K. H. Hill, “Esigpting aduh meonalily from A
. laurrmottanol afiare moe, IEI};TL&{:F. ALEE-
magiaa| Uwicm fr et Saciemnifc Srndy of jcl, 1913, ok 3, pp.

1hl-021.

eapiabead with confdence, Daa an wadowbood, on e
other hand, is affecied by remamiage. To avoid Wis
terr, omdy the survival of the firsd 3pouse should be
investipaled, and the ion should meke this distine-
ion a5 clear @s possible. Furthermere, in countries
where a substanlial cion of te onions are of B
vonsensun| type (that is. not kKgahided) one must make it
tlear o the erpondemt thal “:Eup:" amd “coascnrual
unicn paniner” are equivalenl. When phrased propedy,
thig question can yield data of good quality. All existing
methods of adull morladiey sstimaon based on orphan.
hood and eqdowhood deix are deewsed i Chapaer 1V

In the seqond spproach i adull metaliey samaton,
Braz® wied w make vee of already existng cats,
obained cither by a registration system or by & quertion
cn {decaths in the pasi year asked in a survey, on Lhe
number of deaths classified by age apd scx occuming
during & given period {usually & year) 10 & ceriain popu-
lagion of kpown age disiribution. A ample mode] aseo-
ciating the reported age diuribution of deaths wilh Lhe
age distribution of the population was developed, bascid
on the assumpton thal deaths are equalky anderreporiced
al cech age and thal e population is stable, and was
used as & method sllowing 1he estimation of the extem
ol relative undemegisirmton. This method snd & similar
bechnigue ty Preston and Conke® are preseniad
i chapler ¥,

Mom of the echniques described above are applied
dowa thel are gencrally puthemd by sample surveye
though il 5 primanly cos faciors which preveat them
from being pathored by cemsuges, which are, after all,
only 1 speeial of wurvey, Yo, fypically, consoscs
have nol iecluded fduny of the questiony pecessary for
indirect estimation, i parl becawse of the seceasity ol
mainimining the cenvus quesuonoding shor in order not
1 prejudice the cverall quality of the data. Hence, il i
fairly common lor censuses W ciabilsh onty the age and
sex distributicn of the populanon being coanted and,
perbaps. o0 gather some informaon on  houschold
sippciure, Bs far w demographic informalion B con-
centd Only three questions ane required & falfil this
poal: ope on age, one on sex; and one espdoring the
talationship of #ach reporied houstbiold mem ber Wy the
besd of the hooschold, Almesd every cepsas carried cul
during the eenticth cenwry hat included questons on
age and séx, s Wbal agt dedributiony of the populalon
by sx are available for many couniries For different
peintt in weme. The development of mathematical
riodels relatng differenl sapects. of population growih o
the ohserved age distribution’ has given st W several

¥ Wilkam Bram e g ForTiyr vl pureaabiny fivem
Livitesd and Friociive mﬁhpﬂ HI Hﬂr&rﬁrﬂln. Curalinn
Preia|wijom Cemier, [ nbovmkaies for Pogrulisiom Sanlmbes, 1935}

B Samuel 0 Preson, Andey J.hﬂnlh. Ll_lu Trome il 'm_l-dmill«'lmmd:.l “1
Wamnsin, “Edimanng, te complelznem of mpofiin adult deaths
i = [T 1] l.r'; approximuiehy sabie™. Pipiﬂau Iz, wid,
& ML Summer 19D, pp. LT920E,

T Anadey | Coubt amd Fadl Demeny, anl Moale! L Tobder ol
Lnuide (Princesen, Hew Lemey, ton Linversiny Frim.
[ amd MyJ.fmquHM-gH-mﬁr
uimtions: A Aforietiveirisnl [uvertpation [Frsceton, Minr ¥, P
I.ﬁ'l.]ﬂ.hlll:il.rh‘t.-. 19TEL



techmiques of estimation h.'uad on the age structure of
ihe population at & given ume.! These kechniques clien
make ust of sels of morialiny rodels of of models of age
distnbutions of thesretically stable populauaens, Such
seis A known a5 “mode! lile mhles™ and “model stabhe
popalalions”, and some of the scis available are
described in chaper | The estimation techniques that
use them are presenced io chapter VI

Treditiooally, the information yickled by & ctmsus
queslion on relaionship W the Tead of the household
was not used for demegra I: eslimd g pi rpeses. That
situation changed wheo Cho' suggested 3 method that
uses the stated relatonship o head of the howschald G
identify, whent possible. the miother af eech enumerated
child, Onee the child's. mother ia identfied, the age of
the child and that of the mother are available; and it =
pissible (o cormpute age-specific fertility rtes for cach
of the (D¢ 135 veaps preceding the census whepever esti-
maks of chikd and Memale adujt mvorielity are available,
In couniries where young chitdren are nal diferentially
urdercpunied, where moat young children live wilh their
mothers and where age-reponing is reasonably sccuraie,
this method yields good el 1 s ity suited for
the stwdy of he age struclure of Tertility—provided, of
course, that BE:-II‘II.'EI‘:pD!‘I.II‘I.g, i nod severe, Since this
method requires For i spplication sstimands of dema-
praphic parameters thal ere usually obwined by
methods desoribed in carlier chapiers, it i presented in
chapler ¥I11.

Lastly, il a counlry poasesses a relabively gond death
regisiralion mystam, i may be possible to compare s
performance wilb indicators of morality provided by
succepive cencwass since Lhe diference belween counts
of the same cobopl at two diffcrenl points in time is, in
the wbeence of net migraton, only the rexalt of portal-
Hy. A& meihod that, by comparing death regotration and
CETUE COUNE, permis the estimation of death under-
FeglaIration :nd relative Cendus  complelsness  of
enumerstion™ is presenied in chapler 1X.

E USECF Mamesd X

Mamual X is inteniled (o describe some of the more
ising lechniques ¢umendy available to make
indirect estimaies of demographic prrameters. Exch of
lh:tndiuiqt:;dpumlbdishnudunlmW:mIm
simpified mode] of reality, where by "model™ is meanta
sei of muthemitionl relation: belweon melévant demo-
E:;hjc variables, Some ondersinding of the mode|
dving each echrigque is sssental for 1 adeguan
wie, wid 1 endersind & model 39 60 have a chear i of

¥ Mol 7V m &.-m:; Premsgrpdic Abesimuser
IENI Imosplity Dol 1:{ KU pu‘rrlhul.rnn falea Mo
SL.XMLL)-
¥ Lty ['ha, "The cwn-chikdezn o h Lo lzetalily Eoliomlon:
l-l clabrtion”, [nfmarlwen Likga P34
B Iql.:rnlh-nnll Union for the Eoensfc Stady nl' Fopulaiins,
I vl I, pp. 263-XH0

I} & Pepon and K. Hill. “Exlimating. U M mes of death
;l&iﬂl‘lliﬂl“. Fopulrbon Sradier. vl J Mo 2 [lwly |58 pp. H9-

the hypotheses of axsumplions on which 1l & bused, 1n
describinig sach technique in this Meweal, ke sunamp-
tona on which ils undedying model is based art always
emphasized.

The models ynderying the wchniques preasgisd ofian
take int0 acocunt some of the flaws thatl s likely o be
present io actual dasta. For exampie, the technique that
allvws the estimation of ol fenility by mmplnng.
cumulnted current ferility with rzrurled averige pa
specifically amsumes that recent Temlny has I.I'H: |'| t
shape bul nol necessarily the nghe kevel, In othet i'nfd.s.,
it takes into sccount the deficienciss soticed m dema
relemiog 1o mecent fedility and, in cosequence, it is
designed o be robunt W the oypecsl erross found in
actunl das. As far ay postible, quher ischmigques sre aiso
baped o0 mosdel thal make vme aflowasor e the
exptence of rypical daw errors and are therefore wed
suited 10 permit the ealimalion of demographic pareme-
berd from diank 5208 the are bess han sdeal

However, even tho these iechRiques dre quite
poweriul, they do not sobve all the probdenys than arise m
demogrmphic cslimation.  For examphe, their perform-
ance is gl ally mmune w the effecs of ape-
misrzporting, nor i il entrely uzte when
differendnl emors ARE BrE refore, the
aoalyst uking these ixhneques 15 well-sdvised to e
fully the quality of the dats betng anaiyeed before

ng of repectng the paramessr values yielded by
particular indirec méthods, [Fa minge of indimect tech-
miques can bé applied in & puriicular case, it is anlikety
thal their resalis will be embirely tonsisem, The choice
of  finad sstimute amnong, the poasibie candidates will be
bascd on knowlcdge of the ways the methods prosrally
periomm, om knowledge of tie particular data seis bring
used, and oo knowlkedge of te conniry itsell and i e
bpms Such jrdgemenis arc based largely on 2xperiencs,
and no anempd hay been made in this Maiel 10 provide
Feocral rales for them beyond indicating bow particulnr
error affect the resdin of paricular methody

The strategy followed in producing Wemwal X' has
been b desiribe n the simpldest posnble way e
s e pl and, i necerary, the acwal models on
which esth lechnigue is based; and to provide Lhe
reacker with a detailed descripion of the aciual applica-
uon of each method. The organization of each waction
deribing a lechnigue consists wsually of fogr yabeec-
uons, The inrpduciary porlion describes the baain of
the method and it raGonale; the second lists the dals
required for its bon; the third describes, in

eocral kerms, how the methed is applied; and Lhe
?nur:h 15 &0 ewample of 15 spplicadon 10 4o actusl daw
set Both the subsection déscribimg the compulsticnal
re arwd that cormes ing to the detailed exam-
ple are divided ins different and cleady lahellzd aieps.

As Tar s ibde, the secton deptrbing 4 parteular
ichnique s inended o be independent from other sex-
tons of the Afasecl, so tam the wser may refer b It
without having o work through the endre volume.
Ocemsionally, when o section i nol entingly wlf
conmined of sell-explanasory, the reader in referred to



ber pars of the Manua! where the necessary concepts
of pepcedures are explained. However, the user should
elways read the mipdductory comments of & chapier
befare ysing & method from that chapier, since the gen-
eral characlenistics of 1be daa are described in that sec-
hon.

In generl. all the vechoiquer presenied are Ty easy
10 epply. The practdunes descn bed are especally sumed
iut the analvst who wies 8 hand celcolator and
some patience. and she i willing w cemy out $ome-
times lenglby computations catelully. The background
required bo anderstand the sssumplions and the pro-
cedures described in chapiers 1LIX censosis of & famil-
writy wath basic demungraphic Measues apd a conmand
of elgelbrm. Howener, 1605 realized tha wo grasp fully the
mathemaocal decvauon of the decaographic nvodels
presenied o chapier 1, a good command of saistcs and
of cabculus is necemary, Thes chapaer, although present-
ing some background muisrial that s very vseful in
understanding the qiber chapters of the Mamual, does
mod canliorn 10 cheis level of simplicity; and altheogh it
# recomended char every user read it, ful! undersiand-
g of 18 foneenl s ol necessery for the successiul
applicarcon of the metheds deseribed,

I it hoped thar this Masas!' will falfil bwa fonciions:
s o dicaciic ool espesinlly sited fior those wishing to
lenm hoow 1> perform pdirect demographic estimarion;
and 45 & handbook Bor the experienced demographer
who meeds & quick guide o the application of & venery
of demographic saumation @ohniques Tos sirongly
recommended thel B 1ypes of wsers read thos imipo-
ducoon enbirely befors achiog |he Rchmigues
themselves. as It conliins INFOMRGION ieceatary L
understand  the  conventions  and  nodanons  wsed
throughout the Manwa!. Furthermors, whén only one
method in & given chapier 5 of inlenesn 1o the user, it is
recommended that the inroduciory &cuon of the
chapier be read before foosing on the method iself,
This sactedn udua ]y states the asaumplions on which the

netthid o based and the ermors 1ypically found in the
lype of data being used. N should not. therefore, e
overlooked.

The techniques presented have been prowped inte
chaplers According i the type of dass they require and
nol according 1o the bype of estimates they vield. There-
fere, several chapiers meed to be Lonsidersd when one is
mteresied in paremeter 1vpes tather than m daie types.
For example, age-sperific Peritity cates may be
estimaled from date on children evgr bem or from
tensus or sunvey dats wher the identification of owo-
thikdren is passible: and while all the technigues using
dals on children ever bom Io estimate fertiliy are
presented in chapier 11, the own-children method of fer-
lility estimation is presented in chapler Y11, wopether
with other reverse-survival lechoigues. The samoe obser-
vation could be made aboul adull evortality estimetiop,
which can be performed silher when a disinbution of
deaths by age and sex cxigts or when dats on orphan-
bood and widowhood or even when successive age dis-
tobutions are availabde. I is hoped that table 1 and the
aonciated index ables of cach chapter may make the
sekection of the 1ethniques appll'l:.iblie b diﬁ:r\!nl GTTH
seis straighiforward.

To conclude, il should be pointed oo thad alihongh
atl the examples presented are based om real da. the
results obained from the application of 4 certdin
method 10 an isolated sed of isformation should not be
considered definitive. Frequenily, the spplication of &
meethod requires several picces of informeton obtained
from different dan ses of sogrces: and il is impessible
within the scope of this Mo th assess in cach cage
whether these external pizces of informanon Are wtiy.
Gaclery. Im other imstances, the application of a certain
method of shrmation reveals inconsistencies in the darg
that make the msulis suspect. In such cases, farher
explordnory and explanatory work would be required io
restilve these inconsisiencies. Yel, since the purpose of
Mamuad X 15 00 illastrate the way in which the methods

TanLk |, Sommiars duine o ddaskall ¥
(Tl Tiple' iy gl plwen _ Seirraved rwrerima
I Ewsmanen of feniling besd on Children £uze bom Tl Revilitp
imfowmunion aleour cheldrews  Binks in ahe i v Ape-speiafi ribes
Gl o Miemisd ol woniem Bunh rpae

Tl poguulacinn

I1l. Esmimarian al chid modalily
frem alcmnaliann an chekdren
mwer boam and chidren par-
viviog

IV, Estiensliom of adult sunavar
tHhap prababilities [t mior
mation oo orphawhocd snd
e i

Hefprandemic il laghee ulive
Hupudenu willt lacher dand

Chikdres murviving
Chikdres desd

Children =ver hom
Mumk=i of wamen

Respondents wilh malher ali=e
Respodenls wilk mealher dead

Peobhilmies of  vurviving
fepas tomk DTy W3R
S Dy W14k 1

Probadilwies of  suriving
from wye 15 boage % =
xofor z— I 15 6
amomg females

Fradupdlaics o swrwiving,
fram age 135 e 374010
age 3 4 xardd = xj
for ywliIl 1% _ 3
wnoag males



Toban | (ooniiswed

LI ——

Puvmbienl jaieibeit et

¥

¥l

¥ill.

IM.

Emiwiaiaton of sdul simvabing
from dnkormaocn on de &t
Lo v e n-l"d-u'l.lubyq;t

Dt of & anoh RWe
bl o 1wl of murvivor

chip protabiitie

Featility mnd mortality mstimn-
Gow winy modd Fab agr

Essimatiern  of Blily by
minint-RIr Tyl ol

Pmimaiion of sdult morisbiog
seremlve cemme g
pint harion

Evtomarmid fewuake
Liom wilh firsl hwsbaned llulz
Ever-mamied [ermale populas
tiom with fArel harband dead

Evvr-mauritd mal populatios
willh N el wlive

Ever-mamicd make population
wih dm i daud

Dremi bt bt ey agm
Populusion dauisfied by apt
Gt e

Edfmmin e of cirlbd morialiy

Ermnualns of sdull memialicy
frren orphandeood, o wido-
Imnd.ud-u.ll.h:elj.luui-un

(icmih ala
Chikd mewtaliey (7 0|
Apx didribubon

Fopulabion cesdafed by sgpe
Estioma|es of child meaniality
Cinees L Tabe

Emumeraied children by samgle
yoar af age wed simghe penr of
i ure " HEE

Fe-.lh F:lpl.lll.l.li;lﬂ hy ample

E!ﬂmuuni'cllkl mcwcalily
Extimases of f=mpte winlc mos-

calily

l'apull.l.iun enamarnled s baa
POl oaese Aok o 10 penr
man, clesied by B -vead
e gL

Fopulasion Snumarsinl B o
print w Unee clicslied by

g
Rocomded mwerotnial  deaths
clasified by agr

Probabibies of murviving
[mml.E,!.Iﬂb:ll.,EI.fDI'
w8 gmang

e

Protubililires of samiing
fmm sge 20 1o wge 1, Mor
F=15 ML .. 4% wmong
Ferahes

Adjudment el for
Ueiihs

Afjutied ape-ppecific Tem-
ik rwordlity mler R
W e [{F

LComplese life dabhe

Hirlk e
Cenl mi=
Croa e
Lifle imh

Binh ace

L Lty Pl

Ageapenifie  feridgy s
fr e [0 e 15 pears
PRt MU MER lion

Towd feruby (o the s
Umme pe el

Lile cak¢

Complalesti o dealk
P rarlic
Complesid  of  crarus
Hhimaralita

Lift ubir

are applied and not 1o obtain complels, cohsrol demo-

ic profiles of the cases siudied, & thorough valda-
ton of the resula obipined has pod generally been
atempied. Herce, alikough thin Manal i well suilsd
to instiruct the weer oo how to obiain the pisces of the
puzdc, il dots pot go far snough in showing bow ko pul
them wpether to fortn & comsistent pichure of the demo-
araphic sincatkon of e poprulition concemed.

F. DEFINITIONS AND CONVENTIONS
This sechios dibcutss hriclty (e convenbions ascd
lhr-uqhuul this Mol coneerning both nolation and
el definitions. Of cowrse, the
{I:ﬁlmnm nécded in particolar chapien ar gven there;
bol m onder to dvoid repetidan, frequenty msed pembols
are definad in thiy pecon.
First t0 be discussed is poialicn. Becuuse of the wride

variety of concepts used, il bas been impossibke nor

%mlﬁnul mcaniogs to the same symbol in
di L chaplers. Even though this practioe clearly
violates srict mathemationl eonventions, s Beaibilivy
far outweighs det dight confusion, if soy, that it may
caws, In order to awiid asch confosion completsly, tee
reader must be wware of the cases in which difem
meanings are aspociared wadh the same symbol, Within
oy chaper, a pven fymbol Slwans refen w e same
oype of dits; howeer, its exact algebraic definiuion may
wary aceosding o incioes asorissd with it For etem-
pie. the symbol & wusly represenis the npmber of par.
306 in s0me age proup, bul M{x } i the symbeod uwsed o
represcol e rumber of persons. in te sge group fiom x
o x +1; + M, is the oomber of na whoss sact Ages
mange [fom 1 o x 45, N{r +) represeets the aumber of
persens aged x and over, and N (r —) is the pumber of
prraons below age x. Of courss, the ¢xact definitien of



cach of these vaniations of the smbol Vs stated within
the chapter where it is wsed., but it would be helpfut for
the user o remtm ber deest requenily ased vanations of
mEAning.

Anocther erample is the use of F 10 represent averags
paricy. Lsually, P/} represents the everage parity of
women whise eges raoge from x = l0+3H) to
3= 050 + 1} slthough occasipoally il repressnis the
aversgs panly of women who were firm mand
between py= 30 — 1 wod pp= 300} years befiore the sur-
vey. Furthermore, in sections where more than one sur-
vey 19 considered, P, 1) is used 10 represent Lthe aveTage
parity of wOmEn in Qroup | hmeJ,

Some symbals have different menings v differtm
Chapitrs. Since this Mamal i3 orgemized i a modalar
fashicn, with each chapier or moduls being |II'?'='|]'
independeni of ather chapiers, this misusé of symbe
ool expected to cause probleme. For example, it will be
quite chear to the eader that i chapter YL Ox} is
used o represent the proporion of Lhe populsGon under
agt x. while it chapier V. the lemer C 5 wed o
represenn the ssilmeied complelensss facior for death
rpistiraion, Since each of e definmrons of © i3 wsed
convigently within 2ach chapeer, s walikely dhat con-
fugion will arise, as bopg as @ is femembered that
shapiers should be treaied a9 modules.

Cn the other hand, some symbols are wied con-
sigrenly dhroughout the Mempal. These symbols are
e Brvec below:

bz barth rare. More aceurately ealled the “coude Birth
e, foag the rang af the oumber of birtha acourmiog in
4 populauon during 2 given period and the nember of
person-vears lived Yy the populanon dunng that nime
pl:riud.. The lawer figuct is vivally spprozimaied by the
uxc of the ulation a1 the mid- -point of the peried,
I'll:lllt]:lhl!d h:ﬁ:t bength of the pericd in years. This ek
i unull;r eupumd i barths per FOO0 populanion; tha
o, i o value i muloplisd by 1000, Yer i the
Mumug!, this convenion s ol followsd, Therfors, wlt
barth nu:sql uoted mre numbers smallker than unity, which
mequint multiplicaton by 100 w be comparatde o
figures cied ebsewhbere;

o demth raie. The comphee name of o s che “crude
demb ™ I the raio of the number of deaths
aocuiring in 4 population duning 4 certain lime period
wnd the person-years lived by ibe poputaton during thai
tme period.  An a.ppm::im;iinu of this number of
pl:m:m cars lived i5 ofen obimined by multiplying the

i population by 1he wﬁnu:yhngﬂipiln VEITE,

Usulll ﬂ':ll]l abes am also iIP]':H-:d 1 1000 popula-

IEILIu is, their true value is maltiplied by 1000}, b

I‘.!m practice is not followed here, Hence, all demth rams
quoded in Lhe Afomaal are dutnbers saller Tham wnity:

" rate, More praperly known as the “crude
mit of nuturdl increase,” v o the diference bewesn the
hirth and demth ks defined abeve, Crude rlies of
ontural inctess ke oflen Exprikdd A5 PEMCERIAEES,
This tee is eotictly svoaded in this Mo, B
espezially in this case, e tender vl be awarse ol il 3o
a3 12 be able to make the corect comparisons between

the fpures quoded bere and thowe presawd in oher
sources. A% an rxample, noke thai a value of r = (0280,
tbe foerm o which growih races ate espressed hereing i
syuivalen! tw & growth cate of 2.80 per cent in conven-
benul fomy;

gix ) prohability of dying. Throoghout the Mamerd.
the life-iable probabibicy of dying between binh and
exgel age x is denoied by gix ). Eeing a probabilily. the
valus of gix ] cannot be greater than one. Althouph its
value can alsa be quoeded as per 100 (per cent) or pee
100D, it is ned whe vsoal raclice Ly de do. Heonee, he
reacker will fAnd that the gix ) values given hers have the
same (it &S thase generally used elwwhene;

fixy probability of surviving. The value of M5
m probabiliy terms, the compkment of gix), thar s,
fx)= L0—gix} By defimition, /ix) is the probabilidy
alf surviving from birth bo exact sge x; and il is conven-
ooal pracuce (o express the ((x) values in per 100 or
per 10000 Form, This tice is especially prevatent in
the consiruction of life tables where [ix ] 5 also inler-
preted as the huntber of persons of exacl age x in B $3-
tomary populansn with mdis (0. The arbitrany selec-
tion of the value of /(0) amouots v muldplying all 1he
true probability valoes of /(x) by a constant, i order to
avoid using decimal paints, In mes of this Monusl, (TN
has thet value af one; and Lthereforz, { (1) 5 2 probabiley
value never greater than one. However, an saceplion o
this conventwn vecurs in section [ of chapier 1%, where
the Tadix of the esiimated F(x ) values cannot be known.
therefure making impuessible their wraoshation inbo brue
prabablilies of survival ffom bicth. The wser should
make a noke of the general corvention end of this main
eaception in order @ make allowancs fr the Anak posi-
ton of the decimal point when meking calculations or
comparisons with respect o other eslimailes;

ey capecition of hfe. The symbol e is wsed 10
denate the average expectanpon of lifes af a growp of sor-
svivors on Teaching age r. The expeclavion of Nifs
birth 15 deooted by ¢, The walue of ¢, represenis the
averege number of years thal the memiers of the sa-
Lopary dife-able) population alive at caatl BgE x may
expect 10 live. The reciprocal of £, {1.002, } is the death
cale over gge x lor the stalionary populstion. Another
rame for &, is "lile capeclancy Il age x ™,

sm,t ceneral deach races, specifie by age. The syotbol
wh, & uped W represenr cenlral death sanes caleulaed
direcily from the number of dearks eccurnng w the pop-
platien in Wbe age group from x te x 435 and the
persan-years lived. When the cquivalent measure is cal-
culaied for B siafionary uwlation {life ilakle), an
upper-vase M i used 10 iodicate this act (oM, 1

F: average panly. Demographers define parity as ibe
oumber of Bve births & woman has had. Average panily
B therclore, the avefage number of live barths per
woman, of the average number of children ever bacn
per woman, The use of the indéa {10 denoe than avers
age parivies refer w different age groups of women has
becone comnuon practice. Therefore, inscead of denod-
ing the averags parity of women in age group E5-1% by
oy, 35 The wsusl actuarial aciation would dictate, the



symbol F{1} waa selecied. Emte in typing P{E) rather
thun 4F, has led o the widespread scceptance of the
fovmer scimbion, und il was adopled for (his Monw . In
faci. il hes even been abased, in o sense, because o
mpiesents bodh age and marmiage-duralion  growps,
pocorthng 10 dhe case al hand. and it was exweaded by
using i K ikger some variables ciber thmn parity.
Because of the simpleaty ad frequent use of Ine index-
ing vapiable / in thiz Monwal and dsewhere, the user i
adviaed 1o become familiar with it

Fiiy oge-apecific Fertility rale. In dhis Momual, £}
represenis the age-specific fentility rate of women whose
age Tanges from o = I04+% to x;=104+5+1) In
general, the index [ used for parites s osed inoan identi-
cal fashion for age-specifc fertility mies, Thus, {1
represeals lhe ape-speciiic Ferility mie for wimen aged
15 19;

TF: wial Feriitity. Total fertiity i, by definition, the
averige number of children bom to women who aorvive
the cntire reproductive Life BEII'I, il can ke cither &
period or & cohort measure. Whed (ol fertility is mens-
ored on the basis oF period dala, il is an estimate of the
wveraps number of chikiren bom v members of &

hypotheticat, mortaliltyIrec cobort thal is subjetd, during
ik eolire reprodictive life, o the age-specific Teriline
rates for the penod. Thus, if the age limis of female
reproduction ere aken as being 15 and 30,

p
TF=3Z flik

=]

Eap and In: the seponential and the nawral boga-
rithm, respectively, The symbol exp o ated 0 dencic
the valwe of r, an imiiondl nuniber whote fird seven
digits are 1718282, This number is defined mathemali-
cally as the base of natural logarithms (denoted in his
Maritaal by bn, though sl commonly denowed by log, 1
The use of expoosatinl and bogarithmic funcions s
common in the specilcabion of demographic models and
the reader should be acquajnied with their mathematcal
properics

Even though this list of copyistenily wszd symbols s
m exheusiive, 1 Joes highlight the mom ipotian
characierislics of the relevant onet The reader may fmd
it meefol to conull (s saclan shenever any of e me-
bods listed here appears in lnder chapiecs,
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Chapter {
DEMOGRAPHIC MODELS

A, GEMERAL BACKLROH MDF

Demographe muodels are an allemp 1e represem
demographw provesses in the ferm of 8 mathematical
function or 5¢1 of funcliens relating 1wo or more measur-
abk demographic vanables. The pnmary purpese of
medefling w simplificapon. 1o reduce a conlusing mass
of awmbert i o lew, inethpble basic parameters. or o
make Wosible an appeodimae repeeseation of ealny
withoun jis complexiny.

Becaww All demographic models atlempr o represenl
reality, they are based w0 a greater or besser exlenl on
actur] data, Yeo according #o their degres of depen-
dence upon ohserved data, iwo broad categonies can be
distingueched. On the one hand, there are models dhai
can be derived solely from 3 seil of simple assumplions
or poseplames. An example s othe stable populalion
mekdel which arises from assumang tha fendlicy and
mowth liny have remained constam for 2 sufficiendy lang
pencd. The proal of (he convergende al almosy any inj-
Tl age doaribiion w4 seabbe sgoe afler Beang suhjec
for & lng time 1 conslant fernlity and meseality can be
carried sl mathomadically without recourse o any 1ypo
ol chserved data.’! Yet, 3 model of this sonl is pawerful
only U the excent to which it reflects an actuat process.
Therelore, even though the sable populaicn model is
nok derived om ecngsl observations, only ithe good ficir
provedes o the age sructures of populations thal mighi
reasnnabdy be copsidered "siable” {ie., baving been
subgect 1o unchanging ferslity and marcalily for many
years) satabdishes ies valee.

Om the ther hand, there are madeds that coukd nod be
cenived at 8]l if suitable dake were md available. In this
catcgory e mast of the madel life tbles thal have been
popossd. These models anse Fram e sylemgtp;
wnalvsis of obsecved maonaliy panerns and froom he
distevery and explojtyion of common patkems preseal
rt Theim.

In general. mest models fall between these qono
exirémes; that = vhear basis 15 oeither pairely ermparicat
nor purely thearenical. In facl, some have evolved From
& purely emperical o 2 purely theoretical foundation.
Ap example of this ¢ of evolulion s the nuplialicy
mipde] Arsn presenled by Coale?! It arose from Hhe

U alered 1. Laika wnd F. R Sh.nTu. & nrobled an @
Wlialribamiia . P el dne, ek 20 W 2Rl D9 TR p.
X540 and Ansley 1. Coale. Sromad ang' Berw rere af Hwesan Fup.
whanony. A Sokerwnce femeoigaion (Franceean, Mew Herey, Frpce-
son Uimivermily Frec, 1972

T Anstey ). Coake. “Age pallems i mamiape”. Papuluion $udvs
wol. KXY Mo 2 duby W% pp. 195214

analysis of mermiape rates among sebecied populalons
TCoale discovered that by suitably changing the spread,
ihe localion and the area under the aopalily schedules
af these populations, they could all be made w cotifomm
W the same swendard shape Funher analysis showed
bt thes shape could be chosely appreaimeted by a
proabability densily funclion corresponding 1o the sum of
anormal and several exponemiii| randem variebles.

In probabidiny theary, an eaponentally distribuied
random vanablée B fequetily usd as o model of
wilhing-lime perods, Hence, the density that approx-
imales the sandard suplialiy schedule suggests an
appealing descriprion of the process by which e ge
‘abes place: women ener the “marmage markel” {they
bvome sxnally acceplable vandidates For marrage)
avcording i a e mal disiriboiion; end, onse they reach
thiz spane, their acoual nme of Sntrance o marrisge it
Just the sumn of several warling Tomes fLhe wne we find the
Fight pariner, the e i amange a weldng & .

The descripeon of dhis parlicular process of meodel
creation seems imeresting because il clearly illusirates
how profitable the interaction beiween fact and lhml}'
may br. Besides. this model is especially appealing
becawse it achieves an almesi perfoct amalgametron of
rcality end mathematical theory. Mot ooly dacs the final
equation arrived a1 describe the obssrved duta with high
accusacy, bul once discovered, ils inderprelalion appoars
most ressonabe. The model propased serves ad the same
nme B2 3 summary ind as an expiananon of reality
ldeally. every moadet should Ful Bl These 1wo purpases.

Lnformnaiely. the mudslling of ather demegraphic
phencmens has nel been egually suceessiul, Yel,
undoubtedly, the aim of researchers i this field = 0
arrive al models that, while being 85 cconomicel s pos-
sitde 10 the numbwer of parameters dhey incorporale. are
alw flexible encugh W dpproxirnats all the relevant van-
alions observable in rral daw, und whese form and
paramentrs have meaningful nlerpresations m realily,

The neat seeiions describe several uselul demographic
modeks in the areas of monalivy. noptiality. fentlity and
population age siruclure. Auention is focused on those
madels which have been relevant in the developmeni of
indirect estimation echmiques, mainty becawe of Lhe
srnpwirant part such models have played in allowing the
simulatinn of dersographie daes. These simulaned dats
bave been wied 25 a bagis for the investiganon of the
r¢lationg exisning bevwern, on the one handg, quancicies
that are wicasured witdvoul difficuly anc, on the amner
hand, more useful demogrsphic parsmesss whose
values are feal easily determined dicecdy.



B, MoOaTALITY MODELS: MODEL LIFE TABLES

A Ll wbbe provides & summary description of (he
clfeots of agespecife mortalily s upon z birth
eahowt. The very earliest demographic models altempied
e descyibe in mathematical form the vanations of mot-
wlity wuth sge. particulardy dhe increase in the sk of
dying after childbood, Atizrnpas ‘o describe by & single
mathematica! fopction mortelily expenence thrughout
life have found it diffculy e peproduce the characlenatic
U ot J shape of mofialivy rates by age. Thic difficulty led
@ a new approach in creanng motibily models o
mode] Hie whies, Insead of wying o relate che nisk of
dying solely 10 age, risks at a given age were relaled bo
he msks observed a1 other ages or ko risks obseeved io
cther populatons &l similar agea. Because the relations
explored have, in genersl, shed no Light on a plausibe
teeoruch! interpretanion of how the process of monality
occurs, most ol the model lile tables existing bo daes
depend h:n\li[?r 1.||Pon cmpirical daia. Ac deast four sys-
tems ol mode] lile bles have been developed on the
principhe of parrowing the chowe of 2 life bie to those
deetad feasible an ihe bass of examinaton of mooality
ks cabculaned for sl populanions. These syMems
vary in the rnge of human cxperience they ¢ncompass,
0 that e by be thoné & rale than dnather fora
ﬁ:‘ﬁ:ullr caze, Euch of i descobed in detail

o,

. Lowned Napows rader Gife tsivfes

The firm sei of noode] life (abley was Jeveloped by the
Population Divisien of the Linited Navons Sscretariat
during the 1930e° This e, subuquemlylpublimm in
revised form,' w based on & colfection of 158 otaerved
life wbbes for cach sex. The mode] ables were con-
sirucicd by adduming that the value of fach o, (Che

robabiity of dying between age x and x4 5 in & life
Wbk} s x qumf‘:m: funetion of the previous g valee,
pamcly, 5g, _s fexcepd for the Arst two age BrOUps, g
aid o, :Tl the cther goups considered ars five yeis in
lengik). This assumption implics thal the knowledge of
only one mortalily parameier {pfy of an cquivalenl
“level™ thal indexes the gy values used) would deser-
minc 2 complete tife abde. The United Nedons model
Lire 1ables are thus & onc-paramelsr sysiem,

Bince the coeMciens of the quadratc squaions redai-
ing each g, value to ik predecessor were not known a
price, they had 10 be eslimaked oo the basis of observed
daty. Regression wes uoed o esimake these coeficients
frem ke 158 morality schedoles available for cach sex.
Once they were estimated, calculatGon of the acioal
madel lite whies was strmightforaard: & convenicnt
vElwe of ygq would be chonen arbivarily, o would then
bt substiluied in the fquaton relating 4p 10 4, 50 that a
vatug of 4y would be obtained which, in fum, sould be
ed o penersie & value of - through the equation
TEIBNOR 4+ U2 431, 2 50 0N

Y dpe aved Ser Pt af Moraliy: Mol Life Tabied for Lader
s Camnirier [Lntod Malians Fuh"l:l.ﬁﬂn%ﬁ!l Mo, J?-rx“'-'}]-
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There are inhereol disadvapages i ihe “chaining™
techmgqut wed in cakiulaning the Umted Nanons mode
lakles, especially when, as in Lhis case, the quadratic
equations relating one patamelér 0 the nexl aré not
eantl. Although the mgression method of filung ¢qua.
Gions to dels doss make some allowance for the
evistience of ermors, il assumes that the distibolion of
chese erpors & Kpown and thal their mean is zeme The
presepee of systematic emors with non-gem mean
(bimsesh may sewerely affect the estimaies yielded by
fied regression equations, and their adverse effects ane
very likely to be sugraenied by the chaining technique
described above whereby emrods in one estimale waald
only comFhle K sccenluabed emoes io the nexL

Furthermare, the 158 tables wsed s che dale hase
from which the repression cosMicients of the ficted aqua-
tions were sstimated were net Al of the some guality.
Becauss many tables from developing counimes were
wied v the data base, meoralicy data with pameerous
debciencies were included: and sinee large areas of the
world did aon possest any mofalivy stanshcs, life wbes
Tewr hwse arens coinld son Be Dicluded inothe dalds Base.

Owing Lo these shortcomings &nd to the fact thal &
one-paramekr sysiem locks the Rexibility required o
ppproximale adequatcly the varicly of ceses £TCoun-
rered in reality, ibe United Mations life ixbles were soon
superseded by ciher madel seis which, tbough based on
d similar approach, wried o avoid the pidalls encoun-
rered by the creators of tbe first yysicm. However, the
Lirpied Matons da1 estpblinhed the usefulness of 8 madel
life-rabhe system.

& Comfr ond Demenly regiovaal rocde! D rabday

The Coube and Demeny’ regional model Life 1zbles
wer puhlished in 1566, They wers derived from 2 ool of
192 lfe tabbes by sen recorded for aciwal populetioos.
That st included Il whles from several Gme pengds
(39 of them relate 10 the penod befors 1900 std &9 refer
1o the period afler the Sscond World War) and was
heayily weighted wowards Weiiem experiences. Europe,
Northern Amenich, Australia and New Zealand conirb-
wied & wtal of 1T abler. The remiining (5 wbles were
from Adra and Ats. 3 froen lyeael; & from lapan; 3
irom Taiwan Provinees, and 4 from the white populs-
tiona of South Alrice. The 192 Kife iables were chosen for
inclusion from an original set of 336 ables Life whbes
in which age pasems £xhibited large devintions from
the qorm were excluwded. All of the 192 Llife whles
palecied were derived from the registration deds end
from the complew enumeration of the popalations Lo
which they refer. Most 1ebles coversd enire coMhIres,
but & few representing the montality experience of subre-
gions also were included, especially when that #xpen-
enee showed dislinclive chartcienstics that persaned
ovEr Lime.

A preliminary ang|yses of the iahbles revealed that four
Jdifferemn monatily paiberns could be  distingunhec

—
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amcng them. Those parerns were labelled “Moath™,
“South”, “East” and “Wes" becaust of the predom-
inance of Ewropean countries belonging o sthe variouos
region:  in each catzpory,  Hence. the edpective
“regronal™ wes applied Lo the éntire set.

The counlries whose life iebles underlie =ach of 1he
patterms idenificd and the cutslanding chareciensiics of
1;*3 patiepns are discissed heetoom:

{a) Eas) model. The Tife ubles undetlving the East
model come miainly [mom Augsipg, Germapy (helore
90, dhe Federal Hepubhe of Geérmazny (adler the
Scoond World Wary., and nenhern and central taly.
although some from Ceschoslovakia and Poland are
alsr ncluded. When the padern ¢f these tahles is com-
pared with tet “standard pameemn™ (that exhibited by the
magonty of tablesh, ther Jeviatons (rom the standznd
follow a U shape. evealing theit relatively high maral-
ity ey an infaney and sl older apes (over ape H])L A
total of 31 tables was wsed W esiimate this model. The
Iife expectancy i those ables Tanges from 3 bow of 36 &
yeard Tor Boavama i VETH o 3 high of 2.3 years for
Crachombovakia in 1935,

(b} Nath model The obaerved hife mhbiles underlying
the Worth model cormee rom leeland (P32 195D, Mor-
way (18561880 and PME-1955) and Sweden (1851
IBHH. Mine wabes were vsed oy derive (his panern ¢f
marlality, characierized by comparatively fow infapl
meoriality coupled wath rclacively high child eworealiy
and by monalily caea above age S0 had fall incrsasingly
below thaee of the standard. The popelalicns dizplaymg
this morality pettarn were wery prabably subject
endemee  wberculogs (posilive  deviations  from  1he
aandard panern it the middle age range, rom age B
4, tupgest this Faer). Therelfore, this maodel is tecom-
reended a5 an adequace represeneacion of moralioy i
popiuaitans whers 1the incidence of this disease is high.
Life eapecizocy in these tables ranpes from #d.4 yean
(Sweden, [ 85118600 10 74,7 pears {Norway, 19511935,

(<} South padkl The South model is hased on life
tables for Spain, Porcugal, Lsly, southarn Laly and jhe
region of Sicily, covenng a penod Trom 18T w 1957,
The levels of life expecoaney mnge from 371 réars
{Spain, 900} wo 6B.8 years {sotvhern Jraly, bOR-1957)
A ol of 11 tables was used an deriving this auodel.
Their martalily palern s characrerized by high morwal-
ity under age 5, low manality from about ape 40 03 ape
o}, and high monalily over age &% in relation 12 the
siandard:

{di s model. The Wetd model is based on the
residual wbles, whal is, thuse Aol wed 10 Lhe derivalion
ol the other regional sebs. Their moclality patlerns do non
deviate systemafically from the siendard patbern
cbuaned when alk the available life wables are po
bogmaher; azed, in thid s2nse, Lhey ate choser oo the stamd.
erd shan these on which other regiopal sew are based.
Furthermore. becauss this miode] 12 denved from the
[argess pumber erd Broadest vanety of cases, i1 s
believed o reprasent the moan general monality pattem.
For ihis reason, the Wesl model is often recomniended
45 3 first choice 10 represent momality o0 countries whers

lack WA tvidence prevent a more appropriaie chaice of
mudel. 1L is of mnlerest that the ape pattetn exhibited by
the Wese modde| i wvery similar 12 thal of the earier
Unied Mahons hfe fables. Life expecrancy in Lhesce
[Ables ranges I'mom 4.6 years {Taiwan Province, 1921710
T5.2 years { Sweden, 359

Hering idenrified each of the four paticrns pressm in
ihe observed life tabdes, the cocfficients of Iinear equu-
tiong ralating che walwes of et 10 # 10, the expeciation of
Nle anage | amd (hose relating the values of [gilage}
e were eshimated by wsing leasi-squares regression.
From the equations thus established, it was simpls 10
derive a complew wel of g, valwes, gnd, therefots, &
wmiokle| il cable, from any piven value of w2 The exac
equanion wed {whether on , g or on 10gu. g 1) for cach
secizon af the age range changed avcording 1o some sim-
pe cntena:t bul, cesenliatly, the maodels derived from
these equaton: depend. wdthin each region, vpen only
ong parametér, namely. ¢,y Twenty-Tour values of £
fo females were welecied so thal they would produce ey
vilues ringing [Tom 20w 775 years, increasing in steps
o L3 rears.

The femiale eon values were thén used bo dctimate g
valpgs for maks on the basis of dhe monalily
diffgrenmaks by ses present o the acleal data, In thes
way, pairs of Iz wahbles jome For each sx} wers pener
ated [or ¢ach level of monality congidered. For simplc-
ily. the pait af (e fables with 3 feemabe 2y of 20 was
identifed as level 1oand that with & Female ep of T
bevame level 24, An explanatvwon of how thw different
functions thal consittule 2 Llife tlabde were calculated
from 1he g, values can be found in the fife tables them-
selves.’

In order to give the user & beiter idea of ke relarion-
chips between the four differend morality paliems
embodied by these models, higures 1-9 show plods of the
proporiional desiaions of the .q. veluss of models
Manh, South and Essl from those of Wesl 1o all cases,
the ,q, values compared refer io female level 3 {with an
£g of 40 yearst. The evacl function plaed in figures 1-4
is

Zis}= [agfugl |- 10

where the mdea B mdwates model Wesl.

As figure | shows, model Nonh is characienzed by 8
somewhal lower infani mortality than that of Wes, by
significantly higher child mortality lover the age range
frem 1 1o 109 and by adufl monality {over the range
from 20 1o 500 thet, although kower than thal of Wen, iz
highcr then the values associated with either South o
Eest (see fgure 40, 10 s also worih noting thal ac older
ages fover 65 Morth 15 the medel with the lowese mor-
Lality.

Model South (shown in Agure 2] ¢xhibits higher child
mortaliy than West (over the range from O to 5), dhe

LRI
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bowest adult morahicy among all models (322 fgure 4)
and somewhat high morlality ouer age 65.

Modal Easi {shown in figure 3) displays a relatively

infabn monehity, coupled wilh the lowest child mor-
ity in ali modeb (322 figure d) and an sdult moctality
than ralls Betwesn dhal of Scuth and Monh. It is aleo
charscietized by having the highesi mortality al older
ages {over age 63

Note should be waken that, as shown in figure 4, the
mokl having the highest probebilities of dying 2t #dull
ages (2050 yearsh i the West mode] {although when
racrtaliny i wery tow, ibe Monh model shows higher
adult monality); and only twe East model is bower then
the West mockel in ieoms of child mortalily {probabilitcs
o Jying berween ages 5 and 109

Al the ime of it creaton, this set of model life tabHes
LT bly the mosi general and fexible model of
mortality available, and its widespread use hns helped o
demonsimie both s strengihs and weaknesses, Amang,
the Litter, the modn imporyimt ik than, evsn though mane
varied thao odher asts of wbdes, e paverns embodisd
by the regional mode) Jife tables do noL cover the 2ot
moge of human experiencs, For exanaple, Demeny and
Showier* found thal nane of e four model patems Con-

hu
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1 Faud Ciemeny and Fradim: O, Shoner, Kbt Tuskich Mormak-
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wined in the model bl cables sdegquately mfeces the
Turkmh expenence. In génemi, because the dal upon
which the regional model ife s are based nclade
very Iew examples. from developing counlirics, il s possi-
ble thet the patiems of monalily characterisic of these
coyntries may be diffecsol from those represented by the
madels {see subsection 8.5 for B discussion of the new
United Mations model hile lables).

Howewer, awing 0 therr long-standing wse and
accopanes., the Coale-Demeny life wbles have hecoome
& pecessary bool io indirecl estimation; and they are
eonsisienily uted in the wocked examples presented io
this M.

When employing these modeis, & problesy it always
arises is Ihe schection of dhe mortlity pacem thad best
represents the mortalily prevalent in the counuy of
regicn being studiéd. As described abave, the regianal
model life tables contain Four famifies o1 patierms of
martality. The most stoking differsnces between these
Mmilics are well Xoown: and because the mbles sham.
selves are avadlable, they can be anvesugared larcher by
ary snalyst, OF cours, il there are repsonobde ¢atinmetbes
of the mortality patiemn for a piven couniry, the bes
mode] can be selecied by comparing the observed -
km o those cmboded by the model ables, Bur when
almost no relinble infortiathon on the iacidetce of mar-
ality by wge is available, the wtalys can da lictle oo
than guess which patterm would be mosl approprisie,
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In siwwations where ail exicd informoasion is lacking,
the usz of the West family in meommended becawse of
the relatively wider dats base from which it was derived.
As for the “extra information” thal would permit e mom
enlightened selection, it can vary considerably in type
and qQoality, repging, o example, Grom =limais of
wpe-specific mortality rates derived Grom il pegistra-
tion w knowledge of some Mdrly geners] facts, such o
ke camwnt tw which breay-feeding ¥ pracised or Lhe
prubable incidence of lubérculosis,. When 1 set of
obterved a ific mortkhity raies s svailable {prefer-
ably & sen adpuseed wccordmg b the methods dercribed
in chapker ¥, & madel moraling paieermn may be chosen
by tomparing the ohscrved o values o (hose
comespanding bp mode] life tables beloaging to diflecm
familics and whose levels (e, their cxpectation of Life)
raughly comespomd 10 thise of the observed rates. This
comparison may be carmicd oul by dividing the observed
s vales by those of the model. Exwcl agrecment
between the two yalues would yickd a quotent valus of
one, Therefore, the lamily whose quotiznl values are, on
the avermge, ¢hosest v one could be selected ms an
approprime representation ef observed morality. A
dightly more sophisticated edure would be o Rkl
the model =0 thal minindzes the sum of the squared
devintions Frorm 1.0 of the ratios of observed om, over
model M, walyes

The selection of an adequarr Famiby 19 erpecially
important when Ihe indirect estimaton of olann sod

15
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child morality s W0 be attemphed. According i the
description given sbove of the four moniality palterns
conigined in the regional model life whies, it B evident
tbar they differ mosd markedly 0 thein values an enrdy
iges and in the elabiot betwern alknt {gy} sod child
{,T.] moriality. 1 felbows ihat quike difTerenl child dvor-
Kilify eabimakes may be chiaimed from the sme mlorma-
10 according 1o which family i selected as represen-
v, Funhermone, in B case, reasonably sownd
exnvernal cvidence thal would permil & solid slecion i
very hard 1o obtain, mainly because iofanl desths are
veTY odTenm underrepaovied. Currendy, in e
atmeoce of sk smpirical data B xlecling 2 fam-
ity of model life ables, only the fewr peneral guide-lincs
prvén below may be to namow the possthiliics

and leid b @ MIEE cheoice:

@) In & population whers bresil-feediog It common

raclice and where weaning ocours an & relatrely lae
age (11 months or gverl, one may ressonably expect
child monality (4] W be elatively higher than infant
monality {jgor since bresst-feeding may suocesully
prevent deaths due W madnbiridon and  wlectioas
discpaes among young infanis When weaming takes
place, however, the child is les from these
perils and is more likely to die. Tn these cases, montality



in childhood o Lkely w be well mepresenied by the
Morth family. Yel it cannol be infemed from thess
observations thal the North faply will abso provide an
appropridke mortaling model e other sections of the age
range. Moce mibrraion on te incidence of morladny
in adulthood = oecetsary 1 estabdish this fawt;

%] In some populations today, breast-feediog bas
becn abendonsd by a high preportion of the female

tiom, and, from a very carly age, infanis are fad
wnsterthzed and allen insdequars fations of “rmalk fos.
oule”. When this pracuce is adopied by women living
in relatively onbealihy conditions, a higher degree of
malnulndion and an increass of the irodence of infree-
ties. diseases ameng infants are observed. Under these
conditions, 4 pattern of moralily similar 1o that of the
Souwth family may be 8 good represeniation of menality
in childhoed;

ic) Early weaning may ool be the only cause of mal-
mutriuen which resulis in & high child-io-infant morality
mid, In some populations, breasi-feeding is nearly
unurersl bt puinbonal Jevels are low and Bath infant
) child morality are high. For such leagt develaped
Coentries, wither the Souwlh or the Monh families of
madel lile tables may be the most appropriate;

(e If it i kmown that infant monality is very high in
relation W child mortaliny because of the prevalance of
negnatal telanus of ame odher cause, e Eaad faemily
may best reflect ibe actual age papem of monality,

(] In the absence of data adequale o decarmine the
o ilable Tamdy of mode| Jife wnbles to gge for a par-
Boular countRy, one gy 321e0l the same Tamily as that
employed for & ntighbouring coumery wath simalar ful-
el and sece-ecomanic characlencnc,

(F) I Lk & knowe ebowl the populancn unsder
sedy, the Wen model is meommended, simply on the
groands of genermiity,

From thes memads, ot i dear that the knowhkedge
about eortality patkerns & still fairly Hmited and that,
certinly, betier mformeton eoocerming the morality

experience of ons in developiog countries is
necded to aasess adequecy of lbe models now avail-
nhic.

F.  Lederrnarn's spsten of mode! life tabler

Ledermann and Breas” used factor analysis ko identily
the mosl impootant variables or faciors expleining the
vatihton soong & s of (34 observed life tphles. The
clak base oras nearly Wlenical io hal wased fow the cardjper
Urinted MWanpons wbhes {aee tubsection B.1j and eherefore
had the =me advantages snd shoswomings.

Five facrors were foond ko explan swost of the vara.
bikity among the observed eables, The Arst and lergest is
assactated with & generi] mortality Revel; the scond
refen 1o et relaon betweesn child sod adult seoralily:
B third 15 related io the pattern of moctalily at okder
ages, while the founh is retated iy the patiem of monal-

* Splly Ledmmann ind Fran Bréws, “La dimeenpons de b med-
i, on tPard)], vol. 14, Moo 4 (Cxsoker-Denember [950),
pp A7

1

ity under mge 5; and Lmly, the Aflh meflecos the
diferential betwezn make ard female mortality in the
age range [fom 5 o 1),

Al a later date, Ledermann’ developed a werles of
ong-parameir and two-paramelsr madsl Life ables
based oo the regression moabysis of the 154 actual life
tables used io his Arst siudy of mortakity patterns. The
meede] life tables were obilained by calimaling Lhe proba-
hililies of dying between ages x and x + 5, sg., For
males, females and bath seaes combined, throwgh boga-
rithms regression equakions of the fRllowing ype:

lowg, = gl ) +a ix } Ing? (B.1)
for the one-paremetsr models, and
Insg, =Bplay+b (xhlnl? +opx ) Indt;, (D1}

far the two-parameicr models. wbere 2, ) end 34 are
the independent variables used in cach case, and & (x)
and Iy (v ) répiesent the estimaied regression coeficizns
e the age group (o £ lox 4+ 5

Lechermann's models foermn a Aexible system. Whils the

early limied Mauons apd the iour Coale-Demény
regression models are bassd on jum one md= ndm;
variable (g0 and e respechively).
esimated différent sets of regression ml:ﬂ’rnl:nls E:H
equaniony (B0} and (B, I}. cach based on a different
ilependent vanable or rur ol yanabdes. In the case of
the ane-parameler models, seven independent varables
wert osed, famely: foo o0 oo 5. dofae Qe BAd
msp, (e cenmmal mortsliyy mie for ages 50 and overh
The 1wo-parameier models were oMained by wsing the
I'nllnwin; pain of independent variabbes: ore and gures;
gi!b Wi A e and mes_ . Every parimeter
relrs o both semes, #xcent fer 404 0, which refers coly o
fernales, The we of diferem independent variabies o
gencrake each sei of mede] lifs Wabdes makes it caser for
tbe user to avoid the bins inlreduced when & mvodel Lile
table is identified by way of an observad value thit 15 nol
the tndependene vareble ssad (0 gensrale the model
Faor example, this type of hiae i introduced when, in te
Coale.Demeny syttem, & lile (able is Wenbfed on the
basis of the cbeereed [ value mther than oo the basis of
the abserved e . However, even though the Ledermnn
1 dooy provade a wider vanely of entry values that
minimize the bas in identilying an sppropriste moded,
Ih peactice mosl of s valucs are Aot casily estimaced
with &t adequane degres ol sEwibcy Iy developing
coundrmes, 5 thar the introduction of @me by canam
b avckded,

The Ledermann models ako incorporale a leatore
absctin an odbeer tables. They prowde nat caly the
estimaied welues of the probabiliges of dving bul &
megsure of he dispersion of the observad valoes arownd
the sstimabed valwes (2o, , whers o; 5 Lhe siandard Soor
of the 4, values sstimated throogh & EEEROLD cqua-

0 Zully Ledennunm, \'ﬂu&r wahleni
&1 Dugupepss, Ophier Hoo 33 (Pan,

dt-u;ra.phqu::. 1)
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Gon)y Obrvipwly, this mraore w™hn only o b
particudar  life bfes from which the mgriav
cotfficients were calcalated, wred the former do net
necessanly cover all powsible siluatons, Neverihehess,
the messures of dipersion presenied do indicate the
poititle magnilude of (e discrepancics  betwreen
estimated and dcinal valuss
In eddifion, the Ledermanm tables reflect whe sex
differcantials in age patterns of mortality and the way in
which these differentinls vary with pspect o the overall
{evel of moniality in wotual e tables, Thus, for exzmple,
thet efegts of maternal morwlity a1 hagh mortaliy levels
are manslered okt & marked sxeess of female monality
in the eafly reprodwclive ages, bt such excess dicap-
1% ih tables of the same medel comepooding o
F:lmr mortaliny levels.

_This characieristic, bowerér, may be 8 poicodal
shoricoming of the system, bechuse ¢ven though regres-
fion coeFcwents are given for the caluistion of separats
Life wbicn for exch sex, (he independent varables used
refer, with only one exceplion, to paramelen obisined
friom daté on both sexes combined. Thus, the wper i
forced 10 wemept e relationships between tale and
female mortakity that the model embodies, relationships
ithat may oot always be satsfaciory. For msdance, il &
almos imposible k3 snimate from Lodermani’s modeks
a life bt in which the male expectation of hife saceeds
that for femakes, When hitle s known about the sex
dilfcrentals previdling in & populaticn, it is highly dear-
abic o analys= data for cach sex sepacatcly. On dwese
grounds, the Ledermann tables are of limikd value for
ibe sludy of such populations. 1t may also be myed that,
For applications e developing countrics, the Ledemann
SYELCTD 1 Dol ey b uie, 83 it independent varia bk, of
poits of enoy ink e tables, canoot be readily
esimated by the indirect sechniques cumently available.

4. Bt fogi! dfe-aobe syatent

The muin shorkontng of the madet life-table sysieis
described above i wheir dependence upon the type of
data thal generated temn, The rather restricted dais base
weed Tor this and Uve Fact that the model sysicme
{hermaelves consist of anly 4 Brile siumber of cases which
cunnod be d 1o mepresent all posdble buman
cxperienie & (hem leos than ideal. Another type of
model s peeded. Manorally, this model shoutd ede-
quately refiact the patterns foand in empicical monaly
cata, However, it shoukd pot be coastrained 10 mepressml
exclwsively whe patierns these data cmbedy Tor, &8
pointed out eaddwer, the trae mortalily experence af
many pepulaiions has nol yel been ascertained with any
degree of sccuracy, and il may or may not sinclly con-
form 0 panigmo observed in countrics whers socurae
mesturement has beca pomible,

A moded thal provides & greater degese of Reaibaliry is
|h.|lrmpm=d by Bram and colleagues,'t beusr known
as Lhe “logil Sytem’. Brass artempied to relets

Il Wikam B wnd others. 'ﬂr.l:hnomp Tropiol Afiniea
ik, Hw::ll:nq. l'ru-::ml.nl L nwduily Iiﬂ-

I7

mathtmatucally two diffeseni lile tables. He discovered
thal & ¢eripin randfiormetion of the Bilitims oI aur-
vival to g x (f(x ) values in hifz-iable terma) made the
melafionship between coresponding  probabilities [or
diMensnt life iahles approkimalely inear. In other words,
if pne bels A/ x)} represent some oRosformation of the
valuoe M x ), for empinical daia, the linear relationship:

MM = A ()
where 4 "(x ) and N{x ) are 1o differeni Life wbles, and a
and fi Arc constants, i approximately wue for all vaues
af x if A is defined specifically as
MP )] = bogit {10 — {2 )=
0510 51 D= DA .

{B.3)

(B.4)

Those Tamlliar with the bogit as defioed in slabsdcs
will nobce thal A is just & specind case of this fonclion,
being calculated for the probabilistic camplemem of
${x} rather than for f[x) iosef, &8 would be wual prac-
ioe in statistcs whers the logn of & probabilicy p is:

okt dg =05 g /(10 gt

Assaming that, for any pair of hife tables, values of o
and A can be fourd soch that equation (B.3) i satshed,
it ¢an be proved than the h rransformation of any life
tble can be expressed a3 & bnear funguon of the A
transformation of some “sandard™ Life tabbe. Tha iy, o

ton {B.3) holds for cvery pair of Hfe tabdes, Ml il
:l;:a can be penerated from & ungle life bl By
:h.m;in; the pdirs of (o, @) values wied. In frei, this
poposibon & ol dricdy wue becauke the aumplon
made, namely, thn (B3) represents an exmct reladon-
ship betweco Life tables, s ot entiredy true. Equation
{B.2) is only approximaiely astisficd by pains of actoal
life tables, but the & imatvn & clod enouph K
wamant the use of this redation to study and At observed
morality schedubes.

Befirre Jepcribing how equation [B.3) s wed to jeo-
erate model life wables, o wood aboul the tesaniog, of the
paramebers @ and A s it order. Consider the bife e
"z than cae be geseraied by aslecting & specific life
wble {{x} and cnbeulatng M7 *(x )} for different valus
of a and B LI § weére (& remain consiant and cqual o
one, for instance, differenl valves of o would nae
life wbkes 1™(x]) whose shapes wonld esentially be the
saroe A% the ((x ) wble oed to generake tem, but whosc
overall levels would change (sce figure 3} I oo e
aiber band, o reraios fxed and B is allowed b vary, the

ing ! *{x } &ife tables will nio lopgey display the seme
shape a5 M{x ) Al of the /() tabdes will insereact al 4
angle pinl kcated somewhere in the central portion of
the ape range. Thercfore, their probabilitics of surdval
will be siteer bower at younger ages and hi nl alder
apen of lower al yownger ages and higher wi the older
than the susndwed sucvivat probabdites 7{x) from which
they are genernied (see figure B). Heoce, » chaoging

(B3}



Figurs 5. Lir inbics ihvteed bt fi bopht sruom, woig =10
noll almy ar Brwxs. prawrad wiissiand

Fuypare b Lifr iwisles dlevired ermagh 1he bezll sy Aiem, ietteg o =00
] skl e Branc prow el Alssdsnd

vitoe of B midifcs the: shape of the genetaied mortality
abechule rather than its kevel. Nalumelly, simuttanooos
changes of a and f§ will bring about cheoges io both the
inr:lid:nd shape of the moriakity scheduke being gen-
erated.

From eqomtions (8.5} and (B.4), the illowing expres-
ROT CRTI E derived: & ERpIe
Poix)= (L0+eapide + 2801200 (B}
sr thal, for any sel of f{x) valier defiming o life Latde,
ancther wel *{x joan be olaioed by using any pair of 4
amd f§ valoes (Mobe should ba taken thai a1 the end-
poinis of Lha age range, where fix ) is #ither 0or |, sqoa.
ton {B4) camd ke oxd o cakulaie '(x). Raiher,
0 aned { *[w) should be acbiranily 24 equal 1 one
ad & ke, respetlively.) Eqoation (B 6) can be used o
penerale model e ables smply by ssheciing en ade-
qoans scandand, Poemially, kny Life mble cen be ased as
& surrdwrd, Bt for smalncion and Ading purposes the
standard by Hrass is very Freguenily waed
This “generel™ standerd (presented in able 2) &
Jiferent from By so-calbed “Afrcan™ standard Blw pro-
by Brast" The Maiier in characierized by lower
indanl mortality and higher child morality. In thiz
Mo, oaly the Brass “general” standard is nsed.
Bocaue of ihe mahemalical uimplicity of 2quatans

_'1 5-:¢_IL_HIB ad 1. Tresel, ~“Funber dovelopmends ioe indinecd
I'I:I'“!m edimadion™, hwdiec vl 1. Mo ¥ (b
3

fiey
Fp. Y300,
14y, B wnd ciherk ap. .

]

1 1 €L
[ - n
e

1S
Fp
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(E.4) and {B.&), the uge of model life mbles generyiad by
means of the A mansformation (aka call ibe “Togic™ am
here on) dees non require thar the resuling values e
aviilable in pointed foem. Fowewver, avne fch valacs
have Been printed. For example, Carter apd Hoberalt"
produced & ted of model ables Grom the AScan stamd-
ard by fizing the value of & al one. Thot ob rapwestanls,
therefoee, 8 one-parameier aystent of model fle wiles.

The simple mathematical form of equation {B.6) also
sinplifics i use i computer applicetions. For thia rea-
son, life lables gencrated by ihe logh ayatem: are wery
often wsed for simulatfen purposes. Furthemmore, the
kot sysiem o particalerdy appropniake for projecting
morlaf ly. I the past wid current momiality sehedulea of
a population are knowmn, vznds in the & and § parame-
iers can be dewermined by uging the login model e
Iabde systemn to G0 cach mortality schedule, and with
some caulion these trends can be projecied W generaw
estimates of ulure mortabicy.

In this Mowa!, the logit system s wsed 1o Bi the
edjusked moraliiy rates of & alion and Lz syn-
thesire independent estimates of child aod adult morial-
ity o coherentl moctaliny scheduales,

5. United Natlors mode! life tables for
developing cosmirier
As more dats of beier quality have become available

* Momien H Carmsci and Jobn Hubonifl,

Jfor B Sorseticr; A Memvol

Tchwrigtimes fot By Doty it ccl
Rrdder | of im WLI {I'.l:l'l'lll-l.l-rl'{#j-ﬂﬂﬁﬁﬂ $chosal of
Exiwwampis, P [Wtmefy 10 mfilganbon O ommalees, 1471
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far lems devetoped coupiries il das become evident thai
et age paibeme of monakicy exhibited by their popola-
oo oiften differ fram those recorded in the developed
countries during the perkod | 830- 1560, and consequenty
froen dhoie embodied io the models dewnibed above,
For thi reason, the elation Division of the Depan-
el o Incermational ic and Socinl Afaces of
e Uniisd Maians Secretarial prepaced sl recenily
published a utﬂl'mudel life wles buged on datw from
developing counries.

Al the avadlability and reliabikity of daw from
dee bewt cdeveloped regions bave incredsed remarkatly
simce the Kalon of ihe sarly United Mations life

wble in 1953 and the Coale-Demeny iables in 1966,
soch date remain esenlinly poor. At o reell, carefyl
cribuaton, sehection and adjustmenl procedures wene
used o constroct the dawn base wpon whick whe new
Linited Maticm models wor comstrucied, This duta
bt covoisbs of 36 Wil wbdes by sy (72 10 ol ), cover-
n.%: wide rangpe of maciality keviels (for 10 hie tables, op
it below M) years; and for soother 10, ¢g i K years or
greaierl Creographicslly, 16 pair of male female lile
tables were obtained from 10 conntrics of Latio Amer-
ica, 19 from 11 coumtrics of Asa, and one from Afnce,
The oeagr= conuribation By Afres refects both & shan.
coming woad a srrenpih of this system-—a shameoming
it than 1se lack of data from Adics casty doulbls about
the o of the resulung el o represend the 2xperi-
cocé Of thes ot wres, o awrengih o S the repection of
whatsver daws were svuilabde for swb-Saharan Alrics,
wiually of engreeely bow quality. 19 0 ome exenn &
vahdutlon of Lhe ﬂll'l.llﬂm ures nsed oo pebect
the date base and 3 parUsl eawcance thal e emipirical
tables wnderiying wvese meodely are of generally high
quality s tha the madels thamselves relleet dickinctve

1 Mookt Fobla for Cinrwrbes (Lt Tl PBE-
oution, e Mo EX]LXINLT)

patems of monality o develaping <auntrisy mther than
typical pararoe of dats faws.

The new Unigsd Mavags moded Tl (abdes are similar
W the Coale axd Denveny 220 m that disincl pattens of
speapecific monality shedules have been identificd
arid wnt publshed in dewil. [n sddition, the pew modch
T & 4 gremier depree of in-built Bexibiliny, alow-
g wer W ompruel merality patierme different
from thote actually peblished In this snse, ey am
EWOne akit o the Logeit siem proposcd by Brass

Four disting paiwerma of momality were idenafied on
thee: bsts of (he dais available, Becaoss of the predom-
nance ¢l thew patterns in certain geographical ragion,
they wre idenlified in regionad isrme e dhe “Latin Amer-
ican®”, the “Chikean”, the “Soulh Asian"” smd the "Far
Eastern” patierma'* A fifth padem, called the “general”

m, was coasirucied o1 the overall average of those
oded above,

[n order 1o ilhustrate the diferences between the Coale
and models and the United Watioms paltrma,
fgure T shows of the ratiok g, 1, g, where e
sapersript B ordicanes the Wen model in the Coale-
Demeny 1. Companion ar¢ pinde betirden g, viloss
correponding (o life Wiies with the same hfe sipes.
ancy ai age 10. Levcl 9, 15 and 21 of the Coate-
Demeny mbles for emaks are wed a8 denomineton.
Thee m 1 the most disinclire
cheracteristics of the oow Uniked Mationn pabierna,
which are discursed Bedowr,

The Letin Amverican todel, when compared wih the
West Mty of the Coale and Demeny models, exhibdt
high moraliny duriog e nfsnt and childbood yeoary
{duc diniiby & eacets disrchoeal nod parssilic disagses),
and again during the young adull ages (largely due o

W The kelling veod for thawe patmnu dort iol Rl B M

divisons eablshed by 1w i Dty ol e

I of Inemabsnel Eomossic aod 3ocal Akl of tha
ummm
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accidentsy. I also exhibits relavvely [ow kvels 51 alder
ages, apparendy because of comparatively bow death
rtes dire Lo cardio-vascolar distases.

The Chilean patem s charpererized matnly by
eatremely igh infant morality in selation 1o b the
Wesl family and its cwn child monaliny. This excessive
infant mortelity eppewrs io be due mainly w deaths from
respicatony drscases and oy alse be related 10 early
WEANITIE,

The South Asian pattern an ypafied by exiremely high
morielity under age 13 amd retalively high monalicy s
obder ages {over 8gc 35 approsimatclyh. Correapernd-
ingty, mortality dunng ibe prime adul ages o reladively
low. Daln aboul ¢avsés of death are acarce in this
region; howewver, lthoss gathered by the Internadional
Diarthotal Dssase Research Cenire in Madlab. Bang-
ladesh, aml by the Indian Model Registranon Froject
reveai high tates of diambial apd pasaiilic discases at
vounger ages aned high modaliy from darrhoes! and
respiratlory diseases a0 qlder ages.

The Faz Easiern patlern dhibals very bigh death rates
at the older ages compared with those al younger ages.
Thete 1t gome evidence thail thic distinclive palbeTn may
b et @ pravst hascory of lubercubosis.

The general pattem (nod shown), which can be con-
sichred an average of the four regional palemns de-
s:ribed abgve, is very similar o the Wesl family of the
Coale-Demeny sl

As menisoned earlier, these tabbes combine the advan-
tapes of 1he Coale and Demeny regional sysiem and it
detailed poblication format with the type of fexbility
isheran i the Brass Iogil system. Such characieristics
wore achigéved by wsing prncipal component anelysic 10
construct each model. afier preliminary ¢lusizring ol the
dada hed been carned vl Clostering allowed the
idemiification of the four distinclive panerns descrited
above. Within each cluster equetions of the farm

L]
logitiug, = U + 2 & L {B.T}

=1

were fitted, where g, &5 the cbserved probabiliy of
dymg between ages x and x + a2 L, is the oversl
average (in bogit terms} for cluster o LY, représens the
characteristic deviation of the observed from the awer-
age; and the cocficienta indicaces the size of such devi-
awons. Because the fiing procedure used sdennfies the
5 values as the poicipal compodents of the obwereed
nefy vEebers (wilh x ranging froms 01 ), the L, veclor
can be mnerpreed a8 & measure of the average moralicy
moded within ¢ach cluser, while Lf), may be inlerpretad
a5 s measure o the rvpecal devigions from that averags
as menality kevelt change. Deviaons from the overal
averape ik due purely wr changes in level are embodied
by the seciond and third principal components, Uy, and
Ly, megpeciively. Hence, in constructing the one-
paramelet modtls prined in the tables, equation {B.7}
wilh & = | wat weed, bud setting k=2 or k=3 and
shecting o values judiciowsly allows the user o denve
morcalily schedules whose pattem deviates from thar of

il

the printed tables. In thas way, e Aexibilny of the
modeks i enhaneed.

In spire of their qualiues. the United Nathons life
tabdes for developing counirkes are mot wsed in this
Mirirat!, mainly because they wers nol yel available al
the ime of its preparaton. In addition, becawss some of
the methods descrbed an the emeinder of this wolume
have been developed on the basis of the Coeale-Demeny
modelks, il would be unfair 4 judge their perfonmance on
the basis of new models. The developrent of vananons
of these meihods specifically designed for use wath the
new Dlaied Matons models is curmealy beng under
ciken and will soon add 10 the wol: availabbe far the
analysis of demographic daia in the developing coun-
trics.

