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1. Introduction

In  re ce n t y ea rs  th ere  has b een  m u ch  p u b lic  d iscu ssion  on  th e  su b je ct o f  
ch an ges in  th e  fe r t ility  o f  F in n ish  w om en . A ft e r  th e  p o s t-w a r  b a b y -b o o m  the 
b irth  rate  has stea d ily  d ec lin ed  an d  a lth ou g h  th e  la rg e  age  g rou p s  are n ow  
passing  th eir  m ost fe r tile  age p eriod , w e  are still w a itin g  fo r  th e  b irth  ra te  to 

increase.
T h e  usu al an d  easiest w a y  to  fo l lo w  ch an ges in  fe r t ility  as fa r  as th e  g a th er 

in g  o f  m a teria l is con cern ed , is  to  d ep en d  on  p e r io d ic  m ateria l. H o w ev er , in 
th is case on e  has to  co m b in e  m a teria l fr o m  d iffe re n t b irth  coh orts  an d  thus 
ev en  fu n d a m en ta l ch an ges o v e r  tim e  m igh t b e  ob scu re d  w h en  a ggregatin g  b y  
age. A  m o re  natural, a lth ou gh  m ore  la b o r io u s  w a y  is  to  fo l lo w  th e  changes 
that tak e  p la ce  b e tw e e n  b irth  coh orts . It has b een  p ossib le  to  d o  co h o rt  ana
lysis  in F in la n d  a fter  Jarl L in d g ren  (1975) g a th ered  m a teria l on  co h o rt fe r t ility  
fo r  th is past cen tu ry . T h is stu d y  m a in ly  uses m a teria l fr o m  th at analysis. T he 
pa in stak in g  ca lcu la tion s  h ave  b een  m ade b y  K a ri T orm ak a n gas (1976).

T h e  grea test d if f icu lty  in  co h o rt an alysis a p p aren tly  lies in  u sing  fresh  
ob serv a tion  m ateria l. F or  e x a m p le  w o m e n  b o rn  in  th e  1940s are  still o f  
re p ro d u ctiv e  age  and th ere fore , in  an ticip a tin g  the fe r t ility  o f  these b irth  
cohorts , it b ecom es n ecessary  to  m ak e sp ecia l ad ju stm ents, w h ich  w ill be  
ex a m in ed  c loser  in  section  2.2.

2. F actors  in  re p ro d u ctiv e  b e h a v io r

R e p ro d u ct iv e  b e h a v io r  w ill  b e  o b se rv e d  fr o m  th ree  po in ts o f  v ie w . It is 
essentia l to  k n o w  at w h a t age w o m e n  g iv e  b irth  on  the average . T o  represen t 
th is th e  a v erag e  age jut o f  w o m e n  g iv in g  b ir th  is ca lcu la ted  fo r  each  b irth  coh ort 
t. S in ce  it is p ossib le  to  co n tro l fe rtiliza tion  at least p a rtly , it can  b e  assum ed 
that th is co n tro l a lso  a ffe c ts  th e  w a y  the fe r t ile  age p e r io d  is b e in g  used. 
In form a tion  con n ected  to  th is is assem bled  in  th e  age v a r ia n ce  o t2 o f  w om en  
g iv in g  b irth . H o w e v e r , it  is m ost im p ortan t to  k n o w  h o w  m a n y  ch ild ren , on  
the average , th e  w o m e n  in  each  co h o rt  are g iv in g  b irth  to. T o  fin d  th is the 
tota l fe r t ility  ra te  R t has to  b e  ca lcu lated . In  th e  fo llo w in g  w e  w ill  ex am in e  
m ore  c lo se ly  th e  m eth od s o f  ca lcu la tion  fo r  these th ree  com p on en ts.
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In th is analysis the re p ro d u ctiv e  p e r io d  has been  lim ited  to  the ages be tw een
15 and 44. Thus, in  1970 w h en  th is m ateria l w as gath ered , th e  coh orts  1905/
06— 1926/27 h ad  passed  th eir  re p ro d u ctiv e  age. F or  these coh orts  th e  q u a n 
tities (« t, o t2 and R , are ca lcu la ted  a ccord in g  to  the m om en t p r in c ip le  fr o m  the 
fo llo w in g  equ ation s:

