
ESTIMATION OF ADULT SURVIVORSHIP PROBABILITIES 
FROM INFORMATION ON ORPHANHOOD AND WIDOWHOOD 

A. BACKGROUND OF METHODS 

1. Nahm and ure of indiwct information 
on d t  mortality 

Chapter I11 describes how information on the survival 
of close relatives-information from mothers about the 
survival of their childrek-can be used to make indirect 
estimates of child' mortality. The principle can be 
extended to information about the survival of other 
close relatives. This chapter describes procedures for 
obtaining estimates of adult mortality fkom information 
concerning the survival of parents and the survival of 
spouses. In both cases, a particular target person is 
known to have been alive at the time of some past event 
(the birth of the respondent in the case of mothers, the 
conception of the respondent in the case of fathers and 
marriage in the case of.spouscs); and some information 
is available about both the length of exposure to the risk 
of dying and about the age at which the exposure began. 
Sample surveys are the usual source of the necessary 
data, though on occasion, the necessary questions have 
been included in censuses. The great advantage of these 
methods of mortality estimation is that they rely upon 
information gathered by questions that are simple and 
easy to answer. The normal forms of the questions on 
orphanhood are "Is your father alive?" and "Is your 
mother alive?", the possible answers being yes, no or not 
known. For widowhood, all ever-married respondents 
arc asked whether their first spouse is still alive, the pos- 
sible answers again being yes, no or not known. It 
should be mentioned that the term "orphanhood" is 
used in a rather unusual sense in this chapter, since it is 
specific to a parent's sex. Thus, when describing 
methods based on proportions with a surviving mother, 
an orphaned respondent is one whose mother has died, 
regardless of the father's survival. 

Preston' points out that data on child survival col- 
lected from all women provide information about the 
overall proportion of persons in a given population with 
a surviving mother. In a closed population, the number 
of surviving children reported by all women, regardless 
of age, should be equal to the number of people in the 
population with a surviving mother. If no direct infor- 
mation on orphanhood is available, an estimate of the 
level of adult mortality can be made iteratively by 
finding the level of mortality that, when combined with 

' Samuel H. &ston. "Estimating adult female m o d t y  from 
repor& on number of ch i inn  surviving", University of Pennsylvania, 
Population Studies Center, 1980 (mimeographed). 

the observed age distribution and age-specific fertility 
rates, produces the same overall proportion orphaned as 
the proportion calculated from child survival data. If 
data on the survival of mother are available, the con- 
sistency of the reported number of respondents with a 
surviving mother and the total reported number of sur- 
viving children can be checked; a tendency to omit sur- 
viving children will reduce the latter figure, and a 
tendency to report incorrectly a surviving mother 'will 
increase the former, so typical errors in the two types of 
data should show up clearly. 

Information on the survival of parents or spouses is an 
indicator only of adult mortality, since the exposure to 
risk of the target person begins in adulthood, at the 
birth, conception or marriage of the respondent. Thus, 
strictly speaking, such data should be used only to esti- 
mate survivorship probabilities from one adult age to 
another; the first group of techniques presented in this 
chapter permits the estimation of such conditional sur- 
vivorship probabilities, and the methods in this group 
are described as "conditional". However, if an estimate 
of the level of child mortality is available, in the form of 
an estimate of 1(2), and some assumption can be made 
about the form of the relationship between child'and 
adult mortality in the population under study, the infor- 
mation on child mortality can be combined with an 
indicator of adult mortality to estimate an unconditional 
survivorship probability, that is, the probability of sur- 
viving from birth to some adult age. The second group 
of methods presented in this chapter, described as 
"direct" methods, allows the estimation of such uncon- 
ditional survivorship probabilities. In choosing between 
these two approaches, it should be remembered that the 
estimates of conditional survivorship are less dependent 
upon assumed models, but they are also more difiicult to 
incorporate into a full life table, than are the direct esti- 
mates, which, in turn, are determined, to a considerable 
extent, by the estimates of child mortality used in their 
calculation. 

Estimates of adult mortality derived from information 
on the survival of close relatives represent averages of 
the mortality experienced over the period during which 
the relatives were exposed to the risk of dying. If mor- 
tality has been changing in a regular way, each estimate 
has a time reference; that is, there is a time before the 
survey with a period life table having the survivorship 
probability that has been estimated. The number of 
years, t ,  before the survey that define the period to 
which this life table refers will depend mainly upon the 
average exposure to risk of the target persons and upon 



the average age range of their exposure; in general, this 
number of years t will be somewhat less than half the 
avenge e x k u n  to risk. It is possible to estimate the 
time period to which the survivorship probabilities 
derived ftom a single survey refer if certain assumptions 
about the regularity of the prevalent mortality trend are 
made. Brass and ~amgboye' propose such a method of 
estimation. In addition, when data are available from 
two surveys held five or 10 years apart, it is possible to 

' W i m  Bnss and E. A. Bamgboye, "The time location of re 
of nuvivolrbip: estimates for maternal and OOES 
the .ever-widow+", W e g  h p e r  No. g;-?mtb%!&hl of 
Hygcne a d  T r o p d  Med~cme, Cen- for Population Studies 198 1. 

derive estimates refemng to the intersurvey period by 
reconstructing the experience of a hypothetical intersur- 
vey cohort. 

2. Oganization of this chqter 
All the estimation methods described in this chapter 

share two characteristics in common: they allow the 
estimation of probabilities of survivorship to ages in 
adulthood (beyond age 20); and they use data on the 
survival of close relatives (parents and spouses). The 
methods presented can 'be classified into several 
categories according to whether they permit the estima- 
tion of direct or conditional probabilities of survivorship 

TABU 85.  H HE MA TIC GUIDE TO CONTENTS OF CHMIER IV 

B. Edmlion of conditional B.2(b) Maternal orphanhood 
d u l t  avvivonbip data: Brass method 

B.2(b) Paternal orphanhood 
&ta: Brass method 

B . ~ c )  Maternal orphanhood 
data: regression 
method 

B.%d) Maternal orphanhood 
data from two surveys 

sk.r/r*uh 

Number of respondents with 
mother alive (or dead) classified 
by five-year age group 

Total number of respondents 
clasified by five-year age group 

Number of respondents who did 
not know or did not state the 
survivorship status of their 
mothers 

Number of births occurring in a 
given year classified by five-year 
age group of mother 

Number of respondents with father 
alive (or dead) classified by 
five-year age group 

Total number of respondents 
classified by five-year age group 

Number of respondents who did 
not know or did not declare the 
survivorship status of their 
fathers 

Number of births occurring in a 
year classified by five-year age 
group of father (or of mother. if 
nothing elre is availabk) 

Number of mpondents with 
mother alive (or dead) classified 
by five-year age group 

Total number of respondents 
classified by Bve-year age group 

Number of respondents who did 
not know or did not declare the 
survivonhip status of their 
mother 

Number of births occurring in a 
given year classified by five-year 
age group of mother 

Number of respondents with 
mother alive (or dead) classified 
by five-year age group. for two 
surveys five or 10 years apart 

Tot.1 number d respondents by 
five-year age group for the same 
two WNe)5 

Number of respondents who did 
not declare the survival status of 
their mother for the same two 
SUNCYS 

Number of births occurring in a 
given year (preferably during 
the intersurvey period) classified 
by five-year age group of mother 

Probabilities of surviving from age 
25 to ages 35, 40, 45, ..., 85 for 
females 

Probabilities of surviving from age 
32.5 to ages 45, 50. 55. .... 90; or 
the probabilities of surviving 
from age 37.5 to ages 50.55.60, 
.... 95 (depending upon the 
value of M, the mean age of 
fathers at the birth of their 
children) for males 

Probabilities of surviving from age 
25 to ages 35. 40, 45. .... 75 for 
females 

The time period to which each es- 
timated probability refers when 
mort.lity is changing 

Probabilities of surviving from age 
25 to ages 35, 40, 45. .... 75 for 
females during the intersurvey 
period 
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B. Estimation of conditional B.Z(d) Paternal orphanhood 
adult survivorship data from two surveys 

B.3(b) Widowhood data by age 

B.3(c) Widowhood data by 
duration o f  first mar- 
riage 

B.3(d) Widowhood data from 
two surveys 

Number of respondents with father 
alive (or dead) classified by 
fiye-year age group for two sur- 
veys five or I 0  years apart 

Total number of respondents by 
five-year age group for the same 
two surveys 

Number of respondents who did 
not declare the survivorship 
status of their father, classified 
by five-year age group for the 
same two surveys 

Number of births occurring in a 
given year (preferably during 
the intersurvey period) classified 
by five-year age group of father 
(or of mother, if nothing else is 
available) 

Number o f  ever-married male (fe- 
male) respondents with first 
spouse alive (or dead) classified 
by five-year age group 

Total number o f  ever-married 
male (female) respondents by 
five-year age group 

Number o f  ever-married male (fe- 
male) respondents who did not 
declare or did not know the sur- 
vivorship status of first spouse. 
by five-year age group 

Singulate mean ages at marriage 
for both males and females (see 
annex I) 

Number o f  ever-married male (fe- 
male) respondents with first 
spouse alive (or dead) classi- 
fied by five-year duration-of- 
marriage group 

'rota1 number of ever-married 
male (female) respondents 
classified by five-year duration- 
of-marriage group 

Number o f  ever-married male (fe- 
male) respondents who did not 
declare or did not know the sur- 
vivorship status of first spouse. 
by five-year duration group 

Singulate mean age at marriage for 
females (males) 

Number o f  ever-married male (fe- 
male) respondents with spouse 
alive (or dead) classified by 
five-year age (duration) group 
for two surveys five or 10 years 
apart 

Total number of ever-married 
male (female) respondents 
classified by five-year age (dura- 
tion) group from the same two 
surveys 

Number o f  ever-married male (fe- 
male) respondents who did not 
state the survivorship status of 
their first spouse classified by 
five-year age (duration) group 
for the same two surveys 

Singulate mean ages at marriage 
for. males and females for the 
two surveys 

The probabilities-oi surviving from 
ages 32.5 to ages 45.50. ..., 90: or 
the probabilities of surviving 
from age 37.5 to ages 50, 55, .... 
95 (depending upon the value o f  
M, the mean age of fathers at 
the birth of their children) for 
males during the intersurvey 
period 

The probabilities o f  surviving from 
age 20 to ages 25. 30. 35, ..., 55 
(60) for females (males) 

The time period to which each es- 
timate refers when mortality is 
changing 

Probabilities of surviving from age 
20 to ages 25, 30. .... 50 for fe- 
males (males) 

The time period to which each es- 
timate refers when mortality is 
changing 

Probability of surviving from age 
20 to ages 25. 30. .... 50 for fe- 
males (males) during the inter- 
survey period 
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TABLE 85 (continued) -- -- -- - - - - - - - - -- - . - -- -- - -- - - . . - - - 

C. Estimation of survivorship C.2 Maternal orphanhood data Number of respondents with l(45). l(50). .... l(75) for female\ 
to adulthood from birth mother alive (or dead) classified 

by five-year age group 
Total number of respondents by 

five-year age group 
Number of respondents who did 

not declare or did not know the 
survivorship status of their 
mother classified by five-year 
age group 

Number of births in a year 
classified by five-year age group 
of mother 

An estimate of l(2) for females 
C.3(b) Widowhood data by age Number of ever-married male (fe- I(25). l(30) ..... l(55) (or l(60)) for 

male) respondents with first females (males) 
spouse alive (or dead) classified 
by five-year age group 

Total number of ever-married 
male (female) respondents by 
five-year age group 

Number of ever-married male (fe- 
male) respondents who did not 
declare the survivonhip status of 
first spouse, by five-year age 
group 

Singulate mean age at marriage for 
both males and females 

An estimate of I(2) for females 
(males) 

C.3(c) Widowhood data by Number of ever-married male (fe- I(2O). l(25) ..... l(40) for females 
duration of first mar- male) respondents with 61x1 (males) 
riage spouse alive (or dead) classi- 

fied by five-year duration-of- 
marriage group 

Total number of ever-married 
male (female) respondents 
classified by five-year duration 
group 

Number of ever-married male (fe- 
male) respondents who did not 
declare the survivorship status of 
first spouse. by five-year dura- 
tion group 

Singulate mean age at marriage for 
females (males) 

An estimate of I(2) for females 
(males) 

and according to the type of data each method requires: 
information on the orphanhood status; or data on the 
widowhood status of respondents. The organization of 
the following sections closely follows this classification. 
In order to aid the user in selecting the method best 
suited for a particular application, brief descriptions of 
each section follow (see also table 85): 

Section B. Estimation of conditional adult survivorship. 
This section presents methods that allow the estimation 
of conditional probabilities of survivorship, that is, 
probabilities of surviving to age x given that the target 
population has already survived to age y ,  where y is less 
than x .  This section is divided into two main subsec- 
tions. In the first, methods using data on the orphan- 
hood status of respondents are described; in the second, 
methods using data on the widowhood status of ever- 
married respondents are presented; 

Section C. Estimation of survivorship to adulthoodfrom 
birth. This section presents methods that permit the esti- 
mation of the probabilities of surviving from birth to 
certain ages x ,  all greater than 20. All the methods 
described require as input an estimate of 1(2), the proba- 
bility of surviving from birth to exact age 2. The two 
main parts of this section present methods based on 
orphanhood and widowhood data, respectively. 

B. ESTIMATION OF CONDITIONAL ADULT 
SURVIVORSHIP 

1. General characteristics 
The methods described in this section deal with the 

estimation of adult mortality from information about the 



orphanhood or widowhood status of respondents. These 
methods may be called "conditional" because the 
estimated parameters are conditional probabilities of 
survival that do not, by themselves, define a complete 
life table. To derive life-table values from them more 
information is needed about child mortality; methods 
for combining information about child and adult mor- 
tality are described in chapter VI. 

2. Estimation of orkc11 survivorship bared on 
proprriom nor orphaned 

(a) h i s  of method and its rationale 
Data on the proportions of respondents whose mother 

(father) is still living can yield plausible estimates of 
adult mortality. The first method of estimation based on 
this type of data was proposed by ~rass? who estab- 
lished an equation relating the female probability of sur- 
viving from age 2'5 to age 25 + n to the proportions of 
respondents in two contiguous five-year age groups 
whose mother was still alive at the time of the interview. 
This equation has the form 

where S(n) is the proportion of respondents aged from 
n to n +4 with mother alive, and W(n) is a weighting 
factor employed to make allowance for typical age pat- 
terns of fertility and mortality. The set of W(n) values 
that Brass proposed was estimated on the basis of data 
simulated by using a single mortality pattern (the Afri- 
can standard) and model fertility schedules of fixed 
shape but variable age locations. Each age location of 
the fertility schedule is associated with a particular value 
of M, the mean age of women (or men) at the birth of 
their children. Thus, the weights, W(n ), depend both 
upon n, the central point of the age groups being con- 
sidered, and upon M. 

More recently, Hill and ~russel l~ proposed another 
estimation procedure based on the following equation; 

where a (n ), b (n ) and c (n ) are coefficients estimated by 
using linear regression to fit equation (B.2) to data from 
900 simulated cases. These cases were derived by using 
several fertility schedules generated by the Coale- 
~russell' model and a variety of mortality schedules 

W. Brass and K. H. Hill. "Estimatin adult mortality from orphan- 
h m ~ ,  k d n g s  of t k  ~nternatiotuk~o ulation Conference, fi1 e, 
,973 (Libge, International Union for the &ientific Study of popuf- 
tion. 1973). vol. 3, pp. 1 1  1-123. 