C. MODELSTABLE MOPLILATLOMNY

The concepl of a stable population was first formu-
lated by Lotka,!” who proved that almest sny popula-
ticn that is subject to constant ferulity and modtabity far
o sufficiently lomg teme foquides attiaately an onchang.
ing age distribvtion which w characmristic of the pre.
varling fertiliny and momality rates, and which &
independent of the ininal age diswiboion. He called the
end-piodut o sach constant feriility and morialily con-
ditions a swsble popolation and esablished that the
stable age distriburian has the following foma:

clx)="t expd ~rz WK} 13
whete cix ) is the infimtesimal proportion of the fwmbie
population al exact sge x (eix] & wcally & densiy
funclice), ¥ is the constant birth @, r & the contiant
Take of nalural incoéass amd #0x) 15 Ihe probabalicy of
surviring from birth 1o age 1 fthe usual life-wble fun-
tHon].

Using cquawon (.1 and recalling thay an inecgral
can be inlerpreted & & sum OF anfimieumals, one cpn
deduce that the proporison under age v, Ty, i

Ciyn= _rufb expl —rx Wiz kie <2}

and. spce lor the higheu age pozsible, dencted by
e Clw] eiuge equal ane {than is, the poricn of the popu-
fanan whgder the highesl age Blainable must be the
ernre populanion), it fallows thar

.r;" eapl ez Mx e = L0 €
ar
- =1
b= [_fu rhp{—n.'}.l'{,r}dll {C.4)
Equaticas (C.2) and {C4) allew Lhe com tation of

the age distribulion of 2 siable population whenever
mortality schedube {/{x) and e growth matz {r} are
known.

ITA L Lalkpand F R Shaips, i clr



Mode! siable poputations arise from the v o model
mortaliny schedules or life b=t 1 generale, thivugh

vationy (C.2) sad {C4) sable age disnbutons or
n:-cmi values of v, Amaong tha five hypes of model Life
inkhes discunscd above, 81 sy foaur have been psed to
generate model sinble populasons.  The Coabe-Demeny
sed has probatly been the most widely wied fior the -
pose of demogmphic estination (v, shepier ¥, Four
families of model ylable popalations s included in this
se1: oor for esch of the panerns of mooaliny it contains,
Swbke sge disiibulions are ponied for ewch aea
separapely, for vahies of r reogiog from —001 to 005
(increesing in steps of 005 at 8 Lme), for vaiues of the
groas reproduction rate ranging from 1.0 ko 6.0 (increas-
ing in sbeps of 0.25) aod For the 24 mortality levels of
each family. Esch age struciure i acoompanicd by a
series af other parameter valoes comesponding o the
sabje populetion it represents. These valoes include the
desih and hinh rates and e re uchon e,
The degree of detail 10 whech this set is mbalaied makes
it rather simple 10 s,

Antther s=t of sable populauons wes published by
Carritr end Hoberalt,"® who computed sible aze disin-
bulions based on i tables calcolasd by wang the bogit
rkem with e Alnican slandard, Two types of bfs
bkt oz kd: ome o whikh B it held ¢convam
with 4 value of one, sod anotheey whets Both & and Bare
allowed w change, This se1 of sable populnions is far
ks detaiked ban tbe Coak-Dremeny ser, b it wse fior
eimaLon purpeses may b eguired o snehons where
neae of the Cosle-Demeny mortaliny pateerns i judged
1o approxicnat sdequatsly the conality siperenced by
ao 4ctuel populkton,

The United Matons abo pablished n =1 of model
sabk poprelations than can B¢ wsed for demographic
cstimmlion, especinlly 10 cases where the other sbs are
not Bblke o provide an acceptable Eu'Y Lastly, the
United Wations has recently poblished a mew ael of
model stable  populations corresponding o il new
mosdel fife tblea ™ Stable papulations are presented for
eazh of the five Uhniked MaGons monality patteros, foc

th rates from Q.0 to 4.0 per cenl by 003 per cent
imcremenss and for life expeciaocies g hinb Ecom 35 o
75 years by one-year inctenwents. Intrninsic binh and
death rates arc also presenizd,

D HurTIALITY HMODELS

At menboned o seclion A of this chapier, whik
sudying firs-mamiape fiequencies (the nomber of Bra
memiages wking place in a short ape interval divided by
the numter of persons in that intervel) in diferent
femiale populations for, more preciscly, in diferem
fermmke coborth Coale’' discovered that they could alt

- ':H. H_Curmir ind ). Hoekarall, o 11

1¥ The Commepr #f'a Statie Fopulion: Applicition of the Srady
midiomr 2 e Mﬂlwwm Inlsm
St ﬁru. ml,lniud Ml publicabion, Mo, &5.X1 ..'Il..

¥ Siobly Fopwimelont Covngspend dar Marw Eirtedd Mainons Modef
Life Tabdes for Sevrlophag. Corwaltvier FECASER LML

2 A L Coale, " Age patbersé of macmibga™

af Bop:

F¥;

be made o conform o B COMMON Statkdard Pattenm.
The observed curves of Br-mamikge rRquencies by age
differed from one andther only n the age at which mar-
nage . Uve Tane At which macringes ok place and
the ultimure propaseon thal ever mamied. Thersfore, a
transformation of their ongin, and of the horzontl and
wertical scales, was all that was reqeined 10 make them
conform Wy e sianderd. Osce 8 common N Was
discovered ameng e wansformed  Jistributioos, a
standard wos calculetéd on the bases of perod dana rom
Sweden {I1BE5-1BES). The I'i'l'll.l.'b'll.'ill}' of this standerd
permitted the cabeulation of an empirical risk functicn
R(x ), whosr values quandify the risk of maumying for dw
first time ai each age. By wial and ermoy, Coake
discovered that & goeod 6L o K{x} was oblaimed by the
double exponcniial functon

R bxi= 00 enpl — 441 eup{ —0.3¥ ), (D)

Tt wies ltes proved™ thai thi stndard risk funcion is
clomely approximaned by the depsity funciion asociated
with an nfinmte 3em of independend, exponendally dis-
wibwed papdoim vapables. The exact fom of thin aand-
ard deagiy funcdion, g (x), i

B (0= 01546 expl — 0.1 T r —6.08)

— exp{ —0.288{x —6.D6))).

The fit of this fencion w2 the cmpirical siandacd is juas
as good es that of & dendty comespondiop, 1 the: 3om of
& normally distributed Irll'iﬂﬂ-m uxhl: and u;sr;l
inde cni, nendal delays, a uation [Tx1}
was I:Tﬂ];dplrd ;IE“:rludcl tﬂ:l:ll.l:::! ni ::il'hcr ¥ handle
mathematically.

If the effect of differentisl mortadity and migration by
marilal sialus oo the proportion of women who have
£ver been marmied ic neglecied, the existence of 3 slamd-
ard furve of Aes-memeape frequencics implics the
cxtstence of & sinndard corve describing the proponions
ever marmisd by sgs fof any green cohan. The shape of
this curve 15 staridard bul, nanedly, there ape differences
in the heginniog sge ot marmage (the age a1 which mar-
rimget begin Wking piece among members of a sohan),
in the pace a1 which the curve rises and in the ulGoae
proponion geiting marmicd {lbe proporton cwer marmicd
by the age a1 whichk Arv-mamisge mtes have fallen
essentially 1o zero) I ont denotes by Gix } the stand-
grl proporion ever married x years afler mamiages
begin, then Och the proparion marmied by age 5 in
some tue cohort, can be caprezsed as

{D.2

Ha)= 80, [a — mlfy) (0.3}

where B is the ultimate riion ever marmied, ag is
the ape al which firsd mardages begin and y is the scale

u Al ). Coale wnd Doaskd K. kicMeil, "The dinribaicn by :ﬁ
ol the [ off Amu } In & female cohoat®, fourmel of
W Aok, voll &7, Mo, 30 jDecember 19723 pp.



(i capdeasing the number of years of noptislily in the
given papulation which are equivalenl o one ypear in the
standard population.

Since. mathemaucaily, &, ix} is just the inbegral of
[ A%y

Gi= | aom. (0 4)

ihe dendity gio} essomaled with the eohon described
above fan be obimined from eyuations (0.3) and (124}
by making a change of variable in the latier end subsli-
tuting in e Eorner. The resulc implies thal g4a ) has the
form

gla) =0, 1468 ppenp{{ - [T yHa -2, —6.067)
- explf — 0 2BEppta — o, —6. 061 (0.5

Mo analytical experssion for g ) has been Tound, b
is walue for eny age a can be calculated by the aumesi-
cal enggracion of gl b since

Glak= fﬂ‘g[,ﬂd,u {D.5)

The problem of filling a model of the iype defined by
exquation {0.5) to an aciwel populamon consins of idenl-
fying values of the perametén S, ¢y and v thad ade-
quatcly reflect the expenence of the population o gues-
ton. Approximatz values for thest parameiers may be
estimated from the knowiedge of the proparinns single
classified by age. Mormally, te proporeon sngle in Bge
group 354 may be considered an estimale of Li{w), the
proprnacr who never mamy. Therelore, the proportion
wher will everuually mamy, 8, may be estimated by:

S=1 U {D.7}

Funhermore, il is kreown thal the mean of the ind
first-marmiage schedule is o+ 1137y This mean, glag
known B3 the “ringulate mean age o marriagpe™,
EMAM. can be sstimated Trom the proparions singhe
clacsafied by age by 2 simple procedure Arst propased hy
Hajnal*’ and descnbed in desail in anaea L. Sioce

SMAM =gy 13Ty (R

Lhen

y=(EMAM —a1 137 D4y
so that il both SMAM and 5q are koown, y can be casily
csumaled. The sitimation of ag 1 wspally carmied owt in
a very rough wary. I = azouried that rI'I:.E:r'Ii:.EEvEE tn mod
developing coontres bepin early, and unlazs thers §5 evi-
dence to e conlfary, 4y i sehecoed t9 be 13 or H4 years.
Values of 12 or 15 may alwo be weed. The exack value of
oy is generally nod crnsial. Equanion (139) cen then be

" 1 Jahn Iagnnl. “Ame an marringe afnd rmgﬁmns marrping'. fopp
Jovsom Nreafes wd, W1 oo, 7 ePlonaembgr 1950 pe. [T,

P

used W estimiite v Qe valud for B, 29 and ¢ have
been estimated. Coale™ provides ubles that make the
cabeulation of Grst-marmiage irequencies and of the pro-
porlicn ever married by age 5 ample matter.

To conclude, it may be menlionsd that although,
sricily speaking, model (D.3) only descrbes the fimst-
miamege esperience of & cohory in practice, ihe propor-
nons of women who have ever been mamied observed
during a given period may also be closely approximaied
by this model, paniculardy of mamage puiems hove
remeined consteni, but alz, and more surpnsingly. o
cases where marriage patierns have been changing,

E. FERTILITY MOEELS

1. Coale and Tragrelf mpde!

Lowix Henry™ discovered dhat in papularions where
there is Incle or oo yolunary coneral of ferlibity the age
pratiers of fertiliny within masriage is approdimacely con-
slant,  Axgording W Henry, woluniary ¢ontrol s any
behavigur affecnng ferulicy thac is modified &s parity
increases  He called “panural Terniliny™, Afx 1 dhe ferility
olbsemrva i the absence of conatrol and wes able to infer
oS geneda| paneen from the siudy of several populations
where volumary Ferility control wes presumed absent.
n ihese poputations, the kvel of natural ferliliny varied,
but [ age patlern remained the same. Henry sttributed
level vananons bolwecn populations io differences in
overall health, the practice of breact-feeding and any
ather physccal or social factors thar might affeci the mar-
izl fertliny expertence of women irespective of their
pany.

In 1974, Coake and Trossep® proposed a model thai,
by generalizing the panern of sandeal fertiliny, was able
to represent the feriliyy @xpenence of pepulanons where
woluntary lertility condrol wes exercased. Thic model ic
based on the following Astemplion: manial ferlity
either Follows maturak ferility (i€ deliberate bitth contmol
is n practised); o7 il departs from nataral fenility i a
way that increases with ege accordmg o 2 Iypical pat-
ien. Therefore, if one denotes by $(x ) marital Fernfity
arage & and by ALx} nadural Ferfity Al the same age. i
8 population where ferlity is controlled votunianty,

lx )= Mh(x Mz F.h
where M oA PATE MEler indicali.ng the |evel af nelurel
ferulity thai the populavsa would eipenence in the
absenie of Al voluntary control and &% }is & function of
age indicating the ivpicel paltemn of deparivre from
natyrat fertiliny when voluntery caniool is esercised,

By cuamining the funclion ®x ) calcubuted for sevearal

M ) ok, Agr patleeas al gnarnoge”

I bowis Hlenrg, “Some dats un nanusal B2rilicy” . Eupeans umenlr,
ol WHLL. Mo Fidbune P10 ppe A1

S ancley | Coale and T Jamus Crussell, “Model fenulny achedales:
»qiklana wh the age sinetlure <1l o Riadb=uring in humun popukalioes
Fogubanod Jader. pob 40, %o 15800l 19T pp. 45 25R




populations, Coalt and Trussell'” foued that it could be
mprrsenied by

Hx)= expimeix)} (E.2}
where Lhe funciion of #x ) was very nearly the same for
differenn populations and the parameter w1 vhangsd
from population w populabon. They inlerpreted these=
resubls as mesming thal by ) represents the pical pans
wera of deviatian from nawra| fertiliy when deliberawe
bacth conirol 15 pracised, while m measures the degree
o which the controd 15 pracused. The final mode]l of
marital fenility armived ai is appealing both mathema-
cally and theoretically, i can easily be denved from
equatkons (E. 1) and (E.2) and hag the form

@)= ME(E expire i) (E3)
where the index 7 g used in plln::: of age x bo indicate
that, v general, only dam referring 1o fve-year age
grovps are used. Velues of the twro funclions A} and
Fi} have been estimased, and are shown in tebke 3.

Taps L. Stamoamss rarreny oF “aTulkal FEETILITY AMD OF DEYLA.
THMME FRUA RATURAL PERTILITY BT A0E GEOLY. EOR THE D 0aLE avD
Tl rERTE iy raceL

Jurial aawen
. = B
T &
. Ll ml

-3 1 U - I a4l D0y
b1 15T 1 (15 ILINHF
b L5 R 3 WEEL —Ran
MM ... + 135 —LEET
53F e % i3rr =103
1 T — L] 0.1&r —1414
5% e T 1024 —1&Tl

Therefore, this model can be fiued (o any popolation
whose marital fertility mutes are kown by jusn dentify-
ing the vatucs of the paramérers M and m. Cogle and
Truasell™® suggest two possble ways of enimaing M
and . According 1o the firit and simpden procedure,

M = {1 hiZ} (E.4)

v
T
m =028 In[gli 17 Mh G L0, {E.3)

iw]d

That iy, the level of maritat Fertiliiy M is defined by the
relation haiween the observed mantal and sl Tectil-
ity rules ab ages 20-24, 2t which ages voluntary vontral of
femilily is deemed to have o £ MecL om patiern, while s
15 just the mean of the il b values that can be csbmaied
direetly from the ohsenved i | orce M 15 known.

B apad

3 gl and Ansley 1 Crale snd T fumies Trucell, "Technial

nodc: Amding ahe iwa parameler GiRl Spetaly o madd schedule of
m!um.,-_ .rqn.ﬂfm Ton, o, b4, 24: 1 capeil 1978). pp.
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The seiond approach makes wie of the following re.
eRpression of (E.J3)

INCdr bR 0 = DN e P WE ) [E.&)
which citarty shows thal the quanities In(eti }'a i 1y ahd
(i pace lincarly relased, Therefore, IngM ) and o can be
wiimakd by identifying i line dhal bew  fin
the obszrved {lnfgds 3oh (80} p{i]]ulpuinl.s. Coale and
Trogsel™ recommend dhe use the leasl-squares
rmethod 10 Ar dhes Tt ared suggest than only the points
comresponding L age groups from 30-24 1o 40-M 4
ranging from 2 to &) should be considened.

Mobte thal the values of the Aandard Tanction Hil
tndicating the paltem of devialions lrom oalaral Teriilny
{cl. table X1 are all <ither neganie o1 zere. Funbermoms,
the obsoluie valus of Hil mMereesss &0 age Incheases,
Therefore, & potitive vajue of ot ndicare thay in the
populatan being fwdied marital fertiliny {adis increas-
inghy shor of neowrs] ey 83 age increases (e iEune
Bl A negative value of m woukd jndicas. ob the con-
trany, that snamtal Fertiluy o increasingly hgher thano
notural fernilny o age advances. 1Mm =0, pataret feseil-
ity and the pyarial ferulety wnder ghsereanon fiplicw the
TS [l

Flpure 3 Conke snd Trase fenlcy orhdulbes: o ombisaioss of enrly
mcriags amal yurboi drgrean of fenlllliy eamird snd Inre mardege
wlah dr samer depress of EErin comimb
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Model (EJ) ¢an b wed oot coly w investipawe the
pattern of marital femility thal 2 populalion experi¢énté
but ko geneaile midel manial fendlity schedales that cen
be very useful for simulation porposes. Yed, sinee i

¥ a ) Coakt and T T Traeel, "Technsenl nale: @nding U 1w
parumelers lhal gty n mode] iebedule of maries] ferilis.



many instasce the functiod of intonesd is ol mariial for-
fility bun overall fa.-ni]i:i. the marival fertility model (E_Y)

he combined with the nuptatity model described
crrlicr [in secuon D) 0 thin age-spevific Tertilaly, fix),
can be obtpined as

Fix)= Gie ks ) (E.T)

wher ({z) i the proponiun roartied by age x defingd
by eqquations {D.5) aod (Th46).

Model (E.7) i x fve-parameier mode] of ovensl fer-
Glity, 1ns parmmneiers are 8, dee wliimane proparon e
cver mamics;, o, the age o whreh mamage begina;
the sl which mamiage ey place: M the overdl
kvel of manwl Fernliny: and o, the degree of departure
frord naural fenulicy, Sinee & and M sppear only s
conuant mulbiphers in G{zy and y(c ), respectively, they
cerermice the bevel of F{x) and noi iis shape. The lalier
aspect 5 inBuceoed the u!umufl.h: three ather
parameicrs present mm Traasell™ constructed a
sel of model patterns of Ig-aghnﬁ: ferility fix} by
evaloating :qutuun (E™ ilerent values ol g,y
and m. The modet fertlity schedules peneraed i this
way fil & wide rangs of observed ferulity #xperiencs and
pemmit the investigalion of txireme paierns which hirs
never or ooly rarcky betn scurkly measurd in prace
Lice.

2. Sran refovional Gomperdz fertthey sk

Brass'' has sought & reduee the number of parame-
ters determining the shape of age-specific fenility rom
the three requined by the Coale-Truaeell models L twe
by poidaling, onoe mmore, 8 reletonal schene beiween
£ “standard” Fritity schedule and any othet scheduke.
Specifically, denoding by F{x} cumulated fenilisy v W
agt & and by TF tonal fertilicy, the e F{z )/ TF, the
propastion of woial fertilily expedenced up o age ¥, is
astumed 10 llow 2 Gompertz distribution funétvon,
whose form &

FixHTF = eapid exp R ) {E.&)
where A and B are cotstants, A <7 This sxpression
can be reduced kx a linear Monction of £ by king loga-
athms {In} wice. The iwo sieps pecossary 1o anmy out
this brand formalon are

InLF{x WTFI= A exp(B) (E5}

amdl
Ind —IntFi{x ' TFH=— I - £} + Fx. (E.I0}
A minwy sign must be iniroduced when ranafomming

cqualion {E 9} into (E, 1) becaust 1the youantny Fiz ) TF
iz amaller than one; hence, IndFix 1 TF) i eganive and

¥ A4 ) Couk and T. J. Trysaell, "Model Gentility schrdules: vana-
o in Heee e Sruciuks £ chikd eanmp in buman popasdie
M Wilkaw Briwm, “The f:luuennl G mede] of ftﬂ-lnl:p by
of worman”, Lomdin 5] of Hygiene aod Tropiab Meads:ing,
.ﬁll-mhutl

A

the hegerithm of & nzgative number is not defined.
Te mmplily nolalion, one may  denoie  the
Inj —lafFx ) TF )} ansformauon of Flx) by glFie]))
Theo equanion (E.I0) becomes

WA cH=In—A 1+ 8x {E.11]

This model, in which 90F {0 15 ingar functron of age
approximates the okserved Fix )/TF rabos fairly well
awer the cenral ages of childbearing, but s Gi
ditcnorates ai the ekirenkes, Brass distowercd that a
betler At con be oblained by substiluling for the am
variable x a funchion of x that can be inierprened as an
» tramsformation of 2 specifc. Handard  fernlity
schedule,  Agcordmg a0 this Anding, the  relaion
capresed in oyuauon (E. | | )oan e cransformed into

WF{x = o+ Byl F, (=], (E.11)

Thal is. the g tradormauon of the absereed fertilily
scheduke 15 a lintar (unction of the n Uapslormmalion of
the standard. The parallel with the Brazs |ogit life-1able
eysiem 15 obvious; 10 both cases, 3 wensformaton thac
tends Lo inearize the distnbrtion woder oonsideration b
wsed o Telate any ohserved schedule W a slaadand pat-
(e by the use of 1wo constin, In the case of model
life 1abics, the two parameiers can be inlerpeeted g4
deierminiog the general kevel of monality and the re-
Inlionship between mortaliy ®arly i Ifie and that l2ee in
lifle. Ln the s of the mlaoopal fertiliy nodel, o in
pqua:inn (E.[2) con be aken a8 desermining the age
location of the [Edility schedule or, more specifically,
the age by which half of the ol childbeiring has
occured. while & may be imerpreied ag determining the
spread or depree of conweniration of the schedude. (Ta
ser Lhe effecis thal changes i e wnd 2 have on the shape
of fertility schedules, refer Lo Agures % and 10k)

Fipmre 4. Fertfllty schedulrs prmerated Shough the
Gomperfe vela Hersl mode] »Hh §= 10

Ty




Brast derived an appropriak sundard from the
Coale-Trugsell model schedoles  Valees of i g
trapsformaton for each sge within ihe chitdbearing

Figmre 18, Feotiity scheduler pearrorted frwegh the
Cawgeriy relnHonal model with = ¢ 00

LL
[ FENE- ]

-
T

span are shown in table 4. The Brage modet is definitehy
catier 1o e than the ot developed by Coale and
Trugszll, and may prove very weful for simadadion and

projection purpeses. However, 15 development is suill

faidy recent and expenicoce with ils use is limibed.

TABLE 4. WALUE: OF THE g TAAMGFLEMATION (F o
STARDARG FERTILY BCHEIMILE piFrhl

AT W, L LEFERENC R

Coabr. Anelty ) and T. Iames Trusaell. Ervasum. Bogalason jlfex
CPTinccn. Mew Jemey) d1ppdTE, Ol ober 1975
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Chapter if

ESTIMATION OF FERTILITY BASED ON INFORMATION
ARODUT CHILDREN EVER BORN

A BACKGROUND OF METHODS

. Mawre of information on cldidnen ever born

This chapier describey methods of Rertilily sstimaton
based on dele about children ever bomn. The aumber of
chiliren ever bom i3 & particular woman i1 an aggrogaie
measure of her lifalime ferlility experiance up o the
momenl a1l which the dals are collecied This number
Conveys i informaton abcul Wiming, whelher on 2 per-
sonal scale, such a9 age or duration of mamiage, or on
an cxternal scake, such as calendar years. When women
are growped acconding o some olber vanable, such i3
age of dwration of marnage, the sverage number of chii
dren aver bome by e proup, dsa known a1 (heir aver-
Age parily, can be computed by dividing the talal
number of children borme by the women in the group by
ihe ol number of women in the group, The resul is &
mesure of the average Tilesime Meralicy expenence of
the survivors of & binh or masviage cohon, bl as before
It coRveyt RE inferntanion abonl the ming of ke barths,
When weerage-panily dais nre wsed for anahrtical pur-
poses, miditional Informaton abour o, &ither per-
sarkl or eatérnal, 8 intrediced from other sources or
inferred Mrom additioes] esumplions. Siricily speaking,
the average parilics refer o the aorvivon of particolar
coboris, though it is gencrally assomed that the distor-
tion inrodwced by femabe monalily may be disrcgarded.

The foregoing gencral accounl gives seme indication
of the strenpgihs and weaknesses of dula oo children ever
bom. Their main strength is that so dating o invoheed,
s0 that the data cannol be distorkd by dating errors.
This strengih is k0. of courze, p weakness, 29 by thent-
selves the data refer wo 8o Cloarly defined Gme period,
providing no informalion about age padcms or tine
tremeds of fertility, Analber weakooss i Lhat the iofomma-
ton mus! gencrally be collected in the Form of nambers,
which ey be subjecl o relalively jrealer ¢rors Thin is
information derived Trom cuesiions with 4 smple “yes™
oF “n0” reEponse,

The amplest way of colbacrng infunnation wa chil-
dren ever bom g by the questod “How many children
have you ever borne alive™, the expecied answer being
& nuber. Note thar this quaion concemns anly chil.
dren bom abive, exchuding stillbirths and oabeer Toensl
degths I is imporianl to adhere o dhiz defioilon
becayse all the methocks of analysis currenty avaitabbe
are baged sincly oo Live birthe, and because if iy likely
that the compleiencss of reponling of stillbirths may vary
widcly from onc socicty (o another. The simpde queslion
quoded above has been satensively used. bl sxamine-

n

o of the resul 9l vields suggess tho children we
gormelines omilied, particuladly by women aged 3% and
ower, Chikdren who have kil heme or who have dicd are
partcularky likely io be omiled, 5o bl Questiony focus-
ing oo thear w0 growps sy be cxpesied 1o produce
beiter results {prachice seems W appon tis cxpectation,
although at is difficult w deeniangle the effects of
improved educanon #nd improved phrasings of the
bsle questiodiy 1 is therefore Reommended Lhni when
the Cime wllened w each inerview and the questionnaire
ﬁlﬂ: permif, g basic question be broken down inko

FEE PArLS, DeCOmIng the children you have ever
borne aliee. how many: 1. Are still living at home with
o™ 2 A shll living bt ebewhére, in some other
hausehold?, 3. Have dwed?™. Thie form ol the basic
Question has the sdvantage of providing the mdditional
information mecessary for the &imation of child mortal-
iy (aze chaper 1. A fudher refinemenl is 1o colkect
infarmation on children ever born classified by s=x, ark-
ing; the hre quéstions ni¢d above for children of
each sex. Dana clasufied by sex provide a basis for the
estitalon of child moflity by sex and prove useful in
the asseswmeenl of daim qualily.

It in also necesgary oy decide from which women the
infermalion showld be collecied, lo gengral. the best
procedure i to pul ihe neceRary quesions 1o alf women
over the age of LI, regardless of their mantal siadus In
some sciclies, however, il i culturally impodsibbe i ask
women who have never been mamied whether they hayve
had any children; and in these caaes, the quesions can
anly be put to women who have been miarnied g leas
e (ever-mamied women). It imponand 1o reongrize,
hoowewver, that in this case the valwe ff tet i farealwn
voflected will vary nversely with the incidence of pre-
marital Fertilisy ]

Data on children ever born ase generally wbulaed by
five-vear age groups of women, of by five-year duralion
of mumiagre groups if the necessary dals are available.
A simple lbulation of number of' woaeen, number of
children ever bom, and average paritly lor cach group
shoukd be supplemenicd by 8 tabulalion of women
classificd by boh apge or duraion group and by Ihe
number of children ever bom {0_ 1. 2 ... 1D, 11+, mot
sialed). When data by sex are available. all 1hese 1abu-
lations showld be epested by sea of children.

A special form of daga on children ever borg i cod-
brted by inguiries abouc ferilily hiswories of pregnancy
historics which abigin infoemateon Bbout the date of
oocumence of sach birkh or abow the termineton of
cach pregnancy . and olien inguire as well about the sub-



swquini fale of the child, moording the dawe of deach
when appropeiste. The collection of » fertitity hislory is
tirge-consuming and kence Inirly expensive, s that it
het been limiled in practice o relatively small-scale
tamplc surveys. 1 s chear than (his forme of colleciion of
data on children ever born &ls¢ provides informaiion
aboul e Liming of fertility, bul i the cost ol recording
specific detes which art more likely o be mubject 1o
TN -

A thorough analyss of Ut dnin gathered by fenikity
histeries often nequines ity dewided bulstions of the
dawe and actest W therm m machine-readable form.
Thanks 1o the vast effort undertaken by the World Fer-
ulity Survey, the myailabiity of both fertility-hiswocy data
amd methids designed specifically to anabyvse them has
téen preatly enhaoced. Becawss the detuiled description
of theae methods is beyond the scope of the Momd, the
reacker is relerred to the senies of publications Mned ms
part of the World Fenitity Sorvey. OT apecial interesi is
the coltection of scientifhe reports which present detiled
enamples of the analyHE aod eviluation of data on e
tility historiss. Somne of these annbyses are clted in this
chapier and others ure listed ol the ened of the chapaer,

2, Typical errors in data on chidden sver born
Avetage parilcs I'urs;::r of women cpbeulated from
caln on children £ver can be disioned either by
erreo in te number of Children reporied or by ermors in
the dassification of s in partcular groups.

The most important #rvor 10 (ke oumnber of childran
re i due b omistion, Worneh end 16 Dmil some
of their live-born Chikren, partdculady thoee living in
other hoameholds and those who have died, with the
result that the propoclion omiued ends to increase with
age of monher- The symploms of such omission are avep-
age paritiet (that fail 0 morcase mpidly cnough a9 age
mcreasey; and, in pOMe cascs, AverEge parilies fgr
women Aged #0-34 and 4549 may sctusly fall below
that for somen aged 15-19 2ven when there & no reason
b mg.pnu that fertility has been riang, Simitar bances
muy be cbserved Tor dursisn-ol-marriage 15-18
and higher. The afects of emilssion, if limived o women
over 13, ane nol very seficas becaur most methods of
analyiia make little use of the duis referming s these
witmen. However, 10 onder W minimize omission at
youngsr eges (under 33), it i advnable W Fress at the
dalxcellection yage he imporanee of Hbiaining accu-
rate information from all women, regardlets of age.

Ancdher &mor in e rtad chikiren ever hom
aret Fom e inclusion of sillbinhs or |ale Toedal
dealhs amudig live-bom childdren. The possible upward
effect of this ermor oo wverage panily ¢ small, but siress
shwuld be liid dunng the data-codleciion process on
inchiding onby live-Bom children. (A Jive-bern child
genenally defined ws one who crics afler birth.)

A third ¢ntor affeeling the rmoorded namber of chil-
dren cver bom is introduced when the parily of & size-
able proportion of women i nol recorded, that is, when
tharm g DOR-trivinl propontion of women whose paniny
i ot siaeed, IF these women have in fach bome sohie

2K

chiidren, their inclosion in the denom inalor of average
pénity, bl the exclosicn of their chiken from the
numerator, will bias average paniy dowoward. IF i can
be amumed thal the women whe provided ioformation
an mﬁ'rcmnm:iv:. in panity wems, of those who did mod,
an unbissed esimae of Average parity can be obtained
by diwiding tht reported number of chaldren by the
number of women ing. However, in many surveys
there seems 10 be 3 dispropertionate lendency for chld-
less women to be labulated as “ood staled”. A plausible
caplanaiion for this tendency has been suggesied by El
Badry,' who thet interviewers tend 1o feave blank
the space for recordiog children ever bori i cwses
where the wue number is zero; al the coding sage, such
blanks wre intérpréted a2 noo-responac, thius causing =
nel imnsfer of women from the 2er Calegory o Lhe
non-sukied cakgory. In such circomitaness, dvenige
pariry would be inflaked il women wbbulatd s “not
slabrd" were subiracted from the denominator. El-Badry
also proposed a method by which the toe incidence of
nim-esponse may be atimeted by considering the rels-
Haaship between the proponion of women with oo chil.
dren and the proportion of women whost parity was oot
sapad; his method of adjesiment w fully described in
anaex [ s use is recommended when the relutionship
menlioned is linear in nature; othersise, it is mecome
mended thal wamen whose punity is not staled should be
included in the denotinanor when cakoulating everage
Parnilcs.

Misclassificption efmors arpet from mimpurtj:ig the
g: or duration of Marriege of the women consdened,

hen grouped dace dre used, errors arise only b oso T
ks & woman |5 iansferred from one group s anctber.
The effects of such errors 4z complen, bul certain prin-
ciples can be cullined, Random crmors o reporting age
ar duration 4re ikely o have » dight equalizing affect
an average paritics, Ance a ransfer upwand thal prob-
ably reducts the average parity of the higher groop &
likely wr be mmiched by & transfer downward that prob-
ably inemenses the average panty of the kower group.
Huowever, the overall #ffect is expecied (o be small, since
the misclussified women are likely w0 be close 1o tha
boundary of sdjacent groups, with those ranaferrsd
upward having parities abowve the avermge wnd those
iransferred dowmward having parities below the average
o1 women of tiar irue apes.

In contrast, & dysemalic ransier upward, in age of
duraticn tzrma, is likely o reduce average parities for all
ps. with the ¢fect declining as mge o duraion
imcrcases, until it Jiappesss in the age or daralicn
goup inte which only women of compleisd fertifity are
ifted. Similadly, 4 sysiemdtic ransfer downwerd will
inCrease gverage parngies, the ¢ffeci sgain declining as
age or duration increases, undl it dismppears for Lal ege
of duration group contuning the poind ot which all
vhilkdbearing bes ceased. A yysiconanw epdency o shilt

"M El-Badry. “Fuilwre of anwmernlon ir make enlrizs of zem:
citom i ecordmp childles cases 0 iom cEpcrs, Loy {
MWMWHMM , Ho. 2% | Decerwber 156
P BOSFIA.



gpe of duration upward until reaching some boundary,
iHiowed therealler by 2 iendency to shifl downward,
comtnimkes respondents n 8 {eoifal gooup au the
txpenst of the exuenes and may pesull in relatively low
average parifies for groops bebow the boundary, an
Appronimalely carmecl average parity for the gronp 1hat
comtaps the boundary and rélagively fugh aveérage pan-
tes For the groups that e above the boundary, In the
case, prouaps lying above the apper limil of childbeanng
wauld exhibit correct average parities iF age masstale-
ment were the only eponiog problkem.

Bropuse marmiage is & maore recenl and moce pLrsen-
ally memorable evenl than one's own barth, i1 would
serm that data classifed by duration of mamiage might
be tees distorted by dating emvors than date classified by
gge, tf duration s measured from 4 reporsed dete of
marriage. Hiowever, such data sulfer from posible
ambiguily aboul the dae of marnage, The analyst is
tnberested a0 the length of e since saual rélaticons
began; bul 10 some sociehes the ondel ol anlercourse
miy predaie fomal mammiags, and m ethers 0 may ne
oot immediately wpon formal macnage, Furiher con-
{uson ¢xi$1s in dhe case OF remartiags, ance e daie
rl.-]:rnnr.d may be that of the =tond or mest mecend mar-
rimge. This problem may be minimized by a:.l::m,g .
gll:mnu thot mefers specifically to the first marriage.

ence, il 15 imponant that imerviewers and sarvey
planners e awars of the coretpiual problems related to
Mis tops 0 arder W devize the best data-patherine
mechanisms &0 eapiuse the micrrmanos reguind,

It is generally assumed, when enalysiog data on chil-
dren ewer boep, ibal the effecs of morality among
women are neghgitbe. The issue i imporenn iF one is
compering te aversge paricy of a coham al vwo differem
nmes, sincg the nommal aswmplion 15 thad 1he change m
averags party between the two pomnts is accounied fog
enlitely by fertdity io the inierveming pericd. |gnonng
mortality effects, one thus gumes that those member
of the cohort who did oot survive the penod ¢xperienced
amilar ferility kevels up b the Wme of theit deaths as
did the survivors, an assumplion thal i oot bikely e hold

dricly in practice. [0 is nod clear, hawever, m what
direclion tifects of mortalny on average ]grll'-'
wikd be: i high-panty women expetence  abave.

EvEragE Manality risks, then the averape paricy reporeed
b older ‘women will undersstmare the roe level of
cohort Rerality; on the other hand, n developed couns
mes, wnmadtied wosnen ¢apenence hrgher fmorlaley
than mamried warnen, suggesting that low garity women
iy be subjecs w Righer moetality msks, m which cass
reported average panny will cverestimane cohor frmlicy.
Howerer, (e effecss of moraliy on average panly are
[thely 1o b very small, sance 1o mosn countigs bisday the
mortality Tisks experienced by women in their chibd-
bearing yeats ame faarly low,

Migration poasas 5 problem similar to that inirodweed
by mogsaliny, iough potentially more sericus, paricu-
larly ut the submalionzl level Awerage parinies for panic-
dlar areas may be disioreed by the migration of women
nod iypical of the area, apd changes bebveso 1wo points

P

in time nay elsa be distoried b atigration  Thus, for
cxampie, the average paricy it & oty experiencing an
influn. of nugrantz may be infaied by (he amrival af
high-parity rural wormen. The problem anises, of course,
lrom Ihe timebess natwee of the data on Average i
compounded, in (his case, by a fack of informaton on
plose of previous Tesidence There (s no way by resodve
this problem ather than by wsing areas thal are not much
aff#cied by net migration ve by resorling (0 ather vpes
of dara. 1t wowld seem prbrachve W ebulale wansen by
binthplace and chitdeen ever born by binhplace of
redther, and to imit analyss to women bom in the area
beirg ronsidered; bul the csmaies obiaimed would siifl
THIE TecAssan Iy represent fertility im the gree considered
because immigranis may bring with them noi only high
hisiorical ferility—and hence above-average parity—
b above-average turment fErphty, Punhermore, if ler-
tility behaviowr is affeceed by place of nzsidence, fertilit
estimeles derived (rom dats classafled by place of hiﬂi:
would not represent adequasely the currann reguonal fir.
Llity differentals thac are of greaceso incesrese.

Y. Crpamizetion of this chagter

Al the sstimation methods pres¢nied in this chapier
have one characlenstc in commaon: they use dala on
chibdren «ver bom, MHowever, the methods can be
sepacated into cetegoTies aocording w0 the exect type of
dati they réyuire (whether classified by age or by dura.
tion ol marriage, o1 example} Seclions 8-D present the
availabbe methods divided inlo tese calegories. To aid
Lhee i im e lecting the method best suited for 2 paniicu-
lar applicanon, bref descnptions of gach section arc
grven below:

Serrion B Methodt of the Brase iy based s compert-
s of cemlated ngn.rpr::r'ﬁr JSertility raves with neporred
unerage paritier, This seclion prescols nvcml v theids
hased on the wea, first proposed by Brass, of comparing
repurted Bverage parities with those estimated from
penud ape- sptc':ﬁc I':rullt_'.r rales. Their main charac.
lenlic, therefore. iy thal they require the avails bility of
al beast two bypes af infarmedon on fertiling: childsen
gver born for gt least one poindio ime: and age-specifle
feribiy rates referning 10 some period of imerest Yara.
tions of 1he basic method anse beceuse of vabalons in
the agumplions underdying it or becanse of the ber
or lesser availabalily of dach. In gEneral, the methods
presented i secuon B ate oedered on the basis of their
data ecoueretpenis, hat is those presented earlier usu-
ally require bass information than those presented later.
Table 3 lists the dara cequiremens of gach method, It
should be noded dhat all meshods desorbed i his sex-
bion use dats classified by sge,

Seciton O Extieianive of dpe-speeific fertility from the
EreTERIS of CcoMGT paritfes Deresed fup fireegs The
methed presented in secton O B hased sxclusively on
data on children ever bom. Independently caloulated

! Williarm Brass, ~L'see @l wonaups ar survey Jans for the catimakivn o
vilah rales” (EJCH. 144045 4057, apetf prepamd [or ihe ATHC
Serminar un ¥ildd Slatisot, Sukdis Ababe, 14 19 Dby |64,
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ool

dwralion of marFsge

g

Evernmacried women chewifed by

fire-year durnlion of masriage groop

Thet: total pogrulnnion

age-specific fertility mies are not necessary. Al inpal
dats need 10 be classified by Bge;

Seviteer [0 Eviiniprian of fersiliey frmn Infesstiion on
el oy Sorre ol e by durdiion of marrigpe. When
dats on children ever horn classified by the duration of
the mother's marmiage are available, iwo meibouls of fer-
iliey estimation cen be ueed. The simplest method

uines the data on children cver bom; 4 mae
elaborate method permits 8 comparison of the Brass
hype between parily information and panity equivalent
measures Jderived Ffrom a  duradion-specific  Tenlity
schedube. The Intter method reguires, therefore, infor-
mation bath on children ever bom and on the number of
banths in & grven year clasafed by anoiheds duranon of
mamage {see able 5)

B. METILODS CF THE BRASS TYPE BASED OM COMPAR.
ISCHH OF PERMOC FERTILITY RATES WITH REFRATED
AVERAGE PARITIES

1. Crwsevad depcription af saesiad of phe Brask fype

Thee tonal number of children ever bome by a group of
wimen oF 8 given age 18 @ record of heir wotal chikdbear-
r:; eaxpenemis fmm tht begoning of their reproducuvs

ife 15 their corment age. The everage number af childnén
ever born, obisined by dividmg the number of reponed
children by the number of women, & therefore o meas-
ure of Lae fertility cxperience of e cohort of women,
though il is 5 meagore of The kevel of fertility oaly, can-
wining no information about e Gming. IF it & assumed
that the feilily experience of those women wha dis i
thet: G g 1o the age 4t death &5 thal of those who sur-
vive, the averape number of chikdrm borm provedes &
meorialily-fres measur of cobvort feriility.

A gimilar pericd measare may be oblained from age-
specific fertility mies. If ;ach mies are cumulaied
upwird from the age a1 which childbeanng beging, k-
ing due sccount of the width of the ape interval Tor
which e rates are specific, the resuls ablained can be

interpreted a5 the average number of children thm
would have beecn bome by women cxpericacing these
fentility rics rem the beginring of <hildbearing w the
upper £gt boondary of the lughesi Apé group mcleded in
1he curmnulation,

The availabilicy of imforoistos about both lifstime
fertility. fom & sutvey question abowt number of chil-
dren ever borm, and currenn fertilny, from a survey ques-
foh 2boul Parths in the past year or dake of the most
recent birth, or from vill regrsrslion dats, makes i
bl w powerful contistency check, whersby currenl feril-
ity rates can b cumubiied sod compared with average

il

panily. Such a mnﬁ:rimn clearly wsex both cohort rates
and penod rases, but il is valuable even iF the o
art ool expecicd to be constsiend because of changing
fersiluny,

This comparison of Lifetime with current fenility duts
can also provide 3 method of sdjusiment for Casey whers
the dala ars distorted by errors. Information on
children ever borm is frequently distored by omission,
but 1his omitsion, perbaps of long-dead children or of
those whis have kel the pareaisl home, is mosi marked
for obder women; the re of younger wiinen, op o
age M or 35 may be fairty reliable. Infomuaton on
cument fertility from a question on bnhs occumng dur-
mg the 12 monihs preceding 2 survey mey be dimm:d
by a mispercepiion of the leagih of the reference
so that the reporied binhs comespond 1o an il u:d
perind whose average Bngth may be éither shorier or
longer than a year, [F informmiion on eament fenilicy
comes from a wilal regisiration grsicrn, the kevel of the
reported fertiliny raset may be diswrted by generl omis-
sion, IF these ervors in the information on carrenl fertil
ily may be assumed to be moughly constant with respee
It age {an assumption Lbal is partcularly approprise in
the case of refcrence-period corar). the age patiem of
observed curmenl fertility can be accepted a8 correct
although itz bevel may be dislortsd,

Cumubated cumreni feribity may be compamed with the
reporied lifenme feralcy of women younger than 30 or
35 in order o o i adjustmenl faclor for the leval
of the cument fertility e, which, once adjusted for
I:v:l “Eﬂwdn a belter estimate of nciual current fertidity.

for this sdjusiment tu be valid, it misl be
mumnd that the Fl:ruhl.]r of yo wWHnEn hax nol
changed appreciably, for il h:d :hm,g«nd, therr lifetime
Ferviliny could nod be eapevied o be coosBlend with
cumubnted cuprent ferility raes Funhbermoore, whes
dealing with date classified by Ave-year age group,
cumubated correan ferality facss provede an Ssimate of
the average number of children ever home by wemen
who have reached the end of exch age group, whereas
parity daw provide an estimale of the average pumber
bomne by women whose ages vary over the reoge of the
agr group. Therchwe, & process of interpolation is
required 1o énsure thit the Agurs: cover a mpusble
dpt HANEE.

The eseoce of the Brast! feniliy esimaton
cedure is the adjusiment of the age paters of fertlny
detived from information o recent births by e kel of
fertility implied by Lhe sverage parily of women i age

]-H



groups 20-24, 23-23, and pethaps W-34. Several caten-
sions of the ofiginal procedure have beco proposed.
Firs, if the reasoning ooldioed abave may be applied 1o
akl births, it may also b gpplied 10 hirths of any panscu-
lar birth order; and cumulated binh-order-specific fenil-
ity rames should be comparahle with the proporiions of
wOpen Teporting at least that many childrem ever Born.
Such & compenisen may be particularly revealing in the
case of first births. Secondly, if data on childoén evér
bom are available frem twe surveys fve or |0 vears
sparl, and average feoilify cates may be caiculated for
tbe same period, the assumpiion of constant feruliay m
the recent pasi can be relaned, because pverage parity
for a hy tical imtersunaey cohort Can be consructed
add compared with parity equivalents denived from
intersurvey fersiling ratsn Lasiy, the assumption of con-
Sam fenifity may be relaxed il information oo ferdlity
raned doting whe past 15 or 20 years is available Erom a
vital regisrniion 3ysiem or some oher dais sone, The
observed ferulity rase frv & series of e cohons can be
cumulaed thraugh the recent past for comparismn w6th
the average parites reporied by women in succossive
age geoups gl the #nd-point. These nselul extensions of
tet Hross method gre ceseribed and illostraied below,
follewing the descripiion of wthe origingl wechnique.
First, however, soms general poants thal apply to 1] the
versona dscyssed are conssdened.

Feporied lertiliny rales are used o estimate the aver-
age cumutnied ferlity or parity equivalenl, F, thai
woenen in ach age interval would have if they had beso
subgect droughou their [jves w the reponied rtes. Two

roblems dfise. howevet, in ohRinmg & value of & fhat
15 comparchle o the average parlly. F, repored by
women of cach age group. Firsg teceyse fereility data
ase ordinarily whbulaied by fve-year age group, tumu-
Iating the reported age-speritic ferblicy mnes and muki-
plying by Bve yickls estimaiss of the panty o curnwaled
ferility that women expericocing thoss rates would
achieve by the end of each Gve-year age group (Lhal is,
by exact aged 20, 23, 30 e when conventional Bve-year
age proupy are uséd). Thess sulimaes are not compar-
mbiz with the average paribier caleuiated from dats on
children ever bam, bécause the laner valnes represen
the mixed expenence of women of diferent exact ages.
Hemee, grme procedure iz required for estimating the
average eunudaled ferality or pariry within each age
up foom knowledge of the valuas that the comudaled
¢rli|I:t]r schecule skea a1 the end-peinks of Lhe ape
proups comidered. Secondly, when the current feriity
nheﬁ]e it gbtained from a survey question on binths
during the 13 months preceding the survey or on dale of
the most receni birth, the births are penerally trbulaned
bry (he mother's age al the Gme of the sarvey, net at the
ume of the binh. If one asaomes that births in & given
are utiformly distnbuted i ume, the women who

had a birth in the 12 mooths presssding the supey were,
on average, six months younger At the e af the birth
than x the ime of the interview, Thersfore, the age-
s ecific fertifity rates thel can be caboubsted froom data
on children bom during the year befom (e sorvey
classified by age of mother ac the tme of the supey
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oo nd to unorthodox age intervails whose limils are
(143, 19.5), ([%3 245, ., (44 5 425), raiher than w
the usual infervals with emd-poinis (15, 200 (0, 25), ...
(45, 50). Wheo 1be soume of iofomation oo turmént fec-
ufity is & vilal regisiration system, this second problem
sboubd mor arise, spor hirths are supposed o b
recorded near the Gme of cocumrence and therefore the
rporied age of mother 5 likely 10 be the age she had n
the dime of the binh. Wheo registered births are nsed,
however, late registrations should be excladed. arher-
wise, they might sernously dision the ape pacert of er-
fility.

An imicrpolation v based on moede] fenlibity
schedules has been devised to allow the estimalon of
parity squivatents (F} for the usuel five-yoar age %_:MIH
of women [from the comulated feniility schedule. A
similat procedurs that takes into account the problem of
agt goups displaced by six months and produces the
desired estimalkes of F {parity equivalenis) has ako been
devel . Heoce, mvo varianls of the cdurs mre
available: one suiled for use with fertility rakes calew-
lated from vital regisiration date, that is, with births
tabulaied bty age of mother at delivery; and the other
sited for wse with fertdity rates calculaked Irom
reparied bicths for & 12-month period Whulsted by age
of mother &l the end of the perod.

The Brass lenility ¢simation method and the vanianis
presemted i dhis chapier ane best suiked For estimating
lerulity in countries where massive syslemauc age-
misreporting is nol apparent, Its spphication to a-
Liuum WEE IS ﬁd}' r:pun]:-lliﬂ is likely o yicld
biesed resolts. Fertility cstimaies obtained by appiying
the original method to populalions where zilher marial
feruility or age al marriage has boen changing rapidly in
(e recent past may alse be subsject io s, since iL would
w0 longer be valid 0 ssmome that the “histonical™ patzm
of ferulity implied by the reporied wvers iliea is
cqual to ihal embodicd by the curreni fertility schedulke.
Howrever, when 8 Fertility decline is due mainly to
cifective use of conoraceplion at lauvely older eges, the
method deseribed here may still yvield valid mesults if the
adfustment factor s seleoted on the basis of information
periaining to the youngest age groups {20-24 i recom-
mended).

2. T POF rarii merAnd bosed on gans afewr all children

{a} Basiz of peethod and ity rasionale

The original P /F ratic method or Brass method secks
to gddjuni the level of obeerved age-sperific fertility raies,
which arc assumed Lo Te I the true palbemn of
fertility, to agree with the lavel of fentitity indicated by
the averagé panities of women in age groups lower than
apes A0 or 35, which are assumed w be sccirame. Mes.
sures of averwge panily equivalens, F, comparable
reporied average pariliey, £, are obisined from period
femility eates By curopladon and interpolibion (these
roeaures are effecuvely averages of the cumuiated fer-
iy schedube over age groups:. Rabiod of average sar-
et (P} o the estimaned parily equivalent (F) am
calculated age group by age group, and wn svecage of



the matios obtained fw younger wonsen i used a3 an
sdjustment factor by which all the observed period fer-
tiliny ravs are multiplisd. MNote that P /F ratios are gen-
erglly calculated For the entire age range from 15 1o 43,
even though not all the ratos ere used for adjustment
purposet.  This practice @5 recommended becanse the

Mern of the rdtads with Age may reveal dela errors or
edility trends. Dunng suctessfu| application of whis
method, the age patiem of the pericd Ferdlily raoe s
combined with the level implicd by 1the average paanmes
of younger women to derive a sel of fertlicy ranes that i
generally more eeliakde than either of its comstitwent

s,

(k) Dane regquired

The fotHowing dans are required for this medhod:

{o) The number of chikimn ever bom clascified by
free-year ape group of mothes,

{f) The number of children bom ducing the year

ding the survey or census classified by fivé-yéar age

Igrr:ump ul‘smmh:r. or the number of registersd births ?n
the year of the census, also classified by fve-year age
group of mother;

{¢} The iotal rumber of women in cach Bve-year age
group (irrespective of marilal stafus};

() The total paputation il the birth rate is o be
eslimated.

(e Compurion procadsee

Every functiom in this saction is indexed by a variable
{ orJ] the values of which represent che age groups
being considered. Table 6 summanizes the relationsnp
betwoeen the index aumber and the age proup.

TALED. CrMREMOMDERTE BETWEEY |MCWER AND sGE AL
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1614
14-1%
-3
h-y
.34
LTy
-4
4545

The steps in the procedure art described helow.

Step [ caleudation of reported average poritier. The
reporicd average parly of womeo in age gmur i is de-
naled by Pli} s value is obiiingd by dividing 1he
tola]l number of children cver bom W womeEn o age
grop T by the wial number of wosnen in that age eroeup
(whether marmied or single, fertile o not). See, however,
ihe discuasion in subscclion A2 conceming the treat-
ment of women whose parily is not siabed and Lhe use of
the adjustmerd method proposed by El-Badry {sec
anncx 11}

Step I colowloiicn of a prelimingry ferrilily sohedics
Jromn informanion o Bt (a ke patr wear o from rep-

1

ixfered beenfu, The fenidily rwte of women in age group J
is dentted by £ ) This value is compuied for each i by
dividing the number of births occuming to women in age
group ¢ during the year preceding the intenview by the
waal numbrer of women {wheiher chikiles or nod, ever
marteed o Hol) in hdn age group. I whe case of reg-
istered births. the births by age E—nup recorded for A
calendar year shoubd be divided by an esimate of the
mad-yrar female population of the age group (usualty
abdained om & censush

Swep I; cofewiotion of culaned faritlity schedbdle for &
period To calowlate this schedole, denoted by (i}, the
Fertility rates compuied in skep I are sdded, beginning
with {1} for with f () if its walue i5 not 2ere) and end-
ing with F{i ). The value of this sum muiiplied by five is
an estimate af cumulated fertility up o the upper limi
ol age group i, Fhe Tormal defnition of ${0} is

HFJ=5LEI-*IU]I'

(BN

Sep 4 rxlimotion of awrope pdly equivalesn for o
‘Emhd Averhge panily squivalens. Fi7L. gre sshmated
y nberpotation wsing the perniod feaility rates £4F} and
Uhee: curmulated Temllly valwes o0} cakeulaed wn previous
steps, Several dures have betn proposed for thia
interpolavon, Brass® uses a simple polynominl modd of
Fertility v caleulate the rlaGonship betwesn average
F:n'l].' and tumnulased fertlity for successive Age groups
ra mnge of age bocation of the fenility model, Cosbe
and Trussel)* propose Ating a sccond-degree pelyno-
mial to three conkeculive values oOf (i ) and estmating
the average parity of women of an age group withlg the
range by evalusiing the mmicgral of the polynomial; [n an
actual application, Fif) is obmined as

Fily=oif —13+afify+8 0 + 1)

where g and & are constanks whose vefies are showm in
tabde T forh = b 4. - B FOTES obloned as

FiTy= w6y +a*f (61 +6 (T} (B3

and 1he wilues of ¢ and & are also displaysd i wble
T. A somewhal more 3cCure ure i baid on the
generai principle underdying ¢quation (8.2}, bul it allows
Ihe conslanis @ and & ko vary with | . The interpolation
cquation used is

Fii)= gl — 134aid 480 (0 +1)+{i 7). (B4
¥alues of the pacamelers 6, & and ¢ were eslimaled

wiang least-squants regresson o Bl equation (B.4) o &
large number of model cases comsrucisd wang the

(B2

! ot

: Analty 1 Coalt awd T Jideis Trusel], “Bodel Eilly wledul
varinlioms im wie nge Arsciure of childbesning m buman popslalior
Moguabwilon Facdes vol. M0 Mo 2 {Apnl 1974 pp. 185158
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Thp e Mcend shoukd be appdied Lo i — Th nid s+ 1p, Wit is, 0o 1) imeead of AB).

Coale-Trussel* fertilhiy modzl. Note thar an edditional
congtant berm, ¢ i jp¢ 7y, is inlroductd in equation {B.4)
This term i 2ffectively an estimated coeMcieal, ok
weighted by the observed total fenility rae. ${7} In
lhmq, thee imlughon of & constanl venm in cquation (B.4)
is unsetsfeciory because, if Fii) and (7 +1) were zero,
Fiiy should be idencica] W &7 — I} In praciice, how-
cver, uch degroerare fertiliy schecubes are not encara-
icred; and the resricons imposed by such thearelical
consdenitions do mpor warranl the boss of Aexibility they
would imply in obdaiping the Best possible B to the
moched data.

Table 7 shows the values of the coeffickents required
far the wie of equarion (B4). The able is divided into
qu};nru the Ard pan presents coefficienis for wse with

rakes derivsd from bwrths in the 13 months
htl’ﬂrr. 4 wrvey lBbulad by age of mather al the Gme
of ke survey. and the second presenls coeficients for
wee with Temility rates calonlated from hirthe classified
by age of mother ail the vime of delivery.

.ﬂtp 5 m.'nnh‘lm af o fervifily sohednle for comwermitonal
When uge-specific fenilny i have

hl‘.‘tn clll:ul ﬂ from hlll.hl- in A IImuull'rnjc
chissidbed by wge of mother a1 the end of 1he they
ific for unorbodox sge proops 1lu.|. are shifted
by sih months, A lerulity shedule for conventicns
free-yeai age groaups. £ 40 can be estimated by weighi.
ing the ks refering to uncrthodox age groups aceord-
ing ip equalicny {B.3) sod (B4}, and wsing the
coefBcients digplayed in zbe 3. Mok that when lertiliny
raks have besn caleulated from births classified by age

——u e —
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ol mother a1 the Lime of delivery, this sep is not
mequired:

Fray=0l—wii =101 +w(ipf (i + 1)
where FUF) and £ ) are, espestively, (bt unadjusied

and adjusied age-specific femblity rues: and the weight-
g (achor, wii ks Qlculeed #s

{b.3)

wi{i )= i3RI U+ AT (B
The valuey of 20k ¥(7) amd 77} were obiained by
Biing eguation (B.6) by Wwevl-squarcy regreasion o the
wme model cases wsed in deriving the cocficients
ted in table 7. No weightiog fector is needed for
{=7, a5 childbearing ia ssamed ko cense alier age 50:
aml {7} is therelore ken to be {1 —w (61} {T). Birlhs
ed o women under age LS can be ineluded among

those reportesd by wornen aged 13-19.
Srem & adguriment of period fertility ahedule, With the
quantitics compled i oumeps 14, te rados PO
are calculured, [deatly, these ratics should be fairdy simi-



lar for differemd valwes of i, alikough if children ever
b wFe inCreasingly omitted by pider worten, the FLbios
will tend WD decremsé 45 A IRCREASeS (C3pecially over
ages M) or 35, In praciice, however. they are ofen far
From beiag conmani, even below age 35, and one can be
satisfed i F{21CF(2)y and PIVAF{d)are ressonably con-
sisteni. IT this is e case, sither one of them can be used
a1 ap adjusiment faclor for the perod fertiiny raes. IT
they are not very similar, 2 weighted average of the two
can be wsed fusing 4% weaghts the aumber of women in
age groups 20-24 and 2329 x5 0 proporion of all
women aged 202k s ckn & simple, onwrighted aver-
age of them, Howewer, il there is evidence suppesting
that the populinon B eapernencing @ fendlity declioe
afecting maumly women ip ihe older age groups, the
value of P(IYFUI B recommended a5 an adjustment
facior becauwse it 35 less likely to be affected by the
deckine. In geseral, FUIVAF should be diseegarded
because of 1he innasic difficully in eslimating Fr1). and
the £/F vt for age groups over 3 cannot be
reparhed a3 reliable due to the possible omission of chil-
drén ever bowi. Matueally, the more consistent the sel of
ratics phupined, the more confidence one can have in the
adjustrent feplor selecied. Certein patterns of vanation
of the ratins with xge may also reveat the types of prob-
lems prsent. For ewample, a recend decline in fertilicy
bemhs bo produce & sequesce of £/ F rankos that increases
with age.

Oece an adjustment facior has been chooen (poe may
dencde it by K), an adjused Tertilay schectule iy com-
puted by n:lu]li!JI}'inF thee Tertility rnes for conventiomal
age groups, £ °{6), i the rakes oere ongmally for age
groups chifled by 2ix months, hulj'l'i']- if the railes wire
anginally for conventional age groups. by X, o yeeld
adjusied [} values:

=K {ihoor = KL |- A

Opce all the £ %1} values wre available, one may cal-

culakz wnl Feniility, TF, which is defined as

TF=3% (B.E)

7

An eaiimaic of the Adpssted binh rabe can be obtained
by mlllig-lging cach of the adjusted lenlity rates by iae
number of wormen i the relevant age group o eslimaie
oumbers of births, sdding thepe results for all ages and
then dividing their sum by e Haal popukalion.

The cakwlation of these and other paRmersrs
deseribed in ihe fodlowing example.

i} A dieiled exowple

Tible 9 shows Jais on the number of children cver
born and children borm in the year preceding the furvey
for women whe were inkrvewed duning 4 demographic
survey conducted in Bamglodesh in 1974,

The sieps of the culoulation are given below.
Srep [ calrulahion of reporied averapr ponitiet. Yalues

1

Tasn % Cainmadn EvER BH SME BT HE (N THE BAFT TRAN,
It A0 E Gigm e o uaTHER BarGl afEL . 19T

s o it e prple
]
il ™ - il
T 1014 T 1 160 HiB 120 46
-2 . rEEYY |- o+ Sy A0 B Y
2529 2 WIT 0 w45 N57 41 494
30 FELT ) LT30S WA
x5.30 N 771 0 10 134 00 237 197
i LTS SIS o 164 129 75 357
A54% LA 7% 005 874 Tt

af the reponed aven%e pantees, Pk are oblained by
dreicking the numbers Inted i column (3) (children dver
borny of wabe 9 by qhose gppeaning o column (23
(umber of women). Resuls are given n lable 1
shown below 13 the way im which P{3) was oblained (21
will bt recalied that index 3 refers o age group D529y

PLAY= (9085352 /2 607 000 =1 445.

In the cise of Bangladesh. data were scdilable 10 apply
the EL-Badry corrscienn G aon-reaponss. The Smmaned
level 0F pon-reaponse war 50 bow, hiwever, a5 W b
ingignificaml. The Aguees on aumber of women shown i
column §2) of table 5 therefore mclude all womeh, even
chose For whom parily wirs sol saned.

TadLe 0. AVERLAWGE PARITIES. FERHME FERTILITY NATES 4N
ClmaU L s TEE PERTALITY, B AE CIRCALI CHE 0T HER. Badwc o, DESH, 1774

Paad’
A w—r Aoy [T ]
> e e
o o tir & L
1419 ... | 185 LN L0 ik5X14
. 1 5. N ) 1 247 LI 4795
L . T L 3485 s 1.7564
k1 EcP L | +307 AN LR LE. L))
M. 5 L1510 0113% i X3E4
el 1 AL 1 el LE . In]
E LY LI T [ 1 P} LKL i B2E4
Siep 2 cfrulotion of peeliminory feniilite schedile, The

values of Lhis schedule, denoted by F{F ), are ¢ompuled
by dividing the eotries 10 column {43 (barths i the pas
yeark of wabde ¥ by dhose i column (2 (pumber af
wornen ), The wadue of £{3) for example, is caleulared as

FN =361 404 12 6057 ) = 1.2 E34.

Orcheer values of iy are given in tahble [

Step J; raterdaion of owndlared feecifetr scfdule. The
valges of @i ), the comudared ferlidiny schedule, are
oblamed by adding the values of f{7), keginaing with
J=1 and ending with =7, atcl then moliplying vhis
swm by five (this number is used beomuse fve-year age

ps are beang consslered). Final résulls are shown in
column (3) of wble 1. As an sxamplke. ¢4 is com-
puted nx

S = SO (00 02206+ 0.7 [ 5d +DIRLS
= W0, 1336 =1 6690



Slep f; estimaiion of averape partly equiwalents for d

wi Feriod [emibity rnes were calcolawed from births
in the |2 monihs preceding the survey, abulapd by
age of mother &l the dme of the survey, iherclore,
coefcients from pant (a) of table 7 shoold be wsed do
estimate 1bhe cumenat average parity equivalenis, F(E)
The compatation of Fi1), F(4) aod F7) s iesiraed,
using the values of ¢/} sod F{Fy Hsted i table 12
resulls are shown in column ($3of table P

F{lt= S0 +atl]f (o (2140 {pl7)
= B0 W0 1063] 4 - GLIRRYD.2296) +
{24 )4 8295} = 0.237;
Fidy= (3] +a (i) (3] +B {41 [5) +c (ARt
= 27565 +{3 TN W24+ — D SHIN0. 1338} +
f0.002%X4.5285) = 1321;
F(Th= gl +a{TpF (04 I 161+ {Th(T)
= 46605 + {1 A2BN00336) + (001600644} +
(—0.000IHA.8285)= 4.789.
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Siep 5 calewfation of @ ferhitity sebedrde for domvihion]
five-year ape proumy, Because what is being considered

mow 5 & s i which Births in ihe past year were (abu-
laed by age of moder at the Gme of the qurvey, the
reported pernind fates, £ meed o be conversed inip 3
fertilily schedule, f*47), fr conwentional age proups.
Conversion is camed ot by using rquations {B.5) and
{B8). A dewaiked smample of e calculation of F {1
Fridyand (715 given below; other values of f* ae
shown in table LY. The total$ of columns (1) and (4) of
tble 12, labelled Fif) and F*{1), respectively, do mnt
quile agres because of munding:

(=1 wil= ORI T 20 21T
= 0031 +(Z287X0. 1063144 8285 +
(01 1402296048 285)
= 0087
F (= ¢ LOX0. 063) + 0BT HD. 2296 = 0.1 263
it =4 wifl= 242000 (10T 4200 (51T
= 0030+ (1. LIk | 5254 B285) +
(— L3300 339448285}
=121
£ = (w2 15)
= [0 BBN0 1525) +0 121 0.1 335)
=0.1784
=Ty F5T= 0 -G (7 =(0834K0.0335)
=0.02680,

Srep & adfurimens of peripd ferdiiny seheduls, The first
step it selecung an adpsoment ficwr K for the con-
verted fertility rales obwined in the prevics sbep i to
ceboulate the F4F ratios, They are shown in column (3)
aof table 1.

Though the P /F ratios show s (airly madked decline
from ape 13 cmward, probably in thas case because ol
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omission of children ewer bowne by omen over age 3,
the raups for tbe crucial age range 20-34 are fanrly con-
saent, The edjosiment factor has therefore been calou-
lated as the dverage of the three ralios [or women in this

iE'I.'. I'BI'I.EF:
E = {1528 + 1490 + L A&0) 1= 1500

Had the ratios ot been so coosisteol. & would have
been calcolaled as a weighted everege of P2}/ FIT) and
Fi3 F{3). the weighis baing the number of women in
cach age growp a5 a peopartion of the womern in bih
age groyps, As anaflustration, in the example being con-
sidered,

X==( |, 528N 2652, 1553,(1,653,155 + 2 607.009)
#1140 | LE0T.000)(1L653,155 4 2.607.0091

= L.5I10.

Adjusicd age-specific feriliy mees for convenyomal
age groups, £ (), ars obaned by mulftplying the £ 717
values by the adjustment factor K. Final values for
£ *iu pare shown in column (5] of table 12,

Tocwal fertility, TF, can be csumated by multipbying
the sum of the adjusted age-specific Rerlility rates £ ()
by flve:

TE = 5{1 44897 = T.24,

An adjusied birth rete can be obimined by cakculating
the number of births thal weuld oocur 1o the populanon
being considened Jf it were subject o the adyasied feril-
iy races end by dividing the Lal nember of births by
the wnel population. Mumbers of births by age am=
shown in column (6} of table 12 The total number of
hirtha & the sum of all these eoiries. and beceuse the
total population coosidered is 71315944, an adjusted
value all b is given by

b= AR89 259/TLF5.94
= D475

Lastly. the gengral fermliny fate can be calculated by
dividing the tolal number of barths by the number of
women considered {women azed Fi-<49)

LrFl = 3380 250, (4676917 = (L2309,

G s of Crreny foeri -tk fertifiey
with the reparied proportion of methers

(&) Busir of eshod and (15 ranomre

The consuiepey of information ot current and retro.
speitrve femiliy ean also be checked by using data refer-
nag only W first bapths In the same way than cumulaied
leridity rates based on all hirehs ere & messurs clasely
assowated wilh prony, comulaled frst-birth feriity ralcs

¥

can be regarded as a measure Gf the probahbaiy of hav.
ing had at leesl one child by tht upper apt-imi wsed in
the comulanon. The consisiency of recent and liletime
Tertidity information can then be checked by companing
curnulared and imerpolaled Grsl-birth raes for a recent
pericdd with the reperied propartons of womed in sach
agc group who have had gl 241 one clobd, Assuming
that any discrepancy belwsen 1htse wo proportions s
dug W eregrs in the reporing, of events, rather then
changang ferciluy, an adjusienen faclor may be b ed
and an adjuseed frsi-barihe Ferulily schedule may be
computed, This method of adjustment s, in facl. just 2
special case of the all<children method described in sub-
sechion B2

Computationally speaking, these two methods are
very similar and there 15 also some similanly between
the assumptions on which they ace based, For exampls,
both assums that the wpe of Fernlity measored (st
chibd of Allchaldeen) has remained Sonsannin the facem
paesl ancd that eFroes i cureenn Teniility are & oresull of a
mispercepion of e reference pencd. Hawewver, the
foran-child neethod is less likefy Ly be affecied by chang.
ing narial fercility than is tve method based on data for
allchildren. Indeed, if 8 fenility decline iz broogh abaou
by the use of conwacepuon ether oo limit farmly yoe or
L increase Lhe spacing between children, 1he perform-
ance of the first<child method will nol be afecied; even
il all childbearing afer the first birth stopped, the firsl-
bitth companuwn would remain valid. Any change
affecung the uming of Arsc binhs, on The other band.
woukd bias the el yislded by this method, Therefore.
its wse is nol pecommended when there is evidence of
mapd |y changing age 4l mamage ot of a changes in the
interval bereesn nurriage and the onaet of childbearing.

Anotber advancage al the Arst-barth medvad s than o
o5 based on cala ibad are more likely to be accurace. For
geample, the relrospeclive information it uses is the pro-
puartian of women wha have had an bepay one chibd. This
Emﬁniun i ondy distocied by women of patity ong or

igher whi repor (hemselves a5 chibdless, or by wamen
of zero parity reponing themselves o be of parity onc or
higher. It s not afecied ty the acival number of chil-
dren reponied by these women and shouid thertfore be
meore reliable thwn 1he squivalest nformation wed by
the allchildren nerhed (average reporned pariy). In
parcular, i1 should not suffec from the typical endency
of older wonten o omil some of the children they have

had.

Unicermnacely, the Arsi-binh meibod does not solve
the main problem: it does notl produce an adjusimeéns
factor for all kirths. Legically, an adjusimeni facter
compuced from Arsc-barth dace applies only 10 fre
binhs. Te estinmale an adjustment factor applicable g all
birihs from frst-bieth data one eeds 0 make additional
assumpions abowt the lapenship between the smors
affecting the repormg of Frst berths and those affecling
the reporning of all subsequent births. Alchough i may
be reasonable 1o suppase thal reference-peniod errer is
not much affected by Binth order, other types of cmaor
mey vary with birth order; and fim-binh fenility mes



may Be relalively nflated i too many women repon
Lthemiselves a5 having only one chibd. In thas respect, i is
imponian 40 poind Gut that, it 1he case of the Arst-harth
methid, the iwa pieces of infermation being wsed {pro-
pociions of meothers end first hirths in 8 ypear) are not
stopdy independent Trom the poind of view of the infor-
maton gathered do preduce them. Thus, a birtk occur-
ring durng the year of inferes! i idennified as st
cly ol the woman reporting it also weports Lhan her pat-
ity is one. Hence, both the answer to the question aboui
children ever born and that L the ang abool Birhs in(he
t year are necesary 10 classly the data weed, There-
re. unlike the rethod based onoall births, errors o
repering chiddren gver botn cmvay affecr the estimaled
first-birih ferility esles, making the comparison of (he
chserved proporiions of modhers wilh the proporions
implied by these rales somewhat bess satisfactory.