40 40
(1) f* t =  2  (x +  2.5)Fxt/ 2  F It,

x =  15 x =  15

40 40
(2) at2 =  2  (x  +  2.5 — yUt)2F I-t/  2  F x t ja

x =  15 x = 1 5

40
(3) R  t =  2  F I>t,

x =  15

2.1. Cohorts past reproductive age

w h e re  F x t represen ts the fe r t ility  ra te  p er  age g ro u p  fo r  co h o rt t d u rin g  the 
age p e r io d  [x ,x  +  5). T h us these ca lcu la tion s  use fiv e -y e a r  age g rou p s and 
ig n ore  m orta lity  factors, on  the g rou n d s that it in  th is cen tu ry  s im p lifies  ca lcu 
la tion s and becau se  o f  the fa ct that ch an ges in  th e  m orta lity  rate o f  w om en  in 
the sa id  re p ro d u ctiv e  age h ave  n o t b een  ra d ica l en ough , that th ey  m igh t 
in flu e n ce  th e  qu an tities  u n der  ca lcu la tion  in  a s ig n ifica n t w ay .

T h e resu lts are  sh ow n  in  A p p e n d ix  ta b le  l.a .

2.2. C oh orts  o f  re p ro d u ctiv e  age

F or  the y ea r  1927/28 and fo r  b irth  coh orts  y o u n g e r  than  that th e  fe r tility  
rates o f  th e  o ld e r  age g rou p s  are  n o t ava ilab le . H o w ev er , in  o rd e r  to  b e  a b le  
to  in clu d e  these coh orts  in  th is exam in a tion , th e  fo llo w in g  m eth od  w a s u sed : 

A cco rd in g  to  H oem  and B e rg e  (1975) th e  fu n ctio n

(4) h (x ) =  a (x  —  I 4)k—ie—c (x — i4)j f o r  x  >  14

is a v e ry  su itab le  a d ju stm en t fo r  fe r t ility  rates p e r  age g rou p . In  ad d ition , the 
fu n ction  w h en  co m p a re d  to  o th er  ad ju stm en t a ltern a tives is m a th em a tica lly  
th e  m ost p lea sen t to  w o rk  w ith . F o r  these reasons it  w as d ec id ed  to  use the 
fu n ctio n  h  in th e  fo llo w in g  exam in ation s. I f  on e  k n o w s th e  p aram eters a, c 
ank k o f  fu n ctio n  h fo r  c o h o rt t, th e  qu an tities  / / t, o t2 an u d R t can  b e  ca lcu la ted  
using the fo llo w in g  equ ation s:
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(5) R t =  /  h (x ) d x  =  a k 'V c k
14

(6) f i t =  (1 /R t) /  x h (x ) d x  =  (k /c ) +  14 and
14

oo

(7) o t2 =  (1 /R t) /  (x  —  ^ t^ h ix ) d x  =  k /c 2.
14

T o start w ith  on e  estim ates the param eters a, c  and k  b y  fittin g  fu n ction  h 
to  th e  data a v a ila b le  (fe rt ility  rates o f  th e  coh orts  p er  age g rou p ) b y  u sin g  the 
m eth od  o f  the least squares and th en  u sing  th e  equ ation s (5), (6) an d  (7) one

A  A  A

ca lcu la tes the estim ates R „  u i and at2. T h e  resu lts are sh ow n  in  A p p e n d ix  
ta b le  l.b .

3. T ren d  b e h a v io r

T h e m ain  p u rp ose  o f  th is stu d y  is to  ex a m in e  th e  d ev e lop m en ta l fea tu res o f  
the fe r t ility  o f  F in n ish  w o m e n  d u rin g  th is cen tu ry . In  o rd e r  to  d o  th is w e  w ill 
n e x t see i f  on e  can  n o tice  an y  d ev e lop m en ta l tren ds in  th e  th ree  com p on en ts  
w h ich  w e re  ca lcu la ted  a b o v e  fo r  each  coh ort.

3.1. A v e ra g e  age o f  w o m e n  g iv in g  b irth

In stu d y in g  F ig u re  1 o n e  n otices that b eg in n in g  w ith  co h o rt  1915/16 the 
a v erag e  age o f  w om en  g iv in g  b irth  has begu n  a d e fin ite  d ec lin e  an d  th is d eclin e  
has con tin u ed  u p  to  the last c o h o rt  u n d er  observ a tion . In  estim atin g  the d e v e l
opm en ta l tren d  it seem s n atu ral to  use as a tren d  ad ju stm en t th e  ex p on en t 
fu n ction

(8) f(t) =  ae~ n  +  y.,

w h en  startin g  w ith  co h o rt 1915/16 t is g iven  the v a lu es 1, 2, 3, etc.