K. Hill and J. Trussell. "Further develo ments in indirect mortal- 
it estimation". Population Studies, "01. X X ~ .  No. 2 (July, 1977). pp. 
3i3-333. 

' ~ n s l e ~  J. Coale and T. James Trussell. "Model fertility schedules: 
vanatlons In the age structure of childbearing in human populations", 
Popukrtion Index, vol. 40, No. 2 (April 1974). pp. 185-258. 

generated by the logit system6 with the four different 
~oale- erne en^^ mortality patterns as standards (see 
chapter I, subsections B.2 and B.4). 

When both methods of estimation were applied to 
nearly 1,000 other cases simulated by using different fer- 
tility and mortality schedules, the method proposed by 
Brass was found to perform as well as or better than the 
regression method for n not exceeding 30 years, while 
the regression method produced substantially better 
results for higher values of n . 

Even though this comparison was camed out only on 
simulated cases that are not subject to the type of errors 
commonly found in real data, it does reveal the prob- 
able strengths and weaknesses of the different methods. 
Since these methods seem to complement each other in 
the realm of theory, both of them are described here in 
the hope that they may also complement each other in 
practice. 

Before proceeding with their description, some gen- 
eral features of methods that attempt the estimation of 
adult mortality based on the reported proportions of 
orphaned respondents by age and an indicator of the 
age pattern of fertility should be pointed out. 

First, the estimated probabilities of survivorship do 
not refer to the entire population, since they reflect only 
the mortality experience of parents with surviving chil- 
dren. Furthermore, if questions on orphanhood are 
asked of the entire population, parents with several sur- 
viving children will tend to be overrepresented. 
Theoretically, this problem can be avoided by using an 
additional filter question that seeks to identify only one 
child per parent, such as the oldest surviving child or the 
first-born child. However, in practice, errors in the 
reporting of family-order status have been found to be 
so large that methods of analysis using data where the 
responses have been limited to one child per parent have 
not yielded better estimates than the original methods* 

Secondly, survivorship estimates based on reports by 
young respondents, and thus corresponding to small 
values of n (under 20), tend to be affected by misreport- . 
ing of orphanhood status: young orphaned children are 
often adopted by relatives who report them as their own 
children. This phenomenon artificially inflates the pro- 
portion of young respondents having a surviving parent 
and biases upward the estimated survivorship probabili- 
ties of younger adults. 

Lastly, the estimated probabilities of survival do not, 
strictly speaking, refer to specific time periods, since they 
represent average measures over the somewhat ill- 
defined intervals of exposure to the risk of dying of the 
target population. In cases where mortality has 
remained essentially constant, problems in the interpre- 

William Brass, Methods for Erritnutin Fertility and Mortality f i  
Limited and Lkj2ctive O a  (Chapl ~ i l  North Carolina. Carolina 
Population Center, Laboratories for Population Statistics 1975). 

Ansley J. Coale and Paul Demeny, kgionol Modrl U/r T&s and 
Stable Popukztiom (Princeton, New Jersey. Princeton Un~versity Rtq 
1 %6). 

Kenneth Hill. Hugo Behm and Augusto Soliz. h sitwibn dc 1; 
mortalidad en Bolivia (La Paz, lnstituto Nacional de Estadlstica, 1976). 



tation of the estimates obtained do not arise since, in the index i to denote the different five-year age groups in 
absence of data errors. they should all imply the same, the reproductive life span of a woman and lets B(i) be 
unchanging mortality level. However, because mortality the number of births during a particular period to 
has not remained constant during the recent past in most women in age group i ,  then 
countries, the interpretation of survivorship probabilities 

7 
derived from orphanhood data is not always straightfor- 

7 

ward. Interpretation and assessment are easier when the 
M = a ( i ) ~ ( i ) / x  ~ ( i )  (B.3) 

r = l  1 = I  
estimates obtained can be related to specific time 
periods. If one can ~ s u m e  that mortality has been where a ( i )  is the mid-point of age group i .  (The user 
changing regularly (for instance, by assuming that in the should be reminded that, just as stated in chapters I1 and 
logit system the parameter indicating mortality level, a, 111, i = 1 represents age group 15-19, i = 2 is 20-24 and 
has been changing linearly with respect to time) and that so on.) Note that if the births used to calculate M are 
the adult mortality pattern of the target population is those reported as occurring during the year preceding 
similar to that represented by the general standard (see the survey and are tabulated by age of mother at the 
chapter I, subsection B.4), it is possible to estimate the time of the survey, the true age group of the mother will 
time t (as number of years before the survey) to which be, on average, six months younger than stated, so that 
each survivorship probability refers. The estimation six months should be subtracted from the mid-point of 
method used for this purpose has only recently been each age group when calculating M. 
proposed Brass and B ~ ~ ~ ~ Y ~ ; ~  and it has The estimation of M for males is one of the additional 
not yet been widely tested, its general rdevance wanants problems associated with the estimation of male adult 
its inclusion in this chapter. mortality from the proportions of respondents with a 
(b) Brass method surviving father. Fertility questions are generally not 

(i) m a  required asked of males, so the information from which the 
female M is estimated is usually not available for 

The following data are required for this method: fathers. Births during the year preceding a survey are 
(a) The propodon with a surviving sometimes tabulated by age of husband, but this tabula- 

mother (father) in each five-~ear age group from r~ to tion is generally limited to those cases in which the 
n +4. This propodon is S(n)- The set mother and her husband are enumerated in the same 
proportions S (n )  can be when any two the household. Calculating the male M from such a tabula- 
following items arc available: (a) the number of tion often biases its value upward because young fathers 
respondents with mother (father) alive; (b) the number are more likely to be temporarily absent. 
of ~ s p o n d e n a  with mother (father) dead: (c) the total A more mbust proceduR for estimating Br males number of r c s ~ n d e n u  mother's (father's) sur- of adjusting the female M by using information 
viva1 status is known. It is important to exclude from on status. The median age of the cunently mar- the calculations all respondents who did not know or did ried population can k calculated by wx, and the 
not declare their mother's (father's) survival status. In difference between the male and female medians can be 
every data must be by five-year age added to the previously calculated female M to obtain 
group; an estimate of the male M. Medians are used to reduce 

(b) The number of births in a given Year classified by the influence of older and, for the purpose in hand, 
five-year age group of mother (father)- This largely irrelevant couples. In principle, the assumption 
is needed to estimate M *  the mean age of mothers of constant fertility can be relaxed by employing 
(fathers) at the birth of their children in the population different values of M for different age groups of respon- 
being studied- The M to be estimated is the mean dents, but in practice the data required to follow this 
age of the fertility schedule (also known as "mean age of approach are often lacking. 
childbearing"); it is, rather, a mean age of the fertility Step 2: calculation of wighting factors. For the value 
schedule weighted by the age distribution of the female of calculated above and for each value of n ,  the 

population. It may be regarded as an estimate of weighting factors, W(n), are calculated by interpolating 
the average age mother (father) and linearly (see annex 1") in table 86 (table 87 is used when 
child in the population. thus being an indicator of the fathers are being 
average age at which the target persons (parents) begin 
their exposure to the risk of dying. Step 3: calculation of survivorship probabilities. If the 

survivorship of mothers is being considered, the proba- 
(ii) Computational procedure bilities of surviving from age 25 to age 25 + n are cal- 
The steps of the computational procedure are culated by using the equation 

described below. 
Step 1: Cdc1(larion of mean age at maternity (paternity). I f  (25 +n )/Ij (25) = W(n )S(n -5) +(I .0 - W(n ))S(n ) 

The mean age of mothers (fathers) at the birth of a 
group of children (normally those born in the year (B.4) 

the survey) is denoted by If One uses the wherp S(n)  is the proportion of respondents aged from 
n to n +4 who declared that their mothers were alive at 

W. Brass and E. A. Bamgboyc, op. cir. the time of the interview. 
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TMLE 86 . WUOHTINO FACTORS, W(n ). FOR CONVERSION OF PROPORTIONS OF RESPONDENTS WITH MOTHER ALIVE 
INTO s u R v ~ v o ~ n ~ P  m o w l L m e s  FOR FEMALES 

Estimation equation: 
lf(25+n)/lf(25)= W(n)  S(n -5) + (1 . W(n)) S(n)  

TMLE 87 . WE10HnN0 FACTORS, W(n ). FOR CONVERSION OF PROFQRTIONS OF RESFONDENTS WITH FATHER ALIVE 
INTO SURVIVORSHIP IROBAIIWIES FOR MALES 

(a) Bum 32.5- 
0.388 0.455 
0.429 0.522 
0.406 0.523 
0.335 0.474 
0.1 62' 0.319 

-0.047 0.109 
-0.379 -0.203 
-0.65 1 -0.495 
-0.776 -0.651 
-0.758 -0.667 

Estimation equation: 
lm(35+n)/Im(32.5)= W(n)S(n -5) + (1.0- W(n)) S(n)  

(b) From 37.5yruvs 

39 40 

0.613 0.687 
0.690 0.790 
0.708 0.833 
0.6 13 0.759 
0.450 0.614 
0.152 0.32 1 

-0.157 0.003 
-0.372 -0.237 
-0.47 1 -0.377 
-0.425 -0.366 

Estimation quation: 
Im(40+n)/lm(37.5)= W(n)  S(n -5) + (1.0- W(n)) S(n)  

In the case of fathers. the value 25 is replaced by the if the weighting factors W(n) are obtained from table 
values 32.5 or 37.5 to allow for the fact that men are 87. pan (a); and 
d l y  older than women at the birth of their children . 
The survivorship probabilities are estimated in this case 1, (40 +n)/l, (37.5) = W(n )S(n -5) +(1.0 - W(n ))S(n ) 
by tke following equations: 

lm(35+n)/l,(32.5)= W(n)S(n -5)+(1.0- W(n))S(n) (B.6) 

(B.5) if the weighting factors are obtained from table 87. part 
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TABLE 88. VALUES OF THE STANDARD FUNCTION FOR CALCULATION OF THE TIME REFERENCE 
FOR INDIRECT ESllMATES OF ADULT SURVIVORSHIP 

(b). In both cases, S(n) stands for the proportion of 
respondents in the age group from n to n +4 whose 
father was alive at the time of the interview. A decision 
has to be made whether to use the weights given in table 
87, part (a), and hence equation (B.5); or those in table 
87, part (b), and hence equation (B.6). In general, the 
choice depends upon the estimated value of M: if it is 
less than or equal to 36, part (a) should be used; if it is 
greater than 36, part (b) should be used. 

Step 4: calculation of number of years before the survey 
to which the survivorship estimates refer. It can be shown 
that if the level of mortality is declining linearly on the 
logit scale (see chapter I, subsection B.4), the survivor- 
ship estimates obtained from orphanhood data are equal 
to those prevalent at specific time periods prior to the 
survey and that the time location of these periods is 
largely independent of the rate of the mortality 
change.'' In addition, when female mortality in adult- 
hood has a pattern similar to that embodied by the gen- 
eral standard (see chapter I, subsection B.4), the number 
of years before the survey to which each estimate 
derived from maternal orphanhood data refers, denoted 
by t (n ), can be estimated as 

where 

and 

where Z(x) is still obtained from table 88; loS,,-s now 
represents the proportion of respondents aged from 
n -5 to n +4 with father alive; M is the mean age of 
fathers at the time of their children's birth; n is the mid- 
point of the age group considered; and 0.75 or three 
quarters of a year have been added to make allowance 
for the fact that a father must have been alive at the time 
of conception, but not necessarily at the time of the birth 
of his offspring. 

(iii) A &toiled e-le 
The data shown in tables 89 and 90 were collected by 

the National Demographic Survey camed out in Bolivia 
during 1975." They are used here to illustrate the way in 
which the estimation of female adult mortality is carried 
out using data on the maternal orphanhood status of 
respondents. 

Table 89 shows both the raw data gathered by the sur- 
vey and the proportions of respondents whose mother 
was alive at the time of the interview. Note that in calcu- 

u(n )= 0.3333 In (loS,, -5)+Z(M +n ) +0.0037(27 -M), 
TABLE 89. DATA ON MATERNAL OW.ANHOOD STATUS AND PROPORTIONS 

IMnanllmmd ol%r - P -  * ,k, -'%"- sn) 
and the value of Z(M +n) is obtained by interpolating (2) (3) (5) 

linearlv in table 88. 15-19 ........ 5540 448 6 0.9252 
20-24 ........ 3 995 Note that in this case loS, -5 represents the proportion 25-29 886 

541 10 0.8807 ........ 769 8 0.78% 
of respondents in the age group from n -5 to n +4 with 30-34 ........ 910 852 9 0.69 15 
mother alive, and that n is the mid-point of the 10-year 35.39 ........ I 661 I 234 1 1  0.5737 

........ age group being considered. 40-44 I 027 I 272 7 0.4467 
4549 ........ 855 I 556 6 0.3546 When data on paternal orphanhood are being used, 5654 ........ 369 1 243 6 0.2289 

equations (B.7) and (B.8) become 

I'  K. Hill. H. Behm and A. Soliz, op. cit. 
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TABLE90. CHILDREN BORN DURING THE 12 MONTHS PRECEDING 
THE SURVEY. BY AGE OF MOTHER AT TIME OF THE SURVEY. BOLIVIA. 1975 

W-dn, M 

six mo4uh) 
#O 
(3) 

17 
22 
27 

lating the latter figure, the numbers of respondents who 
were classified in the category of "unknown maternal 
orphanhood status" were ignored. In the case of the 
1975 survey in Bolivia, the numbers in the unknown 
category are very small and their inclusion in the 
denominators of the proportions with surviving mother 
would not have affected the final results. However, 
because greater levels of non-response may occur, it is 
important to exclude the non-responses when calculat- 
ing the proportions with surviving mother. As an exam- 
ple, S(50) is computed explicitly below: 

The computational procedure is described below. 
Step I: calculation of mean age at materniry. According 

to equation (B.3): 

where a(i) is the mid-point of age group i ;  and B(i) is 
the number of births to women in age group i . However, 
to obtain a correct estimate of the mean age at mater- 
nity, M, the births used ,in equation (B.3) should be 
classified by age of mother at the time the birth 
occurred. In the present case, the age reported by a 
woman is that at the time of the interview and not that at 
the time of the birth; some allowance must be made for 
this fact. The simplest strategy is to assume that births 
are uniformly distributed in time and with respect to 
mother's age. Hence, on average, women were six 
months younger at the time of the birth they reported 

than at the time of the interview, so that, for example, 
the current age group spanning exact ages 15-20 may be 
considered to span exact ages from 14.5 to 19.5 at the 
time the births occurred. All subsequent age groups are 
similarly affected. Therefore, the central a(i ) values to 
be used in applying equation (B.3) are 17 instead of 
17.5, 22 instead of 22.5, and so on, as shown in column 
(3) of table 90. 

Applying equation (B.3), M is calculated as follows: 

7 

2 a(i)B(i)= (17)(136)+(22)(409)+. + 
i =  l 

and 

Step 2: calculation of neighring factors. Since data on 
maternal orphanhood are being considered, the 
appropriate weights, W(n), are obtained by interpolat- 
ing linearly (see annex IV) between the values given in 
table 86. The value of M is 28.8 years, so the weights in 
the columns labelled "28" and "29" are used as 
extremes in the interpolation. For all values of n, the 
interpolation factor 8 is 

Therefore, to obtain W(35), for example, the values for 
n = 35 appearing under the columns for M qua1 to 28 
and 29 of table 86 are weighted by 8 and (1 -8). 
respectively, yielding 

The complete set of W(n ) values corresponding to M 
= 28.8 is shown in column (2) of table 91. 

