MODEL FERTILITY TABLES

By 8. MITRA
Indian Statistical Justitule

SUMMARY. In on stiempt to estimato the sgexpecifio fertilily rotea (a.s.fir) for countrica
Incking pecowuiry duta, it waa fornd that reasonnbly accurnto catimnles could be obinined from the cerms
uge-distribution. Examinations of available data have shown fairly Jarge values of correlulion coeflicionta
hotween the a.a.fr. (for quinquennial lgbgnmpn). and the gencrul fertility rato (g.f.r.), na well as hetween
the a.s.l.z. therasclves, specially for pe. Tho g.Lr. can be obtained maro of less sccurately
from the cenuua ngo.distributioa. Tublo of a. .r- for different values of g.fr., o8 well a4 of Lho scx-oge
ndjusted birth rato {s.ab.r) doveloped by the UN, computed by uning linear regression model, are
experted to serve at A ready referonce to the wacrs of euch data.

1. IxTRODUCTION

L1, The model life tables (UN Population Studios No. 25) prepared by the
United Nations furnish & plnusiblo set of nge-spocifio mortality rates and hence of
otlicr lifo tablo functiony, for countries, Incking primary data necessary to construct
such indices.  The only a priori information required for tho purposs ia a fairly reliablo
estimate of the oxpectation of lifo at birth.

1.2, Apart from thoir usefulnoss in tho devivation of the pust and curront
sex-uge specific mortality rates, tho nocessity of which nmlx 1o mmlmn the n\u(lrl
life tables wero constructed with a viow to make population proj A
Leing made regurding oxpectations of life at lnrlh for futuro yenrs, the eormspumlmg
sets of mortality rates or survivorship functions ean bo calculuted from tho model lifo
tables separately for the two sexes. Thus the derivation of ons of the components
required for population projoctions for countrics without adoquate duta, has been simpli-
fied to a great extont.

1.3, Although tho projection of population by the methud of components
reguires the knowledge of mortality rates by sex and nge-groups, dotuilod information
ohi the fertility component, i.0., the ago spucific fortility rates, is not cxsential for the
purpose.  Estimates of the total numbor of births during the intervening period and
of the gox-ratio at birth aro just enough. Tho sex-ngo adjusted bisth rate' doveloped
by tho UN furnishes o wseful tool to doal with the fertility component of the population
projection.

1 Tho wox.ago adjustod birth mto wus conslructed with a view to climinate tho differentinl of scx-
isgo compandtion bolwoen popnlutions. For this purpane, n weighting aystem wus developerd for the quin-
quenniul disteibution of women in tho ngo-ungo 13-44.  For deluits, o UN Populntion Studio N, 25,
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L4, Tho ubject of this study in to conntriet & set of model fertility tables
which will provide probuble acts of specific fertility rates when xome non-age apocifie
fertility index like the genorn! fortility rate in known. No techniques aro yet known
for estimating the speoific furtility rates from census ago distributions (although
mortality rates however approximate can bo built from them), which are the only
population statistics availablo in many parts of tho world till now.

2. DATA AXD METHODS OF PROCESNING

2.1. Qur approach to the problem is as follows. The UN Demographic Year
Bouk, 1959 provides information with respect to age-specifio fortility rates for a number
of countries and for difforent time periads. For somo of thoso countrios information
is available for a number of yoars. In all, wo havo selected 80 sots of age-apocifio
fortility rates rolating to 57 countries (vide Tablo 3). For cach set of tables wo
have taken into consideration women in the ago-group 15-44 (although data are
availablo boyond this ago-apan), since tho contribution to the total numbor of birthe
by the remaining womon, is rolativoly small.

One may question tho use of the age-specific fertility rates as givon in the
UN Demographic Year Book, bocause the figures for some of the countries are not
sufficiontly accurate and the data relate mostly to current years. The procedure
adopted, thernofors, is to select those countries for which the vital rates are known
to ho fairly accurate. Further, tho use of current data may be justified by the fact
that tho range of genoral fertility rates or sex-age adjusted birth rates as obsorved for
the aclocted countries is wido cnough to include oxtromo values of low as well s« of
high ferlility, Moreover, we may perhaps assume that countries which have low
fertility ut present, hnd at somo time or other in the past, the samo fertility pattern
a4 that found in countrios of currontly high fertility.t

2.2, For ench sot of fertility rates caleulations have been mado of the follow-
ing charactoristics taking all (including r it ) births into idorati

(n) General fertility rato (g.fr.) (brrthn por thowsand fomalos agod lo-u’
per year).