T h e ls -tre n d  ad ju stm en t is ca lcu la ted  as fo llo w s :

(9) f(t) =  8.34 e - «  9338 ‘  +  22.0,

a ccord in g  to  w h ich  lim  f(t) =  22.0 is the v a lu e  w h ich  the average  age o f  w om en
g iv in g  b irth  is n o w  a p p roa ch in g  in  the lig h t o f  p re se n t-d a y  d ev e lop m en t.
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F i g u r e  1.

y 
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28

27- ■

26- ■

25 ' ■

24 > ■

23

t = 1
— f—

t =  16
— I------

t =  31 
—05/06 15/16 30/31 45/46

3.2. A g e  v a ria n ce  o f  w o m e n  g iv in g  b irth

L o o k in g  at F ig u re  2 it can  b e  o b se rv e d  th at th e  d e v e lop m en t o f  v a r ia n ce  at2 
has n ot been  as c le a r -cu t  as th at o f  th e  average . H o w ev er , a certa in  e x p o n e n 
tial d ecrea se  can  b e  n oticed . H ere  w e  w ill  con tin u e  to  use as th e  tren d  the 
fu n ctio n  as ca lcu la ted  in  eq u a tion  (8), startin g  w ith  co h o rt  1915/16.

T h e ls -tren d  a d ju stm en t is  ca lcu la ted  as fo llo w s :

(10) f(t) =  19.6 e~ 0 03231 +  16.9.

A c co r d in g  to  th is tren d  the a sym p totic  stan dard  d ev ia tion  o f  the age  o f  w om en

g iv in g  b irth  is V  16.9 =  4.11. A lth o u g h  th e  tren d  ad ju stm en t is n ot c o m p le te ly  
sa tis fa ctory , it can  still b e  con s id ered  as a g u id e  lin e .

3.3. T ota l fe r t ility

In ex a m in in g  th e  to ta l fe r t ility  fig u res  in  F ig u re  3 it b ecom es o b v io u s  that 
the tren d  a cco rd in g  to  equ ation  (8) is n o t su itab le  fo r  th is m aterial.

In o rd er  to  a n a lyze  a sym p totic  b e h a v io r  it is, h o w ev er , a d v isab le  to  lim it 
o n ese lf to  e x p o n e n tia l fu n ction s  w h en  search in g  fo r  a tren d . A  s im p le  g e n e r 
a lization  o f  tren d  (8) is the su m  o f  tw o  e x p o n e n tia l fu n ction s. B y  lim itin g

A v e ra g e  age o f  w o m e n  g iv in g  b irth  in  d iffe re n t coh orts  and tren d  
ad ju stm ent.
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F i g u r e  2. A g e  varian ces p er  co h o rt  o f  w om a n  g iv in g  b irth  and tren d  ad
ju stm en t.
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ad ju stm en ts to  th is ty p e  on e  a rr ives  at th e  fo llo w in g  tren d  ad ju stm en t w h en  
u sin g  th e  ls -m eth od :

(11) f(t) =  2.63 e—0 0501 1 —  1.53 e ~ 01721 +  1.29,

again  beg in n in g  w ith  co h o rt 1915/16.

A lth o u g h  th e  a b o v e  tren d  is u n sa tis fa ctory  in  m a n y  w ays, it  w ill  st ill h ave  
to  b e  a ccep ted  fo r  m o re  accu ra te  m eth od s w o u ld  req u ire  the a d op tion  o f  causal 
m od els, w h ich  are  b e y o n d  th e  lim its  o f  th is study.

In terp re tin g  th e  tren d  is d ifficu lt . O n e p ossib le  in terp reta tion  co u ld  start 
w ith  th e  assu m ption  th at tren d  com p on en t

(12) y ’ =  2.63 e- °  0501 1 +  1.29

dep icts  th e  b irth  rate  tren d  and com p on en t

(13) y ”  = — 1.53 e ~ ° 1721

d ep icts  the ch a n g e  cau sed  b y  th e  d e c lin in g  rate o f  stillb irth s. H ow ever ,
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d e fen d in g  th is in terp reta tion  w o u ld  req u ire  a d d ition a l studies, w h ich  h ave  not 
b een  m ade in  th is con n ection .

T h e  tren d  ap p roa ch es th e  v a lu e  o f  1.29, w h ich  is in d eed  lo w  as a tota l 
fe r t ility  rate.

