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Introduction

The current paper was written as a voluntary contribution to
the Seminar on Orphanhocd and Adult Mortality in the past, to
be held by the Latin American Centre for Demography (CELADE)
in December 1%584. It is & by-product of a study uwundertaken
together with Framns van Foppel , which has the cbiective of
comparing indirect estimates of adult mortality based on
proportions orphaned among newly weds according to  their
maurriage registsrs, with those dirawn up on basis of recorded

deaths and census data for the period.
The purpose of this document is to simulate the effect of
in a stable population calculated with the fertility and

mortality schedules pertaining to The Hague in the decade

between 1870 and 1880. Details on the data as well as a more

1t

laborate account of the sources of variability of values
estimated with the orphanhood approach to indirect mortality
versuse T urue’ martality levels, are to be found in the

empirical study referred to above. Orne of the assumptions



wnderlying the method was selected for this simulation,
rnotably that there 1is no relation between the mortality of
parents and their parity. The assumption is required to deal
with the potential bias due to the fact that the probability
of & parent’s mortality experience being recorded in the

sample is proportional to his or her number of children.

The reason for selecting this particular assumption far
scrutiny is that, though overall fertility 1is moderate,
legitimate fertility is quite high in The Hague around the
end of the XIX'th century. The “"late and non-universal
marriage" mechanism of fertility regulation is functioning in
a rather exemplary fashion. It°s reasswring to see reality
behave according to expectations, based, in this case, on the
empirical generalisations that have found their way into
theory since Hajnal's pioneering work on European nuptiality-
fertility relations (J.Hajinal,19&3). The point is that
legitimate Ffertility being "naturxl’,for the group of -women
expossed to the rick of childbearing, the incidence of high
parity will not be exceptional, specially in the later phases
of the reproductive cycle.The presence of clear mortality
differentials by marital status led us to consider the
hypothesis that a bias might be caused by this combination of

factors. The simulation is limited to the female sex.

Froportions not-orphaned are calculated using mortality and
fertility measures, referring to the total population, the
ever—-married subgroup and encorporating the simulated effect

of parity specifizc mortality. These results were compared
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FNO

amang =2ach other and with the observed proportions not-

arphaned.

All calculations were carried out on a programmable hand
calculator, except for a small linear programming exercise
that was run on the computing facility of the Catholic
University of Tilburg. Fart of the work was done between
othetr fesearch activities, during office hours. 0On both
accounts I acknowledge my gratitude to FProf. G.A.B.Frinking

for the opportunity to carry out this piece of work.

The calculation of the proportions not-orphaned by S-year age

groups, H.x+5, referred to as FNO
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familiar (Hill-Trussel,1977) expression for all parities:

. departs Ffrom the
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The beginning of the reproductive period is indicated by vy .
the end by =z . This continucus-—-form expression is

approximated in discrete terms by:
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In order to encorporate the effect of parity, the

mortality/fertility factor in (2) ies weighted:

29 ~r{atu+s) 8 | i i
é ) £ Frop’ x f X L
Yy i=1 5 a 9 a S atxn+2.3
FNG =
] ®
-5 ~r{a+x+5) a i i i
f e { Frop®™ X § X% L
y i=1 S a S a S a
seaa (3D
i
where FProp” iz the proportion of the women of ages
S a

a,a+S with parity i, who had children in the interval and

f refers to the birth—order specific fertility rate for
S a
children of both csexes. L i is the life table survivorship
S5 a
function expressing the mortality history of woman

transgressing lapsgs with parities up to i. The assumption



implied in the weighting proceduars 15 that the parity
specific mortality level at a particulsar age 1s identical for
all women of a giverm parity regardless of the spacing of
births over their previous reproductive history., There will,
in reality, be variability around an average level, but it is
assumed that the effects are negligible. The dash in the

proportions refers to the +fact that only women who had

(9]

children are included. That is, there are no Frop’ here
S a

{in contrast to the proportions used below). It is understood

that the mortality of women with no children, including

unmarried women, 1s mnot included.

Farity specific life tables were calculated by assuming that
the level difference in mortality between ever—married and
never—mariried subpopulations over the reproductive age span

ie caused by the childbearing process. This is a plausible
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onsidering the fact that female mortality in the

reproductive vears is observed to be higher in the life table

for married women than in that for the total population. in
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contrast to mortality after th ge of ZG. The differential
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for malss also points in the opposite direction: marcied man

ot

i
U]
+
m]

have lower mortality than bachelors. Table 1 testifi

the statements with respect to the femzale population.



