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FOREWORD 

The evolution of human populations over time and space has 
been a central concern of many scholars in the Human Settlements 
and Services Area at IIASA during the past several years. From 
1975 through 1978  some of this interest was manifested in the 
work of the Migration and Settlement Task, which was formally 
concluded in November 1978 .  Since then, attention has turned 
to disseminating the Task's results, to concluding its compara- 
tive study, and to exploring possible future activities that 
might apply the mathematical methodology to other research topics. 

This paper is part of the Task's dissemination effort. It 
is a draft of a chapter that is to appear in a volume entitled 
Migration and Settlement: A Comparative Study. Other selected 
publications summarizing the work of the Migration and Settlement 
Task are listed at the back. 

Andrei Rogers 
former Chairman 
of the Human Settlements 
and Services Area 
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REGIONAL FERTILITY DIFFERENTIALS 
I N  IIASA NATIONS 

1. INTRODUCTION 

Before  r e l i a b l e  d a t a  on b i r t h s  f o r  l a r g e  p o p u l a t i o n  aggre-  

g a t e s  became a v a i l a b l e ,  f e r t i l i t y  s tudy  lacked  q u a n t i t a t i v e  

ana l yses .  By t h e  end of t h e  e i g h t e e n t h  c e n t u r y ,  Malthus had 

s t i m u l a t e d  i n t e r e s t  i n  t h e  q u a l i t y  of  popu la t i on  d a t a ,  b u t  

because he  cons ide red  f e r t i l i t y  l e v e l s  t o  be e s s e n t i a l l y  c o n s t a n t ,  

s t u d i e s  o f  m o r t a l i t y  w e r e  s t r e s s e d  throughout  t h e  n i n e t e e n t h  

c e n t u r y .  Only when it became obv ious,  a t  t h e  t u r n  o f  t h e  

t w e n t i e t h  c e n t u r y ,  t h a t  f e r t i l i t y  l e v e l s  were n o t  c o n s t a n t  b u t  

were a c t u a l l y  f a l l i n g  i n  many West European c o u n t r i e s ,  d i d  

s e r i o u s  i n t e r e s t  i n  t h e  s tudy  o f  f e r t i l i t y  beg in ,  deve lop ing  

i n t o  a  s c i e n c e  t h a t  has  come t o  r e c e i v e  enormous a t t e n t i o n  

from demographers i n  r e c e n t  y e a r s .  

W e  beg in  t h i s  paper  w i t h  a  d i s c u s s i o n  of s e v e r a l  commonly 

used measures o f  f e r t i l i t y ,  t h e  most b a s i c  of which i s  t h e  

c r u d e  b i r t h  r a t e  (CBR) : t h e  r a t i o  of t h e  number o f  b i r t h s  i n  

a  yea r  t o  t h e  average popu la t i on  i n  thousands ( o r  more e x a c t l y ,  

thousand person-years  of exposure)  du r i ng  t h a t  y e a r .  Using 

t h i s  measure f o r  a  comparison o f  f e r t i l i t y  l e v e l s  w i t h i n  a  

coun t r y  ove r  t i m e  o r  o f  v a r i o u s  c o u n t r i e s  a t  a  g iven  t i m e ,  



however, would confound the effects of the age and sex composi- 

tions of the respective populations with differences in their 

fertility. In an effort to refine the denominator (the average 

population) more closely so that it represents the population 

at risk of giving birth, the genera l  f e r t i l i t y  r a t e  (GFR) - 
the ratio of the number of births in a year to the number of 

thousand person-years of females in the childbearing ages, 

usually 15-44-is often used instead. And since the risk of 

childbearing varies greatly by age even within the childbearing 

years, this idea may be further extended to define the age- 

s p e c i f i c  f e r t i l i t y  r a t e  (ASFR): the ratio of the number of 

births to a mother in a given age group (usually a 5-year age 

interval) to the number of thousand person-years of females in 

that age group. Although these female rates are widely accepted 

because of their convenience, they are rather arbitrary in the 

sense that each birth occurs to both parents, who are not 

generally of the same age. Reducing the six or seven values of 

age-specific rates into a single fertility index involves the 

assignment of proper weights to each age group. The t o t a l  

f e r t i l i t y  r a t e  (TFR) is obtained by assigning equal weights 

of unity to each age group. This measure represents a mean 

parity of a cohort of women at the end of its childbearing age, 

assuming that the childbearing years are unaffected by mortality 

and that the cohort experiences given age-specific fertility 

rates at each age. A modification of the total fertility rate 

to include only female births produces the g r o s s  r e p r o d u c t i o n  

r a t e  (GRR), a measure of replacement for a female population 

under the assumption of no mortality. 

Similarity in the pattern of age-specific fertility rates 

in various populations has led researchers to search for a simple 

model that describes patterns using only a small number of 

parameters. There have been essentially two approaches presented 

in this endeavor. The first fits probability density functions, 

such as gamma, beta, and Hadwiger functions, to a fertility 

curve (for example, see Hoem et al. 1981). The second fits 

curves that are generated from observed empirical fertility 

patterns with a small number of parameters. The fertility model 



Coale and Trussell (1974) is perhaps the best among this second 

group because the parameters in the model have demographic 

meanings. The relational Gompertz model developed by Brass 

(1980), however, involves only two parameters, one less than 

in the Coale and Trussell model, which is an important consid- 

eration when data are given in 5-year age groups rather than 

by single years of age. 

The differences in both fertility levels and the age pat- 

tern of fertility in the National Member Organization countries 

of IIASA and of the regions in each country is the primary con- 

cern of this paper. Our aim is to summarize and describe 

observed fertility differentials but not to search for explana- 

tory factors associated with them. Before examining differen- 

tials in fertility, in section 2, we discuss the limitations 

of available data and define the measures that are used in the 

subsequent analyses. In section 3 we make comparisons in the 

levels of fertility between countries and between regions within 

countries, without regard to differing age patterns of fertility. 

We then examine, in section 4, the levels and age patterns of 

fertility simultaneously by fitting a linear model that includes 

both location-effect and age-effects to the age-specific fertil- 

ity rates of regional populations. This is done first for the 

national age-specific fertility rates, for which the country- 

effects and age-effects are estimated. The same analysis is 

next carriedoutusing the regional age-specific fertility rates 

within each country. In section 5, the relational two-parameter 

Gompertz fertility model is fitted to the age pattern of fertil- 

ity. The goodness-of-fit is examined visually by comparing a 

fitted curve and the observed age pattern, but a statistical 

test is not used to assess the quality of the fit. Finally, 

a summary is given in section 6. 

DATA AND DEFINITIONS 

We shall only briefly describe the available data that 

pertain to our fertility analysis since details of the data 



bases  and accoun t ing  frameworks f o r  t h e  Comparative Migra t ion 

and Se t t l emen t  Study a r e  g iven  i n  R e e s  and Wi l lekens (1982 ) .  

Before embarking on a  comparat ive a n a l y s i s ,  we must f i r s t  

determine how comparable t h e  a v a i l a b l e  d a t a  a r e .  The most 

impor tan t  d i s c r e p a n c i e s  a r e  t h e  d i f f e r e n c e s  i n  t i m e  p e r i o d s  

of d a t a  bases  and s i z e s  o f  r eg ions  among t h e  17 c o u n t r i e s .  The 

d a t a  span a lmos t  a  decade,  and because f e r t i l i t y  was d e c l i n i n g  

du r i ng  t h i s  p e r i o d ,  i n t e r n a t i o n a l  comparisons observed a t  t h e s e  

d i f f e r e n t  t i m e  p e r i o d s  canno t  be very  meaningfu l .  Th is  problem 

sugges ts  t h a t  w e  shou ld  t h e r e f o r e  p u t  more emphasis on i n t e r -  

r e g i o n a l  comparisons w i t h i n  a  coun t r y ,  b u t  t h e  degree  o f  r e g i o n a l  

f e r t i l i t y  d i s p a r i t i e s  i s  a l s o  a f f e c t e d  by t h e  way r e g i o n s  a r e  

d e f i n e d  a s  w e l l  a s  by e x i s t i n g  f e r t i l i t y  d i f f e r e n t i a l s .  The 

number o f  r e g i o n s  i n  each coun t ry  and t h e  s i z e  of popu la t i on  

o r  a r e a  of t h e s e  r e g i o n s  vary  g r e a t l y .  For example, t h e  Uni ted 

S t a t e s  i s  d i v i d e d  i n t o  on ly  4 l a r g e  r e g i o n s ,  whereas sma l l  

c o u n t r i e s  such a s  Czechoslovakia and F in land  a r e  d i v i d e d  i n t o  

10 and 12 r e g i o n s ,  r e s p e c t i v e l y ,  and i n  extreme c a s e s ,  

l a r g e  c i t i es  such a s  Vienna, West B e r l i n ,  and Warsaw e x i s t  a s  

s i n g l e  reg ions  i n  t h e i r  r e s p e c t i v e  coun t ry  c a s e  s t u d i e s .  I n t e r -  

n a t i o n a l  comparisons of r e g i o n a l  f e r t i l i t y  d i f f e r e n t i a l s  shou ld  

a l s o  be viewed w i t h  c a u t i o n  because t h e  deg ree  o f  r e g i o n a l  

d i s p a r i t i e s  i n c r e a s e s ,  o t h e r  t h i n g s  be ing e q u a l ,  a s  t h e  number 

of r eg ions  i n c r e a s e s  and t h e  s i z e  o f  each reg ion  dec reases .  

The second source  o f  i ncomparab i l i t y  i s  more s p e c i f i c  t o  

b i r t h  s t a t i s t i c s .  What i s  i nc luded  i n  t h e  b i r t h  s t a t i s t i c s  

and t h e  degree  t o  which a l l  n a t i o n a l  b i r t h s  a r e  r e g i s t e r e d  

v a r i e s  from coun t ry  t o  coun t ry .  The d e f i n i t i o n  of a  l i v e  b i r t h  

i s  n o t  un i formly  a p p l i e d ,  even among developed c o u n t r i e s ,  and 

i n  some c o u n t r i e s  l i v e  b i r t h s  t h a t  r e s u l t  i n  e a r l y  d e a t h  a r e  

r o u t i n e l y  excluded from t h e  b i r t h  coun t .  B i r t h s  t h a t  occur  t o  

p a r e n t s  t empora r i l y  o u t  o f  t h e  coun t ry  a r e  i nc luded  i n  t h e  b i r t h  

count  i n  some c o u n t r i e s  b u t  n o t  i n  o t h e r s .  F u r t h e r ,  a t  t h e  

r e g i o n a l  l e v e l ,  b i r t h s  a r e  t a b u l a t e d  by p l a c e  o f  usua l  resi- 

dence,  which i s  recommended and i s  fo l lowed i n  most c o u n t r i e s  

b u t  by p l a c e  of occur rence  i n  some c o u n t r i e s .  B i r t h s  may a l s o  



be tabulated by year of occurrence, which is recommended, or by 

year of registration. The degree of underregistration varies 

not only by region but also by age of mother. And even among 

registered births, when information on the age of the mother 

is missing and is estimated, the adopted method of allocation 

by age affects the age-specific measures of fertility. Since 

birth rates are a function of population stocks as well as 

birth statistics, variation in population coverage is another 

factor to be considered. Differing degrees of underenumeration 

in census counts and differing degrees of accuracy in the post- 

censal estimates of population for off census years produce 

biased rates. This problem is even more pronounced when the 

population is enumerated both by region and by age. 

With these points in mind, let us examine the data that 

are available for our comparative analysis of fertility. Pop- 

ulation data are enumerated in 5-year age groups and birth data 

are tabulated by age of mother, also in 5-year age groups, by 

region of each country. These data are disaggregated by sex 

in 9 of the 17 countries (Austria, Canada, Finland, France, the 

Federal Republic of Germany, Japan, Sweden, the United Kingdom, 

and the United States), but in the remaining 8 countries (Bul- 

garia, Czechoslovakia, the German Democratic Republic, Hungary, 

Italy, the Netherlands, Poland, and the Soviet Union) only data 

for both sexes combined are available. The unavailability of 

the data by sex obviously prevents us from calculating conven- 

tional measures of fertility because the fertility measures 

are based on female populations (except for the crude birth 

rate). The crude birth rate is calculated by dividing the number 

of births of both sexes in a reference period, usually a year, 

by the number (in thousands) of persons of both sexes at the 

midpoint of that reference period. But, to calculate such 

rates as the general fertility rate or the age-specific fertility 

rate, population data should be disaggregated by sex as well 

as by age. Since we do not have such data for half of the NMO 

countries in our study, we must adopt an alternative strategy. 



Reca l l  t h a t  t h e  age -spec i f i c  f e r t i l i t y  r a t e  i s  t h e  r a t i o  

o f  t h e  number of b i r t h s  t o  mothers o f  a  g iven  age  group t o  t h e  

number ( i n  thousands)  o f  females i n  t h a t  age  group and t h a t  

t h e  sum of t h e s e  r a t e s  ove r  a l l  ages  r e s u l t s  i n  t h e  t o t a l  

f e r t i l i t y  r a t e  (TFR). The TFR r e p r e s e n t s  t h e  completed fami l y  

s i z e  a t  t h e  end o f  c h i l d b e a r i n g  ages  i f  a  coho r t  o f  women 

expe r i ences  no m o r t a l i t y ,  and it i s  u s u a l l y  g iven  a s  p e r  woman 

r a t h e r  t h a n  p e r  thousand women. P a r a l l e l i n g  t h e s e  measures 

o f  rep lacement  a r e  t h o s e  d e f i n e d  w i t h  female b i r t h s  a lone :  

t h e  g r o s s  m a t e r n i t y  f u n c t i o n  (a l though  t h e  t e r m  " f u n c t i o n "  

connotes a  con t inuous  form, w e  s h a l l  ma in ta in  t h i s  te rmino logy)  

and t h e  g r o s s  rep roduc t i on  r a t e ,  r e s p e c t i v e l y .  Thus t h e  GRR 

r e p r e s e n t s  t h e  number of daugh te rs  a  woman would have a t  t h e  

end o f  h e r  c h i l d b e a r i n g  y e a r s  i f  s h e  w e r e  t o  l i v e  through t h o s e  

yea rs .  Because f e r t i l i t y  i s  a component of s p a t i a l  popu la t i on  

dynamics and t h e  model f o r  t h e  p rocess  i s  e s s e n t i a l l y  a  one- 

s e x  model, it i s  n a t u r a l  t o  i n t roduce  t h e s e  s i ng le - sex  measures 

i n  t h e  a n a l y s i s .  Thus t h e  measure t h a t  was c a l l e d  t h e  ASFR i n  

t h e  series o f  1 7  n a t i o n a l  c a s e  s t u d i e s  was a c t u a l l y  t h e  g r o s s  

ma te rn i t y  f u n c t i o n  e i t h e r  f o r  females  o r  f o r  bo th  sexes  

combined, depending on t h e  a v a i l a b i l i t y  o f  s e x - s p e c i f i c  d a t a .  