(b) Sox-ngo adjustod birth rate (s.8.b.r.) (ratio of total birth per year to &
weighted rum of mothers aged 15-44, expressod as per 1,000, the woights for tho six
quinguonnial sge-groups being 1,7,7,6, 4 and 1 respootively).

? Bourgeois-Pichat has, howovor, observed a different fortility pottern for many of the European
countries In Uho ninoteenth contury. For examplo, the specifio fertility rates at that poriod often reached
n mnximum for the age-group 30-34, Instowl of 25.20, a pattern wmally obacrved ab present. Such w
puttom is enreently obrorved in Irelnnd whero ngo at marringo is vory high. But wlcat tho populnce has,
during this perioil, undorgans & mignifiennt biological changa of haa lowered its sge at mucriage, wuch find-
inge ennnot porhnps meet the chullongo of relinbility of data. Bourgsois-Pichat. howover, foeln that the
wlection of current datu might he more approprinto for eatimating fortility entew far tho nndendevelopad
ountrion toilay.

2\Wo luve tuken 1ho ngo:brucket 13.44 ua the fertily poriod withough birthw aro known to occur v
cither aiddo of Uis rangs. In the enleulation of g.f.r. wo have preferred to oxeludo such births which are
compuratively small in number.  Inchision of, eny, nge-group 43-40 might alxo havo vitiated the compara.
Lility of y.fr. and sabor.
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Computations woro then mado of the following :

(1) Correlation coeflicicnts between the gonoral frtility rato (g.f.r.) and age-
spocific fortility rates (a.s.f.r.).

(2) Corrolation coefficients bet the rex-ngo adj 1 birth tate (8.a.b.r)
and aafr's

(3) Tho correlation matrix of the a.s.fir

2.3, The correlation matrix of thoe ago-apecific fertility rates ix shown bolow.
The predictability docrenses with the increaso in the gap repnrating the age-groups.
The correlntion coeffici betweon ig! go-groups inoroase nlong the age-
axis (with ono exception), and the same feature ix noticeable for tho ago-gronps
separated by a fixed interval. The explanation ia provided by the possibility of stabili-
zation of rolntionships among ago-specifio fertility rtes at advanced nges and com-
parativoly greater variability at the younger ages.  For the latter, the ago at marringo,
child Learing practices, eto., are obviously destabilizing factors, which have not been
controlled, beeause of limitations of data.

TABLE 1. CORRELATION MATRIX OF AGE.SPECIFIC
FERTILITY RATES

agogroup 1510 2020 2520 3034 3339 4044

m (2 3 ) () ) )
15-19 - 0.80 0.51 0.43 0.8 0.33
20-24 - 0.82 0.60 0.63 0.51
25-20 - 0.94 0.80 0.70
30-3¢ - 0.00 0.90
35-30 - .65
40-44 -
The correlation coeffici betw ive age-groups soem to bo quite

high, o that plausiblo cstimates of age-specific fertility rates conld be mado, if the
fertility rate for one of tho age-groups is known or enn bo estimated a priori.  Alter-
natively, tables of rates ean be constructed starting from sevoral arbitrary valuea
for any one apocific age-group. Theso rates coukl then bo applied to a given age-
distribntion and compared with an over-all rate or somo such indox availablo through
other sources. Given the ago distribution, tho conatruction of such an index is vauvally
pomiblo if reliablo estimates of children below 6 and of approprists survivorship pro-
habilitica conld bo made.

‘The correlation coxfficionts (apart from abit of spuriowsness!) shown in Tadlo 2,
aro quite large except for tho first ngo-group, The coeflicient for the age-group 40-44
also may not bo regardod as sufficiently largo. Tho similarity (or moro properly the
identity) betwoen tho two seta is not unexpoctad, as tho difforont weighting systoms of

¢ Tho apurioumnoss, porhaps, raisca the valuo of Llin coreelation cocficlent bul doca nnt intradues
any mothodological problem,
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TABLE2. CORNELATION COEFFICIENTS DETWEEN
AQE.SPECIFIC FENTILITY RATES (a.s.lr) AND
OFNEMAL FENTILITY RATE (g.f.r.) D SEX-.