Step 3: calculation of survivorship probabilities. Once 
the weighting factors corresponding to the observed M 
have been calculated, the values of 1/ (25 +n ) / l f  (25) are 

TABLE 9 1. ESTIMATION OF FEMALE ADULT SURVIVORSHIP FROM PROPORTIONS OF RESPONDENTS 
WITH SURVlVlNO MOTHER. USING THE BRASS METHOD. BOLIVIA, 1975 

W Y t  
war 

Af nMoUly 
M 

I1 ) 17) 



computed as indicated by equation (B.4). Table 91 sum- 
marizes these computations. This table also shows the 
mortality level in the Coale-Demeny West family of 
model life tables associated with each survivorship ratio. 
These levels were calculated by interpolating linearly 
between the values given in table 210 (see annex VI). 
They provide a useful index for examining the con- 
sistency of the survivorship ratios themselves. 

As an example, the calculation of the level consistent 
with the estimated 1 (65)/1/(25) is camed out below in 
detail. The value o l l  (65)/1/(25) according to table 91 i is 0,604. The column abelled "65" of table 2 10 in annex 
VI is then used to locate the two values that bracket the 
estimated value. They are 0.58183, corresponding to 
level 13; and 0.60583, comesponding to level 14. Hence, 
the interpolation factor 8 is 

t (n ). In step 1, M was found to be equal to 28.8 years. 
Therefore, the values of x = M +n range from 48.8 to 
78.8, increasing in steps of five years. The standard func- 
tion, Z(x), for calculation of the reference period, is 
obtained for these values by linear interpolation within 
table 88. Note that because the table does not cover the 
range 78-79, the last Z value calculated is Z(73.8). Thus, 
Z(53.8) is obtained as 

All Z(x) values are given in column (4) of table 92. 
Using these values and substituting those of toS,-s, M 
and n in equation (B.8), one obtains the set of values for 
the correction function, u(n), given in column (5) of the 
same table. To illustrate the procedure followed, u (30) is 
calculated below: 

and the estimated level is 

The complete set of mortality levels is shown in column 
(7) of table 91. 

Step 4: calculation of number of years before the survey 
to which the survivorship estimates refer. The reference 
period of each of the estimates obtained in the previous 
step, denoted by t(n), is calculated from loSn -5, the pro- 
portion of respondents aged from n -5 to n +4 whose 
mother was alive at the time of the interview. These pro- 
portions are calculated by dividing the number of 
respondents with surviving mother in the two adjacent 
age groups from n -5 to n - I and from n to n +4 by 
the sum of the number of respondents in both age 
groups who provided information on mother's survival. 
For example, 

The complete set of loSn-s values is shown in column 
(2) of table 92. 

Because the data at hand refer to maternal orphan- 
hood, equations (B.7) and (B.8) are used in calculating 

Then, using equation ;B.7), t (n ) is calculated for each 
case. Continuing with the illustration of the case n =30, 

The survey in Bolivia was camed out between I5 
June and 31 October 1975, so the mid-point of that 
period may be considered its reference date. The sim- 
plest way of obtaining the decimal equivalent of the 
mid-period date is by transforming the end-points into 
decimal equivalents and finding their mean. Thus, 15 
June 1975, is equivalent to 1975.45 (the number of days 
from 1 January to 15 June, both included, being 166, 
and 166/365 = 0.45) and 31 October 1975 is equivalent 
to 1975.83, so that the desired mean is 1975.64. There- 
fore, the lf(55)/1/(25) estimate listed in table 91 refers 
approximately to 11.8 years before 1975.6, that is, to 
1963.8. The complete set of reference dates and the West 
mortality levels associated with them are shown in 
columns (7) and (8), respectively, of table 92. 

TABLE 92.  ESTIMATION OF TIME REFERENCE PERIODS FOR SURVIVORSHIP ESTIMATES DERIVED FROM 
MATERNAL ORPHANHOOD DATA, BOLIVIA, 1975 

- 

a N u m b e r  o f  years prior to t h e  survey t o  which  survivorship estimates refer. 
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It is worth mentioning that the estimates obtained TABLE 93. COEFFICIENTS FOR ESTIMATION OF FEMALE SURVIVORSHIP 

from maternal orphanhood data refer, when adult mor- PROBABILITIES FROM AGE 25 FROM PROPORTIONS WITH SURVIVING 

tality has been changing steadily, to periods between 8 MOTHER 

and 15 years prior to the survey. When judged with *f 
CQ&~~~HI 

d n )  t i n )  cln) respect to these estimated dates, the mortality levels (1) (2) 13) (4) 

obtained in the previous step seem less satisfactory than 20 ............,. -0.1798 0.00476 1.0505 
at first sight. The estimates imply that female adult mor- 25 .............. -0.2267 0.00737 1.029 I 
tality in Bolivia fell by an average of one mortality level 30.............. -0.3 108 0.01072 1.0287 

per annum during the period 1960-1965. It is difficult to 35........s..*9. -0.4259 0.01473 1.0473 
40.. . . . . . . . . . . . . -0.5566 0.0 1903 1.0818 

believe that such rapid gains in life expectancy could 45 ,.,.,,.,....., -0.6676 0.02256 1.1228 
actually have taken place. Further, the similarity of the so. ............ -0.698 I 0.02344 1.1454 
levels corresponding to the two most recent periods is 
suspect. It suggests that even up to age groups 20-24 and Estimation equation: 

25-29 the adoption effect may be biasing the survivor- 
1 , (25+n) / I f (25 )=a(n)+b(n)M + c ( n ) S ( n  -5) 

ship estimates upward. To what extent such an effect is 
also operating at ages 30-34 and 35-39 is difficult to in the age group from n -5 to n - 1 whose mother was 
ascertain, but the possibility that the estimates for 1962- alive at the time ofthe interview. 
1964 may also be subject to an undesirable positive bias No!e should be taken that this method the 
must be in mind' these brief it estimation of female survivorship only. No regression 
transpires that the data for Bolivia may not be as con- method has been developed to estimate male survivor- 
sistent as one would desire, and that further analysis and ship, u, if pateml orphanhood data are available, the 
additional, independent evidence may be necessary to original Brass method has to be used. 
establish with a greater degree of certainty the mortality 
levels to which the female population of Bolivia has It should also be pointed out that the conditional 

been subject. probabilities of survivorship obtained by using this 
method do not, by themselves, define a complete life 

(c) Method based on an equationfirted by wing regression table, unless one can assume that the mortality pattern 

(i) Lhata required of the population studied is identical to that of some 
model set of life tables. When information on child mor- 

The required lo lhiS method in lhe case of tality is available, the techniques described in chapter VI are the same as lhoSe can be used to construct a life table that does not depend needed for the Brass method (see subsection 8.2 (b) (i); upon a restrictive assumption. however, no regression method has been developed for 
the estimation of male mortality from data on paternal 3: cdculation ofnrunber of years bejbre the 
orphanhood. The data required are: to which the survivorship estimates refer. In cases where 

adult mortality has been changing regularly during the 
(a) The proportion 3frespondents 'nother was I5 or 20 years preceding the survey (that is. the change alive at the time of the interview, classified by five-year has been linear on the logit estimates of the time age group. The P ~ P ~ ~ ~ ~ ~  in lhe age group to which each of the su~ivonhip  probabilities obtained 

from n to n +4 is denoted by S(n); in the previous step refers, denoted by t (n ), can be cal- 
(b) The number of children born during a given year* culated by means of the following equations: 

classified by five-year age group of mother. These data 
allow the estimation of M,  the mean age of mothers at u(n)= 0.3333 In S(n -5)+Z(M+n -2.5)+ 
the birth of a particular group of children. 

(ii) Compututionalprocedure 0.0037(27 - M )  (8.12) 
The following steps are required in the computational and 

procedure. 
Step 1: calculation of mean age at maternity. This step t (n)= (n -2.5)(1.0-u(n))/2.0 (B.13) 

is identical to that described in subsection B.2 (b) (ii). It 
is not described again here. where S(n -5) is the proportion of respondents aged 

Step 2: calculation of survivorship probabilities. Using from M -5 to M - 1 whose mother was alive at the time 
the values of the coefficients a (n ), b (n ) and c (n ) shown of the survey; M is the mean age of mothers at the time 
in table 93, female survivorship probabilities are of the birth of their children; n -2.5 is a rough indicator 
obtained by substituting these values in the following of the mean age of respondents; and Z ( x )  is a standard 
equation: function of age whose values in any given case can be 

obtained by interpolating between the values listed in 
If (25+n)/lf (25)= a(n)+b(n)M +c(n)S(n - 5 )  table 88. Strictly speaking, the estimates yielded by 

equations (8.12) and (B.13) when the Z ( x )  values of 
(B.ll) table 88 are used as input are based on the assumption 

that female adult mortality in the population being stud- 
where M is the mean age of mothers at the birth of their ied has a similar pattern to that embodied by the general 
children; and S(n -5) is the proportion of respondents standard (see chapter I, subsection 8.4). In practice. 
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however, the impact of deviations from this assumption group, S(n -5). They are shown in column (2) of table 
is unlikely to be large, at least in comparison with the 95. The values of Z(x) for x ranging from 46.3 to 76.3 
effects on the final estimates of deviations from the in steps of five years are obtained by interpolating 
assumed linear trend followed by adult mortality linearly between the values listed in table 88. For exam- 
changes over time. ple, Z(66.3) is obtained as 

(iii) A &tailed example 
The application of the regression method is illustrated 2(66.3)= 0.7Z(56)+0.3Z(67)= 

below by again using the data for Bolivia presented in 
subsection B.2 (b) (iii) (see table 89). 0.7(0.452) +0.3(0.473) = 0.458. 

Step I: calculation of mean age at maternity. Refer to 
step 1 of subsection B.2 (b) (iii), where the mean age of 
mothers at maternity, M, was estimated as 28.8 years for 
Bolivian women. 

Step 2: calculation of survivorship probabilities. Table 
94 summarizes the calculations needed to estimate these 
probabilities. It shows that the application of equation 
(B.ll) is straightforward and that the estimation process 
is very simple. Once again, the mortality level consistent 
with each survivorship ratio in the West family of model 
life tables has been computed by interpolating in table 
210 in annex Vl (see step 3 of subsection B.2 (b) (iii)). 
Note that for a value of n under 40, the survivorship 
estimates obtained by this method are very similar to 
those obtained by the Brass procedure (see table 91). 
For values of n of 40 and over, however, the differences 
increase with n ; for these ages, the regression-based esti- 
mates would probably be preferable. 

Step 3: calculation of number of yervs kfow the survey 
to which the swviwrship estimates refer. As stated by 
equations (B.12) and (B.13), the values of this reference 
period, denoted by t (n), depend in this case upon the 
observed proportions not orphaned in each five-year age 

Since the values listed in table 88 do not cover the age 
range ffom 76 to 77, linear extrapolation was used to 
calculate Z(76.3). The complete set of Z(x) values is 
shown in column (4) of table 95. Using equation (B.12) 
and these values as input, the set of u(n) values can be 
calculated. For example, 

so that 

The complete set of t(n) values, the number of years 
prior to the survey to which each survivorship estimate 
refers, is shown in column (6) of table 95. Since the sur- 
vey reference date is 1975.6, these t(n) estimates can be 
transformed to dates by subtraction, the results being 
shown in column (7) of table 95. The West mortality lev- 
els implied by each survivorship estimate are also shown 

TABLE 94. CALCULATION OF FEMALE SURVIVORSHIP PROBABILITIES FROM ~ 0 ~ 2 5  USINO 
PROPORTIONS WITH SURVIVINO MOTHERS AND THE REOReSSlON METHOD. BOLIVIA. 1975 

MF- 
F a d e  d u b  

wnld 
b - w  

4-3 R""" I, S+m)lI,05) 
(4) (5) 

0.9252 0.929 
0.8807 0.892 
0.78% 0.8 10 
0.69 15 0.722 
0.5737 0.612 
0.4467 0.484 
0.3546 0.383 

TABLE 95. ESTIMATION OF TIME REFERENCE PERIODS FOR SURVIVORSHIP PROBABILITIES DERIVED PROM 
MATERNAL ORPHANHOOD DATA USlNO THE REORESSION METHOD. BOWVIA, 1975 

 umber of prior to the survey to which survivorship estimates refer. 
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in table 95 to facilitate comparisons and assessment. 
Note that, as already pointed out in subsection 8.2 (b) 
(iii), the pace of the mortality change implied by these 
estimates between 1960 and 1966 seems implausibly 
rapid. It is also clear that the relatively low mortality 
associated with values of n of 20,25 and 50 are suspect, 
that for 50 because it does not conform with the trend of 
the rest, and those for 20 and 25 because they imply a 
fairly important decline in mortality from mid-1964 to 
1966, compared with a very moderate decline in pre- 
vious years. It is very likely that the survivorship esti- 
mates for n values of 20 and 25 are biased upward by 
the adoption effect and that the survivorship ratio for n 
of 50 is distorted both by overreporting of age and by 
misreporting of maternal survival. 

(d) Use of dorafrom nvo surveys 
One of the problems faced when estimating adult sur- 

vivorship probabilities from data on the survival of 
parents is that if mortality has been changing, the esti- 
mates refer to some fairly distant point in the past. If, 
however, information of orphanhood has been collected 
by two censuses or surveys and the period between them 
is a multiple of five years, cohorts from the first census 
can be identified at the second, and survivorship proba- 
bilities applicable to the intersurvey period can be 
estimated from the constructed proportions not 
orphaned for a hypothetical intersurvey cohort of 
respondents. It is assumed, of course, that migration 
does not affect either set of proportions not orphaned 
and that no relationship exists between the mortality of 
the respondents and that of their mothers. If the period 
between the two surveys is not a multiple of five years, a 
set of proportions not orphaned for a suitable point in 
time can, in some circumstances, be estimated by inter- 
polation between or extrapolation beyond the observed 
sets. 

(i) lhta required 
The following data are required for this method: 
(a)  The proportion of respondents with surviving 

mother in each five-year age group from n to n +4 for 
two points five or 10 years apart, denoted by S(n, 1) for 
the first survey and S(n, 2) for the second; 

TABLE 9 6 .  CALCULATION OF PROPORTI 
INTERSURVEY COHORT. 

(6 )  The number of births in a year classified by five- 
year age group of mother from one of the surveys (and 
preferably from both) or for some year in the intersurvey 
period. 

(ii) Computational pruceahre 
The steps of the computational procedure are given 

below. 
Step 1: calculation of mean age at maternity. See the 

description of step 1 given in subsection B.2 (b) (ii). If 
the data required for the calculation of the mean age, 
M, are available from both surveys, M can be calcu- 
lated for both, and the average can be used in the 
analysis. If the required data are available for only one 
of the two surveys, or for some intermediate point, then 
the value of M obtained for that point should be used. 