The 1ife table for never-marriesd wanen wes calculated $ram

gver—-married and totzl life tablesz through:

tot ev.mar nev.mar.
1) =(Frop.ev.mar) k¥l () +(Prop.nev.mar) ¥l (x)
therefaore,
nev. mar tot. ' . ev.mar
1 GO =1 {x) — Frop.ev.markl () 3/ (Frop.nev.mar)

.. (4)

The proportions ever—-married were estimated by fitting the
Coale nuptiality schedule (A.Coale,1971) to the proportions
single in the 25 to 30 and the 45 to 50 age ranges, available
to the author on basis of empirical data. The level
difference between the mortality of ever-married versus

never—married women is formulated as:

i nev.mar.

Y{x} =ika +bxY {x) cenene (3D

F{s)

where a and b refer to the intercept and slope of the least
squares linear regression of the logit of the survivor
function of the ever—-married against the never—-martried
populations (with 1laogit 1({x) indicated &= Y(x)) and P
refers to an indicator of the average parity of the women at
the age im gquestion. The basic assumption is, themn, that a is
proporticnal to parity during the reproductive years in the
Brase relational mortality system (W.Brass,1968). The parity
indicator used was the average number of children borne per

married woman {from the msan age at marriage in  the stable

population up to age . This may require some explanation. It




i3 Cclear that overall parity i3 not & useful measure in this
conte:t, because there are women in the denominator, who are
not exposed to the risk of childbearing, due to the fact that
they are not married. O0On the other hand, taking marital
fertility as the yardstick will not do either, since the
implicit assumption would be that all women involved were
married +from the beginning of the repraductjve period. The
measure of parity used was, therefore, cumulated marital
fertility from the mean age at which the women in the age

group in guestion were married in the stable population.

For ages above S0 hybrid values were calculated for the

p
survivorship of women of parity p . 1(x) , as:

o) p 2V, mar. ev.mar.
1€x) ={1(350) /1 (50) % 140 .ve K63

The estimation of the birth order specific fertility rates
and the proportions of women according to parity departs from
the assumption that all births are generated at exact time
pericds S—Ffolds of years before time t, such as t-30,t-45
etc, where t refers to the yvear in which the orphanhood data
were gatnhered. A cohort aspproach is applied, following women

iected to the risk of

i

as  they enter marriage and are

[1}]

u
having children over consecutive S—-year periods. Froportions
of women according to parity and numbers of births by order
are calculated for & particular cohort and assumed constant
over cohorts. Legitimage fertility rates were used, assuming

na i1illegitimacy. (T
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illigitimate

in  The Hague around 1880 many of the women in westion
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susequently marryi. The task at hand is to create a



distribution of births by order, which is plausible and
consistent with the total number of births in the stable
populatieon and which also yi=lds a distribution of women
according to parity that adds up to the total number of

married females.

The general approach is to look at fertility experience in
each S-year age—group in turn, and after having done so, to
link it up with fertility in the cohort up tb the beginning
of the age group under consideration to obtain measures from

the beginning af the reproductive periocd.

=4 L
Use S x-5 to refer to S x  then:
L
S x-S
= P i p—i i
F = P k4 Frop X = ees {7)
3 i=0 5 x-5 S b S ®-5
p-i 1
where Fraop is defined as the proportion of women
=
3 M

who start the current leap with parity 1 and have p-i

children in the interval.

p
F is the number of women of parity p at the end of age

S M
interval u,x+35. The women who start a particular leap as

F should be treated slightly differently since they
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consist of those who left the previous round without children



plus +those who entered the "pool" by marriage. STherefore,

strictly speaking 7)) should be written as:
p p i p—i i
Foo=< & F X Frop X s > o+
I A i=1 95 x-S ] N S x-5
0 m m p 0
il F X = +( N - N ¥ = ) 1 Frop 3
3 k-5 9 x-5 oD x 3 %~ 5 S x-5 S S
AN,
m
where N refers to the number of married women x,x+5
= A% 3 .
oA

years of age. This is, in fact, the procedure that was

followed in the calculations. For brevity’s sake the form of

maintained, it being implied that F includes
S5 x-S
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new entriss due to marriage.