In sple o these shongomings, whenever the date
required to apply s weethod have been tabulated, s
apphication is recommended becaase it can prowide yse-
Ful indications aboul e overall qualuy of the dara at
hand. For example, since in mast populagaons over 90
per el of all women eventoally become  maothers,
recent frst-birth fervibity s chanimply a lower propaor-
on of cventiral mothers are suspect. Punhermore, ance
w0 more than 100 per cent oF all women may betome
mothers, edjusiment factors for first-bieth ferdility i
that imply an eveniual overall proporiion of mothzm
higher than: on¢ carnol be accepted,

Lastly. the F/F ratnns calealatzd by uang dila oo all
births are wary often lower than thosxe estimated om the
basis of Ars-broh enionmatian. This cutcome mar be
explained by & vmdency L pepon mohe accwraely
recent firsl birlbs than \hose of higher orders, or by the
kendency of s'omen whose firsl child has died 19 report a
subsequent and recenl binth as being the frst. Yet, what-
ever the mechanism, whenever the completeness level of
first-birth fertility raves is greaber than thal of all births, i
seems sale to Bsserl thal it indicaies an upper bound for
the completeness of Ibe Iatter. In other words, the
adjustimend factor decived from Jdata on frsl brths cam,
whenever the Fy/F; ralios are, on average, lower Than
thase for el births, be mgarded as a Jower bound For the
adjustmvent facior requiréd by all binhs.

M} Dt meured

The dana required for this melthed are described
below;

2] The number of firsl barthe oceuming a8 given
yar, obuained either from & survey or from a regisira-
ticwn sysiem, classified by five-year age prowp of modher;

(¥ Tolel number of women of re
{normally between ages 10 or 15 and
Trve-year Bge group;

{c) The pumber of woren in cach age group who
have bome a1 leasy one child during their fifedome;

tedy The e birth mte or envough information 1o
calcalate it f1.c., the 1dal number af bimths in & grven
year and the 1ol pepulavon i than year).

Uctive apes
slassified by

3E

te)  Comptitdiona grocedues

As mentioned belore, the computational procedure i
exactly the same 35 thal followed when esumaung an
adjusiment facior for all hitths {see subsectinn B.2{c),
excepr Heat the dala wsed in Uhis case sefer only to fibm
hirths. For ahe seke of completeness, the most importan
steps am summarized belaw.

Seep i: caleulanion of reponed peeporiien of mathers in
each age peowp. Asan the all children method, index i = |
refers w age proup [3-19, 7 =T o age growp 20-24 end
53 on (see labbke 6} The proponian of mothers in cach
Eroup, il is calculaed by dividing the number of
women who epotied having botne an leasy one chibd by
e iotal number of wouren in each age groop. It should
be nated dhat in this case Py} represents the proparion
of women in each age group who have had al least one
child and is equivelenl to aversge lj:la.n'Iy i ihe #li-
childsen method. For the trealment of thost whibse par-
iy is mar slated in the calculabon of the proportion of
totkers in each age proup. see subsection A and
annex, [1 concerning the El-Badry cormection.

Seep 1! oienlinsion of peviod frar-tirh fertiticy schedicle
One compuoees this schedule, Fih by dividing the
numtss of fiest bdrths occurong in B given year (o
wornet in age group 5 by the (al number of women in
thal age group-

Sep 1 colodation of camelened  fepe-bich fertiftey
mka'ﬂ'rfw o period Thas schedube, denoted by fyfi) o
five wmes the sum of the valwes of £ ) from the poung,.
ect ape group up 10 end including age group s than is.

=53 f. {B.9}
=

Srep 4 evimetion of squivalent proporlions af women
with A Joatr ame ehld froe infeemaiion far @ period These
propowrions, denated by Fy(i ], are estimated by interpo-
lauci widhin tne cumulated Tertility scheduke @400 The
intgrpolation procedurs 15 the same as that deseribed in
subsection B.2(e] for the method bamed an all birihs,
excepl tha Grst-barth fertilny mines ine substineied for che
ysual all-hinth fertility rates. The genérel formne of the
tRIErps ladion squation is

Futil=d i =L ais i i b8 L0 b Ukt o0 (T
{B.IDY

The constanes 20/ ), &(é) and ¢ (f ) are presenied in rable
7. i births in & 12-month period have been classifed by
age of mother 8t the end of the peaad, as is normally the
case with census of TErospechive srvey Jdata, wonstanly
frocy pact () of the Eble shoold be used: of barths an a
Vi-mumib penod have been classiied by age of mother
al the time oF the birth, a5 1 wsoelly tbe case with regis-
fraucn detd, constanls from part (b) of 1be fable should
b .

Step 5. colviimion of a firsr-birek feroificy rohediue for
conventiona five-wear ape provgs. When binks o a yeasr
have been whulaged by mothes’s age s ihe end of the



year, the mporied Arst-Binh ferlilicy rates caloulited m
abkep 2 will refer o anconventonal age groups rooghly
da modlhs younger tan Lhe ususl proups. A firsl-birth
whedule for convenlional age grovps. 7 * /), can be
obdaned by applying cquetions (B.5) and (B.6), and (be
¢onsaanis given in iable 3, 1o the reponed schedule. Mor-
mally. howewer, the interest in frst-Barth (2nuliy rates i
Limived 1 the coasisiency check described bebow, so thin
it it oftén no1 necessary b convert the reported schedule
it & schedule for convenional Lge growps.

Srep 6; sefevion of an adfunimens factor for period feveils
iy, Possible adjusiment factors are obteined by cabluwlal.
wig the P F ) ratios. P {13F (1} s usualiy disee-
garded because the number of svents in age group 13.19
15 small, gnd the inlerpolation procedurs is insuMicienty
flenibte to replicate rapid increases with age in ihe raees
firt young women. When the ssumplions of congianl
frsl=berth Feriility in the past and relotvely good repor-
ing are correct, ell vatues of PySF, afier the firn should
be much the same. Funhermore, sigee the proporion af
women with al beast one chil is nol expetied W declin
wilh age. there is no reason for preferring early valuss of
PR 1o [ader values, I js therefore recommended than
the sdjustment fecior K, be calculated as the sverage of
any group of consislent ratios, il such 4 group exiss,
This sdjusiment fackor can then be muliplied by the
observed #(7) to obtasin an adjusied proportion of
wormen Wwhe, according b currenl rates, will become
mothers,

Step 7 odpertmear of fertilicy parawwiers referring to ol
dirifr, Lising the adpuslment factor obtained in the previ-
cus sicp, the bainth snd general fonility rates derived
from reperted binks, wnd wosl fertiliy, can be muli-
plied by K, #o0 obtain whet muy be interpreted aa bawer
bounds for ther et values if first Births appear W be
mare completely reported than all Barchs (thar g, if the
F/F bos are bower than the FAF catos) Siricly
s.p-:ukinth: binh rie and the gencral ferlity raie
shoud be computed by adjustog Ars e age-specific
fertiliny rates based on all binhs, then calcolaing the
implied number of Births by mulliplyng By the number
af Women in each age group, cumwating the el and
then dividing by the relevant denomioator {the wial
mid-year population if & birth etz is being caboulaned or
b female population aged 13-4% i ke general fertility
raic is of interest), though n praciice the securacy
grincd by this procadure would be small. An adjused
Ersi-birth fertilny shedul2, (i}, can also be obiined
if pequired, By maltiptying £, (/) {or £ {i , if data from
L \Tl:':l mgiit?:linn iyj::t}:lr:{{: being u.s{d]- by &y

{dy A detzifed example

Table 13 shows data obwined duning a demographic
survey conducted in Bangladesh i 1974, Da fram e
wme survey were osed to ilkustrare an applcauon of the
all-children method in subsection B.2 ().

The calculntions for this exapple are described below.
Column 3} of mbke 14 shows the valoes for the propor-
vion of mcahers, P ) obtained by dividing te mumbers

L)
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appearng in columm {3} (ecomen with A1 least oo child)
gﬁ:bh 13 by theirie [imned i column 23 {ital number of
wormend. Thus, far examphe, P (2} is ablained as

P12)= 1.002,845 12 653,155 — 0.TED,
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Step 1 cofowdation of gn‘m' gt foriidiny sohedinds
The period fertility schedulbe, ©ufik for fist binhs
compuled by dividiag the number of Arsc binba inop rear
(listed in column (4} of wbdz 1] by the ol number of
WOmET in sich

up Mseed in column 2] of lable
13). As an eaim;ﬁ‘.ﬁm ig eompted 45

(3= 37.050/2 507,005 = 0.0142.

The compleie set of f i ) values is présentéd in column
{4} ol 1able 14

Sreg 1 cokculaiton of cummlawed firnbeeih ferndity
ar.'u_-'z'.r o prrind, This schedule, denoied by & ({F ), is
cakulaied by adding the Aesu s values of g ) listed in
column {4} of Wbl 14} and nealliplying (he result by Ave
{sinet 2ach Nertilicy rmte applies 10 a five-FeaT 4g2 Group.
The calowdation of ¢ {2} and & (41 s dlustrated below:

£ {2h= SI0OT45 40,061 h=0.6610
= HOOTAS +0.0577 + 00042 40,003 1) - (LTS

OF course_ (4L, For example, could aluy Be calculased
B

guld)= S35 F 0y = 0.7320 + 510007 1) =0,7475
Adl valoes af i b are Jisted iy colurmn {5 ol imMHe 14,



Step £ ativanion of equivalent & women
sith o fmaxt ore N from curaent ) ipn. Pecapse
the data uced bere were phauined lrom 2 sample sofvey
and the recorded age of mother was, on average, 5x
moalhs obder than her nge when her fost child was borm,
comuamly from part (u) of ablie 7 are substinuied g
eqiacion (B.10) 1o calcalule the rbans o women
with &l ke oo chibd, F.0i) The calealaions of F {1}
Fi{T) and F {7 arc shown below:

Filly= g +ai 0} D00 A2+ o (Dl T}
= 004253 1 X00745) -+ — 0 IBEW0.057T) +
Q002407 545)
= 1793
Fil)= {2 +a{d)f dA)+BaL0 (Sh+eldkn (T)
= 0, T304 (FALH0009 11+ == 0 56200,00 2}+
{0.0029)0-T545)
=0, 7447
FulTh= g8+ (T {71+ 600 (B3¢ (7]
= (7535 + (1 AZAN00002] + (0.0 X000 +
=G0 N0.TEd5 )
= {7541
Bote thal 00 i atsusied to be pero becauses ao dila
e et e avaoi e et o 19} v

have p ba calculated. The values of F{f | arc shown in
fodumin (#) of labde 15
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Sien 5! oolrwlation of fear-birtk fertiliey sehediede for cont:
rdiona oge grougd. e used i seep F ool the
¢xample on All births (sobwecton B2 (d)) cauld be
tepeaied here in order 1o conteert the repotied Arst-barth
fertiity achedule for age groups that are shifted by six
months w & ghedule for convenlional sge proups,
i) However, sipee the firsi-binh lenility schedule

hias oo inirincic velwe, the process of canversion is ned
pentrally justified, This sep is therefove omitied,

Step &: sclection of an adiictrseny factor for pocod feril.
iy, Ratios of mtmspecuve, P, to penod, F|, proportions
af meaihers are cabcuwlated for each age group by dividing
the vajues of Py in column (3) of ble 15 by those of £
in colutan (d). Except for those for the Arse iwo age
groups, the ralos are very consigeent, cacluding those
two, the average of the remaining five @nos 5 1,283,
Mote that two generel observations made earier aboul
the resa(ls frem the first-binthy method have beca
falfdled: fird, the ratigs memein mether onsant is age
increases: and secondly, the racias ars, in peneral. lower
than those obaioed using all binhy. Taking use dverage
ratipy cemmpited above as an adjuscenen faclor K, for che
firgti-birthy Feruility cades, and adjusting 4,(7) by i, one
obains an estimate ol the proportion of womet whe
would ulimaiely become mothers equal o
(0. 285)0.T545) =097, Since this proportion canool
thearetically caceed LA, and in praclice is alweys some-
what lower than 1.0 becawse of sterility, the adjusled
proportion is a5 high a5 can be experied; the estimated
acjusument facior of 1.285 for firsd Barths couald nor thies
b any Inrger.

Srep 7. adjurmsenr of farniiity pamweitir rtfering fo alf
birthe. As moentioned carlier, if firsy burthy appear 10 be
benuer reported than all hinths, X, may also be used a1 g
coogervitive adiustment faceor for paramerers obarned
from data on &l births. The ollowing values can there.
foce be regarded s lower bpunds [or the Lnee valwes:

B = (003 13013550 = D402,
TF = (dBTR5N 1. 265) = 6.20;
GFR = (015190 1,285 =0, 1952,

In tbe cast of Bangledesh, Ihese walues are atl smaller
than thost obmided in subsscuon B.2 (d), because the
adjusimenl facior used is considerabdy lower. The very
marked diference belween the firsi-binbk aod all-binth
adjusimenl facors i ko be neted. Since the evidence
does not support the caisience of 8 fertility decline in

adesh that would antificial?y inflaie the P /F ratios
for all barths, the fact Thit the sdjusiment (mclor derved
from ol bicths is Targer than that derived from Brst births
suggesty thar if should be prefevned a5 an adjurt.ent for
ovetall fertdity, In s ot possible 1o esiablish with cer-
tainty whan mechanism or e of mechanasms leads w the
Large diference beiween the two s=in of raties, o it o
[ikely i be rejaded to the faci thet, 85 pointed out sarier,
Aru-Binth ferility rates ere oot entrely independeon off
the dats on children cver borm The interpley bemwesn,
errors in reported children ever bem and births in the,
past year may well lend bo Erst-birth feridlity rates that,
25 in this case, appear to be mors complets than thoss
referring (o afl births. -

Heoce, in the cai¢ of Bangledesh, the P/F dtios
baséd ot mll births should be preferned a5 & batit for the.
adjusimvinl of overalh feriliny raies with ihe proviso that |
the adjustment Facmr depived from dhem ghould nol e



applied to fenility caes specifk by binh oeder. The
first-iwrth method has been uselul in establishing that the
duth are nod As inkermally consisiend as one would wash
amd that the adjusiment Maowr obained from all binhs is
aeceptable. in that W & not abvicwly inconsisieni with
other cvidénce,

4. Comporron of peviod fertificy e with
awerape parities for o fyporhelica! sidoe
ta)  Basieof meifiod and itr rationale

IL has been stressed above that the egimaton of 4n
adjusiment facler for period Jertidiy om the baas of the
companson of cumalated penod femility rases with life.
lime average parities i only valid il ferulity bas been
approsimakely constam during the 15 yeas of so

receding the ume at which the dais weee collected. IF
E;ru'li::,r has been changing, comulated peried fertiity
ekt cAfd be By pe:u'd i equal lifetime Ferility; and
an adjustment factor chkculasd on the batis of the com-
parison of the two will reflecn nol only podsible data
errors bub the effects of changes thraugh ume. Hence,
its use For correction purposes will wend 1o obscivee the
effecks of those changes,

One way of avoiding thes problesn is b compuils aver
ege paritsss that refer (o the fenility experienced Juring
o patticolar perod and wr compare those pariies with
curnudakal averape fertlliy rawes messured duping the
same period. Suitable panies, refermng o 8 partcutar
pericd rather than ko lifeume éxperiénie, can be som-
paied il dats on children sver born clasified by sge of
neother are available from two sorveys: in such 2 case,
the average parities thal a hypothotical coborl subject o
ititersurvey fertiliny would echikbit con be consructed oo
the basis af the inpersurvey parity increments s booe
cohorts

With an wierval of five or 10 vears belwesn the Jur-
vers. the furvivors of & cobonl oF s gt the A
sureey can be ydentificd at the second, and ibe change in
the yverage panily of the tohort can be calculated. The
repulung sequence of party incremeals for differen
toharls duning the penod betwesn the surveys can then
be curmubiied w o cakculale average paritks for oa
bypaithcical cohorl experiencing the level of intersurvey
Eeniliny implicit in the observed parily incraments. Other
uses af average paritics for hypothelical cohorts are dis-
cussed in spetion C. Moie thal in deriving Lhie measure of
inbersurvey ferlity il & sssumed that mooality and
migretion have oo cHect on aciual parity distributions;
el in, il & asumed Ihal the avcrage parity of those
women who dic or migralke between the swrveys is pod
sgnificanlly diferent from the average panily al com-

rable ages of thost women wbo ers alive and presend
&t the end of the period. :

Tee *period”™ ferlility maks from which parity
equivalents are b0 be derived for comparison with the
inkerurvey paritics should ideally refer oo the entire
inLersn period, Suilable s can be obained if
reprtered binths clasafed by age of mother ape available
it each calencar year of the peniod. In this case, all
births recorded duning the peniod for zach age group can

d1

b caleplated by addition over calendar years: and aver
Bge intersurvey Fertilily rates can be obdained by divid-
img the binhs by the number of woman-yeam lived in
gach wge group, estimated from the Female populacion
enumeraied @t the end-points of the penod. A aaimplér,
and generslly adequale, procedure s to calculate age-
spectfic fertiliby rates enly for the Brst and last years of
the perbod, Bnd &0 ApproXimale average intersurvey raics
by ihe armhmewe mean of wese Own ws I regiatered
births art not available, bul the two surveys gatherd
daia on binths in the pest year, age-specific fenility mies
for the pericd may by appreaimated in the same way by
avEraging the mies ohserved a1 the beginoing aod st the
end of the pericd. When the binths dunng the 12
months preceding sach survey e wbulaed b age of
mather @l the Gme of the survey, the aberved ferility
s wall comespond w0 apge grodpe dopluced by e
momiths, and the analysis perfoemed wil have do ke
thus Fact ento accoums, I o, oF course, importent than the
sets of fertility mtes being avermged be consgieni wath
respect 1o ape clasification before they are avernged; i
they are mot comsiskl an AT, becaase oae refers o aps
groups displaced by six months and the sther doss no,
the former sl shoold be adpusted belors ing, If
age-specific fentility rtes for the end-peints of the period
are nod availabie, & set of Taks refeming spproximately
1o the mid-peint of the period could be used. I should
be mmembered that only the pattern of the intesurvey
age-specific Tertility raks is imporisol in applying Lhe
Brass method, so thal il this paliern was more o less
constanl gver the period, the cxact reference date of the
rated wiad Jdeets ot maller

Once the inlersurvey panfines and inlermuvey fertidily
rines have been calculared, the camukation and iomterpo-
lation af the laver, and ther comparaon wilh the aver-
g miﬁ. o carried oue exactly ns described sbove
in subscclion B.Xc ).

(B Do regecred

The dawa required are described bebow:

(o) The namber of chibkdreti ever born classified by
five-year age group of mother, ken fom two surveys
or cenmwses Bve or 10 years apart;

{#) The aumber of tapha dorng the year preceding
each aurvey clasuflad by five-year age group of motdher,
of regisrered birthe by five-year age group of mother for
each ioterswrvey year (if registered binhs are used, the
female population enumeraied by consuses 2l Lhe ond-
peints of the peried considered is also neceseary);

{e} The number of women in each flve-year nge oo
Irom bodh SWIYEYS OF CENSIES;

td'd IM the birth rate s 1o be cakulated, 1be tolal popu-
lation recorded by cach sucvey or census,

e} Congraaniond] procechor

The sieps of the compuintineal procedire are given
helowr.

Siep [: colevdation of reporied awrape paniies fromt soch
survey. The average parilics obtained from Lhe first sur-
vey are denoded by PO7, 1) and those Teom the tecomd



fkrvoy by Fii. 2} Tn bolh cases, they are compuied by
dividing the reporied number of childeen ever bom
women in g group | by the sdal nember of womnen in
ge group i, See, hywever, the discussion mn subsechon
A2 concerning the weament of women whose panly 15
pon sialed and the possibhe applscation of the El-Badry
oOfTeclio.

Step 1: calewlation of average parinies for o kypotfiical
intersurvey coborr. The way in whech these pantits are
cakulated depends upon the lengih of the imderbureey
interval. TF this inietval i fAve years, all the swrvivors of
ape Eroup |t the Al survey belong 1o Bge group f + |
al the second turvey, and the paritly incremeni between
e swrveys for the comeponding coborl is oqual w
P+ =P, 1) Such incremenks can be calculaied
Eor enth age group. and the hypothetical-cohart parilies
are then obdgined by successively cumulating ihem.
Thus, if te parity increment for Lhe cohort of 4g2 groug
i al the firge sarvey is deaoted by AP + 1], 2nd the par-
ity of age group i For the hypothetical cobar 15 denaled
by P/, 1 }{where the x stands for “syntheis™), one has

AP +1)y= P+ L2 —Py. tford=1..6  (BIN

angd

Pu.)= E AR P

aml

The parity increraeot 4P + 1) far the youngest a
P Ui =0] 15 laken as being direclly equdl to F[I1, 2}
[ fertility is changiog rapidly, this value of AF{1} witl
refiect peniod ruies somewhat closer 10 the secom) wrvey
than @ the md-point of e intervel, Sighly over-
allewing therefors for the change an Terlily.

If the intersurvey interval is 10 years, theo the sur-
vivers of the inili] cobort of age group ¢ in the frst sur-
vey will be the women in age group {f 42 in the second:
ard ihe hypothetical cohotl perilies are oblained by
cumulaling two parallel sequences of parnity increments.
Onece mowre, bor the youngest age groups, AP(L) is waken
i being equal to A1, 2} and AP{X} o P2, 25 Ciher
Parity mcremenis are cakiulated as
AP+ =P+ 1P, Ihlori =1L 5 (B.13;
Hypotheucal-cohor parities for svep-numbered apge

foups ane oblyined by summing the parity increnenis
%or even-niLmbered age groups, whereas those for edd-
pumbered age groups are oblained by summing parity
increments for odd-numbered age groups. Thus,

P2, r)= AP{Y)= M1 I}

Pid, r)= AP{2)+ SPLA)

PG, 1 )y= AP+ AP(A) + AP(E)

whertas
Fllsi=4F)= Fi1l, 2]
Fi3,si— AP{1) + 4F 3}
Pris)= AP N+ AP AP 5)
and
MU ET= AP AN+ 308+ AP

Jrep I culewlapion of intersurwey ferfity sclesule. The
methad of caboulating shis schedule, denmed by F(i .
depends apon the daa awmlable. (e posable pro-
cedum is 10 caleulaw age-speili Ferniliny rates cefernng
rrghly W the Rt amd last years of Lhe imlesurvey
perrad by using dawg on the teporied nember of births
during the year preceding ¢ach survey, In such a cas.
for aach survey ane would divide the reporied birthy for
each fAve-year age growg of molher by e reporied
fumber of women j5 te sane age growp and then
obain age-specific ferubiey zates [or the infersureey
period by caleutaling the anthigiic mean of gach prir
of end-point cales. Becaonse af age-group ingom pat bilj-
ligs, it is imparam o gunid combiming o hedule
derived from & question on binhs in dhe past year with
anolher baied on mgoslered binhs: ather consisten
sources of curment ferfility rames mos By osed or the
schedule hased on hirths fnothe past year must be
adjusied for the o thar i age lassaficanon s hkely o
b displaced by sig months e step § of subsecion B2
). Only when compatibility has been ensured by such
an adjustiment may averaging be performed. IF data on
births damified fy age of mother are nol avaiteble for
the end-poanis of the inksureey period, the use of an
agropicifi fertility scheduk refeming approdimately o
the middlz of the peried would be arceptable.

Srep 47 calowlanon of cumlated feriiliry for the Aypasker.
fead fversurvey cofove The calboulation of cumueleced fer-
tility, denoted By i) 05 exaclly the same ps step 3 in
subsection B.2 (e, and iiz descriplion i ngd repeaned
here.

Srep X sxtimatiion of dverape parity cquinalents for e
Miporherical ineevtin-ety comvt. The eatimation of these
cquivalents. dencied by Fii) is performed exactly as
described in siep 4 of subseclion B2 (o) 1L is nod
tescribed again here.

Siep 6 ralcwlaiion of @ fertitity schediele for the el
Jive-year gge groeer. This siep, which is omited when the
soutre of cormenn fertiliny dava is & vinal regisracion ays.
berms. 15 enacity ihe same s sep 5 described in subsecion
B.2 (o) s descriprsm is nod eepeaced af Chis time.

Siep 7 adfusimren of the imersurvey fevtilicy schedidi.

This step is eawttly the same as step & of subsecign B.2
1) and (s degeripiion is ommed.

Wy A derailnd szampie
Dana from Thaifand fior (9460 and M990 pecmit the
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application of the hypothetical-cohen technique. The
censuses in hoth those years published date on children
ever borm classified by age of mother, and regisiered
farths classificd in the same way are availabke for 1960
and 1970 (years that chosely approxamaie the gxact ond-
paines af the misreensal period). Ablthough the iniercen-
sal periodd if not enagily W yeans in lepgth—he census
dates were 13 Apel (9640 and 1 Apeil 19700 05 chose
enouph Io beang exactly 10 vears for 4 cohon i 190 o
be wWentified af & cahort 10 years alder i 1970, The
bask datn required ate shown in able |6 and the s
of the calculations xre given belrmny.

Step I catewdation af reperiad average parities from ook
rurrey. The twe sets of average parities at the end-poines
of the intereensal period are calculaled by dividing ihe
number of children ewer bomm, given in columns (41 and
{31, by lhe 1Mal number of women, shown in columns
{1y and {3), for each ape proup. Resulls are shown s
Lable 17, As an example, the average pariny for gge
group 2 from the 1960 census. denoeed by P, 1, ia
abtained a5

Fr1 1= 1.EB.0d /1,204,153 = (1R62 ),

ang the average parily for age group 4 from ihe 1970
census, depnked by Pid, 3}, 05 obtained a5

P, 2= 4 129M 1077088 _ Y884

TamE 17. Rrmom1ED AveRace RaRITier D960 ank |3, amD- Pakl
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Srep X caleularion of awerdpe parines for a hypothencal
interaarvey eofierd. The inlercensal inderval in the cese
uvnder consMleranan i | years, s the scond way ol
deriving hypotheticel-cohon parities, cmpleying wa

different sums of panty iwremenls. 15 wised. The
hyporherical-cohon pasity for age grobp e denoied by
P, 5y The first two waloes are obigned divecthy from
ihe prarities reporeed a the second census: 1hes,

Pil, s1= AP[1}= P[], 2)=0.1309

and
P2 si— AFLN= POY D=0,

Subsequent values of F(I, £3 are oblained by summing
cerain cohon parity icrements, one som wsng only
imcrements denved frorm odd-nunbered age groups and
gnher wnly thos¢ from even-numbéred age groups
The parity ivurements, denoded by AP0 ) and shown n
Lable 7. are cabouwlated as

AP +2)=Fi +2,2)-Pit, 1}

Thus. [ easmple, the panty increment for (= 5 15 cal
culabed as

AF (3= F(3, 2 -Fr 1= 50809 - 22959 2 TH60.

Average parities Tor 4 wypoirelic] intercensal cobur
ars then oblained by nlmulilmg. the cohorl panty iwere:
ments, Simwe the inktrrensal peried is [0 yeirs, wo swoim
e Teyuired parites for odd-numbersd ape proups are
oblainect by wdding odd-numbered parity imcrements,
while \hose For even-pumbered age geoups are obiained
by surnmiog even-hambered pariy ancrercni. The
resulting average parifies are shown in colurin 5 of table
1T, 1he follewing 1o examples iTusirale she computa-
tinnal procedure:

Fid, st= AP+ AP (=0 1 309+ 73373 = 2 4682,
Fif 5p= AP+ AP MY+ A/6)
= () + 19565 ¢ X 1253

= &M

Step I calculaetowt of the dvervicrer ferilily tchegule.
Table 1 shoes the number of brihe registered in 19680

a3z



and 19 clasaified by age of the molher and also the
female population couwméraled by the 1960 and 1370
censses classfied acconding ko the same age groups.
Apcspecific  fertiliny rases for 1960 and 1970 are
obiained by dividimp the mgistered births For 2ach age
Em“ﬁ] given i columns {4) and (7L by the enumernted
female alion of the same age group, shown in
colemns (23 and {3} Thus, il {6, 1) denoes the age-

ific Fertility rate of age group / in 1960 and f{/.2)

aodes the corresponding rake i 1970,

F5 M= 298,241/ 1,204, 153 = 0LIT0
and

4 4= 21381471 077 Q8E = QL1985
Yalpes of Fif J) for ali age groups ard shown
cotumna (23 and (3} of able 18, Averaps Fertilicy ranes
far the intercensal period 19601970, Fii), are then
oained by aumming the mies for 1390 and 1970 for
cach age group and dividing by two, The findl f{)

valwes e shown in columpo 4) of tabk |3, The pexl
sxamples illustrale (e computational procedun

FR={F (2 2 20
= {0, 1979 + (.21 98).2 = £.208%
and

LIRS (5 4S5, 2072
= {0,763 40 16E33/2 = 0. 1684,
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I ehould b= mepdionsq Lhal this cxdimate of 1 aver-
age inkercensal fenlity schedole, being just an arith-
metic mean al’ the schedales oherved al the Lwo end-
pointy, is only approximale it naivre, 10 ihe gge paticms
of the fertity schedules a1 the énd-poinis are very
diferenn, i i Jikely thar the age patiern of feculicy may
have changed sharpky during the intercensal period; and
B beiler cslimats of an everage intercensal fertiliny
whedule wold be obawined by averapng the schedules
ohgered during each year of the period or by caleula-
ig directly an intercensal schedoke for the period by
dividing all the births recorded during the pericd for
cach age groop of mother by an sMimane of person-years
lived by women in each age growp during the wame
pericdd. [0 the case of Thailand, e age-ipecifie fenility
raocy For 1960 and 1970 shown in mble |8 &re My simi-
lar and do not suggest the esisence of o sharp change in
the age pattern of fertilily over the inerenssl perod, so
that the (7 } estimates listed m wble 15 are wdequate.

Fertily rbes for 10 and 1970 heve been calcylated
by using the binhs regisiered during each year and the
female population enumeraied By sAch consus Siricily
speaking, these rares showld have becn calculeted by
using estimates of the female poputation ai the middle
of each year, rither than the populations snumeraied by
ceisuses aking place oh Apnl, Since the mid-year popa-
lelions would be slightly [afger than those sntmersied,
the ferility rakes calculeted wsing them as denominesors
would be slighdy lower. However, if the miid-psar E:rpw
latiprs are estimaked by applying the same prowth rabe
w0 the enumerated numbser of womeén in sach sge growp,
the resulting fertiliny mtes witl just be conrant mnﬁlipln
of those obtained in table 18 and their ke patkmn will
nol be affected. Since only Lhis patiern is relévart in
appdving the P /F ratic method, the resulis yielded by i
will rcd b esseniially affecied by the lack of adjustment
af ke female populetion, although, of course, the =shi-
mapies of he completeness of birth registragon obieined
are valud only with respect o the population acloally
vsed as denontingtor. In this cace, the we of lhe
enumeratsd populaton instead of that comesponding, o
the mid-venr would ingrcass the completences estimatey
only by abour thres quaniera of | per cent.

Siep 4 qaiculaion of cunmulared ferlfity

1 Kypuodhi-
il intervurwey coord. The interensa

fertliny rubes,

JS{E), shown in column (4} of wabde 15 are multiplied by

the width of the age growp w which they refer and
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summed successively vo produce the wilues of the comu-
lated femiliy schedube. $4). Because all age groups i
this idktinvce are five years in length, the process jus
deseribed i cquivalent ko that illusteaied below forf = 2
and 5, whent cumuplation of the values of £ ) is carried
out first and enuhiplication by the length of the age

groups lakr-
flr= MOS0 2088] = 12713
$8y= HODI5E 4 0. 208K +0.2267 +-0.2045 +0. 1538}

= 5{4]3“3'] =d4.3215

The complele sel of ${i } valués g shown in enlumn (2)
of table 19,

Step 5 exiimation of awroge pdrly einvalenrs for e

foal imtermervey cohers. Bince, in this case, infor-

maten on births by age of mather wes obteined from o

Tegistration syuem, the reported age of mother is likety

the omt she had a1 the Gme of the binh. Therefore,

the values of average parity equivalencs, Ffe), are cakcu-

lakd by subsiuing the cowfficients from pan (b} of
bl T an ¢guation (B4}, which bag the Form:

Flid= i - DAatl ) (fF1+00 0+ 10 +2{0 7).
As caamnples,
Fiii= o 2]+ (27600 f {334 —0.394) {4} +
10017
= LINS 2. 70026 4 { =10 504 i 1K) +
(O IAIK4 B515)
= 1B&TY
and
FiTl= ¢EH(L515) (T4 { — 00071 16+
¢ —0.00D2 W4 8535
= L. T465 i3 5350002 14+ i —0.0F W0085])] +
{— 00002 04,8535
=4 2206

Al values of FIi}arz shown in column (3 af ukble 19.
Step 6: calrwlation of a fertility ohedsle for the bl
Jive-year aper groupr. This step i omicsed because in this
caes ihe ioformetvon on births By age af modeer was
ciMained (AHD 8 Tegistralion aysiém wher wonen ane
likely bo report the age they had ae the time of delivery.
Siep 7 adiuetment of the infercemsal fersificy sefredude.
Comparsble values of P(f) amd Fii) are now available
for the period 901970, o that PAF ratios can be cel-
culated and in sdjunimen fackor £ can be selecled rom

45

them. Calumn (3) of @hble 19 shows the Fiip valaes,
codumn () shows the Pl 5] values copied (rom table
IT and column [3) shows the P, r )3 F{F) ratios These
raiins are reasonably consisient, except for the first, the
walug of which suggests the exislence of bss complete
regisiraticoh OF birchs by wery voung mothers; par of (his
above-averape omission affes die FAF ramo for the
seoond age proup through s dependence upon #l1h
Since most of the F/F s are consinenn, the way in
whith an adjusiment factor & selecied is not of greml
impartance; the average of the ratios for age groups 36

15 Eikely 10 be a3 satisfactany a5 aby, 50
KU 41330 6 L3 4 1379940 = 1732,

Column 16) af uable 17 shows the adjusted Eentility
scheclube, £ (7 ), for the period 1960-1970. Total Eentility
may be estimated cither by summing e £ *0i} valoes
and muGplviog by Gve or b}' multiplying $Tiby X, In
either case, the estimate of FF obtained is 646, com-
pared with the unadjusied value of 485, & is an adjust-
meol Factor fon regislered binths, 50 s mec L I/X,
i% an estimate of the completencss of binh registraben,
Fauned bo be 75§ per ceni {this completencss & measured
with respect bo the female population cnumernied by the
censuses). The intercensal birth @ie mey be ertimaled
kv summing idal births regisiered during the ytars
|60- 1965, multiplying the total by &, and dividing by
e porson-years dived by the sntire population fom
1550 o 1570,

2. Compedpon of rmete monber of Meehp reglstersd by a
cohar! af women with e repared deerps parily of M
xamw cohorl

(2] Basis of merhod ond its refiomle

Subsection B4 presenied a method for :mm
average paritiss with averape parity eguivalents deri
from period fertility rates withoot the necessity of
amuming constaol fertilily. The most impamiant aspect
of this method s that average parities are cakoulated for
& period ralher than for a senies of cohorts. It r:qulrn,
howewer, thal dats on children ever bom be avemilabis
For twi podnts in time, Bve or 10 yaars gpart, T only one
sewrce of data on children ever bomm exigts, or if the
imtersurvey period 15 nol fve o W years in bength, an
eliemative procedurt that does nat requipe fhe atump-
tion of constant Fertality way b used. However, ihic
procedure requires the availability of & Tarly long series
of aenual data on registered births classifed by ape of
mother. Ths method makes wee of the cobon pauee of
reporied average penies and compases them with pany
equivalenis obteingd (rom fhe recorded fertility rates
peniaining W the ntlevant eoharts.

I ope considers wormen aged 30-34 al sme census, &
year before the censos they were aged 19-31, then 10
years before the census they were aged 20-24, and 20
vean belors the ceazus they were aged 16-14, Therefor,
amnming that childbearing effectively begins o1 age 15,
the children ever bom reported by these ordfiben it Lhe
nrng of the census reflert the cumulated fertidity experi-
ence of the women over the preceding, 20 years, IFmar-



wity and migratian are Assumed 1o be unrelaied K 1
fertiliny g;_p:ri.:m: of women. and fertility rates can be
calculated For those 20 yeam, average parity equivalents
for each cohort can be consinuted amd compared with
the reporied average paricy of women al ihe lime of the
pensus. This methad is mainly of wse with data on barths
freim & wital registraton sysient. Whih is normally the
anly soprce of informason about ks over a J-ypear
period: bud if fenility schedoles sre available Trom olher
souncEs o ugular five.vear inlervals, there is na reason
# prevent dhe wie of such schedules. The description
hirt, hawaves, is given an terms of date fom a wial
regisiralion sysiem.

The difficaley with applying this general bley is thad a
cohwt represented by B cooventional fivesyear age
group ar the time of the census would wot have been a
convenlional five-year age group in earder years. Thus,
the population in age growp 30-34 30 ghe Lime af 3 ¢angus
winldd have heen aged 29-Y% a vear eardier, 28-32 twa
years egrlver apd =0 on_ IF hirchs are mhalsied by single
vear af pge of mother, this problem & not sedous,
because gingle-year ferulity rabes can be calcalated Tor
each yaar and then summed by cohart with relalive case.
The calgulaticns would be kengthy, however, and age-
heaping might have a non-irivial effect nn the fertilily
FANES, %031 iF cOnvensent o have an approach thar can be
applicd oo raes far comveniomdl five-pear age prowfs.
Sanch & procedurs is described here.

(b} Dt etpgred

The dana required for this method are dewenbed
ok

i} The number of cholden ever bora by fve-year age
greup af mother, tiken nom a censag

&} Regisvensd births by Ave-year apa group of moher
For ench of 15 or ¥ years proceding the census:

{c ) The tnenbes of women i each age growp rom the
census, amd Fom one or more earier cemsuses, 10 allow
the sstimutiom of the female popolation by five-year age
Eroup for each of the 15 or min préeceding the final
wENSLUS,

i} Fprn;:um.l'rmd.l"mm‘rdure
The following sieps are required for the computa-
tonal procedure.

Step | catculation of reporied average pariifes. Average
puritigs Jor «ach age group from the Fnal census,
denited by P are ohtained by diriding ohe number ol
children ever bom repairied by women i each oge
group by the icdab number of women in &ach age group,
Ene, hawever, the discugsion in sub2sriin A2 paneen -
ing the weatmenl of women whoae parity & nar siated
and the ue of the El-Badry comection [described io
aanex I}

Heg 2: mxlimaiion of mid- peor femule population by ape
Foup for sack year preceding the caneun The £xact pro-
cedure w0 be followed o estimating the seres of mid-
vear femake populaiicns by age group depends upon the
dates of the census cpumerstions available, so &0

aHempl s made here (o desenbe the procedunt i pen:
aral werms. 1t is assuemed that DEnsws enumEraLions £over,
ar almosl cover, the 0 vean or 80 for which regisiered
ferility rates are to be cumulated, The relference daw of
cach cengus should then be calcatated in terms of years,
the decimal par bong ohained by dividing the oumber
af dayt from 1 Janeary o the dale of dee census by 365,
the number of days in a year, The eaponential growih
rate, rii ). of each age group i 1z Len obained by divid-
ing the difference between the naturad logarithms of the
(erale popailanom of age group 0 an the seeond and first
censuses by the kength of the intercénsal pecud in year.,
as shown in cquetion {H.14):

rid=qIln N, 2)—0o A, D - {BLEd)
where M{f, j1is the female population of age group £ at
rensas ;i) is the daie of the first census expressed in
decimaks; and f3 is the dale of the second census
expressed in Lthe me fashivn. The required denomina-
tors for each year cin then be calculaied For sach mid-
wear belween 1) and 13 by éxpanding esponentially the
innial population for the peried using equation {8.15}:

Muori=N(, Tpesplrli Kr4 D343 (B.15)
where My, r} is the lemale populetion of age group f
required as denominalor for calendar year v

The objeciive of this method is by measure the com:
phetzness of birth registratsan, with & view 1o adjusting
birihs registered during & récent perod for omission,
gnd thus te estimare ke recent levels of feculity, The
efecss of other errors, such ag changes in the complecs-
mess Of CERSUS BHunrEliah hrough ome. shonld there-
Fore be alkowed for belors cumulabng age-spevific fertil-
ily raica for comparigon with average pantes, lience,
when there is ewidenie suggesting that changes in the
completeness of snumeerdtion have wkisn place. a0 s
desirable w0 adjust ihe Ensuses before caboulaling the
pepulstion denomindtors, However. il is nol necessary
10 adpust each censn for absolule underenumemtion; it
15 only mecessary 10 eneurg that the completeness of
enumeration of the Jifferent censuses shall be the
SAMEE.

Siep X cofewlation of ape-specifie ferfility rates fromn
turths registered dering che pears @ fhe rentur
Age-specific Jertilily rades are o be calculaked far calen-
dar y=ars, 50 il is convenient to cumulaie the retes oo the
ervd of each year. The census providing averkge paries
15 unlikely 10 have es reference dale cxactly the end of &
year. but fortupaiely average parites for & specified age
group chengr slowly cven when fertility is changing
rapidly, The parilies from the census can therefore be
regarcked a5 referming by the vear-end nearssi to the
censis dace, and nepisiered rafes can be cumulaed up
Ihe relevant year-end. Thus, if the ceosus date is on ar
belore 30 June, registered ferility rases would be cpmiu-
lated iz the eod of toe preceding calendar year, whereas
if the census date s after 30 June, regisiered ferdility
rates woubd be cumulated io the end of the calkendar
year during which the census woh place,



Mpeespecafic ferility rnes are peguieed (or a (ol of 30
calendar years. The rate dpr age group ¢ and caleodar
yearr. f(f, 7} i caboylated as

‘ffl , -'r}—- Hl:ﬂ., r}.-".l"l'{nl, .,-].

where Bif. r] 13 the mumber af births regasiered in calen.
dar year a5 hiasving vocurred b wormen af age group i

(B.16}

Il vegrstered Births by age of modher are nol available
For a few of the X) cakendar years required, the applice-
tion of the method will be only stighty afecied il ranes
for the gdd Mank yeer are esiimaled from neigbhbouring
rates. For example, if regiziered binths are noc available
for ong vear oy the series, the fectility rawes for chan year
caf B¢ emneated as the sverage of the retes in the
preceding and Fdlewing years. O if fertilily rates are
only aveilable For the lasd 16 of the 20 years mquired.
the rates for the eadiesi available year can be adopled
for the Eour preceding years withoul much danger of
introducing sizeabe errors. However, such exteapolation
5 more dangercus §f more recenl years ace involved
hevause imputation in this case affecs mare apge groups,
i likely w ¢over more of the years of prak childbearing
amd iz less likealy 1o ceflecy adequalely aoy changes in fer-
Llity chie mught have aclually iBken place.

Sep A cumulaiion of regisered fernifity for differeny
female Mrch cohoris 0 eitimalc padty e@avalents. As
menttonsd in siep 3, repordd avempge panhes o
assumred io refer esactly W Lthe ¢nd of a calendar year,
wherras  age-specific Ferility rates calculated  from
regiswered barths refes w0 whole caleodar years. Hence,
each pge-specific forilily rale tneompasses the chikd-
beanng #a xrum: of Wy female binh coborts il the
latter are defired wih respect fo age an the ehd of &
calendar year. I is themtfore necesary W0 sphi the
otserved age-specific fertility rales inte two pans, zach
copiridiied by 8 cobent for which reponied average par-
ny i3 available, in order 1o estimale parity equivalents,
Fii ). For example, one may assume thel average pari-
lies by five-year age group are avanlébk for the énd of
vear ¢ Women aged 2329 at the &nd of yrar ¢ wers
aged 24-13 81 the baginning of year ¢, 50 dunng year {
their cumulzied fertiliny waukd have been increased by
most af the ggespenific fertilicy raie for age group 25-29
i yeard (hyr non by all of it, becase some of those aged
19 years who grva birth ip year r would be age 30 by the
end of the yzar) wid By a small amouwnt of the rawe o
age growp M)<dd {mo alkow for beniis w chose aged 24
years who werg 15 by the end of the year), Assuming
thal. withih each age group, the disiibuton of women
by age 5 recrangelar and dheir fertiliny by age is con-
st A per cent of £03, 0, the rate far women 25-29 in
year ¢, and L per cent of F(df] contibube o dhe
cumulated fedility of women aged 2329 yars ul the
end of year 1. The same women would have b:gun YEAT
¢ = | aged 23.27 and ended i aped 24-28, so theic cumu-
[ayed Terality woubd have 8 raiber greater coninbution
from Bge group 20-24 end & rather smallsr contabulhan
froen age group 25-29 than i the previous case. raking
the same assumplions as above. Therr cumulated cobort
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leculity would indrease by W0 per cont of £(3, -1} and
by 30 per cent of {2, ¢ — 1) during vear f — 1. 1t should
ke noled in pasing thal the proportons of these age-
speific Terblity wiss chan are not comiribated 1o the
cohort in question are coninbuted do anether cohort; for
example, 30 per cend of 13, ¢ — 1} is added o vhe cumua-
lated fertidiny of the cobort aged HhX g fhe end of year
¢, and M oper cem of FOE r — 1] is added v thay ol the
cohorl agad 20624, This example shows that the asence
ol the caloulaton of cumulaled cohoer Tercility has in
spliting by cohort the Fernlity rates [or ¢ach age group
and cakendar year into two pans and then sumnring the
perons Televanid b each cohorr.

Unfortonately, the simple essumpnon made ebove
concerming the constancy of ferility within each age
group is not sarisfactory for splecting the age-specafic Fer-
tility rates FoT younger women,; and since the reeont
fenility cxperience of these women is that of greatest
interesh, an alteroalive eslimation pr-:u::dur: i5 neoes-
53ry. Hill" devised such a procedore. It is based on & 521
of saparateon faccors derived from ihe Brass' fermlily
polywamial. The st of factors wsed in any parkicular
mstapce depends upon the peneral shape of he ape-
specific ferlility schedule proposed by Brazs and on its
spacific age-bocalion in the case ar hand. The penersd
eyvabion defning cumulaced Pernility in 1erns of acpars-
n Bl and abserved anaual age-speeific Fermlily
TALES 15

v 5
Fath="2 ¥ irim jif . r—k)

Jet -

+H{l—sim, =1 =11 -k (BT

where FIVoe) = cuniudaied Fernlity of woien of age
griup ot the el of yeur r:

s{m. fi = separation facior for Foecamn me ol age

Brewp f;
FU =k = ageapecific fertility rate [in gge groups
Fowmo owear gk, where k=
S -1 A 1m

Values of siem_p ) are Idtedd in tahle H), and they shauld
be selecied for each calendar year 1 avcurding 1o the
valug of £O1 0L )

Equation (B.17) states that comulaled cohor Ferility
an the end of yzar ¢ is the aum of alk the portions of the
registered fenifity mites contributed by women o the
cohort The number of years (b sum will cover depepds
upon the age of the cohort a0 the epd O yeir ¢ The obd-
esl members af age group L5 0 p ume ¢ would have

! Yofngis H Hill. “Mgihoeds fir sawininns fedibly Irends using,

WFS wnd aiher dawa™. Weed Fendifitc S ©iviferirer’, fiand
Lonthm. =1 Judy P98 r¥amichore 18 Hrgoe, Iniema-

|I|:Ill'|.i1 Sraniclica] Tnsimpune, TR vl 3, gy 4254,

T wllium Brasc rihodr fir ERHnr Ferann” asd Moralite from
Lintred ond Qeferewe Deia (Chapeb Hall K27 Candling Fopilalivn
{ eneer. Laboraionies lor Prpalairon Studss, P'-l"-lﬁil
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veached I3 a0 the beginning of year ¢ —4, 5o thit i oo
chaldbedning B asumed 1o oocur before age 15, the sum
mitd onlby be caleulated for the yeurs from f —d 1ot For
age group 324, on the cther hand, childbearing ocours
during the years from ¢ —1F o £, 50 the sum begins in
year { —19 with a small portion of the ege-specific Tertil-
ity rate for women aged 13-19 and coolinues through X0
years, to finish with & large portion of the mle in year ¢
for women aged Mh34, plus & sovaff pontion of the mie
year ¢ for women aged 15-19,

In conclusion, il whould be mentioned that although
the foem ol equation (B.17) may give the impression that
i apphication i wéry complicated, the basic idea wpder.
Iviog it & fwrky wmple, amd o working-sheews are daid
oul following, the procedure described i the deciied
example the necessary caloulalions are ledivws b
arkightforyand,

Seep Froariunalan of complelenssr o SErcl remiirarion
The cumulated cohort fertidity from megistersd binths,
Fii), cakulined i the prévious sep has been (oo
siracied so a8 10 be comparble 1w eponed cohort par.
iy, Pk al the final centmt. Therefors, the muo
FOrPGy provides o measure of the average comples-
Resd of regisiratie of che brrthe thar occurred o0 cohor
o0 the complateness of regisiralion had remained
approximdiely constant over a period of 15 years or g0,
the F/F pating should bave more or 1ess the same values
for al cohorts, and an averape of the ratios lor age
groups 20-24, 1529 wnd 30-34 can be adopied us an esti-

mare of the compheenes of binh regisimiion aver the
pericdd. Henoe, a6 reciprocal can b used as an adjust-
mern faclor for any or all of the age-specific fernlity,
schedules cakculared m sep 3 16 the completeness of
birh rgisimuon has impnreed over time, the F/F
ratios for the younger cuhens will be higher than for
older cobores. [n such & case, the mosl recend Tertilily
wheduwle {referning wo the year of the Bnal census) may
be adjusted by F{2)/FI2), the mado refecting the mosi
recent lewel of completensts;, PI P should nol be
used in peneral #5 an adjuriment facior because of the
intrinsic difficultyy IFp-ma.'lmnl:'mg F{l} accuratcky.
When the F¢F farms indicale hal complcteness bas
becn improving trough dme, no ehyvious basis cxists for
adjusting the fenitity scheduies referring o carlier years.,

() A dermifed exampie

The dawa required Tor e appleanon of the method
dericn bed in this secthon are gwailable for Thailand price
w 1), Tabde 21 shows registered births clagafed by
five-year age group of motber for the pepod [958 1969
(only the hirths [or women wnder 35 ane shown, since the
cumulaton of cohed fertility s only caried ol up
the cohort of women aged J0-34 wi the end of the
period). Although oot shown, some of the hinths
registered could no be classified according to age of
mother because the laver infommation was missing,
Therelore, Theee is 4 question aF b whit o do with Uhecse
births. I their proporiios over slk regisiered birthe is ool
large and it does nol chaope muth over time, the



differenct iotidyced by dimribuiing them accordiog to
binths of known gge of mother will be minor. Hemee, the
amplest procsdure is to exclude them, in whech case the
stlimales of mgistmion completeness obwined reler
only to births of knawn age of mother. 1€ the birtha with
arapecilicd age of rasher are 8 subgianiial propotiion of
ali mgiakered tirths, or if (ke preportion chenges over
lime, their redistnbubtion and aeddilion bo 1ke births with
mothers of known age is likely to wlfect e results;
hecause there & woally no sound basis w determine
how their redistribution with respect 10 age ol mather
thould be performed, the saltst procedare 5 to eaclude
then from the analysis, In table 21, they heve beco
exoluded, Tabde 3 shows the female population
cnumeraied by the censuses of 19T, 1960 and 1970, and
Ibe number af children ever bom classified By age of
mother (i the [97) census.

“The stepa of the compualional procedure are given

bee b,
Srep I: oofcwiaiion of reported mwerape pariies The

average patitied by age group of modher, F(1), are caleu-
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lated fod 1970 from the data displayed in lable 22 by
dividing the repotted number of childnen cver hom in
each age group {cofumn (53 by the mia] pumber of
women in cach age group in VY0 (column (41 Resuls
for each age groap are shown in ¢olumn (6 of whle 22
as an cxample,

P8}z (4,112,920/1 077,08%)= 3.919.

Siep It mstimmalion of mid-pear female ation I age
o for ench pear preceding the corgn, Table 2T dhows
Ihe meférence dates of the population censuses of 1947,
1960 and 1970 These daces can be convered into wniks
of years by ealculuting the number of days Mrom the
beginning of the year 1o the census dade and dividing it
by 365 for Heb in & leap year), The referance daie of the
T cenguy wag 23 May 17, There are 31 days in
Janwary, 28 in February (2% in 8 keap year), 31 in March,
M} in April; and in this eass, I¥ of the 31 days in May
are needed. The déoimal porteon of the cénsut da iy
thus (11 + 28 + 31 + + 1307365, oF 1435305, =
0.192. Hence, the full decimal date & 1947392, Becaws
1960 was & heap year. the decimal poriion of the dake is
31+ 29 + 31 + 25)7366 = 0317, andd the Tull decimal
dekc iy 1900317, The 1970 date i 1970349,

AL this podnn, eny adjustments HECESSETY L0 JmTpEOYE

the cemsiskency of the completeness of &tumeration of
the censuses should e xpplied. Application of 2 method
described in chapier 1X suggesn that the 1970 consus
was aboul § per cent kess compleie than the 1964 census,
g0 the mw YT consus e o nng i edwmn (4}
ol 1able 17 have béen llniif:md- Eﬁrffm of 105 amd
are shown in column {T) of the @ame whle, The 1947
ared 1960 consuses appear o have schitved approki-
maicly the same level of compkionert, Thus, columing
(21, (5 and (73 of wable 23 are regarded as showing an
appmuimntcl}' consisleni set of poputation figures.

Ape-spiific populatiop growih rakes are then calou-
Ieted for bodh inncensal periods using cquation (B.14)
and the #xact cepaus detes calculabed above. Thus, for
the period 19471560 and for the femabe popolation
aped 15T =1]:

F{Vhe] I 1,26, 294) - Emp979,613)] 1960317 — 1947 392]
= j HLOITEY — 1. TO40 L}/ 12 025

= (QBOL.

Thee growth rates for all mge groups £od for bodh inter-
cenaal periods are shown in mbhbe 23; it will be ooticed



thai they g Fither variable, suggesting the existeme of
differential age-misrepotung, of Suctzations by age in
snumeration compleleness. However, beyond noling the
passibility ol &rrors, not much olse can be dune,

Mid-year population demcminaiors can 00w be calou-
lated for cach year, from [%50 1w 1999, by applying
equation {B.15). & few exsmples will make the pro.
cedure clear. The female populetion aged 1509 in
micl=F50 (hat 45, ad 19505 in decimel termes) is nesded.

N 19302 N, |7 expiDAsa24) 1959 5 —
1947, 3923
= {638.334) |. 384849
= O I6.

For 19860, hewever, the 19601970 growth rale would be

lsed:
Taimb ]V AOE-AMCII ORCWTH LATES FOR THE FEMALE FOPULATHIN. N1 | 0801= N1, 1960 _
150 T - 1 g b KD, AFTER aDmuSTMENT T lall sk [ ) ( }HH{D-{II:'II]]H 1%60.3

= 1960317
% r:; i L5 o 1100 = [0 i 3 1, (R 534)
s 1 Tl ool = 140118,
1o 2 ek k(3 Lo
FLE D 3 DAHEN L TEEE . . . )
Wil d A ooy The eatimated wad-vear popolatpns are shown in able

The growlh mie for age groap 15-19 belween 1947 and
(960 15 OGFER], and the penod rom the 1997 census
i omad [9HE s 19305 — 19T 19 years Henee, the
edimanect femnle olatiom i 9835, Wil 1950% is
oblamed [rom the 1947 censan population, AL, 1947),
ES

MWL IS = AL 1T exp (0O LED] K 9505 -

[3s TR T
= {37963} exp{t).(HEO1N . [0HY)

= (910613105757
= [GNe00R,

For M58 and age group 25-29,

24, Mode thal, for the sake of clanty, the cakulations
have been performed with & higher number of
sgnificant digiis than i eeally required. For e Treney of
cilculation, it would be worth working with naly four
signiocant digis, rounding the f#rmak popelabons in
each case (3 thousands,

Step 30 calewlanon of apegpecific ferfifie rater fronr
fegistered Sirthr. Ape-apiafic faeti iy rates for each year
are calcolared by dividing the dwmber of binhs
registered fog each age gronp of women fable 21y by the
estimated mpd yeiar fEmale population of the 2ge groun
{table 24} Thus, the age-sperific fenility rae for age
proup 1519 in 1950 45 caicaluted as

LI 1950= B[], 1950/N 1, 19508
= 12,352/ 1. 036,008

=643
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Similarly, the rate or thowe aged 2529 yoars in 1960 s
vafculated as

S5 el B3, 19601 A (3, 1964)
= 2501 T30 | 00, 1 14

= (3%}

Al valwes of fi, /] are shown in table 25, Far the
period 9601969, age-specifc fertliy ranes Tor women
aged 35-39. 40-44 and 4543 are also shown, Thess rales
are not needed 1w apply the method deseribed here,
bout they are needed a0 applyving that described m sub-
section B

Siep A cumwlation of repistered feritity for differenr
Jemale tireh coarss 19 estimate parity equivotens. Some of
the agbspr.tlfll: fedility rades shown in dable 25 are nol
required in c'urnulallng the letlilily for the cohons of
tulerest since they reflech mllrcl_'.r the childbernng of
cobons obder than 30-34 i 1990 10 be specific, the rates
abuve the doted lines are nol needed and have been
calonlaned an pary Gor the sake of compleieness and iR
pArt i b Lsed w subsscion B A& the mies below the
fines, herwever, neddt 1o be split belween two coharts in
onker Lo cstimalty parily equivalents. £} and the por-
Lions comespondeng (o sach cohorl nead 1o he cumulaied
scpardiely A convenwnl wiy of carmong ol this pro-
e 1% o owork with fve-year periads. Tahte 26 chows
the recommendded way of laving ool the cakoulations.
The M-year perind considersd is diveded inko Four sub-
perods. each Ave years i length; within cach pericd.
carit veur is identilid Ty o0 indes value m ranging from

Tamcr 24,

oo 5, indich ting 1he boca ion of the cobars with pespect
w the age groupings of the agespecific Redility rales.
Thus, for 19%6%, m 15 cqual 0 5; end the cohons are, op
average, sia months younger than the ages indicated by
the age groups of the fertility rates: the cohon aged 30-
A4 al the end of 1965 hegan the ymar aged 29-33. for
instance. For %53, o 15 equal to 12 and the cohorts are,
on average 4.5 years younger than the ages indicaced hy
the Femility race groupings. The index »t is used 1o s2lecy
the separztion faciers necesidry o splil the abeerved fer-
tility raves [see table 200 The other indices employed in
e 26 are: kK, 8 measure of years bafore the censud: [,
the cohor mdex; and p.owhich indicares e age ranpge of
the agr-specific Fervlicy saves beang sphiL.

For ¢ach group of Bve calendar years, lhe procedun
s Lthe same. though the number of rades chan are splin
declmsy by o Each lime one moves Ave years ingo 1he
past. The And soep is w0 celenlete, for sach year, the
vabue of FiLyef (23 the racio of the spe-specific ferlility
rate fow women aged 15-1% to that for women aged 2+
24, This ratio is an indicabor oF the age patiern of carly
childbeaning, and its value &5 necessary for inlerpalaung
hebween 1ihe columns of kle 20. Then, the £l 7] fenil-
iy raes for each of che five years preceding the census
art splil goed the porton of cach race belonging W the
veasus eohort aged P5-10 and s complemene, belong -
g W the census cohur aged 20-24, are awdentificd. The
separation Facurs Tar these raes are phtaincd From whble
M) amd depend upon e uides m, the age proup § and
the walue of SN (20 For 1969, m s 5 and (LYo
15 LXATL The tegquired separaiton facicer o thetediors a
value herween 0.7 fou wn 1121 of 0.3, and &9
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Mard, | = podanrl e | om IF runge of U age-anpeaic feitidy rales be H & = mocaoare of pEars before Uve cenus; m o= iwder value
indiceing (s il of FEfpec Lo et u i_muplnp-n';ﬂu Nt lpﬂ:lﬁl': Fm.lllry mien; FU1A002] = miso of the mpe speilic {erliliny

e for i bt 13- 19 m-mm;rr womgn nltd
fr an F{13F(2) O O1. The required valuc can be 1966, m is 2 and f(1)70{2) is 0.2524, 50 the interpofa-

found by lincar interpoletion, as shown balow: tion factor is (574 and s{m, 2) is obtaincd 23
15, 1= [CPEAR0ITI) 4 {069 | W1 0—0371) = 0718, fmn, 23= (0. MTN0.529) (0,233 0 — 0.524)
Mote (hal the intempotation Bactore, 0372, i dmply the =031,

walue of FUAF{Z) G237, less ibe lower bound of dw . .
imtervad, 9.2, and divided by thee width of the iniervat,  The porion of f(2. 1966) contributed by the cobon
0.0, 1t iy thus simple to caleulube by movieg the decimal }ﬁdlﬁﬂ - 'T: ;r;m lh_tuc:ﬂn:ﬁu:u!r?ﬁn&ﬂ% 1::
point of F(hO(2) one place tn the night end wking onjy v :rlﬂ-?ﬂ. W r « b
wduin{al pan of the resulting numaber, The portion of  been coniributed by the ird cobort (aged 2529 o
Ut fertility rae belonging ke the youngest female censug 1970 The Lolaj contmibudion of cohort T the ftﬂlhla
cohor considered @ then found by mulvplyiog this rawe  Tates for age group 20-24 during the period 1963.1569
by the scparstion fecior; for 1969, the resultiog porion  iben found by addieg (he estimated contribulions for
of Fii, 1969 w bt cumulaed e Fil) s cach year of the period, giving 0.4525; the complemen
{0.TIBXO.04%0) or 00345 The remaindet, 00135, isthe  Of this quantity, 4.5452, & the contributicn of cohon 1.
pattien of f (1,1969) conmbuied bry the secomd cenay  Both values are reorded in column (9.
eohot {aged 20-24), and il 5 recarded for later cumala- It is now possible W caloulate the fersliny accwma-
tron. In the case of the figs cohon, all jis childbearing  laled by the coborl aged Jh14 in 1970 duning the fAve
hag occwred during ihe e years immedigiely praced.  years preceding the census It i the sum of the coho's
ing the census, &0 itk cumulated Reniliy ad the epd of  contribolion W e sge-specific fertiny e for thoge
|969, F{l) is just the sum of all the pomions belonging  Aged 15-19 (3 1909) acd its contribution 53 the ranes for
L 1 oot [oor the wears from 1965 through 15969 thase aged 20-24 ({).4529). This sum, Q653,15 pon yer an
eilimate of the il cumulated feniliny fior the eohor,
FilT= Q04 o0 4 0006 4 0 Fll 40,0395 = .0532, snce il does nor include the cohon's childbeaning
experience durling the perind From 6 o 10 years before
This sum Appears in columa (%) of ble 26, part (x). dvt Cengos: Lhe misting, cstimales ate calculaied in part
The complementary portions of cech rate arc also {hjal whbe 2.
cumulated; and their sum, 0. 1909, is reeorded in codlumn Similar cakulstions are camied ot for the age-
19 For laker use, specifie I':nilh;j' mks for women aged 25-29 and 30-34
The same process ks then rl:zpc.l.t:d wring the fenihity  regirtered donng the period 1965- 1965, cach rate being
tates for the nexl ege group, J0-24. Scpamton (aclors  divided up by cobort contribulion and thet portions
are again obtained from 1able 20, on the basis of the afiribptable 0 each cohom being cumulaied over e
walyes of m gnd of the observed FO1)F(L). Thus, fer five years. The perton of the rates o thoae sped 30-34
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that is contributed by women aged 35-37 ad the ime of
the census is nal necded in this applicalicn, but it has
been calculaied for the sake of compleiznoess. The caleu-
Eaticna in panis {8 and (b} of table 26 have io faci been
exicnded o cover &l the childbearing supenence of
eohorys aged 15-4% in (970, evaonly becauss thoe &0
manes are wsed Inter mnosubaacnon B4,

Unee the calculauons (o the five yas immediatefy
preceding the 1970 census have been completed, the
same procedure is applied for each of the years of the
pericd 1960: 1964, The results are shown in pan (b)] of
table 3. Mote how the fertility raics for the ofdest age
group are excluded, Smicdy speaking, only these for the
first three egé groups noed to be included, since the old-
est coborl considered, these aged 3-34 in 1970, was
eged vnder M in 1365, Once the rates for the peried
Feon & 1o 10 ymae (1960162 belfore the census have
been spln and cumplated, the same procedure is appled
Gy the raves Tor the penod Teoem 13 w0 15 years belore ti
need only be applied 1o the firs 1w age-spesilic fertiling
rxtes) as shown in parl {c) of table 26 wod 1o thase for the
period from 16 te 20 years before {fer only the first ape-
specific mic) as shown io pan {d) of the same wble,

The final parnwy ivalents, Fiiy o oow be
shitained by summing poTony contiibuled by ¢ach
eohert lor egch fiveyeur perigd. To avoid errors, such
ponices can be copied from column (9} of able 26
(labelled “suem') and areanged in columng by cohan,
age prowp of the Tertlooy raeca fromn which the comidbu-
ticn came &nd period w which the e reler, a5 shown
in 1ahle 27, Comulation of lbe snapisg in saeh column
leads v the deqired Fis ) values.

Iv 15 wonh wking aotwe that whbie T may revenl olher
ineresing featwne of che registeation dae. Conseder, for
example, the s of contrbudons 1 cohon fertlliny of the
perd fertlicy rates for age group 15-0%; the diagonals
thow 1be in such copirbupane cthrough Lime.
P.eading froon. right o e, iis chead chan these contribu-
Bons hive besn i reating. IRACAtng ¢ither rising 2ol
ily among this age Lf:up of improvieg reglsuation of
their births. Given asturmpuons oo whick thia ai-
malion meikod is based, the former sitgauen will not

54

affect & final estimale of completeness of birh regisora.
tion, but the latter will, and the estimgtes of compheis.
ness ablained i sech circumgances wlll be averages of
reeent kewels.

Step ¥ estimaiice of complsieness of Birch reginiraiion.
For tach cohon, the cempleleness of binth regisiration s
erimated wr the matio of the panily squivalenl, £{f), cal-
culared from registéned bimhs to poried average parity,
FUi ) as obtaingd fromn the census. Table 2B shows the
resulu,

The cstimaies of compleicness of registration of barths
for women sged 20-24, 25-29 and 30-34 arc moderately
consistenl, sugpesiing an aversge bevel of complebeness
of arcurd T4 per cent. The cslimale for widoen aged
I15-19 15 very low, however, and the olher estimates rigs

Tameld,  EymiwsTes o O FLETENEDS OF §ILTH FEJETRATI DM,
Toanawp, 1964

Raparuaa'

“

T o it %-‘m
W w21 ir o

T a3 00532 .4
7Sl I 0594 05540 69
15-29,...... . 748 17850 CEIT
oM s M L TE 0T

with age of woman. It seems likely that registration of
binhs is substantaly less complete among very young
women nd thal this differemiial also reduoeg the com-
pletenes estimate denived from the mpond of women
aged 20-24. The estimates of compheienes based on the
reporis of women aged 2530 and 3034 are affagiad
relucively linde by the excess omission al eafy age, w
thar in this case a belter estimale of average complek-
ness of birth mgistrticn would be an average of T.74]
amd 01T}, the final cslimake therelore being 0.757.
Henee, an csimals of fertility for 1969 could be
obitained by inflating the registered age.specific fertility
rapey for that year by a factor of 100757, or 1321 It
should be noked, however, that dw adjusied Ferilicy
schedule might ool be & goad indicator of the age pat-



e o childbeanng, becouse of the relalively higher
omussion of births by young women

The regulis presenied in whle I8 do not suggest ihat
bacth epistranon complelenes has been changing. s
the adjusimeni fzcior of 1.321 c2n also be applicd 10 the
obstrved ppe-specific ferility tabes for years preceding
19% Howewdr, becawse The tomtatiupons of ferbity
rates regisiered before 1960 W comulined cohor Fermliny
are wnall, the extimaied adjustment faclor cannol be
validly appled 1w te ferplity ranes regisiered  before
%A Although nol observed in the cast of Thailand,
cvidence of a wend Wowards more complele registration,
tuch as a cendency for the estimates of completeness
wr decline wish age, showld warn agains adjusing
regiscered hirths for pamicular years.

£, Comparison g the cobpe fertility megistrred
Bervires fwer cenmues WM coharl gl incremehis

(2} Bevir of metthed and bes renifonale

When informanion on average parity from wao oen-
Swses (or surveys] is evailable in soch a way that cuhan
parity ingrements can be calculzied (see subssctivn B.4)
and ape-specific ferliny raies can be coloulated from
registered binhy for the Entetsurvey penod, A mere
specific wersion of the method described in the previous
seclivn ¢ e applicd. The change in parily of a cohar
as it ages from ome census or survey to the nex is a
measure of the cheldbearing experience of the cohor
dunng the interval. An equivalenl mcasere cen be cal-
culated from registered banhs by splitting the Femilily
rebes registered during the intereul by coborn ard cumu-
lating 1be comwiboteons of cach cohon The e of
eumulaied cohorl ferility during the inketval #shimated
fiom period raes, such as those cakculated from
registered births, w0 the cohon change in average pariLy
from: the beginning w the end of 1he inlerval provides 8
measurs of compleleness of binh registranon specific
bath to & cohor and o A tine pedod, The main asgomp-
dons made in the previons sgenon i ofder 1o adjust
perind lertility on the basis of cumulated cohort fertility
from ahe teginning of chaldbeaning, namely. thar regis-
tration complelensss be constant both by age of mother
and by period, are no deger regarned. Oun the other
hend, pariLy iMrERIEnIS 268 Yery sensitive 1o changes m
the compleiepess of repoming of children ever boen. as &
resuli of which the caimates af cegisiretion cuanphee-
news oblined by the tnethod described an this secticn are
2150 guite snsinive 10 such chenges, which are generally
muzsl mark £ o older women.

(hi Lt reguined
The data required for this method ame described
bt | o

iz} Children ever botn classilied by fAve-pear ape
group of mother for twe paints itk fve or 10 pears
aparl;

(&} Registered barths clagafied by five-yodar g8 prowp
of onher For each eelendar year of the period briween
the 1wa suryeys;
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(¢ ) The wwal nember of women in each ke group an
the heginning and end of the penod, or enough infodma-
lion W esumane the mid-year female populaten by fve-
ycar age group for each year for wheoh birth registrenon
dana ar¢ aviilable,

) Candpergripsdl arovedine

The steps of the compuoratonal procedare are given
below.