Step 2: calculation ofproport~~ns not orphaned for a 
hypothetical intersurvey cohort of respondents. The con- 
cept of a hypothetical cohort has already been discussed, 
and other uses of it appear in chapters I1 and 111. The 
procedure followed in calculating the proportions not 
orphaned among a hypothetical intersurvey cohort of 
respondents depends upon the length of the interval 
between the surveys, which is denoted by T. The value 
of T should be a multiple of five, so that the survivors of 
a standard five-year age group at the earlier survey can 
be identified as belonging to a standard five-year age 
group at the second survey. If one denotes by S(n, 1) 
the proportion of persons in the age group from n to 
n +4 whose mother was alive at the time of the first sur- 
vey and by S(n + T, 2) the equivalent proportion at the 
second survey, then S(n + T, 2) is the proportion not 
orphaned at the second survey among the survivors of 
those whose proportion not orphaned at the first survey 
was S(n, 1). Using this notation, and assuming that T is 
a multiple of five, the proportions not orphaned for a 
hypothetical intersurvey cohort, S(n, s), are obtained as 
follows: 

S(n, s)=S(n -T, s )  S(n, 2)/S(n -T, 1) for n )T 

(B. 15) 

IONS NOT ORPHANED FOR A HYPOTHETICAL 
CONSTRUCTED EXAMPLE 

Proportions taken directly from second survey. 
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Step 3: txlculation of survivorship probabilities. Once 
the proportions not orphaned for the hypothetical cohort 
have been calculated, survivorship probabilities are 
obtained from them and from the mean age at mater- 
nity, M, estimated in step 1 by using either the Brass or 
the regression method (see subsections B.2 (b) (ii) and 
B.2 (c) (ii)). The survivorship probabilities obtained 
from hypothetical-cohort data should reflect adult mor- 
tality levels during the intersurvey period, so there is no 
need in this case to estimate the reference period, r(n), 
to which each estimate refers. 

(iii) A &tailed example 
The only difference in the applications just described 

and the intersurvey method lies in the calculation of the 
proportions with surviving mother in a hypothetical 
cohort. Thus, a constructed example of the way in which 
to calculate these proportions (step 2) is given in table 
96. Column (3) shows the proportions not orphaned at 
the first survey, classified by five-year age group; and 
column (4) shows the corresponding proportions at the 
second survey. 

Column (5) shows the hypothetical-cohort proportions 
not orphaned for an intersurvey period of five years. To 
illustrate, the value for age group 15-19, 0.835, is 
obtained as follows (from equations (B.14) and (B.15)): 

It may be mentioned that this value may also be 
obtained by 

Column (6) shows the hypothetical-cohort proportions 
not orphaned for an intersurvey period of 10 years. The 
value for age group 20-24, 0.739, is obtained as follows 
(from equations (B. 14) and (B. 15)): 

Again this value may be obtained by 

Intersurvey adult survivorship probabilities, allowing 
for both mortality and fertility change (if M can be cal- 
culated from data at the beginning and at the end of the 
intersurvey period) can now be obtained by applying 
either the Brass or the regression method to the 
hypothetical-cohort proportions not orphaned (see sub- 
sections 8.2 (b) (ii) and B.2 (c) (ii)). 

3. Ertimation of odttlr survivorship 
h e d  on proportions widowd 

(a) Basis of method and its rationale 
The proportions of ever-married persons classified by 

age whose first spouse is still alive can be used to esti- 
mate adult survivorship probabilities in much the same 
way as the proportions not orphaned can be so used. In 
the case of widowhood, an additional possibility exists 
because the ever-married respondents can be classified 
by duration of mamage. In order to ensure that there 
shall be only one person at risk of dying per respondent 
and to minimize the problems arising because of remar- 
riage, the data collected should refer only to the survival 
of the first spouse of each respondent. Hence, the meas- 
ure of duration required is the time elapsed since the 
respondent's first union. Classification of the data by 
duration of first maniage has the methodological advan- 
tage of establishing directly the length of exposure to the 
risk of dying of the spouse; and it may have a very real 
practical advantage in some parts of the world, where 
duration of marriage appears to be more accurately 
reported than age. When data are classified by age, the 
length of exposure to the risk of dying has to be 
estimated from the current age of the respondent and a 
measure of the average age at marriage of all respon- 
dents. 

The estimation of adult mortality based on in- 
formation about widowhood status has several advan- 
tages over that based on the orphanhood status of 
respondents. Since only first marriages are being con- 
sidered, there is in all cases only one respondent for each 
target person. Further, no type of adoption effect is 
likely to affect this type of data, so proportions not 
widowed for the shorter average exposure periods may 
produce acceptable survivorship estimates referring to 
more recent periods which are generally those of greater 
interest. Lastly, experience suggests that because the 
most reliable information about survival of first spouse 
is provided by women, these methods provide a fairly 
good means of estimating male adult mortality, the esti- 
mation of which from data on paternal orphanhood is 
the weakest both from a methodological point of view 
and for reasons related to data quality. 

However, this estimation .method shares several of the 
disadvantages associated with those based on orphan- 
hood. Once more, the universe to which the estimated 
survival probabilities refer is not the entire population: 
in this case, they refer only to the ever-married portion 
of it. Yet, in countries where almost universal marriage 
is the rule, the biases that may be introduced by assum- 
ing that mortality risks among the never-married are 
similar to those estimated for the ever-married are likely 
to be small. A second disadvantage of this method is that 
it assumes that mortality and nuptiality have remained 
constant in the recent past and that the survival of the 
respondent is independent of that of his or her spouse, 
assumptions that are not likely to hold strictly in prac- 
tice. In addition, a disadvantage specific to widowhood 
data classified by age is that the length of exposure to 
the risk of dying of a respondent's first spouse has to be 



estimated from the respondent's age and from a sum- 
mary measure of age at first mamage, thus introducing 
yet another level of approximation. Lastly, in terms of 
data quality, it is likely that in cases where the respon- 
dent has remarried and shares a household with the new 
spouse, the interviewer may neglect to ask explicitly the 
question about survivorship of the first spouse. 

There is little that the analyst can do to minimize the 
negative effects of some of these disadvantages on the 
h a 1  estimates of survivorship. With respect to data 
quality, it is obviously important to make sure that the 
interviewer understands the concepts being used and 
avoids mistakes such as that cited above. The assump- 
tion of constant mortality has been relaxed by the work 
of Brass and ~ a m ~ b o ~ e , "  who propose a method to 
estimate the time reference of the survivorship probabil- 
ities derived from data on widowhood. Of course, the 
change of mortality assumed in deriving reference 
period estimates does not represent all possible patterns 
of change, but it is general enough to be adequate in 
most circumstances. 

The assumption of constant nuptiality in the past can 
be relaxed if the mean ages of both respondents and 
their spouses at first marriage are estimated for each age 
or marriage-duration group of respondents. In such a 
case, the SMAM, and SMAM values appearing in 
equations (B.17HB.26) should C replaced by age or 
duration-specific values (according to the respondents' 
age group being used). This approach is possible if 
reliable data on the retrospective mamage history of the 
population under study are available. 

This introductory section may be concluded by point- 
ing out that the widowhood methods presented in this 
chapter represent recent revisions of the procedures first 
proposed by  ill" and later revised by Hill and 
~russell.'~ 

(b) Wdowhood data c l ~ ~ ~ i f i d  by age 
(i) Dotarequired 
This method seeks to estimate male (female) proba- 

bilities of surviving from age 20 to age n from the fol- 
lowing data: 

(a) The observed singulate'mean ages at marriage for 
men (SMAM,) and for women (SMAMf ). For a 
description of the way in which to estimate these ages 
from the proportions single claksified by age, see annex 
I. To calculate the proportions single in each age group, 
the basic data reauired are: the total male (female) 
population; and h e  male (female) population single; 
both classified by five-year age group; 

(b) The proportion of ever-married women (men) in 
each five-year age group whose first husband (wife) was 
alive at the time of the interview. The proportion of 
respondents aged from n to n +4 with first spouse alive 
is denoted by NW(n). Note that the set of proportions 

non-widowed, NW(n), can be obtained by having as 
input any two of the following: (a) the number of 
respondents whose first spouse was alive at the time of 
the interview classified by five-year age group; (b) the 
number of respondents whose first spouse was dead 
classified by five-year age group; and (c) the total 
number of ever-married respondents who declared the 
survivorship status of their first spouse, also classified by 
five-year age group. Since category (c) is supposed to be 
the sum of the first two, it is important to make sure that 
it excludes all respondents who did not know or did not 
declare the survivorship status of their first spouse. 

(ii) Computational procehre 
The steps of the computational procedure are 

described below. 
Step 1: calculation of proportions not widowd The pro- 

portion of female (male) respondents not widowed in 
the age group from n to n +4, denoted by NW(n), is' 
equal to the ratio of female (male) respondents aged 
from n to n +4 whose first husband (wife) was alive at 
the time of the interview and the total number of ever- 
married female (male) respondents aged from n to n +4 
who declared the survivorship status of their first hus- 
band (wife). Since the latter figure equals the sum of the 
female (male) respondents aged from n to n +4 with 
first husband (wife) alive and those of the same age 
group with first husband (wife) dead, knowledge of only 
these two categories of respondents is sufficient to calcu- 
late the desired proportions. 

In order to estimate survivorship probabilities for 
males, the method requires that the proportions of 
females not widowed be known, while knowledge of the 
male proportions not widowed is necessary to estimate 
female survivorship probabilities. 

Step 2: calculation of singulate mean age at mammamage for 
both males and f d e s .  For a description of the pro- 
cedure required to calculate the singulate mean age at 
marriage, SMAM, see annex I. Both values are neces- 
sary when estimating either male or female survivorship 
probabilities from widowhood data classified by age. 
Subindices f and m are used to distinguish the values 
referring to females from'those referring to males. 

Step 3:' dculation of survivorship probabilities. The 
relationship between the variables calculated in the pre- 
vious steps and certain probabilities of survivorship was 
established by using least-squares regression to fit the 
following equations: 

l2 W. Brass and E. A. Bamgboyc, op. cit. 

13 K. nmWi, levelr f,,,,,, infomation on to data generated by using model mortality and nuptial- 
widowhood". p o p d m  a d ,  "01. X ~ X I ,  NO. I (March l m ) ,  pp. ity schedules (see chapter I). The estimated regression 
75-84. coefficients a h ) ,  b(n), c(n) and d(n) are shown, for 

l4 K. Hill and J. Trussell, loc.cit. each'value of ;,-in tables 97 ind 98. Also shown in each 



T M L E 9 7 .  COEFFICIENTS FOR ESTIMATION OF CONDITIONAL MALE SURVIVORSHIP PROBABILITIES 
FROM DATA ON THE WIDOWHOOD STATUS OF FEMALE RESPONDENTS 

C a ~ r n  

/ I  ) 73 %) 7: 

Estimation equation: 
Im(n)/Im(2O)=a(n)+b(n)SMAMf +c(n)SMAMm +d(n)NWf (n -5) 

TMLE 98. COEFFICIENTS FOR ESTIMATION OF CONDITIONAL FEMALE SURVIVORSHIP PROBABILITIES 
FROM DATA ON THE WIDOWHOOD STATUS OF MALE RESPONDENTS 

25 .............. -0.0208 0.00052 - 0.00 137 1.045 1 
30.. ............ -0.2135 0.00104 -0.00329 1.2791 
35 .............. -0.1896 0.00 162 - 0.00492 1.2884 
40.. ............ -0.1290 0.00236 - 0.00624 1.2483 
45.. ............ -0.07 13 0.00340 - 0.00742 1.2005 
50.. ............ -0.0327 0.00502 -0.00860 1.1590 
55 .............. -0.0139 0.00749 -0.01019 1.1297 

Estimation equation: 
If(n)/If (2O)= a(n )+b(n)SMAMf +c(n )SMAMm +d(n )N Wm(n ) 

table is the estimation equation to be used in each case. Equations (B.17) and (B.18) are to be used when the 
Note that according to table 97 male survivorship prob- estimated survivorship probabilities refer to males, while 
abilities are estimated by using as input the proportions equations (B.19) and (B.20) are to be used when they 
of non-widowed females, while according to table 98 refer to females. Note that the form of these sets of two 
female survivorship probabilities are estimated from the equations is essentially the same, with the subindices 
observed proportions of non-widowed males. indicating the sex categcry reversed. In both cases 

Step 4: calmlotion of number ofyears before the (males and females), the quantity n +2.5 - SMM is 
to n ~ l i ~ h  -ivorship estimaes refer. cases where mar- used as an indicator of the mean duration of first mar- 
tality has been changing regularly (that is, when the riage of respondents aged from n to n +% and the 
change can be assumed to be linear on the logit scale) values of the standard function Z(x) are obtained by 
dunng the 15 or 20 years preceding the survey, estimates i~te'polating linearly between those listed in table 88. AS 
of the time, denoted by t(n), to which each of the sur- the detailed example illustrates, the use of these equa- 
vivorship probabilities obtained in the previous step tions is simple; and the timing estimates they yield, 
refers can be calculated by using the following equa- though not exact, are adequate indicators of the refer- 
tions: ence periods to which survivorship probabilities apply, if 

the change in mortality has been fairly steady and 
u,,,(n)=0.3333 In NW,-(n - 5)+ smooth. 

(iii) A &ailed example 
Considered here is the case of ever-mamed women 

+0.0037(27.0 - SMA M, ) 
who were questioned about the survival status of their 

(B'17) first husband durine the National Demoera~hic Survev 

t,(n)= (n -2.5-SMAM')(l.O-um(n))/2.0 (B.18) 
of Bolivia, camed Gut between 15 June ind.31 ~ctobe; 
1975.15 Data gathered by this survey have already been 

or 

uf (n )=  0.3333 In NW, (n )+ 

used in llus'irating thd applicati&n of the estimation 
method based on the orphanhood status of respondents. 

The steps of the computational procedure are given 

Z(SMAM, +n +2.5-SUAM,) 
below. 

Step 1: calculation of proportions not widowed Table 99 
+0.0037(27.0 - SA-4 M' ) (B-19) shows the raw data gathered by the survey and the pro- 



T m e  99. Even-MARRIED FE~ULE ~OPULATION AND NUMBER OF WOW 
EN WHOS@ FIRST HUMAND WAS DEAD AT TIME OF INTERVIEW, BY AOE 
onour. B~IVIA 1975 

portions of ever-married women whose husbands were 
still alive at the time of the interview. NW/ (n). In com- 
puting these proportions, the denominator used is the 
number of ever-married women rather than all women 
and there were no cases of non-response. The propor- 
tions NW (n )  shown in column (4) are obtained by 
dividing e number of women with Rnt husband dead 
(appearing in column (3) of table 99) by the number of 
ever-married women reporting first husband's survivor- 
ship status (listed in column (2)) and subtracting the 
result from 1.0. Thus, NWf (25) is calculated as 

Step 2: oal&ion of singulate mean age at marriage for 
tznh molts a d  females. For a detailed explanation of the 

way in which to calculate the necessary SMAM values, 
see annex I. In the case of Bolivia in 1975, these values 
are: S M M ,  = 25.3 years; and SMAMr = 23.2 years. 

Step 3: calculation ./survivorship P&ilitiesfoi males. 
Using the coefficients shown in table 97 and applying 
the version of equation (B.16) appearing in this table 
with SMM, = 23.2 years, SMAM, = 25.3 years, and 
the observed proportions not widowed, NWf(n), the 
survivorship probabilities listed in column (6) of table 
100 are obtained. As an example, 1, (50)/1, (20) is calcu- 
lated below: 

Also shown in table 100 (column (7)) are the mortal- 
ity levels to which each estimated survivorship probabil- 
ity corresponds in the Coale-Demeny West family of 
model life tables. These levels are obtained by interpo- 
lating linearly between the values listed in table 226 (see 
annex VII). See step 3 of subsection B.2 (b) (iii) for a 
detailed example of the interpolation procedure used. 