Because b i r t h s  a r e  t a b u l a t e d  by age o f  mother,  t h e  two sets 

o f  ra tes- females a l o n e  and bo th  sexes  combined-are n o t  com- 

p a t i b l e  w i t h  each o t h e r  f o r  a  g i ven  popu la t i on .  The d isc repancy  

between t h e  t w o  sets depends on how d i f f e r e n t  t h e  s e x  r a t i o s  

a r e  among b i r t h s  and i n  success i ve  age  groups.  I n  o r d e r  t o  see 

j u s t  how d i s t o r t e d  t h i s  p i c t u r e  might b e ,  w e  computed t h e  age 

schedu les  o f  f e r t i l i t y  f o r  females a lone ,  where a v a i l a b l e ,  and 

f o r  bo th  sexes  combined. To do t h i s ,  w e  c a l c u l a t e d :  

and 



where 

F B ~  = number of  female b i r t h s  t o  mothers i n  age group i 

(i = 1 , 2 ,  ..., 7 rep resen t  age groups 15-19, 20-24, ..., 
45-49) 

MBi = number of  male b i r t h s  t o  mothers i n  age group i 

Fi 
= number of females i n  age group i 

Mi = number of males i n  age group i 

and compared age p a t t e r n s  of f!F) , t h e  g ross  ma te rn i t y  func- 
1 

(F+M)  , t h e  func t i on  f o r  both sexes t i o n  f o r  females a lone ,  and f i  

combined. We c a l c u l a t e d  t h e  mean, s tandard  d e v i a t i o n ,  and skew- 

ness a s  we l l  a s  t h e g r o s s  reproduct ion r a t e  of  t h e  a v a i l a b l e  age 

schedules.  For t h e  n ine  c o u n t r i e s  t h a t  have sex -spec i f i c  d a t a ,  

l i t t l e  d i f f e r e n c e  was found between t h e  female and t h e  both- 

sexes-combined schedu les .  Consequently, we s h a l l  use t h e  r a t e s  

f o r  combined sexes f o r  a l l  c o u n t r i e s ,  even f o r  t hose  f o r  which 

sex -spec i f i c  d a t a  a r e  a v a i l a b l e .  For convenience and f o r  cons is -  

tency w i th  t h e  e a r l i e r  n a t i o n a l  case  s t u d i e s ,  we s h a l l  now c a l l  

(F+M) t h e  age -spec i f i c  f e r t i l i t y  r a t e .  The sum of t h i s  r a t e  f i  

t h e  ASFR def ined  i n  t h i s  way over  a l l  ages and m u l t i p l i e d  by t h e  

width of t h e  age i n t e r v a l  ( i n  our  case  5 y e a r s ) ,  g i ves  t h e  g ross  

reproduc t ion  r a t e  

(F+M) GRR = 5 1 f i  
i= 1 

We emphasize aga in  t h a t  t h e  ASFR i n  t h e  remainder of t h i s  paper 

i s  t h e  g ross  matern i ty  f unc t i on  i . e . ,  t h e  component of t h e  

measure of  replacement of t h e  popu la t ion ,  and i s  t h e r e f o r e  

approximately h a l f  t h e  va lue  of t h e  usua l  age-spec i f i c  f e r t i l -  

i t y  r a t e .  



3. COMPARISONS OF FERTILITY LEVELS 

3.1  Comparison Between Countr ies  

Although we have r e s e r v a t i o n s  concerning t h e  appropr ia te -  

ness of  comparing n a t i o n a l  f e r t i l i t y  l e v e l s  observed a t  d i f f e r -  

e n t  p o i n t s  i n  t i m e ,  we s h a l l  go on t o  examine i n t e r n a t i o n a l  

d i f f e r e n t i a l s  i n  t h e  l e v e l  of f e r t i l i t y  among t h e  IIASA na t i ons  

f o r  t h e  r e s p e c t i v e  re fe rence  yea rs  f i r s t .  Then w e  s h a l l  examine 

t h e  p r e v a i l i n g  t rend  i n  f e r t i l i t y  l e v e l s  dur ing  t h e  1970s i n  

these  c o u n t r i e s  t o  account f o r  t h e  d i f f e r e n c e s  i n  t h e  re fe rence  

yea rs .  

We s h a l l  use t h e  crude b i r t h  r a t e  and t h e  g ross  reproduc- 

t i o n  r a t e  f o r  t h i s  purpose; t h e  CBR i s  examined because of  i t s  

s i m p l i c i t y  and popu la r i t y  a s  a f e r t i l i t y  measure, whereas t h e  

GRR i s  examined i n  o rde r  t o  o b t a i n  a b e t t e r  comparison of 

f e r t i l i t y  l e v e l s  wi thout  t h e  confounding e f f e c t s  of d i f f e r i n g  

age and sex  d i s t r i b u t i o n s .  

To do t h i s ,  w e  s h a l l  fo l low t h e  numerical and g raph ica l  

procedures of exp lanatory  d a t a  a n a l y s i s  in t roduced by Tukey 

(1977) .  I n  t h i s  form of a n a l y s i s ,  t h e  b a s i c  numbers t h a t  a r e  

easy t o  f i n d  and t h a t  t e l l  something about  a c o l l e c t i o n ,  a 

ba tch ,  of  numbers a s  a whole a r e  t h e  two extremes (minimum and 

maximum va lues )  and a middle va lue.  The middle va lue  of  a 

batch is c a l l e d  t h e  median and i s  used a s  a measure of l o c a t i o n .  

I n  a d d i t i o n  t o  t h e s e  t h r e e  numbers, t h e  lower and upper quar- 

t i l e s  add more in format ion about t h e  batch of numbers; t h e  

range between them i s  c a l l e d  t h e  midspread. These numbers 

w i l l  be used t o  summarize and compare t h e  CBRs and GRRs of t h e  

17 IIASA c o u n t r i e s .  

Table 1 g i v e s ,  f o r t h e  17 c o u n t r i e s ,  va lues of  t h e  CBR and 

GRR and t h e i r  r e s p e c t i v e  rank o r d e r s  f o r  t h e  re fe rence  years  

and va lues  of  t h e  GRR f o r  1975. Let us f i r s t  summarize t h e  

f e r t i l i t y  l e v e l s  i n  t h e  re fe rence  yea rs .  Values of  t h e  CBR 

range from a low of 30.1 i n  t h e  Federa l  Republ ic of Germany 

t o  a high of  19.6 i n  Czechoslovakia. The median va lue  i s  1 6 . 1 ,  

with  a midspread of 4.7. Values of t h e  GRR range from a low 



T a b l e  1 .  Tne c r u d e  b i r t h  r a te  i n  t h e  r e f e r e n c e  y e a r  and  g r o s s  r e p r o d u c t i o n  rates i n  t h e  
r e f e r e n c e  y e a r  and  i n  1975 by c o u n t r y  a n d  t h e i r  r a n k  o r d e r s .  

Coun t r y  a n d  r e f e r e n c e  y e a r  
Iiank Rank GRR b Rank 

CBR o r d e r  G R R ~  o r d e r  i n  1975 o r d e r  

A u s t r i a  1971 

B u l g a r i a  1975 

Canada 1971 

C z e c h o s l o v a k i a  1975  

F e d e r a l  R e p u b l i c  o f  Germany 1974 

F i n l a n d  1974 

F r a n c e  1975 

German Democ ra t i c  R e p u b l i c  1375 

Hungary 1974 

I t a l y  1978 

J a p a n  1970 

N e t h e r l a n d s  1974 

P o l a n d  1977  

S o v i e t  Union 1974 

Sweden 1974 

U n i t e d  Kingdom 1970 

U n i t e d  S t a t e s  1970 

a  The G R R s  and mean a g e  o f  f e r t i l i t y  s c h e d u l e s  f o r  e a c h  r e g i o n  i n  t h e  s t u d y  a r e  g i v e n  i n  
Appendix  A .  R e g i o n a l  GKR d i f f e r e n t i a l s  ;or t h e  17 c o u n t r i e s  are  se t  o u t  i n  Appendix  B. 

b S o u r c e :  U n i t e d  N a t i o n s  1979.  
C T h i s  v a l u e  was o b t a i n e d  by i n t e r p o l a t i n g  v a l u e s  f o r  1972 and 1978.  



of 0.73 i n  t h e  Federa l  Republic of Germany t o  a h igh of 1.33 i n  

t h e  Sov ie t  Union, g i v ing  a range of 0.6 ( i n  terms of t h e  number 

of bab ies  p e r  woman, t h i s  t r a n s l a t e s  t o  1 . 2  b a b i e s ) .  The median 

va lue  of t h e  GRR i s  1.09 and t h e  midspread i s  0.27. 

Another, and perhaps b e t t e r ,  way of d i sp lay ing  t h e  d i s t r i b u -  

t i o n  of a s e t  of numbers is t h e  box-plot.  A box-plot i s  obta ined 

by p l o t t i n g  t h e  lower and upper q u a r t i l e  va lues of a batch of 

numbers by drawing a box t o  i d e n t i f y  t h e  l eng th  of t h e  midspread. 

The v e r t i c a l  bar  i n  t h e  box rep resen ts  t h e  l o c a t i o n  of t h e  median. 

The c r o s s e s  a t  t h e  end of t h e  l i n e  drawn outwards from t h e  lower 

and upper q u a r t i l e s  a r e  t h e  l a s t  d a t a  p o i n t s  t h a t  l i e  w i th in  one 

midspread from t h e  q u a r t i l e s .  This is a modif ied ve rs ion  by 

McNeil (McNeil 1977) of t h e  o r i g i n a l  r u l e  by Tukey, who p u t  cros-  

s e s  a t  1.5 midspreads from t h e  q u a r t i l e s .  We chose t h e  modif ied 

r u l e ,  because when t h e  d a t a  have a normal d i s t r i b u t i o n ,  t h e  pro- 

po r t i on  of numbers i n  t h e  batch o u t s i d e  t h e  c r o s s e s ,  on average, 

approaches t h e  f a m i l i a r  l e v e l  of 0.05. Numbers t h a t  l i e  o u t s i d e  

t h e s e  c rosses  a r e  c a l l e d  outliers. The box-plots of t h e  d i s -  

t r i b u t i o n  of CBRs and GRRs among I I A S A  c o u n t r i e s  a r e  g iven i n  

F igure 1 .  Both d i s t r i b u t i o n s  f o r  t h e  re fe rence  yea rs  ( t h e  f i r s t  

two) a r e  skewed t o  t h e  l e f t ,  and t h e r e  a r e  no o u t l i e r s .  (Note 

t h a t  s i n c e  t h e  s c a l e s  of t h e  two p l o t s  a r e  a r b i t r a r i l y  s e t ,  

t h e  r e l a t i v e  l eng ths  of t h e  two measures should no t  be compared 

wi th  each o t h e r . )  I n  s i x  c o u n t r i e s ,  t h e  Federa l  Republ ic of 

Germany, t h e  German Democratic Republ ic,  F in land,  t h e  Nether lands,  

Sweden, and France,  i n  ascending o r d e r ,  t h e  va lue  of t h e  GRR i s  

l e s s  than  u n i t y ,  i . e . ,  t h e i r  f e r t i l i t y  i s  below replacement l e v e l .  

Japan ' s  GRR of 1.05, when combined w i th  m o r t a l i t y ,  would a l s o  

be near  o r  below replacement l e v e l .  

Because t h e  l e v e l s  of f e r t i l i t y  have been s h i f t i n g  i n  r e c e n t  

yea rs ,  however, t o  make more meaningful comparisons of n a t i o n a l  

f e r t i l i t y  l e v e l s ,  f e r t i l i t y  i n  each country a t  a f i xed  p o i n t  i n  

time i s  d e s i r a b l e .  We f i r s t  examine t h e  t ime t rend  i n  f e r t i l i t y  

l e v e l s  i n  t h e  1 7  I I A S A  c o u n t r i e s .  F igures 2 and 3 show t h e  t ime 

t rend  observed i n  t h e  t o t a l  f e r t i l i t y  r a t e  i n  s e l e c t e d  West 

European c o u n t r i e s  p lus  Canada and i n  Eas t  Europe dur ing  t h e  
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Figure 1 .  Box-plots of t h e  d i s t r i b u t i o n s  of t h e  crude b i r t h  
r a t e s  and g ross  reproduct ion r a t e s  among t h e  1 7  
I I A S A  member c o u n t r i e s .  
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Figure 2. Trend since 1 9 5 0  in the total fertility rate 
in selected countries of Western Europe and in 
Canada. (Source: reproduced with permission 
from Bourgeois-Pichat 1 9 8 1 . )  
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F i g u r e  3 .  Trend s i n c e  1950 i n  t h e  t o t a l  f e r t i l i t y  r a t e  i n  
s e l e c t e d  c o u n t r i e s  o f  E a s t e r n  Europe. (Source:  
reproduced w i t h  pe rm iss ion  from t h e  same a r t i c l e  
as F igu re  2 . )  



period 1950-1980, respectively (reproduced from Bourgeois- 

Pichat 1981). Values of the GRR for countries that are not 

included in Figures 2 and 3 are presented for the 1970s in 

Figure 4 (these values are taken from United Nations 1979). 

The decline in fertility started around 1965 in West 

European countries and in Canada, but the trend in East Europe 

is less clear except for the German Democratic Republic. By 

noting that a TFR of 2 corresponds roughly to a GRR of 1, we 

see first that below-replacement fertility is the phenomenon 

of the 1970s, and second that there is a recent sign of increasing 

fertility in most West European countries and the German Demo- 

cratic Republic, where the TFR fell below 2. How long these 

below-replacement levels of fertility will be sustained in the 

future is open to speculation. 

To see how the comparison at a fixed point in time differs 

from the earlier comparison for the various reference years, 

values of the GRR in 1975 are also presented in Table 1 ,  and 

the distribution is plotted in Figure 1. Because fertility in 

most countries declined between the reference years (usually in 

the early 1970s) and 1975, we see a decline of about 0.2 in the 

median value of the GRR to 0.9, and the distribution is now 

right-skewed on our box-plot. Canada, the United States, and 

Japan were the largest contributors to this shift. Eleven out 

of the 17 countries had a below-replacement level of GRRs in 

1975. 