AUE ADJUSTED BIRTH RATE (na.b.r)

correlation  eceficlents

o el

[ @
15-19 .69 0.70
00 om0 .80
2329 0.63 0.03
-3 .03 0.8
35-39 0.89 0.80
04 0.81 om

the femalo populntion used in the derivation of g.fr. and s.a.b.r. should have little
influence on the correlation cocfficionts. In apite of that, both of them are considered
to be useful and have been troated scparately. Tho e.fr. is widely used, onsily com-
puted and hua a largo range of variation. The &..b.r., on thoe othor hand i readily
comparnblo with the crude birth rato and at the same timo ia practically independent
of the age-sex composition of tho population. With these facts in view, model fortility
tables have been constructed which give sots of as.fr.'s for suitablo values of g.fr.
ns woll as of 8.8.b.r. These are shown in Tables 4 and 5,

2.4. Tho lowor and uppor limits of g.Lr. have heon takon as 40 and 225%
respoctivoly (oxprowed as per thousand female population) and sots of fortility rates
have beon computod nt intervals of 5 points, i.c., for valucs of g.f.r. of 40, 45, 50, ...,
225. The corraaponding limita of s.a.b.r. are 10 and 50 and ratea are presonted for
valuea of s.n.b.r. at intervals of 2.5 pointe, i.0. for values of 10.0, 12.5, 15.0, 17.5,...,
50.0.

Tn these tables, fertility rates for the terminal ngo-groups, i.c., for 1810 and
40-44 havo been obtained by linoar regrossion on the imatod rates for tho adjoin-
ing groups, i.0., 20-24 and 35-39, rather than from regreasion of g.[.r. or s.a.L.r. on tho
spocifia rates, in viow of rolatively highor values of the correlation coeflicients botween
tho nage-specifio fertility ratos for these groups. For tho intermedinto ngo-groups,
howover, regressions of g.fr. or a.nb.r. on tho apecific rates have beon usod. Tho
ostimater values for the ago-groups 20-24 and 35-39 thus obtained were el to derive
tho ratcs for the terminal groups.

8 Computation ean onsily be oxiendod for values beyond this mngo,
1ne
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3. ANALYSIS OF THE RESULTS

2.1, Tho patiern of tho maile! fortility tables is briofly as follows, The specific
fortility rato for tho nge-groups 25-20 ia uniformly the maximum, followed very closoly
by that for the praceding ago-group, irrespeotive of tho levol of fortility ax moasured
by g.Lr. or anbr, This bohavionr is not in absolute conformity with tho goneral
oxporience ns the fertility rato for some of the countrics has sometimos beon olserved
to attain ita maximum value in the age-group 20-24 and to fall to n lowor lovel at agea
25-20. Tho factors involved in auch irregularitics aro tho ages at marringo, child
bearing practices, oto., which have not explicitly beon takon into consideration. As
a result, tho dorived spocifio fertility rates regarded only as a function of g.f.r. or s.a.bor.
cannot be expected to reveal features other than monotonicity and differential in
rates of changes for different ngo-groups. Fortunately howoever, the dispute over
the maxima can, for all practical purpeses, be ignored sinco tho absolute difforonce
in rates betwoon the two ago-groups is relatively small in almost all cases. In fuct,
the effect on the over-all fertility index, of an interchange of rates between the two
groups, is negligible.

The pattern for the romaining nge-groups is simple. Thoy may be ranked in
decroasing ordor with successively higher ago-groups starting with 30-34, 15-19 being
intormedinte botween the lnst two nge-groups.

3.2, Tho specific rates, expresserd aa ratios of the over-all index show the
following trends,  Tho ratio ix virtually constant for tho ago-group 30-34. Tho 20-24
and 25-20 ngo-groups contribute relatively less and less as the gfir. or s.a.br. goos
higher up; the trend is seen to bo In the reverso direction for the ining ago-grouy

3.3. 1t may be scon that none of the sets of specific rates conforms to the
pattorn consistent with tho set of wolghts recommendad by the UN for the construction
of s.a.br. A reconciliation was sought by oxamining the doviations producod by the
enme weighting syrtom wndor widely differing situations. Operationally, eight
countrics were solootod with differont s.0.b.r.’s, and on the ago-distribution of each
of thom, a.8.fr.'s as ostimated from assumod values of 8.a.b.r. wero applied to rocal-
culnte the s.a.br. Tablo 0 shows tho rosults, whero tho rocnleulated s.a.b.r’s
comparo favourably with the assumed s.a.br.’s almost everywhore. This finding
either justifics that the woights recommended by the UN are uniformly applicablo,
or at loast suggosts, that a differont weighting system might not b an improvomont.