Step 4: calculation of number of years *re the survey 
to which the male survivorship probabu'lities refer. Since 
male survivolship is being estimated, equations (B.17) 
and (B.18) are used to calculate this reference period, 
denoted by t (n). Table 101 shows the necessary input 

TMLE 100. ESTIMATION OF MALE SURVlVORSHlP PROBABlLlT IES FROM INFORMATION 
ON SURVIVAL OF FIRST HUSBAND. BOLIVIA 1975 

war 

Tzv 
(7) 

14.3 
16.3 
16.6 
15.7 
15.4 
15.3 
13.3 
14.7 

TABLE 101. ESTIMATION OF TIME REFERENCE PERIODS FOR MALE SURVIVORSHIP PROBABILITIES DERIVED FROM 
INFORMATION ON SURVIVAL OF FIRST HUSBAND. BOLIVIA. 1975 

war 

YZv 
m 

16.3 
16.6 
15.7 
15.4 
15.3 
13.3 
14.7 

a Number of years prior to the survey to which survivorship estimates refer. 



information and some of the intermediate results. The 1963, is also disregarded, the improvement in adult mor- 
observed proportions of females who were not widowed, tality is more modest (about one level) and perhaps 
NWf(n - S), are listed in column (2); and the values of somewhat more plausible. Unfortunately, the mortality 
(SMAM, + n -2.5-SMAM,) for each n are denoted levels that refer to periods comparable to those already 
by x, ( n )  and are listed in column (3). The function Z is estimated' for Bolivia from maternal orphanhood data 
calculated for each of these x, (n)  values by interpolat- (see tables 92 and 95) do not quite match the latter; and 
ing in table 88. Note that the data for the first value of n , although they refer to different sexes (the orphanhood 
25, have been excluded from table 101 because the tabu- estimates refer to female mortality, while those derived 
lated values of Z do not cover the value of x(25) = here correspond to males), the lack of consistency 
25.6; and although extrapolation is possible, it leads to observed suggests that at least one of these sets of esti- 
an estimate o f t  (25) that is negative, a clearly unaccept- mates may be seriously deficient. Although at this stage 
able outcome. However, this result indicates that in a it seems more likely, given the trend they imply, that the 
population where the female singulate mean age at mar- estimates derived from orphanhood information are the 
riage is 23 and that of males is 25, an estimate of the deficient set, further evidence is required to make a 
male probability of surviving from age 20 to age 25 definite decision. 
derived from reports of ever-mamed females aged 20-24 
is likely to be fairly poor, since a sizeable proportion of (c) Mdowhooddata classified by duration offirst marriage 
.the women in this age group are not yet married and the (i) ma required 
mean exposure to the risk of dying of their husbands is Male (or probabilities of surviving from age 
relatively short. Such an indication is corroborated, in 20 to age can also be estimated from data on survival 
this case, by the fact that the mortality level associated of first spouse by duration of marriage (mess- 

L(25)/1m(20) is quite Out '' line with the ured as the time elapsed since first union). The specific 
subsequent estimates (see table 100). data required for the application of this variant of the 

Returning to the calculation of Z(x), the procedure method are listed below: 
followed in the case of n = 45 is illustrated. First: (a)  The observed singulate mean age at marriage, 

X, ( 4 5 ) ~  25.3 + 45.0- 2.5 - 2 3 . 2 ~  44.6 S U A M ,  for males (females). This age is estimated from 
the proportion of single males (females) in each five- 

then year age group. For a detailed description of the pro- 
cedure used in estimating the singulate mean age at 

Zm(44.6)=0.4(0.130)+ 0.6(0.139)= 0.135. marriage, see annex I. Observe that when widowhood 
data are classified by duration of first marriage, only one 

Therefore, using equation (B. 17), value of S U M  is needed in each case: if male mortal- 
ity is being estimated from data from female respon- 

um (45)= 0.3333 In NWf(40)+ 2(44.6)+ 0.0037(1.7) dents, only the value of SMAM for males is required; 
and vice versa; 

= 0.3333 In (0.8735)+ 0.135+ 0.0063 (b) The proportion of ever-married women (men) 

= 0.0962; whose first husbands (wives) were alive at the time of the 
interview, classified by five-year duration-of-marriage 

and according to equation (B.18), group. These proportions are again denoted by N W(k ), 
where k now represents the lower limit of each duration 

tm (45)= (45.0- 2.5 - 23.2) (1 .O- 0.0962)/2.0 group, that is, NW(k) is the proportion not widowed 
among respondents first married from k to k + 4 years 

= (9.65) (0.9038) = 8.7. before the survey. As in the case of data classified by 
age, the proportions not widowed can be calculated 

That is, the estimate of 1, (45)/1, (20), which from any two of the following: ( 0 )  the number of 
corresponds to a West mortality level of 15.4, refers respondents whose first spouse was alive at the time of 
approximately to 8.7 years before the survey; and since the interview classified by five-~ear duration group; (b) 
the latter has as reference date 1975.6 (see step 4 of sub- the number of respondents Whose first Spouse was dead 
section B.2 (b) (iii), the reference date for 1, (45)/1,, (20) at Ihe time Ihe interview classified by five-year dura- 

is end of ,966, as shown in column (7) of table 101. tion group; (i) the total mmber of ever-married respon- 

The mortality levels with the survivorship dents who declared the survivorship status of their first 

probabilities obtained in the previous step are listed in 'larsified five-~ear duration group. Since 

column (8) of table 101 to allow a quick assessment of category (c) is to be the sum the first two- it 

the rrsulfs obtained. It is worth note that, disre- is important that it exclude all respondents who did not 

garding the ntimate (/,,, (60)/L (20)). the adult mar- know Or did not Ihe survivonhi~ status of their 

tality trend followed by the other estimates seems rapid SPOUY. 

though not impossible, implying a gain of some three (ii) ComPutationalPr~e~re 
mortality levels (or approximately 7.5 years in expecta- The steps of the computational procedure are 
tion of life) during 10 years or so. If the estimate associ- described below. 
ated with lm(55)/Im(20), referring to approximately Step I :  calculation of proportions not widowed among 
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female (male) respondents. The proportion of female 
(male) respondents not widowed in the duration group 
from k to k + 4, denoted by NW(k), is equal to the 
ratio of the number of female (male) respondents first 
married from k to k + 4 years earlier whose first hus- 
band (wife) was alive at the time of the interview 
divided by the total number of ever-mamed female 
(male) respondents in the same duration group who 
declared the survivorship status of their first husband 
(wife). 

Note that male survivorship probabilities are 
estimated from the proportions of non-widowed 
females, whereas female survivorship probabilities are 
estimated from male proportions not widowed. 

Step 2: calculation of singulate mean age at marriage for 
males (jemales). The necessary value of SMAM is calcu- 
lated according to the procedure described in annex I. 
Note that the value of SMAM required is that 
corresponding to the sex category for which survivorship 
probabilities are being estimated. 

where the male proportion not widowed and the female 
SMAM replace the female proportion not widowed and 
the male SUAM of equation (B.21). Note, however, that 
the estimated regression coefficients to be used also 
change; those listed in table 102 a n  to be employed in 
estimating male survivorship, while those given in table 
103 should be employed in estimating the survivorship 
probabilities for females. 

TABLE 103. COEFFICIENTS FOR ESTIMATION OF CONDITIONAL FEMALE 
SURVIVORSHIP PROBABILITIES FROM THE WIDOWHOOD STATUS OF MALE 
ltEM)NDENt$ CLASSIFIED BY DURATION OF MARRIAGE 

Step 3: calculation of swviwrship probabilities for males Estimation equation: 

(jemales). When male mortality is being estimated, the l f (n) / l f (2O)=o(n) + b(n)SMAMf + c ( n )  NWm(n-25) 

~robabilitv of survival from age 20 is related to the 
;ingulate hean age at marriag;for males and the pro- Step o/ndr brfire the 
portion of women in a given duration-of-marriage group to de Miwrship poMilitier In cases 
with a surviving first husband. The following equation is where has been changing regularly during the 
used: 15 or 20 years preceding the survey (that is, when the 

change in mortality has been roughly linear on the logit 
1m(n)/1m(20)=a(n)+ b(n)SMAMm +c(n) NW/(n -25) scale), estimates of the time to which each of the sur- 

vivokhip probabilities obtained in the previous step 
(B.21) refers can be calculated using the following equations: 

where a(n ), b (n ) and c (n ) are the coefficients shown in 
table 102; and NWf (n -25) is the proportion of women 
in the duration group from n -25 to n -21 having a sur- 
viving first husband. As in the case of the method based 
on data classified by age, the coefficients of equation 
(B.2 1) were estimated by using least-squares regression 
to fit this equation to data generated from model mortal- 
ity and nuptiality schedules (see chapter I). 

I An equivalent relation is used to estimate female sur- 
vival probabilities, namely, 

TABLE 102. COEFFICIENTS FOR ESTIMATION OF CONDITIONAL MALE 
SURVIVORSHIP PROBABILITIES FROM THE WIDOWHOOD STATUS OF FE- 
MALE RESPONDENTS. CLASSIFIED BY DURATION OF MARRIAGE 

Estimation equation: 
lm(n)llm(20)= a (n  )+b(n )SMAMm +c(n)NWf (n -25) 

u,(n)= 0.3333 In NWf (n - 25)+Z(n -22.5 + SMAM,) 

uj(n)= 0.3333 In NW,(n -25)+Z(n -22.5 + SMAM') 

Equations (B.23) and (B.24) are used when the 
estimated survivorship probabilities refer to males, while 
equations (8.25) and (8.26) are used when they refer to 
females. Note that the form of these sets of eqhations is 
essentially the same, with the subindices indicating sex 
category reversed. In both cases (males and females), the 
quantity n -22.5 is the mid-point of the duration group 
to which the respondents belong, and the values of the 
function Z ( x )  are obtained by interpolating linearly 
between those listed in table 88. 

(iii) A detailed example 
The use of data on the survivorship of first spouse 

classified by duration of marriage to estimate adult sur- 
vivorship probabilities is illustrated by using data gath- 



ered by the National Demographic Survey camed out in 
Panama between August and October 1976. Table 104 
shows ever-mamed males classified by time since first 
mamage and survival of first spouse. The survivorship 
probabilities to be estimated refer to females. Note that 
in table 104 the number of men who said they had been 
mamed, but who did not know the duration of their 
mamage, constituted a sizeable proportion of the total 
(slightly over 10 per cent). This level of non-response 
suggests that the data may not be reliable: in a country 
where some 10 per cent of the mamed male population 
does not declare or does not know the duration of their 
marriage, .it is unlikely both that duration will be 
correctly reported by the rest and that those of unknown 
duration have the same characteristics as those who 
declared a duration. One possible treatment for the cases 
of non-response is to divide them among the different 
durations according to the proportions implied by the 
known cases. This procedure would be based on the 
assumption that, for a given survival of first spouse 
(dead or alive), all persons are equally likely to fail to 
state the duration of their union. However, it seems rea- 
sonable to suppose that people belonging to unions that 
have lasted longer are more likely to have forgotten the 
date when the union began, so a more complicated 
redistribution procedure should probably be used. Yet, 
such a procedure would require that an assumption be 
made about how the probability of not stating a date of 
first union changes according to the time elapsed since 
the union began. Because no information is available on 
this matter, the likelihood of introducing substantial 
biases in the final results by making incorrect assump- 
tions is high. In view of this possibility, it seems safer to 
ignore completely the cases of unknown duration when 
carrying out this analysis, while bearing their existence 
in mind at the point of interpreting the final results. 

The computational procedure for this example is 
given below. 

Step I :  calculation of proportions not widowd among 
male respondents. Table 104 shows all the data categories 
that can be derived from a simple question on the sur- 
vivorship status of the first wife of each ever-married 
male respondent. For some duration groups, the number 
of respondents who did not declare the survivorship 
status of first wife constitutes a sizeable proportion of 

those who declared that their first wives were dead. 
Again, this characteristic of the data renders their qual- 
ity suspect, since if one were to assume that all cases of 
non-response were, in fact, cases of dead first wives, the 
survivorship estimates obtained would be substantially 
different, especially at lower mamage durations. Strictly 
speaking, however, there is no basis for making such an 
assumption; and in the rest of this analysis, the respon- 
dents who did not declare the survivorship status of their 
first wife are ignored. Therefore, to calculate the pro- 
portion of respondents not widowed, NW,(k) in dura- 
tion group 10-14, for example, the number with first wife 
alive is divided by the sum of those with first wife alive 
and those with first wife dead, as shown below: 

NW, (lo)= 1,096/(1,096 +23) = 0.9794. 

Note that NW,(lO) can also be obtained by dividing 
the number with first wife alive by the difference 
between all possible respondents and those whose wives* 
survival status is not known. Thus, 

The full set of NW, (k) values is shown in column (7) 
of table 104. 

Step 2: calculation of singulate mean age at marriage for 
f d e s .  For a detailed description of the procedure to be 
used in calculating the values of SMAM for females, see 
annex I. In this case, SMAMf was found to equal 22.01 
years. 

Step 3: calculation of survivorship probabilities for 
females. Equation (B.22) is used to calculate the female 
probabilities of surviving from age 20 to age n .  These 
probabilities are calculated by using as input the propor- 
tions not widowed among ever-mamed respondents, the 
female singulate mean age at mamage, and the 
coefficients listed in table 103. Table 105 shows the 
details of the calculations. Note that the final estimates 
of survivorship probabilities are not, in this case, very 
different from the original proportions of respondents 
with a surviving first wife. The West mortality level asso- 
ciated with each survivorship probability has been 
estimated by interpolating linearly between the values 
shown in table 222 in annex VII (see step 3 of subsection 

TABLE 104. DATA ON SURVIVORSHIP STATUS OF FIRST WIFE. 
MALE RESPONDENTS. PANAMA. 1976 

Unknown 



TABLE 105. ESTIMATION OF ADULT FEMALE SURVIVORSHIP PROBABILITIES FROM MALE DATA 
ON SURVIVAL OF FIRST SPOUSE. BY DURATION OF MARRIAGE. PANAMA, 1976 

B.2 (b) (iii) for a detailed example of the procedure for 
calculating them). These levels imply, in general, that 
mortality among females in Panama was very low dur- 
ing the early 1970s. 

Step 4: calculatiq of monbr of ymrs before the survey 
to which the male -wrshipprobabilities nfer. The West 
mortality levels shown in column (6) of table 105 suggest 
that mortality has not remained constant in Panama, 
since the reports of respondents who have been married 
for a longer period of time are associated with lower lev- 
els (that is, higher mortality) than are those associated 
with the reports of respondents married for a shorter and 
more recent period. It is important, therefore, to obtain 
some indication about the time periods, denoted by t(n), 
to which the estimated survivorship probabilities refer. 
Equations (B.25) and (B.26) are therefore used to esti- 
mate r/(n). Table 106 shows some of the intermediate 
values required for their calculation and the final t/(n) 
estimates. The values of Z'(x) are obtained by interpo- 
lating linearly between the values listed in table 88, and 
x (n) is used to denote the quantity n -22.5 +SMAM,. 
dnce the sumy took place between August and 
October of 1976, the mid-point of this period, 
corresponding in decimal form to 1976.7, is used as its 
reference date (see step 4 of subsection B.2 (b) (iii) for an 
example of how to calculate the decimal equivalent of 
this mid-point). Hence, by subtracting the estimated 
r/(n) values from 1976.7, the date to which each sur- 
vivorship probability refers can be obtained. These 

I reference dates are shown in column (7) of table 106; 
and to facilitate comparison, the West mortality levels 
obtained in the previous step are listed in column (8) of 
the same table. Without any other evidence, the trend of 

the dated survivorship estimates implying an improve- 
ment in adult female mortality of about a quarter of a 
level per annum seems plausible, although the estimated 
levels are relatively high. Because of the deficiencies 
noted earlier in this data set, the possibility that the 
reports on widowhood status of male respondents may 
understate true widowhood levels must be explored 
further before the estimates shown in table 105 can be 
fully accepted. 