We now examine in somewhat greater detail, country differ- 

entials in the levels of fertility as measured by the CBR and 

GRR. In order to see the relationship between the two indices 

graphically, values of the CBR are plotted against those of the 

GliR in a scatter diagram in Figure 5. The correlation coeffi- 

cient between the two indices is 0.77, and the dispersion around 

the fitted line (CBR = 0.97 + 14.14 GRR) tends to be larger for 

countries with higher fertility. Inspection of the graph reveals 

the implied age distribution of a country. For example, the 

higher values of the CBR than might be expected from the values 

of the GRR in Japan and Poland are due to the effect of age 
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Figure  4 .  Trend s i n c e  1970 i n  t h e  g ross  reproduc t ion  r a t e  f o r  
t h e  I I A S A  c o u n t r i e s  t h a t  a r e  n o t  inc luded  i n  F igures  
2 and 3 .  (Source:  UN Demographic Yearbook, Spec ia l  
I s s u e :  H i s t o r i c a l  Supplement 1979.) 



d i s t r i b u t i o n s :  a  r e l a t i v e l y  l a r g e  p ropo r t i on  of females  being 

i n  c h i l d b e a r i n g  ages .  I t  i s  t h e  o t h e r  way around i n  A u s t r i a  

and t h e  S o v i e t  Union. 

To summarize, v a l u e s  of t h e  GRR i n  t h e  seven c o u n t r i e s  i n  

t h e i r  r e s p e c t i v e  r e f e r e n c e  y e a r s ,  t h e  Fede ra l  Republ ic  of 

Germany ( 1974) , t h e  German Democratic Republ ic  ( 1975) , Fin land 

(1974 ) ,  t h e  Nether lands (1974 ) ,  I t a l y  ( 1978 ) ,  Sweden (1974 ) ,  

and France ( 19 75) , i n  ascending o r d e r ,  a r e  below u n i t y .  A t  

t h e  o t h e r  end,  t h e  S o v i e t  Union (1974) , t h e  Uni ted S t a t e s  (1970) , 
Canada ( 197 1 ) , and Czechoslovakia ( 1975) , l i s t e d  i n  descending 

o r d e r ,  a r e  t h e  c o u n t r i e s  w i t h  h i gh  f e r t i l i t y  ( t h e  GRR i s  1.2 or 

above) .  Although f e r t i l i t y  i n  t h e s e  c o u n t r i e s  i s  h ighe r  r e l a -  

t i v e  t o  t h e  o t h e r  member c o u n t r i e s ,  t h e  GRR of around 1 . 2  ( t h e  

h i g h e s t  va lue  be ing 1.33 f o r  t h e  S o v i e t  Union) i s  s t i l l  low 

compared w i t h  f e r t i l i t y  l e v e l s  p r e v a i l i n g  i n  t h e  rest of t h e  

wor ld.  Note t h a t  f e r t i l i t y  i n  Canada and t h e  Uni ted S t a t e s  

d e c l i n e d  t o  0.88 by 1975. 

Union 

I I I 
0.5 1 .O 1.5 

Gross reproduction rate 

F igure  5 .  Values o f  t h e  CBR p l o t t e d  a g a i n s t  t h e  GRR i n  17 
IIASA member c o u n t r i e s .  



3.2 Comparison Between Regions 

A s  mentioned p rev ious l y ,  each o f  t h e  17 IIASA c o u n t r i e s  

i n  t h e  s tudy  was d i sagg rega ted  i n t o  reg ions  by t h e  i n d i v i d u a l  

au tho rs  o f  t h e  n a t i o n a l  r e p o r t s .  Because of t h i s ,  t h e  numbers 

and s izes  o f  t h e  reg ions  vary  cons iderab ly  from coun t ry  t o  

count ry .  Keeping t h i s  i n  mind, w e  now examine t h e  r e g i o n a l  

d i f f e r e n t i a l s  of CBRs  i n  each count ry .  Table 2 p r e s e n t s  t h e  

median and t h e  midspread o f  t h e  r e g i o n a l  d i s t r i b u t i o n  of CBRs  

t o g e t h e r  w i th  t h e  extreme va lues .  They a r e  a l s o  set  o u t  g raph i -  

c a l l y  a s  box-p lo ts  i n  F igure 6 .  I n  a  box-p lo t ,  a  d a t a  p o i n t  

t h a t  l i e s  between 1 and 1.5 t i m e s  t h e  midspread from e i t h e r  

end o f  t h e  box is  denoted by an open c i rc le  (O ) ,  which w i l l  be 

c a l l e d  an o u t s i d e  va lue  fo l lowing Tukey (1977 ) ,  and a  d a t a  p o i n t  

t h a t  l i es  beyond 1.5  t i m e s  t h e  midspread from t h e  box is  denoted 

by a  dark  c i r c l e  i n s i d e  an open c i r c l e  (0) and w i l l  be  c a l l e d  

a  far -out  va lue .  The c r o s s  ( x )  a t  t h e  end o f  t h e  l i n e  r e p r e s e n t s  

t h e  l a s t  d a t a  p o i n t  t h a t  l i es  w i t h i n  1 midspread from t h e  

q u a r t i l e s ,  a s  exp la ined  i n  subsec t i on  3.1.  

W e  f i r s t  n o t i c e  t h a t  t h e  median CBR f o r  each coun t ry  i s  very  

c l o s e  t o  i t s  n a t i o n a l  CBR presen ted  i n  Tab le  1. The median i s  

t h e  va lue  around which h a l f  o f  t h e  reg ions  have l a r g e r  va lues  and 

h a l f  have sma l l e r  va lues ,  r e g a r d l e s s  o f  t h e  s i z e  o f  t h e  popula- 

t i o n  i n  each reg ion ;  t h e  n a t i o n a l  CBR, on t h e  o t h e r  hand, i s  a 

weighted average o f  t h e  r e g i o n a l  CBRs ,  where t h e  weights  a r e  t h e  

r e l a t i v e  popu la t ion  s izes i n  each  reg ion .  Cons ider ing t h i s  re- 

l a t i o n s h i p  between t h e  median CBR and t h e  n a t i o n a l  CBZI, and t h e  

d i v e r s e  manner i n  which t h e  reg ions  w e r e  de f i ned ,  t h e  c loseness  

of t h e  two numbers i n  each count ry  i s  comfor t ing.  Because t h e  

n a t i o n a l  comparison was made i n  subsec t i on  3.1,  w e  s h a l l  n o t  d i s -  

cuss  t h e  n a t i o n a l  l e v e l s ,  b u t  i n s t e a d  we s h a l l  go on t o  compare 

r e g i o n a l  f e r t i l i t y  v a r i a t i o n s .  

The r e g i o n a l  v a r i a t i o n  of  t h e  CBR measured by t h e  midspread 

( u n l e s s  mentioned o the rw ise ,  t h e  v a r i a t i o n  w i l l  always be 

measured by t h e  midspread) ,  i s  l a r g e s t  i n  I t a l y  ( 5 . 6 ) ,  t h e  

S o v i e t  Union (4 .7 )  , and Japan (3 .0 )  . I n  t h e  r e s t  of t h e  



T a b l e  2.  Summary s ta t i s t i cs  f o r  t h e  d i s t r i b u t i o n  o f  t h e  c r u d e  b i r t h  ra te  i n  r e g i o n s , b y c o u n t r y .  

Crude  b i r t h  ra te  
Number o f  

C o u n t r y  a n d  r e f e r e n c e  y e a r  r e g i o n s  Median M idsp read  Minimum Maximum 

A u s t r i a  1971 

B u l g a r i a  1975 

Canada 1971 

C z e c h o s l o v a k i a  1975 

F e d e r a l  R e p u b l i c  o f  Germany 1974 

F i n l a n d  1974 

F r a n c e  1975 

German Democ ra t i c  R e p u b l i c  1975 

Hungary 1974 

I t a l y  1978 

J a p a n  1970 

N e t h e r l a n d s  1974 

P o l a n d  1977 

S o v i e t  Union 1974 

Sweden 1974 

U n i t e d  Kingdom 1970 

U n i t e d  S t a t e s  1970 
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Figure 6 .  The box-plot of t h e  reg iona l  d i s t r i b u t i o n  of t h e  
crude b i r t h  r a t e ,  by count ry .  



c o u n t r i e s ,  t h e  r e g i o n a l  v a r i a t i o n  i n  t h e  CBR i s  smal l  (on t h e  

o r d e r  of 2 p e r  thousand o r  less) .  Seven c o u n t r i e s  have out -  

l iers,  however; t h a t  i s ,  t h e s e  c o u n t r i e s  have a t  l e a s t  one 

reg ion  t h a t  has  a  CBR va lue  t h a t  i s  f a r  removed ( e i t h e r  being 

very low o r  very h igh)  from those  f o r  t h e  r e s t  of  t h e  count ry .  

Newfoundland i n  Canada, Eas te rn  S lovak ia  i n  Czechoslovakia, 

t h e  North Region of t h e  German Democratic Republ ic ,  and t h e  

r u r a l  a r e a s  i n  t h e  Sov ie t  Union a r e  high fa r -ou t  va lues ,  whereas 

Vienna i n  Aus t r i a  and Warsaw i n  Poland e x h i b i t  low fa r -ou t  

va lues.  Overa l l ,  t h e  r u r a l  a r e a s  of t h e  Sov ie t  Union have t h e  

h i g h e s t  CBR ( 2 7 . 1 ) ,  whereas Hamburg i n  t h e  FRG has t h e  lowest  

CBR (7 .8)  among a l l  reg ions  i n  a l l  IIASA c o u n t r i e s .  

F i n a l l y ,  i n  o r d e r  t o  s e e  how t h e  magnitude of t h e s e  reg iona l  

v a r i a t i o n s  compares w i th  t h e  n a t i o n a l  v a r i a t i o n ,  t h e  d i s t r i b u t i o n  

of t h e  n a t i o n a l  CBR p l o t t e d  on t h e  top  of  F igure 1 is presented  

a t  t h e  bottom of F igure  6 .  I t  i s  i n t e r e s t i n g  t o  no te  t h a t  t h e  

midspread f o r  I t a l y  i s  l a r g e r  than t h e  al l - I IASA-countr ies 

midspread, which i s  about t h e  same a s  t h a t  of t h e  Sov ie t  Union. 

The same summary s t a t i s t i c s  t h a t  were g iven f o r  t h e  CBR 

a r e  p resented  f o r  t h e  GRR i n  Table 3 ,  and t h e  a s s o c i a t e d  box- 

p l o t s  a r e  g iven i n  F igure 7. Again, t h e  median va lue  of t h e  

GRR f o r  each count ry  i s  extremely c l o s e  t o  t h e  va lue  of t h e  

n a t i o n a l  GRR presented  i n  Table 1 .  Countr ies  wi th  l a r g e  r e g i o n a l  

v a r i a t i o n s  of t h e  GRR a r e  t h e  Sov ie t  Union ( 0 . 6 6 ) ,  I t a l y  ( 0 . 3 4 ) ,  

and Canada ( 0 . 2 5 ) .  Although t h e  reg ions  i n  t h e  Sov ie t  Union 

a r e  de f ined  f o r  t h i s  s tudy i n  a  r a t h e r  unusual manner (on ly  

urban a r e a s  of seven geographic reg ions  p lus  a l l  r u r a l  a r e a s ,  

which i s  cons idered t h e  e igh th  r e g i o n ) ,  t h e  l a r g e  reg iona l  

v a r i a t i o n  i n  t h e  Sov ie t  Union i s  no t  due t o  t h i s  d isaggregat ion .  

A l a r g e  v a r i a t i o n  i n  f e r t i l i t y  e x i s t s  between urban a r e a s  of 

geographic reg ions  a s  w e l l  a s  between urban and r u r a l  a r e a s .  

The GRR ranges from below one t o  a lmost  two ( a  range of 2 

c h i l d r e n  t o  4 c h i l d r e n  pe r  woman) i n  d i f f e r e n t  reg ions .  Regional 

d i f f e r e n t i a l s  of t h e  GRR i n  Canada a r e  much smal le r  than  those  

i n  t h e  Sov ie t  Union, when measured by t h e  midspread, b u t  t h e  

fa r -ou t  va lue i n  Newfoundland makes t h e  range almost a s  l a r g e  
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(0.80)  i n  t h e  former a s  i n  t h e  l a t t e r .  Coun t r i es  t h a t  have sma l l  

r e g i o n a l  v a r i a t i o n s  a r e  Czechoslovakia,  F in l and ,  t h e  German Demo- 

c r a t i c  Republ ic ,  Hungary, Japan,  Sweden, and t h e  Uni ted S t a t e s ,  

where t h e  midspread of t h e  GRR i s  0.06 o r  l e s s .  Among t h e s e  

c o u n t r i e s ,  however, Czechoslovakia,  F in l and ,  and Hungary have 

f a r -ou t  v a l u e s  s o  t h a t  t h e  range f o r  t h e s e  c o u n t r i e s  i s  l a r g e r  

t han  t h e  range f o r  t h e  Nether lands and t h e  Uni ted Kingdom, where 

t h e  d i s t a n c e s  between t h e  q u a r t i l e s  and extreme v a l u e s  a r e  

ve ry  sma l l .  When t h e  i n t e r r e g i o n a l  v a r i a t i o n s  o f  f e r t i l i t y  

a r e  compared w i t h  t h e  i n t e r n a t i o n a l  v a r i a t i o n ,  w e  see t h a t  t h e  

i n t e r r e g i o n a l  v a r i a t i o n s  i n  Canada, I t a l y ,  and t h e  S o v i e t  Union 

a r e  l a r g e r  t h a n  t h e  i n t e r n a t i o n a l  v a r i a t i o n  among a l l  IIASA 

c o u n t r i e s .  

When w e  compare t h e  r e g i o n a l  d i s t r i b u t i o n s  of t h e  CBR 

(F igu re  6 )  w i t h  t h o s e  o f  t h e  GRR (F igu re  7 ) ,  w e  n o t i c e  t h a t  

t h e r e  i s  a  l a r g e r  v a r i a t i o n  between c o u n t r i e s  i n  t h e  r e g i o n a l  

f e r t i l i t y  d i f f e r e n t i a l s  when t h e  GRR i s  used t h a n  when t h e  CBR 

i s  used.  For example, t h e  r e g i o n a l  v a r i a t i o n  o f  t h e  GRR i n  t h e  

S o v i e t  Union i s  more t h a n  10 t i m e s  t h a t  o f  c o u n t r i e s  w i t h  sma l l  

r e g i o n a l  v a r i a t i o n s ;  on t h e  o t h e r  hand,  t h e  r e g i o n a l  v a r i a t i o n  

of t h e  CBR i n  t h e  S o v i e t  Union i s  on l y  about  4 t i m e s  a s  l a r g e  

a s  t h a t  o f  t h e  c o u n t r i e s  w i t h  sma l l  r e g i o n a l  v a r i a t i o n s .  W e  

a l s o  n o t i c e  t h a t  t h e  r e l a t i v e  r e g i o n a l  d i s p e r s i o n  f o r  a  coun t ry  

v a r i e s  g r e a t l y  depending on which o f  t h e  two measures o f  f e r t i l -  

i t y  i s  used. For example, t h e  r e g i o n a l  d i s p e r s i o n  i s  smal l  f o r  

t h e  CBR b u t  i s  l a r g e  f o r  t h e  GRR i n  Canada, whereas t h e  o p p o s i t e  

i s  t r u e  i n  Japan-the r e l a t i v e  r e g i o n a l  d i s p e r s i o n  i s  l a r g e  

f o r  t h e  CBR b u t  ex t reme ly  s m a l l  f o r  t h e  GRR. This  i m p l i e s  t h a t  

t h e  f e r t i l i t y  behav io r  i s  s i m i l a r  b u t  t h e  age-sex s t r u c t u r e  of 

t h e  popu la t i on  i s  d i f f e r e n t  a c r o s s  reg ions  i n  Japan ,  whereas 

i n  Canada t h e  age-sex s t r u c t u r e  of r e g i o n a l  popu la t i ons  somehow 

compensates f o r  t h e  d i f f e r i n g  f e r t i l i t y  l e v e l s  t o  produce less 

v a r i a b l e  CBRs a c r o s s  reg ions .  