Step I: cafewlatfon of reporiad average parinies for ohe
Jirst and pecomd sirretpr. Average parifiss obtained from
the Ffrsl su are denoled by Fli, 1} and thoss
ohained rom the second by Pie, 1) In bath cases, they
are computed by dividing the repotied number of chil-
dren ever born 0 women in Bge group by 1he wHal
pumber of wamen in age gooup . Sce, however. (e
discussion in subsection A2 coocoraing the treaimen
of women whose panily is not sialed and the possible ap-
plication of the El-Badry correction (described in
annek ).

Kiap X oleutodion of cohort parity increments. [For kach
cohort of women of ags groug f il the second censa ar
survey, the average parity of the same cahott Af the Fin
survey can be identificd. Then, the cohorl panty mcre-
rent, 3P ), can be catcuialed a5

AP = Py 3 =-F0 =, 1} (B.18)

where & 15 the numbser of Avea-year pericds bebween the
W0 SUMVEYS

Erep 3. etrinenion of mid-year female praulalion by ape
group for Adch pedr of the ineersieve) period The pro-
cedure W be folluwed B eractly (he same a5 Lhat
desoribed in wep d of subsection BAGCh Dis descraptiom s
heod rEpealed here.

Siep A cafeulotion of ope-specific fertitily rases from
repitiered Methe for cach pear of the fatersurver period
Again, the proceduré s eaacily the sume as tha
described in ctep 3 of subsection B3 (2} hs descriptien
is omitted here.,

Steg 5o cafcedmiion of faterpowey fncresseadr @0 cetlure
Seriifity from regintered Binths. Tn essence, the calcalation
ol fREErsUrYey iRcrements in cokorl fertility. denated by
AF(FY, 1 very similar 1o the caboulation of hifeti me
cohon parkly equivalents from peniod rales, Ewch ape-
specific femilily rete for & given year of (he migrsutvey
petid Jaken o be exactly five or i) yeurs n lengih} 1s
spEI gy 1wo portions, according o the cohort slruciure
uf the age group 1o which the maie refers during the
given cakendar yoar, one portion is the pericd conttibu.
wun A the fertility increment of ene cohirt and the ather
is the contribution to Lhe fEMibty mcrement of 1the nexl
cohor. The main differences bevween this procedure
end ihal described in step & of subsection B (o) is thet
here all cakulgluons are himited 10 the inlersurvey
pericd, and all cohorts of repro-ductve age an the time of
the secand survey ar# considered. The splitting of age-
specific ferlility Tales i Carfied ougp Using 1he sEPAralian



fwctoes i talde M the general definiion ef the cohort
ferilily increments is

n 5
AFGI=% % {rim. ki ik, h)

r=1l m=zl

+1 ~5im & —10F 1k — L &) (B.19}

where 4F( ) = parity increment for cobort ¢ 8t the
sroand sorvey,

H = number of five-vear penods in T
inlersurvey interval:

ek} = stparation  Macior oy wble 20
megured  fir age group k, where
k={f—n4jl

Sk &) = apeapenific fermliy rae for age group
Kk ainyear B, wherg A= Hj-n— ) +m
years  before  the  sweeond  suredy
(assurnmed w0 have wken place at the
end ol g year)
The delsibed cxample given below Ulusirates the way in
which this equation is used in pracios.
Srep o ertimasilon of corplereness af birth regisirarion
Estimakes of the completeness of birth regisication for

the offspring of cohonl f during the inkTsurvey period

are gbtained by dividiog the fertility increment, AF{f ),
estimaled for the cohort by the parity increment, AP{f ),
o the same cohnrl If she ssimates for different cohorts
are consislent the anlersurey binhs classifed by age
proup can be inflated by an average of the AP0 )AF)
rtios and adjusied age-specific fertilny mies can be
obtained by dividing the inflated number of binths by an
estimate of the female person-years lived in cach age
group over the inbercensal period.

(di A cesmited rxample

The detmiled ¢xample is again for Thailand, since daia
cn children ever bom ar¢ available bob for 1960 and
for 1970, Average prnngs ior gech cenaus have already
been ted i bkl |7 and pnnoal age-specibe feetil-
ity Tutes Tor the inietcengal pericd can be found io wble
I8, Howeewes, siomne of the rew dats neceseary for the cal-
cuwlavon of the [Mier tares are not presented. The sieps
Idlowed in applying the meibod ko this cxample are
given beow.

Srep 1 calewlation of reporied aqverage parifies for ihe
Firnl and mvand jurveys. The methed of calculating aver-
age parites his been described in siep | of subseclion
B4 (¢} and 9 nol repeated bere; the P, 0} walues fog
1960 and %70 are shown in ccdumng (2] and (3) o 1able
29, Mote that the average parities zre ken s referming
1o the year-end aeapesl i the census dabes, in this cass 1o
e end of 1930 anid the end of 969, respeclively (the
£act census daies can be fawnd inable 22).

Step 2 catcnlation of cohaet pariry inerements. As (he
intersurvey inerval in this case is M) yeam, the &

Tapr 19  RermmaearavbiariE bk FES TR0 abale |90 an D COniORT
iy O EE AT e THE INTERCEE AL MERHT, T Hoal Lol
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tquation (B.18) is 1. Thus, the parity Lacrement for a
tohorl in age group § al the second survey is calealated
by subiracliog from the average parity of wemen of age
Eroup f al the second survey. Fii, I}, the average parily
af the same cohont 10 years cardwer, Fi -2 1) For
example, for the cohort aged 23-29 in 197

AP{p= P31, 1970} — P L, |%60)
= 2400 —00T2= 2337,

The parity incremenis ere shown in column {4} of
Lable 2%

Siep J: sstimation of sud-pear femals popufaion By ape
group for sock year of the imernirmy perod Mosi of the
required esimates have already been made in skep 2 of
subsertion B.5 (d), the resulis being shown in table 24
Since the procedure W0 estimate the remeining fenale

pulations is exacidy the same as thal waed there, i is
not illustrated again.

Srep 4o cafpwlanion of agespecific fernility raves from
rrgistered biniht for #ach aedr of Mhe inlermrwey pericd
MosL of the tquired fertilily rates have slready been
calculawed in swep 3 of subsection B.5% {d) snd a1l the
réquired rales ate dwown om wble 25 Although the mw
dawn peeded L calowlace o of these mies have not
been ried, the caliulfanon procedus is sdephics| 1o
than allwscraned an subseciion B3 [d) and i pon repened
here.

Sep 5 cafeufalion of intersurvey incrememis in cohard
Jeriility from registered &irihp I ghes example, the
srafnng-poion af the cumadacon is the beginning of TR
and whe final point s the #nd of |99, Fertilily rakes for
the intervening decede have already been cabowlated
and splic by cohorts ideniified 2t the eod of 1969 in table
3, peri {2} and {b). The coborl fertility increments,
dencied by AF( Y can therelore be olbdained simply by
cumulating the partions of the observed age-specific Ter-
tlity raies alributable to each cohort. Table 30 shows
these poriions armanged by cohorl and fve-year pered
(they were copied from codlumn (%) of @ble 26, pars (@)
and {b). labeted "Sum"). Tatle 3 alw shows the sum,
AFyi), of 1he portions comespending o sach cehorn, The
process of splikting fentlity rates by cobor is exacily the
same &5 that wsed in subssowon BUS (2] {5ep 4) Io con.
struch table 6 = 00 o 00 described again in detail
HMowever, in orler G 4mable the reader w grasp the
natuce of the vumulation carried ow in Whis case, ooc
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may consider the chse oF the cohort aged 36-34 ot the
end of 1569, A1 the beginning ol 1940, this coberl was
apged 20-24, wad herefore ali the annuat fertility k= for
age group 20:14 during the period 19601964 contrib
uted & portion w the inkercensal fertility of this chon
{the eracl amount contibated by ¢ach rae s found (n
part (b} of wble 26, in the panel comesponding W £ (1)
anad the line tabelbed “Cohort 4. When the anbus| con-
abuaiond of the £{2} rales are summed oeer the period
1960k | 364, their Lual contribution 1w 1he inersurvcy ler-
ulity of the cohom aged 30-34 21 the cod of 1963 s
{1.54Z8. In & similur weay, the wdal contribution of the
F {3} rates fthose or age grown 25-29) from (960 1o 1964
is 06353 of @ ¢bnbd, andd that of the same raies from 12463
io 1965 is 04189 of & chibd. Lasily, the 1ota] contrbason
of the annual ¥ (#) takes (for age group XK-34) during the
periad M5 E00% s 05430 of & child. Hepee, the total
iINSCEment in mErsurvey of inemenga! ferility for the
cohont aged XX ap the end of 1969 ja 23400 births per
Wi mkTh,

Lrep 6 eviimention of the completeness of DA repisina-
roe Cohertspecific estimabes of the completeness of
binik registration between 1960 and 1963 can now be
ohiei by calculating the ratioa of AF[I) to AP{').
Resulis are shosmom tible 31 Mode shat the estimates for
tve cohorts aged 15-19 and 20-24 ape the same a5 those
nbiained in sobsection B.3d) (tablke 28) where ihey were
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bascd on the lifelime, rather than the intssarvey, cati-
mates of cohort fertility. This outcome was o be
crpected beeapse Ml the childbearieg of these two
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cwhorts i sosrmed 1o kave laken place during the period
1060: 169, 20 that their lifetme wnd wierurvsy feotiliy
eslimaes he identical.

Twi feamures of the resolls requite s Comiment,
aaely, the bow cstimates ™ completentss o7 women
under 25 and the relative conswency of the esimanes for
the ceniral age range {2544}

In interpreting the repults of this methed, it iz impor-
tant 12 bear in Mind s atumplions. It has beeo
assumed Lhat \be repomng of children ever bom is com-
pliete ail both censoses. However, (F there i 3 tendency
argng, ohder women o omit children ever born, cohort
parity increments will be redoced and the ssimanes of
regiscration completencss will be increassd. A relabivery
minar deterioranion of the cornplekneéss of parily repan-
ing by al] coharts from one census o e next will pro-
duoe simiates of compleizness that increase wilh age. In
a umalar way, B rclative amclicration of the com-
phigness of patdly reporiing will kkad 10 comphtenss
estimanes thal decrease with age.

The second paumpicn made js that parily increments
are unkfecied by migreton and morality. 11 kow-parity
women are meore likely to migrate fhan those of highet
perities, areas of m-migration are likely to dsplay
recduced parity meremenls, dnd vice versy. {1 low-pasity
women &re more bkely te die than high-pantly women,
perity increments will be inflated. Tn the case of Thai-
land, neither af these two efecks is likely o be impors
i, sioce beth imtermational migrawen and mconalig
ars low,

Anciher assumplion of imponance is 1hat the denem-
walors wed Bre pocurale, Age-reporting crrers thal and
wif (he same when 2 binh is registersd mx when e
popwdation 8 enumerated will distort the patert of
perid age-specific fenulity rates. The mither wide vana-
tiont exhibited by the age-specific growah mies green in
labde 23 supgest 1hat there are problems with age-
reporting, bul their effects on the final stimales of com-
pleteness are very hard i predict. Denominators may
wlsn be disiogund by changes in the completeress of
enumeration from one censas b the acat; io the casc of
Thailard, the 197 pverall censas count is about 3 per
e lesa copnplete than that yielded by the 1960 consus;
alhgagh the farmer count was sdjusted for this change.
differential completeness of enumermton by age group



might stfl affect the results. Changes i enumeration
compleleness Mmight also affect average parities; il
wormen with children are mare likely (o0 be enumerated
than wotien withoul, average paries wifl be inflated by
ATIISSTHL.

However, none of these consmdermnons eaplains ade-
guakly the low gslimales of completensss oblained For
the cohorts aged 15-19 and. e a l#sser exieni. those aged
M-24. O eowrse, the procedune used to splil the peniod
Feriibily races as nol perfecy and it is moest [ikely o be
ingccucate at 15-19, bul posabbe methodalogical naccu-
racy cannod explan the laige diferental observed
Furthermare, since average pafities weré cakulaced
withow! making any adjusement for non-response, they
are mors hikely bo be Woo small than wo lange. Hence, on
the basis af this evidence alone. il would apprar thal
berth mgisieation is reafly kss complete for young moth-
ers than [oc the ebder group. Yoo, those familize with the
data from Thailand and with the typecal errors affecling
gge-reporing in East Asman counirics may sugges
wnolher explanation for the cuwome observed. Itis cus-
bemary in East Asian cultwres W reckon age as of con-
exption rather than as of binth, Thersfore, when a ques-
won on age ps poesed (aF donng the (980 consus) the
reporis coflecied ead 16 refedt age as of the nea birh-
day rather thin ape ol the Lest binbelay, as is normally
especied. Tu avord such musrporing problems, dote of
barth should be requesicd instend of Rge fas was done
dupng, te 1370 c=tins), Becauss age 15 wlso the item
recorded an the vial regastratian systern, the dinec inter-
censy] comparson of averags panty as repored i the
1% and 1970 censuses with thel reconstrucied from
vill registranion 35 Likely 1o ysdd bamsed results because
of Ut change in the age-recording scheme. Further-
more, younger cohors are those mos likely o suffer
from such beases since ege reparicd 85 of neat birthday
would make them lose systeroatically some of their
high-ferlity members. In this comteat, an beast part of
lhe low completeness cstimates observed for the cohorls
aged 1319 and 30-24 8 the Gmre of the 1910 census may
be due to non<omparable age-reponiing schemes in the
different data-collection sysiems producing the dana
used a5 inpudl In musd be npted, however, thar even when
such defickencies in the basic data gre ke oo acooain
and some sdjustment is performed to climinats the
biases they imply, the fow complsteness cstimates 8s50-
cidled with younger mothers persist, albeit al a some-
what lwwer level than thal shown in this sxample.

T ESTUMATHIH dH ALGE-S5PECIFIC FERTILITY CROM
THE INCEFMEMNT 0k COHCRT PARITIES RETWEEM
I GUAYEY R

L. Baals of method and (15 ratianale

Data on children cver bom tabulated by standard
five-year age group of women for a single Loasus or sur-
vay fonvey much informaton about dhe pasi ferlility
eapenence of the women. Unforiunetely, however, if
fertility has been changing, it is not possible to use the
everage penbies of women in diflerent age growps W
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obtain esfirnares of (he age patiemns of either cohord or
period Tertilily.

Yeu i inlormadicn on children ever born is availabbe
{rom two sureeys eppraxematély five or [ years apan.
1he change in the average number of children ever borne
by a pariicubar cohorl of women TeMecis therr snierce nxal
fertility; and il becomes possible to tstlmnu: BN inCEroen-
sal age- S.I}EEIﬁE fertiliey schedule. Arrex® developed a
method fior using such informmaton with 2 W-year inler-
val between the sarveys: Caale and Trussell recently
developed on elegant methed based on the concept of
the hypothesical cohon for wsing such information with
an inlerval of fve or 10 years beiween ihe surveyvs. The
labier methed is relatively simple and a varigm of it is
described here. illuareted by cases wilh such smiervals.

The peneral warning given in suheection A1 abou
the use of infurmatan om children ever bom m exama-
img fenility shoold be kept in mind a0 this insance.
There is a distiped endémicy, ¢ven 10 gounines snih ath.
erwise reasonably pood data, for older wornem ko oemin
some ol their chibdeen, perhaps those whe have disd or
thuse whe have kil home, As a Rsull, avempe pante
often {21l w increase a1 a plansthle mie. or may ¢ven
decrzase afler age 35 or H). The cadculwiion of age-
specali; lertilny mes (rom paones that saffer from such
a degree of omigwon will result in underestimates of the
fermfiny of wlder women: and (7 the error is relatwely
ri e, aes e Mects may nod be obviows, Thus, Fenility esu-
mates based on average panties of aler women mus be
wnierpreied wilh caution, particalarly iF they indicae low
rertilicy sn relanos 1o that esimated from the repens of
YOUNRET women, Avérage puariliss for a hypotherical
cohort e i fel very sensilive io chanpes in parnty
reporing frorm one survey to the other, and the calewla-
uon af such panties provides 8 aseful consistency check
o the raw Jata.

The method based on the increment oF Cohort paritics
between iwo surveyd eslymanes the average age-specific
fenility rates im effecl during the inmesurvey perd by
onsirucking the average parities of a hypodhencal, inter-
survey echorl, a comulaled ferlifiy scbwedyle 35 vhen
derived from these pannees by interpolation. aml age-
specife Tertility races are obwaired from cumulalied fer-
Lility by successive subiraction. _

The method ks inlemded T siluaions i which it &
pocsible 1o caloulale average paries by age group af
women for two points in Wme approdimately fve or 10
years aparl. [F the interval beiween the surveys s five
years. the women in any Ave-yedr age Emup al 1he
second surwéy represeni the survivors of the women in
the nex younger five- yéar ags grioap &t the st survey,
The diflerence in the avemge party of the cohon
beiween the first and he soond sareys meflecis s
childbearing cxperience beiween the pwo aurveys, of s
assured hat the wamen who died of mageewed berween
the lwo surveys had, o average, lifetime Terilcty ihat

® Carmen Amed. ~Fedilidy ealimake derived from mlomalkn pn
children ever bom using, dask Fom cenwess”. faarmrromn!
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wag nol systermmtically differemn from thad of the pative
women who remeingd, By cumulaing the inwersurvey
panty increments, i is posdble (0 estimale average parn-
lie% Eor a hypothetical cohor eapenencing ihrowghou
iti hypothetical lifelime the pge-specific fedtlity raies in
cfect duning 1he imersurvey periad. IE the lengih of this
perind B 10 vean, 4 fivzoresr age group o the second
aurvey represents the survivors of the fee-year age group
who were tao groups younget at the st survey: and i
i3 still poasible to calealart the cobvart parity incre ment
far &ach cohert in order o construct the Average parities
of a h}npmhtpim1 iniersprvey cohort. The melbod may
be applrtd when the dara come eniicely or panially from
nutionally repecacniative sample surveys, Foar although
wohorts of partcular individuals will non be enncal on
sach ofcasion, (beir average pantics will be ppresenia.
tpve of Lhose of the sampled female poputativn.

It is worth noting that although the stremgide of (e
imtercensal parity evolution method i i robuMnéss to
changing Gemilitg, the techniqus pressoted heme can aisa
be used 1w emimate age-specific fenility rales using par-
ity data from only ONE SENEUS OF SUNVEY wiwm (ertility
his rod been chaogiop during the epmductive iR spans
of the weamen concerned. 11 may also e meniiched [hat
the 1w Jars ges need nod refier ko bwo points exaciy five
or 0 years apari. Unless feriilily & changing very
rapedly. & Four-yesr inizrval or an 1]1-year interval will
provide reasonable estimaies. In soch & case, enc is ne
longer fotlowing a cohort From survey to sutvey, bul this
factur 15 701 very imporian! because the average paily
of an hge group %ill noc change rapidly from one year bo
the next.

A finel penemal obserncanon A than iF ke rquired
infprmarion i evailabde, the El-Badty cormection pro-
redure g culimale the Jevel of non-responss, described
in aanex 11, should be applicd when calculuung average
panities by age group bFoc i further docpesion of The
reaiment of women whost parily 48 not staied, see sub-
weclion A

1, Fertilliy extimeiion from the increment of
coduvl PRI BArWE Tl WG SUFRENE

2] Dedla regquired
The data required for s method are described
below:

{e} Children ever bomn claswifeed by five-pear age
graup of mother for b poinle n lime approdimabely
five or 10 years Aparl.

ik} Mumber of womtien eged 1549, classified by five-
year age group for ihe sapee twa poinks in Lime.

b Compwiation procedure

The compuiatienal procedure is sEgmEy differem if
the miersurvey period is five yoars than i o I yaes i
bength. However, ihe only differencs occurs sh Sep L
where the average parities of the byplheicel cohon s
derived. Therefors, iwo verseas of sikp 2 are deseribed
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here: step 24 i3 be used with & five-ytar interval; and
siep 2B to be wsed with a li-year interval. All cdher

skeps ant described once.

Atep 1 catcabation of average purilies for both surveyT.
The abserved svergge panties from the i survey are
derrotsd by Pi7, 1) and those [rom the sccond survey by
Pi, 21 where § = 1 indraies age group 15-1%. /=2 the
d34 age group; and s on. In both cases, the everege
parities are compuled by divading the pored number
of children ever bom ko women in age group ¢ by G
bota| number of WOMEn o AgE GrOUp 1. 5o, howeedr,
the discustion in tubsscpon AT concermng, the sl
ment of women whese parily s nonstated and the poasi
bz application of the E|-Badry correction {annea [T}

Srep 24 caloulation of averdge pasitles for a hypocheroal
colort!  fike-pear fafersurvey period. The survivoss of
cohord J at the Grst survey belong ko age group r +1 ai
the secopd survey, and the paridy incremend for the.
coborl, dencted by AF{f +1} is equal to the average
parniy of ihe cohort al the second survey minus that
the first survey. Thal is,

AP+ 1=P+ 0 1} -Fil, It C.1}
Such parily incremeats are calcutaled for values of f
from L b &; the value of AP(1), correspunding 105 =1
may elsr be calootated from equation (C.1), wilh
PO 1) the average panty &1 the fira survey of women
aped 10-14. beig wken & equal w Ioral dhis s
eguivalent, of course, b w@aking AP0 1) as being drewcily
equal o FLE 2

Onee the cohonl parity increments bave been oblained
from  equatien {C.1], dhe swerapge penlies for the
hypothencal cohorl are obained by successive summa-
Gon of the increments. Thus, on the basis of interservey
fertiliny, the parity of women in age group . denoted by
Fii s ) is equal ba AP(1], ar, as il may alsz be writlen,
P10 e parity of wonien in age group 2 is equal ta
tht infersurvey panily for age group ! plus the injerser
yey panty merement [or age goup 1 al ihe second s
vey. this mverément i & (2% 20

PI th= AP+ AP}

bn peneral iems, one may write:

Pii.5)= E &l {C.1

a=1

Step 28 rafowlfodion of awrapre porities for a byporkerical
ooRon;  fi-year inferpurvey period. In this case, the sur-
vivors O the rotra] cohort of age proup 5 ot the une of
the Frst surnéy will b the women in age group i +2 al
the tione of the 2cond survey. and the bypoibedeal-
cobonl pantiss are obtained by Lhe cumulation of teo
parallel pgquences nf cahonl parity incremenis. The par-
iy ncrements are obwained by subuectng Trom the
awerage parity of women of ipe group 42 A1 the



seconnd survey the average parity of the women of age
o @ mL b Aest survey, Thus,

AP( +25= PLi #2 D=PU, 1)

fori=1...5 {C)
AP{1} and AF(Z) wrc timply put cqual 10 P11} and
P{2,2), respectively (this procedure will distort the
revully shightly when Bertlity & changing vy fapidiy).
Hypothelical<ohorl  paritica Ior  even-oumbered age
groups are obained by summing the parily increments
far even-nombercd age groups, whereas those for odd-
rumbered age growps wre ohtained by summing parity
mcrements For odd-nombered age proups. Thus, for
evén autnbers,

Pl )= &P(2) i)

Pid, 1h= AP(2)+AP(4) iC.5)
and

P{E, x)= &F2) 4+ AP4) +HAFG) (C.5)
whercas

Fil,x)= AP(1) (C.7)

P2, 5)= AP[H) +AP(Y) i 8)

P35, 5p= APCT)H AP(3+ AP(S) {9
and

P b= AP {1+ AF () 4+ AP U4+ AF(T) (CI0)

where Pl £} 15 the hypotheical average parity for age
Rroup §.

Step 3: Imterprlation betwaer the fopatietiool-cofart par-
fliex to estimaie curnisdated iy, Awirage panties foc
he hypotheucal cobor calcutated in the previous step
can be uscd 1o cstimale cumulaied fertility up @ the
cract ages of imerest The of calimation fol-
lowed is direcdy Linked to that used in subsection B2 éc)
I Sk Everage pantss rom observed comulaied
ferthicy. Iiedeed, iv can be said thal this process 5 jun
the inverss of thet described In subsecton B2 (2], dinge
the problem now is bo go Mhom everage paribies (o o
Inied fertiliny, while the M /F eplimation method yuelds
esmasey of average panties from comuleted ferdlay.

One interpointion procedure described in swbseciion
B.X icy fited & second-order polynormsl w sechons of
the comulpted Frlility schedole and swerpge padues
wire compukd by inicgraling thic polynomiat over the
desired  age n?; Bince, ave .:-;r paritics can be
x niated n 4 nomuals  whose

PF'M coeffcient defice the b:l'ﬂul; ar mp‘ﬁmulaled Fernill Ly
schedule, thu Hhog & mekns of sstimating & valoe
of this sehedale an woy exdct age withln the fiung mange.

Following thir principle, an expresion allowing the et

tation of curnavialed ferulicy from observed paricies was
obtmioed by Awing, a third-onder polysontial o sudces-
Sive average pantics. 1t has the fom:

gl fy=08IF G ) +0A5TP0 + 0, )
—OOSESP (G +3, 01— 032430447 — |, 1)

Fori= 1,5 .1

where i), 1) is lertlity cumulated op to the upper limig
of age group f.

Wheo the performance of this estimating equabion
was tosted by wing the Coale-Trussell mede] Fertilicy
schedules, it waa found thal it did sot perform very aatis.
factonly at the upper ¢xireme of the fenilke peried.
Therelore, an cmpirically derived carrection was iotra.
duced o estmale ¢(6, 1), resuliing in the llowing
OO LA N

S, 2 )= OOH9P4, £)—055T4P(5, 1)+ 1 D4TBPS, 1}

+0 2B0%P (T, 51402018444, 5 ). (C.12)
Unfcriunmely, no sosfciory comcion wes found
far sslimating 47, 5) based vn polynomial fik. Yet,
sipee [erility retes are wosally very bow an ages 45 and
clder, it iF romnwndsd thal (7. 2) be estimaled
direcily from the obsersed FU7, 1) by using the felowing

S ukaticH;
#T rr= LOAFET, 5, iC.13)

Step 4: calculation of inersarvey age-speeific feviibiiy
roier, [nnersurvsy ape-specific fertility rates, f (i, £, are
calewlated by subbracting the cumulated fenility to the
kower boundary of age group ¢ from thal io the upper
boundary of the same proup and dividing the diference
by five. Thus, in gencral:

T, sy= i, sl=@i — 1, 51075,

Mode thiteumulated ferlity 1o age 15, which is denoted
by {0, 5}, is genérally assumed bo be zero.

Rerp 5 cafeslarion of fomd feriility and e Birth rare.
The estimaded total fertiliny o the inemurvey period s
cqual 1o {7, r} To obdain an escimace of 1the bifth Teie,
the mid-period female popuisien classifiad by five-year
1z group and the mid-peried total populapon are
mequired, Both can be obained by averaging, when ¢&n-
suses ar vailable for the beginning and the end of the
Ptrh;d. Then, the binths occutring at the middte of the
intersurvéy penitd can be found by multbplying the
estimaled mid-period femake population by the relevant
mtersurvey age-specifc fertilily mies ard summing over
all age groups. The Birth take is then obained by divid-
ing, ihe total numiber of hirhs by the mid-pericd popula-
tion. However, when adequacely spaced censtses are
nol available, the cakeulation of en accepabbe mid-
period popudation may mod be possible. lo such & case,
Binh-rale cqlimates may bt oblned independently fow
the Brs1 and second survers uting e inmrsoneey age-

(.14



Tazwt 1.

FEMaLE MM s TIOK aMD CHILIWEN EYER, BoRN, Y A0E OROUE, THAILARD. |B60, TG 46D 19T

L

Ar b T i
-

"o A N
1508 1 [ EEmID
T . 2 | 14 153 | C3d ol
b 1%~ I _ k] | ey ot 2 400 581
b5 T d [ R 1 2o 345
L1 5 619 4y 1383 1
A0 . [ i1 303 12371 103
4509 .., T A5] Wb P ALY ]

L)

M lalhwer

e o i Ll
o L3
L S L P . ..
1 &34 571 Pt L 13 3¢ 1
11l T 1158 569 L 4 hi
11T 1754 3T LRLIL 17 2T
1077 4R 4 1ad 920 5l 13 B
Land 4 Ao A20 1 N 1|
TS 332 LN T 35 3t 592
597 a5d 1 65tk dHH LM LI

specific fedibivy rares obaioed in step 3 and their aver-
e iy be uged Bs an sfmare of the intersurvey birth
rate.

£}  Derafied pumyses

[oformation oo children ever bom classified by age of
mcdher is aveilable from the 195 and 1970 censuses ol
Thaland and from e large sample swrvey condacted in
1975. The J0-year cobort parity increment dure
may be applicd beiween 1960 and 191, and the five-
year method between 1970 and T3, The basic dats ars
shown in Inbl= 12,

First w1 be considersd are the caleulations in the caee
ol thee B0~year interval in order ko retain hislorecal arder.

Seg | calrwlion of averdge paritier for bork nurveys.
AveTage parites ane obained by dividing the nm ber of
children ever bom, clissified by age group of women
(shoum in cohumins (4) aod (6) of teble 32 for 960 and
[970, respectively), Ty Lhe toial number of women in
each age groyp shewn in columns (3} and (3) of table
32 for 1960 and 1970, regpectively ). Resulis are shawn in
ihle 33 bue, as an example, the average parly of
women aged 25-29 in (960 is obtained as

PO 1= 2802 581 71046 464
= 22950

Swep 2B: calvulatian o average pavivies for a kypotheicol
coheri: J(-year farermsay N g squation (0.3, cohont
parity increments ace cefiolated by subpracting from
each  recorded ily in 190 the pamy of e
courespondiog mﬁan, 10 years yourger. i (960 Thus,
in the case of age group 30-34 im [ %70,

AP{)= P{d, 11— F{2. 1)
= 1BI86 —0.8621

= 29565,

¥alues of A0} o all gge groups are shown io columa
{3} of bk 33, WNote that for age groups | and 2, the
parily aneremenl s iaken a9 being equal i the absersed
parites Jor age proupd §|and 2 sl ihe tme of the seeand
AL,

Oince the cobarl panly mensments have been calen-
lated, the average pariies for hypoihencal cohotys are
obingd by parmation, a8 shown i equanpons (Cdj
PC I, The wve pantes for sven-numbentd hge
Eroups ate obiained by summing even-numbtred cobort
parnly iocrements; thus, 10 calculate P{d4, 1), using &qua-
tiom §C.5)

P, s b= AP {2+ AP ()

= (LMD + 29563

= 19505,
For odd-numbered age groups, average parities for g
hypothenscal cohon are obtaimed by summing oadd-
numberedt cohor parity incternenis s, 0 calculum
P35 1), using equation (T3],

F5.2)= &P+ AF () + AF(5)
= (L1300 + 13073 + 1.7860

= 52544,

Fapam 33, AYERGOE PAMITIES PO |90 4MD [9T0, DOHOAT PARITY TR AEMENTT AND-
AVERAAE PRRFTRES FOR THE INTERSUREY HY MaTHETM, A8, LawonT, TasiLd v
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Catumn {6) of whlz 13 shows the bypothetical-cohort
average parities for the penod 1960-19 1),

Srep 3 ion hetween the Avporhedical-cohoes
inst 0 =timate oemdoted feerifiey. Using equations
{C, [1THC.13), cumulaied FEmilily 15 sslimaced from the
averape parities obtained in step 2. 10 05 sjauneed thar
S0, 1 1=00 50 tha fori = 1-

{1, 5 )= GIXEH. 1) + 0d 370 F540) —
ISEH T 408 = 04291
For ather valoes of ¢, previously esumaied ¢ values are
used ax imput in eguatson (C. L) For examgple:
3, r]= 052832 46B2 )+, 434701 B5D)5) ~
O.OSESE 2042 ) -0 345 16747 =3 2267,
When i = &, equacon (O 12 15 used, a5 shown below:
{6, 2 3= 00003 9405 — L5574(5.2542) +
1716 0EM) +11. 28695, 2903 140,20 1344 6455)
= 6,356,
Lasdy, fori =1,

(7 0= LOOTEI903) = §.4350
Column (4 of wbbe 34 Jusplays Al thee i, £} values,
Spap ) cafenlation of infertureey cpd-tpecific fertifity
rafes. Following equation {(C.1d), age-apecite fernlay
raiea are chiained from the cumulaed fernifity vaives,
#f.2) by fAnding ihe Jiference between supcsmpeg
values of o, 1) And dividing the differene by fve 1o

obaain an sntoal rale; #(1.5) s cumulaked fendlity by
A M, 30

Filoah={lr )5,
bun iheereaner,
Fu ry= i, sh=gi — 1, 1 H75.
Tia v oW exanrplees:

S )= 042815 = DORSE

and
F16, 71= {006, r1—#{5, £ /5 = (63056 - 5.7635)/1
=10.1084.

Colump (3) of cabde 34 shows the complens e o S 1)
values

Step 5 calrwlation of corad fervifity and ifhe btk noe
Todal fertility cstimated for the intersurvey pericd is
immedialely available, being equal to (7, £} of in thix
cuw 644, An approaimate estimate of the birth rate can
be ubiained by estimating the mid-period female popu-
{ation of each age group by sdding bz 1960 and 1970
poputations and dividing by iwo, then csiimaling an
everage number of anoud] birhs by multplying ke
female populstion by the age-specific feribity cale
shewn in table 3, summing the binths for all age groups
of women, and dividing the tolal by the average of the
V60 and 1570 sodei popalations. This method can be
used Becauss cepsuses are the sources ol the Bagic daia.
As an example, the average female popuianon Tor age
proup 25-29, N{3 r),is found as

M3 o= N, [DE N3 2 a
=2 { |0y o 1,043 3T 0
= 1,492}

The annuwak aumber of births w women in this 2g goup
15 then foand by muluplying by the estimated £(3,5).
S0, il the umber of banths 1 wge group § s demted by
B{f,5),

K3, 5)=M(3, r1f (3, 51= {LOSBHOLY [ 243 = 342 053

Repearing these sieps for olher values of ¢ and summing
ever all i wilues produces 8 wal number of births of
105,418, given thal the sdal population in 196D was
0057916 and in 19M0 i was 34397374, the average
mid-period population s 3337645, and the birth rare
b cath be astiated as

B = 1,155 416/30,327 645 = 00447,

As a commweniaty of the resufls obteined, it may be

TAREEM.  AVERLMGE PaARITIEA Fot THE HYPOTHETI &L COHMET, ESTIMaTED ATHECALLE DF
UL ATEDR FEATTLITY oW 4GE-SPECITH MEETILTY BATES THalLaMD #1570
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neded that the hypothetical-cober average parilics &re
higher than cither of the observed values, confirming the
fact that 1be hypothetical-cobont panitics are very sensi-
tive W chamges e the kevel of feriliy, However, they
are abka very vulnerable 1o error, especially o errors that
affect ooe of the observed sets of everage parities more
tham the cdher. Yel, when ibe estimated age.specibe jer.
ulity rares derived from the hypothancal-cohorl parives
are cothpaned with those abddined from births regisered
in Thailand during the mniercensal period snd adjusted
Tor kevel as described in subseclion B4 (d) {the fgures
shown in codunn (&) of able 34 were copied from cabde
|9}, ehe unulany is reazsuring, dihough differences for
thee first veecy arsed eh Jass age peoups ane Paidy marked.

In general, wheneraer the addivonel dewa mquired
ewist, the procedure outlingd i subseciion BA (o) for
companing cumalaled inlesurvey Rrility mies with
hypathelicai-cohor average parities is o be preferred to

the method descnibed here, since the Former method s
less sensitive b0 the pmission of children ever bom frem
the reporws of alder women,

Mear o be discussed is the case of the five-year inner
wal. As steps |, 3 and 4 are identical to those jusi
descnbed, merely the results obtained are given; sicp
ZA, however, i described in delail.

Seep 1 cotcutoion of awerage pariiies for both sureer.
Columns (3} and {4} of takle 15 show the average pan-
ues for 1970 and 10, respecuvely,

Srep 2A ! ealvulaion of average parities for o Ayporhetiva!
cohort Foerger infersneyr periad. Following fquation
fC. 1) cobon panily increments are coboudaisd by sub-
tracling from each recorded parity in J973 the panity of
ihe corresponding cohort, five years younger, in 1970,
Thus, io the case of age provp 33X in 1975,

AF(4)= P4, 2)—F{3. 1)= 3485 — 14090 = 10741

TamE}. AYERAGE FAUTIES POK FAT0 AND EFTS. CORDRT PARITY IMCREMENTE AMD
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Walwes of AF (i) For all cases are shown in column (5] of
rakbe 35 It should be noted that &P{1} is put equal K
L)

Average parities o bypothetical cohons are obuained
by cumalaling successive coborl parily incremens.
According w equanion (C.2),

FPli.ri= X AP
1

.|'=

Thux, F(d, r} v abisined by summing the values of
APispivom | tod;

Pid, 5= AP0 +&P 25+ AP{3) + AP{4)
= 0IIT4+0.7530+ L1322 + LOTHI

= J4RRT.

Other values are ohaioed in a similar fashion, and the
complede 56l of average paritics for the hypothedcal
cohorl is shown in colomn (6} of able 15 MNete thal in
the case of a five-year intersurvey mierval, thers is only
o chaig of sumemanon.

Srep 1. iurerpodarian benween the & ppathelical-cohon par-
dites o fErimaie caonudared fenielly. As in the case of 2
WO-year mberval, cuulased fertiiny is estimated by
using, equationd (CHTHC 13, When F= 1, @05} 15

Tamie 3 HreomupmcaLdolar avekeacd PARITIES RITIHMATED
AMHEMILE TF CHWAATIT FEATHITY AMO AJESTOIFM FEATETY
WATEL THLAKD. T9T0- 975
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gssumed (o cqual 2en, In Gther cases, the appchlion is
sraightforward, The camplele set of Gl +) estimites iz
shown in cobumn (4) of wble 36.

Step 4 oofoulption of intersurvey age-specific feriifity
rater. Age-ipatific ferility rates are obtuined by sub-
tractng femility cumulated bo the bower boundary of
each age grouwp from thal cumulaled 1o the upper
boundary and dividing the result by five, ot shown @
equation {C.14). Fer example.

Fi2. 20= {2 2 h—( 1. F IS
= {14217 - Dl %
= .2



Column (5 of table 36 gwows the Rl w24 of infersucvey
fertility mies (7. 27

J: enfeulation of eoeed fordiliy and ou Mrik row.
Toial fertility is equal 1o Lhe value of phi{7, 5 ), that iz,
45T 1iis maore difficult in this case 10 @niman the bl
rate, snce the 1973 populaton comes from & sample
wrvey, and the mid-penod populston cannot be
chigined by averaging the 1970 aod 1975 populauons.
However, in approximate esiimake of the binth rate duc-
ini H'btlpﬂ‘ind between the surveys can be dbtained by

ling the birth rates for 1970 and for 1975 implied
by the inlermoreey fertility tass and averaging them.
The birthe in 1970 (o1 an s=nimate oF the e nurnber
of hirths in 1970, bul rather the pomber of Bapths that
wonld have pecured in 1970 piven the jnbersurvey ferul-
ity schedule} mre obtained by summing the produets of
i enumersbéd female population eppearing in cofumn
13y of table 32 end the cstimaied age-specific Tenility
ks given in columno (5} of bk 16 then the hink rzic
15 found by dividing this sum by the ioal 1970 populs-
tom. The total births are 1, 141,687, and the total
eoumerated population is 339737, so the smaned
birtk rmie is 0532, The binbs for 1975 are catimated by
summing the products of the 1975 femake population
tecdamn {7) of aable 32) and the estimated Femility eaoes
(ealumn (5} oF tble 363 k2 give 7,855 hirths; since ihe
Kl survey population in 1975 was 2300060, \he
calimated birth rake in G048 Therelore, an ectimabe of
the iniersury
buo, giving 4 Gnal value of 10335,

To conclade, i may bt mentoned that wherens
berween 1960 and 1970 every wverape parity for the
hypothetical ¢chort was higher than Iﬁ: reesrded pari-
ties for the beginning-peint and end-paint, between 1970
and 1975 the hy ticul-cobom everage pandics were
lower then the parities recorded for the beginning-poind
or end poine. The suitability of this method for
siluntiots in which ferality i changing if thus clearly
dermonstraied; it must be emembered, however, thal te
resals will be sericusly distorted if children ever bom
tewd o be omined fom dee repons provided by ther
madhérs or il the =xienl of such amission changess from
O Jurvey &0 the next

[r. BEsbma¥iow Or FERTILTY FAOM INFORMATION
[ {HILITREN EVER BRORN CLASKSIFIED BY DURA-
TIEH OF HaRRIAGE

I Bazir of methods amf phtis ravianaie

Most of the methods pro for esurmatiog fernbiy
schedulbes from deta on children ever bom afe pol rebuy
b the presence of sutmiantial age-misrepeniog. IF in a
given populition there 5 less disiorion in the repaing
of marriage duetion than v the reporting of age, a
meihod thai estimates ferility schedule By using date
on children ever bom classified by duration of mamage
mey yield bewer fenility estimates than a methed based
on data classified by age. An addiuonal sdvamags of a
duravion-based method derives from the fact 1han fefiil-
ity wheadules by duration of mamage are mwore dnfim

birth rak: is obesined by averaging these

than schedules by age, making the method avare robust
to recent chaoges in mamage patteras.

Coele, Hill and Trossell™ propose one such methad of
estimation, which iz called here the P /P ratio
method™. 16 applicability is, however, somewhat lim-
ied by the fact that it can only be used in populdtions in
which there i and has betn wery liwle voluniany contral
of feetility and in which only a small pg:lvhpnrr.inrl of all
births occurs outtsde marnage. On the ciher hand, ihis
melliod does w00 require an estnivally unchanging age
il mAmege.

The underdying rationabe for the procedure can be
stared samply. The agr patiern of ouwral fernliy,
defined as marital fertility in the ebsence of volupiary
fenility conrol,' is very smilar in different papoisions,
although their kevels of Fertilicy may differ. Moreaver,
nuiural ferility does opod vary much from the beginning
af mpmedactive matenty {aroend age 2} until the carty
thacies. when a fmirky steep dechine begins, Therefore,
popuilations thet marmy ¢ady and dé not practise volon-
tary ferulity conurol have rether similar pattems (though
nol necessinly simiar Jewels) of Feniility by durmtion of
mamags. Hence, ¢xcept for @ seale factor, the sequenes
af average pacids by duranon of marmage among
different populations subject to natural fedility should
B¢ wrnlar. |1 showld be possible, therefors, te compare
the reporied sequence of average parities {for durations
of marriage under 5 years, of 5-9 yras and of 10-14
years] with a slandard cmbdyiog the natural Fertlity

alizm amwl, thus, to determine the level of nawureal fertil-
ily in the popuwlation in queslion. Marital fertility coubd
then be estimated as equal o siandard sengral Fernility
mulliplicd by the catimated bevel in the population in
question, and an cstimete af the overall fenifity schedule
could be obtained as the product of the propoction mar-
riegd gnd the estmated marital Ferility for each age
growup. [n praclice, i sekcling & sandard nawral fere
tiiy  schedole, some Bllowance 05 made e ahe
populatons distribunon by age of eniry wnbo mamage
and the efect this disidibution bes through known,
thawgh sl [, vanauons of natursl fertilny with age.

When wang this method, a problem anises ax 10 which
women w consder, The sandard schedule of average
pariny by duraieon of marnage, P fefe only W
women who are anll in tetir Grst wnion. Thus, when
canmatitg tbe level a0 whech oaeral fernbiy i eapens
enced, only reporis of women sGll in their firl woes
ghould be wsed. OF course, the estimate of Terulny
cbtained from this iype of dala woubd nor refer 10 all
currenlly mamried somen. Besides, fertiliny dawa are pot
cornmondy tabulated according o these apecificasions
(for women silt in their frsl union scparalely rom the
ety Therefore, it is olién nécessaTy 1o use an altorme-
tive fype of date. The average pariniss Tor comzmity
maried women by Ume elapsed wnce Ben unbon,

I* anstey 0 Coute, Alisn G. Hll ang T Janwes Trusen, "4 new

methesd ol cwimsing Anndand foralny meaguece fam incomaplee
A", Pogrularnice fmts, wil. A1, Mo 2 (Aprl 1805, pp. 182-213.
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regardess of the number of uniond, provides such an
allemative. Use of these data makes it possible Lo sli-
mete e level of parel fenility experienced by all
currently marmied women, bot the effect of “dead ims"
between ynions will affect the ratics of the obseoved
average panties by durabon growps. Plik o the
eowrespanding parities derived from e standard, P7(i ).
These ratios are denoted by K{7), where [ determines
the durition of marriage group, 1 dending duranion

p 0, 2 duration growp 59 and so on, The “dead
time™ efect will increese with marriage doralion, since
the probability of marital disscdution, zt keasl through
widowhood, increases with the Gme clapsed since first
unicn, while the rapidity of remarriage may decrease. I
marriages are firly stable, hewever, this eflec {a end-
:rr:cd,' for the R{f ) rados bo decline with /) will be small;
and the we of date for all curmently marted women &
probably the best option if they are wenilable, The thisd
posmitaliny 15 W use average panties for swer-marned
women. In this case, the problem of “desd time™
beiween or after unions will be more sedous, and the
endency M the R{!] raties to decline with 5 will be
ewrre marked. The use of a kevel {or adjusimeni facior}
of naprel ferility Based on the frst three duration
groups ko estimaic 1be fertiliny of ever-married women of
all age groups will pverestimale the fertility of the oMee
age groups, where the propopion curendy mamied is
lwer. This thind possibiliey shauld not be used unless
the data are only tabulaced for ever-mamed women. 1n
cases of this type. however, although parily information
muay only be availabe for ever-married women, ihe data
am mattal Bamws may show furremly marrisd wamen
clusifed by Ave-year age geoup. Then the expeowed
Banres in the final smaws of age-specific ferlility rales
iy b2 minimized by a combinamon of (v sirlegmes:
selecting an adjusiment Tncror for nateea| fertiliny on the
basis of the st thret doraton goups; end using the
abserved portions of currently marmicd women o
weight the adjusied natural fertility schedule.

As in the case of the method thel ussd dails on chil-
dren cver born clessified by age, the different edjusiment
Mciors obdained by evaluatog the ratos of tbe obaerved
over the capecked parnilics corresponding to A given
dumtion group should be approximaiely equal for the
different durslion roups |ip1'0 differences between
the raios c-:rmspmdmg @ different duration ErQUps
revoal slleer thal b essumplions are not satsfed {lor
cxample, the population s nel subject 1o oalural fertil-
ity} or thal the dals may be affecied by substantial
misreparing.

Becaus the £ /P * method is applicable only o popu-
latiorn im which there & Iitde prictice of volunlary birh
coneed wmd in whikh childbesnng by womdn not
curmemly mamied i infreqaent, it should not be used (at
Tenst not walhout mmpor ad hoc adjustmenis) for parts of
Alrics and Latin Amenca where stveral forms of
cohabiwmipan edher than recognized marnags are pres
valern and where & sigeifican proporting of all bk
ary Jlegiikmale,

Funhermom, this metsod s nod spplicable wilthoul

&3

modificanon w populclions, auch &1 than of Indis, In
which many mamiages occur before the sge of
mennrche and where thers is o close refation bemwvern
the pge xt maeriage and e age a1 which eapovune W the
risk of eoneeprion begins. In some Muslim populations
ko which this method is potcoually applicable (with
natural fertility and wery linke illegitimecy), the date of
marmisge or many precedes the beginning of
cohabitelion. As & resull. the ohserved averdge parities
by deration of marmi are lower than would &
expected, capecially during the Arst Ave-year durstion
inerval, i whch e proportion of chaldless womes B
higher than would be expecied in 4 population Ao
praciisng copipasephion. A procedure for adjusting &5t
raates of fertiliny (o 2llow for the efecn of delay in oo
halwwalion .uj'tcr marmiags i described by Coale, Hidl
and Trussell.

The converse protdem is that in countries where con-
scosual unbons ferm & sizeable proporton of abl unions,
the duraeon of mamage reported may be that of the
current unicn ot the Ume elapeed since the beginning of
the frst stable unicno, rather than Lhal elapsed since the
firsl umicn. Io such cases, the average parly for ach
duration group, and for the firm group in paracular, will
be too high. A proctdure for cslimaling e average
extent of any pon~comespopdence betwesn peponsd
duration of marriage and epparsni duratian of cohatiie-
tion fromn the proportions of women with al [east one
child in duracion groups 1 and 2 05 abso described by
Coale, Hill and Trasselt

Moww of the adjusiment procedures thanr may be
applied Lo the bugec data before using the F/F" method
are descnbsed i b Mol The mdin reasow for this
omission i that moat of weday's populawons are unlikely
bo be subpsct Lo nuturad ferbilicy wnhin mamiage and w
lack, AL Ihe shme e, kcceplable infonmeion on the
pattern of manial fertility they experience.

Il data allowang the ssumalion of the palkm of mar-
tal Fertility are availabde in the form n-l'ﬁ. b5 occurming
duriog a given yoar clasified by the mothers durnlicn
of marmiage, ancther methed, asalogous o that
described in subseciicn Bl can B used t0 comparc
period fertility ratss with reperted average pailics and
L3 adjusl the level of e Former rtes that of the
Iatter. Once mgain the comubated period ferility mus
will refer to the énd-pomt of ésch dursuon proup aud
will therekore not be stricily comparble W srerage pare
ties, ban parity equivadents, &0iy may be oblained by
inerpolating  betweén conseculive comuleied fertliny
valozs Indeed, the in Gon process will be much
more satisdaciory than in the case of dals classified by
age, simoe the cumulsied dumlion-specific ferdliny
scheduke i likely 10 b more lir than the enmulnred

e-specilic fertiliny scheedule, r:h:rrmu thrs reethod
wili be led affecied by changl n& marrdge than
will the method based on dawa :nﬁed I:q.' age; and I
does ol require that marital Tenilivy Rollow te patoerm

o b Coale A O Hilt and T. 1. Frusdl, e o
EI



of patural Fertility. This meethod i called the “P /G
method™.

Hewever, the P/C method 13 nol ammune bo ihe
eferts of enors frequently peesent in the tuwe daw.
Two rypes of eorors are comimon

{a} Women with no children ar incomrectly meorded
as being among those whse panity s il staied The
presence of thic iype of eror 16 tevealed by & sharp
decling m the properton of wamen of upknown pacily
with increasing ape or durdliom of manaege, paralleling
the peovine decline of the propodion of ¢hikdless
women. If the cases classified ox “party wnknown™ ane
cmitied (rm  dhe  caleojations,  averhge  pasy
g overetinened, particulardy ae duration 04, wheyeas if
all such womeen are aszigned & panily of ero, average
parity is updereslimaied. El-Badry" propoced a methed
af achustmeny, Jescribed in aonex 11;

i1 Mismtiement of the lime clapzed since Brsl utiron
{duratiom of marpaged. This epror hases the valyes of
AVEragE p:.ril_',' i wo guralion intervals (haih the woe
interval and thar 10 which tbe waman iz mineakenly
assigned), because the wansfer of womep fom ane
interval Ig amcpther is usually seloctive with respesi oo
their parity. For example, the women who fakcly repart
8 duration of first marriage as 5-9 yeers rether than 0-4
very probably belong oear the upper boundary of the
lower interval and are of Fu:nll}' higher parity than
the averape for their ke mnlerval but of lower parity
than the average for the micrval in which they arc
reporied. An upward tansfer—an ovematetoroent of
duntcn—hus inmodueces a doweward biss in the
recorded average panty For both duration geoups. Simi-
larly, a cowpward cranafer ix bikely oo anfate the
recorded sverage parity for both, and some ouxogre of
these pwo Dypes of frapsfer will f2nd o reduce the
differential in pverage pariry between the yovr duration
Efoups

Ervars in ualed durstinn of martiege Lre smalogous to
errors of reference period in the reporting of svenis dure
ing & fxed mrerval. such 25 et it year, and 1o mis-
askments o age or of & chiMds date of birth. The
eatent wpd dirzetion of the bias probably depend vpon
the wording of the queslicn by which duration is eacer.
taioed, 2y wdl a5 upon Ihr cducation of the snomersiar
and resporedenl, wed upon the geoeral codiural contexi.
b is net clear which way of collecling daa on
dIIIrII.IEI-I'I.—i qﬁnmiun on date of I’uﬁll:E|l iage, Lime
cla Ankd NrFl Marnkge of Sge at brit [
B bt the At method et Liely 1 be leats St
by wouding &rors.

Lastly, when s on cumrent fanllay and panily mfor-
malan are oblained from different eoorces if i3 impor-
Gl b verify that duration of muTiage B messued in
Unc same way in both. [T, for example, he firm source
records duration of currenl mamage whils the second
médsunes Ume elapssd Hnce Bea marriage, the basic

H M A El-Bedry, "Failwe of snamerdors 1o make encoes of zem:
LITONE in g chikllox camma in ululion oenuse”. Jowrmal
The Americar Stelul in' Abrociarlie, v Mo 2% | Devombtar 16 1).
Py WIS

Jaia wopld be incompatible and shoubd oot be used as
impabt fior the PG mathod,

2. Extimqnion of fved af natural fertilily froe reported
parily by deration of sirlipe
(a)  Lhate reuifred
The dala lisced bebow are vequired fow thoy method:

fa) A walwe of ap, the earfiest age a1 which a
sipnificant oumber of mamieges ke place;

(&) The female population classified by five-year age
prowpr and mprial seatus {single, maried, widowed aod
divorced);

(¢} The number of children ever bom clagsified by the
duration of firsl marriage and currenl mariial sisius of
their mathers;

(d'} The Letal population.

b} Congprutainng procedurs

The feps of the computational procedure are given
below.

Srep | ralrwlvion of reported awerage parilies By dura-
fiow of morrtage. |n the cabewlaticn of the reported aver-
age parinss, P}, the index { refers o the differeo
duraiion proups Thus, i = | indicakes duralion group
0-4: f = 3, durativo group 3-9; and § = 3, durtion group
=14, Fii}is defined as the ratic of the number of chil-
dren ever bom b curmendy marmicd wormen in dureSon

mup i W the number of comendy maried women
longing vo the same group. 1f data fior comently mar-
nad workdn arg nol Aviilade, dale lor ever-mamed
women may be used. llowever, as stated above, uwse of
the fatler data may introduece some ondesirable biases
{sce subsecipon Dn1). Furhermore, if the propariion of
cumenlly marmied (o ever-marmied) women whose panity
was net slaked is non-irivial, the queslion arises ag to the
way in which these cases should be ireated. For guide.
lines about the treatment of women whose parity is aol
stated, refer to subsection A2 and annex 11 (EkBadry's
comeclon).

Srep 20 vafcufarion of the femade sinpulate mvan e W

. The lemale singulare cean age sl mamiage,
SMAM, in calculated from the proporticns single,
<lassified by age proup, as described in dedsit io snnex L

Srep T eatewlation of expecied average parities By durs-
fiov of marriage. To calculate 1be expected average pari-
1w, F U0}, ome nteds an sstumale of the Eemale singulale
ridin Ak &b reartiape, obwined in Aep 2, and w0 SR-
make of the youngest age at which a significam number
of women marry, dencted by a, As g rule, g i o
kpown caacity, bul it can be guwessed with Tair gecuracy
from whal is known aboul the populaton being viudied
lis values geerally fall within the moge from 12 o 15
ytars. Thtrefore, il eardy mamiagss are kncwn o lake
place in the gI'W:TI populaion, gy can be chosén e hive
& value of 12 or 1) For o population in which carty
EALT are o common, & vaiue of 14 or even 13
fay be appropriste for a,

Expecied average panities by duration of mamiage are
oy tareecd Fromn table 37, beginning with a raured value of
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ap, and then estimatng A0y P2 and P *(3) by nler-
pdation between ¢oluntng, using the observed value of
the female simguiale mean age a1 marmiage.

Siep 4 seloction of er adiutiment faceer. Ta scicct 1Be
adpastment factor, K, the walues of R{i) are caloulaled
as Ine ralios of the reporied parities to the expecied pari-
hizs for each durasion group . Thus,

Riit= PUEL P

The R{i) values thus indicate the bevel of the reponed
uveraze parite in relation o lhe kevel of the expected
parities basedt on & natural ferlihty schefule. Three
values of A¢ ) are computesd in ¢ach cate, ane o cach
ol the dumtion categones under contderation- ldealty,
alt shree values should be similar, and of ey are, an
aveyage of the thee may be schected Az & Boal adjost.
mert faclnr, K, o allow Far the level of natoral fernliny
i the population being studicd. When the values of
R(i] are noa siemilar or show a8 clear increasing and
decreasing trend with £, the method im ns simplest ferm
showdd acd be wsed, 10 such a case, o may Be pecessary
1o gorrect Ine original deta by vsing some of the pro.
cedures menuond in subsection D1,

Step 3 cedcritavion of adivated a#:zmﬁe il fieetif -
iy peheite. Once an adjustment fscion. K. has been
ﬁumtssfulli identificd, an adjusted age-specific marital
fertility schedule, gif), for the popaianon in quesion

(0.1}

TARLEIE  AGERECIFIC WARTAL PERTILITY BATEL WHEN MATURLAL
FERTILITY |} EW MERNEHCEEN AT THY STAMOARD CEVEL

-.;-un.-nuh—-ua|5h-§

1canl marital
[orikiny . .

is calculared by moluplying the model nafural fertlity
schedule appearing in table 38 by dhe adjusiment
facior X .

Step 6 calcilation of udutrad ape-fpecific ferdiiny
whedule  The adjusted age-specific maritel Teelilivy
schedole estimmared in siep 5 may be ransformed into an
adjusied age-specific Ternilily scheduke, /0 1. refesming bo
the enure female populadon (and mov just o ibase
cuprenily masmied), under the gssumption thal all chald-
bearing occurs within mamage. by mulbplying each
wmarital fenslity ke, gif), by the propoctien of carrenly
maraed wonen in the age prowp being considered. The
sam of 1the age-specific fertility rates, {1, thuos
abttined, ewwliiplied by five, provides en eslimate of
1otal Fericlity.

SI'F 7 ratendeion of aditred drek rare. An adjosced
birh rate 4 obaned by adding the products of the
estimated age-specific mancal fertilny sehedule b ped
insiep 5 and & nember of curmenily martied women i
different age groups and divading this wial (which 15 an
estimatz of the 1@l number of binths) by the ol popy-
latiom,

i) A drsilad raonple

Tables 39 and 40 shaw dala obained fram the 976
census of Egypr. Becayuse 1he incidence of illegitinale
berths s wery low in Lhe Egyplian populanhon amd
bevause there i lnke evideoce substennating the
easlence of & fedility decline within marriage. 1he
retihod described below may be wsed 6 eslimale age-
Apeecific ferinlily rates.

The steps of (he compuiauongl procedore gre given
below.

Step § eicidarion of reperied deerEge psInnes By dund-
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wom of morriage. The values of the repored average par-
ities, P ), ere obluned by dividing #ach of the enimes in
column ¢d) of bk 39 (pumber of chidren ever barn}
by Ihe cirresponding enlries in oolumn (1) of that table
{number af women éver marmicd in cach deruon
group) Column {3) of table 41 shows the fina) w1 of
parities. Acea exnrple, P(2) s cabeulated here:

FPi2i= 1605, 10401,121.552 = 13317,
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It should be mokd that in this case datx for ever-
married women are uied becawse the data for children
ever borm by durtion of marriage were mot thulaied by
cument marilal status.,

Etep - calewlanion of femole singudare mean age ab mwar-
rage. The singulate mewn age 4l mamiage for ferales s
catoulaved fream the propacin of femakes Bngle in cach
age group, af 45 explained i atnex L The proportions
singhe arz shown in columo (5) of able 40, Thty are
calalated by dividing the eoines in column (3} by those
lisked in column () of that whie. As a0 sxample, the
PrOparton single in mgt group 30-34, denoted by L4,
16 caboulated below;

LIty = 769571 B8, 6N = (0T,

Following the dure deseribed n desil iv anoea [,
with AN = U[Th the value of the ungulele mean sge A1
murmiage for females is ealoulrted i be 2174 years,

Srap 10 colealarion of experied mwrarge paritter by durg-
tian of marriape. Femake mamage is known o ke
pMace somewhat late in Egypi, s ag was asumed 1 be
14, The expeiwed average phoiues, F ), ar ohisioed
by inierpolating berween the values shown in Wibbe 37,
given “ne ansumed valoe ol a, and the eaimated value of
the siogulate mean age Al marriape, Table 42 illusirawes
\ke way 10 which this interpedation is carrcd out. For a
gescripuon of the linear interpolation procedurs, see
annex IV, Since the values for ag = {d are only given for
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the singulate mean hges at marmings that are equal to
integer pumbers of years, ihe wo simgulais mean ages
thal bracket the oheerved value idently the F () values
between which interpolatian is to be performed, In this
case, ihe ages mre 11 and 12 Henee, the interpolasan
factor B i ¢aboudaned as Follows:

= (222170 - = 026

Thus inierpolation fctor m# ther used W weight adja-
ceol expecled parites, so that

Frli =8P i} b =8P %500,

The Anal seL of cxpecied £*) values /= shown in
colama (§) of table 42

Srep £ sleclon of am adfuimen factor An pdjul-
ment ek, K, i3 selected from tee  valoer of
R =F{i )/ *i ) the matios betwesn the reporsd and
the cuimaied parites Wi ¢ack dorabon inwérval. The
yedues of Ry ke thown in colamd (53 of wble 41
They are clearly wery consisient, Their trend docs not
invaliduke 1h hypoihesis made abave abool the smiler-
ity between the Acioal rulnem of marital fertiluy in
Egypt aned that of natuml fertility. Although recen évi-
dence hat showm that in the targe urban centers of Egype
{Caira and Adexandria) women are limiting their fertiliny
by the we of coniraccplives, their relative weight in the
enfite populaticon amd the rceacy of sach pracuces de
wil seem to have alffected the overall piciuee 1 &
sighaficant degric, In addiGon, she conssency of the
mhserved Ry rauod does not supgest that the effect of
delayed cohabiston i of impenance.  However,
because the combined binses due 10 detayed cohabila-
ian and W 1be adopuon of fenility contrel may &l
prowduce the pattern seen i the R0 ) ratios, their in por-
tence cannor be adequaktly essessed on the bagia of



Ihese metyles. Exiber information is weeded 1 make 8
definilree stalemen aboul Terlility in the counlry as &
whode. Bur, continwing with this examiple. the ehvoiee of
the mean of the observed R {7 ) vabyes as adjusiment fac-
wy K is appropeiale. Thus,

K = 0694070 4 368,3.0= 0.65.

Siep ¥: ealewkation of adjuried age-specific maritad fenif-
ity schedule. In this step, an adyusted age-specific mantal
ferulity sthedule, gy}, & calculated By multiplying each
enury af the schedule given in table 38 by the adjusiment
facsor K calculated i the previoos skep. The resulting
selof i) values s showy in ecdumn (3} al tabls 43, As
an example, gi3} is

FUR = (QE9R03L26) = 0.2226.

Step & cofewlmiow of adfumed age-specific fereliny
gwhookle. The marilal age-specific ferulny  achedule
shows in cplume (33 of 1able 43 Gan b iRnalormed inlo
an wge-specific feniilily schedule referring o all women,
Fii s by multiplying eech of the estimated marical fertil-
ity rames Wy the proportion Of currenly martied women
in the comrespondiog mge group. Thee proporaons,
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shosm 1m codumn (6] o tabde 30, were oblained rom a
abulation showing the femabe poputainon classfed by
marital siatus and by Age 10 thas seEp, the proportiang
cumrently marmied ane wed nsead of the proporons of
ever-mamicd women i order b mnarize e brases due
10 the fact that ever-married women have not, i geo-
eral, been contmuously i the marnied siee. This, the
cshimated age-dpenifh: fantilany rates appearing in columa
{4 of wabde 42 ar obained as i luiraced below in the
case ol f i3

S5 = (QIHEND B8 = D0.25H0.

Qe age-specific Tentility mies are available. wial fer-
Lilidy is estimated a5 five umes theitsum, that s,

TF =5010500= 514,

Seep 7! caleutation of adfusted birth rate. The number of
baptha eapected if curréntly matried women in sach ape

5

group welc W cipeficace the eslitnated mandel fertiliy
rales, g {51, shown in iable 43 and i there were na ilkegir-
wmale Fonility can be obtamed cither by mulaplying
thase rales by the nuember of currenily macricd women
or, aliemalively, by muliplying the 8ge-specific fernliny
rates denved in the previous slep. FIF, by the wval
number of wimen in each age proup. The resulting
estimaléd nombers of binhks by age group arc shown in
volumn (3} of Jabhe 43. As an example,

BI3= {01949k | BT 4571 = HH.251.

By adding the number of estmated barths aver all
ages and dividing Lhe sexult by the wial poputaticn, in
(his case 36626, 204 persons, an estenace ol ihe birth rate
15 ablaned, Thus,

b= 1285995 /10 626 204 = 303551

3, Comparisam of perivd duradion-specefie fertileey
rofes ritk aweraee pastict by durdtioe prowp

2] Daoia required
The dava required for this procedune are described
bt low,

fa] The nwmber of <hildren gver borm, classfed by
time clapsed snce firsl mamiage of mothet (fed-pear

duralion groups];

(&) The ever-marned femalé populition, classified by
five-year durktion of marmige group (duration of mar-
nege should be messersd a3 the e dlapsed since st
mamagek,

I¢j The birdhs in a year, classifed by the duration of
the mothers Arst marmiage {this information may come
cither from & survey question on births in the pasi year
or Jae of nest recend binh, or from & sitel regislration
syalEml

(b} Commparional mrocedure

The sweps of the compustional procedune are given
helow.

Srep 1! calewlarion of reetted awrage paciiees by dwm-
fan of mardage. Average parities by duration of mar-
rizge, P{f ), are cakeulaled by dwiding the number of
children ever bom mported by wamen in duration of
marciage group i by lbe number of women in that dura-
tion groop. I is imporiant (o make sure that a consislent
tregiment of marital stetus is employed: if, for examyple,
tht children ever bom ere meported by ever-mamied
women, theo the denomingler of the average paritics
should also be ever-marmied women  IF children gver
borm refer only 1o women s in their sl mamiage. the
depipritiaiod wsed should he women aill in cheir B
marrage, and s on. Furthermore, tF te proponien of
women in the sclecied marial cawgory who &id m
state theit panty 5 won-tnvial, a question anss as 1o
how W oirean soch cages. For goade-hies aboul the reat.
meenl of wooen whose paniny ig ant staled, refer 1 suh.
sacion A L and 1 zonex 1 on ELBadry's correcrion.



Siep 20 ratodstion of duration sperific peviod Jertiliy
rates, These rates, dencked by g0i ) aec cabcutated for
earh duration group ¢ by dividing the births reported Lo
hawe occwmed during & year Lo women of durdton
Eroup i (the barths being obtained cither from a question
on date of mest Tecent birth in 2 sorvey or from 8 vital
mistrauaon system) by the number of ever-marnisd
woinen in dortion growpr i. Noie once again that con-
sistency shuakd be mainiained with regard 1o the women
covered; and il svet-merried women wers ustd n step |,
they should be used again in this aiep {in such a case, the
births in a year should abse refer oo all ever-marmied
WOMETL,

Step 3 colewlniion of oummiladed feriflity schadile by
durartan  The duralion-specific Fertiliby Tates, g(é) Bre
cumulaied and maultiplied by fve in order W umane
Fertilty comndaned 1o the upper limit ol age growg s .
Thus

1
Ciri=3| X giib |- i1

1=l

Step 4. Efimanion of Twentie parll) equinaleats. Aver:
age penily equivalenis, G{), are estimated by mier
polacipn wting the currenl ferilily rades, g}, and the
cumulaied fertilicy schedule, O} As in the case where
Jats are cissifed by age, the cslimadion procedure uses
different equations, depending wpon the way in which
duration of mmiage has been meesvred. When the
aource of 1he data is a vital regisiration sysiem, recorded
marita] duration is likely fa be that at the ime of the
birth, and the estimation equation to be used is

Giiy= i — 1)+ 29172 ) —041Tg (1 + 11 (D3

Averige paridies are uwsueliy available oaly For four or
Ave durpton groups, (bal & up o dursfion group 15-19
or W-34. [n order b3 explodn atl the infarmaion avail-
able, whe [asr ar upper value of (7] B sxeemared by
wing the fnilowing equanion:

itz T - a0diTg i ~ 1+ 3.083g00). (D

When data on cumrent fertily by duration af mar
rape comds from 4 survey question on births in the past
year, the torded duration of mamage will atmos cer
tainly be that at the wme of the survey and not the diea.
tion al the time of the birth; therefare, fectidy rles val-
cilated fram these data widi cefer o durdlion groups
shifted, oo average, siy monchs wwards lewesr dura-
tons. Heoce, a different equation o estimate pacity
cquivalents is nesded. The paralied with the case in
which data are clessificd by age is obvidws, However,
the lwo cases ors vl Quils the same, since in the present
instanes of i Asswoned thar childbeacing does aor begin
wnul mantiage, and i @ also assuned that i cohabita-
bon beging wilh first marnage the burst of childbeanng
tiioe wonths afler and i the fottawing few moniks com-
pensaies for the penod immediaiely idlowing marrage
during which ne births oceur. The first duretion period

i% thus only 4.5 years; and at the begitnmg of 1, comu-
|xted Terility equals zers, Hence, For the ficst duration
group. (-4, Gii j i esimated by

Gily— 303701 —0.324g2), {D.5)
For subsequent durabion groups. the geaeral interpola-
Ao equanens proposed by Coale and Trussell in the
case of data clasufied by age arc also used in the dur-
then S

b= THF = 14 3392 0 —0.392g0 + 1) (D6}
Foré=23..., 0 -1, amd
Gl )= Tl —+0 392 — [+ 2808z () (D7

where the index f indicaies ibe last duration o coit-
slered. Because Feniility chanpes more smoathly with
mamage durarion afer the fit wo yeas or =0 han
it Jues with age, ihere is o noed o eEA W moR
wagilive, model.based interpolaion procedures. The
Coale. Trussell procedure hased on the filting of &
secomd-order polynomial o cuslaled Fernliey is ade.
QUANE.

Biep 3 comparison of repurted awdrape pariTy aud averape
parity equivalenis for duration-gf-mprrigpe groups. When
mantal fertidiny has remained reasonably constanl, 2
companson of repored avérage pacilies with the parity
equikalents eximared on abe basic of percd ferilicy
should provide a Basis for adjusting cuerent births. Such
a companson 15 carmed oul by cakewlanog the anos
PLErGi ). IF these pancs ace reasonahly consistent by
duration group, at [east for the first three ar four valuwes
of i, the average of the okt three racios can b used as
an adjusiment factor fer the reporied aumber oF current
births. whether the laier are classibed by age ar by
duraticn of memage. The odpustmest of  binhs
classificd by age of mother is tikely 1 be more wseful.
but it is velid only if the ermor in reporting barths is con-
stant across duration. es well as ecros age groups. If
ssch Bn Bssumplion seems (enalle in a given cise, births
kv age of mother may be adjusted, age-specific fertiliny
raies can be cakculated, and olher measures of fertility
may be derved. (See subsecoon BT jo) and mke noe
that, il date an Rinhs come from a survey, Be age-
sperifle Fernilivy raves will heve to be adjusted for the fact
that they peobaMy refer 10 ape groups shifted by sia
months.}

In casca where il is won possible 1o assume that cmars
in data classified by age ae smilar & these m daw
classified by duration, or where dala classibied by age Are
o available, the number ol repoced births chassified by
duration can be adjusied and an adjusted marital fenil-
ity schedule. we well a5 an adjusied birth rave, can be
cenved  The barer rake wall, of course, be & valid esli-
mate only i ¢haldbearing oecurs mainly within marriape
in the populatos in question.