(d) Uke of wi&nvhoid &a fm tw surveys 
Mortality estimates from widowhood share with those 

from orphanhood the problem of referring to periods 
located a substantial length of time before the survey, 
and the time reference of the estimates can only be 
identified when mortality has been changing regularly. 
A method for obtaining estimates or mortality that refer 
to a well-defined period of time by using orphanhood 
data from two surveys has been suggested earlier. 
Strictly speaking, a parallel approach cannot be used 
with widowhood data classified by age of respondent 
because age group do not define marriage cohorts; and 
the change in proportions not widowed from one age 
group to the next is generally deflated by the influx of 
newly married respondents whose exposure to the risk of 
dying while married is below the average of the group. 
However, the same phenomena affect the proportions 
not widowed by age group at each survey; thus, as long 
as age patterns of marriage remain more or less con- 
stant, the proportions not widowed for a hypothetical 
intersurvey cohort will be representative of the intersur- 
vey mortality experience. These proportions can be cal- 
culated following the method described in the case of 

TABLE 106. ESTIMATION OF TIME REFERENCE PERIODS FOR FEMALE SURVIVORSHIP PROBABILITIES 
DERIVED FROM MALE WIDOWHOOD DATA, PANU 1976 

' Number of years prior to the survey to which survivorship estimates rrfer. 



orphanhood data (see subsection B.2 (d)) and can then 
be analysed by using the method described in subsection 
B.3 (b), with average male and female singulate mean 
ages at mamage during the intersurvey period as addi- 
tional inputs (these average ages can be calculated as the 
mean of those corresponding to the beginning and end 
of the intersurvey period). 

On the other hand, when widowhood data are 
classified by time elapsed since first marriage, five-year 
duration groups do represent mamage cohorts; and pro- 
portions not widowed for a hypothetical mamage cohort 
representing intersurvey experience may be calculated 
from two sets of observed proportions not widowed 
classified by duration and obtained from surveys or cen- 
suses five or 10 years apart. The calculation of the pro- 
portions not widowed representing the experience of a 
hypothetical intersurvey cohort is carried out exactly as 
described in step 2 of subsection B.2 (d) (ii) for the case 
of proportions not orphaned, with duration groups sub- 
stituted throughout for age groups. Because the com- 
plete computational procedure to be followed in this 
case is very similar to that followed in the case of data 
on orphanhood and because no data sets on widowhood 
by duration from two surveys are as yet available, a 
detailed description of the application of this method is 
omitted. 

C. ESTIMATION OF SURVIVORSHIP TO 
ADULTHOOD FROM BIRTH 

1. General chamcteristics of methodr 
In this section, an extension of the conditional 

methods discussed in section B is presented. The 
methods that are described allow the estimation of prob- 
abilities of survival from birth, that is, of probabilities 
that are no longer conditional. These probabilities are 
estimated by means of equations that include 1(2), the 
probability of surviving from birth to exact age 2, as an 
independent variable, to take account of mortality in 
childhood. In practice, the value of l(2) used is almost 
invariably obtained by applying the child mortality esti- 
mation techniques described in chapter 111. 

Since the methods to be presented here are extensions 
of the conditional methods of adult survivorship estima- 
tion described above, they are based on very similar 
assumptions. In fact, all the comments made in section 
B about the validity of the estimates of conditional sur- 
vivorship probabilities apply also to the validity of esti- 
mates of direct probabilities; and because the calcula- 
tion of the latter values demands extra information, for 
example, 1 (2), certain other assumptions are necessary. 

The methods presented here are based on equations 
fitted by least-squares regression to simulated data, so 
the main assumption made is that the models used in 
simulating data represent reality adequately. An addi- 
tional assumption necessary in this case is that the rela- 
tionship between adult and child mortality embodied in 

the experience of the population studied falls outside the 
range covered by the models used. The estimation of 
adult survivorship from birth is particularly sensitive to 
the relationship between child and adult mortality, and 
to the pattern of the mortality schedule between ages 5 
and 25. This sensitivity can be reduced by including in 
the estimation equation an independent variable allow- 
ing for known variations in mortality between ages 2 
and 20 or 25. The model cases to which the estimation 
equations were fitted were generated by using mortality 
schedules based on the logit system, using as standards 
the four life tables for females at level 16 of the Coale- 
Demeny models. Therefore, the probability of surviving 
from age 2 to age 20 (or 25 in the case of orphanhood) in 
the appropriate standard life table is included as an 
independent variable in the estimation equation in order 
to allow for the age pattern of mortality between child- 
hood and early adulthood. It remains true, however, that 
estimates of survivorship from birth based on orphan- 
hood or widowhood data from younger respondents are 
overwhelmingly determined by the estimation of 1(2), 
while the proportions not orphaned or not widowed 
have a relatively low predictive value,'(' a fact that may 
affect the consistency of the estimates obtained from 
data corresponding to younger respondents. 

It has been stressed earlier in this chapter that orphan- 
hood and widowhood data provide estimates of mortal- 
ity referring to points in the past and that if the same 
type of data is available from two surveys five or 10 
years apart, the experience of a hypothetical intersurvey 
cohort can be constructed to obtain estimates of mortal- 
ity referring exactly to the intersurvey period. The 
methods of analysis outlined in the next sections can 
also be applied to the constructed proportions not 
orphaned or not widowed of a hypothetical intersurvey 
cohort, using as input either an estimate of l(2) obtained 
also from the constructed experience of a hypothetical 
cohort and thus referring to the same period (see chapter 
111, section D); or, failing that, an estimate of l(2) 
obtained from women aged 20-24 at the second survey 
and thus referring more or less to the mid-point of the 
intersurvey period. Once the proportions not orphaned 
or not widowed for the hypothetical intersurvey cohort 
have been obtained, the analysis follows exactly the pro- 
cedures described below in subktions C.2 (c), C.3 (b) 
(ii) and C.3 (c) (ii), but the mortality estimates obtained 
have a well-defined reference period (the intersurvey 
period), so that estimates oft (n ) are not required. 

2. Estimation of fernalee surw'vorshipfrom birth ro adult 
ages on the basis ofproportions with surviving mother 

(a) h i s  of method and its rationale 
Regression techniques were used to relate the propor- 

tions of respondents whose mothers were still alive at the 
time of the interview to the survivorship probabilities 
experienced by these women. It was found that proba- 
bilities of survivorship from birth, l(n), could be 

the mddel life tables used during simuldon cover the 
range of actual experience. Therefore, estimates derived 
by these methods are likely to be unreliable whenever l6 K. Hill and J. Trussell, loe. cit. 
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estimated with sufficient accuracy if the probability of 
surviving from birth to age 2 for female-1/(2)--were 
taken into account among the independent variables 
determining the desired I(n) values and if an indicator 
of the relationship between adult and child mortality, 
denoted by RS and equal to the ratio of l(25) to l(2) in 
the standard that best represents the experience of the 
population in question, were also included in the fitted 
equation. As in the case of the conditional regression 
method based on information about maternal orphan- 
hood (see subsection B.2 (c)), the other independent 
variables used are M, the mean age of mothers at the 
birth of their children, and S(n), the proportion of 
respondents in the age group from n to n + 4 whose 
mother is still alive. The form of the fitted equation is 

where a(n ), b(n ), c(n ) and d(n ) are coefficients whose 
values for each n are listed in table 107. 

These coefficients were obtained by using least- 
squares regression to fit equation (C. 1) to data simulated 
on the basis of selected fertility and mortality schedules. 
The fertility schedules used were derived from the 
Coale-Trussell models (see chapter I, subsection E.l) 
and the mortality schedules were obtained by using the 
logit system, using as standards the level 16 female life 
tables from each regional family of the Coale-Demeny 
models (see chapter I, subsections B.2 arid B.4). 

It is worth pointing out that this method allows only 
the estimation of female adult mortality, since the 
coefficients shown in table 107 were derived exclusively 

I from simulations rcfemng to females. Furthermore, 
these simulations do not take into account any trends in 
mortality; that is, the same life table was used in each 
simulated case to generate b(2) and I (25 +n) for n i ranging from 20 to 50. Therefore, use o the coefficients 
listed in table 107 implies the tacit assumption of an 
unchanging mortality level for a period of at least 40 
years. Since, in practice, this assumption is very likely to 
be violated, one cannot interpret the estimates obtained 
by applying this method as being exact period measures 

of mortality, especially because the use of b(2) as an 
independent variable introduces yet another timing 
problem. In fact, probably the most satisfactory way of 
using this method is by calculating first the time period 
to which the estimates of survivorship would refer, were 
they determined mainly by the proportions with surviv- 
ing mother (as in the conditional method) and had mor- 
tality followed a regular pattern of change (linear in the 
logit scale), and then using as input for equation (C.1) 
child mortality estimates refemng to corresponding 
periods.in order to obtain dated probabilities of surviv- 
ing from birth to adult ages. In practice, however, it will 
seldom be possible to obtain child mortality estimates 
for the exact dates to which the conditional survivorship 
probabilities refer, and period averages will have to be 
used instead. In such cases, the user must bear in mind 
that the survivorship estimates obtained from equation 
(C: I )  reflect a mixture of mortality levels with somewhat 
different reference dates. 

(b) m a  required 
The following data are required for this method: 
(a) The proportion of respondents with a surviving 

mother in each five-year age group from n to n +4. 
denoted by S(n). See subsection B.2 (b) (i) for some 
comments on the calculation of these proportions; 

(b) The number of births in a given year, classified by 
five-year age group of mother. This information is used 
to estimate M, the mean age of mothers of a particular 
group of births at the time of such births; 

( c )  An estimate or estimates of the probability of sur- 
viving from birth to exact age 2 for females, denoted by 
1/ (2). Such estimates are usually obtained from informa- 
tion on the number of children ever born and surviving 
classified by age of mother (see chapter 111). 

(c) Computational procehre 
The computational procedure includes the steps 

described below. 
Step I :  calculation of mean age at maternity. See step 1 

in subsection B.2 (b) (ii). 
Step 2: calculation of reference per id  of the conditional 

survivorship probabilities estimated from information on 

TABLE 107. COEFFICIENTS FOR ESTIMATION OF FEMALE SURVIVORSHIP PROBABILITIES 
FROM BlRT H ON THE BASIS OF PROPORTIONS OF RESPONDENTS WITH MOTHER ALIVE 

Estimation equation: 
I f ( 2 5 + n ) = a ( n )  + b ( n )  M + e ( n )  I f ( 2 )  S (n  - 5 )  + d ( n )  RS 



maternal orphanhood The procedure described in step 3 presented in subsection B.2 (b) (iii) is again used. The 
in subsection B.2 (c) (ii) should be followed. raw data collected by the National Demographic Survey 

Step 3: estimation ofp&&/iry of suntivingfrom birth to in 1974 are shown in table 89. Data on female children 
age 2 for femaes. Reference should be made to the ever born and surviving are  give^ below in table 109; 
methods described in chapter 111. Ideally, estimates of results are ~~mmarized in table 110. 
the probability of surviving to age 2, denoted by If(2), 
should be obtained for each of  the reference peiiods 
estimated in step 2. only estimates of 1(2) for females TABLE 109. FEMALECH~LDRENEVERBORNANDSURVIVINGACCORDING 

TO THE NATIONAL DEMOGRAPHIC SURVEY. BOLIVIA. 1975 
are needed. 

Step 4: estimation of survivorship probabilities from 
birth Estimation of this probability, I(n), the true core 
of the procedure, is straightforward enough once the 
mean age at maternity, M, and appropriate estimates of 
b(2) have been obtained. It involves only substitution in 
equation (C.l) using the coefficients given in .table 107. 
Care must be taken to match correctly these coefficients 
with the proportions with surviving mother, S(n), for 
different values of n .  It is also necessary at this point to 
calculate the value of the standard ratio, RS, which is 
the probability of survival from age 2 to age 25 in the 
female level 16 life table of the Coale-Demeny family 
that best represents the population being studied. That 
value is 

For convenience, the four values of RS associated with 
the Coale-Demeny models are shown in table 108. The 
user must select the appropriate model and then use the 
corresponding value of RS as input for equation (C.l). 
Note that the use of other standards, though not covered 
by the model cases, would not result in major biases, as 
long as RS is calculated for the standard being used. 

TABLE 108. STANDARD RATIO VALUES TO BE USED IN ESTIMATION OF 
SURVIVORSHIP PROBABILITIES FROM BIRTH ON THE BASIS OF DATA ON 
MATERNAL ORPHANHOOD. COALE-DEMENY MODELS 

St& mlio 
RF- I (25)/1 0) 

' ( 2 )  f 

North ............................................................................... 0.90 198 
South ............................................................................... 0.9258 1 
East .................................................................................. 0.93568 
West ................................................................................. 0.92346 

(d) A detailed example 
To compare the performance of the different methods 

of adult mortality estimation, the case of Bolivia 

TABLE 1 10. ESTIMATION OF CHILD MORTALITY FOR 
FEMALES. BOLIVIA. 1975 

The steps of the procedure are given below. 
Step 1: calculation of mean age at maternity. Reference 

should be made to the first step in subsection B.2 (b) 
(iii), where the mean age at maternity, M, was calcu- 
lated in detail for Bolivian females.' Its value was found 
to equal 28.8 years. 

Step 2: calculation of reference periods of the conuttional 
survivorship probabilities estimated from information on 
maternal orphanhood This step is identical to that 
presented as step 3 in subsection B.2 (c) (iii). Therefore, 
it is not repeated here. However, the reference dates 
estimated there (see table 95) are again given in column 
(3) of table 1 11 for immediate reference. 

Step 3: estimation ofprobability of surviving from birth to 
age 2 for females. The data on female children ever born 

TABLE I I 1. ESTIMATION OF FEMALE SURVIVORSHIP PROBABILITIES FROM BIRTH USING INFORMATION ON ORPHANHOOD 
BY AGE OF RESPONDENT, BOLIVIA. 1975 



and surviving, given in table 109, were gathered by the 
National Demographic Survey of Bolivia in 1975. This 
is the first such data set available for the country, as 
questions on this subject had not been asked previously. 
As explained in chapter 111, these data can be- used to 
obtain an estimate of 1/(2), the probability of surviving 
from birth to age 2, for females. The procedure followed 
is that described in subsection B.2 of chapter I11 and its 
detailed application is not presented here. For the pur- 
pose at hand it suffices to consider the results obtained. 
Table 110 summarizes these results. The usual estimstes 
of the probability of dying, qr (x), yielded by the method 
are listed in column (3); column (4) shows the mortality 
levels consistent with the estimated qf ( x )  estimates in 
the West family of Coale-Demeny model life tables, 
while column (5) shows the reference date of each esti- 
mate (obtained by subtracting each reference period 
value, t(i), for the child mortality estimates, from 
1975.6, the reference date for the 1975 survey). 