1 k
It follows from the definition of Frop that we may write:
S #
w1 k
Fi oo =1 ¥k ... 08)
1= 3 (=5
where w is the terminal parity, taken as 8 in the

calculations. Also:

i jul 1
= o= N ceeneas ()



substitute (7)) in (9) :

i

W
N = {
0
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é P X Frop % s ce. (10)
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The total amount of births these women had are their numbers

times the number of children they had in the interwval:

w
B = -4 F X Frop ¥ s X{p—~i)... (11)
p=0 i H {

=
- A

If E is defined as the number of births by women who

start the interval with parity p and have g children during

the leap, or

a P &g P p :
B = Frop ¥ F ¥ s % q ...013)

S b S M g w5 s -5

s then,

m m-1 w=p q p

= { f { E /g ¥ .13
Y p:f:) q=m-p 5
m
with B referring to the number of children of birth order
S
m.
q p

I+ the Frop can be =stimated such that (8) arnd (11) are

=
pur] B




also satistied, the number of women by parity can b

1]

estimated with (7) and the number of births by order with

expression (13) .

At the beginning of the fertile period F =0 ¥i, leaving
S o
p-i P
only the Frop unknown. After the first round of

=
J X

calculations the F are known, making it possible to solve
5 15

p—i i
far the Frop and so forth. The calculation procedure
3 20
used was linear programming, where (10) was minimized under
constraints (8) and (11) , plus a set of conditions for each
propoartion to be estimated, which restrict the permitted

values to a plausible range.

Results

The life tables wsed in the simwlation eusercise were
calculated by Frans wvan Foppel with the U.S. Dept. of
Commerce,Bureau of the Census, CPDA f(Arriaga cs.,1775)
package on basis of data from the population censuses of the
pariod in combination with deaths +from the civil registration
system. Data quality checke corroborated our confldence in
the reliakility of the material. Examination of table 1
reveals that there are, as yet, no spectacular mortality
declines in The Hague over the three decades under
observation. The differentials between the life tables for
the total population versus the ever—-married populations ars
interesting, in the sense that mortality is highsr in  the

childbearing vyears among married women, but lower at more
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The fertility regime calculated from official stock and flow
data was converted into legitimate rates through the inter-
medi ary of a model nuptiality schedule. After the
calculations were finished Van Foppel informed me that direct
estimates of marital fertility exist. The rates in question
are lower over the major part of the reproductive range.
Their use in the simulation would have led to a distribution
with fewer women in the high parity categories. The issue at
hand is that the procedure followed would tend to exaggerate
mortality differentials, rather than underestimate them. In
any case it is evident that those females that participate in
the childbearing process, do so according to & schedule with

high intensity and late localisation.

A comparison of the 1(25+N)/1(25) estimated from the
simul ated proporticons—-not-orphaned through the Hill-Trussel
regression coefficients with those calculated directly from
the various life tables shows that our crude approximation
leads to acceptable agreement (Table 2. The proportions—-not-
orphaned, as well as the 1 {25+N)/1(25) are similar for the

hose for the total female

er

sver married population to
populations, for the same reason: the denominatof is smaller
in the ever married group, while the deficits due to higher
mortality in the reproductive years are partly {or totally,
ag in the 1870-80 tables) made up for by lower mortality

thereafter.

That 1s to say that the patterm of divergence ot the



mortality levels of the two groups 13 such that compensatory
effects cause the broad measures of =dult mortality to be
more a&like than we would expect from face value examination
af their life tables. Thus, taking the proportions-not-
orphaned derived from the ever-married population as an
approximation of those from the total population, as is
actually dome in the estimation procedure, Awould lead to
estimates of survival that are close. This is clear upon
comparing the 1(23+N)/1{(25) derived from the ever—-married
proportion—not—-orphaned with the observed values in the total
population. Fuwthermore, the direction of the bias is not
necessarily such, that the survival estimates based on the
ever— married population are underestimates. In the
calculations that fcllow the life tables for the 1870-79
period were used, a period for which the bias would be in the

contrary direction.

b
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Comparing fhe proportions-not-orphaned calculated with thoss
recorded in the marriage registers of the period (alsc taken
up in table 2) we observe a degree cof consistency in  ths
order of magnitude of the mortality levels implied which
inspires confidence in the method. No disconcerting
irregularities have appeared as yet. Froceeding now, to the
last item in the paper, we present the simulated levels of

mortality and the terminal distributicon of women by parity in
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wesde no  elaboration that the conditions
simulated are not to be considersed as  moderate:  there are
clear mortality differentials and high proportions of  women
in the high perity categories. If the simulated proportiocns-—
not-orphaned encorporating the effect of parity specific

martality (Table 4) are compared with the proportions—-not-



orphaned calculated directly from the 1870-79 life tables the
bias that results is not st all alarming. The direction of

the bias is to underestimate mortality slightly.