4 .  A LINEAR MODEL FOR LOCATION AND AGE-SPECIFIC FERTILITY RATES 

I n  t h e  prev ious s e c t i o n  our  i n t e r e s t  was i n  comparing t h e  

l e v e l  of f e r t i l i t y  w i thou t  regard t o  t h e  age p a t t e r n  of f e r t i l -  

i t y .  W e  now examine age p a t t e r n s ,  a s  we l l  a s  f e r t i l i t y  l e v e l s  

i n  d i f f e r e n t  l o c a t i o n s  (count ry  o r  r e g i o n ) .  When w e  look a t  

t h e  ASFR i n  va r ious  l o c a t i o n s ,  w e  have a "response" a r i s i n g  

a s  a func t i on  of two k inds  of  f a c t o r s :  l o c a t i o n  and age, wi th 

one of each of t h e  f a c t o r s  occur r ing  f o r  each observa t ion .  

Thus w e  can imagine a two-way t a b l e  of responses ,  wi th ages 

of  mother a long t h e  columns and l o c a t i o n s  along t h e  rows. W e  

then  f i t  a l i n e a r  model t o  t h i s  t a b l e  using t h e  technique of 

"median p o l i s h "  developed by Tukey (1977) . I n  t h i s  procedure 

t h e  response i n  each c e l l  of a two-way t a b l e  i s  expressed as :  

response = f i t  + r e s i d u a l  

where 

f i t  = common va lue + row e f f e c t  + column e f f e c t  

To c a r r y  o u t  a median p o l i s h  of t h e  responses,  w e  f i r s t  remove 

row medians from t h e  d a t a  and then remove column medians from 

t h e  r e s u l t i n g  r e s i d u a l s .  The medians t h a t  a r e  removed i d e n t i f y  

t h e  row e f f e c t s ,  t h e  column e f f e c t s ,  and t h e  common va lue .  

This procedure i s  i l l u s t r a t e d  i n  Table 4 by us ing t h e  

age-spec i f i c  f e r t i l i t y  r a t e s  i n  t h r e e  broad age c a t e g o r i e s  

(15-24, 25-34, and 35-44) i n  t h r e e  c o u n t r i e s  ( t h e  Federa l  

Republ ic of  Germany, Poland, and t h e  Sov ie t  Union). The d a t a  

a r e  presented i n  p a r t  ( a )  of Table 4 .  Removing row medians from 

t h e  d a t a  g i ves  t h e  r e s i d u a l s  i n  p a r t  ( b ) ,  where t h e  removed 

medians i n  t h e  f i r s t  column a r e  separa ted  from t h e  second column 

by a v e r t i c a l  l i n e .  Next, removing column medians from p a r t  

(b )  g i ves  p a r t  ( c )  , where t h e  removed medians a r e  presented i n  

t h e  f i r s t  row above t h e  h o r i z o n t a l  l i n e .  I n  p a r t  ( c )  , t h e  

number 49.8 i s  t h e  number taken o u t  of every response and i s  

t h e r e f o r e  t h e  e f f e c t  common t o  a l l .  The numbers -19.7 and 6.8 

a r e  row e f f e c t s  f o r  t h e  Federa l  Republic of Germany and t h e  



S o v i e t  Union, whereas 0 . 4  and -39.4 a r e  column e f f e c t s  f o r  

age groups 25-34 and 35-44. Numbers i n  t h e  rest o f  t h e  t a b l e  

a r e  t h e  r e s i d u a l s .  For  example, t h e  d a t a  f o r  age group 35-44 

i n  t h e  S o v i e t  Union s a t i s f i e s  

d a t a  = common + row + column + r e s i d u a l  
va lue  e f f e c t  e f f e c t  

Table 4 .  I l l u s t r a t i v e  example o f  a  median p o l i s h :  age -spec i f i c  
f e r t i l i t y  rates i n  t h r e e  age  groups i n  t h r e e  coun- 
t r ies.  

Country 

- - - - -  

Age groups 

15-24 25-34 35-44 

( a )  

FRG 30.1 

Poland 49.8 

S o v i e t  Union 58.9 



Having c a r r i e d  o u t  t h e  median p o l i s h ,  w e  may wish t o  see 

how w e l l  t h e  row-plus-column model f i t s  t h e  d a t a .  S ince  t h e  

median o f  a  b a t c h  o f  numbers minimizes t h e  sun  o f  a b s o l u t e  v a l u e s  

of  t h e  r e s i d u a l s ,  it i s  c l e a r  t h a t  a  median p o l i s h  reduces  t h e  

sum o f  t h e  magni tudes o f  t h e  v a l u e s  i n  Tab le  4 .  The re fo re ,  f o l -  

lowing McNeil (1977) , w e  compare t h e  average s i z e  o f  t h e  r e s i d u a l s  

t o  t h e  average d e v i a t i o n  o f  t h e  o r i g i n a l  d a t a  from t h e i r  median 

va lue .  W e  s h a l l  c a l l  t h i s  measure G ( f o r  goodness-o f - f i t )  and 

d e f i n e  i t  a s  

sum of the absolute values of res idua ls  
G = l -  

sum of the absolute values of deviat ions of the 
data from the median 

i . e . ,  G i s  t h e  p r o p o r t i o n a t e  reduc t i on  i n  t h e  sum o f  t h e  a b s o l u t e  

d e v i a t i o n s  from t h e  median. I t  r e p r e s e n t s  t h e  p r o p o r t i o n  of  

v a r i a t i o n  i n  t h e  d a t a  accounted f o r  by t h e  median p o l i s h .  For  

t h e  example g i ven  i n  Tab le  4 ,  t h e  sum of t h e  a b s o l u t e  v a l u e s  

o f  t h e  r e s i d u a l s  is 2 8 . 4  and t h e  sum of  t h e  a b s o l u t e  d e v i a t i o n s  

o f  t h e  d a t a  from t h e i r  median i s  150.8, t h u s  

i . e . ,  81 p e r c e n t  of  t h e  v a r i a t i o n  i n  t h e  d a t a  i s  accounted f o r  

by t h e  row-plus-column model. 

To per form t h e s e  c a l c u l a t i o n s  w i t h  f e r t i l i t y  d a t a ,  F o r t r a n  

programs w r i t t e n  by M c N e i l  w e r e  used w i th  one m o d i f i c a t i o n .  

W e  a d j u s t e d  t h e  row e f f e c t s  and column e f f e c t s  t o  sum t o  z e r o ,  

f o l l ow ing  t h e  f a m i l i a r  r u l e  used i n  t h e  a n a l y s i s  o f  va r i ance .  

4 . 1  Nat iona l  Age-Speci f ic  F e r t i l i t y  Rates  

W e  f i r s t  c o n s i d e r  t h e  ASFR i n  each coun t ry  and median p o l i s h  

t h e  f e r t i l i t y  d a t a ,  a f t e r  s e t t i n g  o u t  t h e  c o u n t r i e s  a s  rows and 

t h e  age  groups a s  columns. Because t h e  ASFR i n  age group 45-49 

i n  most IIASA member c o u n t r i e s  i s  ext remely  low, t h i s  age  group 

h a s  been dropped from t h e  a n a l y s i s .  



The r e s u l t s  o f  t h e  median p o l i s h  a r e  p r e s e n t e d  i n  Table 5 .  

The coun t ry  e f f e c t s  a r e  shown i n  a  column n e x t  t o  t h e  coun t ry  

name, and t h e  age e f f e c t s  a r e  shown i n  a  row under t h e  age group 

i d e n t i f i c a t i o n .  The common va lue  i s  g iven  a t  t h e  upper l e f t  co r -  

n e r  and i s  under l i ned .  The rest o f  t h e  t a b l e  shows t h e  p a t t e r n  

o f  r e s i d u a l s .  The ASFR i n  any c e l l  may be ob ta i ned  by combining 

t h e  common v a l u e ,  t h e  coun t ry  e f f e c t , a n d  t h e  row e f f e c t  w i t h  t h e  

r e s i d u a l .  

W e  s h a l l  f i r s t  c o n s i d e r  t h e  f i t t e d  v a l u e s  o f  age and coun t ry  

e f f e c t s ,  l e a v i n g  t h e  p a t t e r n  o f  r e s i d u a l s  t o  be examined l a t e r .  

A s  expec ted ,  t h e  age e f f e c t  accoun ts  f o r  most o f  t h e  v a r i a t i o n  

i n  t h e  two-way t a b l e .  The o v e r a l l  age p a t t e r n ,  which may be 

viewed a s  an average  p a t t e r n  f o r  t h e  17 c o u n t r i e s ,  shows a  " t y p i -  

c a l "  f e r t i l i t y  p a t t e r n  i n  which f e r t i l i t y  i s  concen t ra ted  i n  t h e  

age group 20-24. The f i t t e d  age p a t t e r n  i s  p r e s e n t e d  g r a p h i c a l l y  

i n  F igu re  8 .  The s c a l e  on t h e  l e f t  i n d i c a t e s  t h e  d e v i a t i o n  

( t h e  set o f  which sum t o  ze ro )  from t h e  t y p i c a l  va lue .  The 

l a r g e s t  r e l a t i v e  age  e f f e c t  i s  35.7 i n  age  group 20-24, and 

t h e  lowes t  is -30.2 i n  age group 40-44, g i v i n g  a  range  of  65.9. 

The r e l a t i v e  e f f e c t  added t o  t h e  common v a l u e  o f  34.1 g i v e s  t h e  

a b s o l u t e  v a l u e  of  t h e  f i t t e d  ASFR, and t h i s  s c a l e  i s  i n d i c a t e d  

on t h e  r igh t -hand  s i d e  of  t h e  graph.  The h e i g h t  from t h e  h o r i -  

zonka l  l i n e  a t  ze ro  i n  a b s o l u t e  s c a l e  t o  t h e  end o f  t h e  b a r  i n  

each age group d e p i c t s  t h e  v i s u a l  shape of  t h e  f i t t e d  ASFR. 

The coun t ry  e f f e c t s  range from a  low of -6.7 i n  t h e  Fede ra l  

Republ ic  o f  Germany t o  a  h i gh  of 8.2 i n  t h e  S o v i e t  Union, g i v i n g  

a  range  o f  14.9. S i n c e  t h e  coun t r y  e f f e c t  i s  expected t o  r ep re -  

s e n t  t h e  r e l a t i v e  l e v e l  o f  f e r t i l i t y  i n  each  coun t r y ,  t h e  coun t r y  

e f f e c t  from t h e  median p o l i s h  i s  p l o t t e d  a g a i n s t  t h e  va lue  o f  t h e  

GRR i n  F igu re  9. The d a t a  p o i n t s  f a l l  around a  s t r a i g h t  l i n e  

(coun t ry  e f f e c t  = -22.81 + 22.02 GRR) excep t  f o r  a  few o u t l i e r s .  

The most n o t a b l e  o u t l i e r  i s  Bu lgar ia .  The c o r r e l a t i o n  c o e f f i c i e n t  

between t h e  coun t r y  e f f e c t  and t h e  GRR i s  0.70. Because t h e  

d e v i a t i o n s  o f  t h e  d a t a  p o i n t s  from t h e  expec ted  l i n e  seem t o  be 

r e l a t e d  t o  t h e  p a t t e r n  o f  r e s i d u a l s  i n  t h e  median p o l i s h ,  w e  s h a l l  

examine t h e  r e s i d u a l s  n e x t ,  and t hen  come back t o  t h e  d i s c u s s i o n  

o f  t h e  d e v i a t i o n s  o f  t h e  coun t r y  e f f e c t  from t h e  r e g r e s s i o n  l i n e .  
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Figure 8. Rela t ive  and abso lu te  age e f f e c t s  of t h e  na t i ona l  
ASFR obta ined by a  median po l i sh .  
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Figure 9 .  The country e f f e c t  from the  median po l i sh  of the  
na t iona l  ASFR p l o t t e d  aga ins t  the  GRR. 



Before examining t h e  r e s i d u a l s ,  however, l e t  us f i r s t  d e t e r -  

mine how much v a r i a t i o n  i n  t h e  count ry  ASFRs i s  accounted f o r  by 

t h e  row-plus-column model. A s  was exp la ined  be fore ,  a median 

p o l i s h  minimizes t h e  sum of  t h e  abso lu te  dev ia t i ons  of t h e  r e s i -  

dua ls  from t h e  median. The procedure was i t e r a t e d  u n t i l  t h e  i m -  

provement i n  t h e  sum of  t h e  magnitudes of  t h e  r e s i d u a l s  was l e s s  

than 1 percent .  The sum of t h e  abso lu te  dev ia t i ons  of t h e  102 

o r i g i n a l  f e r t i l i t y  r a t e s  (6 ages i n  17 c o u n t r i e s )  from t h e i r  

median i s  2334.0 and, a f t e r  3 i t e r a t i o n s ,  t h e  sum of t h e  abso- 

l u t e  va lue of  t h e  r e s i d u a l s  ( s i n c e  t h e  median of  t h e  r e s i d u a l s  i s  

zero)  i s  reduced t o  658.9. Thus t h e  reduc t ion  i n  t h e  r e s i d u a l  

s i z e  i s  

o r  72 percent .  Therefore about th ree-quar te rs  of t h e  v a r i a t i o n  

i n  t h e  count ry  ASFR i s  accounted f o r  by t h e  l i n e a r  model of  

country e f fec t -p lus -age e f f e c t .  

Having examined t h e  o v e r a l l  f i t  of t h e  model, we now i n s p e c t  

t h e  p a t t e r n  of i t s  r e s i d u a l s  i n  Table 5. The median of t h e  r e s i -  

dua ls  i s  zero ,  a s  mentioned above, and t h e  midspread i s  7.13. 