A few general comments regarding tho use of model fertility tables may not
bo out of placo. Just ns tho model life tables provido a set of Avorago valuos of lif
tablo functions correaponding to & given lovel of mortality, the model fertility rates
aimilarly will, in all probability, diffor from tho rates observed. Convorsely, the lovels
of notunl rates need not bo the eamo for differont ago-groups. Tho straightforward
applioation of the model fertility rates derived from a given g.fr. might, therefore,
load to crrors to which ostimates of any kind aro subjocted. Tho model rates
aro thoref Ao in situations when nocexsary data aro either non-oxiatmit
or unroliable.
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TADLE 3. NAME OF COUNTRIES AND REFERENCE PERIOD OF FERTILITY DATA

. no. cowilry roferonce period sl.no. couniry refercnco period
L. Africa {cotoured) 1931 Lunseaburg 1058
8. Algerin {whito) 1934 30. Mala 1038
3. American S8amoa 050 31, Martini 1030
4. Australis 1940, 1928 32, Moroeco (8 2) 1951
8. Austrin 1031, 1938 33. Marocco (RU) 1030
0. um te49, 1937 4. Netherland 1049
7. Berlin 1950, 1033 35. Nowzenland 1049, 1038
Dritish Guinna 36, New Quinoa
9. Dutgurin 1038 37, Norfolk Iudunil 1954
10. Canmla 1049, 1038 38, Norway 1049, 1057
Il Chille 2 30. Poanama 1950
12, China (Taiwan) 1030, 1833 40. Papua 1934
13. Chypre 1949, 1038 41, Portugal 1049, 1058
14. Denmark 037 42, Puerto Rico 1930
18, England and Walra 1049, 1057 43, Rhoilesia (w) 1951
18.  Finland 1040, 1038 4. 8. Africa (union) 1052
17, Frunes 1049, 1058 45. 8. Africa (white) 1936
18. Germany 1958 46. Scotlund 1049, 1938
19. Guntemala 1950 47. Singaporo 1038
20. Guadilope 1056 48. Spain 1050
21. Guan 1030 49, Bweden 1040, 1050
2. Hungary 149, 1058 30, Bwitzerland 1049, 1058
23. JYooland 1833 a1, 8t. Pierre 1031
4. lamel 1930, 1057 82, 8. W. Africa 1050
28, Israe] (Jewixh) 19y 8. Trinidnd 1954, 1038
20. haly 1951 &4. U8.A. 1849, 1057
27. Jomales 1040, 1930 83. Virgin Inlands 1050
28. Japan 1950, 1967 88, Woeat Indies 1038
87. Yugoslavia 1050, 1057
TABLE 4. MODEL FERTILITY TABLE BASED ON SEX-AGE ADJUSTED BIRTHRATE
ox-Age fortitity ralo (per thousand females) for oge-, ps
adiueied y pe ge-gTou|
birth rate 15-19 20-24 25-20 30-34 3539 4044
i * 0] [0} (8) (0) (7)°**
10.0 3.6 80.2 {a)
12.8 10.7 3.6 3.5
15.0 17.8 76.9 8.8
1.8 4.0 90.2 13.8
20.0 320 103.8 19.0
2.8 .1 ne.p 24,1
2.0 48.2 130.2 2.9
1.8 53.3 143.5 .
0.0 a4 130.8 .0
1.5 67.3 170.2 .
8.0 7.6 1838 80.0
7.8 R1.7 190.9 83.1
40.0 s8R 210.2 60.3
2.8 5.0 2238 a6
4.0 103.0 23,8 .0
47.8 N 250. 1 7.8
.0 1.2 e 203.4 £1.0

*Eatimated values aro basedd upon the squation fya-ys = —44.104+0.51 fro-1¢
Jieta = ~RE24047 fri-nn

.