F i g u r e  3. T ota l fe r t ility  p e r  co h o rt  and tren d  ad ju stm ent.

y R, y = 2.63 e -  1.53 e ” ,,- t + 1.29
2 .8 - •

1.4 +
i f  t = 0 t = 10 t = 20 t = 30H----------------- 1------------------ 1— ---------------1------------------ 1-------
05/06 14/15 24/25 34 35 44 45

4. E va lu a tion  o f  the resu lts

It has b e co m e  o b v io u s  on  the basis o f  p e r io d ic  in fo rm a tio n  that the F inn ish  
p op u la tion  rep la cem en t rates h ave  d u rin g  the past y ears  d ro p p e d  n o tice a b ly  
b e lo w  a se lf-su p p o rt in g  fig u re . A cco rd in g  to  th is analysis, it  is n ot a qu estion  
o f  a n e w  or  a cc id en ta l p h en om en on  bu t o f  a le n g th y  d ev e lop m en t, w h ich  has 
n ot beg u n  to  sh o w  u p  in p e r io d ic  m a teria l u n til th is decade.

N a tu ra lly  on e  sh ou ld  b e  cau tiou s in  u sing  tren ds to  p re d ict  the fu tu re . O n 
the o th er  hand, it sh ou ld  be  rem em b ered  that th ey  m igh t h o ld  tru e  fo r  a lon g  
tim e, i f  n ot taken  seriou sly .

A p p e n d i x  t a b l e  l.a . F ig u res  rep resen tin g  fe r t ility  o f  coh orts  past rep ro 
d u ct iv e  age.

Cohort
A ve ra ge  age

A
A g e  variance

A
T o ta l fe rtility

A
/“ t at2 Rt t

1905/06 29.79 41.37 2.465 —
06/07 29.95 41.50 2.241 —
07/08 30.03 41.15 2.400 —
08/09 30.10 40.56 2.429 —
09/10 30.14 39.66 2.463 —
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1910/11 30.11 38.75 2.517 —

11/12 30.08 37.69 2.500 —

12/13 29.96 36.88 2.508 —

13/14 29.92 35.52 2.513 —

14/15 29.74 35.15 2.582 0

1915/16 29.53 34.44 2.602 1

16/17 29.29 34.46 2.641 2

17/18 28.28 33.32 2.616 3

18/19 29.04 33.20 2.471 4

19/20 28.94 32.04 2.793 5

1920/21 28.74 31.47 2.664 6

21/22 28.65 30.78 2.630 7

22/23 28.48 30.72 2.576 8

23/24 28.20 30.28 2.624 9

24/25 27.93 30.41 2.549 10

1925/26 27.75 30.97 2.577 11

26/27 27.55 30.98 2 527 12

A p p e n d i x  t a b l e  l .b .  E s t im a te s  f o r  p a r a m e te rs  o f th e  f e r t i l i t y  fu n c t io n , 
a n d  f ig u re s  re p re s e n tin g  f e r t i l i t y  o f c o h o rts  in  r e p r o d u c t iv e

age c a lc u la te d  f ro m  th e  e stim a te s.

A A A A A A

C ohort a -lO « k C ot2 Rt t

27/28 946 4.918 .3730 27.19 35.35 2.556 13

28/29 575 5.248 .3991 27.15 32.95 2.502 14

29/30 874 5.073 .4023 26.61 31.34 2.368 15

30/31 600 5.348 .4268 26.53 29.36 2.336 16

31/32 731 5.217 .4193 26.44 29.67 2.279 17

32/33 300 5.814 .4640 26.53 27.00 2.284 18

33/34 699 5.305 .4320 26.28 28.42 2.296 19

34/35 413 5.719 .4680 26.22 26.11 2.372 20

35/36 852 5.260 .4397 25.96 27.21 2.286 21

36/37 463 6.692 .4822 25.80 24.48 2.103 22

37/38 549 5.602 .4787 25.70 24.45 2.195 23

38/39 605 5.566 .4822 25.42 23.94 2.041 24

39/40 692 5.545 .4844 25.45 23.63 2.166 25

40/41 1144 5.081 .4449 25.42 25.67 1.897 26

41/42 707 5.519 .4982 25.08 22.24 1.785 27

42/43 1077 5.186 .4664 25.12 23.84 1.789 28

43/44 1274 5.168 .4817 24.73 22.27 1.717 29

44/45 1661 4.822 .4440 24.86 24.46 1.525 30

45/46 1615 4.941 .4605 24.73 23.30 1.637 31
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