The d i s t r i b u t i o n  of  t h e  r e s i d u a l s  i s  symmetric, except f o r  a few 

l a r g e  p o s i t i v e  o u t l i e r s .  Residuals t h a t  l i e  w i th in  a width of 

one midspread away from e i t h e r  q u a r t i l e  a r e  represented  by a .  

and r e s i d u a l s  t h a t  l i e  between 1 and 1.5 t imes t h e  width of t h e  

midspread from t h e  q u a r t i l e  a r e  represented  by a - i f  they a r e  

l oca ted  below t h e  lower q u a r t i l e  o r b y a  + i f  they a r e  l oca ted  

above t h e  upper q u a r t i l e  t o  d e p i c t  t h e  magnitude a s  we l l  a s  t h e  

s ign .  Res iduals  t h a t  l i e  between 1.5 and 3 t imes t h e  width of 

t h e  midspread away from t h e  lower o r  upper q u a r t i l e  a r e  denoted 

by -- o r  ++, and o u t l i e r s  more than 3 t imes t h e  width of  t h e  

midspread away from t h e  q u a r t i l e s  a r e  denoted by --- and +++. 
The t h r e e  l a r g e s t  o u t l i e r  r e s i d u a l s  a r e  a l l  p o s i t i v e  and a r e  as-  

s o c i a t e d  wi th Bu lgar ia ,  Czechoslovakia, and Japan. Among these  

c o u n t r i e s ,  Bulgar ia  and Czechoslovakia have a l a r g e  r e s i d u a l  i n  



age group 20-24, whereas Japan e x h i b i t s  i t i n  age group 25-29. 

I n  a d d i t i o n ,  Hungary and t h e  Sov ie t  Union a l s o  show a  l a r g e  

p o s i t i v e  r e s i d u a l  i n  age group 20-24, i n d i c a t i n g  more concen- 

t r a t e d  f e r t i l i t y  i n  t h i s  age group.  I n  Bu lga r i a  and Hungary, 

f e r t i l i t y  i n  age group 15-19 is a l s o  e l e v a t e d ,  imply ing h igh  

f e r t i l i t y  i n  e a r l y  ages .  The s t r u c t u r e  of  r e s i d u a l s  i n  t h e  

German Democratic Republ ic  w i t h  a  p o s i t i v e  r e s i d u a l  i n  age 

group 15-19 and n e g a t i v e  r e s i d u a l s  i n  age groups 25-29 and 30-34 

r e v e a l s  a  h i g h l y  skewed age p a t t e r n  o f  c h i l d b e a r i n g  concen t ra ted  

a t  e a r l y  ages .  On t h e  o t h e r  hand, J a p a n ' s  peak f e r t i l i t y  appears  

i n  age  group 25-29, w i t h  n e g a t i v e  r e s i d u a l s  i n  e a r l y  age groups 

15-19 and 20-24. Th i s  imp l i es  t h a t  J a p a n ' s  f e r t i l i t y  i s  ext remely  

concen t ra ted  i n  age group 25-29 and h a s  a  ve ry  narrow sp read .  

On t h e  o t h e r  hand, t h e  Fede ra l  Repub l i c .o f  Germany, F in l and ,  

I t a l y ,  t h e  Ne ther lands ,  and Sweden have a  n e g a t i v e  r e s i d u a l  

i n  age group 20-24, which i m p l i e s  a  f l a t t e r  age p a t t e r n  i n  

t h e s e  c o u n t r i e s  t h a n  t h e  o v e r a l l  age p a t t e r n  shown i n  F igu re  8 .  

Going back t o  t h e  r e l a t i v e  coun t ry  e f f e c t ,  it i s  now c l e a r  

from an i n s p e c t i o n  o f  F igu re  9  t h a t  f o u r  of t h e  f i v e  c o u n t r i e s  

having l a r g e  p o s i t i v e  r e s i d u a l s  (Bu lga r i a ,  Czechos lovak ia ,  Japan ,  

and Hungary) have lower coun t ry  e f f e c t s  i n  t h e  median p o l i s h  

t h a n  would be p r e d i c t e d  by t h e i r  GRR. I n  r e t r o s p e c t ,  t h i s  cou ld  

have been expec ted  because t h e  GRR i s  t h e  sum of t h e  ASFR ove r  

a l l  ages  i n  a  coun t r y ,  whereas i n  t h e  median p o l i s h  t h e  coun t ry  

e f f e c t  and t h e  r e s i d u a l  t o g e t h e r  a r e  components o f  t h e  ASFR. 

Why t h e  coun t ry  e f f e c t  f o r  Canada is l a r g e r  t han  expec ted  i n  

t h e  absence o f  any l a r g e  n e g a t i v e  r e s i d u a l s  i s  n o t  c l e a r .  

4.2 Regional  ~ g e - S p e c i f i c  F e r t i l i t y  Rates  

S e t t i n g  r e g i o n s  o u t  a s  rows and age groups a s  columns, w e  

now examine t h e  r e g i o n a l  ASFRs w i t h i n  each coun t r y  by median 

p o l i s h i n g  them. The r e s u l t s  of t h e  17 s e p a r a t e  median p o l i s h e s  

a r e  summarized i n  Tab le  6 .  The f i r s t  and second columns o f  

t h e  t a b l e  i d e n t i f y  t h e  c o u n t r y ' s  name and r e f e r e n c e  y e a r  and 

t h e  number of r e g i o n s  s p e c i f i e d  i n  t h e  s tudy .  The t h i r d  column 



T a b l e  6 .  The t y p i c a l  v a l u e ,  age  e f f e c t s ,  and t h e  r e g i o n a l  e f f e c t s  f rom a  median p o l i s h  o f  
t h e  r e g i o n a l  ASFRs by c o u n t r y .  

Country and 
r e f e r e n c e  year 

Age e f f e c t  Regional e f f e c t  
Number o f  Typ ica l  - Goodness- 
r eg i ons  va l ue  15-19 20-24 25-29 30-34 35-39 40-44 Midspread Range o f - f i t  

(2 )  ( 3 )  (4 ( 5 )  (6 )  ( 7 )  ( 8 )  ( 9 )  (10) (11) (12) 

A u s t r i a  1971 9 

Bu lga r i a  1975 7 

Canada 1971 10  

Czechoslovakia 1975 10  

Fed. Rep. o f  Germany 1974 11 

F in land  1974 12 

France 1975 8 

German Demo. Rep. 1975 5 

Hungary 1974 6 

I t a l y  1978 5 

Japan 1970 8 

Nether lands 1974 5 

Poland 1977 13  

Sov ie t  Union 1974 8 

Sweden 1974 8 

United Kingdom 1970 10 

Uni ted S t a t e s  1970 4 



p r e s e n t s  t h e  common va lue  de r i ved  from t h e  median p o l i s h ,  denoted 

h e r e  a s  t h e  " t y p i c a l "  ASFR va lue  f o r  t h e  coun t ry .  One can  see 

from t h e  t a b l e  t h a t  t h e  Federa l  Republ ic  o f  Germany h a s  t h e  

lowes t  t y p i c a l  v a l u e ,  fo l lowed by t h e  German Democratic Republ ic  

and F in land .  The h i g h e s t  t y p i c a l  va lue  i s  i n  Canada, fo l lowed 

by t h e  Sov ie t  Union. S ince  t h e  t y p i c a l  ASFR v a l u e  r e p r e s e n t s  

a n  average  f e r t i l i t y  f o r  t h e  coun t r y ,  w e  may compare it wi th  t h e  

va lue  o f  t h e  GRR by p l o t t i n g  t h e  two v a l u e s  on a  graph (F igu re  

1 0 ) .  The c o r r e l a t i o n  between t h e  two measures i s  very  h igh ,  

y i e l d i n g  a  c o r r e l a t i o n  c o e f f i c i e n t  o f  0.96. A s  was t h e  c a s e  

w i t h  t h e  coun t ry  e f f e c t ,  Canada's t y p i c a l  va lue  a g a i n  d e v i a t e s  

from t h e  s t r a i g h t  l i n e  ( t y p i c a l  va lue  = -1.25 + 35.14 GRR) . A 

comparison o f  F igu res  9  and 10 sugges ts  t h a t  t h e  t y p i c a l  v a l u e  

f o r  each coun t ry  from t h e  median p o l i s h  o f  r e g i o n a l  ASFRs 

r e p r e s e n t s  t h e  r e l a t i v e  l e v e l  of  f e r t i l i t y  f a r  more a c c u r a t e l y  

t h a n  t h e  coun t ry  e f f e c t  ob ta ined  from t h e  median p o l i s h  performed 

on t h e  n a t i o n a l  ASFRs. 

Union 

0.5 1 .O 115 
Gross reproduction rate 

F igu re  10. The t y p i c a l  va lue  from t h e  median p o l i s h  of t h e  
r e g i o n a l  ASFR i n  each coun t ry  p l o t t e d  a g a i n s t  t h e  GRR. 



Columns 4-9 i n  Tab le  6 g i v e  t h e  age e f f e c t s  ob ta ined  from 

t h e  median p o l i s h  o f  t h e  r e g i o n a l  ASFRs i n  each coun t ry .  These 

age e f f e c t s  r e p r e s e n t  t h e  r e l a t i v e  age p a t t e r n  of f e r t i l i t y  f o r  

t h e  coun t ry  from the r e g i o n a l  d a t a ,  i . e . ,  t h e y  a r e  d e v i a t i o n s  

from t h e i r  r e s p e c t i v e  t y p i c a l  va lues .  F igu re  1 1  shows t h e s e  age 

p a t t e r n s  g r a p h i c a l l y ,  where t h e  ze ro  l i n e  r e p r e s e n t s  t h e  t y p i c a l  

ASFR va lue  f o r  each coun t r y .  A s  was shown i n  F igu re  8 ,  a  v i s u a l  

shape o f  t h e  f i t t e d  a b s o l u t e  ASFR may be ob ta ined  by connec t ing  

t h e  end of t h e  b a r  i n  each age group from t h e  h o r i z o n t a l  l i n e  

drawn near  t h e  end o f  t h e  b a r  f o r  t h e  l a s t  age group.  Th i s  l i n e  

r e p r e s e n t s  t h e  a b s o l u t e  l e v e l  o f  ze ro  f o r  each coun t r y .  The 

b a r  graphs i n  F igu re  1 1  i l l u s t r a t e ,  t h e r e f o r e ,  t h e  l e v e l  a s  w e l l  

a s  t h e  age  p a t t e r n  o f  f e r t i l i t y .  

Among t h e  1 7  IIASA c o u n t r i e s ,  t h e  h i g h e s t  f e r t i l i t y  i n  

e a r l y  ages  (age  groups 15-19 and 20-24) i s  shown i n  Bu lga r i a ;  

it i s  one o f  t h e  two c o u n t r i e s  where t h e  l e v e l  of  f e r t i l i t y  i n  

age group 15-19 i s  a s  h igh  a s  t h e  average l e v e l  o f  f e r t i l i t y  f o r  

t h e  coun t ry  ( t h e  o t h e r  be ing  t h e  German Democrat ic Repub l i c ) .  

I n  a d d i t i o n ,  Czechoslovakia,  t h e  German Democratic Republ ic ,  

and Hungary a l s o  show h igh  f e r t i l i t y  a t  e a r l y  ages .  (Note t h a t  

a l though  t h e  German Democratic Republ ic  f o l l ows  t h i s  age p a t t e r n  

o f  e a r l y  f e r t i l i t y ,  i t s  f e r t i l i t y  l e v e l  i s  low.)  Cont rary  t o  

t h i s  p a t t e r n ,  I t a l y ,  Japan ,  t h e  Ne ther lands ,  and Sweden have t h e  

h i g h e s t  f e r t i l i t y  i n  age group 25-29. I n  a d d i t i o n  t o  t h e s e  

c o u n t r i e s ,  t h e  Fede ra l  Republ ic  o f  Germany, F in l and ,  France,  t h e  

S o v i e t  Union, and t h e  Uni ted Kingdom e x h i b i t  a  f l a t  age p a t t e r n ,  

where t h e  f e r t i l i t y  l e v e l s  i n  age groups 20-24 and 25-29 a r e  

abou t  equa l .  W e  n o t i c e  t h a t  t h e s e  r e s u l t s  a r e  c o n s i s t e n t  w i t h  

t h e  o b s e r v a t i o n  i n f e r r e d  from t h e  s t r u c t u r e  o f  r e s i d u a l s  o f  t h e  

country-p lus-age model f i t t e d  t o  t h e  coun t ry  ASFRs. 

Le t  us  n e x t  examine t h e  r e g i o n a l  e f f e c t s  i n  each coun t ry .  

Because t h e  numbers and s i z e s  of  r eg ions  vary  w ide ly  from coun- 

t r y  t o  coun t ry  a s  noted e a r l i e r ,  and because ou r  i n t e r e s t  is i n  

i n t e r n a t i o n a l  comparison of t h e  degree  of i n t e r r e g i o n a l  v a r i a t i o n  

w i t h i n  a  coun t r y ,  w e  s h a l l  f ocus  on summary s t a t i s t i c s  of t h e  

v a r i a t i o n ;  t h e  midspread and range of t h e  r e g i o n a l  e f f e c t s  a r e  
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Figure 1 1 .  The r e l a t i v e  age e f f e c t s  f o r  t h e  s i x  age groups 
from t h e  median p o l i s h  of t h e  reg iona l  ASFR,  
by count ry .  



presented i n  columns 10  and 1 1  of Table 6 .  The h i g h e s t  reg iona l  

v a r i a t i o n  measured by t h e  range is t o  be found i n  t h e  Sov ie t  

Union, which shows a  range of 34.3; t h i s  i s  fo l lowed by Canada, 

Poland, A u s t r i a ,  and I t a l y .  I n  terms of t h e  midspread, t h e  

Sov ie t  Union and I t a l y  cont inue t o  have l a r g e  r e l a t i v e  va lues ,  

b u t  t h e  r e l a t i v e  va lues  f o r  A u s t r i a ,  Poland, and Canada a r e  much 

l e s s  prominent. Large ranges of v a r i a t i o n  i n  t h e s e  c o u n t r i e s  

i n  t h e  l a t te r  group w e r e  caused by extreme l e v e l s  of  f e r t i l i t y  

i n  j u s t  one o r  two reg ions  r e l a t i v e  t o  t h e  rest of t h e i r  respec- 

t i v e  c o u n t r i e s ,  whereas c o u n t r i e s  i n  t h e  former group have l a r g e  

o v e r a l l  f e r t i l i t y  d i f f e r e n t i a l s  between reg ions .  Count r ies  t h a t  

show t h e  s m a l l e s t  i n t e r r e g i o n a l  v a r i a t i o n  i n  t h e  l e v e l  of f e r t i l -  

i t y  a r e  t h e  German Democratic Republ ic,  t h e  United S t a t e s ,  and 

Sweden. The smal l  r e g i o n a l  v a r i a t i o n  i n  t h e  United S t a t e s  might 

be due t o  t h e  count ry  being d iv ided  i n t o  only 4 v a s t  reg ions .  