n) Pignre is negativa.
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TABLE 8. MODEL FERTILITY TABLE BASED OX GENERAL FERTILITY RATE
general fertility mto (per thousand femalen) for age-groupa
ﬁ?&““y 13-10 20-24 25-20 30-34 3539 4044
(U] 2)° 3) ) 3) (0] e
w ~{a) 0.0 3.0 45.9 1.4 (a)
“ 4.8 9.3 1004 LR 1.4 (a)
5 8.0 102.5 107.8 87.9 2.4 1.2
5 1.2 108.8 .2 03.9 26.4 15
0 IR} 115.0 120.6 0.9 N4 5.0
63 1.5 1219 121.0 5.0 0.4 8.2
7 20.7 121.3 133.4 81.0 i 10.8
7 23.9 133.8 139.8 81.9 6.4 12.0
50 o1.1 10.0 146.2 03.9 514 1.3
LY 0.3 146.3 132.8 29.9 50.4 17.8
00 14 152.8 139.0 105.9 0. 20.0
05 3.6 158.8 105.4 e 06.4 22.3
100 30.8 165.0 171.8 7.9 .4 24.8
108 .0 1713 178.2 122.0 76.4 21.0
1o 4.2 1718 184.6 120.9 81.¢ 2.8
s 9.3 188.8 101.0 135.0 80.4 a7
120 32,6 190.1 197.4 Lo 014 4.0
125 8.7 100.3 203.8 n1.Y 00.4 30.4
130 38.9 202.8 20,2 163.9 101.4 38.7
138 82,1 208.8 216.8 159.9 108.4 1.0
o 65.2 216.0 223.0 165.9 ma 3.4
148 68.4 21,3 220.4 m.e 16.4 43.7
130 . 227.8 223.8 177.9 121.4 8.1
133 .8 233.8 2422 183.0 126.4 50.4
160 TR0 240.0 248.6 189.9 134 52.8
163 81.2 246.3 258.0 105.9 136.4 53.1
170 84.3 252,8 200.4 201.9 1.4 574
175 81.5 258.8 207.8 207.9 a4 50.8
180 00.7 203.0 2.2 213.9 1514 62,1
185 93.0 m.3 260.8 210.9 156.4 84.5
100 o7.1 2716 287.0 226.9 1614 8.8
195 100.2 283.8 203.4 21.0 168.4 .2
200 103.4 200.0 200.8 271.9 14 .5
208 100.8 208.3 300.2 2431.9 178.4 3.8
210 100.8 302.5 312.6 240.0 181.4 6.2
215 113.0 308.8 319.0 235.9 180.4 8.8
220 ne.2 5.0 3254 201.0 191.4 0.9
226 10.3 220 1.8 207.0 100.4 83.2

® figmie == 4419 40.51 fugmps
O froqs = —8.8240.47 fys.3p
(u) Figuro is negative.
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TABLE 6. ADVUSTMENT FOR AGE AND SEX DISTRIBUTION BY THE WEIGIITS

RECOMME

ADJUSTED BIRTII RATE, REVERIFIED

ED BY TIHE UN FOR THE CALCULATION OF SEX.AGH

o, derived s.n.b.r., correaponding to assumed e.8.b.r. a2
no- connrty your enbt e 125 50 s 20 ms Do 58
m @ @ ©@ @ ® Mm@ om0 gy 0
1. Jupan 1057 18.0 1051 12.08 1545 17.01 20,38 2285 25.31 2178
5 Sueden I 182 809 1240 14.02 1739 19.50 22.33 20.80 31.27
3. Heotlund MY 0.0 10.09 12.39 1300 1781 18.03 2283 2513 21,05
L ous oW 33 12 1268 1503 1968 208 200 9730
5 Norfolk 1), 1080 M8 0.58 12.07 1457 1700 10.58 22.05 .64 2004
6. Caonda 195 2.8 10.03 12.51 1300 1740 1907 2,40 2403 143
2 S Afron (uiiow) 1032 30,1 1035 13.20 1573 IM22 2071 2.0 560 28,18
8 Trinidal WS 5.2 .27 1297 18.26 1LIA AN 2213 2.2 291
. dorived s br., coreponding o smumcd e bor. s
no. ruuniry year walr.

.0 325 35.0 3.5 40.0 428 150 415 0.0
m @ @ o @ Mm@ 00y g 1y
L Jopan 1057 16.0 .95 3271 36.08 I65 103 4268 43.05 162 49.09
2 Nwaden 1045 18.2 2073 32.20 3067 3105 0.0 42U L0 47.01 49.48
2 Seotland 1040 20.0 3015 32.66 35.17 3T.68 4019 5.2 472 s
4. Us. 1949 23.3 29,84 32.29 3075 37.%0 3983 42,10 44.60 47.01 4048
5. Norfolk L. 1054 20.8 2063 32.03 3052 37.02 30.51 42.00 44.50 40.49 {9.49
8. Canndn 1058 20,8 29.92 32.40 31.8D 37.38 39.87 42.35 4.8 {7.32 49.81
7. 8. Afrios (union) 1962 9.1 30.67 33.16 35.65 39.16 40.64 43.13 45.62 4811 6030
8. Trinided 1954 45.2 20.20 32,60 33.10 $7.48 <0.17 42.060 43.15 47.84 %0.14
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