£) A drtafed enomple
Maia on children ever bom and dade of mest recent
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binth clamified by dme clapecd sioce S8 meminge are
pvaitabde from the fertibity survey of o Muslin popula-
Hom in 1576, Table 44 Ee reponied number of
ever-mamisd women in éxch dutibod . O oongl
nember of children ever boro W them &nd the birthe
they reported as baving occurrsd dorimg the  year
precedimyg the sunTy.

The meps of the compulalon procedure are gien
below.

Sup 1. colcidolion of reporied avevape pariiier by ok
fion of marricpe. Children ever borm, given in column (4)
of table 44, are divided by the corresponding number of
ever-muartied woiken, shown in column {31 The values
far reponied average parities by duretion of
F{y, s obtained are ghown i@ column (6] As :n
example, PL3) i calcu]aled below:

Py = 22147556 = 5.0926.

Skep ) cotclmion of dworfon-speeific periad feenilny
moer. These rates, Jenolad by p{), are caleulabed by

dividing e binhs that gecurred io the year preceding
the survey, thown in column {3} of labls 44, by I1he
coamsponding rumber of sver-married women, shown
wn column {3k The resphing marital tenility raies, gl ).
are shown in ecdumn (7). As an enample,

Fid)y= 1677574 = 02909,

Siep 30 salewlation of oumuioted feetilily rowedide by
duration. To abtain each value of the curuolansd fiErglit
schedube, [71], the durmtson-specific Brlity rIs, il
are comulated, up 0 and including growp §. and then
multiplied by five. Thus, for durmton group 4 (13-1%
years since first maminge), the calcolatons are

Tid) = 300 (N H-E (2 +2 {30+ {0
= 50004469 4+ DASES 40,2607 +.0,2000)
= T.TT.

All valnes of T{i ) are shown in column (5) of wabbe 4%

Tamed) CoMMRATED FERTILITY SCHECHAE, FAKTY MARVALRMTT AMP EATHE (F AYREAGE FALITILE
T FARITY BEANY ALFHTE, BT TIME BEAFAR HHOE FILIT MALRLLOE, |77
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£ extimation of imafents. The
dnﬂ?:n births werec mm&ﬂrhuhnu. and
altvruph it i |b|= o derive from |Jm misrmation
datr clessifed wriage durition st e ume of the
birth, the daw dmpl n:d in table #4 r2fer o marrage
durition at the ime Dflit mterview, Therelive, the iy
duration groups o0 which the maril fermility rbes, ik
teker are Ax momths younger tham shown, Walues of e
Curmenl AVERAgE parity tquivalents, G(i ), are herefore
obixined using squations (ExS), (D6 and (27 For
=L

G{l)= 1137 (i )—0 3245 {2)
= L I¥N0 4359 — 3240 45333
= 12543,

Ll

Forf cqual to 2, 3, 4 and 5, equation (0.6} is used, so for
durslion group 3, for cxample,

Gii)= T{2)+ 3392 (1) —0.2%2p14)
= 512040319200, 3607 — (0. IF2 N0, 2505)
= 56215

Far the last value of f, namecly &, cquation {07 is usad:
Gioh= Ti3)+0.2192p (53 + 2608 (6)
= B. 7040 (0. 372 H0 1568) + (2 6080084 )
= B.5Mb,

Column 06 of table 45 shows all aix values of G{F )L



Siep 5: comparizon of reporied evereie pariily and averape
parity equivolenes for dundion-of-marrage groups. The
eaties PO HAGET) ket caboulated o sach duration group,
the Fii} valwey being chbined from column (3 of table
4% and the F1i} vajues coming from column {8). The
complets set of PG nalics is shown o column (7). The
mhbio vahues pre fairdy consistent alihough they display
somie kendency fo increase a5 dJuradon iocreeses. This
kendency may be indicative of the Tect thin marital faiit-
ity hmx decrrased somewhal, althouph it is nol poasi bk
1 dincard emtirely the ibility of it being cawsed by
errors in the dsia (paracubady m the pary reports ko
highet duration groups), Accordimg e the PAF ralios
for the frn four durstsn . perind lenility mates
woukd overestimaie manial fenblity by abowt 3 per cent
Multiptying them by e sdiustment facior K =093
wopkd yield curent ferthty eSumales congigenl with the
reporicd parities. Total marilal fertfily sdjusied in thiz
way amoonts to £.67 chibkdren par ever-marted woman.

In it of incerest 10 mention that afthough the Muslim

papulalh:rn i guesion s ome in which the practice of
delaying cobabitation afler nurtiage may b wide
spread, he rend of the P/ midion cabculated on the
hasis of the data available does nod appear 1o be affecied
by such pracice. In fwcr, the P A7 ratios are robust bo
the sxnience of any pracice thal delays of postpones
chibkltearing immedinicly afler maminge, as 1oag 4% 0
affecis ko Lhe s way both reirospectve fenility fpan-
ties) 2ud perod fenilily (pirths in the past year). Biases
are io be expected only il there have been changes in the
prevakence of such practices in recent years of if there s
B mn-n:fji%l:h incidence of pre-marital Fertity in the
population Being stwdued, In the Intcer case, pre.marital
births will increhss et paniss of the lower dutaion
groups; bud because only ever-marted women are ¢on-
sidered, they are not bkely 1o be sdequately refecied by
period fertility rates. Thos, if the basic dat wers ancy-
mmte in ull other ripects, & aone-nepligibbe incidence of
pre-manial fertility would result inow senes of PG
rtins thal decline 45 dursthon of mardage mereakes,
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Chapter 111

ESTIMATION OF CHILD MORTALITY FROM INFORMATION
ON CHILDREN EVER BORN AND CHILDREN SURYIVING

A BACKGROUMDOF METHODS
1. Diee of st ovr chiled srwworphip

ILis well kninwn that the proporticns of childeen ever
bovn who bave died are indicators of chikd mortaliy and
can vickd robust estimaes of childhood mostality. The
birtht w & group of women foflow some disribution
over tizne, and the Lime since birth 35 e lengih of expo-
sure W (e nak of dying of esch person The proporiion
dewd among the cmun gver bome by & group of
women will Iherefore depend upon the distributon of
the children Ty length of exposure w the sk of dying
{rhat i, upon the disiribution m dme of the Binhs) zpd

the monakity risks hemsehres. By allovang for the
ettt of ihe dpribyion of e #rths in time, such &
nion of dend children can be converied e &

conventionsl moriality measure enpresing their aveTage
cxpermnce. Spevifically, the proportions of chikdren
desd clastifed by the molher's ve-year mge group of
duration of marriepe can provide sstimates of the pro b
abiliGes of dying between birth and various chikdhood
apet, In cerain culiures, women sppear W be more
licety Lo sate duration of marriags corrscily than o give
camest information about their age, 5o the esimation
procedure based on dsin classified by duragon of mar-
risge may be pecferred. However, Ihe ure of dala
classified by duration is not recommended i countrict
whers consensunl wniong are frequent amd relatively
untable,

Bras' way 1he Brst o develop 4 urr for conm-
werling proportions dead of childrén ever bovo
iy women in wge groups 1519, 20-24, sie. D eatmbes
af the probabiliny of dying before sitsining cennin el
chikdbood agst. Followang te potation in the lil=raiure
end uwsidg the symbod D) o degode the proportion
dead awvong children ever BOFm 1o womed 6 seoesslve
Gve-year mpe groups {where = | ngrifies sge group
15-19; 1 =1 denartes 20-24; e}, Erass developed & pro-
codure W converl D07 ) valoes inlg sdimales ol gix),
where gird=L0={{x) the probability of dying
betwétri barth wnd exact age x. The basic form of te
eslimation sqhaton praposed by Brass is

gix )= k(3 D

where the muluplier £(1) iv meant 1o adjust for nen-
maortality factors determining the value of D)

WA}

Rl fhrmee, "Llces of came or iy dale For Ihe esham dlien of
wpl e (RO AT AR VAT paper hedd Tiwt Wbl A fean
Sominaron Vial Suridies Addic Ababa. [41% iy b,
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Brass found that the relation between the proporion
of children dead, 24, and 2 life-table meortaliny meas-
ure, gix ) i primarily inflwenced the age pallem of
Fertilaly. becawse jt ia ihis patiern that delemmines the dis-
tribution of W children of a group of wormen by length
of exposure 1o the risk of dying. He developed a 31 of
multipliers 0 convent nbserved values of £ii'y ink &0
males uf g{x ) the muoltiptiers being schetied dccording
b Jhe vl of P13 (21— pood imdicator of fendity
conditions ot younger ages—where Pif) ia the average

rily of Averdge number of children ever bom reported

¥ WAMEN i AgE . Frass estimated the & (b moul-
tiplicrs by using & tand-degree pobyrontial of Bxed
shape bul variable agt locition W represenl fertility.” the
fogit wystem geocrmted by the peneral sandard (s
chapier 1, subsection B4) o provide the mortaliny zle-
menl and 8 growith mic of 2 per cenl pér annum W gen-
erale B slable apt disoibubon for females,

AR imporant asumpion made in the develepment of
thiz method i that the risk ¢f dying ol a child & a func-
ticn only of the yge of the child and ood of other facters,
such v aeoiber's age of the child’s binth order. 1n prac-
tice, 11 appedrs that children of young modhers oxperi-
encé morthlity risks well above average. For this resson,
the sumake of the infant maoriality e g1} {Lthe proba-
bily of dying before age 1) thal can be denived From

of women sged 13- 19 requenily suggeses heavier
child monality than ceimanes derdved from repons of
older women. Therefore, morality estimales based on
the reporta of women aged 15-1% are generally disne.
garded, in parl for this reason amd in pant becauke the
numbers of children bom and dead ae usaally small,

Trying 10 ipcrease the flexibiliny of Brass' original
metod, Sullivan’ conputed anotber sel of multplicns
by whing beast->quares regression bo fit equation (A1} 12
date peneraved from obsereed l’ertililg schedules and dve
Coak-Cemeny K e Trowell® estimated a third
w=i af mulipliers by the same means bul using dals gen-
erubed from the model ferility schedukes developed by

1 dlinmm Bram, Menkoal far Fuimoring Femuity sl Aortalsy from
Limited amed Defecuve Mhote |Chapel Hill Hodh Carolsbs. Candss
lation Cemier. Laborabone fior Papulutien Siatidio, 19TEL.
Jererviah M. Sullivan. ""Masdcb o the csibmuion of the protbal.
iy of dying, betmesn hir wed dast e o7 Say chidd e, Pogidga-
dion Srudien. wal. KEV]. Mo, | M 39775, pp. T80
* .
dumdey ). Coakt and Paul Demmt iy, Repideal ieods! [l Tl gl
ﬁ:ﬁ Peywhkniaoar | Frnckton, Mew [y, Pripceash Uaiveniay Preo
1.

* T, James Tromeh, “A w-cdinenioe o the mullplyisg incion lor
the Bhwsy \atnkjue Far dtl:rm-nlnf il e mmtr mee,
Frpuwhblom 5tuitd, v, XXM, Mo 1 March 18957, pp 92108



Cotle and Trussell* The general iheary on which thess
methods are based s tssenuslly the same, bot they
aqmive al somiewhat differes multipliens becavse the dala
bases used in cach case sre different. Since the Sullivan
variant has no obvious advantages over that propesed
by Trusscll, whereas \be latier is based on a wider range
of cases, the Trussell precedure s described here. N
musi be mentioned, however, thal cthe molopliers
prezented aré a mors recent and more satisfaclory vér-
sion of those originally propesed by Trusell io 1975,

IL i5 important to ke nate that ihis method of estima-
it based oot aurmpion that Fernlity and child-
hood monalily have remained constanl in the moent
past. TE for example, ferGliy has been changing, the
rauos of average parilics obtained from a cross-seclional
survey will nol replicate accorately the experience of
any cohon of women and will not provide & good mdex
of the distribusion in time of the births o the women of

cach age group.

The problems caused by declining I':rr.ii'lt{ can be
avoided when data for true cohorts are availabk {from
CRHGUEES OF Supvers tken Rve o 10 years apant) In this
sagd, hn estmalion method specifically dmgnud lor
ohOne ELpEIENCINE ftﬂllll}' change should be usad”

Presion ang Fallani® propose an alternagive appmm;h
b estimate the tine locaton of hinhs, which circom.
venks all the probbems associated with changitg Fernlivy.
This approach is clogaly related 1o the “own-chikdren™
procecure Fy estimating (ertlity from an age disinbu-
Gon (e chapler W, sacian Ch 096t B possibbe wo Link,
within howschodds, the recordy of moathers and thetr sur-
viving childiren, it bioonms possibie 10 bulas survving
children #ctording both o their own age and to thet of
their mothers, Given an gge patiern of monality, gy,
from coe of the Coale-Demeny regione] model Tife
tables, the combieation of the proportion of childean
dead and the age detribution of the surviving children
of womea from some particular age group uniquely
detemines & level of morialily. The age Jistribulion of
surviving children is wed to define the age diswibution
of thilden ever bom without recourse b (eriliy
models, In an actual application, the choice beiwedn the
agt disdibotion of surviving children and the rato of
cORSECUlvE pAnliks 10 cslimak the Teal distribution of
births pver e, depends upon dal availability and
upen & rpugh amesment of the likelihood each
approech has of yislding the best posable stlimaie. Tn
cases where age-reponing i poodd and mogl choldren, live
wilh their mothers, the spproach suggesied by Preston
arvd Falloni may be ihe beiter, paritcudarty if feriility p
changing. 1n cases whert ape-reporliog or compbelenes
of enumeration iy poor, oF whers a sizeable proponion

".hnuh_;l ). Coale and T. Jamers Truoell. “Wode| fentilay soheedudes:
AT Lioe in dhe syt socimne of childbearing hummapuplllllms
WMI wol &) Mo 3 (Apeil 1974 |:r|:l IE5-25
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of chaldren do ool Tive wiily ibeir encdhers oF cannor he
properly linked o them because of poor infemmaana,
the parity-radic approach i very Tikely o be benler, A
derailed description of the Presion- Palloni methcdd is man
included Bere, in parl because in mosl caser where mar
1aliny needs bo be estimated indirecily. 2ge distributinns
ere al best ooly moderately reliable. and io pen because
the datd required for s gapplicabion are nol g5 waddly
available as 1he proportions of children dead. However.
the user whe has aocess 1o the fonmer data For cases
where biases due 1o fertility change may be 5 problem is
enpintraged Lo consader the applicanon of this method,

Frobably a more wigespread probkem s posed by de-
chning morality. The procedures ouilingd above sl
assume thal & constant paitern and level of marc|iy
have prevailed in Lhe recend past of the population under
sudy. In most countnigs, howewer, morality has been
decliniog,

Feeney® was the first 10 examine the effecis of chang
g morielity on tee performance of the child-morlalny
cstimation prococdure.  Lsing infamn moraliny as an
index of mortality kevel in a ope.paramierer hogic life
tahle sysiem, he cabeudaled the proporcons: of children
dead thal woubd be observed il inlang mortalny wers
chaggiog Lncarly though tme. Ot ahe Basis of 1hese
simalated cases, he showed thal Tor plavsible annual
rales of cha in infant mortadity, the {1} values
estimated from dats on children ever bom and surviving
o differemt age prowps of mother coold be matshed
with the gi{l} values prevalenl during a se of years
before the survey; and thal this sed of pears was, oy all
prctical purpases, invanant with respect (o the rate of
meeaitly change. Lsing this empirical finding, Fesncy
deveboped o esumalmon procedure o establish the sen of
yoars to which infant moriekity rakes esfimaied from da
on children ever bom and children sereiving refer. This
Procedure was developed from daga generaed by using
a one-parameler dogil life-able sysiem detived (o the
general slandard {see rhaqm' I, subsection Bdj wnd the
Brass lertilily potynomial. ' The use of g1} infant mos-
lalirg, as an indicaker of maorsabiny kvel and a5 bk
cslimaied parameter makes the underlying age-panern
of morality imporiant b the results, since sipilar
overall Ievel of morality (Gfc lbles with the same
expeciplinn of hfc 4t birth, for example) can be associ-
ated with markadly different infant mortality s, Asa
result, the Feeney melhod i Lkely o yield biased g(l}
£slimetes when the moriality paiienn in ¢arly childhond
of the population uader nudy does gl resembk than
embodicd by the geoeral standard. Fer this ecapen,
Feeney™s orginal method ja nod dercribed in denail

[nia faicly clraightforessd W apply Feerey's approach
bo dawg genersled with other mosality models. Coale
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and Trussell" camied oul this ¢kercice by asuming that
peniod roortality changes can be modelled as movemenis
through swecessively highes for ower) levels of a set of
model Tife tables, so thal cohort hie whles may be
abiained by chaining fopether the mortality @ies ¢xpeti-
enced by true cohors living through the different
periods 1n this cass, il can also be shown empiocally
than the child mortafity sstimare of tbe Brass type
obtoned Trom data for women im age grodp s, fir ¢ xam-
ple, is equal i the comesponding value prevalem doring
some pariicular period () years btlort the survey, and
that this penigd is, for mosl practical purposes, invanan
with respeci b the speed of mortalily change, sa long as
e rate of change ia rooghly coostanl over Wme,
Because these Wime-bxcalion estimailes bave been derrved
in & manner that i$ consistent with tha! used in deriving
the Trussell multplying fckors employed in estimaling
chikd mortaliny in this chapter, this iming procsdurs
described e,

An eltemative solulion o the problem of declining
mortalily i3 posabbe of dads ot children ever bom and
sbnqving are available from (wo surveys 1aken five or 10
years apan. It amises, onee again, from the wse of g
hypothetical cobon cepresenting the intenrvey experi-
ence. and i1 provides mortality ¢stimates that refer W the
intersurvey peried. This £stimation approach is aol sen-
silive to the cnacl shape of monality changes, bu
changes in the compléteness of reparing, of dead chil-
dren from one survey 10 the next o7 pepulanon changes
thal are sehective far the numbser of dend childen may
wericusly affect the revlis,

Ta oooclwde these prelimicary remarks on the
mieihids presenied in this chapier, il shoukd be poioted
ot thal for several of them iwa vanianls ere presented:
one varaal io be appliced when data on children ever
bom and swrwiving aee clessified by age of modher; and
anvisther whsn dwy are classifled by dursiion of first mar-
nimge. The vasans based on dala clasafied by duralics
afl mamage are, waclly speaking, based on Lhe 2siump
toiam Lhal widmen, onee married, say o mied waiil age 30
(the ssumed upper Tumin of dhe porenuel repeoduclive
life of a womin). Thereforr, the  duratsin-based
methods should stnclly be applied oaly w dala Meom
cuerrently married woamen sull in ibeir Arst union. How-
#VEr, in pracice, no serious biases will anise when they
are applicd 0 data peraning o el ever-mamed
women, 25 bong a5 their mamisge durating is calculated
as the time clapsed since first mamage,

At & last woard of cauion, it mwst be said that (he per
forrnanee of 1be durston vanants of thess methods can
be rather poor when “durelion”™ is not sccureiely
rreagered. Prablems in the measurement of this veniatde
bave beren described in chapier 11, subsection 4.2, and
are only bricthy cied now, [Doranon of manmege s
defised s the Gme clapsed sitve firlt eninn, regardfes
of whethey |hat wnion is legal. Craa ov duration of mar-

v ancey ). Coale amd Jawies Towsell. "Emimaing e ome o
which Brea solimtes apply”. dunes P 1o Spmugl Ho Freann snd Al
hora Falloni. ~Fine-luming, Braeslypt misidbily afimaces nah dyn
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ringe will be less than ideal when only fegal unwns s
copsidered; when the lime clapsed is not measared from
e beginnog of the Brsl wainn, bl ralher from thal of
Cee current union; or when, 15 mosome Mushm culiures,
the enirance inbd o legal wmamiage predates ihe initistion
al cobabitalion. In populstions where these probdems
are likely 1o arise, the durdlion varanr should ne be

¥ Oepaniranion of ihis chaper

All the estimation procedunes  pressmied in dhis
chapter have one chamclenstic i commwn: ey use
dats on children ever born sid srviving. Hawever, the
methods can be scparaied oo calegones according ko
the easel type of dack they requine {wheiher classified by
BEE OF bd': durativn of marmiage, iw example), or accord-
ing to the pracical consiraing thal their assumplions
impose {whether ferdlily i sssumed io be constanl or
n). Sectens B-E oare deveted 1o the difierent
categories. To sid (he waer in selecting thal most suited
for & partcular application, hrief descriplions of each
secrion fakblow (aee Blso table &b):

Froioet & Eatimation of ohild morialily wing g
clatsfied by ape. In thiz seclion, the mosl recend version
gl the origina] Bras csimation procedure is pressoled
(Trussetls sabod). Estimaies of g{2) {30 (51 {100,
qUI5) and g{30), as well az of the periods 1o which they
Teler in cases whare 3 smooth chanpe in mortelity can be
assuened, wre obained from data on children ever hom
and surviving classificd by age of mother. Fertiliny pat-
[&rs dne jpasumed bo remain consiant;

Section . Esimation of olild markdfity wiing iia
ooy fled by dberahion of marriape. 11 chis secthon, & varant
of the enginal Brass pucthid that may be appdd o das
clazified by duration of Best marniage i presenied. Esii-
masey of g{2}, g3k g(5). g{10h, g(15), #1200 2nd ¢{25).
as well s of the pericchs ta which they refer in cases
where g smooth changs in morsliy can be gsumed, are
oblained from dity on chikdren sver born and surviving
clasified by the moiher's marage duration. Mantg!
feclity patiéms are atsumed bo rermain conslant;

Secriowr I Extimation of imiersurvey cAld vsorialicy wsieg
deia for g Bppothetical internorvey colart In anis seclon,
dais Trom ravG CENSUSES oF Surveys five vears apart are
wed 0 slimale avétage otemurvey child mosiski.
The wsé of hypothencal cohotts cincumiens the neces
sity of assuming thal femiliy and  rmcuality have
emeined constant, Therefore, if the daa ar the twa
ponts i time oonsedersd are sivilar in quality and
moderately reliable, inlersurecy cstimates are 10 be pre-
ferred aver those derived by other means;

Section £ Eximation of ohild mearafisy whes the fertil-
ity experieres of Iree cohorls ix kapwn I 1bis szelion,
data from g clisees of wrveys five or 10 years apant
are used 10 darermine the parity ratios for rue cohors,
and whese rgtios, in i, are employed in estimaling
¢hild peortality fkom dats coliscted by the second census
or survey. Bath sn age apd & Jursbion variant are
described in subsection EX The tme location of the
child meriality cmaks obained 15 ali estimated and
constant fertliny 13 non assumed,
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B. ESTIMATHON OF CHILD MORTALITY RATES
USING DATA T LASSIFIED BY AlE

. Do reguimd

The data required for this method are Tisted below:

(2} The oomber of chibddren ever bom, clashfed by
wx [ser note) and by fveyear age group of mother;

i) The number af children surviving {or the number
dead), clussified by sex (see pote) and by Ave-year ape
group of mother,

(e} The wunl number of women (immespective of mari-
il status), classiBed by fve-year age group. Moie thal

el women, not merely ever-mumied wemen, st [,
considened.

Mote should be nken also tiel chissificaeen by sex For

children ever borm and sarviving i desirabic, oot aascn-
tul, IF it is evnilable, child rmrt.n!ily for ench sex can be
estimaled mparneely. whergas if il 1 o aveilable, &t-
¢inkes or each yox can coly be obmined by assuming
thay e sex differenbialt in lL pepulation heing, yrudin
fre the same as those embodied by mode] bfe inbles
whose mortality level i3 consisient il'!llh the eximated
child monality of both sexes, or by making some piher
asymplion aboul the relatonship betwesn mala and
fermale child monalily.

When dats on chitdren ever borm mre <lasiafed by sex
thetir consistency may be mscemined by compuling Lhe
sex ratios (delincd as the average number of male chil-
dren per Rkt child) of children gver bom by age of
mother, [deklly. thewr wx ratios shoald nol vary Ay
emadcally with age and their values shoold be bepwean



1,02 and 1.07. Sicdiss made in connlies whire birth
regruration i fairly complels have thown that he sex
rutio 3 birth is pemarkably conswnl and chan i ysus|
vahse iv around {43 males per fomale. In popaelalions
afginatog in Afrca south of the Sahems, this value
appean o be closer 1o LS. n either case, however, ik
coucancy and the fact that womee are Supposesd o
declare Il the childres they have sver Borne alive.
wheller these chaldren survived oF nol, alflows & ¥mple
canzjstency check. tn populitions viber than those arg.
inalimg in sub-Saharan Afnca. seh mnes hights than
§07 or Yower than 102 sugpes differential omigion of
females or males, especiively, or misreporing of the sex
ol the peponied children

2. Computaiond proceckire
The steps of the computational procedur: are
dessribed below.
Spep 1 clewlditon of avenope parity per ot Parity
P(1) reiers (o gz group 1519, £(2) 10 20-24 and F(3) 10
39, In peneral,

Flil= CERLiFF{i) {B.1}

whepe CER{f] dencdes the number of childeen ever
borne By women in age greup 72 and FP(} is the bolal

aumber of women m age graup 1, irrespective of their
marical s Recall that, Telowing The wual conven-
tign, verabk i mfers o the different fve-year age
groups comsidered. This, the value i = | represents age
grocp 1518, i =2 group 3024 spd so on. The Lreal-
ment of women whose panty 3 Aol sinted i discussed jn
ehapler {1, subsection A 2, and aanex [ In general, if
the El-Badry wechnique Tor sslimBling Lrue nod-

cannot be applicd, women of unstaeed paricy shavld be
included in the (emale popolation denominater when
calcalating average parity. since childleas women are
ciben musclassifed A5 cazes of non-response.

Srep 2; codcielanion af praporeion of el dead for Aach
aet grveigt of mather, The proporion of children dead,
DEY, 1 defioed as che raio of reponed children dead 10
repurted children ever born, thi iy,

Dif = CMi ) /CERT) {E.1)
where CES() s defined as inskp 1, and DI} is the
number of children dead eporied by women in age
Rroup .

Siep 3: calcwlanion of meitipiiers, Fable 47 presenis the
eslimation equations and the eecesary cocficiens o
esiimate the multipliers, k{7 ), according to the Truswll
waniant of the original Brass method. A different sed of
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coefficients in provided for zach of the four different
families of model life wbles in the Cogle-Demeny sys-
Ler,

Step o elentation of probabifitics of ding and of sundy-
ing Esimases of the probabdlity of dying, gix), are
obiained for different values of exact ape ¥ as the prod-
wcl of the = porucns dead, iy apd the
corrcaponding multiplien, k{/Y. Mot that the value of
x i3 nod penerally equal 1o than of 7, berause x i5 relaied,
in broad wnms, e the avernnpe ape of the children of
WOMWCT i ARe iUy,

Oece gic) is esumaked, it complement Tix), the
probability of surviviog from birth (0 enac) age x. i1
readily obinined w5 flx = [0 -g(x |

Sep 5 calrwlshion of afereace period. As cxplained

earlier, when monality 5 changing smoxhly. the 2kt
ener period. f1x ), is B0 eHimale of the aumber af yeers
before \he yurvey date i which the child morality est-
makes, Fix |, obmined in che previous step refer. The
valwe of [{x}is also esimated by means of an equitkon
whost coefcient were swrmaked from simulated cases
by wsing linear regression. The equalion used in this
case 1% prestnttd in (abfe 38 wgether with a sl of values
for o coscKicients.

3 A Seroitad example

The data shown in abiec #9 were gathered by a2 suney
carmicd ool in Panama belween August and Oclober
1976, They are uwsed sy dlusirgte Lhe method jusi
described, However, befire procesding with uhe eslima-
tien of child monalicy, 3 quek check of U comsasoendy
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af the dals prescnted i carried out by cnmputing the sex
ratios of the oomter of chifdeen ever bom. Codumo (T)
of ate 43 shows these muos, They are compuied by
dividing the pumber of make children ever bom by Lhe
COETES g numiber of female chibdren, As an ¢xarm-
ple, for ags prowups 20624, 1he sex Mg 4

190/ 1,233 = 1,1044,

ard the overall sa mtio s

16,550/ 15,847 = 1 Dadd

The sex Talios given in column [7) of ke 49 Auctusie
somewhat by age of mother but show no malic
irend, amd the overabl scx rato is acccpabdy close to the
expectad valoe of 1.05. Furhermore, Snce s0me vaTia-
1bon of the sex ratins by age is expocted bocause of the
relativaly small sample being congidered, it is concluded
thunt this ey shirws e chear deficiency in the das.

Srep 1! coleidonion of dvergie parily pat . Aver-
age parities P(1), P{Z} and P(1] are calculaied by divid-
ing bt number of childen ever bom of cach ax
(appcasing in cofumns (3) and {5) of @bic 4%) the
iotil dember of women (colusin (1) of thel able). Thes,
for example, £ (), the mean number of mak children
ever bome by women aged 15-19 is

Fo(11= 1742695 = 01632,

The complcte sels of F, () and Pr(i)} vafues are
shown io columns {35 and (4} of able SO0

Moie thzt the values of Pir) lor both sexes combined
are juod ihe sum of B if) and Prif) the mean aumber of
make xnd femabe children, respectively, Bom w0 women

of gt group i
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Step I oafculaiion of proporiion of children dead, fir
sach ape proup of mother, The values of this proportion,
DNy}, are com frem wble 45 by dividing the
number of chiddren dead of zach sex, piven in colamnas
{4) and (6), by (be chibren ever borm of the comespond-
ing sen, shown in columns {3) and {5y, Thus, By {1k the
proportion of male chiklrenr dead among o sver
bor Lo women ded 15190

Do (1) ="24r27§ == 00861,

T calculate e O} velues for both sexes combined,
the deathy hive to be added and then divided by the
wotal number of chikdren éver born (sum of males aed
females), Hence, D1 for both seaes would be

Byl ={M + 16}/ + 279 = QD IE,

Table 3| shows a complowe =2t of the proporaons of
chaldren dead.

TapEd]. PeodOd D OF CHILEHUEM D s Dn, &y GE 5 OF ©hiLIWEN AW
AGE OF WOTHER Pawasds 1976
o = Cwel o i
T ] Eﬂ.r f# 1
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T 3 agid 0o 1 ke
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Siep 3 cafrademion of meeiiipfiers. ‘The multipliens, & {5

rquired 10 wdjust the repocied propomon deed, D)

For the effects of the age panerm of chikdbeanag are cal-

culared from the ratios POLPO2Y and P2V PO3) Dy

_ﬁ'n,g the equation and the coefcients lised in wble 47.
us,

Kb )= ali 8 ) AU P+l ) PO AL

Iois msaumed chan the West femibly of nodel ife whdes B
ao adeguare representalion of momadity in Pabama, 50
vahues of @i ), B0 ) 40d o0} are Wnken from the bollom
| of wibde 47, Cliven the values of PO #1020 and
(3} avcrwm i ceble M, vRlues ol K40 ) can be cxbevlmied
for cach s&d and for both sexes combined, The Ml s
of ki) values s shown in tabke 52 A5 an esample, the
muliipligr for the male children of women aged 20-24
fi=d i

ko [1)= 1.2563 41 —0.53E1 MO.1032 A0.6387)
+{— D263 THO.6587 1 I 100)
= 10394,

TamESE Tuarstel |4 Wil TIFERE FOK CHILD MORTALITY ESTIMATION,
W EST maDEL: Pabimin, 916

apr Taake Mopntupe
W w W -
IR 1 11026 | Xty [y
oM. ... 1 | O |l EAHH
IR 1 0 9 | a1y L AE
w....... 4 08 Ty L2
TR . 5 I fidm 10337 bR
Fr & 09 |2 1% L0
FEN. ¥ £ B} s FAO22
ETR €157 0.1710 I 165
1A Q5028 0435 ¥ 3%
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. The cslimated values of the probabilitks of dying,
gix ), are porow' CRbculated by multiplying the k0] velues
appearing m table 32 by the corresponding propoTtons
cemd, D7} given in able 5. A complee s of gic)
edimaies i3 shown in able 53 A an esample, the valus
of g (53 i obanined as Gllows:

g [5)= ky {000 {4} = [1.0147HD.0666)= 00676

Since every gix) value B the probabilisic comple-
medl of ke probability of sundving, f{x} the later
vilue can be abisined by subtrecting the fommer from
1.0 Thus,

i (5)= t 000676 =0.9324.

In lable 51, every gix) valuwe is accompatsed by G
corresponding fx | valoe.

Siep 3 caleuforon of reference pevipd. Since muncalicy
is not Tikely bo bave memained oonsiant in Penama unul
197, it is wsefil to kpaw the reference perod, ixc), of
cach Fix) esimate. The values of the ralios PL)P(E)
and FEYPT thal are needed o estimate ({x) hive
already been computed in step 3. The Totm of the est
oo eqoalion and the weluss of the cocfficients
netded o estimale i(x) de vbizined from able 45,
again axnuming 8 West mortality pattern. The value of
ér{3) ta caleulated bere ac an example:

1r{3)= 1 5305 +(2 552801 T30
(4 EPGLH0, 4627 = 424,

Thus, the mmud gr{3} valuc of Q0595 is similar to
Lhun 1o} lhl.'. peniod life table in operation
l«limﬂngfﬂ nﬁ‘-: date of the survey, which may isell

be regarded s the aversge duke of interview, Since tbe
sorvey fook place bevween August and Ocober 1976, in
raugh serms g (3) refens o mad- 1992, The complece set
of esimmeed i ) walues |5 presense=] in wble 3,

Blode thvad the r{x) valuss ipnply shad che estimates of
oL g2k g3} npd g5} obuined abowe refer to nmful_-
ity conditions prevakent spproximately one yoar, bwo
aod one-half years, four and onc-belll years and xix and
one-half years before e survey, respectively; therealler,
the extmaied values of f(x) increase by some o and
onc-half o three years per age group. These valoes
appear ir be quile consistent with Lhe noion dhat
because the estimate of @{2), for example, i3 Tused
maindy cn informoaton cormesponding g women aged
H-I4, whose childbegring axperispor i relalively
recent, the g2 estimate should abso refer w the recent
expericice of the population. The plavsibiliny snd con-
sistency of the velues of r{x j is reassuring, They provide
important informetion for the study of child mortahity
rends over Gime,

4. Conwremir oM e derarhes o

The cabeulation of the sex ratios af children eve: bom
by age group of mather did pan reverd any mregularibes
that could nod be expluined by the small nombers
ivalved it mos casds, Another wiy 1o assess the qual-
aty af the daia on children ever bom is by emamining Lhe
behavivur of the average paritics reponied by women of
each mg# goup, Lfoless fertility rose al some Gme in the
past, avemzs panitiss should increase with age up W age
grogp 43-4%.  According to this rough test, dais for
Fanama ogein appear o be satdfactory, altiugh the
very smill inerease in panity Froo ages 404 1o ages 45-
49 o somewhat acpiciong (e averade number of nake
children aclually declines dighibyl It i3 o intsrest &
examine the parities becepse any omisson of children
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sver bom might be made up dsproportionasely of desd
childdren, this gready affecing the proportion dead. o
ke caye in hamd, Lhe pacily diw show no Clear evidance
of omisabon. The proportions of dead children increast
rapidly with age of molher, especielly above age 33, il
e | the value for wormen aged 15-19 (this value
in almost always out of [ine walh subsequent values,
probably bécaust Wie children of young wormen are, in
fnct, sebject i higher monalkly nsks); these proponions
thut glve ne indicaiion of increasing omissiun of dend
children a8 age rses, The very apkd iocrease in the pre-

ions dead with ape of mother suggeds that & com bi-
raton of éffects B in operation: an increagingly longer
(1, expoaure ki the rik ol dying of tha children and

igerably Wigher child monality rom 10 W@ 15 yoars
before the survey.

One uimple way of caplonng the amsency of the
moriality esimales obizined by this mettheod o W0 cORvert
them inke moriakity levels in the Coklé-Demeny syueo,
in order o compare the ape paltern of O estinaies
pbinined with dwt of the models. When stimales ame
available by sex, it is worth calcularing the mostality ey
ek msaocinked with the gix) cHimals for spch k.
Tavle 3% shows the jevels, as derived from the Wes
meadel lile wbies by inlerpolating beiween the values of
inbics 236 dnd 237 (s dtimea VI1; levels Tor baoth aeaes
arc not thown, Snce, beiog efeetively averages of the
levels for lhe two seaet indindually, they wauld pot cop-
iribute wTY more foTm Ao
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As an exnmple, the level comqient with the cslimaied
{2} Eor fernabss 4 caboulmwd here. According to table
3, qe (2} ia equal o 0,040 and the corresponding (2} is

I_'I.SISE}. Sivce only N{r ) values are tabulaied in table 236
in kanen Y (females, model West), this st value &2
wsedd for interpolation purposes. In e column labetled
“N2Y" in lble 136, the two values thal encloss the
abterved (20 are fyl2}=0.25392 and /;){2)= 096559
(the (02 vahues ot lovels 20 mnd 21, ressectivrely). There-
fowe, the intepolation factor 8 is

# = {09560 — 0. 95392) 10 96559 —0.95392) = 018,
and because the distancs between kevels 20 and 21 i jusi

one. the level consisknt with gr{2) iz 20.173 or 2.2
when roewded. AR olher valaes thown v wable 55 are

abained in 4 similar way. For a delsiled eaplapation of
the procedure for lincer inlerpolation, se anneu [Y,

An examination of the levels disptayed in wuble 33
shows Whal, a5 menioned Bbove, the estimakes of gil)
impy relatively high monaliy {lhlg:n: aiocmted with
reletvely bow Kvels in the Coale-Demay models) and
should not be considered. Making some aliowance for
the random vanation inherent in any Weasute derived
from probability wmples, the emaiving sstimaies of
level decling steachly as age of mother riges, sirongly
siggesting that child mortality bas been fallmp, Furher-
e, the sstimabed of level are airly consistent for the
v sexes, idicating that child moriality diferenlials by
sex in Panama are rether aimilar o those embodied in
the Wesl model life tables, Mole thel in table 335
reierence-dake estimaks calcwlaed by subirpcing the
f{x ) estimiates grven i Wbde 34 Trom 197607 {ihe avearage
date of dee survey) ot aleo shown, These samimazies, in
conjuncticn with the morality devels, can be waed W
derming the tend of child monalicy thrgugh “Gme,
especially becmwse osither the daa aor the fesulis of
their enalysis revenl any ubwvigie preblems.

C. ESTIMATION OF CHILD MORTALITY LSRG DATA
CLASSIFICD BY DURATION OF MARKIAGE

1. Dia requsired
The dach réguired For thi iethod ane given bekow:

fr} The number of children #ver bom clasifed by
wy, {pee the nole below) and by the mother's fve-year
duritior-of-marriage prowp. Duration of mamiage is
defived as (he Gme elapeed since cntry inle Brst union,
reparctles of whether thas wnign islegal.

(b} The number of children dead classified by sex
{see the mote given below) and by the mother's Ave-yeur
duranan-of-memage groug,

{c] The tomel iupnber of ever-married women in cach
Ave-year mamisge-duralion ghowp. (The o “ever-
martied” means, in this insacee, having entered into at
leasi ane onion.)

At the cpar of dale classified by mothers age, o
shouwld be wken that the classification of children sver
hom and children surviving by sea is desirabls. bt not
necessary. IN i is avaitable, child maniality For cach sen
e bt estmated seperaiely; clherwise, estimates by sen
may be impuied by amsuming that & cerin moraliy
made] sepresenis lhe mortality pattem of the populnton
being studicd. *When & clarsification by s&a i available,
scn ratios mey be used to waceruin the conslstency of the
detq.

T Compuiaional provedkrs
The sicps of the eompusional  procedurs am
descobed bebow,

Erep I: catculation of arerage parity per woman. Panity
Pil} o 1o wonien whose Gt onion has Listed
between O ard 5 eiac) yesm (that s, the 0 Juraton



groupl P2} o women in the 3% duralion calegary and
F{3} o tnose in crtegory 10-14, 1n general,
P y=CERVMFPI) )
where CEEGY o5 the number of children cver bon
[ d by womwen hetonging bo duralion group « and
FFig) is the iial number of svar-marmicd women ie
durinen group ©. MNose dhat in dhis case the index f
represents dumlion goups and nod age growps. The
vajue / = | is pssociated with the first daration group (of
lengib 0=}, i = 2 with the second {59, and soe o
Siep 2 calrwlarion of proporsiun uf childree dead for rach
chirarioyr prapg of paorfus . This praporiion, D), s again
defined a3

D= CO{i)/CEBLI ) €3

where £00f) s the total number of children dead
reporied by women in durgton group i and CERL ) s
the number of chikdren sver bom declarsd by thess
women.

Step 1. colowdedice of radpipliers. The taulipdsers, kif ),
ate ohlaened by cubsitning inwo equation (2.3) the

average pantes denved mosiep | oand the coeficienis
shown in (abie 56. The equation for obiziming ko j 15

K{F 1= @i 1480 P DR b WP LA P TR,
{C1)

Mede should be wkes thal ke 56 lisks cocfcients for
dutation-of-marniage groups up b 334 yoars in lengih.
In: procice. data are often only labulated for proups up
1o 1315 or 2024 years; coeffickenis for lenger duraton
perinds heve been included for the sake of complete.
negs, even though they may aoy be pred very aflen. I
shoeubd alsc he momed thad in all cases, the Jurston
cagories used nmust spen exacdy fve years. Daw refes-
ring o an open-chded duration ineerval, such as X+
(20 years of more), ahould moc be used b estimaie child
movnality.

Step 4: colcudation of probablitier of dwng and of mreiv-
fag. Each probability of dying befors casct sge x,
denated by gix ], is calculaded as the prodect of the pro-
panion of chitdren dead among the ever bom, INF ), and
the corresponding muliiplier {7 ) obtained in slep 3.
Thus,

EPpFROpRale average paricy fatios calcolaced by using the gL =k [ ) C.4)
TaBLESS  COEFFICIENTS FOK ESTIRATROM OF CHeLD kb B LITS men PrbLieis, Thrdsere valiasr.
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for goime pait (x, i) defined in table 56, from which the cach. art not availabhe, Omee agaim. 3% 3 Consisency
co=ficients needed o caboulale k(] weoe obizined. chick, the s=a muos of the reported number of chikdren
From the §{x) velues, their probabilislic complements,  ever bom are examined. fus as in the case in which
J(x} the probability of surviving from birth to exsctage  these dais & classificd by age, the valuts of these sex

x yare easily oblaned by subiraction from one, that is, ranes for duferens marage duradons an expected 1o be
reasone by stable and o be close 10 1,05 (although some
fix)= 1 0—glxi gllowance must be made For the endom varability

inhecent in the small newbes conndered). The sex

Stepr 5: caleufaiion of referznce pericd. As before, 1{x) raneds are shown in codumn (7] of wble 35 They were
it an cstrmele of the number of yeats before the survey  Obained by dividiog the number of male children ever
ko which \be estimatzs of childhood moraliy obained  boro by e commsponding number of female children
in siep 4 tefer when mortality has been changing. The  The X radio values showe in tble 5% are oot exacily
Mz} values are obieiosd by using wn cquation whose  SoRslanl, bl excepl for that referring to duralion group
form and corficients for I:;Iu: case in which dana are 0<% they all Gl acoepably close to the expeqied figure.
casufted by marriage duration are presented an wable 37, The karge deviation shown by the sea rafee of the chil-

dren borty 10 wotien merred ooly a lew yesrs (durabon
1. A detaited erample group 04} &5 probably due to the relatively small

Dats on the number of chikiren ¢ver born and chil-  Mumber of cases considered. Survival probabilities
dren sarviving obtained during & survey camesd out in estimated from the data comespanding to this duratian
Panama between August and October 1976 wers tabu- group may well be subject o mmilar bigses amd showd
lnied mot only by age of mother but By the time elapsed be ircated with reserve. . .
since her firtl wfoon. The data classified by durston are The steps of the compmelional precedur gre given
summarized in table 58, below.

These dala are wzéct b illustrale ihe duretion-based Step [ colewianion of qwnaere padly pee womm A ver
procedure Tor esimating moratity in childhood. Oaly  age parilies arc compiied i @ way very amilat wsiep |
deva for the Airst five dombiod groufis are givenin lzble  of the age version: cach of the enines in columine (3} and
54 data for longer dufs bon gronape., ApeRning fve years (53 dmale and female chifden ever bam. respestively of

TaHES. TLEFEICIEWT IR LT Mo AT A8 THE AEEERESCE RERIOL 2 (X L™ POYMICIFTIND WALLES OF L] [e]
ETPFHATEN FROLE OATA MLASUTELD By Dk ATBON SF wakRuoaJE KELFER

ek FL—— pa—— - Py et . Coffress
[ d 1 1 o | M

1l SH i w o ————

Monh ... £ | 1 I 18} 1 1144 -1.}]

w9 : 3 f4d| F 7 #1104} -0 8150

- I 1 5 - | ATES 1Ied) 1407}

1519 4 I EILIN —Hgril -1 CHCHh 179131

-4 4 15 TR — '3l -14FH 21 M}

1.3 o M 20 -1 |BEE LT aive

.5 7 % qitit 03611 L] ] .-

Scardh L | i it | Qb 1 3064 1.5

14 s 3 yidl | il | 50k {0335

i 14 ¥ 5 g 214 JA5a R LA

119 4 1 2410} LTS | S 144771

.2d = 5 Q{14 -2 Bl S REST 200011

24-2% L ] 4 110k =3 15 1.E 10k 26.3515

-3 7 4 254 114406 LTS 21565

Fau oL . i | 1 gik oA 14115 —HaH:

X 7 3 gy b | 4. 042 0.4}

111-1d i i g 151 L §H 13ail 5 A

|5 1% q 0 qrl —0LAkA - | SBEX 15387

2 5 1% il 5 1114 —4.] 114 PLRLLYA

15-1% b s g2 —1.3HH% 1.hTh I TR

Ml-1d 7 u gias) CdT b AT 137248

WeA. 14 t 2 qid) 1.Ca4d LA —D et

L 3 ] a3 LEGdq i 5ESD (L1 L

[4F-14 1 ] glan LarM 139 1. Laz

F5-i% q (1] giHR —051M% - b 7H7 (LR

- 3 15 gl — 14649 EER L | 1.HH

Ti-r & m qral -rxny L] LELE

-1 1 15 i 17415 LS 1kh725

Ectd o gt ot 2 !
Pl = el pb AP PG I M2 P3N

" Mumler of years prioe Loohe urvey.

a3
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table 58 & divided by the comesponding colry i column
{Z] the nwmber of ever-mamicd women. Thas, for
cxample, Fo, (1) for male childen is

P {1}=E3/ 0,513 = 0.5449,
The wwer ries comesponding o &l births
(shown in uﬁ: wreder the Label "'Eunli sexes ) can be
otiained in the same way; or, alternatrrely, they can be
obwined umply by summing the avemge numbers of
male and female chibdren (Fg i pand Frlid)
Thas, far both sexes, £ (2§ would ke

Fii2y=12300 +2,204)/).717 = 2,6245
tor, simply

Fid)= L3810 4 L2836 = 26140,

Orther valires of Lhe average parities are thawn in bl
.

TANLE TS, AvEEAriE PAKITHES BY LK OF CHILGAEH ANO
Wl R F I AGE Dol I Thtte OF cTTHER FaMaraa, 1970
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2 ralmlalion childrest b
ﬂ'r.;rtﬁim'm #Lmﬂ; gupnmun oy ].Hu
sonnpied Frarm ll;h: 58 by dividiog the number ol chil-
dren desd (column (4] Tor makes, codlumn 16) for
fecnabes) by o nasber of chibdeen ever bom (column
(1) Tor maky, columin (5) lor Femgades). When both aeass
ams connidernd, the nomber of maele and feppake dead
children has to be calculaked by adding the Agures in
columes {4) aod (6) aod then dividing by the sum of
mak and femak childeen ever born (colwmnd (3] and
(ML The calcelagign aof 2420 for all cases i shown
el b

D)= |24/ A0 = 00538
D (1= 11072204 = {0409
B (2= {1 4 1100402303 4+ 23045 = 0.05 19

where the subindies indicate whether the valee of B(2)
i for makes (o), females {F ) or both sexes combined (i)
All valuwes of £ ) are glven in tadibe 64,
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Step ¥ colewlation of mudfiplfers. The cosBhaems
weeded o compuie the multpliers, &), an given in
table 56, The esimation equeton has the form:

K{i)=a & KPP R2))
+e{l KPP
where the io nl vartabbed uged are P13 P{2)aod
P2}/ {3} Once mome, the Wed moraiity pauem s
schecked.  Breanse of the simple form of equiton (C.5)
the compuiaticn of the kif ] multbplers @5 sirophtfor-
ward, Results are summarized n bbe &]; a4 4 enam-
e, kg {3y For males i compuied px
by (3= 1.2 4 (0.0 31 W0, 2052

+{ —0 3555y bde2) = | QML

(.5
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.ﬁ'ﬁ:uﬂnﬂ.ﬂm of prodebifiriar of dwing and of Herwie
ing. Eslimaizs of g(x ). the probability of dying berween
birth and exwct ape x, are obtained by muoltiplyiog the



proportions desd, D01, obtained in sep 2 by the £(i)
iert jusl cabculaped, Thos, gix)=R& (i ()} One

multi

coresponding o each § i given in table 36, Table 62
ahowy the final peaulus for gix ) and Tor f{c), the proba-

must be carclul in mawhing the indices; the value of x  Biluy of surviving,
Tabigdi. ErroaaTeson mooimiil [REs GF 0T AND OF TR R0, 3y SEY, SERAYED FREHCHILD ELEYRYAL DaTh
CL 4RI HED 1Y DU TRON KF i s Ok, W EFT Wi P s, 976
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Siep 5: caiowloiton of referencr perind. Since monaliy 4. Commemiz on the detalled example

is very hikely 1o have changed recently m Panama, the
tsbmanen of the ceference perigd, fix ), i sappropriste.
For this purpods, one requices e values of F{1}/P {2}
and 2{23/P{3) which have adready been exlculaled in
siep 3 (5ot Wbl 413 The squation wsed 1o sslimabe 1{x }
and the sppropriate cnefioesls appear in tablke 57. The
cakulaven of rix ) is sirpightforward. As an illusiration,
fm (3] Tor Mbles i9 COmputed below:

(1) = 16654 + 4. 58550L4097) 0. 023 HT6467)= 156,

Walues of rix]) sre shown in table 43

As 0 the <ase of the mgs-based annbysis, the child sur-
vival dils of the survey coducied 0 Podema in 1976,
when clessfied by duration of memisge, sppesr to be of
wcepuble quality, The son muos w bih of children
ever bomm ki cless W0 the cipevied valoe of 105, the
AVCIREE parilics incrense moanoionicely with durtion of
muminge, and the proportons of childen dzad alw
increase with masiinl doemiion. The consintency of the
fnel moridity estimates, bolh islamal wnd wilth respeci
o the sslimates obtainesd from Lhe age-baged mathod,
can be convensently asussed by Bnding e mortalily
kvel io the Coale-Demeny Weat famiy of model Jife
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Wnbes consistent with &ach esimate and then comparing
Oecye [evels, Table & shows the mortality bevels implied
by the gix) estimaies for sach sex. They ape obtained
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by interpolution wsing the W@hles melerming 0 the West
mode] in annex YL

The estimaned morwliey levels show w farly cobveren
rend and reesonable cogspency by x The average of
the dorwtboo-biaked morabty levels B somewhat higher
thry abamt bl 4 Jewvelh than it obtained when the dain
were clachfed by age, b the reference period of ihe
curalion-based simale ic somewhal more recent, lor
agy given velue of k. Therefore, although the ovarall
curstion-based caimaks indicals lower moriality than
dey the age estimates, their differences are vory moderie.
Cirven ohe instebilcy of marmisgs in Faneme and the
resialant danger that the dabe of fArst usion might be
incorrecily reported or thar unions may be frequenty
interruped, the age-based spumanes shoukd probably be
prefemed in thiy inamnce,



0 EENMATION OF INTEREURVEY CHILD MUHRTALITY
USING DATA FOR & HYPOTHETICAL INTERSURYEY

COHDAT

|. DCumarequired

The data required [or this method s descnibed
below:

(@) The momber of children ever bom classified by
Gwe- up of mother {or by five-year duration
gmu?fh?wﬂitﬁ can be classifed by ibe time elipsed
gnce their Arel umion) fom bvo COTIACE OF RUPAEYS
ieken Ave or 10 years spart;

(d} The nunber of children surviving {or ik comple-
ment, the number of chiddras dead) clagsifed by Gve-
year sge o dusation group of mother for the sk twa
CEOsuses OF SUvey,

{c) The waal number of women in exch five-year age
group when data are clamified by age, or the ounber of
ever-martied women balonging ko cach Bve-yesr dum-
oo Eruup il datw are classified by the Gme ebapsed since
ke OrM wnion, from sach of ke surveys being coo-
adered

Mite that the classifeation of children by sex s deyir-
able, bl ot peceory, Whed dat are not claaxified by
wx wx diferentals in childbood msonakity may be
impated by using mortality modeb,

t.  Compadctional pracedae

The eslimation procedure deserited here differs from
those described in seclions B and C onky in ke way in
which the proportion of children dend and the average
numbes of children cver bom per woman (hvErige par-
iy} are cabculaled. Once the propordon dead, D ), and
the gverage panity, F(I ), have boen obmined, dwe cabp-
lauon of multipliers k(i ) and the estimaton of g{x J (the
probatlicy of dying between binth wod exact age ob
proceed suactly s described in sicps 3 and 4 of the com-
putational procedurss presented in auksections B.2 and
C2. Therclors, fuse steps Ate npon described again.
Funthermore, snce the calculalion of proportions of
chidren dead and pariaes for hypothetical cohorts are
evsentianlly the same whether dais are clasified by sge o
by doraton, the steps néeded w perform these calculs-
Gons are degcritesd fof the ege moedel onty, When date
are classifed by durstion, e same s can be fal-
lowsd, pying #ver-married women inderd of all women,
and benring i mind that e mdex @ refers 10 duration
Zroepa rether than © age U,

Mote swmould be wksn thm, whep considerng
hypothetical coborts, the vadue of 1(x]), the reference
petied, hes no chear m:lﬂiJ:EI mid b sSHmation &
uniecesary. Inany case, Ihe objeelive of vang dais for
a hypothetscal cobort is to obrmin ssignsets oFchild mor-
tality refeming specifically W the inerurvey period, so
phere woukd be o point im estimaning e rix ) values.

The steps of the comprumbional procedure ane given
belowr.

- cofculation of averase pardty per woman. Az
duE:r?hnd in sep | of the compuiptional procedures
described in sobacclions Bl and C1, the avernge pari-

bes or avérage pumber of children ever bom per woman
i ench &g (doraton) group are jusd the quoticnls of the
ohtrved nunber of children ever bom. CER and
the number of women in hat g (dusawon) groap, FP.
In this cave. average panites are cakoulated for each sur-
vey separaiely and 1he index § ix wyed Lo indicate the
sarvey to which they refer, Thersfore, following the
naotaticn wsad in sobsection B.1:
P, f1=CER(, j1FPU, 53 (D03
Step 2 calewlation of averape maosider of children decd
per woman. |0 this soep, the average number of children
dead per women in &ach age group and for sach of the
surveys being used i3 calenlamsd. Let O 7 ) be the
tumber of children desd among thoge born 1 women in
age group i and reported in unvey §oaed ey FPE ) be
the Lml momber oF women in Age RroRp 7 ki Jurvey .
Then, the wverape number of children desd among
WOOHT in Mge group o Jurng survey . denoaed by
ACE, i o jusd the quetent of CPG. 51 and FPIF, 51
ar

AT, f Y= CONE, f)AFPT, 6 (D2

SHp ! erhimarion of propartion of childen deaf for o
Apporhertiond ooherr of wernese Lauaily, the rLion of
chibkdren dead s caloulnied ok the number of dead chil-
dren divided by e sumber of children ever bomn.
However, when o hypeshencal cobom of women is belng
comvidened, this b b chaboulated by dividing e
avernge nomber af children dead by the n"v:rlﬁ,c
number of childrn ¢ver bom per women of the
hypothetical cohort. The avemge number of births per
wOITMN SCurtiang o o rue cobort between two surveys
& the incréroent in the svérkge pasity of the cohort from
one survey Lo the other, and the svérmge number of chil-
dren ever bom for o tical interaurvey cohort can
be constructed by adding sech imcrements (see chapter
11, Section C). The average number of dead children for
& hypotheticel cohon of women can be obiained in a
simpilar way, since the incremest in the average number
of depd chiddren per woman for a e cohort betwesn
ra Aurveys i 8 measure of the fect of monaliny during
e intesurvey peniod.  However, when fertility has been
changing, e avvernge aumber of children cead Gor a
hypothevical cohor of women cannon. sorcily speaking.
be obHained by Jumming the inbersurvey increments of
Jifferen: female cohorts, gince the iobersurvey deaths
inclvche deptba Bodh ko childeen borm batwesn the aur-
veys and to chikdren bom before 1be first survey; and the
latter (number of children bem before dhe Rrsh survey)
will ne1 be adequately represenied by the parties of the
bypothetical cobonl which reflacd the inkersurvey fenidily
thange. A e 0 ciimate the appropriale aver-
age number of children desd Tor o hypothetcat cohon
under conditions of changiong ferdliny i available, ¥ Y

12 Hanln 234nik anad Kenmeth B Hill. “The wse af hypodhesical
ORI D Mg G Plnii.' paramelen usder condslivea o
mlngig Fenily Irljfnomlr; . Dnemargrapy, wol. 18, Mo 1 | Febru-
ary 190 P 103122,



unle Terility is falling unprecedently Tast, the arror
inirofuced by using the smpler procedors described
hete s wery small. Thereloee, the former procedure is
Mt deseribeed.

Thos, if moaliny s changing bul ferility has
reniained constanl, the proportions of children dead far
a hypoahetical intersurvey cohor of women can be cal-
colated by semmimg  the  Inlersuteey  incrEmERS
oterved bodh io the average number af childeen dead
and in average parnites, and ihen dividing the sum. of the
fonmer by the sum of the lanket. [n much a case, modality
estimatss For the interturvey penod con be obtained by
the procedures descnbed in subsection B.2 (or subga
tiian .7 when the data are clossified by duratpn of frst
HAFEgt)

A detailed description of the caloulalion of the aver-
age penitics and 2verege numbers of children dead for 2
hypothetical cohot follows. M dhe dength ol the imses
survey peried s m fiveeyeds amiervals, the average
pember of children ever bume By wonuen of 538 group
in bt hypoahenical cobon eapased 10 intersurvey fernliny
rates wid denoted by P L) is

Fli,sy= P, B - Pl - 1+ PO - s (03

Similarly, the average number of childeen dead per
woman of sge prowp § an the by podheticsl cohor,
denoted by ACDF, £, 05

ACDIF 5 )= ACEHI, 11— AU =m 1)

AT -, 3k (Ded)
Mokt that b both equations (DU and (D4, 0f 1 is
srilbes than or equal Lo w, the hypotheticai-cohon valoe
15 asureed b be Cqual to the welwe observed an the
gecond survey. For estimabon of child morialiy, the
hypathedeal-cohon approach s of linke value if the swr-
¥Eys mre more than 10 years apan, singe with & 13-year
imlerval, the proportions of children dead for wonen
under ape 30 are esimated as equal W the rpored pro-
portions of chikdren dead from the second sunvey; there
fore, the estimates of @f1h gi2), and g3 will nol Teflec
the complels INIErSUTYEY £Xpensnge.

The hypmhzl.il:alq:uhﬂrl propurtions desd, DHy, 1),
ar¢ then obtiined by dividing e average number of

childrgn dead oblained (e equation (13.4) by the aver-
ape parites obtainetd o equateon (0130, than s,
DL s )= AT 5 )7 5 ). (D5

Mok that, since the colculations use aveeage numbers
por woman, W is nol imperien. =xiepl because of Lhe
elects of samphng 4rrots, whether the o data sew

come boLh (Tom censuses, both FRam surveys or ane from
cech rype of source.

Tep 4 estimation of probabitiiy of dyimg Az saied
car|ier, the estimeton of g(x ) here corresponds bo SI¢ps
3 and A of the computational procedures described in
subsections Bl and C.2 {age and duration versions,
respothively), Thear apphegnon 1f expcily she game as
grven beford, usmg the pariaes for the hypoihedcal
cohort of women, Fi,5) and the propociacns dead,
Bii, 5k also cormespording W the hypothencal cohor.

3. A desaled example

Dara an chdren ever bom and surviving are avail-
able For Thailamd from a zample of the 197 census and
ffom 1wu sample sumveys held in (974 and 1975
Weighted averapes of the dala [Tom the B surveys that
approsimate those referming 1o a poinl exacily fve pean
afler the census date were wsed, All the basic Jata a1
shown m lable 63,

Siepr | and I: colcudatien of averoze poity and of aver:
gz iorber of children dead per woman. Averdgs nu mbers
ol childeen ever bam, F{i §) snd dead, AT F1 per
woman are chiained For each age group of women and
for each survey by dividing the recondid Wials by the
rekevant number of women. Thus, the averags pumhber
of chitdren dead per woman aged 25-25 in |40 s
ohslainech &5

ACE, )= FT50650 141 93T = 02404,

Table 86 shows the results for ail age groups.

Sirg 3. eslimaion of propariion of rhiidren dead for o
hypothetical cohonl of momen. The interval between the
N censun gpd the 1975 Blended survey cesults is five
years, 5o i in equalions (0.3} and (0.4) s 1, Thus. for
the firm gge group, 1319, the avemgs panty gnd the
average number of vhildren desd for the hypoihelical
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cobort of women are put equal ta the corcespanding
values from the second survey:

MLs1=P LD =012T3
and
ACDE | 2 = ACD[ 1, 2)= 000

Submequent valuss are obiained by adding the cobon
increments suceeskvely. Thus, lor the second age group
(2024}

P2, 3)= P2, —FL1, 1)+ 240, 5}
= QBB —0 1301 +0,1273

= BT
and
ACD{2, xh= ACIMY, 2 —ACDLL 1+ ACDH L, £}

= 0,055 — 0,008 | 40 Ol
=10.0607,

Tabk 67 shows the results. (For a more detailed expla-
neton of the procedure wsed to calcalae average par.
ties for & hypothetical cohorl, see chapier 1L, subsaciion
BAic)}

Cince the average parities and the average numbers of
children dead have been cakulaed, bearing i mind the
caveir bour changing ferdlity, the proporion af chat-
dren dead for the hypodhetical cohort can be obiained
wsing cquation {[0¥) Thus, according W the valucs
taken from bk &7, the preportion of childen deed

THRELEST  AVERAGE MLUIMEERCF < HILDAEM [:u'il: ROAN AHDCHILIAEY
CH AL FER, O AW OF 4 HTMITHETH AL INTERMUBYET COHORT. LY AK
o BOTHRR, T HA -ANp IS

A e el .

" Flakiern e o ikl
- Ponadex i ey dpagl
lT i ™y STIN. o I m
Ao L w_o_m™ L
15-1% 1 137 100%] QOTT
.1 =] R 3 AR 0 QE0T el
oy k) 1112 nirm Qnmn
M. L] 11427 a313 QR
LLTT 1 I 5 KRR 217l DORSE
L D 1] 53T HELNT EL
1549 ... 7 L) iF L AK] D.09e

among those ewer harm 1 wodnen aged 1529 years,
I3, x b is caleulaed as follows.

D3, +h= ACD, 1P, 5]
=0 1578/2.0213 = DR

LColumn (5} of wble BT shows the full set af D[, r)
walues.

Siep 4 esthmation of probeMiily of g EsGmatss of
the probability of dying, gtx ), between birth and certsin
cxafl age x amm oblained by using the procedure
described in subscction B2 with the Nonh mordiy
pattern. The valwes of ibe matios F{/F{2) and
PP (3) are needed 0 estimate the apprope e muli-
pliers, &1} These ratios are com pated by uging (he par-
itees lisbed 1o tabde &7 a5 illusiraed belgw:

P32 1APE2, 5= 01273 /08178 = 0. 1450,
Pi{L £ 1/P(3, £ 3= DRTTEA202 10 = 4343,

The multipliers, ki), #re then obtgined by wing Lhe
equation appearing a1 dhe bolicen oF bk 47 1113 the
coeMciens corresponding 1o ke Norh mortliny model.
alsn shown in than wble, The value of k() for eaam-
ple s oblnined a3

K {3h= 1, 15844 (00421 (0. 1450)
i — 5156004343 = 09704

The compleie sef of multplicrs wsed i3 shown i
column ¢4) of table 68. The products of these mudy-
plicrs and the propartions dead, Df, 1), yvield estimates
of imersurvey child monality. Thos, {3}, lor cxample,
is obtained as

gi5)= K {4004, 1= 00913,

All estimates of gix ) ars lsled in column i) of table
&2, The mortaliny levels in the Morth model life tabkes o
which #ach g(c} esumate comrEponds, caloulsed by
Assurmag & %2k ralg a0 hinh of |05 meles per D
Temales, are shown in column (T They were compubed
by interpelating wathin the valuss presented in ble 241
(seg annex (X)), comesponding o model North and sea
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Talic al barth equal ta [.0%. For comnparision, tabie 6%
showt the child monalty euimates obiained by wsing
anly the 1975 daw,

4, Commonis on the deiailed cxample

“Fhve dans on chibdren ever born andd childrer serviving
from the two soreeys conduceed in Thailind sre no

clagsified by sea of child, so one cannot check whether
(he repomed sex ratios 8t birth are plavsibie. However,
(he availabilny of data for ewo poink in time more than
compensates for thig leck, since parameter changes For
e coharld can be examined for plawsibilily. The awer-
age parily of a cohort of women sheuld incréase from
the first point io time te the second by an ameont £on-
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siskenl with the geaeral nge patem of ferilicy. the aves-
ape patities corresponding b b cohors and shown in
b b do incrense in every chss and by amounts that
lock remonable, sr the reporting of children 2ver born
at the bwo Lmé-poinls baing conssdered ssems con-
gskent. The ave gumber of children dead [Br e
cohorts ol women d nlso increass, whenever migra-
than or schective mortality cffects are ol in operalion;
the dacy given in table &6 also pass thiz s, although 1be
increases in averape nombers of children dead for older
woamen are very small. However, i can be concluded
that, 5c far. these testy revéal no obvioos shorcomings of
the da,

The beheviour of the propention dead among chikdren
ever b, D4i, r ), provides 8 Muriher st of dala qual-
ity: thest propotions arc expecked (o iocrease with a
of mother, as the average €x m of her chiddren w Ihe
riak of dying increases. Allhough the propartons dead
reporicd al the two points m ime being considened rise
steadity with age of mother fleaving aside imformation
for women aged 15-19), Ihe proportions dewd for the
bypothetcal cohon aciwally decline for age group 45-49,
§l ing that there is some slight omision of dead
childeen &y older women, an omission masked in the

iganal daw seis Ty (he effeck of declining child mor-
iy,

L chear from ihe estimanes of monality bevel given
in Wable 68 (hat the chlld monality «image based on

¥ Wumber of years prior o Ahe survey I wheeh edamases e en.

information from women wnder 20 years of age is not
reliabde, 3 Ending that is faidy common. The estimates
fw women an the age range from M & &4 are highly
cohsissent, indicating thal chikd monalidy jin Thailand
between P70 and 1975 was approximakely equal (o that
of Ievel 18.5 of the Horth model. The svimate obiined
from data referming to women aped 4549 indicates
wmewhal bower chilkd menalicy, probably because of
the slighl omision of dead children already detected.
The consisiensy ©f the morelity cstimales showa in
iable 48 B in marked contrast with that of the eslimales
preseried in wble £9, which show heavier monality as
age of mother rcec, presumzbly becaose child mortalily
has been declining,

The inkersurvey method of estimation described and
ilusiraied here assumes roughly constant fertility. Fer-
sifity in Thafand wag falbing before 1970, and it conlio-
wed o Bl throughout the inkersurvey period. Inosuch
eircupnsianoes, the ectimaied inemurvey child deaths
sacead (hose expecisd oo the bacis of inlersurvey births
becgusze ibey include the child deaths coccuming during
the inlersarvey Ermd te birth cohorts thet wers Ilrﬁ:‘ll
the Lme of the first survey {or census in te cure of Thai-
land} than thoss constructed for the hypotheienl fenmube
cohor on Lhe basis ol intersurvey fertility. Child moral-
ity will thus be overestimated somewhal by #n smaund
thal increases with age of mother, snce e mbo of
births during the inkersurvey period ko surviving children



a1 the beginning of the intersurvey period declimes with
ape of mother, Thus. il is surprising to find thet the
edimated moriakity kevels piven o table 68 cnd 0
increase sotnewhatl with age of mother in spite of he
fact 1hal the methodological bies just described woold
affect them in the opposie dirsction, Zhonik and Hifl
estimaied thal the magnitude of 1he Bras in 1he cage of
Thuiland is apoeasimately =01 of & siortaliny level for
the sstimak cE:-iwd from age group 1519, knd of about
-7 of a monality level for than denved from age
group J0-34. The fact thet such small biases are coun-
keracted by other, yot undeeced, Mows in the deie make
the average level, 18.5, an acceptable esiimale of inter-
survey child mortality.

E. ESTMATION OF CHILD MORTALITY WHEN THE
FERTILITY EXPERIENCE OF TRUE {"OHORTS |5 K MW M

1. Boric of meibod ol it eoifonaty

Ag explained in section A if fedlility bas been chang-

ing in the recent pasd, the aobzerved pariny calios osed as
iagependent varables when estimaling the multipliers,
Rif b may not reflect adequately the rue experience of
cohory in the population; and, hence, the resulting maul-
lipkices mey not be guited for morlalicy estimaton
i:yuq:mﬂ. A methixl proposed b circumvent ibe prob-
ems inbredeced by declining fertility consism of lekiog
intg aecounl e cxpeniepce of rue cohorts  when
esumating the Lif) mullpliers, insicad of basiog their
elimaies oo ralios of panites celemring only io one poini
in ime. This method is described below in detail.

A3 in the methods presented before, o types of
cohars may be considersd: thoae defined according w
apes and those defined acconding 1o the durmion of frs
mamige of union, The sstmauon procedunts usd to
analyze cich of these 1vpes of dada wre wery similar, so
only the cae where dets are clasahed by wge i
described; the vanations necessary to apply these pro-
cedures o data classified by dutalion of frst mamiage
arc peinted out as the need arises.

Z. Dot regieined

The lollowing data are reguined for thiz methogd:

{2} The number of children ever born classibed by
five-year mge (or duration] group of mother for tee suc-
wieya five or 10 yean spar;

&) The nwmber of children dead (or sarviving)
ctassifled bry five-year nge for Jursdtion} growp of modher
for the mosl fecent survey being consdered;

e} The total number of women (0T of ever-marmied
women) cletified by five-year age (or duration) groupa
for each ome of the munvers being considered.