Again, t h e s e  r e s u l t s  a r e  c o n s i s t e n t  w i th  t h e  observa t ions  made 

i n  t e r m s  of t h e  r e g i o n a l  d i s t r i b u t i o n  of t h e  GRR i n  each coun- 

t r y  p resented  i n  F igure  7 .  

F i n a l l y ,  w e  s h a l l  examine t h e  goodness-of - f i t  of t h e  

regional-p lus-age model f o r  each country.  Each of  t h e  1 7  median 

po l i shes  produced t h e  s t r u c t u r e  of r e s i d u a l s  s i m i l a r  t o  those  

presented i n  Table 5. Because it is i m p r a c t i c a l  t o  s e t  o u t  1 7  

such t a b l e s ,  they a r e  no t  p resented  here .  I n s t e a d ,  t h e  measure 

G ,  which r e p r e s e n t s  t h e  p ropor t ion  of i n t e r r e g i o n a l  v a r i a t i o n  

exp la ined by t h e  model and,  hence, summarizes t h e  degree of 

reg iona l  un i formi ty  i n  t h e  age p a t t e r n  of f e r t i l i t y ,  i s  presented  

i n  t h e  l a s t  column of Table 6 .  The va lue  of G i n  most c o u n t r i e s  

hovers around 0.90; t h e  h i g h e s t  va lue  i s  0.94 f o r  Sweden and 

t h e  German Democratic Republ ic ,  which i n d i c a t e s  a  smal l  r eg iona l  

v a r i a t i o n  i n  age p a t t e r n s  of f e r t i l i t y ,  and t h e  lowest  va lue  

i s  about 0.8 f o r  t h e  Sov ie t  Union, which is a  negat ive  o u t l i e r ,  

i n d i c a t i n g  a  l a r g e  r e g i o n a l  v a r i a t i o n  i n  age p a t t e r n s  of  f e r t i l -  

i t y .  Aus t r i a  and Poland a l s o  show high v a r i a t i o n s ,  a l though they 

a r e  n o t  a s  high a s  those  i n  t h e  Sov ie t  Union. 



The l a s t  two p o i n t s  of t h e  above d i s c u s s i o n  d e a l  w i t h  

i n t e r r e g i o n a l  v a r i a t i o n  i n  f e r t i l i t y  l e v e l s  and age p a t t e r n s  o f  

c h i l d b e a r i n g .  V a r i a t i o n  i n  l e v e l s  i s  summarized by t h e  midspread 

o r  range o f  t h e  r e g i o n a l  e f f e c t s ,  whereas v a r i a t i o n  i n  age pa t -  

t e r n s  i s  summarized by t h e  measure G. W e  n o t i c e  t h a t  a  coun t ry  

w i th  l a r g e  ( sma l l )  v a r i a t i o n  i n  l e v e l s  a l s o  t end  t o  e x h i b i t  

l a r g e  ( sma l l )  v a r i a t i o n  i n  age p a t t e r n s  of c h i l d b e a r i n g .  Because 

f e r t i l i t y  d e c l i n e  u s u a l l y  r e s u l t s  from d e c l i n e  i n  young ages  

( through l a t e r  age a t  mar r iage  o r  postpon ing f i r s t  b i r t h  a f t e r  

mar r iage)  o r  i n  o l d  ages  (by l i m i t i n g  fami l y  s i z e )  , t h e  d e c l i n e  

i n  o v e r a l l  l e v e l  accompanies s h i f t s  i n  t h e  age p a t t e r n  of c h i l d -  

bea r i ng .  Sweden and theGerman Democratic Republ ic  have ex t remely  

sma l l  i n t e r r e g i o n a l  v a r i a t i o n s  i n  bo th  l e v e l s  and age p a t t e r n s .  

Although t h e  Uni ted S t a t e s  has  a  comparably sma l l  v a r i a t i o n  i n  

f e r t i l i t y  l e v e l s ,  age p a t t e r n  d i f f e r e n t i a t i o n  i s  l a r g e r  t han  

t hose  i n  t h e  above t w o  c o u n t r i e s .  The Uni ted Kingdom, Japan ,  

and t h e  Nether lands a l s o  show sma l l  i n t e r r e g i o n a l  v a r i a t i o n s .  

A t  t h e  o t h e r  end of  t h e  s c a l e ,  t h e  S o v i e t  Union h a s  by f a r  t h e  

l a r g e s t  i n t e r r e g i o n a l  v a r i a t i o n  i n  f e r t i l i t y ,  bo th  i n  l e v e l  and 

age  p a t t e r n .  High v a r i a b i l i t y  among t h e  rest of  t h e  c o u n t r i e s  

is shown i n  A u s t r i a  and Poland b u t ,  a s  noted e a r l i e r ,  it is 

mainly due t o  t h e  o u t l i e r  r e g i o n s  i n  t h e s e  c o u n t r i e s .  Canada 

shows r e l a t i v e l y  h i g h e r  v a r i a b i l i t y  i n  l e v e l  than  i n  age p a t t e r n .  

5.  A RELATIONAL GOMPERTZ FERTILITY MODEL 

I n  t h i s  s e c t i o n  w e  s h a l l  be i n t e r e s t e d  on ly  i n  t h e  age 

p a t t e r n  o f  c h i l d b e a r i n g ,  w i t hou t  r ega rd  t o  d i f f e r i n g  l e v e l s  o f  

f e r t i l i t y .  Hence i n  t h i s  p a r t  o f  t h e  a n a l y s i s  t h e  ASFRs a r e  

a d j u s t e d  f o r  t h e  va lue  o f  GRR, so t h a t  when t h e  age d i s t r i b u t i o n  

is cumulated t o  t h e  end o f  c h i l d b e a r i n g  a g e s ,  t h e  cumulated 

va lue  a t  t h e  end is always u n i t y .  There fo re ,  t e r m s  l i k e  age 

p a t t e r n  or  age d i s t r i b u t i o n  i n  t h i s  s e c t i o n  r e f e r  t o  d e n s i t y  

f u n c t i o n s .  

I t  has  been po in ted  o u t  i n  t h e  l i t e r a t u r e  (see Brass  1 9 8 0 )  

t h a t  t h e  cumula t ive  d i s t r i b u t i o n  f u n c t i o n  of  t h e  ASFR c l o s e l y  



follows a Gompertz curve, with a fit that is good over the cen- 

tral part of childbearing ages but is less satisfactory over 

the tails. If a cumulative distribution function F(x) obeys 

the Gompertz function 

where a and b are constants, then there exists a linearizing 

transformation $I ( ) of F (x) 

$[F(x)l = - log[- log F(x) l = a + bx 

Since the linear transformation of a linear function is again 

linear, the transformation $ I ( * )  of any distribution that belongs 

to the Gompertz family is related linearly. The relational 

Gompertz model is a generalization of this. Namely, even when 

the distribution functions do not obey the Gompertz function 

exactly, if they deviate from it in much the same way, then the 

transformed nonlinear functions still may be related linearly. 

For example, the nonlinear transformation Y(x) given by 

is related linearly to the transformation Ys (x) of a standard 

distribution function Fs (x) that belongs to the same family by 

the expression 

where a and B are constants. The standard function presented 

by Brass (1980) is used as our standard Y* (x) in this analysis, 

and the parameters a and 13 are estimated for each age pattern 

using the method of least squares. The cumulative distribution 

function is obtained by the inverse transformation 



and t h e  d e n s i t y  f u n c t i o n  i s  ob ta ined  by d i f f e r e n c i n g  t h e  cumula- 

t i v e  va lues  a t  a d j a c e n t  ages ,  

The s tanda rd  d e n s i t y  f u n c t i o n  genera ted  t h i s  way from t h e  

s tanda rd  f u n c t i o n  Ys(x)  had a  d i p  a t  age 39; it was c o r r e c t e d  

t o  g i v e  a  smooth curve.  I n c r e a s i n g  t h e  va lue  of a i n  t h e  l i n e a r  

t r ans fo rma t i on  s h i f t s  t h e  age d i s t r i b u t i o n  t o  e a r l i e r  a g e s ,  

whereas i n c r e a s i n g  t h e  va lue  o f  6 dec reases  t h e  sp read  of t h e  

age p a t t e r n ,  when Y ( x )  i s  l i n e a r .  I f  t h e  f u n c t i o n  Y ( x )  i s  non- 

l i n e a r ,  i n  a d d i t i o n  t o  t h e  above e f f e c t s ,  changes i n  a and 6 

a l s o  a f f e c t  t h e  skewness o f  t h e  d i s t r i b u t i o n ,  a s  shown graph i -  

c a l l y  i n  F igu res  12 and 13. 

I n  app ly ing  t h e  r e l a t i o n a l  model t o  ou r  f e r t i l i t y  d a t a  i n  

5-year age groups,  cumulated f e r t i l i t y  r a t e s  a t  ages  2 0 ,  25, 30, 

35, 40, and 45 a r e  used ( t h e  va lue  a t  age 50 be ing u n i t y  by 

d e f i n i t i o n ) .  Because o f  t h e  low f e r t i l i t y  r a t e  i n  age group 

45-49, however, t h e  cumulated va lue  a t  age 45 i s  n e a r l y  1 ,  which 

makes Y(45) u n s t a b l e .  There fo re ,  t h e  cumula t ive  va lue  a t  age 

45 i s  excluded and on ly  5  va lues  up t o  age 40 a r e  used i n  t h e  

a n a l y s i s .  

5.1 P a t t e r n s  of Na t iona l  Age-Specif ic F e r t i l i t y  Rates  

Before  f i t t i n g  t h e  r e l a t i o n a l  Gompertz model, whose param- 

eters a r e  n o t  f a m i l i a r  t o  most o f  us ,  more f a m i l i a r  measures 

a r e  c a l c u l a t e d  f o r  t h e  purpose o f  easy r e f e r e n c e .  The mean, 

s tanda rd  dev ia t ion ,  and skewness o f  t h e  ASFR f o r  each coun t ry  

a r e  p resen ted  i n  Tab le  7. The mean age a t  c h i l d b e a r i n g  ranges  

from a low of  24.5 y e a r s  i n  Bu lgar ia  t o  a  h igh  of 27.9 y e a r s  

i n  Japan,  g i v i ng  a  sp read  of 3.5 y e a r s .  The range o f  t h e  

s t a n d a r d  d e v i a t i o n  o f  t h e  c h i l d b e a r i n g  p a t t e r n  i s  2 y e a r s ,  from 

a low o f  4.3 y e a r s  i n  Japan t o  a  h igh o f  6.4 y e a r s  i n  A u s t r i a .  

I n  g e n e r a l ,  e a r l y  mean age i s  a s s o c i a t e d  w i t h  l a r g e  s tanda rd  

d e v i a t i o n  and skewness, b u t  t h e r e  a r e  i r r e g u l a r i t i e s .  Next, 







each o f  t h e  17 n a t i o n a l  age p a t t e r n s  of  f e r t i l i t y  a r e  f i t t e d  

by t h e  r e l a t i o n a l  Gompertz model, and t h e  e s t i m a t e d  paramete rs  

a. and B i n  t h e  r e l ' a t i o n a l  model w i l l  b e  compared w i t h  t h e  mean 

and s t a n d a r d  d e v i a t i o n  of  t h e  age  schedu le  of  f e r t i l i t y .  

Es t ima ted  v a l u e s  of  a. and B a r e  p r e s e n t e d  i n  Tab le  8  t o g e t h e r  
.3 

w i t h  va lues  o f  R' ( p r o p o r t i o n  of v a r i a n c e  exp la i ned  by t h e  

l i n e a r  f i t ) .  W e  n o t e  ex t reme ly  h i gh  v a l u e s  of R2 f o r  a l l  coun- 

t r ies,  b u t  w i l l  see l a t e r  t h a t  t h e  a lmos t  p e r f e c t  l i n e a r  f i t  

( e . g . ,  R2 = 0.999) o f  Y ( x )  t o  Ys ( x )  does n o t  n e c e s s a r i l y  g e n e r a t e  

a  good f i t  o f  t h e  d e n s i t y  f u n c t i o n .  

Tab le  7.  The mean, s t a n d a r d  d e v i a t i o n ,  and skewness o f  t h e  age 
p a t t e r n  o f  f e r t i l i t y ,  by coun t r y .  

S tandard  
Country and r e f e r e n c e  y e a r  Mean d e v i a t i o n  Skewness 

A u s t r i a  1971 

Bu lga r i a  1975 

Canada 1971 

Czechoslovakia 1975 

Fed. Rep. o f  Germany 1974 

F in land  1974 

France 1975 

German D e m .  Rep. 1975 

Hungary 1974 

I t a l y  1978 

Japan 1970 

Nether lands 1974 

Poland 1977 

S o v i e t  Union 1974 

Sweden 1974 

Uni ted Kingdom 1970 

Uni ted S t a t e s  1970 



Table 8. The e s t i m a t e d  c o e f f i c i e n t s  i n  t h e  r e l a t i o n a l  model 
f i t t e d  t o  t h e  n a t i o n a l  f e r t i l i t y  age p a t t e r n ,  by 
coun t ry .  