Two characteristics of the child mortality estimates 
given in table 110 should be pointed out. First, the esti- 
mates corresponding to the earliest periods are derived 
from data for women aged 40-44 and 45-49 at the time 
of the survey; and, secondly, these estimates are pre- 
cisely those which do not follow, in terms of mortality 
levels, the trend implied by the others. Given the most 
common flaws of data on children ever born and surviv- 
ing (see chapter 111, subsection A.1). it is likely that the 
estimates referring to I96 1.6 and 1964.6 may be too high 
(in terms of mortality levels) because of the tendency of 
older women to omit some of their dead children. Such 
doubts about the quality of these estimates do not 
recommend them for use in other estimation procedures. 

Unfortunately, as the reference dates listed in column 
(3) of table 11 1 show, most of the conditional survivor- 
s h i ~  estimates derived from data on maternal omhan- 
ho& refer to the period 1960-1965, so that child mbrtal- 
ity estimates for the same period are desirable. In order 
to obtain such estimates, the trend implied by the q~ (2), 
q1(3), q (5) and q (10) estimates given in table 1 10 is 
extrapo I ated into t C e past.-There are many possible ways 
of extrapolating this trend, but the simplest was selected, 
mainly because the use of more sophisticated techniques 
is not warranted by the approximate nature of the tim- 
ing estimates. 

A plot of the first four mortality levels against time 
would show that they define a fairly linear trend. There- 
fore, using the first and fourth to determine the trend 
line, its slope (change in level per annum) is calculated 
as 

corresponding to the periods to which the orphanhood- 
based estitnates refer is shown in column (4) of table 
1 1 1. Column (5) shows the 1/ (2) values that these esti- 
mates imply. These values were obtained by interpdat- 
ing linearly between the l(2) values listed in table 236 
(see annex VIII). For example, for the estimated level of 
9.7 obtained above, the 1 (2) value lies between that 
corresponding to level 9 (d77271) and that correspond- 
ing to level 10 (0.79340). Using linear interpolation (see 
annex IV), the desired 4(2) for level 9.7 is calculated as 
follows: 

Step 4: estimation of survivorship probabilities from 
birth. Using the values of M and q(2) given above and 
the values for RS for model West given in table 108, the 
final step in this procedure is rather simple. Essentially, 
for each value of n, substitution of the values of M, 
1/(2), S(n -5) and RS in equation (C.l) is carried out, 
using the coefficients given in table 107. Column (7) of 
table 1 11 shows the estimates of if (25 +n)  obtained in 
this way. As an example, l(50) and l(60) are calculated 
below in detail: 

Note that because different estimates of q(2) are avail- 
able for each time period, the values of this variable also 
changes with n, while that of RS remains constant 
throughout. 

In order to assess the estimated probabilities of sur- 
vival from birth to adult ages, the West mortality levels 
consistent with them were calculated. Again, this calcu- 
lation involves linear interpolation between the values 
listed in table 236 in annex VIII. Note that because the 
estimated values are probabilities of survival from birth, 
the life-table values themselves are used as the basis of 
interpolation (that is, no special tabulations of the life 
tables are needed). As an example, the level consistent 
with 1/(60) = 0.5098 is found by identifying those 
values in the columns labelled "l(60)" of table 236 (see 
annex VIII) which enclose the observed value. In this 
case, the enclosing values are 0.50587 and 0.54215, 

so that, for 1960.7, for example, the extrapolated mortal- corresponding to levels 13 and 14, respectively. Hence, 
ity level is the level corresponding to 0.5098 is 

The complete set of West mortality levels as defined The set of levels given in column (8) of table 11 1 
by these extrapolated child mortality estimates and shows that the estimates from l((55) to If(70) are fairly 
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consistent, implying similar mortality levels and a plau- hood case, the explicit use of l(2) coupled with the 
sible trend of decline. The levels associated with 1/(45), derivation of estimation equations from data generated 
1/(50) and G(75) are rather high and out of line w~th the under the assumption of constant mortality further com- 
others, so they need to be interpreted with caution. plicates the determination of the time location to which 

~t this point, it is worth comparing these estimates the estimates refer. When there is evidence supporting 
with those obtained earlier using the conditional the existence of a mortality change. appropriate 1(2) 
methods. Refer, for example, to table 95, where the values should be calculated for each of the periods to 
mortality levels displayed refer to the same periods as which the conditional survivorship estimates derived 
those shown in table 11 1. Note that the use of a child from widowhood data refer, in order to ensure that the 
mortality indicator in the estimation process has had the survival probabilities from birth estimated according to 
effect of lowering substantially the adult mortality levels the method described here shall also refer to well- 
implied by the orphanhood data (table 1 1 1). The large defined periods. 
difference between the levels given in table 95 (deter- 
mined mainly by information on maternal orphanhood) (b) Widowhood data classified by age 

An equation relating the value of probabilities of sur- and Ihose presented in lo (determined Ihe data vival from binh to the values of the singulate mean ages on child survivorship) implies one or more of three pos- 
sibilities: that model West is not a good representation at marriage for males and females, the value of l(2) (the 

of.the mortality pattern of the female population of probability of surviving from birth to exact age 2), the 

Bolivia; that orphanhood is underreported, leading to proportion with surviving first spouse and an indicator 

underestimates of adult mortality; or that child survivor- of the relationship between child and adult mortality, 

ship is underreported and the child mortality estimates RSW, was fitted by least-siquares regression to data from 

obtained are tm high. Although the evidence presented 900 simulated cases. These cases were generated using 

here is not sufficient to decide among these three possi- model nuptiality, fertility and mortality schedules. The 

bilities or between different of them, other mortality schedules were obtained from the logit system 

evidence suggests that maternal orphanhood in Bolivia using female level 16 model life tables from each of the 

was indeed underreported and that the estimated mor- four Coale-Demeny families as standards (see chapter I, 

tality levels presented in table 95 are too high. In this subsections B.2 and B.4), while the nuptiality and fertil- 

case, therefore, it seems that the estimates shown in table ity schedules were d~rived from the models proposed by 

1 1 1 are more acceptable, mainly because they are deter- Coale and ~ c ~ e i l "  and Coale and ~russell," respect- 

mined to a considerable extent by the child mortality ively (see chapter I, section D and subsection E.l). The 

estimates they incorporate. simulation carried out also makes some allowance for 
the age distribution at first marriage of spouses accord- 
ing to the age group to which the respondent belonged 

3. EFtimation of survivorship from birth to adult ages at the time offirst 
on the h i s  qfpraportions not widowed 

The equations used to estimate the probabilities of 
(a) h i s  of method and its rationale surviving to adult ages have very similar forms: 

The methods discussed below are an extension of 
those presented in subsection B.3. Once more, data on Im(n)= a(n)+b(n)  SMAM/ +c(n) SMAM, + 
proportions with surviving first spouse, tabulated either 
by the age or the duration of first marriage of the d(n) NWf (n -5)+e(n)Im(2).tf (n) RSW 
respondent, are used to estimate survival probabilities. 
In the present case, however, the incorporation of some l,(n)= a(n)+b(n) S M M f  +c(n) S M M ,  + 
information on the level of mortality prevalent at 
younger ages (in the form of estimates of l(2)) allows the d(n) NWm(n)+e(n)If(2)+f (n)RSW (C.3) 
estimation of probabilities of survival from birth in a 
way that parallels the method just described (see subsec- where a(n 1, b(n ), c (n 1, d(n 1, e (n ) and f (n ) are 
tion C.2), which uses data on survival of mother to esti- coefficients that depend both upon sex and upon age; 
mate survivorship probabilities from birth. SMM' and S M M ,  are the singulate mean ages at 

Both the age and duration methods that are presented marriage for females and males, respectively; NW(n) is 
the proportion of ever-married respondents aged from n here use as input an estimate of I(2) (the probability 
to +4 whose-hnt spouse was alive at the time of the of survival from birth to age 2) for the sex whose 

survivorship probabilities are to be estimated. An esti- interview; l(2) is the probability of surviving from birth 

mate of l(2) is usually obtained from responses to ques- to age 2 for the spouses; and RSW is the ratio of l(20) 

tions regarding children ever born and children surviv- and l(2) in the standard (the female level 16 model life 

ing. Methods used in carrying out this estimation are table from the Coale-Demeny family that best approxi- 

described in chapter 111. If an estimate of l(2) is avail- 
able only for both sexes combined, suitable estimates for ?- - each sex can be obtained by assuming that the sex Ansley J. Coale and Donald R.  McNeil. "The distribution by a e 

of the frc uency of first marriage in a female cohort", JournaI 0/6 
embodied in Coale-Demen~ life Amdcan  toti is tical Association. vol. 67, No. 340 (December 19723. pp. 

tables are an adequate representation of those prevalent 743-749. 
in the population being considered. As in the orphan- '* A. J. Coale and T. J. Trussell, loc. eir. 
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mates the pattern of the mortality experienced by the 
population in question). Note that although the model 
cases were based on Coale-Demeny standards, the use of 
other standards, with their implied values of RSW, 
should not result in important biases. 

Table 112 shows the values of the coefficients that are 
to be used in estimating male adult mortality. Note that 
in this case the value of l(2) appearing in equation (C.3) 
should be the probability of surviving from birth to age 
2 for males, while NW(n) should be the proportion of 
ever-married female respondents whose first husbands 
were alive at the time of the interview. The RSW values 
listed in table 114 were calculated for female level 16 

life tables from the Coale-Demeny families because it 
was those life tables which were used as standards when 
generating the simulated cases. If some other standard is 
regarded as more suitable, its RSW value should be cal- 
culated and used in equation (C.3). 

The values of the coefficients that are to be used in 
estimating female mortality are shown in table 113. 
When these values are used, l(2) should refer to females 
and NW(n) should be the proportion of male respon- 
dents aged from n to n +4 whose first wives were alive 
at the time of the interview. RSW is again selected from 
the values listed in table 114 or calculated especially if 
some other standard is to be used. 

TABLE 1 12. COEFFICIENTS FOR ESTIMATION OF MALE SURVIVORSHIP FROM BIRTH FROM PROPORTIONS 
OF WOMEN WITH SURVIVING FIRST HUSBAND, CLASSIFIED BY AGE 

Estimation equation: 
I , (n )=a(n)  + b ( n ) S M A M f  + c ( n ) S M A M ,  + d ( n ) N W f ( n  - 5 )  + e(n)1,(2) + f ( n )  RSW 

TABLE 1 13. COEFFICIENTS FOR ESTIMATION OF FEMALE SURVIVORSHIP FROM BIRTH FROM PROFORT IONS 
OF MEN WITH SURVIVING FIRST WIFE, CLASSIFIED BY AGE 

Estimation qualion: 
I f ( n ) = a ( n )  + b ( n ) S M M f  + c ( n ) S M A M ,  + d(n)NW,(n)  + e ( n G ( 2 )  + f ( n ) R S W  

TABLE 114. . VALUES OF THE STANDARD RATIO. RSW,  INDICATING THE 
RELATIONSHIP BETWEEN CHILD AND ADULT MORTALITY I N  ESTIMATION 
OF SURVIVORSHIP PROBABILITIES FROM BIRTH ON THE BASISOF WIDOW- 
HOOD DATA. COALE-DEMENY MODELS 

-do 
RSW - 1/20)/1#l) 

0) 0 
North ............................................................................. 0.91932 
South ............................................................................. 0.940 10 
East.. .............................................................................. 0.95022 
West ............................................................................. :. 0.94181 

(i) Dara required 
The following data are required for this method: 
(a) the proportions of ever-mamed male (female) 

respondents whose first spouses were alive at the time of 

the interview, classified by five-year age groups from n 
to n +4. These proportions are denoted by NW(n ). See 
subsection B.3 (b) (i) for a discussion of the type of raw 
input data necessary to calculate them; 

(b ) Proportions single classified by five-year age group 
and by sex. This information is needed to compute the 
singulate mean age at mamage, S W I M ,  for each sex 
(see annex I); 

(c) Information on children ever born and surviving, 
by sex of child, and by five-year age or marriage dura- 
tion group of mother (the classification by sex is useful 
but not essential). This information is used to estimate 
l(2) by using the methods described in chapter I l l .  

(ii) Computatiolprucecbve 
The steps of the computational procedure are 

described below. 



Step 1: calculation of singulate mean ages at marriage for 
maies a d  frmales. A detailed description of the pro- 
cedures followed in calculating these parameters is 
presented in annex I. 

Step 2: calculation of refrence pricriodr for conditional 
survivorship probabjlities obtained from information on 
nidowhd statur. This step is identical to that presented 
as step 3 in subsection B.3 (b) (ii). Therefore, its descrip 
tion is not repeated here. 

Step 3: estimation ofprobabilily of surviving from birth to 
age 2. These methods are described in chapter 111. 
Ideally, estimates of the probability of surviving to age 
2, 1(2), should be obtained for each of the reference 
periods estimated in step 2. The l(2) estimates are neces- 
sary only for the sex of the respondents' spouses. If data 
on child survivorship are not available by sex, models 
can be used to approximate acceptable sex differentials. 

Step 4: cstimahmalron of wiwrship probabilities from 
kirth Estimation of these probabilities, l(n), is camed 
out by substituting into equation (C.3) the SUAM and 
l(2) values computed in the previous steps, as well as the 
proportions not widowed, the selected RSW value from 
table 114 and the appropriate coefficients taken from 
tables 112 or 113. It is important to keep in mind that 
when male adult mortality is being estimated, l(2) 
values for males must be used, while NW(n) should be 
the proportion of female respondents not widowed. In 
contrast, when female mortality is being estimated, the 
respondents are male and values of l(2) for females 
must be used. 

(iii) A detailed example 
The use of this method is illustrated by estimating 

female probabilities of survival from birth for Bolivia 
from data on the incidence of widowhood among male 
respondents. The data used were collected by the 
National Demographic Survey camed out in Bolivia 
during 1975. Columns (3) and (4) of table 115 show, 
respectively, the number of ever-mamed male respon- 
dents with first wife still alive and the number whose first 
wife was dead, classified by five-year age group. The 
denominators needed to calculate the proportions of 
respondents with surviving first wife for each age group 

are the sum of these two quantities, thus eliminating 
cases of non-response from both numerator and denom- 
inator; they arc shown in column (5) under the heading 
"ever-married male population". Column (6) shows the 
required proportions of those not widowed, computed 
by dividing the entries in column (3) by those in column 
(5). For example, N W, (30) is calculated as follows: 

Step I: calculation of singulate mean ages at marriage 
for males andfimales. The values of the singulate mean 
ages at marriage have already been presented in sub- 
section B.3 (b) (iii). They are: SMAM,,, = 25.3; and 
S U M l  ~23 .2 .  

Step 2: calculation of reference perid  of con&tional 
wiwrship pvobobrlities obtained fm information on 
widowhood status. Using equations (B. 19) and (B.20), the 
reference periods for the conditional probabilities of 
female survival calculated from the proportions of male 
respondents with first wife alive are estimated. Table 
116 shows several intermediate results and the final 
reference-period estimates both in terms of years before 
the survey, denoted by tf(n), and in terms of actual 
dates (decimal equivalents in terms of years). The dates 
are calculated by subtracting each t (n) from 1975.6, the 
reference date of the survey. The kst mortality levels 
consistent with each of the conditional survivorship 
probabilities are also shown for future reference. No 
detailed example of the calculation oft, (n) is presented 
here because such an example has already been given 
for the case of the estimation of male adult mortality in 
step 4 in subsection B.3 (b) (iii). 