11 ik vedl MeTEieary U hove dath on e number oF chil-
dren dead for boath of the sarveys bring consadersd IF
these dawm are available (children dead fnr o Surveys),
it is strongly recomrmended that the metbod descnbed
abave in section 11 be wked 1o estinane intemsarvey child
morality, in tpite of the fact that L docs ol maks say
explicil alloveance for the ¢fects of changing @rabiy,

13 pbid

As woual, il is helpful o have the dete er children
ever borm amd dead clastificd by sex. When this
cassfceton i5 nol avalabe, tex diferentals o child
morialily can only be impoied by using mortatiy
micdels.

3. Comynnanonal progedios
The seeps of the compulalional procedure are given
ot L,

Sep | calrwlaion of average parity per woman. To cal-
gulaie 1he BYCTBEE parily per woman, P ;L kel
CERI ;) be U number of chifdren sver bom W
women in age {dursdon} group i sl servey F, and lel
FPOL bt the mg ol number of women
et r-mnied women i daw are classified by duration}
of age idurauon} proup {. Then, a3 usual. the sverage
nwmber of childeen ever borm per waduks o wte group
andl survey J s caloulaled A1

Pii.f)=CEBl1 j)FPUF. 43

Srep 2! calolation of proportion of chlldren dend reponed
al fime of econd surwey. The valpes of this proponon,
(i, 2%, are coleulaied onky for tbe second survey o0
census.  Thus, denoding the number of children dead to
women o age gprogp ¢ foom this survey by OF0f, 2), one
has

(E.I

DE, 2= CD4 . 2)0CERT. (E.2)
Siep 3 catcalarionr of aperipifery. 10 ia i this siep tha
the ate of oodwrt eiperience beconies refevani. The
valuwes of mubipdiers k() are eSlmated by mesns af
squatons fned to nodel cases by means oF e asi-aqunres
regression and whose [ndependent variable b o rtio of
paribes refemiig 1o & birth cobont of women at 1we
Eoints in ame, Therzlore, il the sveys considered are
v yoars dparl, these parity mtdos have the form
Pl —L 1) F, 2% whike 1 the surveys wre 17 years
apart.  he ing  mios  would b
Fli~2 1), 2L The foom of ke cqualion to esli-
mate the &{f) multipliers, lhe wvaltuss of the Bued
cocfficients and the form of the qu:;EJnding parily
rabios are presetikd o whdes TD-73. Tables 70 and i
art & be wed when de dale are dassified by aps,
whersas ables T2 and 73 are necded when the date wre
classified by duranon of first macniage, The Akt wable of
ench 221 ables 70 and 723 is 0 be wsed when the mizr
swevey inbervad iy fwe years, whereas the seoond inbie of
each sec (rables 71 and 73) & needed when the mietval {2
10 years Afer selecung v appropriate bk for the
caor ui hand, the cpiculaion of ibe &7} mulipleers s
sicaightforeward, an in thowa in the detailed examples.
£ raimaion of probabiiili e, The estimmied
vlls:znl'q{rh lh:ﬁmhiﬁlyyn?-ﬁr‘fg between birth
and cract mge x, arc obtained a prosducts of the
obacrved ; dead, D0, 2L, and the muduiplies,
k(i computed in akep 3.
5! entmation of refevemor period, The we of the
experence of ﬁ?hm W ﬂﬁnu the mudupliers,
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kif} makes aliownace for chaopes in Fedility, bul it
dots nothing with respecl o changes in moriality.
Therelore, il there it cvidence sugpesting n monality
declins in the recent pat, K i 1 o Mctitan to
which time peniod ke g{x ) cotimates otadined o step 4
really refer. The eximalion of the referencs period,
tix ), lhe number of years befods e scodd Jurvey (0
which e comeaponding gix) cHimaie refer, o cared
ot by means of cquabons whese cosffcienn wers
eslimated by usioy kast-pquares cegression applied o
duw geseraied by mode shedoles. The cstimated
vahucs of those coefBclents are given in iables 74-T7.
The ander of these tabies B IhaL waed ip present-
ing the whbles necded B calculate e k(i) muliiplen
The finl two wbles are ysed when dain wre Sagsithed by
age and ik second two when Sate are clagrified by mar-

"

tiage dormtion. Wilthin +ach set, ihe firnl able is used if
the interyurvey period ia Bve years and the second il il s
b0 yeary. The use of theas mbldes in illhustrted i the nexl
cammplas

4. Deialled exomples
This section préséots two exkwiples: Uit st in the
previoms scotion releming o Thauland and iflusraag
the extimation procedurt apelied %0 5 Ave-yeur interan:
vy imerval; and the case of Brazil, whers dacs on chid-
dren ever bomm and chiklren wurviving bave Been ool
lected by severn] of it decomnial cromascs.

{m) Thailind, 1970-1975
The basic dak availatde o Thailasd for che yean
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1970 and 1975 are prestnied In whle 45 From those  velues of average paritics, FU, f) have already been

chuim, child mortality is cstimated by using only the pro-  calculated in step | of. the deisiled ¢xample given |a

pertiona of children dend repored ot the second peintin  subscction 133 and are given in able 65.

time and the parity changss sxperienced by the different 3+ caleudatinn on of children deod reported

femak birth cohorts, & ﬁ?ﬂu af ihe HELM‘H:I-' The propacibon af chil-
The steps of the cabeulntions are given below. dren dead ot the time of the second survey {1575 in this
Siep J; colowionion of avwrage parily per noman. The  caseh deneied by Did. 20, s caleulated dicecily from the

x
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duw given tn wble 45 by dividing the mumber of chil-
dren dead by thoke ever bam for cach age group of
molber. For enumple. D44, 1) is calculuted an Tollows:

DA, D= 2373530960 = 0. 1004.

All vahues of D{E, 21 are shown in iable T8,

1 cofdavion of wudiipdiers. The indepeddent
variables necexary W cuimale the moluplicrs, k{7, are
the ranios of the pbwerved svarage panitics comreaponding
W trye cohony at the two poing m Gme bemg con
shdered, These tios have the form Pif = 1, 10AF0E, 2h

since the igtenenvey period & live pears, The values of
these ratios are dvown in colomn (5} of wmbie 73, For
§=d_ e malia =

PO3, 1P )= 21923299 = 16016

where the values of P{f —1, 1) and Pif, 1) are ebinined
lpom tabic 46,

Once Lhe paricy rathrs are compuied, the
vahues of ki) are estnoaled by uging the cosfRcieni
prescoied in table 1. As in the example piven in aub-
section D3, the morialivy paners gebected B Morth. The
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resudiing vabues of k(i) sre shown in iabde T k{d} ic
valewlated in detail bebow:

k4= 13408+ — 052 10K0 6836 = D.8T4D.

Step 4: calrulmion of probolrtity o dving. Eslimates of
the peobahility of dying, q{x ). aré oblaned 2 the prod-
et af (he proparten of chifdren dead, D(f, 2], and the
k(i muldplers. Nede that this fime na esumate of il
ig possible; consequenily, there i3 fo mullplier for
Pyl 2 The resubting values of g(z) are shown in
cedumin (Tpal tabke T8,

Swp ¥ oalewhasion of aference period.  Using the
cocfficients presented in tabbe 74 and the parity ratios
wsed in calculatng kdi) the vafues of the reference
period. rix). are obmned by subsnwnng them in the
eslimaiion equation swown al the boiem of fable 74
Forr example,

Pl = L3R (5 D560, 14773 - 2.3,

This value means thal vhe £xnimate of 3123 abwained in
step 4 Tefers 1o approximaiely 2.3 yeats before the

gegond survey. 5o il fan be said that {2y rowghly
represents the chibd mortaliny prevaleny in 1573, since
the secnnd data sel being comsidersd s supposed [
represent 1975 experende, The comples sen of rix)
values is lisicd im able 75,

Column (%) of table TH shows (he kvelsof mostalbiy in
the Morth family of Coale-Demeny life tsbes consisient
with the estimaced g{z ¥ values. Once more, these Llevels
suggest that child momialidy has been declining. Their
valwes aré quite congisien] wath those shown in dable £9,
where child momality cemacs were ablained salcly
from the 1975 data. [Napyihing, the pew values supges)
that she decling in monalicy was mare rapad.

(b)) Eezrdl fldd)-J070

The dats on children ewer bom and surviving col-
lexeed Tor the whole of Brazil during the 14 and 1990
censuses (both of which have cxecily the same reference
date, | September) are given in lable 79, This seeabth of
dals permis she application of most of e methads
desoribed in this chapier. Since the detailed application
of theze methods has already been described inothe other
eiampled presenied so far, il is oo epeated here. ba
resulis ohteined by using cach of them are shawn.

TABLETY  VATA GH CHILCAEH EYEE IR AND ULV |WiIkG B pazuL, 1960 4un 970
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Before proceeding so apply these methods, it must be
pointed cul that the question wsed in the L1960 consus 1o
obtein informauon om chikdeen ever bomn was not
phrased property; conseguenily, the data collecied
eakibit o definite bins. Specifically, the quesuon asked
of women of reproductive ape was: “How many chil-
dren have you ever had™, instead of “How meny chil-
dren, who have besn borm shive, have you ever had™ It
i5 therefors Kkely than the 190 informadios on children
ever bom recludes hedh those born alive snd those bom
dend.  Scy, belige the 1950 dakla are weed W0 estimals
¢bild monality, the number of chitdren ever bom have
tp he comected for the inclusion of stllbinhs The
correcien mede coosisls in mulliplying the réporced
aunibers of childres ever borm by 0.%7, on the assump-
uon dhat the incidence of sillbinhs amang all births 15
803, In stucies of simitar data collected during the 1950
cénsts oF Bragil, the propanion of stillbirths weed for the

wpose of carreclion was 005" Thes estimaic was

sad on e propomion of stllbinths yickded by the 1940

M Cumgi MOMAR, ~3 feopndedede di mulher ¢ b ibeeyivenc
& filhos no Brasil, segunady 0 Came de 19517, 4 vt rabue S poru o £ -
Juain do W .|£|- Al (R d= Barero, Fundacdn o
Brasiom d fedprafa ¢ Foauaira, 150 and | A M. Camvalha,
“Fogranal 1reads of emilioy snd moarddily an Brueit”. Popuboion Srud.
e ol BN M. Mo emiber 0T PP Ml 411

census. doring whick a definite distinction was made
beiween live births and stillyrths. According 1o this
census, about 7 per cent of ll births were siillbinths, b
the sqtimag of 3 per cent was accepled on the grounds
that women were nol as likely 1o repert all dheir sill-
birchs when only a question on children ever bom was
posed as when two questions, one about live binths and
anolher abaut stillbirths, were asked.

More information aboul the incidence of stltbirths
among all kinths W the Brazilian papulation is now
availabk. Two scparatt quesiions refertng 1o thess
evenss were asked by the 1970 census and by several
country-wide sample surveys camied owl duerng the
19705, All thess daig ceveal thai the propoarion of
reported  slillbirths emong all bimhs has dechoed W
roughly Q.05 {0043 may be 8 more accuraie igure s, znd
thercfore. 2 5 percemt correstion Gar the 19640 dutd svems
s high, opevially because of the koown lendency
Among wonndn W Goderréponrt the nurnber of children
they have gver had. A5 a comproernse, 2 3 per cem
correclon was acceptad. The corrected nuitibsers of chil-
dren ever barn by age group of mocher for 10 are
shown in column (4ol labke 79

Table 80 shows the resulis of the steps needed o esti-
mate child mortality fram the information gathered in
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1940 ¢see subsertion B.2). Mok that the kerels ol mor-
tality implied by the q{x) cstimaiey are Taitly similar,
excepl for thal associsied with g§1), which is ¢learly oul
of line with the resi. prabably becawse child mortality 15
ped independenl of mother'e age (506 subsection A1)

Mox dut the raw dade (lable 79} provide the number
ol chibdren surviving ratber then the sumber dead. The
lancer, of conrse, are obiained by subtraction.

Table B[ shows the estimptes of childhood monality
obtwined solely from the 15T onformalbion (see subsec-
uon B2y Omce more. e estimale of g{1] i3 ot con-
sisiemt with the others, tn general. the level of child
mortality scems Iz have improved between |90 and
1710,

I & worth remarking thal when chakd monading i
cstimated from e single dava sel, the estima ed valves of

g{U), gf2y, g(3) and (%) refer gpprocimaiely o ape,
wa, four and sa years before he cemsus befmg con-
adered, Kelference dites for the vaual child mocality
extirnales aiways display thin patiem,

Tabtes B2 and 83 illustrale the steps necessary 1o
oHain intercensal eslimates of child mortality {gec s
tion Dy The averasge number of children dead o
akaiped in this epse by subiracting the aumber of chit
dren surviving from ihe iodal oupber of childrep ever
bam ind dividing the resull by (he number of wormen in
the ralevant age gnoup. Thus, for example,

ACDE, = [6.658— 5,A24)2,701 = 0.3825;
ACEHZ, T1= {4,182 =3 6531/4,309= [ k224

Finel results are shown an Lable B3 Mode that the
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T b of i e o A RIPVEY b3 Which srmates refer.

morality keveh prevabent during the intercens] period
almost cotncide with thewe ablained solely from the 1970
dute; and, exclading 4 (1) they 4re fairty comsieni,
Lanily, wivens esimaies For 1570 are obuintd by k-
ing mio secoant the fertility experienca of true cobors,

almoyt the same momlity levels mre obuained {see able
84). Such conrislency i3 reaspurng. L permils one to
conclode that the averags Wel moniskity keval pravalent
doring e penrod FRO0-1910, a5 measored by child mor-
tality, was approxicmtedy 145,
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Chapter IV

ESTIMATION OF ADULT SURVIYORSHIF PROBABILITIES
FROM INFORMATION ON ORPHANHOOD AND WIDOWHOOD

A, BacEardrND OF METHOHDS
1. Meturr and wor of indirec) imfnsianion
mﬂ.l::.a:mmﬂqp

Chapier 1H deacribes bow informabon on the survival
of chone relplives—information frvo dwoihers aboul the
sorvival of their children—can be used 1o make indiract
axtimaies of child " mortalily. The priociple can be
exiended to informauon ahagl whe survival of other
close relatives. This chapler describes procedurss for
oluainiog estimutes of adult mopainy from infonnetion
concerung Lthe survival of parents and the survival of
lpumu.“%nhﬂhmapmiﬂllﬂmgmp:nmh
known to have been alrve at the (ime nf some past eventd
fthe birgh of the respendenn in the case of modhers, the
wnception of te respondent ian tie case of falhers and

wge in the case of pous], snd some nlormation

is wrailudlz aboul both the fergih of expoqure o the rick
of dyimg and abool be age Al which the exposore began.
Sampie sorveyn ane (e osual source of the nacesary
duln oo ocohsion, U asressary questions have
becn inc m cenmpet, The greal advaoiage of theas
methods of owrtality eHtimation i thal they rely upon
informaticn guikersd by questions that are imple and
eary %0 anawer. The nonmal forms of the quettiane on
arc *Es your Tather alive™™ sad “Ty your

mather alive?", he ponitic mnrwers baing yeh, ne of ot
koown. For widowhood, afl ever-marmied nspondend
are askod whather (heir Brst spouse ia sl alive, b pos-
hble answers pgain being yes, no or nod kmoam, Ty
thould be mentioned Ial the term “orphanhood™ L&
wiedh In & Teiher unnreal seroe in this chapier, sivce 00 b
spocific (0 & parent's séx. T, when descnilbving
methods based oo proportions with & surviving podher,
an nepandent it aps wheea modher has died,

of the father's survival.

Pretton" ol thai duis on child morvival col-
fected froan all wommen provide infrmalion aboul U
oversl proponion of perons in a given Inton with
& surviving motker. Je a closed popaletion, ke aumnber
o srviving <hildeen by ail woumen, regandless
of age, thadd be equal to the number of e
populstion wilk & wrvivieg mother, 11 na divecl infor-
mation on » availabde, an eyumate of the
v of sdoh mortality can be made ileratively by
findimg the level of mortality that, when combined with

I ——
Semus]l H. Preion, “EslinkMing bdwlt female from
reparts ow e ber of Shibings Wby, Listveminy of Fomorybasd
Fopuletion Studies Conbt, [T (mumeogrephed)

the obaarved ags distribulion and spe-specific fertility
ks, produces the same oversl) proportion orplinned a
the proporton cabculaind from chill aurvival data. ¥
duie on the survival of mother sre avaibable. the <op-

sivency of the rporied number of wmkeny with a
rupviving, mother and the totad repocted autinber of sur-
vivimg cai can be checked; a tapdency Lo pmit sur-

viving children will redoce the Isiter figure, and
tendency w meoneely 3 surviving mather will
increase the fonmoer, 3¢ typical emon in the twe hypes of
dais should show updu?l;

Information dn e survival of pansnaly or apooss, B sl
indicaior only of sdull monaluny, snce e exporure o
rak of the wrget person baging i adulibpod, o e

hirth, ion of marriage of e respondenl Thus,
sinicty ing, such dula should be wped ooly to eptl-
mate Burvi ip probablliies from one adull ape w0

anciier, the S groop of wchnique presenied in this
chapier permils the cstinubon of sch conditional sur-
yivorship probabilities, and the methodt in this

are described a5 “condiUonal”. However, if an eptimnate
of tha bave] of child momalty is availabde, b e form ol
an eatimaie of (2], and 0K ERUMPpEON can be made
about the form af e relaGonship between child and
sdult monality in the ton onder sudy, U infor-
guton on child mortality can be combined wilh an
indicator of adull mortlity to estimate 4o oneotditional
survivorship probability, that is, the probability of sur-
¥lving from birih o some ndult The accond group
of methods presemicd im thiy chapter, described as
“direct™ metuods, Allowy the slimation of uch uncon-
ditsenal survivorship probabilities. In choosing bhetrsn
Lheae Py Iuphould be remembered that the
cslimaies of coudiuonal survivorship are bess L5
wpou swmed models, bui arg abso more di 1t
mecorporste il & Ml il whis, an are e dires sk
mases, wiich, in num, ars delermined, o 2 sondidernble
extend, by the sstimales of child mortality uséd in their
cakculation.

Estimates of sdnlt mortality derved from informabon
on the wrvive) of close relatives rpresent sverages of
the monaliy exprrienced over the period dorng which
the rlatives were > e fak of dyimp. 17 mor-
tallty haa been iy it & Pepllar way, Slimaie
has » time reference; thal i, there iy 2 tikse before e



the wvernyge ke range of (hair axposnre. in gameral, (his
aumber of yean § will be somewhal kas than balf the
average exposyr: ki riak. [ is possible (o esimate the
ime period k which the smuvivorship probabiliies
derived from s single sgrvey refer il cerluin poHmpLons
ubwrul the regulariry of the prevelent montaliry irend are
made. Brass and Bamgboye' propose such o methiod of
estimaion. {n additon, when dais sre avatlable from
twe surveys held fve or 10 years wpart, il is poskble to

? Wikinm Bram and E. A, Bamyterry, “Ther latws Leckilon of w

ﬂ'm:muhm-&
widdownd'”, Warkdin I, Lﬁﬂﬂ'ﬂt‘ﬂ

deave sfimabss refzrrng 1o the inemurvey period by
reconstriclimg the saperence of o hypothencal mresus-
vey cohor,

1 Orpodzadion of tile chapier
Adl the eslimation methods described in Lhis chaprer
share rwo chersckeriatc in common:  they allow the
estimabon of bilitks of aurviverhip o apes
nduithood (beyond mge 205 and they use dala oo the
survival of ¢lose relatives [parents and spousca). The

metheds presented can be clamified into several

Lo nccording

o whether Ih!{l permit the estima-

H;-;:urmpmuuhm!‘.. l’nrlnpﬁ'huﬁhﬁlt.l'ﬂl umul‘durmmrmndmmu! protahilides of survrvorship
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C. Estimatioa t¢ wvivorship
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Mumber of cver-marmed mak [ Te
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ficd by fRyeoear durstion-als
MATiNEE BN

mumher al evermosmed
mele  (female) r::pmden.u
cldaied By Mue-pear duflikod

prip

Bumateir of evo-mdmicd mals oF-

whk|eh PApondinly Wha dd noE
ez lre theé survivHRhip Slanus of
RHE apeus. by Bedplar durs.
LLEL

Singaluly svenh NgE b mnamge for

Temakes fmakes)

An camue of 7 for femalec

[mak]

and according 1o the rype of date cach method requires:
information on the orphanhood status; or data on e
widowhood siaius of respondents  The organizabdon of
the following sections caosely folbows this classiRcation.
In order 1 aid the wer i lecting che methed sl
wwiled Tow & panicular application, breef descriplions of
23th secticn follow (see akeo tabde BS):

Section B Eaclmarige of eovndivional adult survivership

This =cuon presanlt methads that allow 1he estimabian
of conditonsl probabilities of suevivorship, that s,
probwbilines of surviving 1 age x given thal the lerget
populaton bhas Already survived to nge p. where ¥ is loss
than x. Thes secnion s divided inka iwo main subsec-
ions, I the fiea, methods gsing data on the orphan-
hood siarus of respandents ate described; in the stcond,
eetthodt Lsing data on the widowhood stals of ewdr.
mapried respondents are presemied;

Section C Extimation of marvivarship to adulihosd from
birth This sscuen preunl.s LWL T rf:l.t permit the esti-
manion of ihe probebiliies of surviving from btk oo
cercdin gges x, all greater than M. All the methods
deseribed require as inpud 2y estimate o/ (23, e

bility of surviving from binh o exact pge 2. The 1wo
main pars of ths rclion present methods based on
varpha mhotd and widowhood dite, respectively.

B, ESTIMATIOM OF COMDITIOMAL ADLLT
SLIRV Y ORSHIP

[.  Coterad CABRMCBETIENCE

Tht metheicds daccribad in thic caction deal wah the
esumansn of adult morality from informadon aboul the

[LLY



crphanbood or widowhood slatus of respondénts. Thess
methods may be called “conditionst” because the
estiimated parameters are condilional praobabilites of
survival than do ned, by themselvas, define a complen
life e, To deqve life-labe valwes Trom them e
informeton 15 needed about child monalny. methods
lor combining informauon aboot child and adult mor-
talty are described in chapter ¥

2. Exsirmoiion of oWl s wovaitin beaed on
freportions ned erplaned

(o] B of mechod and itx ratienale

Data on (bt proporiions of respondents whose maither
(Falher} i $0l] Irving can yeeld plassible eslimaies of
dult meraliny. The first method of estimation based on
this type of dula was propossd by Brass' who estab.
lshed an squation relauag the female probabiliey of sor.
viving frem age 25 10 age 25 + & W the propodilons of
respondents i twoe configuous fve-yedt dge aroups
whose mother was sull alive &t the ume of the interview.
Thir equation hes the formn

A 4m )25 = Win S (n =3 4] = Hin )15}

(E.1)

where Jin} is the propartion of respondents aged from
i o +4 with mother alive, and Win) is & weighting
factor employed o make aflowance for typical age pat-
tepna of Fertility and mortality. The set of Win) values
thal Brass proposed wes estimated on the basis of data
simuaeed by osiog & single menality patemn {the Afri-
can standard] and model feriility schedubes of Bxed
shapt bul vanabis age locations. Eech age location of
the ferubity wehedule i associaed with » panicular value
of M, the medn agz of women (o men] a1 the bth of
their childeen. Thus, the weights, Fin ], depend both
uptm a4, the centrsl point of (he age groups being con-
adered, and wpon M.

Mo rcenthy, Hill and Trusesl* propossd amodher
¢stimation procedurs based on the followlng equation:

fRS+r RN =a(a )+ din M +cln)iF{m =5}
(B.2)

where a{n ], d(n ] and ¢{ ) e cocfckents cstimaied by
uging livear regression to 60 cquaton (B.2) o date from
900 simulaied cases. These cases were derived by wsing
several fertlity shedules genemied by the Coale-
Trssell' model and & variery of momality schedubes

’w. B wned K. 1. Hill, “Edimnasding adul marslity figm LIT.5
T e Iﬂ'ﬂﬂ'ﬂl‘:ﬁ Cn;yﬁwmm )
/873 {Lage, Intzrnabional Uwion far (he Al SAUAY O P(-[ll-l-'g-
don, [9T3 vol. 3, pp. 1H-T13

1 K. Hill prd 1. Trumell, “Furihar dem anta in indiresd méatal-
[ f.l.n?]m‘. Fopubwion Juder, vol KXKI Mo 2 ik, |F77) gy
3} .

“ansiy | Cose it T James Trusell, “Model Fertdily $thedubs.
warions 1n the nge Frusiam of chifdbarng dn bummen popalsice:®,
Fopudnrian Inclen, vol. 80, T Fiapnd 1F3), pp 101244,

generaied by the bogil aysiem® with the four difersm
ll'f|:raInerr.'l'r.ml:rq.'J moriality patierms as standards {see
thapuer 1. subsscions B2 and B.A)

When b methocks of samaion wers applisd w
neay | 000 odher cases simulavsd by using diferam ler-
tilmy and moralicy scheduies, the me proposed by
Brass wis found 1o perform & well a5 or bener than the
regresgpony method for & not exceeding 30 yenrs, while
e repression meethod uced sobstantially better
resulin fior hipher vahues of a.

Even though this sempanson was carmed oul anly on
simulated cases thal are not anbpece o the Lype of ermors
commanly fund in neal da, o does reveal the prob-
shle srengths and weaknesses of the diffecent methods.
Since these methods seem W0 complement cach other in
the realm of theory, both of them are described here in
the hope that they may abko complement cach mher in
practice.

Beipee ing with their descriplion, some pen-
eral features of methods Ibhal sliempl e slimakion of
adulc mewtality based on te reporied proporions of
arphaned respondens by age and an indicator of the
age patterm af fertlliny should be poined awl

First, the estimawed probeblives of survivership do
nol refer b0 the entire population, Ance ther reilec onby
1ht morahty expenience of parenis with survismag chal-
dren,  Furthemmore, o questions on orphanhood ar
asked of the entire populacion, parents with weveral sur-
wivimg  children will wnd o b overrepresenied,
Theorztically, this probdem can be avorded by using ae
additionad flier queston that seeks w identify only one
child per parent, much s the oldest surviving, child or the
frst-bam child. Howewer, in uc#, emats in the
reporting of Bamily-order satus have been foond to be
50 large that methods of analysis using daw where the
respanses have been limited b0 one chibd per parent haye
net yielded better esimates than 1be origioal methods.

Secondly, survivorship estimates basead oo reports by
young eipondents, and thu: comesponding to smail
valwes of m funder 203, wnd 1@ be efecied by misreport-
ing of orphanhood stitus: young orphaned children are
ofen adopked by relatves who report them 85 iheir own
chikdren, This phenemenon artificially inflaccs the pro-

wan ol womp ndents heving @ survivi |
Ec:;hiam ?Jpwfmr?hp:mm surE"l'-nunhip ;ﬁ:ﬂhﬂi-
Cies o younger adulis.

Lasily, the sgiimated probabilities of sureival do mat,
siricily speaking, refer 1o specific i periods, since they
represcnt average measwrss uvver Qe somewhad -
defined intervals of saposure W the nsh of dying of the
mrget  populakion.  [n cmses wher  moflity  has
remained essenually consant, problemd in the interpee-

¥ wittiam Bran Methods Sor Snleedimy Frrdiifr od MRerdy fomm
Liwiied omd Defeciive Dove (Chapkf HIE. Honk Tareding, Canding
Populalion Cuander. Labonitonl [ Populison 5 s, 1975),

T.'Lmlt;r.l'f.wl:lnd Fawl Demrveny, el Alculel Loy Todder oo
.ﬁ:‘.:;- Pogmidriett IPRNGEAQR, Mew feney, Primceton Llanesity Prem,

¥ Kemneih Hill, Hugn Relm snd Auguun Sole fa sruaciin de o
marrmtakad en Eolivtr (L P, Inisipn Mol g2 Enadipas i%05]

L]



amion of the estimates oblained do nod acse Singe, in the
absence of date emors, 1hey should all imply the same.
unchanging mortalily level. However, because mortality
has ot remainad constand dunng the recent past i most
Countries, the iecpretaion of suryivorship probebities
derived from orphanhood data w not always siraaghtfor-
ward. Inlerppeaacion and assessment aré casief w hen the
ecimates obained can be relaled o specific e
periods. If one tan assume that menality has betn
changing regularly {for instance, by assoming tha in the
Togit sysiem the parameter indicaling meodsalily level. o,
has been changing linearly with respect 1o time) and thal
the adult morality parern of the imrget populalion s
smilar (0 Lhal Teprésenled by the general slandard {see
chapter I, subszctien B4}, it is possible te estimate the
ume 1 (a5 numbet of years before the survey) 1 which
each survivorship prababeliny refers. The esdmedan
method used Jor this putpess has only recendy becn
proposed by Brass and Bamgbore;? and although it has
o yet been sadely 1esied, i geaeral relevance wemanis
its inclusion in 1his shapter.

() Brass melhod

{i] Dt recuired

The following dets ard requered for Lhis methed:

] The proponion of respondents with A surviving
meothier Huther) in #ach five-year age groop foom n oo
n+4. This proponion s denoted by Sieh. The seraf
proponions Sin) can be calculated whemn any o of the
iodbowing items are available: {2) ths number of
réspondents with mother (father) alive:; {B) the rnnnber
of respondentt with moiber (father) dead; fc ) the fotal
number of msﬁood:nls whoae moimer's {father's} swr-
vival staius 13 kesrwn. 1L 4% importam o exclude from
the calcutationd gl respondents who did nod knew or did
not dectare their evother’s (fachers) survivel stabus, Lo
cvery case, dats muit he clasifed by Ave-vear age
group.

{#) The number of bicths tn & gaven year classified iy
fiva-year age graup af mother (Father) Thig infarmation
5 needed a0 estimate M, the mean age of mothers
(famhers) 2t the birth of their children in the popolaion
being studied. The M o be cstlimated i5 ol the mean
age of the ferilily schedwle falso known as "mean age of
childbearing™J: it i5, rather. & mean age of the ferilicy
schedule weighiad by the ape distribution of the Tanale
(male) populatiion. 1t may be reganded as an canimaee of
the average age difference hetween mother {Gather) amd
child in the population. thus being an indicator of the
verage ags at which the Largel persons {parentd) begit
theit exposant L the risk of dving.

{tiy  Compreiiomt procadue

The meps of the computational procedure are
desenhed below.

Srep 1 calvulmifon of mean age o sarerminy {paierniiy)-
The mean age of mothers (fathers) an the hitth of a
group of children (normelly thase bommoan the year
before the sarvey) is denoted By M. 1F one wses ihe

_—

¥ %, Bram aid B 4. Bamgbove, op. cir.

10%

indea 1 o dewHe the diferemn feeyenr age groups m
the reproductive ife span of 2 woman add kw 80 be
the number of Binths durng & panicular period om
WOMEN in age group ¢, then

T 1
M="Nali}2i1:¥ B (B3
1=1 =1

where gfc) is the md-pont of age growp J. (The user
chould be remmded thal, just as stated in chapters 11 and
HI, i =1 represents age group 1519, r =1 15 20-24 and
w3 on.p Mot tha if e bimhs wsed to cakoulate M are
hiose reporied as oecurming duriog the year preceding
the survey and are labulaled by gge of mother at the
time of the surwey, the e sge prowp of the mother will
be, v sverage. sik months younger than slatsd, so that
ux onths shawld be subicactad from the mid-paint of
rach age group when calcolaning A

The eslimaticon of M for males is one of the additional
problems asacined with the esiimalion of mile adult
murtality from the proponiions of respondents with &
surviving (ather. Ferlility questions are genefally not
askied of chales, so ke infarmanon frem which the
female A iz esimaled i wswally not svalable Tw
fathers Barhs dunng the year preceding 2 sunvey ane
somelimes ibulaned by age of husband, but this abula-
uon i generally limied 1o those cases in which the
mother and her hushand are enumeraied in the same
housshold, Calew]ating ibe male A from such 2 tabule-
o eften brases s value upward becaose young fathers
are more Likely 4o be emporasily absem.

A more robust procedure [or estimating A for males
consists oF adjushing the fermale M by using infofmanian
on menital ats The median age of the cwmenidy mar-
ried populauon can be calcubared by sex, and the
diference between the malz and fernale medians cam be
ndded w0 the previousty daleulansd female 8 1o gbuun
an estimate of the male A Medians are used 1 educe
the inflwence of clder and. for the purpase 6 hand,
largely immebevant couples. 1n princple. the asswmpon
of consiand ferility can be relaxed by employing
differear values of A for different age groups of respon-
dents, but in practice the dats required 1 Tollow this
gpproach are ofien lackng.

Sirp 2: calrutoiion of weighieng factars, For Lhe value
aof & calcuizted abave and for cach valuwe of a. the
weighting facrors, H{m), are calewlated hy ineerpatating
linearly {s¢e annea EVYn lable 86 (table §7 15 usedt when
father are being considered),

Sirp 70 colrowleion of swevivership probabilices, |F the
survivorshap of modhers is being censidered. the proba-
bilities of curviving from age 25 to age 25 4 a are cal-
rulaled by using the £gualion

W f2iFnpedy [(253= Win )5 tr =5+ (10— Fin )i}
(B4

where Sin) s the propofticn of respandencs aged from
H 1o A +4 who declased chan their mothers were alive al
the ume of the imiEnaew.
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[a iva case of fathers, the valoe 25 i repleced by the  if (e weighting faciors W{r ) are obtained fom wahle
vithees 715 cr 375 o sllow for = Mect thal men mne 87, part {n); nnd
wualtty older than women & e birth of their children
The sarvivorship probabidives st euimated in this case L, (40 40070 (37.5)= B8 [n —5) +{1.0 - FF{r }S{n}
Yy 1 following equavons: B
I 05+ )1y (32.5)m Wit 3500 ~5) +{1.0— W )}Sin) B
{B.5)  if whe weighting factory are obisined from wible BT, par

13



TaMERH,  ValURLOF THE ST amiraih FuscTion MR CALCLLATHONOF THE ToulP REPEprnCE
FOR. [NCARECT EETTRATEY OF AL T RIRVIYO R

Ay P A Sy A i ip Sl rr il

: % 4 w4 ¥ 1 & ¥

. T FLI¥MD M 097 L — 0,143 L N— 0274 6 I F}Y

b R 0. FMy Mo BTk E | S - i [} A L)L 7 147}

H...oooneen. L[ | AU T4 ... . arh . J . 305 L I a4

. (2 - frirea L | — . Q.15 9. B.321 L N k518

L | I [ L LIS LAl ... a1 ol 1338 | S [ 52

M. 1.0k N_...... 1.0 Sl [kl [Fa3 bl............. LX56 ) [k 545

L | S 1. Dk al. ... i1.11% k... ... o1l Bl LRI T I 555

L | T £ 6} . .3 1 T rlrk] | L_x N (LR L Mo iy

Mo 1L L LINE s} .- @245 . Al Mo 2%

b L A | L L 0134 A h25% 1. TR 43| - T Q4T

(b). In boih cases, 5in) slaepds for the proponicn of timi={n + 0TI =—puin )1 20 (B.9)
deols in the ags from v to A+44 whox

fu was alive al the tme of the mwlerview, A decision and

has 1o he made whether kr pee 1he weighis given m wbie

87, pant (a), and hence squaton {B.3) or thos in mble almy= 03333 Int (o3, - 4]+ Z(M +A)4

87, par (b, aod bence equation (R8). In penscal, te

choice upon the estimated value of M il bt QDESHIT—M 4+ 75) (B. 1

ke than or squal 1o 35, part (s} should be used; il it
preaiér than 16, part (b) shoubd be osed,

. oodrulaion o mumber of yearr before the rurvey
o ﬁfch the norvd tﬂhﬂ?ﬂﬁn It can be shown
thnl il the bevel of monality i declining Encarty on the
logil scade [see chapter I, subseclion B.d), the survivor-
ship estimais obiained from orpbanhond deta are squal
W those prevalemt an specific ime perinds prior o he
sorvey and ibal the timw dgcation of thess petiods is
largely independent of the rate of the mopaliy
change.”® In sddition, when female mortality in aduli-
bood has & paliem fmilas o thal embadied by the gen-
erl sandurd (see chapler [, subsection B.d), the number
of years before the survey W which each ssiimale
derived from materoal orphanhood daw refers, denoted
by tin ). cam be sstimated ks

A= a{l0— sin])/2.0 {B.7)

where

uir)=0.3333 In{ o8, _) -+ Z(M +a)+ 00077 —M),
{b.8)

and the value of Z{M +n) is obaiged by intérpolating

Hewear |y in lable 38,

Edgpbe yhyan in chis case g8 o6 Iy the proportion
of respondenty in the age group (rom e — 5 10 8 +4 with
mairr alive, and that e ia the mid-point of te 10-year
age group being wonsidencd.

When dais on pakernal orphanhood are being wsed,
equations (B.7) and (B.8) becom:

LT

where Zix § is #ill obuined from table BE; 585, _, now
reppetend Lhe ion of respondents aged from
# =3 1 a4 with fether live; M in the mean sge of
Fethers at the ume of their children’s binth: A i the mid-
point of the age group considered; and 0075 o thres
quaniaes of & yeir have besn added 1o make allpwance
for tBe fact that a father must have boen alive afl the jme
of eoncepion, but nol necevarily &t ibe time of the binh
o’ his offsprim,

(i) A detoliad exomply

The data shown in whies B9 and %0 were collecied by
the Madional Demographic Survey carried oul in Bolivia
quring 19751 They are used here w illagirate the way in
which the srimabion of ferale adult morahity ¥ cammied
out yaing data on the matemal orphenhood s of
respered e,

Tubie 8% showa bodh the rasw dawn gavhersd by the -
vey and the proportions of respondenu whose mocher
was alive at the lime aof the inlerview. Mo thal th cabour

Taprn i, Framn on mLampm s L IR WO ETATYY AWD PROMMLTICNS
O AP Trord B Ty BTTH W Auve, Bopnea, 1975

P o S f o m
lﬂfl Al il A el Lo H
i) Lr] A1) ] e
LS9 __ 5 Salr il L #3252
Modd . _ 1005 54 ] AR
el 1 BB T k (L L]
I-Ho 154 = ¥ DTS
1+m . (1) | I 1 04731
- 1! 130 1 D
L Lh I Ma L 03544
L1 IO e I 13 ] 021145

1 Wi, . Behm and A Soliz, ap.
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Inting the Later figare, the number of respondens who
were classified i the cakgory of “utknown mazmal
D;glunhuﬂd satus” werk ignored. in the case of the
1975 survey in Bodwia, e numbees in the whknown
catcgory afe very sl and thewr imchugion in the
denominatods of the peoporions with awrviving mother
would not have slfecwed dee fnal results, Howswer,
beceuse greater levels of non-responsé may ooour, i i
imporiant 1 exclode the pon-responses when cakiulal-
mg the ioms with surviving mothér, A5 an exam-
ple, 530} is computed explicitly belinw:

SO0y = 36% /{305 + 1,240} = D228,

The computational prosedurt is descnbed below,
Step I enfrudanion of mean ape af maernily. Accordiog
be equaticn (B.3]:

t 1
M=% ali jBi{ ) ¥ Bii)

Frl (=]

where ail'} is the mid-poisl of sge group 7 and F0) s
the number of bapths o women in age graup ¢ . However,
i obain b comset estimake of (e mELH age A1 MBRT
iy, M, e binhs wied in ¢quation (B should be
clussified by spe of mother &t the tme the Binh
oocummed. In the present case, the afe reported by a
wouman is Lhal at the Lmet o thee imbeTvid sy aod it thil al
ihe lime of ke binth; some allowance miost be made For
this fxct. The simplest srategy it ta assume that births
are uniformly distnbored in Ome and with respect o
Fichher's age, FeacE, i RVETREE, WOHER WeM QX
meoriths younger al e ime af the ek dwy reported

than at the bme O Lhe ineraew, so aL for example,
the currenl age group spannoing exach ages §5-20 may be
codsidered 1w Span exact agss from 145 o 195 at the
ure the birlhs occurned, All subdequent ARe proups drk
sirnalaly affected. Therefore, the ceniral abi ) values w
bee vmed iny :p;:l].ring equation (B.3) are 17 inttend of
175 22 anstedd of 225, and so on, a5 shewn in column
{30 of Labbe %0,

Applying equaticn {B.3), M i5 calewlated as Idlows:

1
Bl M) = (ITHIZE)+ (20A08) . - 4

1=1

IR = 50,526

and

> B(iy=1753
=1

A = 505401, 753 =28 8.

Siep 1 ralculmtion of weighning facior Since daia on
malermal ame  being  considerad, the
appropriak weights, Wia), arc obmined by intcrpoia-
ing lincarly (sce monex 1¥) beiween the valwes given in
abiz RS valuz of M 2 288 yeurs, so the wetghts in
the columns Isbelled 18" and "™ sre osed as
extremes in the inkerpolation. For all vahues of &, the
interpolation fetor 8 is

B = (2025819 - 28)=0.2.

Therelors, to obinin B35, fer example, the valoes for
# = 15 appeaning under the colemns for M sqoal 1o 28
and 2% of Gable B are weighwed by @ and (1 —9),
respecuvely, welding

W5 021128 +0.8¢1 2700 = 12416,

The compler: &t of Bin] vilues comsponding o A
= 284 it shewn in colutivn O3 ol e 201

Xep 30 calvulatian of howvorship proboabdifiier, Onee
the weighting fackors oo nding to the okserved A
have becn caloidaied, the valoes of fr (25 8 )/ (25) ane
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mmlpul:ed ag indiceted fry cquation (B4). Tabk i tum-
muarizes these compuisieons, This tble also shows the
morialicy level in the Cosle-Demeny West family of
nuodel Jife 1whiey ansociated with cach survivorship @uo.
These kevels were cakoplaicd by imicrpolating linearly
betwmen the values given i lable 200 (se¢ annex V).
They provide 3 weful index for cxamioing the con-
gstency of the survivership ratios themsebres.

As an crample, the calculaton of the kevel conmstent
with the sslimane] 1 {-E.,'E}-"J';{H} i5 cammied ol below in
detail. The valoe of [ (650 {25} according 1 table )
is 0.604. The colume "85 of tablke 210 in annex
¥l ig thea used 13 locate the o values that brackey the
ecstimated viabue, They are 055183, comepmnding w
kevel 13; and Q60580 cormesponding o kevel 14, Hener,
the famrpolanon fackor & is

6= [D6M00 — L SE1E3) /(060583 — O SR 133 = 002
and the estimated level is
(R9IN 14) +{HOEW 1 3= 1352,

The compleke set of mortality kvels is shown s column
{1 of wmble 91,

4 coloulofion of munber of pears Before the mwrvey
I which the nurv o exfimtter refer. The reference
perind of esch of the slimaes chtyned in e pravinus
s, denvaked by rin ), is cabeplated from o5, s, the pp-
paraon of respandenis aged From r =3 o on +4 whose
msbeer was alive a che Gime of the interview. These pro-
porioos 4t celcubated by Jividing the aumber of
respondentt wath supniving molher o te owo adjaceni
age groups frond & —5 foow —1 and from & do & +4d by
the sum of the number of respondents in bath age
i!_mu;s who pravided information on mother’s survival

o examphe,

¥ o= {3,995 + 2, 886) /(1,995 + L% +
S+ = DB .

The complele sel of |5, _; values i shown in column
{Zhol abdz 2.

Becpure the dawe 0 hend refer 10 marernal n-
hood, equaittions (B.7) and {B.8) arc usd in calcubating

i{n). Iosep 1, M was found o be oqual o 288 years.
Therefore, the values of ¥ = M +n range from 488 o
188, increaging in steps of five yeers. The standard fonc-
o, Zix), for cakulaion of the rlorence penod, i
abiained for these values by linsar imerpolativn within
table 84, Motz that becaust the @ble does not cover the
range -1 the it Z value calculared is Z(7T3.8) Thus,
Z{53.5hm obumned as

Z{53E)= 02Z (53} +08Z(54)= 0.H0.27 14
O B0 345 = 6242,

Al Z(c) valuss are grven i calomin (4) oF tabie 92
Using these walues snd ubstiuung those of w®, _5, M
and A m Sgqoation (BA), one obtan the se of values for
the copreciron function, e (e ), piven in cojunn (3} of the
apme inble, To ilusirare e procedure lojlowed, (30} B
calculabed bebaw:

W 30) =0.3333 In,5 8 1o + Z({56.8) + 0,005 — 1.2}
= 03330 Inf 0. T )+ 0. 18 —Qup0s T
=143

Then, wipg squaian (B.T), 1in ] is cakulated for cach
case. Conlinuing with the illustralion of the case # =30,

L3 = {1 —0:2141)/2= L1 B.

The survey in Bolivia was camied oul beiwern 15
June aed 31 Ckelober 1973, 53 the mid-poiol of thal
pericd may be coasidered s refereoce date. The sim-

way of cb@iniog the decimal equivalent of the
mid-peried date is by mmmmﬁ the end-poiois inte
decimal equivalens and Gnding heir mean, Thus, 13
June 1975, is equivalenl 1o 1597545 (the number of days
from | ] to 13 Jupe, boih included, being 166
amd 166/36% = 045 and 31 Ocwober 1975 is equivakent
ko 197581, 50 that the desiced mean is 197554, There-
tare, the I {55}/ (25) cslimate Listed in table 91 refers
approximalely (o 118 years before 39756, that i, to
IBELE The set of reference dates mnd the West
mortality fevels dmociwied with them are thown in
columns (7] and (B), especnvely, of ble 92,

Takl B4}  E3TiadaTal OF HulE REFERENCE FERIGDE FDR AL YTVORSHIF EFTRG AT EY CER |VED FATW
MBI AL LA G BraTa, Bty 1975

R Eompe of

Fmglpny'
»r o o g
aF r rh ___MI
b | . F1N:) 1.180
L T ].1 1] xR .27
M. el il | »na TAIE
b [ T B3 18 1407
| AL 1711 E5LY
... ukel- T T

Cprrartia w Wy

ey g [ i

.. .| . 4 m

1. 1408 B.B 1910 [1E ]
LINRSFS 11 PE. 1 LN
11143 T (LN 1%
a.05 13.2 |k 154
i 141 I3a]. A 135
Hi5d 1.1k 1504 13.0
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I is worth meenlioning thar the estimates obteined
fom matemna]l orphanhond dals refer, when adule mor-
laliy bas been changing steadily. o perwdts between &
and L3 years prior io the survey. When judged with
respect 10 thess ewimaied dates, the mortaliny levels
ablaned n the previous sep secim less sasfaclory than
at et xght The ¢slimates wnply thal femete adull mor-
labity sn Bobives el by ap aveeege of one monality level
per annum durng the rriﬂd 1G60- 1065 1L iz difficult to
betieve thal such rapid gains in & supeciancy coald
atwally have taken place. Funher, the stmilanty of the
Kvels cormesponding u the two mest recend peridds s
suspect. 1 suggests thal sven up o age groups 20-24 and
2525 (he adeption effect may be bissing the survivor-
ship estimaies upward. T what cxieet such an effect is
abg operanpg at ages 3034 and 35-39 s difficult to
asceriain, hut the possibility thal the esimates for 1962-
I%d ray alsn be subject 1o an undesirable posilive bias
must be bome in mind. From these briel comments o
Iranspires Lthat i data for Bolivia may nol be as con-
sisteat a5 ape would desire, and thadt funher analysis and
additional, independent evidence may be necessary
gsrahbish with a greater degree ol cerlamly the moriality
Levels oy which the femele papulation of Bolivia has
heen subygeen.

) Meroof beted o an et fered by WsiNg FEgrALRION

[} e e

The data required to appdy ihis method in the case of
watemal orphanhood are exacly dhe same es (hoss
neeced for the Brass methnd (ses sutsection B2 (hy dix;
however, na regression method has been developed for
the esimanon of miale monalny frem data on paleroal
orphanhood, The dila rquirsd are:

f@ 1 The proportion H respoadents whise anether wis
alive al the time of the inlerview, clasafied by fve-year
sge group. The reported proportion in the age group
Iramom tood + 9 s denoled by S ).

(&) The number of children bom dunng a given year,
clasafied by five-year age groap af mother These daw
afloow the gsumanan of M. the mean age ol mothers ac
the barth of & pameculas groun of childoen.

() Computipriona procedenr

The folbowing seeps are required in the computational
prroweda e

Siep I- calewlpnion of mean age ar moierity. This ste
o5 ichendaeal 1o thetl described in sulbsecieon B2 ¢B) finh. 1L
i mnr desoribed again here.

Stap 2! caleudanon of surwivorship probebiliies  Usang
the values of U coe kients afr )y, 0] amd cin ) shawn
in isble 93, female survivorship  probabilines are
obmined by substiuting ihese velues in the fdlowing
EiuAlion:

L{Z5+nip(2i)= aln ) +a(n M +cln pSie — 3
(B

wheré M it the mean age of mothers a1 the birth of their
children: and Sio =51 s the propartion of respondents
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TablE 7. CCEETRCIEMTS FOE, PATIMANCH b FEsasLE SLIRFIRORSHRF
rEpEANILIIES FROM AGE 25 FROM PRGMHETIONS WITH SWEYIN|HQ

LHATHER.

T e
Mo W T S
Moo, -0 11 10l 20 | QE05
b1 I 01147 Qnmn a1
m =0 7108 ool | DKl
E —d1 4155 03411 | 04T}
L T = 1k a0 | B 1E
b — 0 a3d5g |.1TER
0 —0a0dl 01744 | 454

Eslimalsin nywalim:
L5 4 B2 1= @i L in | St e -0

in the ags group frem & =5 o n — [ whose meiber was
alive at the fome of the interview.

Motz sheubd be taken that this meibod permits the
esumation of female survivorship only. Mo repression
method has been developed 1o estimate male survivor-
ship, so iF partmal orphanhood daa are available, the
original Brass meéthod hes Io be used.

I should also be pointed out that the comdiional
probabilities of survivorship oblsined by using his
milhid dix pow, by thtmselves, define a complsie life
tabk. undest une can assme thal the monality patlero
ol the population studied & identical 1o that of some
model s¢1 &f il lables, When informalion on child mor-
waliny is available, he wehnigues descnbed in chapler ¥
cih be vsad 60 constracl & life 1able that doss nod depend
wpin such a resinodve asumplon.

Yrep 3; calcufation of number &f pears btefore the Turvey
o miicA the survvorship esninurtes refer. In cases where
aduft mortaliy hes beeo cheoging regularly during the
15 or 10 years eding the survey (thai is, the change
has been linear on the logil scale), estimates of the e
12 which cach of the survivorship probabilities obained
in the previous step refers, denoted by e{a ), can be cal-
culated by means of the fellowing equations:

win ) — QX333 In Bin - 51+ (M 1 2514

O.003727 - M) {H.121

amd

k=g —2 310 -pin)) 20 {B.13}
whetre S(n —3) 15 the proporlion of respondents aged
fideree S =3 b M — | whiode moiher was alive a0 Che 1ime
of the sorvey: M (5 che mesn gge of mohers a1 (he Lime
of the banh of cheir children; & =25 15 & rough indwaiy
of the mean age of respondenis; aod Zix}is 8 standard
funcion of age whose values in any given case can be
obdained ? interpalating between the values [isicd in
table EE. Sidctly speaking, the eslimutes yielded by
equnlions (B.12) and (B.13} when the Z(x) valuey of
fable 89 arc used as ioput arc Bagtd on Lhe asempion
that female adull morality i the papolaion being siud.
icd has @ wrnler patterm o hit embeodeed by ihe generat
stancdard (oee chaprer |, subsection B.dy In praclice.



howeser, the onpact of deviatios from this assumpion
i ondikady 1o be , &t leasl in comparison with the
e m:.]II the Erln:lr!:sunum of dévintions fram U
apumed linear rend followed by adul morisky
champes aver lime,

fikid A dewailed seomipls

The application of the regression method is ilhustrated
bebow By again wing the dats for Bolivia presenied in
wabsection B2 (b {iii) (see whie 89),

Step 1. colowlafion of owan ape & materniiy Refer 1o
step | of subsection B2 (b {iii), where the mean age of
nivthers al maternity, M, was stlimaked a5 288 years for
Baobivien wimen,

Step 1! calewlalion of turivertup prodabéliner Tabbe
S suyminarizes the caliulations needed W0 estimale these
protabilitey, It shows thal the applicaticn of equalion
{B.11) is straightforward end het the estimation proges
is very simple. Once again, the morntality level conniajenl
with cach aurvivorship ratio in e West lamily of model
lif= wides bes been by interpolsting in table
710 in annex VI {sce siep 3 of subsectron B.2 (B) (iii}}.
Motr thal for & value of A under 40, the survivarship
olimates obiained by whis method arc very similar o
those oblained by the Brass procedure (sec abie 91)
For valuss of & of H} and over, however, Lthe differences
increane with A ; for these ages, the regresaion-based exti-
mukca would probably ba prelierable.

Suep 1 rolrulstion of mewber of years before the nurry
tn whish ter surWivonhip soimaier . AE snled by
crquations (B.12} and {B.13), 1hr valwes of Lhis neltrence
period, dented by ¢(r), depend in this casc upon the
obecrved propontions not orphaned in cach frve-year age

group, Si{a — 55 They ane sbown i ooluhin {2) ol mble
05, The valees of Z(x) for x rang from 453w 763
i seeps ol fve At obti by lerpoladng
linearty betwsen the values Ented in whie 83, For exam-
ple, Z(545.3) is obtained &

Zi56.3)= BTZ{56)+0.32167)=
0.7(0.452) +0.30.473)= 0450,

Since the vahues Hiied In wbic 83 do nol covir the age
range from 76 o 77, limesr cxmapolation wes awd o
calculute Zi76.3) The st of Zix) valots B
shovwn in column (4 of table 35, Using squauon {B.12)
arvd these values 23 input, the 321 of § 00 ) vRIUES can b
calculeted, For example,

u (40 = 03333 In $(35)+ Z(66.3)+0.0057{27.0— 28.)
= 03377 In (037370458 « Q.0067
=0.2061,

80 it
r{aly= {17 5K 1002661372 0m 138,

The complete st of {4} valuen, the pumber of years
prier 1o the survey (o which 2ach purvivorship sthmake
refers, i herwn in colunn (68) of able 83, Since the bar-
vey relenence dawe it 197546, tese 1ln ) ettmabes can be
uansformed o dawts by subraction, the resulu being
shovwth in cohburen (7) of wide 35, The Wes monality Jey-
cks implied by cach aundvorship cstimate ame also showmn
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m Wbk 95 to facililae compansons and aszessment,
Mok thay, as already pointed cut in swhseclion B2 (b}
(i), the pace of the mortalily change implied by these
csumates belgrean (990 and N6 seems implausibly
rapid, It is alwo clear that the relatively low monality
appociared with values of m of 20, 25 and S0 are suspect,
thal For 50 becmuse 1l doca ool conform with the trend of
the real, and those for 20 eod 25 because they imply 2
faidy impertent decline in montality from mid- 194 1
1566, compared with & very moderale decline in pre-
vious years, 1115 very likely whal the sareivorship esli-
mukes for 1 values of 20 and X2 are tiased opward by
the adoption =Nect and that the aurvivarship rato for a
of 5 i distoned both by overreporting of age and by
merepariang af wauknel survival

{d) Lhe o data froms hee mureeys

One of tbe problerns feced when eMimnaliog edult sur-
viviorship probabilities from date on the survival of
parents i= that il morizkity bas been changing, fhe £
maws refer io some faidy distanl point in e pasi. I,
however, informaton of orpheohood hes been collecied
by rwo cemuses o surveys and the pericd berween them
is & muliiple of Bve years, cohorts from the fra census
can be idenufizd mt the s¢cond, and srvivership proba-
bikities applicabde 1o e metsarvey period can be
catimated from  the  constascied  proporions  nol
orpkansd for & hypolbtucal intersucvey cohorl of
espondénts, L 35 eiauaned. of cousrse, that migraton
does mod affect sither 21 of proporions nol crphaned
wnd that ne reladonshim exisis beiwssen the monality of
the respondentt ared that of their mathers. IF the pericd
between the bwo urveys i3 ol a multiple of five yoars, a
sct of proporlions ool orphareed for & swlable point in
time ::.-Tm somvé clroumstanees, be estimaled by inter-
polation betorcen or extripolation beyond the ohaerqed
-8

(i) Dt roguised

The fiollowing dals are required fer this method:

{2} The proponion of respondeots with surviving
medher ip ench five-year age group from # to n +49 for
rwo poinis Ave or 10 years apart, dencted by Sir, 1) for
the Hral servey and $ix, 2] for the scoomd;

(8} The number of births in & year cacated by fe-
year age group of mether [rom one of the surveys {and
preferably from bath) or for some yoar in e inersurvey
period.

(i) Computaliona procedure

The steps of the computational procedure 4= given
beiow.

Sten | eafeulmtiowr of mean oge ar mterniiy, See the
deseription of step | given in subsection B3 (b (i) I
the dala required for the calculation of the mékn age,
M, ot available from both surveys, M can be calcu-
tated for both, and the average can be used in the
acalysis, IT the required data are availeble for only one
of U twi supveys, of For some intermediate point, then
the valoe of M obtained for thal point should be osed,

Erep 10 ealvulation of propociions nol orphaned for o
fypochenical intersurwy cohon ., The ton-
cepd of 8 hypothedical eohort has alrtady been discvased,
and other uges of il Eppear in chapers 11 and 31 The
procedure Followed in calculating the proportons oo
orplined among & hypothetical inersurvey cobort of
respendents depends upon the lenglh of Lhe interval
berween the sorveys, which is denoted by T. The value
of T should be a muliple of five, 5o thal the sarvivors of
a sandard Bve.year age group al the rarlicr survey can
be icdentifed a3 belonging to & standard Gve-year mge
group an the second survey. IF oo demotes by Sin, 1)
the proportion of pereens in the age group from # (@
n +4 whose mother was alive 8i Lhe ime of the fint fur-
vey and by S(n + T, 2} the equivalenl propariion al the
second survey, then S{n + T. 1) is the proporticn oot
grphaned &t the second survey among the survivors of
those whose praportion nod orphaned st Lbe frsl aurvey
wis Fim, I). Using ths nedareon, and assuming that T is
& muilple of Bve, the proporions a orphaned for 4
hypotheticz! iniersurvey cohorl, 5(#, ), are ohtained s
Folbows:

Sin.2)=8{n. 1) formn< T (b.14)
Sin. =5 —T. 11 S{n, 2iStn —T. 1} form a7

a1

FadE P CanculadiKid OF SO MIRTLIONS pOT CRHHANED FOR o MY POTHETICAL
INTERSURYEY COHONT. COSTRLCTED R MIMLE

FraguTa o e e e ae—n
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Brep 3 colewfaiion of nraverthip fivier. Omoe
the proponions et (rphaned for the hypothetical cohon
have heen caloulated, suevivorship probabilives sre
obiaioed from shem and from the meln age »l maler-
nily, M, csumated in ep 1 by using either the Brags of
the mpression method {so¢ submectons B.2 (B) iy and
B.2 {c} i1}y The survivorship probabilities obtained
from hypehetical-cohort data shoukd reflect adull mor-
tatity bevels dunng the inlersurvey period. so there s no
nead in ihis case o ssiimate the reference period, ein ),
1o whith £ach eslimale refers.

{iii} A derailed exomple

The only difference in the applicatians jusi described
and the intersarvey methodd lies in (e caleutalion of e
proporiions with survnving mother in 8 hypoheucal
cohort. Thus, a construcied ¢xample of the way in which
L calculeie thest proportions (sicp 1) i given in tabk
%. Column (3) thows the propodions not onphaned a1
e Arst Jnfvey, clastified by Bve-year age proop; amd
cohumn (4} shows the comesponding proporisng st the
second survey.

Cotumn {¥) shows the hypoibetical-cobon proportions
not orphaned for ao intersarvey penod of Ave years. To
iliusirate, the valos for age gooap (319, O3S, &
obtained as fellows (From squations (B, 14) and {(B. 151

S403, 0y =091440.505 /0 881}~ 0.B35.

0 may by menbonsd thal this valke may also be
obisioed by

S{15, £1= 5(0. 21505, 235010, 258015, Iy
S0, 1SS, 110, )=
{0.FT0K0 350 RSN B
(0 B60%0 F2S K081 = D RIS,

Columo (6) shows the hvpotbetwal-cohorl propoanions
veiat grphaned fior an imiesanvey penod of 10 years. The
value v ape p 20224, 0,738, is abainsd a9 follows
{from equations (B.19} and [B (3K

SWd0, 5 pz= S0, 5 1520, 25010, 1=
{0,900} 0. 7200 B8 1= 1739,

Agan this vadue may be oblained by

SO0, 1= 50, DSOI0 D50, 2050, DS, 1)

= (09700595 K0 120} (0. M50 K AR | j— D730,

Interaurvey adult survivorship probabilities, allowng
fow both mortality and ferility change (F M cin be cal-
culaied from date at the beginming and af 1the end of the
inkrsurvey perind) can now be obtained by applyieg
sither the Brass or the regression mothed w the

hypotbstics|-cohen proportions not orphansd {3¢e suh-
secticng B2 (b () end B {o) (i}

E1ih

3. Eiimation of acwlt sereiworship
based an proporiong widewed

(a)  Baxis of method and iF rationale

The proporions of ever-mamed persens dlasifed by
ape whos first spowse s slill alive can be used Lo exli-
mate adull survivorship probabiliies in much fhe same
way as the proporlions not orphaned can be 50 wed. In
ke case of widowhood, an additional possebbily exiMs
hecause the sver-marmed respondsnts can e claasified
by dusatien of marmiage. In order to enseré Jhal there
shall be only ane pesson ar sk of dying per respondenl
and 1o minires the problems arisiog because of remar-
riage, the daia eolkected shonbd refer only (o the survival
of ihe firsl spouse of &xch reapondent Henoe, the meas-
ure of duration required is the (me dapsed since he
respondents st union. Classilwaton of the daca b
duradion of firsl mamage hat the methodological advan-
tape of establiching directly the lengeh of suposure 10 1he
risk of dying oI the Aapouse; and il mey have 3 very real
practical advaniage in some party of she workd, where
dormtion of marrage appears o be mwae accurately
reporied than age- Wheno daa are clasafied by age, ihe
Iength of exposure to the nth of dying hes to e
estimated fom the cumenl &ge of 1he reapondent and a
measure of the aveeags age a1 marriage of afl respon-
denis.

The esumauen of adull monelity besed on in-
Fwmation abou! widowiood sratus has severzl advan.
tages over that based on the orphenhood statws of
respondents. Since only firsl marmiages are being <on-
sigened, there in in all cases only one respandent for each
wargel n. Further, no lype of adoption effect is
likely to affect this type of dala, sa proporions nil
widowed for the shorer average saposure periods may
produce acceplable survivorship citimates refermng o
eppe recent pericds which are generally thuse of gredler
imwerest. Lastly, eapericnce sugpests (hat becawuse the
mwst eliable nformalion about survival of firsl spouss
i proviged by women, these methods ide a fairly

etand of estimalng male adull mortality, the es-
manon of which from daia on patemal orphaohood s
the weakesl hath from a melhodoiogical powsl of view
and Far reasons related 0 data quality.

However, this estimation 'method sharss several of the
disadvaoiages aszocaied with those besed on orphen-
bocd. Ones more, the vmiverse 0 which the ssimaied
survival probabilities efer s o the énbire populadion:
in this case, they refier only i the ever-marned portion
of at, Y&l i coundngs where almost universal memiage
15 Lhe rule, the Brasas that may be indroduced by assom-
g, thal weaciadny risks amang the never-mamied are
sirmilar u thoge esamaned fos Lthe ever-mamied are likely
1> b small. A second disadvantage oF this melhod is thai
it assumes |hat moraliy and poepeatiny heve remained
constanl i the recenl pasi and that the sunvival of the
repondent & oandependent of that of his or ber spouse,
assumpiions that are pot dikely 1 hold suicdy in prac-
lict- in wddilion, a disadventage specific b widowheod
data clagafied by age 15 that the length of caposure to
the misk of dring ol & retpondent’s Brst spouse has 1o be



estimated from the regpondent’s age and frm w EEm-
mary meature of ape ol frst mamiege. thus inbreducing
yet anoiher level of spproximation. Lasily, in terms of
data quality, it is hkely that in ceses where the respan-
dent has remarried and shames 2 houschold wath the new
spouse, the inseryiewer may neghesi o usk explicitly the
question about servivarship of the frst spouse.

There s ke that dhe analyst can do b minimize the
negative effects of sofae of these disadvaniages on the
final estimales of Aurvivorship, With regpeit te dala
qualily, it is obvipualy importani bo meake ture that 1he
mlerviewer undervands the concepls being used and
avords mistakes such as thal cited above The ssomp-
tico of constant mertality has been relaaed by the wark
of Brass mnd Hlmg_l'rujr:,"" who propose & methed to
calimate the time rekrence of the sorvivorbap probabal-
ities derived Irom data on widowhood. OF coure, [he
change of mortality zssumed in derivig reference

iod estimaies does ool represent &l posible paperns
of change, bui it is geoeral enough w be adequate in
mod CirCumsLances,

The assumpion of constant numliily in e past Gan
be relaxed if the mean ages of nbent apd
theit spouses al firsl merriage are estimated for sach nge

or marmage-duration group of mspondents. Tn awch &
case, the SMAM, and SMAM, vilues appearing in
cquations (B.1THB.26} should be replaced by age o
durntion-specific values (mxordmg 1o ke repondents’
age group being weed) This approsch 5 possible
relinbie data on the reimapective marriage bistory of the
population under Mudy are availabde.

This inoduciony sacifon may be concluded by point-
ing oul that the widowhood methods prescnied in this
chiphcy represeni recent revisions of the precedurcs st
|:|=|'|:i|:|||:|:'..|:||f|lIl ty Hill" aod lawee revised by Hill and
Truasedl.

b} Wiknehood dita clagnified by ape

(1) Deto regquired

This teethed p2eks (0 extimale male (female} proba-
batities. of surviving (rom agpe 20 10 age w from the fol-
hrwing dain:

(o} The odaerved cingulate mean agra al mamiage for
men (SMAM ) ad (or women (SMAM) For a
descripion of the way in which o ssumale thése ages
from the proportions single classified by ags, sée anmea
I. Tir zaiculate the proportons single in sach age
the hasic daia required are; the tolal male (Emake)

pulation; and the male (female) populaton singhe.
both classificd by five-year ags grovp,

(d) The proportico of sver-mamied wromen (mend m
cach fve-year age group whose Grst busband {wvife) was
glive al the time of the inkerview The proporion of

denis aged from n W o 44 with ficn spouse alive
is deeoted by NWn), Moo than the set of proponions

Wow. Brew and E. A Bempbuyt, op. o

"V k. Hll, "Estimmting adult monasiny kevels o information on
widcmheaindl"!, Papulanon Stacker, w1, R& X1 Na. 1 (Wanch 1977, pp.
yxn

M4 Hill And J. Truscedl, dor o,

Il

nonewidowed, WW{x], can be obtaincd by baving as
inpul any two of the fodlowing: (e} the number of
respondents whose Brst spowse was alive al the ume of
the inkerview clesified by Bve-year age group; (0 the
number of cegpondents whose firsl spouse was dead
classified by Ave-ycar age groop, and (¢} Lhe dodal
number of ever-marmied repondents who declared the
sunavorship sttus oF ther frse spocse, alio classified by
five-yoar ege group. Since catdpory (c ] is supposed o be
the sum of the rsl two. il is iImportant to meke sore that
i excludes all resposdents who did nod know or did ool
declare the survivorship status of their first spoase.

(i) Cowrphifeiicnsy procedure

The stera of the compulstonil procedure are
described below.

Srep 1 oodoudotion of propontions s widowed  The piro-
porion of female (make) respondenty oH widowed in
the age proup from o koo +4, denoted by KW(R) B
equal W the ratio of female {male) re enks aped
from A o A -44 whose Eret husband (wale) wes klive st
the time of the imterview and the ol nomber of ever
mamied Eemale (male) respondents aged (Tfom o wr +4
who declarsd the survivorship status of tbeir fimt hus-
band [wilz). Sioce the laiter figurs equals the rum of the
femake [(moale) respordentc aged From & 1o m 44 wdth
first huoband (wibe) slive god those of the same age
group with firsl husband {wilc} desd, Xoowledgs of only
these i calcparies of respondenis is sulficieol to calou-
late the desired proporions.

In owder to @slimake sorvivorship probabilides for
makes, (he method requires ther the propontions of
iemalkes pot widowed be kocwno, while knowlkedge of the
male proportops Bot widowsd i3 necessary to sglimabe
female supvivorship probahilities.

Shep I colndfemion of sipgulate teeaw a0 @ meriiage for
MMJWFmademipﬁmnllhEprm
cedure requited 1o calewlaw the singulale mean ege Al
roarfags, SMAM, wme snnen T Both values are peges-
sary when eximalng either male or femals survivoship
E::hhililiﬂ from widowhood data classified By age.

bandices £ aed M oare uesd i distinguich the values
referming w fermades from those relierring oo meles.

Srep I edfewiovion of swweorthip wsbabifties. The
relationsbip between 1he vaniatdes calcolaied io the pre-
vious steps and certein protabilitiss of surviveship was
esiabdished by using least-squares regréssion to fit 1he
lollowing oquations:

[ (R 1 Fy (201= ain p+irin ) SMAM; +
cin) SMAM, +d{n} NWeix - 3}
fim 104, F200 T wrim )+ bl ) SMES My +

cin] SMAM_ +din} NW, {n} (.16}
bo data pederated by wing model moctaliry and nupal-
ity schedules (see chapier 1). The estimated wgresaon

coeficients 2in), Bia)L c(n) and Jir} are dhown, for
cdch valve of X, in tables 97 angd 98, Alsy shiown in exch
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Euimaninn equation:

Irtn ].-'Iﬂ!ﬂ]: o[m )+ b0 1Ema H.I' +Ein1TMHEM | 4o [N )

able it the eimalion eyuation k2 bt wsed incach case,
Mok that according o table 97 male servivorship prob-
abibivey are stmalsd by usng & inpul the propoTiions
of notewadowsd females, while sccording 10 b= 99
fersake survivorship probahililie: gre suimaied from the
obstrved proporions of non-widowed male.

Step #: codrrdation of mender of pears bifore the murvey
fo wiick nons fp exlimclies refer IR CRits WREM Mr-
wlity has been chaogiog regulascly (hat is, when e
champe can be asumed 10 be lintar oo the bogit scale)
duning the 1% or X preceding the survey, estimates
of the time, denoted by f(n ), b0 which each of the sur-
vivorship probabdities obiaioed in the previous siep
refers can be calculaled by using the (Dllowang cqua-
1Hns:

Ma ()= 03330 bn MW (n — 534
Z{SMAM,, +n 1.5 SMAM; )

+ON2T.O— SMAM,, } (B.17)
fminh= (4 —25 —SMAM, K10 —u (31720 (D18
o
My ()= BR33N3 In MELLm)+
Z{SMAM; 4n +15~SMAM, }
+O00ITITO— SALM, ) (B 1%
bpid= o+ 15— SMAM 1 L0—w (n)1/20 (BN

I

Equeticns (B.1T) and {B.1E) gre w be wed when the
£stimated survivarshi bilities refer 10 aneples, while
equaticns (B.1%) anclp 20 are 13 be ased when they
refer o lemales. Mote that the form of these s of two
cquetions is cssentially the same, wilh the sobindices
indicaling the sea falcgory reversed. In both cases
(males and females), uﬁf QUEnILY & =35 = SMAM is
uszd a5 an indicater of the mean duralon of first mas-
ringe of mspondents aged from a to & +4, and the
valuss of the standard Tuncton Zix) are obtained by
interpolating lincarly bebween those lsted i tabde BE. Ag
the deleiled example Olustrates, the oee ol these eque-
vons is simple; and the biming cstimates they yiekd,
though ol ¢xact, are adequate indicasoes of the refer-
eoct pericds o which survivorship probabilities apply, il
the change in morality his been fairdy steady and
smoesh,

tin} A defatled example

Comindersd bere is the case of ever-martied women
who were questioned aboon the sarvival saiez of beir
first husband doring the Matignal Demographic Survey
of Bodivia, carmeed oul betwoesn 15 June snd 31 Oclober
19751 Daua gathered By this sarvey have already been
used 1o illusiruting the application of the estimadion
metthind Baged on the ommban Az of reapon dents.