Parameter 

Country and r e f e r e n c e  yea r  a B 

Aus t r i a  1971 

Bu lgar ia  1975 

Canada 1971 

Czechoslovakia 1975 

Fed. Rep. o f  Germany 1974 

F in land 1974 

France 1975 

German Dem.  Rep. 1975 

Hungary 1974 

I t a l y  1978 

Japan 1970 

Nether lands 19 74 

Poland 1977 

Sov ie t  Union 1974 

Sweden 1974 

United Kingdom 1 970 

United S t a t e s  1970 

W e  s h a l l  f i r s t  examine t h e  es t ima ted  va lues  of a and 6 i n  

each coun t ry .  The v a l u e s  o f  a range from a low of -0.22 t o  a 

h igh  of 0.67. Bu lga r i a ,  t h e  German Democratic Republ ic ,  Hungary, 

and Czechoslovakia have h igh  va lues  of a ,  whereas Japan has  

by f a r  t h e  lowest  va lue  of -0.22. I n  a d d i t i o n  t o  Japan ,  t h e  

Nether lands a l s o  has  a nega t i ve  va lue  of a .  A s  mentioned 

e a r l i e r ,  a h igh  ( low) va lue  of a s h i f t s  t h e  age d i s t r i b u t i o n  

t o  younger ( o l d e r )  ages  and,  hence,  imp l i es  h i g h e r  ( lower)  

f e r t i l i t y  a t  e a r l y  ages .  The es t ima ted  va lue  of a r e f l e c t s  

ou r  e a r l i e r  o b s e r v a t i o n  of t h e  n a t i o n a l  age  p a t t e r n ;  c h i l d -  

b e a r i n g  is h igh  a t  young ages ,  w i t h  consequent ly  a low mean 



age of c h i l d b e a r i n g ,  i n  such Eas t  European c o u n t r i e s  a s  B u l g a r i a ,  

Czechoslovakia,  t h e  German Democratic Republ ic ,  and Hungary, 

whereas c h i l d b e a r i n g  a t  young ages i s  low i n  Japan ,  I t a l y ,  and 

t h e  Nether lands.  I n  o r d e r  t o  see how w e l l  t h e  e s t i m a t e d  ci i n  

t h e  r e l a t i o n a l  model d e p i c t s  t h e  t im ing  of c h i l d b e a r i n g  more 

s y s t e m a t i c a l l y ,  va lues  of a  a r e  p l o t t e d  a g a i n s t  t h e  mean ages  

( P )  of  t h e  ASFR i n  F i g u r e  1 4 .  There i s  an  a lmos t  p e r f e c t  l i n e a r  

r e l a t i o n s h i p  between t h e  two measures (a  = 6.267 - 0 . 2 2 9 ~ ;  

R~ = 0.979) . The on ly  p o i n t  t h a t  d e v i a t e s  from t h e  r e g r e s s i o n  

l i n e  a t  t h e  bottom r i g h t  d e p i c t s  t h e  va lues  f o r  Japan.  

The e s t i m a t e d  v a l u e  of B ranges from a  minimum o f  1.28 i n  

A u s t r i a  t o  a  maximum o f  1.99 i n  Japan.  W e  n o t i c e  t h a t  t h e  va lues  

o f  B i n  a l l  17 IIASA c o u n t r i e s  a r e  l a r g e r  t han  1 ,  i n d i c a t i n g  

t h a t  t h e  age p a t t e r n  i n  t h e s e  c o u n t r i e s  has  a  s m a l l e r  v a r i a n c e  

t han  t h e  v a r i a n c e  o f  t h e  adopted s tanda rd  age p a t t e r n .  To con- 

f i r m  t h e  seemingly good i n d i c a t i o n  o f  B r e p r e s e n t i n g  t h e  sp read  

o f  t h e  ASFRs, v a l u e s  o f  B a r e  p l o t t e d  a g a i n s t  s tanda rd  dev ia-  

t i o n s  o f  t h e  a g e - s p e c i f i c  schedu les  i n  F igu re  15. Again, t h e  

parameter  B i s  a lmos t  p e r f e c t l y  l i n e a r l y  r e l a t e d  t o  t h e  s tanda rd  

d e v i a t i o n  a ( B  = 3.456 - 0.3490; R~ = 0.967) .  W e  n o t e  t h a t  t h e  

p o i n t  a t  t h e  upper l e f t  r e p r e s e n t s  Japan,  which has  an ex t remely  

narrow sp read  i n  t h e  age  schedule  o f  c h i l d b e a r i n g  a s  noted 

e a r l i e r .  

Having e s t a b l i s h e d  t h a t  t h e  es t ima ted  paramete rs  a  and B 
cor respond c l o s e l y  t o  t h e  mean and s tanda rd  d e v i a t i o n  o f  t h e  

age p a t t e r n  o f  f e r t i l i t y ,  w e  s h a l l  examine ci and B f o r  a  coun t ry  

s imu l taneous ly .  I n s p e c t i o n  o f  t h e  es t ima ted  parameters  ci and B 
s imu l taneous ly  r e v e a l s  t h a t ,  excep t  f o r  Japan,  c o u n t r i e s  w i t h  a  

h igh  va lue  o f  a  t e n d  a l s o  t o  have a  h igh  va lue  o f  B .  The va lue  

o f  B i s  p l o t t e d  a g a i n s t  t h a t  o f  ci i n  F igu re  16. The one ou t -  

s t a n d i n g  p o i n t  a t  t h e  t o p  l e f t  r e p r e s e n t s  Japan w i t h  i t s  unusual  

f e r t i l i t y  p a t t e r n  o f  a  l a t e  beg inn ing and a  sma l l  sp read .  P o i n t s  

a t  t h e  upper r i g h t  r e p r e s e n t  Bu lga r i a ,  Czechoslovakia,  t h e  German 

Democratic Republ ic ,  and Hungary. I n  t h e s e  c o u n t r i e s ,  va lue  o f  

bo th  ci and B a r e  h igh ,  c h a r a c t e r i z i n g  h igh  f e r t i l i t y  i n  t h e  

f i r s t  two age  groups w i t h  much reduced f e r t i l i t y  i n  subsequent  



Figure 14. Estimated coefficient a in the relational model plotted against 
the mean of the age schedule of fertility. 
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age groups. Among these four coun t r ies ,  Bulgar ia and t h e  German 

Democratic Republic a re  depic ted by t he  r ight-most po in t s ,  ind i -  

ca t i ng  an ea r l y  age of ch i ldbear ing.  The remaining count r ies  

form the  r e s t  of the  group, two po in ts  of which a r e  somewhat 

removed t o  t h e  upper l e f t .  These rep resen t  t h e  Netherlands 

and Sweden, where ch i ldbear ing  s t a r t s  r e l a t i v e l y  l a t e  and ends 

e a r l y .  The lowest po in t  on the  p l o t  r e f l e c t s  Aus t r i a ' s  l a r g e s t  

age var iance i n  f e r t i l i t y  among a l l  IIASA coun t r ies .  

Japan 0 
Czechoslovakia 

e Bulgaria 
0 I 

Hungary 

Austria 

Figure 1 6 .  The value of B p lo t t ed  aga ins t  t he  value of a 
i n  t he  r e l a t i o n a l  Gompertz model. 



I n  s.ummary, t h e  h o r i z o n t a l  p o s i t i o n  i n  F igu re  1 6  r e p r e s e n t s  

t h e  t im ing  o f  c h i l d b e a r i n g  ( e a r l i e r  c h i l d b e a r i n g  a s  one moves 

t o  t h e  r i g h t ) ,  whereas t h e  v e r t i c a l  p o s i t i o n  r e p r e s e n t s  t h e  age 

v a r i a t i o n  o f  c h i l d b e a r i n g  ( l a r g e r  age  v a r i a b i l i t y  a s  one moves 

downward) . 
Next, us ing  t h e  es t ima ted  ci and B f o r  each coun t r y ,  t h e  

cumula t ive  d i s t r i b u t i o n  f u n c t i o n  F ( x )  i s  genera ted  by t h e  doub le  

exponen t i a l  t r ans fo rma t i on ;  f i n a l l y  t h e  d e n s i t y  f u n c t i o n  f ( x )  

i s  genera ted  by d i f f e r e n c i n g  F ( x ) .  F i gu re  1 7  r e p r e s e n t s  bo th  

t h e  o r i g i n a l  d a t a  ( coun t r y  ASFR normal ized t o  u n i t  a r e a )  and 

t h e  d e n s i t y  cu rve  gene ra ted  by t h e  r e l a t i o n a l  model. T e s t s  of  

t h e  goodness-o f - f i t  a r e  n o t  performed; i n s t e a d  o b s e r v a t i o n s  

a r e  made by v i s u a l  i n s p e c t i o n  of t h e  f i t  us i ng  t h e  comparab i l i t y  

o f  t h e  a r e a  under t h e  cu rve  and t h e  a r e a  occup ied by t h e  b a r  i n  

each 5-year age i n t e r v a l  a s  a  c r i t e r i o n f o r  a  good f i t .  The 

f i t s  s e e m  remarkably good, e s p e c i a l l y  f o r  t h e  West European 

c o u n t r i e s ,  Canada, and t h e  Uni ted S t a t e s ,  b u t  t h e y  a r e  less 

s a t i s f a c t o r y  f o r  t h e  E a s t  European c o u n t r i e s  and Japan.  Th is  

i s  due t o  t h e  p a r t i c u l a r  p a t t e r n  of t h e  s t a n d a r d  cu rve  used,  

which d e p i c t s  an age  p a t t e r n  w i t h  t h e  h i g h e s t  f e r t i l i t y  i n  age  

group 20-24 and s low ly  d e c l i n i n g  f e r t i l i t y  t h e r e a f t e r .  (Reca l l  

t h e  cu rve  w i t h  ci = 0 i n  F igu re  12 o r  B = 1 i n  F igu re  1 3 ) .  Con- 

s i d e r i n g  t h a t  f e r t i l i t y  d a t a  i n  5-year age groups (cumula t ive  

va lues  a t  o n l y  f i v e  p o i n t s )  a r e  used w i t h  on ly  one s tanda rd  age 

p a t t e r n ,  t h e  r e s u l t s  a r e  encouraging.  The two paramete rs  ci and 

B o f  t h e  r e l a t i o n a l  Gompertz model c l e a r l y  h i g h l i g h t  t h e  charac-  

ter is t ics  o f  a  g iven  age p a t t e r n  and reproduce a  con t inuous  age 

p a t t e r n  a s s o c i a t e d  w i t h  it from on l y  f i v e  d a t a  p o i n t s .  

5.2 P a t t e r n s  of Regional  Age-Specif ic F e r t i l i t y  Rates  

Before  summarizing t h e  r e g i o n a l  d i s t r i b u t i o n s  o f  ci and B 

of t h e  r e l a t i v e  Gompertz model, t h e  r e g i o n a l  d i s t r i b u t i o n s  o f  

t h e  mean and s t a n d a r d  d e v i a t i o n  of  t h e  ASFRs summarized by t h e  

midspread and range a r e  p resen ted  i n  Table 9 .  
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Figure  1 7 .  The a g e - s p e c i f i c  f e r t i l i t y  r a t e s  and t h e  r e l a t i o n a l  
f i t ,  by coun t ry .  
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T a b l e  9 .  The m i d s p r e a d  a n d  r a n g e  o f  t h e  mean a n d  s t a n d a r d  d e v i a t i o n  o f  t h e  r e g i o n a l  
a g e  p a t t e r n  o f  f e r t i l i t y ,  by  c o u n t r y .  

Mean S t a n d a r d  d e v i a t i o n  

C o u n t r y  a n d  r e f e r e n c e  y e a r  M idsp read  Range M idsp read  Range 

A u s t r i a  1971 

B u l g a r i a  1975 

Canada  1971 

C z e c h o s l o v a k i a  1975 

F e d e r a l  R e p u b l i c  o f  Germany 1974 

F i n l a n d  1974 

F r a n c e  1975 

German Democratic R e p u b l i c  1975 

Hungary  1974 

I t a l y  1978 

J a p a n  1970 

N e t h e r l a n d s  1974 

P o l a n d  1977 

S o v i e t  Un ion 1974 

Sweden 1974 

U n i t e d  Kingdom 1970 

U n i t e d  S t a t e s  1970 



I n  A u s t r i a ,  Canada, Czechoslovakia,  and t h e  S o v i e t  Union, 

t h e r e  a r e  l a r g e  r e g i o n a l  v a r i a t i o n s  i n  t h e  mean age a t  c h i l d -  

bear ing  ( ranges  of  about  2  y e a r s ,  and midspreads of about  a  

y e a r ) .  I n  Bu lgar ia  and Poland,  r e g i o n a l  v a r i a t i o n  i n  t im ing  of  

c h i l d b e a r i n g  i s  l a r g e  when measured by t h e  range (a lmost  2 y e a r s )  

bu t  i s  smal l  when measured by t h e  midspread. The r e g i o n a l  v a r i a -  

t i o n  i n  t h e  s tanda rd  d e v i a t i o n  of age a t  c h i l d b e a r i n g  i s  l a r g e  

i n  t h e  Sov ie t  Union, I t a l y ,  and Canada. Thus t h e  age p a t t e r n  

of c h i l d b e a r i n g  v a r i e s  markedly i n  t h e  S o v i e t  Union i n  t e r m s  

of both  t h e  t im ing  and sp read ,  whereas on ly  t h e  t im ing  v a r i e s  

i n  A u s t r i a  and Czechoslovakia,  wh i le  on ly  t h e  spread  i n  age 

p a t t e r n  v a r i e s  wide ly  i n  I t a l y .  

The r e l a t i o n a l  Gompertz model, us ing  t h e  same s tanda rd  a s  

t h e  one used f o r  t h e  n a t i o n a l  p a t t e r n s ,  i s  then  f i t t e d  t o  t h e  

r e g i o n a l  ASFRs i n  each coun t ry .  A s  i n  s e c t i o n  4.2, i n s t e a d  of  

p r e s e n t i n g  a l l  va lues  f o r  each reg ion  i n  each coun t r y ,  which 

would be  too  cumbersome f o r  any meaningful  comparison, t h e  

r e s u l t s  a r e  summarized i n  Table 1 0 .  To examine t h e  r e g i o n a l  

v a r i a t i o n s  i n  es t ima ted  a  and B w i t h i n  each coun t r y ,  t h e  mid- 

sp read  and range o f  t h e  r e g i o n a l  va lues  a r e  p resen ted .  