Eesides the factors mentioned above to account for the
comfortably small differences between proportions-not-
orphaned in the ever-married and the total female
popul ations, the Aheight of the mortality level plays a role
hers. However large the differential may be in mortality
levels in the later phases of the fertile period, and however
large the proportion of high parity women may be, the number
of women who survive to the ages in question is no more than
around half of the bivrth cohort. I+ overall fertility rates
at these ages are low, so are birth order specific rates,
even though a large proportion of all births are of orders
over 4. These factors contribute to the fact that the final

weight that fertility of very high order receives is small.

Conclusion

The simulation exercise undertaken departing from mortality
and Ffertility schedules for the city of The Hague 1in the
second half of the XIX'th century, in order to gain some
insight into the potentially disruptive effect of mortality
differentials according to parity, permits the conclusion
that it is unlikely that the non-validity of the assumption
of independance between mortality and parity is a significant
cause of bias in the application of the orphanhood method of

indirect mortality estimation in this particular case.



= application cf indirect estimation of adult mortality to
The Hague, was not .ntended to add ts ow  knowladge  about
it’s level of mortslity, but about the performance of the
method. It i therefore only interesting to know whether the
non—validity of & particular assumptiaon might have biased the
results, if generalisation of the finding to other situations
is permitted. The conditions prevailing are typical for thase
eyisting in historical and contemporary populations with
defective statistics: high mortality and marital fertility,
plus the existence of mortality differentials between the
ever—-married and single-populations.The fashion in  which
these factors were combined in the simulation of the eaffect
of mortality differentialse was designed to brimg out any
biassing potential which is conesitent. wfthin reason, with
the stable parameters of our model population. The fact that
no significant disturbances were generated is seen as an
argumant in favor of the robustness of the methed from nor-

validity of the assumption studied.

Finallv, the fact that the calculation of proporticns-—-not-

or phaned was done with & hand calculator, albeit &
orogrammable one, and led to acceptable results,. demonstrates
that a cesrtain degres of indespendancz from  “mechanical’
procedures is attainable, without the infrastructure that was
applied in the process of generaiing these standard
procedures. This might be useful in situationse where the data
are not amenable for handling with tabulated values and so
forth. because they are grouped in inconventiaonal age

categories, of because thelr numbers are so low that fandom

ot

fluctuations exclude the use of five-vyvear &ge groups.
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Table ta. 1(x) and q values in abridged life tables
S x
over 3 decades, late XIX'th century; Total female
Fopulationy The Hague

s — . s s A - S T S " —— S T S " ——"———— " —— > — W — ——— — — S = Y — — — - T — T _— — Y ——— — " 0 —— > m— S ——

4 18350-185% 1860-1869 1870-1879
100) qgix) 1 () q(x) 1(x) q ()
1S5 63271 . 02289 L62600 02839 . 62494 . 02722
20 L61823  .02776 . 60823 .0279! 60793 03237
25 L60107  ,03498 -.59125 (03691 . 58825 03622
30 . 58005 .04612 56943  .03979 . 56671 . 04070
3S . 55336 .04926 . 54677 .05101 .S4374 . 04964
40 LS52610 05125 .51888 .08358 .S1666 . 04559
45 49914 06263 49108 .05570 .49311 . 05059
S0 .446788 .08525 L4637 07224 .46816 . 046978
S5 L4279% . 10143 43022 02805 . 43549 08176
60 . 383548 .13962 . 38760 .13906 . 39989 . 12207
&5 . 33088 20559 «3II70 . 19385 35107 . 19021
70 . 26285 .30383 L 26901 (31063 . 28430 . 20580
S . 18299 43463 . 18545 .41700 . 19736 <43732
80 . 10346 1.00000 10812 1.0000Q0 11105 1.00000
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Table 1b. 1{(x) and q values in abridged life tables

o A
over I decades, late XIX th century; Ever—Marvried femxle
Fopulationy The Hague
% 1850~-1857 1860-1869 1870-1879 -
1{x) gfx) 1€¢) gix) 1G9 gix)
S LSH327 . 02289 L 62600 02839 . 62494 L 02722
20 . 51823 L04497 L H0827 L 03411 . 60793 . 03825
25 LSF04T L GAS20 . 38748 035035 .S8467 L04142
TG L 36374 L0A8B78 LS55790 L 04702 . 56045 . D4387
35 . 53624 05196 LB3167 L 05679 . 53587 L05144
40 . S0838 05400 .S50148 ,05788 . S0830 . 04344
45 LA8093 0S990 . 47245 .05495 . 48267 . 0439Z0
S0 .45212 .0B8388 . 345647 07405 AL230 . 06534
35 L41419 Q09696 L41343  .09447 43209 . 08084
&G . 37803 13537 . 37437 137446 . 39716 113239
65 «I2T40 (20720 L3I2291 . 19041 . 35213 . 19041
FiY) L2563 L Z003FT L26143 31067 . 28508 L 30113
7S L1793 . 43893 .18021 .31534 . 19923 . 42003