The swps of the compuialionad procedurs are given
bl

Erep 1 colewdodion of propoetions nol wicowed, Tablk: %9
shaws the taw data gathered by the sunvey snd he peo-

5 . i, H. Behm and A Saliz, o o).



TABE 7. Evii-slnARING PR P FOPLLSTION ADD NLAEER OF Wil
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e Man th L N
MN-M..._ 117 L | 1.579E
W29 ... 1M1 4| LU
MM, 1376 6l 19514
NN 1454 [Pl 431
a0 115 41 E135
L L= 113 2kt EI%2
2L irl! 228 M
1N LY n {450

porticna of ever-monmitd women whose hibands were
il mhive ut the tme of the interdiew, NW(r} In com-
puling thers proponiices, the denominetor used i the
number ol sver-marricd women rather thao all women
and there wore o0 caser of on- naz, The

tions AW;{n] shawn o column {4) arc oblained
dividing sumher of woroen with fisl hosband dead
{appearing in colamn (7) of mbie 99} by the number of
evep-marring women reporting frkt husbaod's survivor-
ghip siany {list=d in colume (1)) and sublrecling Lhe
result from 100 Thos, MWy (25) & caloulated a5

NW, {251= LO—41/1,515)= 1.0—0.0211 = 09729,

2> caloviotion of ningpdate marTiage
MWMMMFN a ﬂ!m uplfn:mn nl’g

way in which o calculane the necessary SMAM values,
s annex 1. In the case of Bolivia m 1973, thea valus
are. SMAM, = 153 years, and SMAM, = 13.2 years.

Seep J: calcubpion of suriworthip probobulitier for maler.
Lising the coeffcents shown in wgtHe 97 and applying
the verston of aquation (B L6 appearisg in this able
with SMAM = 132 yerrs, SMAM, = 253 years, and
the observed ions not widowed, NW;{n), e
survi protubilites sk in columas {6) of whie
100 are abtained. As an example, L (3070, (20) is calcu-
lebeed o]

L (3024, (200 = 00087 — (.01 18922 2}+ 000925 (253}
+ LH4 (0195
= I, K

Alsa shoorn m tabbe 100 {eatumn {11) are the monal-
iy levels wo which each sslimabed survivgrhip probabsl-
ity coreiponds in the Coals.Demeny West family of
el lile tables. These levels are obtained by in
laning limearly betwesn the values lisked in whie 226 {see
annex Y1), Sew sep 3 of subacction B2 (b {1ii) for a
Jewiled example of the inberpolation procedore wied.

Sup £ cofcularion of sumber of pedre before the turpey
W whick the male hovivership probobilicies Rfer. Since
mak survivorship & being sstithabed, squatons (B.IT)
and (B8] s 1ned to calculate thy melerence penod,
dented by sir) Tabhe (07 shows the necetsary inpa

Tadd# G0 ESTTSALTHON OF WALE BURY YR P PR R L TTRES FI THPCOR M AT
DM LLRYIY AL OF FIRED Harids WD By 17715
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* Nusabect of yeu prisr ko ghe survey s which irvivusthip simate refer.
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information and some of e inkeToediatk resulis. The
obsrved propomions of femakes who were not widowed,
N (n ~ 3). arc lisied in column (1}, and the valucs of
(SMAM, + 0 —25—5SMAM, ) lo7 cach n are denoicd
by x4} and pre fisted in codumn 4 35). The fundlion £ &
cabkeulared for cach of these x, (r) valoss by interpolal-
ing 0 Lebde BB, Mole that the data for e tirst value af &,
I%, hawe heen excluded from tabke 100 becawses the tabu-
|mied wafues of Z do not cover the valwe of xi{25) =
15.6; and alihough corapolation i poasibbe, il leads to
an calimats nr.rtgi} thal 15 eganye, a chearly unaccep-
wble vuicomee. However, this resuli indwates Lthat in o
populativn where the femake singulale mean age al mar-
zge % 3 and iban of males is 25, an éstimate of the
male probability of surviving from age 200 1 sge 25
derived from reports of ever-married Rrrabes aged D2l
is likely o be Tairly poor, since @ sipeable proparticn of
the women n this BEe growg are mol pen marricd and the
mean expasurs 4o the nsk of dyiag ol ther busbends is
relatively shorl, Such on indicativn 15 ¢otrabaraned. in
this case. by the fact that the metafity level associated
with fp 250/ (N is quiu; cleady out of line with the
subseqund &40 mics {see vable 100).

Eetwrmng W ihe cabculanion of Z(x ), the procedure
lolloeed inoibe case of f = 45 is illsstresed. Firsd

Ay 5= 2534 450 25— 20.1= 444

then
Ly, (L6 = Q0L M0 + RS0 3T = 0 135,

Therefore, using equation (8.17),
2y, (45)= 03333 In NW-{40) + Z{44.6)4 L0317}
= D333 In g0 BTIE) + 135 + 110063
= [N6T
aned aceording 1o squation (818

(A5 (5.0 - 25~ PO 009620

=(F65) M XIF=4.7,

That iz, the estaimaele of A (4500 (200 which
corresponds to a Wear mortality level of 154, reler
appraximabehy 1o 8.7 years before the survey: and fince
the laner has as reference date 19756 (see step 4 of sub-
secpon B2 (B) Giii), the reference date Tor L (45370 {200
is 1 enc of 1966, as shown in column |7} of table 101
The moality kvels assaciated with the servivarship
prebabilitics obtained in the previogs step are Lisied in
tolumm (8} af abiz 10 to ablaw 2 quick assessment of
the mesuli obiained. It is worth wking noté thal. disre-
perding e las sstimake {5, (60}, (205, the wdull mor-
tality emd followed by L Gther estimates seems capid
though not impossible, implying & gain of some three
mortality kvels for approdimately 2.5 pears iy expecia-
tionm of life) duning 0 veaes of so. [T e ESlmaane -
ated with L q3a, (30} relerming W approxmately
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1963, is al=3 disreganded, the improvemen in adol mor
ality s more mudest (abowl one bevel) and perbaps
somewhat more plangble, U'nformunaety, the moralng
kvels that refer 1o pericdds comparebbe W Lthose already
canmated” for Bolivie fhoon macctoal orpliaashoad daga
[see cabbes 92 and 95y S ned quate mawch vhe lacer;, apd
al lhzwgh they reler to dilfecent sexes (the arphanhood
gilmales refer oy female mariahey, while those dasivedd
tere cormespond e malesh. the Aok of consistenoy
observed suggests that ai least e of these zels of s
males may be serousty deficien]. Although an this stge
i seems morr Iikely, given the trend they imply, that the
esiimales denved rom orphanhoad infonmeticn ace the
deficeent scl, furher evidence is required 4o make &
definite decisson.

b Widmwhood date olassified &y dnrhon of Arg morrnpe
(] Dalg eqeined
Male (er f2evak: ) probabalities of srvwng from age
010 ope A can alse be esimated Tom dan on st
ol Firsl spouse tahukiied by duroimn of maniage [meag-
wred as the e slrpsed simcd G umiony. 1 he specibic

daid meguired for the applicaucn of tis varam of (he
neehond are Fisted below;

() The observed sinpwlate mesn age al marriage,
SMAM  dor nwles {lemabesl. Thiv age i estimated from
e F‘m:||:tc‘:lr1:i|.'|||. ol "-inyr gl [ﬁ"malgs} in each live
vear age group. For a demled desenplion of the pro.
cedure used in estimating she gingulaie mean gge an
marmiage, sce annex | Obseree thar when widowhaod
daits are clasified by duradon of first marnage, only ane
value of SMAM is needed v cach vase: if mabe maniai-
ily is being estimaled from data liom feraale reapon-
dents, only the value of SMAM Tor males is required;
amnd wice warss!

(b} The proporlion of cver-marned women (men)
whose first hushands [wives) were alive al the Lime af the
interview. classibed by fve-year deraponool marng
group. These properions ane agam desated by NHL ),
where & now prestnts Lhe lower [imin of each duracion
group, that is. ¥H(RY is the propomion o widowed
among respondents Brsd mamried from & o &k + 4 rEAr
befote the survey. As in the case of dews classfied by
age. the propeorlicns aol wedowed can be caloulated
fram any two of the fallowwing. (o) the number of
respondents wihwose frsl spouse wak alive al the [one of
che interview classificd by fve-veer durabon groug: (]
the number o respandents whose first apous: was dead
a1 the time of the interview clamitied by five-year dues-
lirw groaup: (¢ b the tolal number o ever-manmied respon-
denls who declared the supavarshep states of sher fira
apowse. classified by Mveeyear dufation group. Since
cabegory [0 )iy supposed 1o be the sum of the Rrst o, i
i5 impariant than a1 exclude all respondents whoe Jil not
know or did aod declars the survivodship status af their
Birsd spause.

(i) Comporaiondd procediers

The sleps of the compustional procedurt  are
described below.

Sup I- odfrwkotion of proportions ol widowed pmosg



JSormvle fale} respomdents The propostion of female
{male} respordents nol widowed in the dutaion group
from & to k& + 4, denoted by Nk ] is equal 1o ibe
ratio of the number of femake (male) respondents fiesi
married from k 1ok + 4 years cerler whose first bus-
bamd f(wilet was slive gt the limes of the interview
divided by the total number of ever-mamiced femals
(naale) respondents jp the same duration group who
declared the survivarship suenas of their fisst husband
fwile).

Moie they male survivorship  probabalities  are
estimaled from  the poperions of nos-whlowed
femabes, wherega kemale survivorship probabilitics are
estimaned from male propartions not widcwsd.

Srgp 2 cifeasfation of UmFiaie MRt age A rarTage S
Mt xp. The necessary valoe of SMAM is calcu-
lated according o the dure described in wnnex |,
Node thal the velue of SMAM mquid o that
cormesponding ko the sex category for which survivorship
probabililica are being estimated,

Srep 30 cafesdarion of rurweardiip srobabilfries for maes

) When male moriality is being stimated, the
probability of survival from age 20 s telated 0 the
singulate meen agc ai meriage for males and the pro-
portion of women in a givén durmtion-olanamage proup
with 2 surviving Arst husband. The felliwing equation &
ved:

L {m ) U 2= ain )+ AAY SMAM, +oth) MW, {n ~1%)
(B.Z21

wherd afn) bir) and cda) o the coeficients shown in
table 102; and MW (n - 2% i¢ the proportion of women
im bt dutation grop from a =25 to s —2 1 having & s
vivang first hushand. A5 in the case of the method based
on data clussified by sge. the coeficients of &quanon
(B8.21) wers estimated by usiog Rast-aquares pegresion
L fit this squation wo data penermied from model morl-
iy aod nupladiny schedules (se¢ chapuer 11

An cquivalenl relakiod is used 1o cslimnte femals sur-
vival probabilitkbes, nemely,

frim 37ty (2= afor ) 4 e} SMA M, 4 rln) NH {n - 25}
(B_1

Tamr (] COCFALIFATI P ESTERARNN 1F CONOATIONAL kealE
I EMIYOATIH PROEARILYTIEY FROW THE walaliHOOD AT 4T LS OF FE.
WLALF PRI RGENTY, CLASHFRED Iy DU RATION OF MakRlaGE

i . . el
Darmen ey '

b - -4 — I IR LN | kS
L | I A =030k 1T .29
) 3 S 10-T4 =0 194 0 Ao (MR
| I LR -0 16%3 10d353 | AHFES
[ - T r, (W] —-0.1T%% 00T 1.0
“l. . 2519 oLITRT [HNEE |4 LIk
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where the mak rtiom ot widowed and (he femak
SMAM replace the (emake proporton nol witdowed anid
the ntale SAMAM of equaten (B2 ). Nale, bowever, that
the estimated regression coffficients 10 be used abso
chanpe; thess listed in Wble 107 are to be enployed in
esiemaling mak survivorship, whike those given in able
103 should be :mph:-md in cstimating the survivership
probabilitics for emakes.

TAME 1G], CCEFFICIENTE FOHL ESTIMATMHY OF ODMIHTRHNAL FEWALE
YT HUSHEF MR DS L TTEE F B THE W L0 WHOOHE 31aT0A £ walE
EAMCDEMTE CL USRI B By Dl THIM OF padk mivol

A _  tegoew
r Dorecian

T w.oO_w _ W
... o = X153 DNk | .1
M.o_ ... ig —. 1o D OGHH? 1 143
L | I 1014 —{.2e4} O DA 1.0061
... 1514 A1 200 LY i ekl 1.1
e Mo e -0 o () 28 1M
oo pLE-, ] A0 R0 L (Wi A5 1.5

Estamubion mouslion:
I_r:rl'|.-'.|'_|.-:2'|}:|=u'|:.r|'| + ﬁ-[.u].‘i'H.-IHJ.- + rinl N in =24

Srep £, oadcwlaticn of maonder of pears befere the Rrvey
o which mak mrewrrhip probabilicier refer, In cases
where morealiny has been changing cepularly dunng, the
15 or X) yeara preceding the Survey {ihar is, when ke
chenge v morskicy het baen roughly linear on the log
acale), estimates of twe Wme o which each of the sur-
vivarship probabilices obained in dhe previcus siep
relers can be caleplated yung the folowing equetions:

{1 )= 03933 In NH (0 — D51 HZ(n — 215+ SMAM, )

+LAT27 — SAAM,, } {B.23}

L) = fn =22 5% 10 —w, {n )}/ 20 {B.24)

oo
up ()= 03333 In MW in —25)+ Zir —22.5+ SMAM,)

+0.003T2F — SMAM; ) (B.25)

ein)={n =22 301 O -y ()1 7240. (B

Equaiions (B27) end (B3] are wed when the
estmared survivorship probabilities refer 1o males. while
equalions {B.25) and {B.26) are used when they reler to
Eemales. Mot that the fom of thess s of equations 13
sssentally (e same, wath the subindices indicaring sex
catepiory pewersed, In both cases (miabes and females), the
guantity a — X1} ia the mid-poant of the duranon group
K which the respondents belong, and the vilues of the
function Z{x} are obaiosd by intzrpolaling Jrmaexdy
beiween thooe Tisled in table 33

(i) A ceraifed axample

The ust of data on the survivorshep o Arst apouse
classified by duration of mamiags ko estimale adukbr sue-
vivorthip probabilites is ifutited by vang dara gath-



cred by the Mational Demographic Sorvey comied ool in
I‘IMhI'I-FH beiween Aupust Indpl'.;nmtnh:r 1976, Table 104
shows evér-muroed rabes classfied by Gme since first
marmage and survival of fiml . The survivorship

robahilies 1o be catimated refer to females. Mok That
in Whie 104 the number of men who said they had been
manied, b who Jdid ool know the duration of their
marsage, consiuted & szeabds proporion of de todal
{slightly gver 19 per cent). This kevel of non-response
suggests Lhal the data smay oot be reliable: o g country
whire sone 10 per cend of the marmied male population
doea not declare or dees not knew the durabon of their
marriage, .il i anlikely both thal duration wsall be
coirecily reponted by he st and that those of anknewn
durgtion have the same characlenistcs s those who
declared a dursbon. One possible treaiment for the cazes
al non-response is bo divide them among the differem
duetions ccording W the propottions impfied by the
known cases. This procedur would be based em the
asurmption that, For 4 gven sunival of i spouss
(dend or elive), all pasons are equally likely v Bl w
stale the duration oF their wragn. Howaver, il 3sems rea-
sonable to than peaple belonging to wninns that
have Ltk konger are on kel 10 have Sargacten the
date when e vnion began, 5 & npore oomplicaeed
redistnbution precedure should probably be wed. Yol
such & procedure wooubd require that an assumplion be
made about how the probability of nol alaog & date of
first wembon changes acconding o the time elapaed since
the uneon bepan. Bacanss no inlormation is Available on
this mauer, the liksihood of wroduing substantal
binses i the final rosula by making incur=el sSump-
gons i high, Tn view oF this posabaliy, J1 seems aler oo
iguoe Complensly the cases of unknown duration when
carmng out that analysia, while beanng their exiswence
i onirkd il the poin of inierpeeting (the Anal resulia

The compulaliconl procedure for this enample s
Eiven below.

Step 1. cafrulation dionr mod widowed amo
MEF L Tlhﬂg shows all the deta t'-nl::g.nn':i
that can be derived rom e simple question on e ur-
vivorship sistus of the st wife of esch ever-martied
male rapondent For some duralion groups, the number
of respondents who did aod declare the suravosship
alilus of Ardl wife copstitubes a sizeable proportion of

those who Jechared thar thedr fipn wives weare dead.
Apaip, this characteriatc of the daie renders their qual-
ity suspect, sinoe il one were 10 axome thal all cases of
NOTPESPOTIRE Wkre, i [Ach, cases of dead fird wives. the
surivarship esomates oblamed would be substancially
differentL especiatly at bower mamiags dumtions, Sricily
speaking, however, there is no basis for making wuch an
assumpiion; and in the el of this analysis, the respon-
deals who did not declare the survivoeship Siaius oF Pheir
first wife are ipnored. Therelore, to calculate the pro-
porson of respondents not widewed, M, (k) in dura-
tion group 10 1A, Tor exappie, the aunber with Grsn wile
alive s divided by the sum of thise with A wile allve
and those with Brst wife dead, a5 shown below:

NEL 10 == 10060 OB 4 233 — (19794,

Note thar AW (10] can also be obtained by dividing,
the number with Brol wile alive by the difference
betwreen all possibie respondents and Lhoss whose Wives
survival slafus is nod koown. Thus,

MH (10 = 1096 11T - 83 = 00704,

The full sed of NHC (& } values is shown i column {T)
O tatibe 104

Sep 2 pafculation of pagildie medn ope Ar mudrsiege for
Jomaiex, For a detaibed descriplion of the procedure 1o he
wied an caloulanng the widwes of SMAM fior lemale, se
anmea T, I thes cuse, SMAM: was found w egual 10
Yol

S ¥ opfodadion of merwiveerhip  probehiliier e
Jemeties, Equation (B.22} i used w calewlaw the Female
probabilitiey of surviving from age 20 to age #. These
peohabilitizs are calcalared by using as input e prapor-
1ons ol Widowed among ever-marmied respondenis, the
fernale singulae mean age ar macrage, and ihe
coefficients hswad in dable 103 Tabde 105 shiows the
detaily of the caleubations. Mo ihal the Anal calirnans
of survivorship probabaliies sre Aot in this cage, very
dierent from ke origanal proponiona of respondents
with & sunaving Ars wife. The Wesl moriality level aso-
caled with gwch survivorhip probababisy has been
eslimarcd by iolerpolating linearly between the wvalues
shown in lable 222 in annea ¥ fsee step 3 ol subsection

lamey (4. DATA DH LLIAFINOMSHIT STATLL OF FIAET WIFT,
alad E REEMDENTS. PAHAMA, [975

— . eyl e
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Py Adbull farae
' wialll el [
== ¥ e ol + i EACANE + o) Lfim vty e
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Od........ i 0.9 = 120183 + DG 2T00] + 2 10HE S 1L ) 12
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B.2 |b) (iii} for a detailed example of the procedure Tor the daled survivorship estimates inplyimg sn improve-

calculating them}. These kevels imply, in general, that
moriality among feroales in Panarme was very bw dur-
ing dve early %70,
1! calewlaton of number of pears before the rurvy

Ly wairh e mea FurW i e - The Wesl
mortality kevels sbown incolumn (5} of tebde 105 ugees
that motialicy has met remained conyant in Panama,
sioce the feports ol etk who have been mirmied
far u In:rnpr Ennd af irme e assacined with kower k-
£k [that i5, r moralinyd U e those askocnied
with the repond of reapond=ats marned for a shorer and
et pecenl pereed. 11 i mmponind, therelire, 10 obinin
some indicalion about e Gme periods, descied by fia ),
1o which be satiweed murnivorship probabilities refer
Equanans (B.25) and (B.25) ure therefore uted o o3t
a5 (0 ) Table 106 skt Some of e BiRrmedinie
values required For their cakoulauon and the final 1 (a)
eMimaies The values of Zric) are obuined by in
lating limsardy between the values [mted in whie 83, and
¥ (n)in pard 1o denode the quantily =225 +SALAM

nee the supeey ok tewein Augus and
Oowober of 1974, the mid-point of ths i
correspondieg i decimal fomm o 1976.7, i & ils
reference date L siep 4 of subsecion B2 {B) (i} for an
example of bow to caleoluwe the decimul squivakent of
this mid-poing). Hence, by sublracling the estimated
ip{n ] values from 15767, the daie ko which exch sor-
vivorship probability refers can be oblaioed. These
reference dakes are shown i colunon {73 of wbls 106;
ard o facililale connparison, the Weal martality levels
obtyined in the previous sep are hted in column (8) of
the anme igble. Withoul any other swidence, the trend of

menl in adull femaké mortality of abouwt » quarer of »
leve]l pér anoum seema planiibie, althoogh the extimaied
kevels e relativddy high, Beciuse of the deBricncies
pHed eardice in this dau sey wbe E:mhln:.r thml the
repatis on widowhood Halvs of ek rapondents may
wnderstate frue widowhood levals sl be explored
further before the cstimates shown in mble 10% can be

Tully scoepted.

idy Lo of widewhood data froet fve norweyr

Motalky ssimates from widowhood share with ose
from orphankood the problem of refeming o periods
located a aubstantial lengih of Sme before the survey,
and the Gme reference of the oimakes can only be
identified when mortalily has been changimg regulaty.
A melbod for obtaining estimates oF moretity that refer
i & well-delined period of Wime by uing anphanhood
daw from wo wrveys has been suggested earber

Slncllw ¥ tpeaking, 3 paralicl approach canmol be vaed
daca clauified by sge of respondsn)
because wge groups do nat daine maiage coborts; and
the change m ns nol widowed from one age
group i the next i generally deflased by the influn of
newly married respondents whose expasure to the rish of
dying while mamicd iy below Lhe averags of the group.
However, the came phencmens affsct the proportiont
ncd widowed by age group al esch survey; thos, a8 long
as ApE pattermy of MAMMARE remain MOre 0F less code
s, the proporiions not widowet for & hypothewsal
immm cobort will bt represcntative of the mismigy-
vy ErTMity eapetitnce, These proportions can be cal-
culpied Followiag the method descnibed in the case of

Taplr WE. ETrmisTes OF TIME BEFFLINCE FLE OGS o8 BEwA1r ey iviosr nuos il FHes
TR [V FREC BLALE | DOWHTH ot i, B s, 1974
r W W JI{T ‘-{w et - -
ri? ’ I 1 ) fi) Al
b = S, {59 ol 5 L LRI Ll 1915 6 a7
Mo i, 1) o 0,080 0.1 {ee 4.4 19133 et I |
. [T ] LTI M| R TIPR] 1% . 100
AR M5 102 i T Tt A il 1 |
I 2E F R k115 01333 T 9t =

® Wumber of yemm firki 10 he S Pey ke wriich Survivorshin sanimases rfer.



orphanhood data (8¢ subsecion B2 (d)y and can shen
be analyvied by uging the method dexcribed in subsecion
B.3 {b}, wilh average male and female singulale mean
age al mamiage dunng the inlecurvey peticd as addi-
uanal inpus {Lhese average ages can be calcolaied as the
mean of tz o nding v the beginning &nd end
of Ehe inbersurvey penod}.

COn the other hand, when widowhood deis are
clessified by Lime clapsed sines firs mamiage, five-yoar
Juralior greups do represent mamiage coharts; and pro-
porikens pot widowed For a hypatheiical marriage cohon
mpresenling oiersurvey expenence may be cakuianed
from i s of obsernd propoctom net widowed
dlassified by duration and obained ffom sureys or cen-
e five ot :nj:m apan, The caleudaton of the pro-

jons nol wed rpresenting the cxpericnas of
ypathetcal imersuryey cohort is carmied ool cxncily as
d-HI:anI m siep 2 of subsection B.I [d) {ii} for the case
Icgnmuna nm: 4:! haned, with duration groups aub-
I.gl: groups. Becmuse the com-
plclr.- mmwuum‘l procedure w0 Be followed in whis
case 35 very aimdlar i b fallowed an the cawe of dace
on orphanhood snd because no dans see on widawhood
duralion from (wo Surveys ane a5 yel availahble,
geegiled description of ke applecation of this method »
oupniged.

C, EiSTiMATION OF SURVIVORSHIF TO

ADULTHOOD FROM BIETH

|, Giemeral chomeherinnics of metbads

[In this section, an extension of the condibankl
methods discutsed in section B s presented. The
methods thal are described allovw the esdmation of prob-
abilitees of sorvival from birth, tat is, of probabililies
that are oo longer conditicnal. These probabitities are
estimated by means of equations that inclods 1{2), the
probability of surviving fnom birth to exact age 2, & an
independent varable, o ke socount of rmruhly in
chillhped. In pracice, the vafue of /{1) usad & almoct
tnvariabiy obiained by applying the child mortality esli-
mtian iechniques described io chapter M1

Since the medhods b be ked here a1 EXIEvE Ons
of the conditonnl methods of adaly survivorship <anma-
don described above, they are bawed on wery dmilar
apumpiont. In fact, all the comments mede io secion
B about the validity of the sstimates of condilional sur-
vivonhip probabiliics apply also bo the validity of £l
mates of direcd probabilities; and because the calcula-
tican af the tabler walwes demaads exira wnformation, for
capmpbe, [(1}, certain other assumplions 87T NECERSATY.

The meibods prescoied bere are based on equations
fukbed h_i,.' leant-squares rcsmm'nn W1 simulated dals, 52
the main sssumption made is that the models used in
simulating data represenl reality adequouicly. An addi-
Gomal assum accessary im this case is it the reln-
tromship between adult and child moraliny smbodied in
the model lile tables used during simulalion tover the
range of #clug] & . Therefore, estimates derrved
by these methods are likely o be unreliable whenever

s

th= enpericnce of the populawcn sudied (ols putside the
mnge covertd by the models used, The sstimanon of
pdull survivorship from birth is particulady sensitive to
the relationship berween child and aduly mortaduy, snd
G the paiven of the mortality schedule berwvesn ages 3
and 25 This senativity can be rediced by including in
the cstimation equation 4n mdepevdert varmwbie ollow-
ing for known varimlions in morality betweso ages 2
andd 20 or 25, The model cases to which the sslimialon
ﬂ jons were Biled were gencraled by wing moriality
wles bazed on the kogil sysiem, uzing ay standards
the four life tables for &malﬁ al kevel 16 of the Conle-
Dem=ny models. Therelore, the protability of surviving
Trom age 2 to ape M {or 25 in the case ol orphanhood) i
the appropriate siandard Lfe tabde is incloded as an
independent variable in (e estimation equation in order
10 kbow For the age patiemn of monality between child-
bosod and esdy adalthood. B remaine irue, however, thal
estinaizs of servivorship from birth based oo orphan-
hood ar widowhood data from poilnger respondents ane
l:n'ferwhalmmgl'_l.r determined by the egtimation of {(2),
ple:rm nat c-rplun:d or M widowed
hm a relati low prediclive value, ™ & fact that may
affect the ul:lmm::nc_r of the esimates obtained from
datw cormespondinp 10 youdker espond cals,

It has been stressed earier in this chapter thal otphan-
hood and widowhood dats provide esimates of mortal-
ity referring b2 points in the past and what il the sams
typc of deis iy avpilable from twa surveys five or iD

cars apart, the experience of & hypothetical intersurve

: E:nbtmmrrumd lﬂﬂbll?l:ﬂﬂlilﬂllﬂﬂfﬂwﬁlﬂ
ity referring ractly ko the iotemsorvey pertod. The
methixds of analyais gutlined s the next sectoms can
abo be applied to the conslrucied proportions ol
crphancd or oo widowed of a bypelbetical intersurvey
cofyrt, Waing as impul cither an cuimale of {2} obisined
ape from the consimeted experionce of a hypolhetcal
cohort and thus referring (o Lhe same pericd (see chapter
I, sclion I3 or, failing dthal, an ssliimale of (1)
obiained from women aged 20-24 3l the second survey
ard thus referring more or less o the mid-poicl of the
miersurvey penod. Onoe the proponiions mol orphaned
o not widowed Tor the bypoihelcal inkersurvey cohert
bave baen obimined, the analysin follows exaclly tha pro-
cedurss described below in subseoiions C.2 (c), .2 {b)
(0 end .3 (ed (il b the morabivy estmaces obtnined
have o welldefiped reference period (1he intersucvey
perod}, s thaL esimated of r{d } are not required.

1. Estieaiice of femate Savimariis frome Wik o ol
s ot L Berttr o propeeiiond with Srviving saticr

(8} Bas of method ond iix rationale

Eepresyon pchrigques were psed oo nelae the propaor-
uons ol respondenis whose machers ware sull alive ar the
cme of the interview to the survivorship probabilities
experienced by these women 1t was found thal
baities of survivoship from binb, {(n), could be

6 & Hill and ). Tromel, ke Gr.



estimated with sufficien) eccunicy if the prebabiliny of
surviving fremn birth 1o age 2 for lemnles—I {2 —were
aken into RecOUmt am the independent vanebles
determiniog the Jesired I(n) vabues and of ah indicater
of the relationship beiween adutt and child menaliy,
denoded by K5 and cqual to the @ of F25) w () in
ibe standerd that besl mepresents the experiénce of the
population In question, were B30 included in the fued
cquation. As in the it of the comditionz] regression
method hased on informetion about maktmal orphan-
hood [sce subsection B2 (), the othec independent
virikblés ased o M, the mean gt of mothers a1 the
birth of their children, and $(#}, the proportion of
respondents in the age group from A 12 6+ 4 whose
mother s still alive. The form of the Alled equaiion

A it y= afn y+din M +efn) [ (2)F{n — 5]
+ef{n RS

where aim), B(a)L ctr) and oin ) aré cosficients whose
values for cach n arc listéd in ble 107,

Thew corfficients were obtained by using less-
squares regreagion bo fil equation {C.1) W data simutated
ofi the bR of selected fepility and monality schedulbes.
The Tenility schedoles wsed wers derived from the
Coale-Trusse]] medels (see chepler |, subseclion E. L}
and e mortalily schedules were obleined EI}' using the
logit sysiem, wsing as standards the level 16 female lide
iables from ench regional family of the Coale-Demeny
modehs (zer chapier 1, subsections B.2 and B.4).

I s worth poinling cut thal this method altows anly
the eslimaltion of emale adull mortality, sinos e
enefBcienks shown in lable 107 were derived exclusively
from simulelons mfemriog 60 femekes.  Furthermore,
Ihese pralations do fd ke inlo Reecount any trends in
morality; that is, the sme life wlde wag osed o zach
suimulubed case bo genérate dr(2) and L(E54n) [ n
ﬂngin; from 20 o . Therelore, yte uh‘fﬂ'lt coeffoienu
listed in table 107 implies the tacit umorpth:m of an
ur.:h:ns_ln! mmla.llq.l lewel for a p:nnd b least 40
yeaEs. Sance, on practice, this assumption i very likely o
be violased, one cannol iolerpeet Lhe sstimalss ofiained
by epplying this method as being exact peried measwes

{C.1)

Tame 1)1

of moralicy, espetially becawse the wie of (2 85 in
independent variable mrodwcer yel :mmer himing
protlem. In fact, probably the mosl saigfaciory way of
wang this metod & by calculating fird tBe Gme period
Io which the estimales of survivorship would refer, were
they delermined mainly by the proportions with suryiv-
ing mother (a5 in the condiviona mathod) and bad awar-
wlity follewsd a regular patem of changs {lintar in the
login scale), and then using as inpud For equalion (C.1}
child morsbily esimass rlimng o cormesponding,

wods.in order ko oblain dated probabilities of aurviv-
ing from birth & adufl ages In practice, however, it will
seldom be posibde 1o obtain child mortality estimates
for the exect dates o which the conditional survivarship
probabilities refer. and penind averages will have o be
used instead In such cases, the wser must bear in mind
that the survivership cstimates obdained from equaton
(1) mikct 1 mixtare of morality levels with somewhat
dilferent reference dates.

(b) Do required

The follovang datn ate required for thes methed:

fa) The praportion of respondents with & wmerviving
mibeer b epch Bveoyear age group from o o b,
densred by Sin) St subsaenon B2 (b} (i) for aome
comments on the calealation of tste propotions:

{6} The nomber of irhs in4 given rear, classifed by
five-year IEHEmP af msther, This imlormabion is used
W0 estimate M, the mean age of mothérs of L pancular
group of births at the tme of such hirths;

{21 An estimate or estimales of the probability of sur-
viving from birth to éxact age 2 for females, denoted by
fe (2). Huch estimates are utually vbisined from informa-
tion on the number of childeo ever born and suTviving
classificd by age of modher (sce chapier 1E[)L

{t}ﬁﬁmpmiandpm:ﬁnr ] |

¢ compulalional ure iocludes the s

described prees o
Step I codowtanion of mean

in subsection B.2 (b} (i)
Step I: calentation of reference periods of the condifional

mewrerghip probobilitier entmaed from ian on

ape af maremrey. See siep 1
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L The procedure described mw slep 3
in subzection Bk (o) (b swould be Dollowed,

Step 3; extirnation of profability of surdving from birth
ope 2 for females Referenie should be made w the
methods described in chapder N1, |deally, sstrpaces of
the prabakdlity of surviving to age 2, denoted by £ (25
shoukd be vbriined lor each of the reference periods
csimaksd m sep 2 Only estimates of (3} for emales
are needed.

Step 4 entimation of murwwership probabilitics from
Sk Estimalion of this probability, f(a ) the roe cope
of the procedure, is siraightforward enough ook b
AeeAR Age Al malemity. M, and approprints estimales of
$r{2) have been obtined. I mvolves only aebstinetion m
equation (C. )] ukng the corfficienn. given tn mble 107
Care must be taken 1 maich coreecely these coafMicienys
with the proporfons with surviving mother, Sin ), Fug
different values of #. I is 2ls0 necessary at this point o
celculate the walue of the standard retio, A8, which iz
the probability of survivel fam age 2 10 age 23 in the
femake keval U6 lile bk of the Ceale-Demeny family
that best repressals the pepulation being swdied. That
value is

RS =, (25101, (L.
For convenigncs, the four vatues of KBS asspcrated with
the Coabk-Demeny moskels are shown in table 108 The
user mitst kot the approprate model and then use the
cofresponding vale of A5 & sapul (o7 equanan (C.)),
Mo tbar the e of goher standards, though o coveped
by the model cases, wookd nol resuln in major biases, as
bang as RS is cabculaied for ibe siandard being used.

Tanle IE., Stawbamb waTI0 walUEt T3 BE XA IN EXSTIMIATICH OF
SRy sH P PROEABLET B FROW BATH f THE RATS OF DaTh o6
MUATER M b e S0 C i L E T EMT N Y MOELY

Loamalerw' roda
ﬂ'-l'.lrl'-'!f el
a7l

fring

Huz5El
19556E
1.5 2Tl

{d) A deialled axonple
To compare the performance of the different methods

of adult morality estimaton, the case of Bolivia

presenied in subsacion B2 (b (iii) is egain used. The
raw dala collecied by the Malional Demographic Survey
tn 1914 pre shown in table 39, Data on feanaie children
ever bom and surviving are given below in wable 108,
results are summarnized in table | [0

Tadar IW. FPMALE CHILOERKH EVER BN ANCESLSE YTV IRG AL CORACHAUG
i rHE Watrura Deoonamic Sunvey, Bavivaa, |97
e T e e
i
tr ) __"L.I_ ___m
15-1% . 107 1 150
. LT I L1 ) 1175 s )
axdlo | 912 ik 147
L% R | z BS7 1100
-1, 1612 4¥E I it
L ir 11% T 1 5§
L L 11 il IR E B
Tamce LIE  Comnmamsom oF £H|LO MR TALLTY TR
FEmMALTS, Boa 1vaa, 1975
pr ok ol . el el ok
it 17 ) i) e
I0-I4......o 1 b} | 1AM 15713
15-r ... L {1340 I4L.ET 1%1LA
Heda L 5 010 [LIR) 1 1o,
3538 14 Ll % ]| 1037 rl A
L1 ” IR 15 02541 [FIER | | il
A54% . Ll 01747 111a 1914

The sieps oF ihe procedure e given below.

Step 1 colewlation of mean ape af maternity, Relemace
should be tade o the fisn Aep i subsection B2 ()
{iiig, whars the mean age at matetity, &, was caleu-
laded in desail for Rolivian females 18 wlue wes ound
oo egueal 28,8 years.

Step I: colowfalion of refersnce periodr of ihe condtionr
surwvarsAip probofilifier asnmuned from | ]
N el This step is identicel o that
presenisd as step 3 in subsection B.2 {c} fiii). Therelore,
il 15 not repeated here. However, the relerence dates
#ilimated there {sée Lable 35} are again given in column
13 0f lable |11 Far atrediue: eierence.

Step 3! exrimenttont of probaltity of turviviag from beik 1o
ape ! for feparfer. The data on female children sver born

Tamik [RE.  EATIMATHIS OF FERLALE SURYIYONSHIF FACHARILITIES FRGag AL TH LG nFCHue s B 4 L FHaN D
BY 2GE OF RESPOSDENT. BOLivie 1915
Progeirsina Peshalu ity Kevunic st
s of mewrng e e o kel
K =3 o ot = “ ey ¥,
M U e f o Ll L A ——
I5-19. nagiz [#6T 2 na L8112 i AL 114
b2 J 0336 1964, | n3 o 13 0 died N LN
15.5..... 0% | Hid. 5 M| 2 7%54 Lo ooaldd 134
Meda._ Ll b Mg | % Q7% 3 ¥ 0 151
W A35137 b |.E +H 7493 4 e[ 125
A Ad457 11 o %7 07832 45 [ 2ain) ILE
4149 ... .33 15014 kA 7851 Hr o 141
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and surviviog, given m iable W19, were galhered by Lhe
Mationa] Demographee Survey of Bolivia in 1573, This
is the fiml such dats set aveilabls lor the couniry, as
quesiioms on this subject had ool boen asked poeviowsty.
As explaioed i chapier 1L, 1hese dals can be wsed o
oiann an estimate of 4 {2}, the probabitity of seraving
ot bacth o age 3 for females. The procedure followed

15 that described in subsection B3 of chapier 1) and 15
det.liled applicadon is nol presenied here. For the par

at hand it sufices B copsider the resulls oblained.
Table 110 sumennies these readis, The wsoal Lanimans
of the probability ufd}'ing,{r{_t ¥ yielded by the method
are ligted in cdama (3} cofamn (4) shows the mortalily
beveln copgistent with dhe estimaled g, {x) estimaies in
the Wese family of Coale-Demeny made] life ables,
while column (3} shews the relerence date of each #si-
mate {ohtaned by aubitacting sach feldrence period
vadue, i}, for the child morality estmales, [rom
19756, the reference dats for the 1977 survey)

Two charackrstics of the child moralicy eshirmates
given io mbie 100 sheuld be pointed out. Firsl, the esli-
mates corespondiog o the cardisst penods are denved
from dals for women aged #)-M and 45-4% at the ime
of the survey; wnd, secondly, these estimates are pre-
cisely those which do not fdlow, in lerms o mortaliny
bevels, the oend implied by the others. Given the most
common flows of daww on children ever bom and survis-
ing (sex chapter (11, subsection A0}, s likely thal the
csuimabés refermning ko 9016 and 19646 may be (oo high
(in terms of mortadity fevedsy because of the tendemy of
alcher wartiem W el somre of IRgr dead children Soch
dughis aboul the yuality of thess cstimutes do mal
recommétd them lor use in other £stirnatioo proced ures,

Uoforiunaely, a5 the relérence daces bsied in wlumn
3y of tablz 111 show, must of the condivonal survvor-
ship mstimabés deoved fram datd on maternal crphan-
hotd refet 10 the pedod 1990-1965, 50 that child moal-
iy éstimates for ﬂ'l:: same perind are desirable. In onder
1 ohuaio sach sstimates, e rend implicd by the q,02),
.w{]], ql::[i} and ﬂ]ﬂ} eslimales given in able 110 s

ted Lk pasL- There are many passible ways
:rl'l:xl.ra.pnlating this trend, bul the simplest was selected,
meinly berause the ase of more sophisticaied lechoigues
B M wimanled by et approarmiaie fnalure of the tim-
IR SRS

A phon of e Brest four miorialiny Tevels against tioe
wonld show vha they define a By inear ieeied. There-
Fore, waipg the first and fpurh s determine the end
line, ids slope (change in level per annumg is calewlaned
a

=R~ RIS — 1567 3) = 0108

s0 that, for 107, for example, the eatrapolated mortal.
ity kevel is

1G.37 0, 031550, T — 19670 = .7

The compleis sl of West monatity levels as defined
By these catmpoleied child moralily catimates and
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comesponding o the periods o which the crphanhood-
based estiemakes refer s shown in column {4y of bl
1. Columa {5} shows e I {25 valucs thal these cab-
mates wnfly, These values wore obdaioed by ioterpolal-
g Iim::n'l:f' Betwemd the (12) walues liagwd in abde 236
fsee anmea V). For enampde, for te emmated level of
4.7 ublained abowe. the [ {2) value liss belwesen 1had
LHTEsponading o level 4 [l.!l'r'-"-'I?]] and thar cormespand-
img tn level 1T (M348, LUsing hnear imerpolauon faee
annay 1Y), the desired I () for level 9.7 B caleulated as
fidbows:

£ (2)= BO.772T0}4+0.40.79340) = 0. 7H72.

Step 4 etdivanion of SR protediilities from
berrk Lising the values of M and [ (1] given above and
the values for 85 for model West gl'ﬁ:n in @ablz 104, the
Ginal siep in dhis procedure is Tather simple. Essentially,
for each valwe of m, substiution of the valwe: al M,
fe (20, Fim w3} and ALY in cquation (C.4) is carnicd oot
wsing the coefMciens pven in able 107, Colwmn ¢7) of
ahbe 111 shows e sshimales :rf.l'f (1% +a} ohtained in
Lhis way. As an examphe, (030 and J{&0} are calculated
ke ira bl

I{30y= — 12508+ 0:005 1(28.8) +

. 19040, 79713 {0,860 T+ 0. 5E2 1D 92346}

T84 11

bl

D)= — L2669 ~0.0115{25.8)+

134230790 33 (160 15) + 1 AR S0 01 H46)

[ LU

Mube that becauss diflen:nt csamaies of £ (2] aré avail-
able for each Ume pericd, the values of tus variablke aksa
changes with &, while that of RS mmains constant
throughout.

In order W assew the estimaied babilities of sur-
vival from birth wo adult ages, the West moriality kevels
consistent with them wrere calculared, Agnin. this caku-
[amscn inwolves hinear inepalabion hemwesn (he valyes
fisted in table 236 in apnex VT Mole thar because e
estimated values are probablilics of survival [eor barth,
the hife-tgble values themaslves ame wded 29 the basp al
interpolanon {thar iz, no special lbolaions of the life
hfes are needed). As an cxample, the bevel constclen
with Jy (640 0.HWE is found by identifying thosc
vales in the codumns labelled N6 of lable 136 (sce
annex Y11 which enclose the observed valus. In this
coez, the enclosing values are Q30587 aod 054215,
carmmspanding i levels 13 and 4, respectively. Hence,
the lewel corresponeding w0, S09E s

13,0+ (0. 50980 = 0 30587 )/ (0 H42 |3 —0.S05BT)= 13.10.

The st of kvals given in columa (8) of ke 111
shows that e estimates from £ (35) o §(70) aTe Taizhy



consirtent, implying similar moftaliny levels and a plan-
gble rend ol dechine. The levels associsied sk J:I.-[-!lﬂl},
Ir (30} and {r[?ﬁj are rather high and ool af tine with the
olhers, s¢ they noed o be interpreted with coutbon.

At this paint, il is wonh comparing these estimates
with thase obwined earlier oging the conditional
rethands  Refer, for example, 1w able 93, where rhe
merabity leels displayed relgr e the same periods as
those shown in wable 1], Nowe that the wse of a child
meaptality iodicaws in the cahimation proceas has had the
effece of kowering substantially the eduli morukity bavels
implied by (he arphanbeood data fiakde 11} The large
difference beiween the levels given in zble 93 (deler
muned mainly by infamadlion oo maiernal arphanhood)
and those preseated in rehle 140 (decermaned by the daa
o ehld survivorsbip) implics one or more of three pos-
sibilibies: that model West is not a good representation
of - the menality paitern of the femak populstion of
Bolivia; lbal orphenhocd is underreponied. kading to
underestmaies of edull modality; or shal child survivor-
ship is uodems and the child moetality estimates
obgined ke o high, Altbough the #vidence presented
here o el puficiene w0 decide among thess theee possy.
bl e herween differen caombina tiens af them, ather
evidence suggens thar matemal arphanhood v Bolivia
was inedend undereeponied snd thal the aumakd mor-
tahity [awels presenied n labe 9% are w00 high, In thes
cote, therefore, it peema that the esumates shown in whie
111 are more scceptable, manly becausze they ame deier-
mined o & consederable exienn by tbe chald monality
e imanes they incomarane,

X Eceimipiom of turwd varohi froer Bk do adilr gges
on it daast of propoviions ner widseed

{8) Baus of reihod ond Hs rationalr
The metheds discussed befow a an exiension of
these prasented i subsection B3, Once mors, dals on

roporions with surviving fiml spouse, tabolaked either
Ey the sge or the durslion of st mamegs of he
responden, are wed 1o csumate survivel probabiliies.
In the presend cass, however, the incorporation of soms
infermaten on the kvel of monality prevalent at
younger ages {in the form of estimades of 4 ()] allows the
csimation of probabihises of sumvival From barth inoa
way hat purallebs che mathod gust described (see fu b
tivnn .25 which vaer daan on sepvival of mpcher o esai-
ok i sueviviwship probahilities from b,

Bodh the age and duralon methods ihat ane presemed
here wse as iopu an cstimate of (2} (the probahility
of survival fmom kirth W 2} For the sey whose
survivarship probabilites are 12 be esimated, An esti-
maie of /12)i5 pyually ohtaned foom feiponsés 1o ques-
Gans regarding childres ever born and childrén surdus
iog. Methinds pzed in camying oun this saamation an
deseribed in chapler T IF an eslimaile of N2} o avails
abde ondy For both sexes combined, suitable sstimaies for
sach sk can be obsined by asuming that the sex
ciffarennals embodied in the Coaledkmeny model lile
wmbhes are an adequane repremniatom of these prevalent
in the population being considers), As in the orphan-

i

hood case, the explent wse of 1{1) coupled wah the
derivaon of esimanon equations from dala penerated
urder the assumplion af canfant mariadng further oo
plicates the dewermination of the time kocalion i3 whch
ihe eshimanes fefer. When there is evidence supporting
the exiskence of @ morcaliny change, appropriale {(2)
values should be cakulaied for cach of (e penods Lo
which the condibonal survwomship sshmates derived
lrom widowhood dala mefer, in order 10 ensure that te
survival probabilities Trom brch gstimaced aceording oo
the method deteiabed here shall alic refee W owell-
defined penods.

(bl Widewhood data clarified by ape

An equation relabng the value of proba lilies of sur-
vival From Binh to the vuluss of the singulats mean agss
A wmarnage for makes and females, the value of 12 (he
prodabality of survivmig foom brth W esact age 1), 1he
proporunm with supuvang Arsc spoise and an indicaior
of the relalicenship between child and adult neonalicr,
REW, was filted by leasi-squares regreszion w daa from
Y00 simutsted cases. These casts were genevated wsing
madel nupdiaiity, Ferlility and morelily schedales. The
mariality schedules wers obteined from the logil cysiem
using femake lewel 16 mosde] hite 1abes from cach of the
faur Coale-Demeny familics as standards {sae chapter 1,
subsections B2 and B4, while the ouplialicy and ferLil-
ity schedubes were derived from the models pn.;Pc-scd by
Coale and McXReil' and Coale and Trussell,'T respeer-
ively (see chapter T, seclion D and subsection E.1). The
simulsticey carried owl alen makes some ablowance for
the age distribution a1 Arsl marsiage of spauses aceard.
ing 1o the age group to which 1he respondent belonged
at the Gme of first marmiage.

The cquaticns used to estimate the probabilities of
surviving o adult ages have very similur forms:

bnin )= ain}+bin]) SMAM, +¢ (n) SMAM, +

din ) MW ir — St elA e 3]+ f (n) RSW
fefm)= a{n)+bEn) SMAM, +cin) SMAM, +

dn ] NH b beln M {204 S (n) REW (T3]

where atel bim) clak dioh einy and fim) am
cocfficienis that depend both upon stx and upan age;
SMAM; and SHAM_ are the zingulale mean Ages ab
marriage for femakes and mabes. respeciively; MBI ic
the proparon of cver-mammicd respondents aged Trom o
0 n+4 whose Grsl spouse was alive at the time of the
wkerview; (23 15 the probability of surviving from bicth
b Ape & for bt spouses; and ASW 5 the ratio of F1200
and (23 in the standard (e female level 16 medet life
table from che Coake<Demeny farmly that best approai-

".ﬁ.n.nlt} 1. Coale wmd Dhonuld B ke Med, " The distnbunan by Irﬁ
ol the Fn:grnq of firl mermage im 2 lemade sohon'. Jowraar of
Awrniran af Arrocromloa val. B7, 2ka. ded (December 19720, pp.
Tl M0

B 3 Comleand T 1 Frueseil, G oir



maica the paikemn of tet moralicy expeneticed by the
pepalntion in question) Node dhat although ihe model
rassy wiene based o Coale-Demeny standwnds, the e of
oiher siandards, with their implied valoes of RSW,
showld md result in impopant biases.

Table 112 shows the values of the coeffecicnis that are
ic be wsed in eslimating made adul mertgliy. Mol that
in this casé the value of /() appearing in equataon (C.0)
should be the probabality of sarviving from birdh o age
¥ lor wakes, while AW (n} should be the proportion of
sver-marfied Temale respondents whoss fArst hushands
were alive al the time of the intzrview. The AEW values
listedt in tabde 174 were cakculated for fenoale level 16

life jablea from the Coale-Demenmy families becaunes it
wak those lile whies which wrre ward as standards when
penceatiog the smulaied cases, I some other standard is
regarded a5 more suilable, i ASW valuc shoold be cal-
culated and wsed i equation (T,

The values all the cosficienis thal are © be used io
estimating femake moriality are shown in ble 113
When these values are wsed, F(2} should reier o femalkes
and NW{n} should be the rian of male respon-
denin from #n o n +4 whese firsl wives were mlive
al the tme of the interview, AXH o apun sele=izd from
ke vaiwves listed in iabic 114 or caicelaked especialty if
somE dher stendam is o be wsed.

Tablf |11 COEFFRCIENTS FOR ESTIRATION OF MALE JL IV LN S FR0A IR TH Hibd) FCHOR TR
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(i) Duia required

The following data are required for this method:
(o} the ot of ever-marmied make (female)
rupand:nu“:mmh: spolces were Bhive at thee nme of
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the interview, classified by fve-yokr ngé growps lrom
1o n +% Thes proportings abe denaléd by NH/(n ). See
subsaction B3 (b {0} for  diasusion of the brpe of raw
iopit dALE Receary 1o chlculane them:

(b} Propomions singhe classifiad by five-year age group
ard by =x. This information is seeded io compue the
singulawe pean ape Bt marrisge, SMAM, for cach sea
(see annes Tk

1) Informetion oo chilkdren ever o end sucviving,
by sex of child eed by five-year age of mamiage dura-
Gon group of mather {the ¢lassification by sex 5 wselul
but nod actentnd). This mformalion & weed o simeie
fi2) by wsing the methods described an chaprer 1.

(i) Compatanony procedire

The of the compalanonad
described below,

procedure  are



Stap 1 salerdlotion of siigulaie mean oges of warmiage for
mofer and femader A dewniled descripion of the pro-
tedures followed in calculating Lhese paramcienrs i

becd im annen L.

S-rlpl olculation gf referener periods for comditional

probewlitier obtalmad from information on

rariy This step is seolical w el presented

as $iep 3 in sobsection B3 {b) i) Therelore, its descrip-
Gor i3 not repented here.

g I: exlimaion of [Ny of swrriwing from Mirth o
wer 7 These methods are described 1w chapler 111
1deally, +siimuiey of the probability of surviving 1o age
1, 1), should bt obtuned for sach of the reference
pericds stizmated e giep 2. The (2} 2stimates are neces-
iary only For the sex of the respondents’ spousts. 1T data
on child survivorhip are nol available by sex, modeks
can be wed 0 approximate accepable sex diffzrenuals,

A4 etmwsion 1 Nrier from
Hnﬁq&um ion of ﬂi:mm 1% Carried
ot by substiluting inte squanon (.3} the SMAM and
({20 viduts compused in ihe previoo siepe, as weil as te

ok oot widowed, the selecied ASH value from
ablc 114 and the appropries: coefficients aken from
ables 132 or 113, It is im nt & ketp in mind that
wher male adult mortality i bung sstimated, /(7)
valuzs for oukles miodn be tbed, while AW () should be
the proportica of [Emale nespondents ned widowed. In
contrasl, when femake morality is being estimmied, te
respandent are male sod valwes of (02 fur females
i be ued.

(iily A devaled exampis

The wse of thin methed & dllustriied by spamatng
female probabilities of survival from kinh lor Bofivia
Mrom daty oo the incidence of widowhood among make
respandents. The daia wetd wese collested by the
Metional Demopraphic Sorvey camied out 1m Bolwla
dunng 1975, Colomns (1) and {4} of wble 115 show,
respactively, (he number of ever-mamied male rspon
denls wilh firsd wifie il slive and the number whose il
wile wap dend, chagofied by five-year mge goup. The
denominaton needed to calculate the proportions of
respondents with surviviag first wife for cach ags proop

are the wum of these v quantles, thus zliminating
cases of non-respomse from bhodh numerator and denom-
inator; they are sown in columo (3] under e besding

“ever-married mnl: lation”. Column (&) shows the
ruqmmi hose mirl widowsd, computed
l? :um:ummlumn {3} by those io column
[+ Fm’::lmpﬂ.l: NH, (30} 15 calculuied a3 follows:

NWo(10)= 1|DRE1 088 +39)= 1 0BE/1.127 = 09654,

Step [ culoplayion of Hagnlore medn Jpey A T
Jor .H'I'LEII md)'bnn!es. 'I'hﬂﬂﬁ of ﬂw?nguhu rn-:frn
Bges al mamiage have alrcady been préstniied in sub-
section B3 (b (i), They am: SMAM, = 253, and
IMAM, =212,

1: calcalgion of refereace periods of condhonal
mﬂ?ﬂnﬁp Fubd:ﬂ.rg ﬂﬁfﬁﬂﬂfﬂ from i n?'blrmn'im on
widowhood slotue Using equatons {B.157) and (B.20), e
referenie periods Gor e condiionsl probabilities of
female sarvival calerlased from the proportions of male
e ents wath frsc wale alive are ssumaed. Table
16 shows seversl inlermedisie results and the final
relerapce-period sytimates both in terms of yeary before
the survey, denated by r{n), and in iems of actoal
dalzs (decimal equivalents in ieoma of years) The dates
ere celculaled by subtracting cach £ (1) lrom 19756, be
referepce date of Lhe survey. The Wesl mortality levely
conadstent with esch of the condilional sorvivorship
probabilitics are alse shown for future efereoce. No
detailed rampie of the calculation of i (a) is presenicd
here because such an example has already been piven
for ibe case of the cxtimation of mak adull negriality ln
Hep 4 i subsection B3 (b} iin).

Foep d: extimnion of prabeatilicy of nerwiving froimt birth ro
e & for fencier Bince the process of sdimaking whis
probability, £y (2), far Bolivian femebes hns adeeady been
descnibed in dep 3 in snkssclion C.2 (d), the rander is
referred o thai section for a discussion of the procedirs
far seheciing a irend line defining change in child mor-
Tality. In this case, the same wrend line is used 0 edimale
the West meormadiny levels prevalent during the more
ool pernied I whch the condilional shrvivonhip
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TARLE TS EITIMATION OF TIME LEFERERCR TEREICS TR THE (TR NTHM 4L SR Y A THURH P
PO RABILITIES PO FERLEL BiorLdvra_ 1975

Ferupmrien Lrwrth o P

- — i’ L Afermr iy L]

- il L Famen ity s Jrruptl Anrnr L] e
i N Al T " i i Tyral Tyri i
b fh i) i 13 L 1A L I
L T 07 pLY | [l (. 14 1%L fAE8 168
M. 0G5 M .29 L) LA L' ] LIk v [14]
L | T Qs LET ) 11081 ol ia 1% HeAL Lik-Lo bt 1.2
... asn a4 LA Tl 1.8 174 19133 173
A5 030 LER ) ik 143 1259 'R 155.5 LI%-Jh b 154
L I — AR Mz 4 LIN L ik 480 I.¥ 4 B dAEIT k3
Mo LT 54 LI 13 1k 2E3 12.Y 10 Ll JELE 1.1

A Humber of v prigr 16 the ey B mkich sdmenmbip staniec redir

probabibies derived frorm widowhood  refer, The
ortunated kevels are shiwo i columa (5) of whde Il‘-r
and the fg{i} valoes poociated with them s givén n

)
# otimation of ferde nerwvorzhip 1Ty
ﬁm Um;lh:mﬂﬁmmgwmmh e I3, the
u:unllu of Rmak mrevoribip probabilives  from

(a) i cakulaced by substwting the values of

EM-lenhlhnd in mep 1, the i (2} valwes obisined in

sep 1, e valuss of MHL(n) apd the valye of BEFH

ng o Mes Wert ganderd (femabe level 16}

C3% The valus of ATW iz taken From bl

114 ared i5 equal i3 0. IEL. As an exemplr, J';{ﬂi} is cal.
culnisd below:

I {35)= — 23558 +0.00183(23.2) ~ 0.00356(25.3)
+ | ASSBICOSST) + | DS6S(0B0TY)
+ 11950 i B 1
= 07106,

Eulnmn['l‘]ﬂfl.lhl: 117 shows the complete sel of
{,-{.n] eximalet nnd column () shows the levels they
mqﬂjr in the Wast family ol Eul]!a-Dﬂ'Ill:l'le' medel Tile

tabi [pbisined by micTpolatng Lncarly between the
vilues show in Wbl 236 m :rmu ¥1I1).
A ot of these mortlity Tevels with those

presenied i bk 116 Indicaies dhad the estimanes of

cotrdivonal probabilites of survivorship sseiared with
e danker imply subsantially lower monkhity (tat b,
highsr kevels) than thatl implied by the [rin) valoes
obtuintd by wking inle sccount child mortality. The
iremiedinge reason For the diference B that dwe child
raonality estmates employed im ¥ very hugh meortality
fuhat 18, borw kvels); and hence, tetir ose in the cakcola-
ton of iy (e ) redeces the norality levels associnied with
the letter. A3 in the case of the daw on orphischood, the
m:hnr:e of sch differences mples vor o more of

postibalities; that the West modsd does ol wde-

n:ly rrncnl the ag= pancrn of mortality in Bolivia,
1“ ht].r 15 tveresimated or that male

I‘l:l]xll'ld#]:lh overepor 1he survivorship of their firg

ihe svidenoe I:-:iphm docs ool
pﬂ'm:ll W 1o cstablich which of these mechanisms in in
aperabon, & more comprehensive anabysis of Belivian
daw indicates that the information on male widowhood
wverely enderfimates mociality, The weakoess of he
widowhoeod duts in Lk paitcular case is abo d
by the fecy that the moriality levels wsociated both with
the condilions] surdvorship balitics and with thoas
eytimated from birth (colomne (%) and &) of tables 118
and 117, respectively) fail W incrense as age of nspon-
dent decroascy (Ehan v, as one megves owarnds (e present
in terms of reference dates). Takon al face vilve, ese
estimates woukl imply thar famake aduilt monakty in
Bolivia has imcreased through 6me. The smadl Gkelis
hood of swch an event immediately makes theic accu
ey quesionable, bul it & e comparison beiween

TAHELE [IT  EFTIMATIGM OF FEMALE §LUEVIVLMSHIF RO BMETH LUOMG DA T G
MALE WG Hoo0 T s Bolmis, 1971

Praprritar Fmle
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thoese Tewels wnd (hoes implied by the sstimates of child
murielily thal best alhwsiraes the inconusiencies in the
data. Hence, the Bolivian case is 8 pood example of how
the application af @ varkety of estimation metbuwds allows
thet amsessamenn of dada quality.

i) Midowhood danr classfeed by dorgtion of mrrigee

When the proporion of ever-merried respondencs
whose it spouse 15 alive 15 fabuolued by sex and by the
ime clapscd since their ficst union or mamiage (in the
broadest asnge of ehis term] the estimation of fix)
beconnes somewhnl Hmpler since the period of 2xposure
1o the sk of dying is diréclly krown and does nol néed
W be caimated from mfvrmaton on egs. This
smplification allows the se1 of independent varables
used ms prediclers of fird an egquation (S0 o be
reduced. This, when make monality ic 1 be esliimaied
from the proportion of females nol widowed whose fics]
marriage book place betaoeo & and k 49 yoars ago,
dencied by HHG (kD the oquivalent of oquaton {C3)
tevomes

Lind=cin) e b(n] L (2h+cln) NW; (n -200

& d{n ) SMAM, (C.4
where 1 (2) & the probabiing of surviving lom binh to
cxacl age 1 yeara ameng males; SHAM, iz lbe male
siogalate mean age nl mamiege; and NWy(a —100 is the
propartion of female respondenk. whoss firsl marrages
occered between n —30 and 7 —16 years before the
interview and whose first husbands were sill alive al the
time of lbe interview. The cqualion o be used do esli-
mak (emale morakily is

frim)=dlmp+-bin) i {24 cln) NB, (n —20)4+

dim} IMAM, (C.5)
where SMAM, is the female singulate mean age 81 mar-
rage; NH_ (v =X} o pow the proporon of male
raspondénty whene firsd wives were alive ail the time of
the inerveew ol whoge fisl mamages ocoumed
betwaany =2 and a — |G years before the inlerview;
and fy [2) is the probahitity of surviving feom hirth i ape
1 o lemakes.

In both cases, a{n ). &in), =(n ) end J{n ) stend for the
valucs of coeficients oblained by using beagt-squarss
regression W0 AL equations (CA) and {C.5) to simulated
cazes. Their valucs are listed in tables THE and 119
Tabke 118 celers 10 male monality and the values lisied
1k i1 shoukd be wsed m conjunchon with equation {C.4),
while tabbe 119 refers o female mortaliny and ws volee
should be used with equanon (C.5).

Even though this method is simpler. from &
thespratica| siandpoimt, than that wiing dita on wedow-
hood Siatus clasafied by age. n may, n practice, prodoce
pexier Rsults than the lawer method in countries where
4 mxtable proporton of fbe ever-mamied populaton
live in ¢onaensual wnions rather than in formal mar-
fimges because, in thes case, it may be difficult for many
respondents w euablish unembogeouslty the daie on
which their first unson began. Tn panicular, members af
reletively unstabie unigns may have a pndendy v epon
tbe survival of the current partner rather than thay of the
brst, & phenomenan that would reduse arbiflgally the
obaerved proportions widowed.

A problem thet i duranion-based methad shares
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with [hat based oo dats classified by age s that the
coeMcients presenbed in tables 118 and 119 were derived
from ceags simuleted under the assuroption of constamt
mortality. When mocahly Bas been changing, the g5b-
mates of survivorship derived exclusavely from the rl’-l}-
portions of respondents with first spouse slive will, in
general, reder 1o different me periods As discvssed in
subsection CJ) (a) estimates of /(2] for Lhe saroe refer-
enet periods st the conditionad sureivorship probabili-
ties that may be estiimated from the propoctons with
supviving first spouse should be osed in cqoations (C4)
amd (.5}

With respect (o the relerence period of the estimates
derived From widewbood informaiion, e dumdon ver
sion of these cslimation methods hes a0 advaintige over
Hee mpe version when widvwhood danm dwsuifed by
duration of first mamiage are available from wo sureys
five o 10 yeers aparl Im (his casd, PrOpOTUONS Mol
widomed for 8 bypothetica] intesurvey marmings cobwoit
can be onnstrucied follewing the procedure described
fior crphanhood data io subsecton B2 (d), and i} est-
nudes referming specibcally o the intersurvey peniod can
be obtained directly from equations (C.A4) wed {C.5) By
wsing as inpul estimates of (2} obained either for
another bypothetical intersamvey cohort (see chapter 1L,
section DY or fom the sccond survey and mfoming
roughly te the inersurvey period, and Lhe valaes of
SMAM. mlemop, alse o the inicso period. A
hypalhetical-cohort approach i the caleulaton of
SMAM i leasiblz, s is shown in anmex |, although,
unbess nuptiality patterns are changiog very rapidly, the
s of the SMAM sslimakes obtained rom either ey
of o e gverage of both should be accepiable.

(i) Dara regared

In order bo sslimete maie {female) murdvorship prob-
ghililica, the [Dlowing dats are needed;

() Estimates of / [2), the probability of surviving from
birth to age 2 for mabes {females), for different ame
perinds. These cslimales sre usually obteined from
information on children ever bom aod sarviving by
using the methods described in chaper T,

(b} The singulake mean age a1 marmiage for males
{rervabes) Kefer W apnda |l o deseriplion of haw m
cakulaw hes paramensr;

f¢} The proportion of fermale (male) ever-marmed
reApondenis whose first spousca were alive 2t the tims of
the inirview, classified by duration of mamiages ¢strictly
speaking, clessificanon should be sccording to the time
elapsed since their first wnion). See subsection B3 (c) {i)
for a dicuzaon of the postsibtde types of datw rom which
these proponions may be ¢alcalakd,

() Commtarivn procadas

The aeps of the computational procedure  are
described below.

Seep I oofoudmion of tingalate Medn dpe A HTIORe for
wﬁ' o respondeney. Reler w0 anoea I for 8 detailed

of the procedure 1o be fellowed in calculat:
ing lhu: paramEler.

Seep 2o colndlalion of reference peviods of condiiional

mrwvornhép probabxlities oliained from infpralice un
widewhood ptvui. This siep 15 ideoucal o thian presented
as sicp 4 1o subsectvon B3 {c) {u), Therelore, its descrip-
bon is not pepeated bere.

1! extimiion of probatility of furiving tz ape 1 for
#xlﬁ;.rh IpouTer mwﬂs.qiefcrmﬁ ﬂmﬂg:]dibla::
muacké 10 Ut methods descnbed in chapier 111 1dealiy,
these probatslites, denoted by £{2), should he ohivined
for each of the reference penods estimated in siep 2
These tsimakd probabiities are required coly for the
sy of the respondenis® spouses. When date on child
miotality By sex are noe available, models can be wed 10
approximale adequaie sex differenials.

Srep o: mxtimaiion of mevvorship probobiliiies from
tirth. Estimmaton of survivorship probabiliues, fieh s
cmed cul by subsutbimg in equanon (CAF o (C 3,
Jepending um the s2x of respondenis, the SAAM 4nd
(3} values obiaioed in previous geps, the abasrved pre
porticny of pexpondenis with Gral spouse glive, Mi¥in ),
and the sppropmiale cosfficiens. It s omporlant w
match the proporions & F (s} deErmimng & surviror-
ship estimate [ & canain peticd with the {(2) salue
referring o e same pereod

(i} A setomlod = rampde
As an examphk of the estimation of adelt monslity
ueing mformaton on lhe proportion of respondents
whoae firat sponse was alive al lbe lime of 1Be inleTview,
chassified by duration of marmiage, the case of Panama is
agin wasd, Tn this case, the queston on widowhood was
asked of both men and women during the Demographic
Survey in 1976, The answers obtained wers (abolaied by
dorateti of At wnion spd bave skready been presenred
for male ncdents in ble 104, The naumber of
dents of known duration who do nor know
whether thar fiml wife & alive or dead o, in most
instamees, rather Andll; and they are excluded from bodh
oumernior kid denominkber in cakiidating the propod-
uona Aol wdowed. As mentionsd in subs2eciion B {c)
i), however, these Jals contsin a subsiantdal numbser
of casts of unknown manil dumation. The problem
by theie casss of unknown duration cannol be
deall with 5o easly, and S reader 18 referned 1 the dis-
cusspon in fubsacion B3 (o} (ii) [n this example, the
riions of male reapondents whose frat wives were
alrve ut the lmee of Ine interview, shawm in column (1) of
table 130, have been cabeulated, excluding the ceses of
voknown durakon entirely.
The computadonal procedure &nukils the Todlowing
steps.

f; endtrudation of sinpidate muan age af mardape for
pﬁ; Accorti I:Ermt wrvey in 197G, the Sngulme
mean |I.;g¢ ml manrige for females was 2093 years (e
annex 1}

Step I catendation of refersnce periods of fernle e

vivorship produiivies ohinined frowt informumion o widie.
hood san This siep was cammicd out in detil in subseu-
ton B3 () (i} {skep 47, 50 only the rowdis obuaned wne
quoded bere, Columm (4) of mble 1) shaws the refer-
enct Jites stpocisied with the conditional aurvivorship
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probabilities, derived from widowhood information
claszificd by dumbtion of marmrisgs. These dates have
been copicd from bie 106 and indicais Lhe peniods for
which estimaies of femaie child mortadity are oeeded.
Ar prilvuniion Hily of rurwving io 2
In chapter 111, o d:u?i:d iIlI‘I:IF:E‘E u:ﬁ; dfr.:
from the Demographic Survey of Panama in 1976 were
nied, one based on date classified by age of mother
(mubsection B.3) and 1be other bassd on duts o liesifoed
by marmiage dumtion (subsccton C3¥), The simess
yickded by cach =60 are oot identical, 5o 4 choics has 1o
be nide betwetn them, The estitnates derreed from
duration et exhibat, in wrms of West moriality levels,
i fuirly linear trend with mspect o Ume {if die estimnate
amociawd with durmtion groop (o4 o discganded), and
they v the relative advaniage of being obiained from
the wme type of dita (clusified by durslion) s the
wdull surviminhip eaumuces coasrdered bere, Hemte, aoy
errors oNin Ot S0 may be sxpecied o be samilar o
those present in the other and 11 may terefore be casier
o desct them,

Tabde (21 shorws the Wes monality kevels consisienl
with the child mortaliny coimuates decved i chaper 1,
sbsection €3, with &ir reference diles. A

ph of these kel against e shows that the values
mom the sccond b e Afth follow an aceepaably Gnear
reni Heoce, the line defined by the secomnd and Gith
valwes cun be uscd b0 estimais the levels prevaleol dur-
ing the referepce dales of the catimabes of sarviverhip
derived rom widowhood dats {shown in column (4) of
whie LN} The trend line Gited 1o the estimated child
martality bevels has a3 its lope:

(20.0— 18,14 19730 — IM06) == (.257,
Hence, the level commesponding to 15711, for examphe, is

18,1 +0257(1971.] — 1965 £}= 19.5.
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All other monality bevels thown in oolutnn {3) ol tablke
120 wre chizined in & timilar way; xnd by inerpolution
berween the Sy values listed o wbde 230 m wanex YL,
one can abtain e £ (2) estimates requinsd s input for
cqualion (5} The ﬂlll sel of {r (2} ea0isnaiea ia shown im
column (&) ol takk: |20,

TAaME JT1  WEST wm Taory LEVELY IMPCnils BY THE DTMATES OF
CHILE WORTALITT T Araliy FROM DATS CLASMEED §7 PLURATION OF
U |G, Pk bl N6

[ — rre— .
.. . I%TF1 M3
- 19710 xn

- 1l 19T0.% 19T

1>1% 15681 [F 1S

W 153 2.1

Step £ Extimation of surwvorniis probabilithas from Binth
The simaticn equabion b0 be used in Llhe
casc of mak reapondents is (C.5) with SMAM, =21.95,
tire £ (2] valucs obtained from columa (6) of Gable §20,
the il’ll-"_{n —2 proportions rom column (3} of e
same able; and a{n} M{n), cfn) and din]) from ble
I1%. The war of squalion (C.5) v soeighifprvard. Final
maubis are shown in colomn {7) of wbe 120. The
cansistency of the catimates in tepms of cquivabent Mo
wlity levels ic impresaive, bul i should be manticnad
thet sach estimate is, o & Jarge exieny, determimed by
tht [r(2) value used a8 inpun, & oo that grestly reduces
their raage of vanalen, On the other band, the infuence
of fr(2} is Joweat on the monaliny exdimats e the
longer durmiion groups, lor which the monnably ech-
ity ire meed aimilar i lermoe ol implied vl to dwoss
derived from child survival, s the consistency oheerved
canrot be dismizsed.