Step 3: estimation ofpmbabilily of wiv ing  from birrh to 
age 2 for females. Since the process of estimating this 
probability, 1/ (2), for Bolivian females has already been 
described in step 3 in subsection C.2 (d), the reader is 
referred to that section for a discussion of the procedure 
for selecting a trend line defining changes in child mor- 
tality. In this case, the same trend line is used to estimate 
the West mortality levels prevalent during the more 
recent period to which the conditional survivorship 

TABLE 115. DATA ON WIDOWHOOD STATUS OF MALES OBTAINED IN NATIONAL DEMOGRAPHIC SURVEY. 
BoLnia. 1975 



TABLE 116. ES~IMATION OF TIME REFERENCE PERIODS FOR THE CONDITIONAL SURVIVORSHIP 
PROBABILITIES FOR FEMALES. BOLIVIA. 1975 

'Number of years prior to the survey to which survivorship estimates refer. 

probabilities derived from widowhood refer. The 
estimated levels are shown in column (5) of table 117, 
and the 1 (2) values associated with them are given in 
column ( 6 ). 
strp 4: estimMmMon of f d e  su~~lnorship probpbilities 

jh  birth Using the coefficients given in table 113, the 
estimates of female survivorship probabilities from 
b i d  1 (n), are calculated by substituting the values of 
S M A ~  obtained in step 1, the b(2) values obtained in 
step 3, the values of NW, (n) and the value of RSW 
comsponding to the West standard (female level 16) in 
quation (C.3). The value of RTW is taken from table 
114 and is equal to 0.94181. As an example, 1/(35) is cal- 
culated below: 

Column (7) of table 117 shows the complete set of 
$(n) estimates and column (8) shows the levels they 
~mply in the West family of Coale-Demeny model life 
tables (obtained by interpolating linearly between the 
values shown in table 236 in annex VIII). 

A comparison of these mortality levels with those 
presented in table 116 indicates that the estimates of 

conditional probabilities of survivorship associated with 
the latter imply substantially lower mortality (that is, 
higher levels) than that implied by the b (n)  values 
obtained by taking into account child mortality. The 
immediate reason for this difference is that the child 
mortality estimates employed imply very high mortality 
(that is, low levels); and hence, their use in the calcula- 
tion of lf (n ) reduces the mortality levels associated with 
the latter. As in the case of the data on orphanhood, the 
existence of such differences implies one or more of 
three possibilities: that the West model does not ade- 
quately represent the age pattern of mortality in Bolivia, 
that child mortality is overestimated or that male 
respondents overreport the survivorship of their first 
wives. Although the evidence presented here does not 
permit us to establish which of these mechanisms is in 
operation, a more comprehensive analysis of Bolivian 
data indicates that the information on male widowhood 
severely underestimates mortality. The weakness of the 
widowhood data in this particular case is also suggested 
by the fact that the mortality levels associated both with 
the conditional survivorship probabilities and with those 
estimated from birth (columns (9) and (8) of tables 116 
and 117, respectively) fail to increase as age of respon- 
dent decreases (that is, as one moves towards the present 
in terms of reference dates). Taken at face value, these 
estimates would imply that female adult mortality in 
Bolivia has increased through time. The small likeli- 
hood of such an event immediately makes their accu- 
racy questionable, but it is the comparison between 

TABLE 1 17. ESTIMATION OF FEMALE SURVIVORSHIP FROM BIRTH USING DATA ON 
MALE WIDOWHOOD STATUS. BOLIVIA. 1975 

war kwl 
fff ifin) 

(8) 

12.8 
13.0 
13.7 
13.7 
14.3 
14.4 
14.1 



these levels and those implied by the estimates of child 
mortality that best illustrates the inconsistencies in the 
data. Hence, the Bolivian case is a good example of how 
the application of a variety of estimation methods allows 
the assessment of data quality. 

(c) Wabwhood data clrrssifid by duration of marriage 
When the proportion of ever-mamed respondents 

whose first spouse is alive is tabulated by sex and by the 
time elapsed since their first union or marriage (in the 
broadest sense of this term) the estimation of l(n) 
becomes somewhat simpler since the period of exposure 
to the risk of dying is directly known and does not need 
to be estimated from information on age. This 
simplification allows the set of independent variables 
used as predictors of I(n) in equation (C.3) to be 
reduced. Thus, when male mortality is to be estimated 
from the proportion of females not widowed whose first 
marriage took place between k and k +4 years ago, 
denoted by NWf (k), the equivalent of equation (C.3) 
becomes 

where 1, (2) is the probability of surviving from birth to 
exact age 2 years among males; SMM, is the male 
singulate mean age at marriage; and NWf(n -20) is the 
proportion of female respondents whose first mamages 
occumd between n -20 and n - 16 years before the 
interview and whose first husbands were still alive at the 
time of the interview. The equation to be used to esti- 
mate female mortality is 

where SMAM' is the female singulate mean age at mar- 
riage; NW,(n -20) is now the proportion of male 
respondents whose first wives were alive at the time of 
the interview and whose first mamages occurred 
between n -20 and n - 16 years before the interview; 
and 1/ (2) is the probability of surviving from birth to age 
2 for females. 

In both cases, a(n), b(n), c(n) and d(n ) stand for the 
values of coefficients obtained by using least-squares 
regression to fit equations (C.4) and (C.5) to simulated 
cases. Their values are listed in tables 1 18 and 1 19. 
Table 118 refers to male mortality and the values listed 
in it should be used in conjunction with equation (C.4), 
while table 119 refers to female mortality and its values 
should be used with equation (C.5). 

Even though this method is simpler, from a 
theoretical standpoint, than that using data on widow- 
hood status classified by age, it may, in practice, produce 
poorer results than the latter method in countries where 
a sizeable proportion of the ever-mamed population 
live in consensual unions rather than in formal mar- 
riages because, in this case, it may be difficult for many 
respondents to establish unambiguously the date on 
which their first union began. In particular, members of 
relatively unstable unions may have a tendency to report 
the survival of the current partner rather than that of the 
first, a phenomenon that would reduce artificially the 
observed proportions widowed. 

A problem that the duration-based method shares 

TABLE 118. COEFFICIENTS FOR ESTIMATION OF MALE SURVIVORSHIP FROM BIRTH FROM PROPORTIONS OF 
WOMEN WlTH SURVIVING FIRST HUSBAND. CLASSIFIED BY DURATION OF FIRST MARRIAGE 

Estimation equation: 
I m ( n ) = a ( n )  + b ( n ) l m ( 2 )  + c ( n ) N W , ( n  -20 )  + d(n)SMAM, , ,  

TABLE 119. COEFFICIENTS FOR ESTIMATION OF FEMALE SURVIVORSHIP FROM BIRTH FROM PROPORTIONS 
OF MEN WlTH SURVIVING FIRST WIFE. CLASSIFIED BY DURATION OF FIRST MARRIAGE 

Estimation equation: 
l f ( n ) = a ( n )  + b ( n ) 1 / ( 2 )  + c ( n )  NWm(n -20 )  + d ( n ) S M A M ,  



with that based on data classified by age is that the 
coefficients presented in tables 118 and 119 were derived 
from cases simulated under the assumption of constant 
mortality. When mortality has been changing, the esti- 
mates of survivorship derived exclusively from the pro- 
portions of respondents with first spouse alive will, in 
general, refer to different time periods. As discussed in 
subsection C.3 (a), estimates of l(2) for the same refer- 
ence periods as the conditional survivorship probabili- 
ties that may be estimated from the proportions with 
surviving first spouse should be used in equations (C.4) 
and (C.5) 

With respect to the reference period of the estimates 
derived from widowhood information, the duration ver- 
sion of these estimation methods has an advantage over 
the age version when widowhood data classified by 
duration of first mamage are available from two surveys 
five or 10 years apart. In this case, proportions not 
widowed for a hypothetical intersurvey mamage cohort 
can be constructed following the procedure described 
for orphanhood data in subsection B.2 (d), and l(n) esti- 
mates refemng specifically to the intersurvey period can 
be obtained directly from equations (C.4) and (C.5) by 
using as input estimates of l(2) obtained either for 
another hypothetical intersurvey cohort (see chaptei 111, 
section D) or from the second survey and referring 
roughly to the intersurvey period, and the values of 
SMAM, referring also to the intersurvey period. A 
hypothetical-cohort approach to the calculation of 
SMAM is feasible, as is shown in annex I, although, 
unless nuptiality patterns are changing very rapidly, the 
use of the SMAM estimates obtained from either survey 
or of the average of both should be acceptable. 

(i) Ikrtarequired 
In order to estimate male (female) survivorship prob- 

abilities, the following data are needed: 
(a) Estimates of 1(2), the probability of surviving from 

birth to age 2 for males (females), for different time 
periods. These estimates are usually obtained from 
information on children ever born and surviving by 
using the methods described in chapter 111; 

(b) The singulate mean age at marriage for males 
(females). Refer to annex I for a description of how to 
calculate this parameter; 

(c) The proportion of female (male) ever-married 
respondents whose first spouses were alive at the time of 
the interview, classified by duration of mamage (strictly 
speaking, classification should be according to the time 
elapsed since their first union). See subsection B.3 (c) (i) 
for a discussion of the possible types of data from which 
these proportions may be calculated. 

(ii) Computational p r o c e h  
The steps of the computational procedure are 

described below. 
Step 1: calculation of singulate mean age at marriage for 

spoures of respondents. Refer to annex I for a detailed 
description of the procedure to be followed in calculat- 
ing this parameter. 

Step 2: calculation of reference periods of conditional 

surviwrship probabilities obtained fiom information on 
widowhood s t m .  This step is identical to that presented 
as step 4 in subsection B.3 (c) (ii). Therefore, its descrip 
tion is not repeated here. 

Step 3: estimation of probabilip of surviving to age 2 for 
sex of the spoures of respondents. Reference should be 
made to the methods described in chapter 111. Ideally, 
these probabilities, denoted by 1(2), should be obtained 
for each of the reference periods estimated in step 2. 
These estimated probabilities are required only for the 
sex of the respondents' spouses. When data on child 
mortality by sex are not available, models can be used to 
approximate adequate sex differentials. 

Step. 4: estimation of swvivorship probabilities from 
birth Estimation of survivorship probabilities, l(n), is 
camed out by substituting in equation (C.4) or (C.5), 
depending upon the sex of respondents, the SMAM and 
l(2) values obtained in previous steps, the observed pro- 
portions of respondents with first spouse alive, NW(n), 
and the appropriate coefficients. It is important to 
match the proportions NW(n) determining a survivor- 
ship estimate for a certain period with the l(2) value 
refemng to the same period. 

(iii) A &tailed example 
As an example of the estimation of adult mortality 

using information on the proportion of respondents 
whose first spouse was alive at the time of the interview, 
classified by duration of mamage, the case of Panama is 
again used. In this case, the question on widowhood was 
asked of both men and women during the Demographic 
Survey in 1976. The answers obtained were tabulated by 
duration of first union and have already been presented 
for male respondents in table 104. The number of 
respondents of known duration who do not know 
whether their first wife is alive or dead is, in most 
instances, rather small; and they are excluded from both 
numerator and denominator in calculating the propor- 
tions not widowed. As mentioned in subsection B.3 (c) 
(iii), however, these data contain a substantial number 
of cases of unknown marital duration. The problem 
posed by these cases of unknown duration cannot be 
dealt with so easily, and the reader is referred to the dis- 
cussion in subsection B.3 (c) (iii). In this example, the 
proportions of male respondents whose first wives were 
alive at the time of the interview, shown in column (3) of 
table 120, have been calculated, excluding the cases of 
unknown duration entirely. 

The computational procedure entails the following 
steps. 

Step I: cdc1(lofion of singulate mean age at marriage for 
f d e s .  According to the survey in 1976, the singulate 
mean age at mamage for females was 21.95 years (see 
annex I). 

Step 2: calculation of reference periods of female sur- 
viwrship probabilities obtained from informution on widow- 
hood statur. This step was camed out in detail in subsec- 
tion B.3 (c) (iii) (step 4), so only the results obtained are 
quoted here. Column (4) of table 120 shows the refer- 
ence dates associated with the conditional survivorship 



TABU 120. ESTIMATION OF FEMALE SURVIVORSHIP PROBABILITIES FROM BIRTH USING DATA ON WIDOWHOOD STATUS OF MALE RESPONDENTS. 
CLASSIFIED BY DURATION OF MARRIAGE, PANAMA, 1976 

war lnrl 
fi If(#) 

(8) 

20.2 
19.6 
19.2 
18.9 
18.6 

probabilities, derived from widowhood information 
classified by duration of mamage. These dates have 
been copied from table 106 and indicate the periods for 
which estimates of female child mortality are needed. 

Step 3: estimation of probability of surviving to age 2 for 
f d e s .  In chapter 111, two detailed examples using data 
from the Demographic Survey of Panama in 1976 were 
presented, one based on data classified by age of mother 
(subsection B.3) and the other based on data classified 
by mamage duration (subsection C.3). The estimates 
yielded by each set are not identical, so a choice has to 
be made between them. The estimates derived from 
duration data exhibit, in terms of West mortality levels, 
a fairly linear trend with respect to time (if the estimate 
associated with duration group 0-4 is disregarded), and 
they have the relative advantage of being obtained from 
the same type of data (classified by duration) as the 
adult survivorship estimates considered here. Hence, any 
emrs present in one set may be expected to be similar to 
those present in the other and it may therefore be easier 
to detect them. 

Table 121 shows the West mortality levels consistent 
with the child mortality estimates derived in chapter 111, 
subsection C.3, together with their reference dates. A 
graph of these levels against time shows that the values 
from the second to the IUth follow an acceptably linear 
trend. Hence, the line defined by the second and fifth 
values can be used to estimate the levels prevalent dur- 
ing the reference dates of the estimates of survivorship 
derived from widowhood data (shown in column (4) of 
table 120). The trend line fitted to the estimated child 
mortality levels has as its slope: 

Hence, the level corresponding to 197 1.1, for example, is 

All other mortality levels shown in column (5) of table 
120 are obtained in a similar way; and by interpolation 
between the l(2) values listed in table 236 in amex VIII, 
one can obtain the I (2) estimates required as input for 
equation (C.5). The k11 set of 4 (2) estimates is shown in 
column (6) of table 120. 

TABLE 121. WEST MORTALIN LEVELS IMPLIED BY THE ~ I M A ~  OF 
CHILD MORTALITY OBTAINED FROM DATA CLASSIFIED BY DURATION OF 
MARRIAGE. PANAMA. 1976 

Step 4: Estimation of survivorship probabJlities fm birth 
for f d e s .  The estimation equation to be used in the 
case of male respondents is (C.5) with SUM, =21.95, 
the 1 (2) values obtained from column (6) of table 120, 
the kwW(n -20) proportions from column (3) of the 
same table; and a(n ), b(n ), c (n ) and d(n ) from table 
119. The use of equation (C.5) is straightforward. Final 
results are shown in column (7) of table 120. The 
consistency of the estimates in terms of equivalent mor- 
tality levels is impressive, but it should be mentioned 
that each estimate is, to a large extent, determined by 
the (2) value used as input, a fact that greatly reduces 
their range of variation. On the other hand, the influence 
of 4(2) is lowest on the mortality estimates for the 
longer duration groups, for which the mortality esti- 
mates are most similar in tenns of implied level to those 
derived from child survival, so the consistency observed 
cannot be dismissed. 