S . 10064 1, 000060 . 10336 1.00000 11558 1, 00000




Froportions—not-crphaned, by 3 vyear age groups,
calcul ated with fenale life tables for three decades,

late XIX"th century, The Hague
Lite Tables for Ever—-Married and Total female
Fopulations
«  1850-1859  1860-18&69  1B70-187%
tot ev.mar tot ev.mar tot ev.mar
2a | .75422 .74882  .7643%  .75117  .7802%  .78123%
25 L67405 .67078 L8709  .673594 . 70838 71163
20 57868 .S7720 LS59293  .5847351 61770 . 62289
35 . 46898 .468B49 482686 47447 ,S0716 LS1376
40 . 35001 . 34971 .36191 35773 . 38193 . 28914

1 {25+N) /1(25) derived from table Za with Hill-Trussel
regression coefficients for conditional survival
probabilities for three decades, late XIX’th century,

The Hague
N 18S0-1859  18&0-18&%  1870-1879
tot V. mar tot eV.mar tot ev.mar
25 .7798% .77418  .7904% .77&664  .80650  .80784
TR0 L7775 LT71417 73145 71934 . 75343 . 79664
I35 . 640568 . 563B883 LE5600 L 646346 . 68204 - &38729
40 . 54571 .54479 .o6101  J553F35 . 58765 . SP455
45 LAZ072 0 . 42992 . 444568 43905 L ABTIE2 L47513
fable 2b. 1 (25+N) /1 {25) calculated from table 1 tor three
decades, late XIX"th centwy, The Hague
N isso-18%%  1B&O-18&%  1870-1879%
tat . mar to Ev . Mar tot &V . mai
25 .778a41 .7&4575  .78432 .7&001  .79585  .7907G
0 71205 70151 L7276 JT70IT7Z . 740351 . 73903
35 LAEZEEI (53349 . 635586 LHITRS . &7980 - 567729
40 L5504 .S4774 L S6440 . S49865 . 37680 L H0227
3 LAZTI0 0 J43424 454979 . 44500 . 483350 L4875
Table Z2c. Froportions—-not-orphaned, 3 vear gGroups,
observed in marriage registers: late XIX th century,
The Hague %)
<« 1s&y-1870 1879-iss0 7T
zo T lyem T TTTlyERe T T
25 L HARIT . 6764
0 5831 <5014
25 . 4451 L4743
40 L3014 C3E2S

¥ refer to Yan Foppel and Bartleme’s empirical contribution to
this seminar for a more elaborate account



Table Ta. [ 4" functions by lJarity of fzmale, sstimated for 1370~
1337, tor The Hague

- e = S —— —— " — i — — ) —— ——"———— — —— —— —————— o —— " ——— {—— ——_ — - —— . — — —— —— -

25 .596465 .58350 57022 .5568S .S433 94339 .S54339 .54339
T0 .58266 .57273 .S56275 .SS271 .S4263F .354263 .54263 .S54263
39 .56836 .S6129 .355419 .S54707 53993 .53993 .S3993 .S53993
40 .34532 .53937 .53341 .52744 .52146 .51547 .50948 .S50349
45 .51494 .5S0Q922 .30350 .49778 .49205 .48633 .48062 .47490
S0 .48440 .A47897 .47354 .46812 46271 .45730 .435190 .44652
SS .45275 .44767 .44260 43733 .43247 .42742 42237 .41734
60 .41615 .41148 .430682 .40216 .39751 .39286 .38823 .38380
65 36896 .364B3 (16069 (35656 35244 34832 .34421  .3F4011
70 .,29871 295336 .29201 .28867 .28333 .28200 .27867 .27335
75 .20875 .20641 (20407 20174 ,19941 .19708 .1947S5 .19243
80 .12107 11972 .11836 .11700 .11565 .11430 .11295 .11161
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Table 3b. Froportion of married women with terminal parity
indicated in simulation,late XIX’th century, The Hague

e s . . — —— — = — T T " - — e ke =} e s o i . e A B Sy P S o . A . T e S s S o . T ————— — - S S —— _— —— e o e — =

H 1 2 4 S 1) 7 8
so .ot . or .ot .02 .19 .21 .27 .25
Table 4. Froportions—not—-orphaned, by S year age groups,

calculated with simulated parity specitic mortality for
1870-1380, The Hague

1879-1830
- - - J
25 .7184
20 . 6277
5 .512%
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