Chapier ¥V

ESTIMATION OF ADULT MORTALITY FROM INFORMATION
ON THE DISTRIBUTHON OF DEATHS BY AGE

A, BACKOROUND OF METHGD

1. Do of information on deaaths by ape ot

The siraightforward way of calouwlaling morizlity rates
i by wsing the informalion on deaths by age produced
by & vital regmiration #ystem. However, sven though
PNARY COURINSE puridett sich & aysterm of regnslradion i is
ofben the case that oot 6l the deaths are regiagered. Aga
resuld, the death ratc impliad by the reponted deaths i
osunlly an underestimale of the trwe death tale prevalent
in the populition in queston, and some method of
adjusirmenl s required @ iransforny the ceporied desth
ke ino & beticr calimate of ue monality conpditioans,
Of course, the aeme staements apply 10 the cadewlation
ol age-apecific death rates; if 2 Life wakle s enloulaied in
the onfinary manner, ang if deaths are underpeported,
the survival fanction, fix ), will TaH wo slowdy 45 s
increases ard esimaies of life expectancy will be biased
upward,

COrver the yoars, demographers hive suggesied sveral
meelboch of adjuptment Two methods wepe selecied for
inchision here: ane proposed by Presion and Coale;!
and the cther proposed by Brass” A third method that
cwentially compares regissered deaths betwsen o cén-
suces wilk Lhe deaths mpled by the census sge distnbo-
tons iy presented in chapter 1

The two methods described in tns chapier are based
ofl the assumphion that the latico being studied &
sable {se= chapwr [ HI'H:IET’I. They am both fairy
robuist ko wicdations of the assumption of sability, ;
ulady w recenl changts in fedility and W ual

in morlity. Mewertheless, te methods hold
ericlly oaly for stable popudations, and it is therefor
helpful to recill Lthe main charactarisiics of such popals-
loms, A siable Inkion iz one Banl has besa subject 1
conatand Fertility and meoriality for & long Gme. A feature
of sxch & population is thal the rale of expontntial
g;vmh in constanl st all ages, fmom which it fodlows tha
the same rat¢ of growth mual apply 1o births, deaths,
deahs in any pariculsr age group and the population of
ARy REE group.
The methods presented wne kbo based on the ssmmp-

| Sumuet Premon, mngey | Couls, James Trusel] wnd Mazis
Wemndrin, “Edisns|isg the heleness of eporimp of Ayl deniia
- jors Lhak mre l.p-prm.mil.:l nnblg,'"” torn Sl vl
45, Mo F{Summer I'Hl}]..pp. ]

2 wilkam Bram, Merkads G Fenllicy ans Mpanalivy firsan
Limwtedl ond Defeciive Date Chapel Hill, Monh Caroling. Carolips
Pogrddation Cenlar, Lubomioridn [or Populslion Stadies. 19731

(s

oo that Lhe conipheteness of rporting of deaths s the
samee al all ages That is, il o faor axsumied el report

is 100 per conl compleke; bunir it s, for example, only Eﬁ
per cent complele, this Agure applies (9 all age growps,
In practice, because childhbaod And aduln desths ar
mfien undermeported o differept extents, s nmlﬂ
are used ooly to esimais sdult moniality (bt pro-
codures for eatimatng chikihood mortality ane discussac
in chapter HEH[p. Child monslity estimaces oblkined Tram
the procedures described in chapiar 110 snd age-spacific
deaih rabes for adudis adjusted by the meihods deseribed
in this ceapter may be spliced together in the
convéndotal mander or by wming model mortaliny
schedules ut described in chapier ¥1

2. Crpamizanion of it ~hapier

The two methods deseribed in Lhis chapter nse infior-
malion on the age distribulion of deaths and that of (he
population. They both amsume that the popuistion s
gtahje and thal the degree of complctepens of desth
regitraion i more of keas the wame ml all spea afier
childhgod {pver age 5 or 10, The baxic dals required
miay be oblained from e vital regisiration nyateemn {deailhs
by age} and a conans (age dialribotion of the popola-
wink of from surveys, whedher relrospeclive OF prOIpec-
Wve in palare o el casen, it 3 imponaol 9 meks e
thl the deaths refer i the pepulation whose age disin-
bution is being used in the snalysis. To wid the wser in
seRcting the method begl suibed for w paricnlar applica-
tion, beiel jons of the methods prepented wre
given below flable 122 Indicains thelr date requiremenis

and the parameiers they estimale);
Seetion B Previon ond Coolr mwriaod. An cquoalion i
devived fmam suble-populaiion theory thel relaes he
ton of ape x 1o e deathe over age x expanded
a serees of Inctors incorporadng Gee acable arowith
mie. Tht e of the summed populition of
age x derived Trom desths over ape x do te reposied
popuiation of ape x, denoted by Nix}/Wix), indicae
the reinove oompleeness of desth  pegiscason,
Alhough W is SeCcEsary 10 ASme & growih Fate, -, in
onder 10 cakubste M) & "bes” valoe of r can be
selected as being that which the mos con-
siskent sct of N¥{r }/N{r ) mtios for difersnl valuss of x,
Thic method i more b w0 deparivees Frodn Kbl
than the Brass method, ban it is mone sEnsilive 1 cennin

types Of agé misveporing;

* Section C Hae proweh beifance method, Tn o subic
papalaton, the e of eniry inky the popitation aged x
amd pver by rewching age x B equal w0 the rae of depar-
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rure from the same population segment through death
05 (ke aunbde popudation growh rae, which is the same
r ol values of x. This rethed uwses this eliion 10
exumane the gable growth iz and the =lanye come-
af dealk regisiralion. It 2 somewhat ke
vulnersble o age sxaggerabinn (han the Freston xpd
Coale meihod, but il is more sensjlive o (he sffects of
destabjizatenn reaubting from a rapid morishiy dacline.

B, PREETON AND CoALE METHOD

. Bans of metiod cnd Ior iiowaie

I any popaladen, e aumber of persons in & parie-
ular age o Sy 2528, AL & parccular e 1 ool be
equal o the waal number of deaths 10 thowe pesons
from timee 7, when in members are 25-19, unal the Lasi
sarvivir has died. 17 only 50 per cenl of the deaths
CCCWITIRG every your s registered, thea the mtio of the
toinl number of deaths reported b the actuat population
will be 05, the value of the completeness of registraGan
The Fresion-Coake m i based on this simpie
ica. O coorse, in Lhe cxample given above, one would
have s wail & koog e b obbian an erbimate of the
complesenest of regruration, Hewever, il det nurmber of
deater it will ocour mhet Bme 4 ¢an be estmaked from
the nombeér of deaihs rporied (v » particuler year or
calemdar peniod, the companson of the eponed number
of persond in a panicular wgpe group wih the Slimaed
ial pumber of future deaths i3 the age grovp shawld
provide an gptimaie of e complatenew with whch
deathy are regiviered. In 2 gsble popalation, there s
ise relationship between the pumbers of corrent
Euﬂ'u and the ournbens « perons in the population.
The persons now wged x, W whom dowtha are currently
s =T are the survivern of birtha x years ago, which,
by the ries of sable popalations, mus have been
woaller in Auciber than comeal birks by & fector of
2xp{=rx}. Henoe, the number of deaths thal wall occur
o the current pumber of birthe when they are x
will be Jarger thap the current aumber of desthy w3 par-

sooa aged x by a Tacior of exp (rx ).
L folea Dhal the domiber of dedtha Lhml wiill be
prperienced curreally x [theorelically
nqulp“m the m:mh pﬂm‘nﬁdun be eslimaped
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fromy the curment aumber of dealhs pcanded a1 each ge
above x, Specifically, if Nz} is the number of persons
A age 1 in @ aable populstion with growth reie ¢, and
fi{x )15 the number of deaths af age x, then an cstimais
of ¥{x ), ¥{x)can bt capreaced as

Nizd= X Dinkapirta =xh. ib.n

[ i

If the population is genuinely siable, the raie of growih
cormecily apecifedl, end deaths and population accy-
rakely repared, then .ﬂ'{x Jwill equal M(x). IN however,
deaihs are by some Axed proportion {£ay,
20 per cennl, Hix PN will Be less than 1L.O—in this
instance, OB, Since N[z an estumate of the popula-
Gon an exscl age x, it canmon be comparsd dirscily 10 the
reporied population, which & normally buleesd by
fve.-yenr age group. Dhe can cHomdle Nic) a8
(o, s+ 10 where | &, s the reporied population
between aget £ and x + 21 or. dliematively. 58, cin be
cstimated as 2SN N e + 5L

Thus, the e of Az} w Mictis an ssiimase of the
complereness of death regisirzon in relation to pogpulne.
ton enumernibon, bt it would be unwise W eslimane
complereness from a mngle ratlo Atx /N or
s e, | simvee the namber of persont f=podted ai & par-
ticofar age (even F determined pa the avernge of the
aomber cver an interval ceatred on x ) i subject to over-
satement o  woderRatemenl because ol mge-
misreparuing, of beosuse of diférenlidl omistion af per-
soits in & particudar e of ages, A betler eslimate ol the
compiesness of death regrdration io relntion o popoli-
bof enumeraion can be  oblsined from  erran
N (x)/N(x ) ratlos by considering some type of represen-
tadive value of individusl ralios over Lt eXENSYSE CARZE
of mges. For sxample, the medinn can be used, or the
rtio of the sumn of esimeses of <8, over &n cuemive

range of AEES Mo N, Dver i Same range. The obviou
ponibdlity i the retio
c=SMiT M (B.7)
A=k =i

which is & comparison of e keipd popalation eslimmbe:d



from the number of deaths Ww the tolat eoumerarcd
population. Fowever, thit possibility is not necesgarily
the best because cstimates of & (09 and +Ay are based in
pari on the reporied qumbers of iofant and child deaths,
which osually conslituwte g large propodion of the wial
number of deaths and are ofen subgtcl 10 a compleote-
nesy of regnsiration guile diffecent rom that af deaths a

der ages.

Anmheér problem arising in the esumation of Aix}iz
the determination of the popolicon edirgaed from
reporicd deaths al the opper ages Anthe upper end of
the age range, there o alwayt 2n “open intervai™, in
whih the number of deaths and the number of persans
are whulaced i an wndivided age caegory, such as
W+, B3+, 30+ or T+ AP the lomer boundary of the
open interval 5 denated by A, ihe ssumanion of Mid}
and of M4 +) from DQd +) and the e of groweh
tequines special proctduncs becauss the distnbution of
deaths within the opeb inlervel & not available. It eap
be proved thal the estimation of M4 } is less sensitive to
uwncerlainiics aboul the disinbution of deaths in ibe open
interval Ihan is the estimalion of N (A4 +)

Bevause of the ial difficulties involved in estimai-
mg the values ﬂrm sarly chillhood and in the open
inkrval, & practical option o oblain the beasl grratic
values of \be ratios of sstmated to reporied populatan
15 80 divede the sum of the csumared oM, valwes over cer-
lnin raoges of age ¥ (from age 5 op lo age A —3, five
vears before the beginning of the open inkerval] by the
sum of the repopied 48, values over ibe same range.

Lt 15 herefore suggesicd that two sels of estimates be
consudered in azmeming the completeness sath which
daanhs are peconded i relation 10 the popalation——the
sequence oF 10N 1x b, s, and the sequence of N'(x
W A VN oo A boranis for different values of 5. In an
idcal mivaton of accurately reported . @ Zenuincly
stable age distnbution of known prowth mie, aod the
same complesness of epistration of deaths an diferem
ages, bolb sequences of mos would be constani wilh
respect to ape and both would yield the same fixed esi-
make o com ness, In aciwality (a5 stated sacdizr),
the Arst et of crumales 15 ematic beceuse ol misepan-
ing of agz in the population or becaves of differential
comphkieness of enuimerathen.  In pddibon, it a5 fre.
quendy the cage thar the eslimales both of Nix ) and of
Mix w A) are affecied by violetions of e assumplions
upnn which the method ig based. It turmns oul, however,
thar the mosl typical violations of the assumplons pro-
duce characterinig deviations from the expected how.
izonial plot of the M/A sequeece, deviations thal are
fairly distioctive and therefore, in cortain circumsiancys,
interpreinbde. In order w examine such efects, the eni-
mation mothod proposcd was gpplicd to dala from a
true steble populaticn with a growth mie of 0.025, which
have Dbeen aribcialty distorted. The conclusions
reached from these experiments are summanized below,

(2} Incorreci choioe of h fare. I penel A ol
figure 11, plots of & /W are shown for the correct choice
of the growih rate, r [0.025), and for values thal are i
high or tpo kow. It can be scen that il ¢ iy oo high, the

sequence o & /W falls with age; the opposing ocours il
the valut of r 15 100 bow,

(k) Lpword displocement of age ar dearh, Very often
the mze of chder persons o5 displaced opwerd, perhaps
because somial stelus 35 enhanced by advanced age.
Typically, reponed ages an death are displaced upmeard
13 & grenier esenl than the mporied apges of the Jivipg.
A common siluation in which age 8t death is ewap-
gerated am relation o tbe age of the living prodoces the
nsing sequence of W/ satios shown in panel B oof
Apure 1. Overstutvment of age al dealh increases the
timate of ¥x)ymn twe ways. Recall thal () s the
sum of the producis of deaths over age x and exponen-

Figars 11, Nisadrarkes o et sErra. of feeldnbits Ted The pooapiep-
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Ll serms 2xp (g —x i (equation (B.J). Oversiaemendt
of age au desth in the Torm of & wansfer of reparied
denths from onder by gver age ¥ increases Nix } by sim.-
phe exapperation of the telalive number of deaths over
age x. Moreover, cverstalement of age ai deald
ronfincd within the span of ages over x {that is, with no
analer froen uodér x o over X} also increases &1z ) for
the Todkowing reasen. When the sum

i Diajeup (r{g —x ]}

dwcr

1hAT deemines Nix) s caboilaled, & franster of deaths
Teomn kower 10 kagher ages within e span over x réswlis
in mulbplication of the wansfermed deaths by a larger
than wamanied esponénuial @ctor,

The firsl ar direct efect of an upward Wransfer of
deaths acress some age boundary x B substantially
greaner than the seeond or indirect =ffest of age sxap-
geration above x, resulling i oo ok an ape distribation
of deaths over kge x, though the indireet effect conlin-
e o digtort the reaplis for all vilees of 5. The site of
the indirect efect declines a9 x Jecntases, bowever, so
thad by age 10 it widl be only aboul halfas Jarge as ar .':IF:
10, say, if nek gpward ransers ooour only ower AR 5,
£ gnd BY. The ovecall effect, therefore, of cxagperiism
of age 2t death oo the plod of Mix 1/Wix ) s likely w be
ag impercepiibe upward wend with £ op W 1he age at
which cxaggeration beging, fidbowed by a shinp upwird
kink reflecling the direct effecls of exaggermuon. The
values of the points op s the kink should oo be seversly
digtpried, wnless exaggerathan of age at death bepns at
fairly young ages:

(e Departwees from sislitine, I fertiliny has meently
declined or il there was 3 bnth deflenn &0 some Lme in
lhe pasl thal creartd o small cobvord in the populatico,
the agt disinbution sould nol in facl be stable. The
makh between the s number of persons al age & and
the number construcied from the number of dealks,
gvén i deaths were completely reported, would be
smpuired. Specifically, small cohorts caused by law Ffer-
Lilily either at the younger ages becanse of & recent
d:-:i;nem or for amather cohont because of the effec! ol &
war, would e refeced in high values of S4{c 1/ 8 (1) Far
these age inkervals. However, if the gstimpoe of come-
plereness of registrabon of aduli deaths B devved by
analvsing dewths and population only over age 15 or 20,
¢ deviation from stability caused by recenl changes in
Fertiliny will have oo eMect on the sults. A mose fre-
QuEnt SitUatiGn in contemporacy populatons in develop-
ing coutinfes it 4 decline in morabicy that has sccumed
awver the piest 320 or 30 years. A history of declining mor-
cality causes & departure from the tatde ape disiributon,
bl wawally & racher limited depadure. The sequence of
raes of W /N produced in a trpeeal populavon in which
morlality has been declining & shown in peael O af
figare 11, The sequence of N (x)/M{x b rises gnd thes
Falls, while tbal of Mix to A )N (x o A ) alls slowly at
first and then more cpidly. The actaal patien depends
upon the panicular tend followed by the montality
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decling and the ime period duning which the decline hes
taken place, hut an inverted [ pallem is iy gpical-

In aoy mal population, of course, mislatement of
reporied age by the population will end 1 produce »
rigzag patiern in ihe sequence of the KNx 12N {x b muios,
Such disinmnng are legened when the cumutated ey
sion of these rliss. vz wA N x oA 6 coasiderad,
that 15, when the estmaied populaton whose age mpges
from x 1o thee bowver limit of the open inwerval is Lom-
partd with the number of pesons o the enumerated
populauon over the seme age miecval fom x to A,
Unferupakdy. it i mot ilw#rs casy o distinguish
between the effects of the different viclabons of the
undenying astumptions.

Boh overstatement of age at death and chaice of &

rate thal is too small causs a nging sequence of
Niz) Aix) However, o unall & valos of v cguses the
negoe (o rise lincarly a1 aft ages; while oversiarement
of age at death, coocentralcd 8s i oflen 15 ab the Righes
ages causes an upward bered af the firsk age al which 8
ssemalic gpward tansfct of reported age at dealh
ocours. I the chosen r s too small, one simply thes 5
larger value. If N{x}/N{x} rises monotomically only
ovér ape T4, for example, oversiatement of age sl death
1% the likely causc. An cslimak can be made of the
eatént ¥ which the number of reported deaths above
each ape has been increased by xge overstatemend, and a
mough comecton cen be made by reasigning the excen
reporied deaths o Lhe nexi Jower age intervad. The
i} Mix}rados can dhen be recaboudaied. Lsuwally this
comrection only alightly reduscs the ¥{c )W {x} valias o
YOUNRET ages. An allemative to redisiribution may be
the selechon of 2 lower beginniog age for the open inler-
val, 50 thai age overslstement is langely confined to tha
inlerval.

A mewe ntracinbbe prohlem o to distingwsh a dechin-
Phg st of NWix)/WQx} ratos that 8 associnied with a
population than has & history of declining mortality from
that produced when tbe growah mie wsed is oo high.
Morzover, wdjusting the cstimates by assigniog & smaller
vafue 10 the mwk of grewth sould bower the esiimate of
compleizoess; yel, the estimate derived from the popala-
tion with & history of declining mnrt:lJil?l may already be
o low. When faced with a declining sequence of
Fix 12 Wix), one musd therefore decide on cther grounds
whether the population io question hag recenilly eaperns
enced cxtensive declines in morality. I such & decliee
bes occurred, \he median of the mtos of cumoulaled
popalations with bepinning apes from 10 10 33 or from
I oo &% cap be accepled a8 a egermete of compleenes.
On ke other hand, of a prolonged and substantial
dectine in noctality appesrs unlikely, & bower valge of
the rate of incroase can be employed (o produce & more
level seqoence of A (x ) AN (x ) ratios.

Unfonupately, the geneeally optinisue wae of this
discusgion of the diagnestic value of the Nix1iN{x)
sequence is net imvanably justified in practice. Errors
are nod abways s ondedy as one would wish, end comix-
nations of different ivpes of crorm chn gve nse W pal-
wrns in the Kix 1/ Mix | ration thai cannan be interpreied



IEE:I:II!'diJ'IE 10 the simplke rules presenied above. Hepce i
will nod always e possible w abiain one singht, unambi-
guous esiimate of completenass, thoogh by the judicious
tpe of diffierent growdh rales and open amereals, i
shoubd an keast be piasible b abam some idea of the
range within which ihe true figure lies,

2. Dega required
The following, dats ar: requared for this method:

faf The deaths accurring i a4 specific ume period,
Acwenaliy 1 A given year (bul the average over & bwo-
yeEar of & fiveyear pericd may be wsed as well), <lamified
by age. Five-year age groups are adequane. s pgefuf,
though ool exerntial, 1o clasify by sex;

(& The popolation by age prowp {and sex)
correaponding o the mid-penod lor which d¢aths ere
v,

fc) An estimpne of the gronvth rate dunng the pericd
One need non have & precise Sk, Snce an incomect
choice of r should be seident in & diagnosic plot of
N{x 1 N(x). Indeed, the Bnal choice of miay be deter-
mioed by that value which prodoces the micse level trand
over Lhe cenleal age proups.

3. Compurarional procedun:

The steps of the computaticnsd  procedure am
described below.

Step [ exdmation of proweh ne. Since the methed is
applied only Lo adoles, the prodasional esumate of the
growih rate could b oblained as the inbercensal e of
growth of the populetion over age 10 or 15, Howswer, a
beilker eslimate can usually be iound by aking the
median of the growth rales of the populacon aver apes
M 15,20, .., 60 I censupes are tekam al fimes 7y aned 1y,
and the popalation in Question at tme £ 35 5y and o
e 1y i A5, then the growlh i B akulited as
r= AN - IF s non possible 10 calculake
mkercensn] grovdh vates, shen an memative procedare that
wotkd hegin wath 3 reasonable value of » and modily it
undil the stquence of Az )/H{r) is as close 3 being
horizente! x5 possible woubd be necesaery.

Step 2 adiveiment of reported popularion te wud-poins of
;rriJ Suricily speaking, when the data oo deaths are
Tor & glven year, e gpe dimnbution of the mid-year
prpulatinn should be uted. IF L copsus was tken on or
rear the middle of the year, ils dana can be wsed without
adjustment I7 the population dais fefer w the begine
ning or e eod of the year, onc postible cowren of ACiWn
i ko usc the averape of the dala oo deaha for the (wo
pdjucent years. Apother, more general solution is W
adjusi the population Agures so thar they eonform in
ume t the death data. The simplese way 1 accomplish
this task is to assume thal the population is growiog at
the prownh raic cstmaked io step 1 Thas, if by 05 the
daiz oo oding @ the middle af the period (or year)
- which the denth dare refer and £ is the referme: dag
of the census, the adjusied population values are com-
puted g

SN = oW, eup (e — 1 DD,
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Moe that the values of &, and M{x +) would ali be
muliplied by the same  adjusimenmt factor
exp ir{d, —i Jb. Thus, in prachice. it 1s much simpler
apply this method without adjustiog the daia ail Lhis
scage, bt mnakitg sune o sdjust the estimated cormplate.
mm  of  demth  regisiration, ©, by the  fatuw
NP L —Fliy — ). Funhermore, il o 15 interested in
adyjusted age-1pecific monatity ranes and nol in the kevel
af compleisnsss per e, this adjustiment is aol necessary.
When o adjusiment 15 performed, C will be an satimare
af compléleness of death regislration io relation Lo e
gize of the vnadjusied population, so mudiplying the
reporied deaths by QA0 and dividing by ihe unad-
Justed population will yield the same estimated mortalicy
rates as those obtoned when the population is adjustsd
g5 explained above.

Anodber commaon Slustion that mquires adjustment
of the o, values anses when the deaths correspond
an intercensel prrid. Ino this case, the popalsiion
figures abould be the average of those recorded by the
two censuses and the death figores should be the average
annual nomber of deaths.

Siep 1. exrimaiion of poradation from
I ean be shown that equansn {B.1}, from which the
estimated populsion &t exact age &, (x ), is calewlaed,
can  he  sepreded  in mcursive  [ashion s
Nz Mz +Sxp 5 )+ 40, exp (25).  Hence, the
calealation of N(x) is siraighiforward, except for the
opencemded age mterval, In general, since the egting-
won for s mervdl requires 8 cerlain amount al
approsimabion, it i sdvisable to use 85 namow an open
mperval i the du permil, wking inte consideration the
possible effects of ape exaggeration.

Fo each of the fve-year agz intervals from x teo x +4,
i i assurived thad the length of ume from x to the mid-
poind OF thet intervsl provides an sdequate estimate of
the averape kength of ime over which deaths nesd by be
inflased by the sable growth mate. Im the case of the
open interval (desths af age A and overy, theee i no
mid-point, 5o some alicmative procedure is required (o
include these heawvily weighied deaths in (he analyss
Thers are two different problems involved, the Fred
beiog 1o decde what age A 10 selocd ag the Jower e
dary of the open imtervil, and the second being to esti-
mare the age porit a8 which the deanhs in the interval
should be asmnmed o be concentraed i onder 10 apply
the correci growih rate adjustnrent 1 them,

The first problem is cometimes rescdved by he form In
which che data are available. T the obulanone of
deaths by age nop an age groups 55-39, 50-64 or 65-69.
[eaving open-ended iolervals beprning a0 values of 4 of
¢, 65 or T, mspectvely, then nothing beter can be
done than o usé the value of 4 a8 given. IF more .r.E:
detail is available, the quesion arses wherher - uze
A vl the basic daw or W use & lower value, The advan-
e ol wung the highest poasible valwe acconding to the
deta tabulations is tnal the higher the valoe of A, the
smaller the » Epﬂ::imlﬁm made i estimatng the nge
it &0 which deaths in the open inerval are Bumed
to be scting, The advertage of using & kower value of £

Ry



is thai the age ermons in death reporting, which probably
merzase with age, will be peduced. In general, a value of
A of 75 may be adopled I m chses when ape
reposting is eatremely god, when valwes of B or BS can
he ward. Age 75 is selecied because it olfers the moa
advantagecus balance beiwesn gaing obained by reduc-
ing the sfects of age errors at very high ages and losses
relalzed to the apposimation involved o estimating the
wright of the deaths in Lthe open mierval,

The second problem, thal of estimating the weight for
the deaths in the open inleeval, can be solved by wing
models. 1A 15 e lower boundary of the open ineral,
tbe number of people aged A & given by

Rid = T hixexpiriz =AM

LLE |

an eapreseon (hat cuonnol e evalyaied frooy the daia
becuuss the valwes; of Dx) are nod aveilabde, However,
ibere oxisis & Jengh of time, 2 (A }, such that

L]

Bit +)exp treid o= X Dix Jesp (5 —4 1)

I=d

50 that the rumber of people aged A can be calcolaled
from 1be number of deaths over age A . A 4, &S

KA 1= B4 +)%5p (r{A )). (B3

Valwes of z(£) have been calculated For s reope of
model cases haviog different growth rates, montality bev-
els, moriality patterns and values of 4. Léasl-squarss
regression was used Ly relate the values of 1A ) o two
paramelers availalle in any applicadon, osmely, the
growih rate 7 and the exponential value of the ratio of
deathh aver age 4% o deaths over age 100 The
coeficianis shown io table 173 make it possible Mo cabi-
Ak z(A) for values of 4 ranging froam 45 to 25 for
each Mmily of the Coale-Demeny model lile tables by
usihg the follovang equarion:

i)

(B
il{ [LFY =4

Z0A J= A b+ B W 40 [ Rexp

In any particutar spplication, therefore, the vafor of
(A may b stimaed from the grovwih tele, 5, o6
egtimated in step |, and the ratic of deatha at age 45 and
ovet W chealby at age 10 and over, a ratio that can be
readily calculsied from the disiibotion of reported
deaths by age growp. The populaljen eged 4 can then
be eslimakd wing cquation (B.J). [ no indications
cxigt a5 to which family of lile 1ables should be used, the
West faroily 15 & satisfaclory delaul.

Once the value of NiA) has been calculawed from
deaths in whe open age interval, the emaining calcula-
ons are straighforeand. Oec begins with the open
mitrval and conunues downward, wsing the [dlowing
recursive  Sjualions o celedlue  N(d -5} from
N{A L F(A =10 from M4 —5)and w0 on:

1

Rixh=Nix +Sexp idritoByonp Lér)  (B5)

N = LHN (2N x +5)) (B.6)
where £, 15 the number of reporned deaths in the incer
val from z to x +4.
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4; exfimalion of completeness of death regrrireiion
The compleloness of dealh megistralion, C, iy b mken
as the sverage kevel of the sequence of Mix)/Nix)
values, or of the sequence Nix 104 )Nz wA). Uscof
the medien or the mean of the values over a wrhere
the latler sequence is approaimately Sal ey, from age
10 &) age 43, s sugpesied. [The plol of e A;f(x WM}



rauss showes & perverally naing trend whlh o, swggsling
that the growth mie used was too bow, of @ fulling wend
with x, suggesting that the th rale vsed wis 0o
high. the growth rate should be modificd accordinghy
and the calculations repeated- [Tsome sl o required Lo
decide which set of points prosades the chosest approxi-
malion & 4 borzonts line, the abgntule deviations of
e paints, ercluding obwious outiers, from their grand
mean fexcluding again the obvionis ouliers) could be
supamed; and that growih rate giving e mimimum sum
could be accepted. Amolher procedore would be 1o
divide the poin, agein excludiog cutlicn, into e
Eroups of equad sipe {lor ingance, ponts for ages from
10w 35 and froim 40 0 63); 12 ealeglaie tve mean valos
aof &(x)/Nx) for exch group, and o sccept the growih
ak that miRrnees the diference beiween the too
means, If the slope of Wix)iN{x} indicales that Lhe
grosih rane has been mizpecifed, the Fllowing rule of
thamb can be wed o ahmele an adjused value af »

The effecy of oo estimair of r thal incorporabes a0 e
& on Mix) B o increasc Nfx) by a mulliplicr
| +{&rp,, where ¢, is the expectation of hife el ag .

Onen thal 2, doss ool vary idly with the pverall
level of mortality fior advanced values of x, the eslima-
tom of e, for pamicular applications can be avoided
while sill obwining & reasonable fird approximalion o
ir. ITthe valoes of Nix)/M (=) for values of x from 20
o 40 amd fom 40 po 60 ane wveraged, and the diffiercnce

hetween them {a indicater of dope) is ohuined by-
mubtracueg the average from fhe 40-50 pverage, a
firt approdumanon W & can be found by dividiag the

resull by 145 This value of 14,5 15 sdnabde for an e g of
2boul 55 veurs; i the ook valoe ole g were 45 years, the
vahlue of the denomioaior svouid be abaut 12,7, whoreas
for 65 it should be 18.4.

Srep 3 adjucimens of reported deoth roles for wndesregis
:.rwh;f Mﬁﬂnﬂm’mgq'n fife tobie fir adkelis, 1F the age
intcrvaks are, for caample, W14, .., 7579, §0+, in
adjused death rates are cakeulaed im s stighiforvard
wanner as follows:

T
M = lﬁ.ﬂ, fre=10,_..7% (BT
and
ay D804 LD — B
e M = - TS fot x =&0. {BK)
Lastly, the ;m ™ valuss are converted inkx life-table us,_
walues jn the wsual manner for tee nge groups from |
14 W 75749
(5 0pm
ST T ®H

Then, wang, the relarion 10y +5)= (2010 — g, ), values
of }{x} for ages from 15 w B cae be determined with a
rudis 10y of 10 ot age 10, 1] an satimaie of f{10) s
availublc from lie procedures described in chapeer Lil, it
can he emploed direcdy in calcalating the full ki

mble. However, some imegularities generally will
emain in the of edjusied o, values, becauss
of age-musreporting or other crrom; and further adju-
menl and smoothing, for example, by comparsson with
nyorality models, will be desirable. For funher details
ot these types of adjwstments, see chapler Y1,

4. First detgifed example

The case of the ﬂm:l:‘mpuhtinn of E] Sadvador in
1961 g considersd Bes, deaths registered in that
yaar, classified by age, e shown o bl 124, along
with the population coumerated al the time of the P96
coosus, with a reference daie of 5 May 1961
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Step - eximastion & A e Cenduas were taken
e El Balvados oa 1980, 1961 sad 1971, From the cumu-
lawed population fipares, Wix +), growth ates for the
porulabon aver Lo, 15 M. were caleulaked as
r=la|Nitx 43N (x +)171: — 1)) Tor gach of the e
intercensel pericds, Results s shown n table 13%
dong with the averages of the reo 1T the populplion



were really wiable nnd all daty were accurmicly recorded,
then ther growil zakes would all be the sane, Exuming-
bow of able 123 reveals thal they wre nol, w0 pomE
choice mes be mude. The median of e avenipe vilogs
{mnmqhtymnﬂmndmlhtmﬂmmlﬁl]

‘mnging from 20w 60, RO257, was selected. IF
dm B 4 poar one, the dagrosic plod of N /N
should reveal the amor &nd an improved choie can be

hplr#mfmp@uhim to muid-poidt of
The population oprrespond A the census
reference dake of 5 May, while the deaths are centred on
I Iuky. Thus, the o, snd Nir w0 A) valucs are oo
smal] by » tiny Frection. The diference in Gme belbween
the mid-year and 5 May is 56 days, or 0,153 of & year
Thm,d:udjmun:ml‘nmrdm:ﬁwbd ied m1h=
ﬂ:pu].l.ﬂun datm  1ia c:pl{ﬂli.ﬁ}tl}ﬂ i= 10044,

owever, as slated before, Uhe pnpu]lul:rn dals deed oo
be adjuvied au thin stage, since il b simpler to sdjust the
renliing. completencay of dealh regisiradion (scc step 4
below)

Teep J: extimanion of pepulaiion from registered deahs.
In thia case, the open interval is the mge groop 75 and
over, 50 A s taken equal to TS, Thus, in omder 1o begin
the ecurive cakcplaton of N, an eslimale of {75} s
nexded.

Tho rate of growth ket been yeimated s 00287, and
the martality paniern regarded as suitable is Wesi, 3o all
thai s required b estimate £ (75) 35 the malio of deaths at
ages 45 and over o deaths atages 10 and wrer, Comu-
Inting fram the bodiomn af eolumn £2) of wbis 124,

+38
+357= 4 089

The valoe of Di0+) can be obtained most readily by
subiracting deaths under age 10 from all desibs:

I

DS 4= gDy 41Dt
— L]ﬂ]_‘_ﬂ_‘_ -

DG+ )= B0 4 sy —y g
= | 1452 — 6,900 —610= 6,133,
The ratio is then calculated:
DS o 1 D 10+ )= 408976, 133 = 0 6667:

and itz sxponentil value found:
exp | DA% & 1/ D104 )} = exp (0.6667) = 1.948.

BUM; the cosfecienis from bl $23 i equetkion
(B.4),

2(F3)=a{T5 )+ d{T5W0 028 T+ c (TN 1. D8

— LEA (AL IKO0G2ET) + (191 H | 9481 = 2,21,
N{75) is then obaained by applying equation {B.3)
F(TS)= D(TS 4 Jexp [r2 £75)) =
(1360 )exp IOG2ET)I2 1)
= (13600 t 2299)= 1 6729

Then NCT03 is compuled using the recumive equalion
(B.5):

R0 = B{Texp (5 )+ Dwekp 2.57)
={1,672.9)xp [[5.0ND0LET)|
+ (504pexp [2. 50,0287
= 193104541 5= 24715,
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Eztimailes of .';’:’.:'} for all the roquired values of x an
drown in coturnn {3} of tabte 126, Mext, (N is celou-
lated as

M= 28 RTS+ N{N))= 251 6729+
2472.5)= 10,3635

and Nix to 75} is calculaied by cumolation. The com-
pete scks of estimated M, and Fix 1o 75h values are
shown in colomns {4} and (5] o iabde 124,

Seep o4 etibmertion of compiereness of deark regEstratio.
Valoes of N AN, and Mix w 730N w 75} are
skawm in columes (6) and (73 F lable TH (1he denomi-
nulors of the muos ane found in columng (3) and (4) of
table 124}, both seis of valoes are dispduyed in figure [2
T illutraie the siability of the ratos A o 41/
A ) with respect to A |, their values wsing an open merval
of 60+ arc also shown m wble 126, Although they are
slighdy higher than those oblained wsing as apen inber
val 15+, the differesces observed are amalt, Because, ag
figure 12 shows, the sequence of Bix o 75Nz 19 75)
rtios is approsimately fal ooeer the age eanpe from 5 to
6}, Laeir tetdian, 0,825, d wlected ac an wnadjusied oshi-
mak o €, the completeness of death mgismton.
Ad|uarmant af  ix neceszary to make allowance for the
& expiting berwern the daie of enumeration of
the population and the mwd-year (3o sicp ). Thus, the
sdjusted completemess of death regiseration, L, s

= 0828 7 LODL = 2
Bacause in Lhis case dhe difference v the daker men-

licmed above is relatively small, the difference bebween
the wdjusted and unadjusted © ia minimal, and (or sl

practical purposes, adjustment can by bypassed. How-
i, it 15 imporant (o remember its thenretical necessity
in cases wherr the dete difference is large.

¥ adirttment of reporied deach ratey. The age-
specific mortaliny wdes can be adjused in the arsight-
I'E:-:rd thafiner by wdang equation (K. 7y wilk the unad.
jusied estimate of ©. For eaample, the adjunied death
rate for age group M54 15 given by

P 385

=— ... =04HZI.
M Ciaiy)  (DBISHIESI6)

5 Serond dbailed example

The second exampe, wupg data fram Andra Pradesh
State in India, iltustraies how sety of N /¥ ralios can be
wied o sstamale the pompewnss of deaih registration
when the stquence of rarns is more irreguiar thas in the
ciese ol Bl Salvidot. The dednils of the caboulatons ars
™ presented, hovweyer, sinoe they are Smilar i those of
the firsl exampte,

! enimtion of growdk rove. In Andrs Pradesh,
the male populaton a 10 and over increased from
1,137,000 on | March 190 o 15506000 oo 1 Apnl
1971, The intereensal peniod was thus 10 years a1
days, or {085 so the intercensal ke of

the popalation aged 1T and over, r {10+ ), is given by
{0 Y= [Ind 1 5 806} = Ind 13. 13T}/ 100085

= (G182,

Seep 2 to hasic e The basic dawa {for
males) on deaths by age and population by age fior 1970
arid 1971 come from the Indiap Sample Regisiration

Faperr 12 Pt el ratbe of tesimiiond 1o raporied Fmak:
popuistivn, El Salvaidar, 1961
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Syvtcen and are poblished in the Torm of the ape disin- exponential is thersfore eap (07062 = 20263, Asom-
bution of the snmpled popelallon per 10,000 population g Bl morulity in India conformn o a South pavera,

of ol apes amd of cetiral desth raves, pm,. Lda
Bve-year nge proup are avaiable up to age proup 65-8%,
e opea inkcrval being 70 aad over. No adjusiments are
required for tee populaiion data, which are inlended to
represenl perion-yean of rrposure, bul deaibs by mge
grovp mosd be oblained by muktiplying the cearal death
s o, the pepulstion i+ the risk of
dving. (N, calculations are carned oul sepaciwely
for 19X and 1971 in table 127, Todal deaths and ol
ion for the peripd 1970-1971 are then clhinined
Emmin;lht figures for mdividual years. the resuls
being usown i colemns (8} and (%) of lable 127.
The mio of D{45 4+ D10+ i caboulaied from wble
127 w5 (I223I2){17322), or 07062, The walue of i3

i saimnaced i
Z{T0) 2 =753 - {TRAWOCH EI}-{ 7.1 52 0263}

o

=539

The value of & {H)) s then obiained a5
N = DO exp (B FIN00183)
= (37T INL 16607 = 43,57,

Full results are shown in bic 128 The ;M. /N, and
N(x to 7O/ N{x 0 70) ratios wre plodted in Aguwee 13.

The phot of N, /N, rises From a value below 08 al
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age 5 0o a0 value over 1.0 a1 spe 20, then Nalls to 080 at
40, emaining between (L7 and 083 fmomn ages 35 o
a.‘nnq:l for mge 55, The probable explanation of this
up-and-down movement i lhe deviation of the reported
ape di.ﬂnh.mm from a sable ko, which, :llhnugl;
arriboiable to 3 ruc back of sabiliny is more bkely 1o
ke msubt of differential oindion, o of 1he Eddency
mistair age. Ilslmuklh:tnm:mmmdlhlllh:c-nn-
dructiion of e edimuicd ation &, from the

rexonded disinbuion of deaths wnd the growlh rate,
being cumoladyve i foem, tends 10 follow & Mable age

din:ibnﬁmgniudm:ly.ﬂmiflhmmu ent of
Ihe:pﬁﬂnhﬁunhlmmd:mnmdm DA
of survey, the valuc of N, 7y, mﬁrm:iipulu
these pointt; and where,
populanos & mr-euum#h ?f;ﬂ, HI ﬂ'lw ]
minimom. The high puulul'gﬁfg,ﬂl ol dge 20 B
simatl ceripinly the msult of an wndercoonl af the
cohorl apad 20-24. The comulated valoes, Nix o
0L/ N(x w200 chow no general wend with age; and the
median valoc of 089 can be acoe ns & cnablc eati-
maw of completcnes of death regisiration.

Flgure 1% Plind sf rption of sastmatod 10 regeirvil MM SOMMEION
dundrs Pracjesh Tiste, s, 1900 | ¥

Aga n
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It i likely (hal the age-misreporting Lhal appean o
have didored the reponisd age distribulion of (he popo-
lauon alx produced an inexect reporisd age disributmnng
af dextha. Thus, the lfe 1able obinined from the centoal
death raies, ym, . adjusted for odensparting of dentha
by a factor of mboul 104038, represent the ooverall
blevel of mortalily moderately well, but the deiled
strocture of the resuluat schedule of morialily raves and
e aconpanying life table would prohably be
dissorted. It & dwrefore preferable b calculaie the
expexintion of life ol age [hin thiy life table and to wtil-
ixe 4 riodel life table with the same life sxpeciancy &
perhape 3 mone wesiworthy representation of mortality.

C. BRARS QROWTH BALANCE MEFTHOT

1. Baory of meihcud qead iy radovets

o L1575, Brast’ propreasd a method 1o estmate the
comglemness of regismalion of adull deaths. This

3 g

129

meethod it baped oa the squation:
Mix)N(x+i=r+Dy =M+ (L]
whera Mix) i the number of of cxmcl mpe

x:N(x+) & the 10wl number of perbons agped 1 awd
over; D™(x +]) is 1he ioial oumber of desths accuming o
persons aged x and over; amd r is the prowih @i,

Hrass thal squaton (C.1) 11 enser for mabde,
chosed populatioss. 1o validity can be explainad in
COMmmon-mase tirmy by the following argument: dnce
M{x ) may be thought of s beimg the sumber of pamons
i & year entering the growp of those aged ¥ and cver,
the ratio W{e)/N{x +} can be interpreicd & & “bisth
rae”  for e Inticoe mped x wnd  Ower
D'(x + 3 Mix +] i the death rae correspanding v the
Hime Iston; swd, iT one denoies by rix +) the
growth rade for the popolation aged x and ovar, the
EqUAlah

Nix N +)=rix +)4+ D% + )/Nx ) (C2)



simply statrs lwe famidiar truiam that in a chosed populs-
Gon the birth e iv squal to the som of the growth ree
act 1he death mie. Now mvoking the sssnmplion of
stability, it 15 the case thet o & sable popoMuon the
prodeth ratt rix +) is, by definiuon, the same Tor every
x; and, therebore, plx+) can be replaced by ¢, mnd
cquation (C.2) bocomes oquation (C.1). that proposed
by Brass

Once (he validity of squanon (C.1) B ssablizbed by
ssumicg sabdlity, & second asumption is made, Sup-

that indewd of obeerving D%x +) {the fotal
gomber of demths aver age A ), cnly & propenion of them
was reecnded, |y Fix +), where
e +y=CilziB"x + ), (C.3)
C{x) being & [acior represeniing the complelensu of
registraion of deaths a0 age = and aver.

it is theo apsumed thal the completenes of deark
registrathon dees nol vary with age, at lesal over age 5 ar
agze b, C{x}can be replaced by 2 constant C that does
o change with age, Leiting X = LAC and subslitufing
sspuation {C.7) in equation {C.1), the follewing relation-
ship s obained-

NN H=r+E(Dx + W Nz +3). (C4)

Far 2 chosed, sible populaticn, where the complek-
nets of dealh regisbabion is the shme 3l every age and
where Ape-reporling & accamte, equation (C.4) provides
4 method by which o estimaiz the completeness of
death regieration, Acconding 0 equation {C4), the
relutiohip Between D{x +)/M{x +3and N{x A (x +}
is Enear; and the dope of the line¢ defined by the points
[Px + 38 {x % Mx)/Nr+)] s the valoe of the
adfusurient fcwor X, Hedee, o estimale X, onc needs
only s Gnd the of the line defined by the points
[Dx +¥W(x +) N{e)/Wi{x +)} Nole, however, thal
no  explicil aAllowance i being made Tor  age-
misrcporting, whether of age at death of of age of b
Iiving, though the use of cumulalon is likely kb amadoth
oot some of the affects of age emmors I is fajr Lo say,
therefore, that whenever the gge sirpcture of deathe or of
the lufion is disiorted r reponing, the esli-
mukes yickded try this m may be biased, although
the uar of cumulaton amd jodickout elimination of
paints from the Kidng procedure will reduse the efsc
of wech 2rr0EE.

[n practce, the poins  {Dx +)/%(x 1)
Nix + )/ MNix +) scldom fall execily oo a struight line,
ad X i oblained by selecting the line that best Ais the
obmerved points. Ln some cases, however, the devinlons
of these poinls from & linear rend are wo marked thal
the st of thes methaod of csbmation & unwarmented.
Largs devimtions from lincarity may be duc to several
oA [he orost common caoss is the ineccuracy of the
docy (uauglly the exivtence of spe-misrepomingh, o Luck
of linearicy naay abo be doe w differential completenes
of Jeplk registrabon by epe or ko the lack of sabality of
the papulaton considered (m this case, rix +) would
ol be complant for every x). Sa, in geasnl, & phoc of the

T4

obserned values Dix +3/M{x ) aghinsl M(x )/ {x +}
provades & good disgnostie o o wssess the validiny of
oting this method (o extimate XK. Unfonuraiely, when
the poics 4t suirked]y oon-linear it is ool genemlly
poxsitie io identify 3 unique cavse for this Inck of linsar-
iy, nof o adjust e daty in Fuch & ey 48 00 make the
wse of this method of sstmation possible. IT, however,
the devision from appreximate brcarity is confined o
pint: [or the eldcrly, a Sraight line can be Aulad exclud-
ing the devisol points and thercfore aveidieg ceroo
diseorion,

It s imporiant W0 ooice that the relationship

cquation (C.4) allows the calimalion both
of X, the adjustiment factor for regisiered deaths, and of
r, he growih rak of the population. This estimate of r
i o robusl o deviations from the hypolhesss under
which cquakon (T4} was derived. and the user should
i regaed il an neceaoarily wmgnd. However, the el
mak of r may be comparced with ssfimanss obis|ned
from other scurces, and reasonable agrecmen! may. be
1 as some confrmation thel the assumptions
belng made are jusibied.

When a solid, Indepeadent estimate of r is available
Fof A stabde popolanon whers ape-mitrcporting is mot
prﬂalmn exjuancn {C. 4} oidy be modified in the Follow-
g way:

Nix N +)=r+Ki{x1D{x +)'Nx ¥} (5

where 1be adjusiment faclor X i oo longer a constant,
bul is allewed to change with gge. The astumption of
cfquil undéTenumerntics of deaths at a1l ages i, there-
lwe, being dropped; and, since r s soumed o be
Enown, ﬂ:lull'lun (C.5) can be rewTillen in the following
Foret to allow the csimation of an sdjustment facter,
K=}, for ench open-ended ape gromp:

Kfe)= (N )—rNix +078(x £} (C6)

Sadly. equatinn [L76) can seldom be wsed in practive
becayes it i pncomman 0 Bnd Cases of wable -
lions whers age-reponing i fwirly accurate where
Kix} would therelor: messure differential underregiv-
wabon of deathé by mge muther than differcabial age-
MAEpOrUR L,

To corclude the discustlon, some comment need o
be made on the validity of etimaies obimined by this
method whep the populadion being siudied i no sabde,
A stahle populainn i estabHyhad when feribty and
moriality Rave both rempined consant for a fuirly bong
period of Gme. In ioday™s werkd, Few, il any, popula-
tons are uly sabtle, Tn meesl cascs, desiabilization has
beenn brought aboul by changs in moraliy, Mow
humupy populationt kave ssen theis chances of survieal
improve dunng Lee pasd & vears aad cannod, theralore,
be stabkde. Howewer, emulatinn kay showm thal when
siabde alicna arc dessbilized by Pm:;?d morial-
ity changes thal occur lowly, the bias intreduced in the
caimation of X ty this mck of sabidity i mlatvely



small! Only when abiupt changss gocur docs the bl
become Large.* OF course, thesr simalations have been
camied o0t waing daim thay, apan from represening &
roc-sable population. are otherwise perfec. 1tis poss-
ble, therelore, that in reality even the hiases introduced
by rupid mortality changes may be small mmlnnd with
ihoec caused by the poor quality of the availuble date.
However, iL 14 im piL o remember that decliming
mortality namtlly biases the valus of K& spwerd, o
ing an onderestimake of e completencs of
death reghiration. Thereford, when this method & wsed
15 elimake compleieness in & popolaton where monal-
ity has bean declining and wivere age w reported aoce-
rately, the demth-male sstimate abinioed mey safely be
rpreied a3 an opper bound for the true raee.

The effext than changes in fertlity have on (he 2stima-
Uon of K hes pot been as extensively sludied a5 the
eNects of changing monality. The reason is than fenilicy
chunge: have oply recendy become common im Coure
mics wilk dais; and becaose these changes affect
raamly the youngest age groups, they have linke impact
on the performancs of this method of saumaton,

1. Daola required

The data required for this method are described
below:

{a) The number of demths occuming dunng & period
(normally ooc year) clamfied By age and sei (though
clamification by sen if not wecewsary). Five-year age
grovps are sdequate. The List age group musn be open-
erdad: chat b, il must include all the deaihs al or aver
ome age A |

fb) The number of persony in each age proup at the
m ol of the periodd being considencd, Classified by
se i the demiby are 3o clasifisd. Th:lg,l:‘ﬁ:ngxu&&d
mnusd oorrespond ko those wsed for déatha. Al age
Egup mwst once again be open, including all the popu-
ton agad A and pver.

3. Comgataripnanl procedie

Two waninot of the Braa method bave been pro-
the difference Iying easentially in the way in

whick the left-hand side of 2quation {C.4] is cvalualicd.
Ont procedors, and that originaly proposed, 15 W
sttempd i estimale N(x}, the number of penons eedh-
g age & in & year, from [he number of perone in the
Aveyear age groupd adiacent 1o x ; the second is W esti-
mabe Nir} for e mid-point of & Bve-year age prowp.
The Isiter procedurs ia theoretically e, beauge
e pon-lipearity of the age disiibolion i5 ks marked
over & free-year age span thim over & 1-yeur span.
Hosvever, for & tion i which tbere b giore than &
uriviad amoun| ol age-heaping, the theorstical advepiage

—

" Hegu M. Roxhind. —The eximative of idull Arwalicy [rown defic.
wive repiiradion”, wnpublohed decsorul disemuos, Unnenty of
Lomdiom, 137H.

* Linds G. Martin, =4 moellfowion for uee in desiabatized paopube-
s of Brae'i btk e for cmimunin beLenew al tirik "'ﬁ"'
oo™, Aogabeion sl NHMIY, K. 2 Dby (9803 pp. 381 39¢
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of ihe seeond procedurs is outweighed by the practcsl
advaniage of the Ainst, that s, that the effects of heaping
are reduced when Mix ) is cstimaied frot two edjacent
Bve-year age groupd, one of which is Lkely ko be infucd
{the ane iocluding, mmﬁﬂilﬁ in rera) and one of
which & likely to be . Mursercus applicalions
have shown thei the Arst procedule yields resulis that are
more casly imerpreswd. Hence, only this procedure
extimaie W{x ) is described hers. The steps of the com-
plets computational procedure are given below,

Srep 1 the pern-peart fived By the popedalion kel i
the rirk of dwimg. This step, which consisls of adjusing,
the reporied popalation o the mid-point of the periog
for which toe death dala are wvwilable, i enmcily the
same us step I of the Preston-Coale procedure. Il need
ol therelore, be repealed, especially sifes f il gen-
enally be omilisd, i sccordance with the discuston
under skep 2 in Jubsection B3

Step 1 ealeulanon of pomdation o an ecac) ape. By
definithan, Az ) is the number of persons who resch age
x during the conrse of the yeur undér considerainn
When b total population for the mid-year is classified
by single year of &ge. ¥ix) catt be esimuied from e
number of in Het o CONlgUuowE wge EROEpS,
(Mo ) and 1, . Thos, if one lew (N, be the number of
persons of age x enumernted by the conaws or Hrvey,

Nix }= i Ne o+ 120, CTy

IF the classificaton by age is made in Bve-year age
groups and <N, is the number of persons in the e
group from £ 16 x +4 at he dma of the cEnan or sur-
vey, N{xFean be esipaied a9

N = (N s+ N WD {C.B}

In generl, cquation (C.8) 1 preferable becagse it (on-
tributes o the reduction of the sects of age-henping.
Step 3. catcuiction of OV GRS (N £ACE O, LBE
weel pumber of persons aged x aod over is denoded By
Nix +). Thus, when the daow are aveidable for Bve-year
A gXOURE,
A -5
Nz = XN + N4 +)
f=x

{C9)

where N4 4 ) repretenty the number of pereons in e
tas, open-nded age interval. If the daia wrc available
only by singhe year of age, then

A=l
Nix +i= 5 (N +Nd +)

FITL

(C. 16

Mute thet there is no advantage in calcolating N ix +)
from mngle-year rather than prouped data, unléss the
entire analysi is oo be carmied out by fangle yean of age,
1 proccdore that is liksly o b excestively tadiows and
more unrcliude when sty degres of age-heaping
present



Xiep 4: colowlotioe of mewder of deqifs sfter ov exont
ape. The cakeulation of the cumulated mumber of deaths
from age & onward s very anular o that of Nx +).
Dix 4} is just the o] nomber of deaths recorded a
heving oecumed mﬁp&mns aged ¥ and over. Thos, il

the deaths are classifisd by Rve-year age group,
A

]

Nix +1= 258 + D4 £)

f==

{CAl

where B4 + ) deootes the deaths in S open-ended age
interval & and over, If the date are onky availabbe by
aingle year, or it is wished For some réason bo carmy oul
the analyss by sngle yeaes of gge. then

A=l
Bir+)= X i, + DA +}

r=r

(L0 ]

Step 5: points defined by portiol death and Broh rates.
Using the quanhtics calculamd in the previous sieps, the
calcnlabon of the wvalwet [Hx + M +)  and
Nie ) Mix +) is straighiforwand. Onee cabewlaied, toey
shoutd be displayed graphically, plotting the values of
Dix +/Nix+) oo the x-akis apd those of
NiehiN{x +) oo the y-axis, The sarme wcabe shonld be
ured on both axes  The ploted poinls should ideally
folbow & Enear ieod. 11 b is clear than the poiot do Lie
roughly on & siraight line, the nest asp Can be per
formed with some confidence. Ortherwise, the use of this
cytimation method may have v be abandoned.

Slap i wlection of a best fiting line. There are several
waya of fuding a siraight line 0o & gnes of painte Prob-
bty the most widely used method i that koown by the
nare of "leasi-squerss™. The lessl-squanes it 15 tha
which minimizes the sum of the squaréd diswnces
between iix paitits £nd the poinis to be approvimaled.
In the meme than il approximaies all these poinis &%
clomly as possible, it provides a best fir I the dma
poinls derived in step 3 were affccied only by fendaorn
srrors, tis line would cerininky be that chosen 10 st
mate the adjusiment fackor K. However, given the inwt-
curacies typically pressnl in the dais sets considersd
hers, the wse of other methods of fitling appears 1o be
preferable. Twe af the amplew are suggesied below:

{a] The “meam”™ line. Thiz hing is defined by the
means of the abaiases (honzoaial axis values) and ordi-
nates (verticad as values) of the derived points when
thege points are divided, accordiop to age, into twe
groups of approsimately squal size, For exemple, il 13
age groups are used, whe valoes of Sx + )/ N(x +) for
the BGr cight vafues of x are averaged, as are the values
for the Lanl cight & values. (The middie poni s icloded
in both averages) Similarly, mean walids are oboined
for the first cight and lest eight values of Nix )/ Nix +)
The degired line is that which passes through te Wi
points defined by the two paird of tean cp-ondinates
This bive will mot be s near ac pozsible L alk the points
detived im Aep 5, bl 0 will elosely spproximate their

neral Uend when thiz gend i linear. One possibke

isndvantage of this fing procedure is thal W gives
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equal weight v all the denved poine. Tn praclice, it is
olen the case that ane or two of tese poinks (usoally al
the o eatemes of the age range) depart markedly
from the linear wend foflomed by the rest 1o such cases,
it may be bener W ignore them alizgeiher than o ke
lkzm b0 mcoounl in sekChing & representative sraight
tine;

(b} The "robur” fise. To deal with guch cases a5 thal
descabed above, where linzanily is appanent in the mud-
dle of the age nge bun where Jisiertions are present al
the exiremes, it is recomménded than trimmed means be
uped in fitting the mean lioe, infcad of wking the wsual
means. The line Atled by nsing trim meéd means i called
& “robust” line because imming makes the An ks sen-
sitive L2 large deviations from hoghniny ac the eatremes
of the age mnge. Trimmed means are a genaralizalion
of the usual mean of aversge, which iy caloulaved by giv-
g ¢qual weight w each entry. When inmming is per-
formoed. the wephs applied W diffzrenl obaervations are
not conatant for all observations, the sum of weights
times observalions i swsdardized by dividing il by dee
sum of the weights used. The procedore oy compuling
urimmed means is ey simple and is fully described
ia the detailed ceamples

Step 7: adurtmen: of deotk rote. (Ince e sirzight line
that best fils the poinis derived in $ep 5 15 sekecred, the
vahuss of the adjustment luclor, &, and of the growih
rede, r.oane given by is slope and ) -intercepd, respc-
tively. The valwe of the compleiensss of death egisin-
non, C, it just the reciprocal of X, Lhat i, €= LO/K,
provided all the neceasary data adjustments werc carmicd
out wn step | IF the value of r is plausible, one can
aliach greater conBigence to . the estimate of com-
pleteness, In such & case, an adjusted death rate can be
obtained by mllplying (he reported death mte by A,
Motz, however, that the irend of [ points
[N{x}Nx + 0 D5 +)/Mix +)] is determined mainly

thoss co pding b fairly advanced . 50 that
elfectively the bevel of completeness estmated refers
omby w adull deaths. Therefore, the value of K should
be regarded 23 an adjustmen facior ordy for the death
maic over age 5 or 10, and maey not be applicatle 1o the
death mic of the populaiion g3 & whoele.

The value of K may slso be uwsed bo adjs! the dermved
agespecife death raies, om . This procedeis b valid
only il the assumpaoa oF conslant completenes of death
registration by sge holds wue, The ddyusted g, values
can then be wsed, wgether with independen estimates of
child morality {3¢2 chapier 1, 10 consirac & life inbde
for the populaton considered. In practice, this life mble
i$ s¢ldom construcied direcliy from the adjusted ym,
values ainoe age-misreporiing makes them oo uorsli-
abke; however, they can be used as a basis for fiking &
teortaliy kel from which the final life whbie will be
denved. For funher details of this procedure, sec
chapeer ¥V

4. Frx detoried example

In this exsmple, the cas¢ of the female population of
E! Salvador im 1961 is sgain analysed. The numbére of



femate deaths amd women cassificd by age have slready
betu presenied in table 124 in the previous dewiled
example. Siep | is omitied bere, a5 adpsimenl for the
census date is nal neceksary &b this point

Step 2- oofrufation af jon of a ekl gpe. The
value of M{x}, the pumber of persons of execr age . b
cbiained by adding the number of persons io two con-
viguous age proups and dividing by the nuriber of years
spanpocd by thos age groups {usually 1. In thy case,
A0, for exemple, is obv@ined a9 Fallows:

MO0 = (190,234 4 149 538)/10= 33,9771,

Crdwntn {21 of tabde 17 shows ihe values obiainsd for
alt values of £ wp & 10; o value can be computed for
75, becauss the open age interyal begins al that mge.
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Srep 3! calculotion of i W an rxact agy. The
number of persons x and vver, denoned by M (T +),
it compoted by cumulating the Aumbern in

eech age group (shown i table 124) from than beginning
with age x upward. For exemple, NS0+ 1155

NS0+ = (38,616 4 26,159 429,273 & 14 564
+ L5+ 16, 195)= 136,405,

Al values of ¥ix +) are given i codemin (1) of table
M. Mok that in practice one calculates Aix +) by
cumulaling downwerd, each dme adding the population
of one more Gwe- A group 0 M{{x4+3+) =
NS0 4= M55+ 1+ 5N 5, for example.

Srep & calrwfasion of momber of deatht afier an exoed
se¢. The caleulalion of Pix + ) i cxactly aealogous W
thatof Mix + ) Thos, for example, DL504 ] is

D504 1= (3RS 4367 + 64T 4+ 440 4
S0+ 1,060 = 1.T32

where Ibhe dewths reponied in cach age group have been
tken from able 13, Also, it B imponaol 1o point oui
that 1 cplenlate Both Wix +3 wnd £[c +), the number
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of persons whose age was recopded as unkoown
ignored. Since thes numbers are generally small, seri-
ous biases are ot likely o be inreduced by disrepand-
i thern.

Siep 5; points defined by porttal birth sl dealh rater.
Using the valum oblaiosd in the previis sieps, Lhe
raticd Pix +1Nix +) and ¥{x )} ¥{x +)are cabukated.
Their valuss are shown in table 130 The calesdanon of
the partial birth raile, Nix}/Nix +) invobees samply
dividing the entrice hsted in eolumn (2} of able 129 by
the corresponding eniries in columt (3] of the same
table, For sxample,

N DN 40+ 12 98T 8239 552 = %4,

Similarfdy. the cabculation of the partel deah rate,
Dix +1/¥(x ) involves the division of the &res in
eolumn {4) by those in column (3} of 1able 129, Thus,.
[ar example,

DA 17 NGSD 4 b= 4,427 /235 552 = DUOERS,

Table 13 givet reaulis for other ages aod figue 14
shows m plot of the points. Nide thel ihe values of
Dix +pNx4) are plodzd on the c-auis [abscisza),
while those of ¥(x )/ (5 1 ) appear on the p-axis (ordi-
nate) The same scale had been wsed i plod beth values,
The wse of equal scales for bowh azes aids in the A58
ment af inearity ol the plotted prints.

‘FamF |} FapTialrralmanerbimbd EadES FOR FEMaLES.
Ei Sacvanan 14|

Pyl Jorha’
Aur Wl mpls Btk rod
] s\ e ) L L TS
e R [T .. IJ.l_.
T (1. LWl OC3dl
... [k (N1 i ]|
15 [kAMIN2 OEIAL
m. AL TR BCatiH
B..._... . .. L .. oAl 6 26
1, 41 30 034
L S 55 0oz
L 04l ES Qo542
1. [k (k2 2 005
L 1 0427 NGtz
L [LLIEE 0 L2
. i3 0and
L1 . LAt ol [0
o I LI E L1, L1 ]

Eis impuortant &1 this point fo ¢uymine dgune 14 with
soamie care. Ideally, as explained io the gencral introdie-
wm W thns method, e posnts should lic approximalely
i & steaight lime. Devintions from lincarity are, how-
ever, ingvilably presenl in empinical data. The e
calses of such deviations are varied and the investigatoc
should cunsider all the peievani anes. In the case of
femubes in El Salvador in 1951, the paink show a
Jefmie Imear wend, thogh the beal paint [for age 700
deviaks markedly from the linear trend suggested by the
others, A for (he sirange palkern displaved by the st
theee piply, in is fregquenily eacountersd in empincsl



duix and i3 mmocinted with digorions of e yalues of
& (x ) brooght about by age-misrcporting.

Examinatinn reveali el the duth at baeed are Dae
from perfccl Aside rom the possible lack of stability of
the papalation being amalyssd, erar in age-reporting
wre ndoubledly presenl Yet, the relative Linearily of
ihe contral sapmenl of the platied potnle sl warranls an
abempl [0 ohiaim & estimate of the compleeness
of denth regigation. This parameier is caboulated in the
ekt sHep,

Fapw's M. Phet ol jttied O v, Mix 1V 41, it i)
danihs raday, Pk 4 BNCE ), Gor rmalen, BY Sk wler, THE1
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1
] g [T o [ oo (XL

& pefaction of o bext foiing fine. An caamimalion
ufsll?pninu mu-nn{n rq-ur:ﬁ:'fﬁg;ms that I of them,
excepd the b e (these for age 65 and over and age T
and overk, be around an approximale straght liae, A
saraighl line ag herefiore fitted s the remainang 12 poinw,
from I[,H- 3w 6 The poimns are divided inty pes

ullljr grm;gs, ohe comprising poins for sges
g, foem 3 the other from 35 w60, The mean
abusciesn and ordtnawe values for each gronp are caboy-
isted by snmming the obparvalions for esch group and
dividing the yum by the number of pbasrvations in gach
growp. Thus the mean of e frst group of partial deach
rabes Dix +)/Nix &}, denoted by X | in

X g (0000 4000 4-0). D022 4 QKNS 4
GO 1L 0001300 26.0=0.0082,
The growps and theeir moans are shown m tabke 15
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Once the means of sach group bave been compated,
tha alope of the futed bne is caleplared acoording to the
cquabion

X = (Fi— ¥ )AX—X )= {00608 — 0002}
M026S —0.0082 = LI91.

The value of X implict that the compleencas of death
utalion is © = LD/K =0840, or B4 per cent, and

aking into account the slipht adjustment necessary for
the diffeTence between the census dake wnd the mid-yenr
fsec sep & of subsection B4}, the final estimate of com-
Flewness is £ = 0840/1.0044 = 0.896. Once more, in
this case ibe pectssary adjustmenl is so soall thai Tor all
preciical purpases it can be ignoned.

From the cstimate of X, the correspondiog vahoe of
the growih rate r can be oblained as follows:

= F &R = 04802 — LI 00082 = 00292,

Mo than thus rate of growh i3 aloosl idendest o tha of
Q0287 obewimed on tubsecuon BA fom centus dat,

Even though the estimate of K obrained above 13
probably dwe betl possible, a5 a0 example another
compuaied by Ating & rotwse lme, Thiv exercise will
serve tg ghow thal the we ol trimmed meaoy reduces tha
infugnce of extreme peints oo the estmated vatue of X

Table 132 ilhettrates the wiy in which tifmed neans
are compaied. Al 1he obsenvalions kave been ased, bul
three have been “rimmed” L cach end of the age
The weights axsccinied wilh cach cbacrvaton s Livked
in opdumn (2} Mote thal the data kL has been dierided
1,17 of aqual zire and Leat the wuglm BrE Ty
mﬁﬂm - t by the cantre The line I.lh:ll:d
“Weighusd tonal™ shows under poluma {2) he mam of the
waighty used, and pnder columns () and {4), the som of
ke weighued obecrvations, Thus, for cxample,
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The “iab” for the sccomd group are ohisined in
enxcdy the same way. Ooce thesc olak are compuied,

the means are obzined by dividng the am of ihe
weighied observations by the som of the weights, that is,
the twtals under columns {3} agd (4) by the wial uader
column {2}, For exainple,

Xy*— 000602 /5.5 = 00108

The X* and ¥ vahues are the fnmmed means of the
grouped observalions. From them, ke cabeulaton af
estimates of K, C and r it straightforwvacd:

K= =T X

= {00679 — 0. (220032 — 0.0 09) = 1201,
£ = 107K =10.0833;
Fre ¥ KX 2D [0 0F) = 0029

Hote thet the =timetes oblaioed Tor ¢xch of these
three paramelers by wsing immesd metans are very Smi-
Lar 03 those obmiosd earlier weng wmple meany, The
counded value of C stll implics that adall femnaie death

mgistration in El Salvader wes cmly B3 per ¢eol com.
pete m 1261 {duregniding R the moment the acust.
ment fur censas date). The value of ¢ it viroally idenati-
cal to r”. I is ab interesting o récall that the use o the
Freston-Comle prvedure described in sobeecuot B3 led
1o o cstimale o coverags of 0825 wsiog & 73 + opens
ended interval and » growth rate extimate of 00287,
again disrcgarding the mdjusiment for census dawe (w8
step 4 of subsoction B4} The similariyy of these eti-
maks is FEASSUNng,.

Step 7 odiurtmens of death rate, To obtain an adjuaied
death raté or sdjiusied age-specific motality raes, one
smply multiplies the obstrved mutet by X o by K*,

ause the inmmed-mean sslimate is somewhal T
pohusl, it has been preferred, For example, for the death
ralc over age &,

d{5-+)= KPS+ 105+ 0= 12011000641 = 00077,

Tamg 13} ¥Yaussow FamulaTion At olrFERENT sOE, REFORTED GEATHE sHD-FARTIsL BIRFH
ANE IEATH LATES FOH wLALES A ralma PRLsOIEYH S1ATE, LMDHA K970 9T
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S Smﬂﬁh‘ln'umﬁ
AN nkereting example of
whal mmmh:mmmﬂmm;mmhl-
whent age o pootly reporved. The basic
dnu have sbeady been in whle 127, The
valums o M{x), Mz =} DNec+) Nix}Nir4) and
{x +)/Mix 4+) ore shown in mbl