The r e g i o n a l  v a r i a t i o n  i n  a ,  which summarizes t iming of  

c h i l d b e a r i n g ,  i s  l a r g e  i n  A u s t r i a ,  Canada, Czechoslovakia,  and 

t h e  Sov ie t  Union; t h e  r e g i o n a l  v a r i a t i o n  i n  B ,  which summarizes 

age spread  of c h i l d b e a r i n g ,  i s  l a r g e  i n  Czechoslovakia,  I t a l y ,  

and t h e  Sov ie t  Union. W e  n o t i c e  t h a t  i f  t h e  v a r i a t i o n  o f  a  i s  

l a r g e  f o r  a  coun t r y ,  t h e  v a r i a t i o n  of  B i s  a l s o  l a r g e  i n  g e n e r a l ,  

b u t  t h i s  p a t t e r n  i s  n o t  r e g u l a r .  For example, A u s t r i a  has  an 

ext remely  sma l l  v a r i a t i o n  of B wi thou t  having a  cor responding 

s m a l l  v a r i a t i o n  o f  a ,  whereas I t a l y  has  a  l a r g e  v a r i a t i o n  of  B 
wi thou t  a  l a r g e  v a r i a t i o n  o f  a .  I t  i s  suspec ted  t h a t  a  r e l a t i v e l y  

l a r g e  v a r i a t i o n  i n  B i n  Japan ,  i n  t h e  l i g h t  of i t s  smal l  v a r i a -  

t i o n  i n  t h e  s tanda rd  d e v i a t i o n  of  t h e  age p a t t e r n ,  i s  an a r t i -  

f a c t  due t o  t h e  poor f i t  of t h e  Japanese age p a t t e r n  t o  t h e  

s tanda rd  chosen f o r  t h i s  s tudy .  Because t h e  es t ima ted  v a l u e s  

of a  and B i n  a  reg ion  a r e  n o t  independent  of each o t h e r ,  they  

perhaps should  be compared a s  a  p a i r  r a t h e r  t han  s e p a r a t e l y  a s  



Table 10. The midspread and range of the estimated regional parameters of the relational 
Gompertz model, by country. 

a 6 
Number of 

Country and re fe rence  year  reg ions  Midspread Range Midspread Range 

Aus t r i a  1971 

Bu lgar ia  1975 

Canada 1971 

Czechoslovakia 1975 

Federa l  Republic of  Germany 1974 

F ina lnd 1974 

France 1975 

German Democratic Republ ic  1975 

Hungary 1974 

I t a l y  1978 

Japan 1970 

Nether lands 1974 

Poland 1977 

Sov ie t  Union 1974 

Sweden 1974 

United Kingdom 1970 

United S t a t e s  1970 



two numbers. The midspreads and ranges of a and B f o r  a  coun t ry  

n e v e r t h e l e s s  r e f l e c t  d i f f e r i n g  degrees  o f  r e g i o n a l  v a r i a t i o n  

( a s  w e l l  a s  do mean and v a r i a n c e ) ,  and t hey  i d e n t i f y  c o u n t r i e s  

w i th  l a r g e  o r  sma l l  r e g i o n a l  v a r i a t i o n s  i n  t h e  age  p a t t e r n  o f  

c h i l d b e a r i n g  t h a t  a r e  c o n s i s t e n t  w i t h  bo th  Tab le  9 and t h e  r e s u l t s  

of s e c t i o n  4.2. F i n a l l y ,  w e  no te  t h a t  a  " l a r g e "  r e g i o n a l  v a r i a -  

t i o n  i n  f e r t i l i t y  age  p a t t e r n s  r e f e r s  t o  a  d i s p e r s i o n  o f  abou t  

one yea r  i n  midspread o r  two y e a r s  i n  range f o r  t h e  mean age 

and about  h a l f  of  t h o s e  f o r  t h e  s t a n d a r d  d e v i a t i o n .  

6 .  SUMMARY 

F e r t i l i t y  d i f f e r e n t i a l s  between IIASA c o u n t r i e s  a r e  s t u d i e d  

s y s t e m a t i c a l l y  i n  t h i s  paper .  However, it should  be kep t  i n  

mind t h a t  o b s e r v a t i o n s  made h e r e  a r e  c o n t i n g e n t  upon t h e  d a t a  

t h a t  w e r e  used i n  t h e  a n a l y s e s .  Some problems w i t h  t h e  d a t a  

i n c l u d e  d i f f e r i n g  r e f e r e n c e  y e a r s  f o r  each coun t r y  when f e r t i l -  

i t y  was s h i f t i n g  r a t h e r  r a p i d l y  and d i f f e r i n g  ways i n  which 

reg ions  w e r e  de f i ned  i n  each coun t ry .  

Comparisons a r e  made a t  two l e v e l s  throughout  t h e  paper .  

The f i r s t  i nvo l ves  i n t e r n a t i o n a l  comparison o f  n a t i o n a l  measures 

and t h e  second i nvo l ves  two s t e p s :  i n t e r r e g i o n a l  comparison o f  

r e g i o n a l  measures i n  each coun t ry  and i n t e r n a t i o n a l  comparison 

of t h e  degree  of i n t e r r e g i o n a l  v a r i a t i o n .  The midspread and 

range  o f  t h e  d i s t r i b u t i o n  a r e  used a s  measures o f  v a r i a t i o n  o f  

t h e  d i s t r i b u t i o n .  W e  a r e  i n t e r e s t e d  i n  two aspec ts -ove ra l l  

l e v e l  and age pat tern-o f  f e r t i l i t y  d i f f e r e n t i a l s .  

A s  a  f i r s t  s t e p ,  on ly  t h e  l e v e l  o f  f e r t i l i t y  i s  cons idered  

w i t hou t  r ega rd  t o  d i f f e r i n g  age p a t t e r n s  i n  s e c t i o n  3 .  Although 

p a r a l l e l  comparisons a r e  made w i t h  rega rd  t o  bo th  CBRs and GRRs ,  

emphasis is  g i ven  t o  t h e  GRR a s  a  measure of f e r t i l i t y  l e v e l .  

The GRR i n  t h e  r e f e r e n c e  y e a r s  is  below u n i t y  i n  seven c o u n t r i e s ,  

i n c l u d i n g ,  i n  ascending o r d e r ,  t h e  Fede ra l  Republ ic  of  Germany 

1974, t h e  German Democratic Republ ic  1975, F in land  1974, t h e  

Nether lands 1974, I t a l y  1978, Sweden 1974, and France 1975; a t  

t h e  o t h e r  end of t h e  s c a l e ,  it is  h i g h e s t  i n  t h e  Sov ie t  Union 



1974 w i t h  GRR = 1 . 3 .  The e f f e c t  of  r a t h e r  d rama t i c  f e r t i l i t y  

d e c l i n e  i n  t h e  Wastern c o u n t r i e s  s i n c e  around 1965 i s  r e f l e c t e d  

i n  t h e  compara t i ve ly  h i g h  f e r t i l i t y  l e v e l s  f o r  Canada 1971, t h e  

Uni ted Kingdom 1970, and t h e  United S t a t e s  1970, i n  c o n t r a s t  t o  

d a t a  i n  o t h e r  c o u n t r i e s  t h a t  d e s c r i b e  c o n d i t i o n s  around 1975. 

C o l l e c t i v e l y ,  t h e  median va lue  o f  t h e  GRR i s  1.1 w i t h  a  midspread 

o f  0.2,  s o  t h a t  f e r t i l i t y  l e v e l s  i n  t h e  17 c o u n t r i e s  i s  much 

lower than  t h o s e  p r e v a i l i n g  i n  t h e  rest of  t h e  wor ld .  When w e  

examine t h e  f e r t i l i t y  d a t a  f o r  1975 f o r  a l l  IIASA c o u n t r i e s  t o  

accoun t  f o r  t h e  e f f e c t  o f  t h e  d i f f e r e n c e  i n  t h e  r e f e r e n c e  y e a r s ,  

t h e  GRR i n  A u s t r i a ,  Canada, t h e  Uni ted Kingdom, and t h e  Uni ted 

S t a t e s  a l l  went down t o  below one,  wh i l e  I t a l y ' s  GRR went up 

t o  above one (because I t a l y ' s  r e f e r e n c e  yea r  was 1978) .  Thus 

11 o u t  o f  17 o f  t h e  IIASA member c o u n t r i e s  had a  GRR va lue  less 

than one i n  1975 w i t h  t h e  median va lue  among t h e  17 o f  0 .9 .  

I n t e r r r e g i o n a l  v a r i a t i o n  i n  t h e  GRR, a s  measured by t h e  

n idsp read  o f  t h e  r e g i o n a l  d i s t r i b u t i o n ,  i s  by f a r  t h e  l a r g e s t  

i n  t h e  S o v i e t  Union ( 0 . 6 6 ) .  Coun t r i es  t h a t  show sma l l  r e g i o n a l  

v a r i a t i o n s  a r e  Czechoslovakia,  t h e  Fede ra l  Republ ic  o f  Germany, 

F in l and ,  t h e  German Democratic Republ ic ,  Hungary, Japan,  Sweden, 

and t h e  Uni ted S t a t e s ,  where t h e  midspread i s  0.07 o r  less. 

Th is  l a r g e  v a r i a t i o n  between c o u n t r i e s  i n  r e g i o n a l  f e r t i l i t y  

d i f f e r e n t i a l s  o f  t h e  GRR (more t han  10- fo ld)  i s  much reduced 

when t h e  r e g i o n a l  d i f f e r e n t i a l s  of t h e  CBR a r e  compared between 

c o u n t r i e s  (F igu res  6  and 7 ) .  

To i n v e s t i g a t e  t h e  l e v e l  and age p a t t e r n  o f  f e r t i l i t y  

s imu l taneous ly ,  t h e  ASFRs i n  d i f f e r e n t  l o c a t i o n s  ( c o u n t r i e s  

i n  c a s e  o f  i n t e r n a t i o n a l  comparison, and reg ions  i n  c a s e  o f  

i n t e r r e g i o n a l  comparison) a r e  cons idered  a s  a  two-way t a b l e  i n  

s e c t i o n  4 .  The age e f f e c t s  and l o c a t i o n  e f f e c t s  i n  t h e  l i n e a r  

model a r e  es t ima ted  by Tukey's  median p o l i s h  t o g e t h e r  w i t h  t h e  

magnitude and p a t t e r n  o f  r e s i d u a l s .  Seventy-two pe rcen t  o f  

v a r i a t i o n  i n  t h e  n a t i o n a l  ASFRs is accounted f o r  by t h e  age- 

p lus-count ry  e f f e c t  model, i n  which age e f f e c t s  a t t r i b u t e  t o  

about  f o u r  t i m e s  a s  much v a r i a t i o n  a s  coun t ry  e f f e c t s .  The 

r e l a t i v e  coun t ry  e f f e c t s  r e p r e s e n t  r e l a t i v e  l e v e l s  o f  f e r t i l i t y  



s t u d i e d  i n  s e c t i o n  3 ,  whereas t h e  r e l a t i v e  age e f f e c t s  p r e s e n t  

t h e  o v e r a l l  age p a t t e r n  of c h i l d b e a r i n g  i n  a l l  17 IIASA coun- 

t r ies .  The magnitude and p a t t e r n  o f  r e s i d u a l s  i n  each coun t ry  

r e p r e s e n t  a  d e p a r t u r e  o f  t h a t  c o u n t r y ' s  age  p a t t e r n  from t h e  

o v e r a l l  p a t t e r n ,  t h u s  i n d i c a t i n g  a  d i f f e r e n c e  i n  n a t i o n a l  age 

p a t t e r n s .  The d i s t i n c t  age p a t t e r n  i n  Japan,  where f e r t i l i t y  

i s  concen t ra ted  i n  age group 25-29, a s  w e l l  a s  t h e  Eas t  European 

p a t t e r n ,  i n  which f e r t i l i t y  i s  h igh  a t  e a r l y  ages  ( i n  age groups 

15-19 and 20-24) i n  Bu lga r i a ,  Czechoslovakia,  t h e  German Demo- 

c r a t i c  Republ ic ,  and Hungary) i s  s e p a r a t e d  o u t  from t h e  rest  of  

t h e  c o u n t r i e s .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  very  d i f f e r e n t  

f e r t i l i t y  p a t t e r n s  appear  i n  t h e  Fede ra l  Republ ic  of  Germany than  

t h e  German Democrat ic Republ ic ;  t h e  former e x h i b i t s  a  t y p i c a l l y  

Wzstern p a t t e r n  and t h e  l a t t e r  shows a  t y p i c a l l y  E a s t  European 

p a t t e r n .  

From t h e  median p o l i s h  of t h e  r e g i o n a l  ASFRs i n  each coun- 

t r y ,  w e  o b t a i n  t h e  t y p i c a l  va lue  t h a t  summarizes t h e  o v e r a l l  

coun t ry  l e v e l ,  t h e  age e f f e c t s  t h a t  r e p r e s e n t  an average age 

p a t t e r n  f o r  t h a t  coun t r y ,  and t h e  r e g i o n a l  e f f e c t s  t h a t  g i v e  

r e l a t i v e  l e v e l s  o f  f e r t i l i t y  i n  each reg ion .  The magnitude and 

p a t t e r n  o f  r e s i d u a l s  i n  t h e  r e s u l t a n t  t a b l e  r e p r e s e n t  t h e  degree  

of i n t e r r e g i o n a l  v a r i a t i o n  i n  t h e  age p a t t e r n  o f  c h i l d b e a r i n g :  

t h e  measure G o f  goodness-o f - f i t  o f  t h e  model summarizes t h i s .  

W e  f i n d  t h a t  t h e  t y p i c a l  va lue  f o r  a  coun t ry  from t h e  a n a l y s i s  

o f  r e g i o n a l  ASFRs c o r r e l a t e s  b e t t e r  w i t h  t h e  GRR t h a n  does t h e  

coun t ry  e f f e c t  from t h e  a n a l y s i s  o f  n a t i o n a l  ASFRs. The r e l a -  

t i v e  magnitude of i n t e r r e g i o n a l  v a r i a t i o n  i n  t h e  f e r t i l i t y  l e v e l  

i n  each coun t ry  ob ta ined  from t h i s  a n a l y s i s  i s  c o n s i s t e n t  w i t h  

t h e  r e s u l t s  i n s e c t i o n  3; sma l l  i n  Sweden, t h e  German Democratic 

Republ ic ,  and t h e  Uni ted S t a t e s ,  and l a r g e  i n  Canada, I t a l y ,  

A u s t r i a ,  and Poland w i t h  t h e  l a r g e s t  i n  t h e  S o v i e t  Union. Di f -  

f e r i n g  n a t i o n a l  age p a t t e r n s  of c h i l d b e a r i n g ,  which were suggested 

by t h e  s t r u c t u r e  o f  r e s i d u a l s  i n  t h e  median p o l i s h  o f  n a t i o n a l  

ASFRS, a r e  conf i rmed by t h e  es t ima ted  age e f f e c t s  i n  t h i s  ana ly-  

sis.  F i n a l l y ,  i n t e r r e g i o n a l  v a r i a t i o n  i n  t h e  age p a t t e r n  

(measured by G )  i s  smal l  i n  Sweden, t h e  German Democratic 

Republ ic ,  and t h e  Uni ted Kingdom, l a r g e  i n  A u s t r i a  and Poland,  



and largest in the Soviet Union. Thus countries that have large 

interregional variations in fertility levels tend also to have 

large interregional variations in their age patterns of fertility. 

Finally, after adjusting for differing levels, the age pat- 

tern of fertility is studied in more detail, taking both the 

timing and age dispersion into account,in section 5. The fertil- 

ity age distribution is fitted by the Brass's relational Gompertz 

fertility model. Estimated values of the parameters a and B 
in the model characterize the timing and age spread that are con- 

sistent with the mean and standard deviation of the ASFRs in 

five-year age groups. Parameters from the national age pattern 

distinctly differentiate the early childbearing East European 

pattern, late childbearing and centrally concentrated Japanese 

pattern, and the more typical Western pattern. In general, early 

age at childbearing is associated with a small spread of the 

age distribution, but Japan is an exception. When the single 

year age distribution is generated using the estimated parameters 

a and P ,  the fit of the generated curve to the 5-year ASFRs is 

more satisfactory for the Vestern pattern than for the East 

European pattern or for Japan. This is because the standard 

age pattern of fertility used in this analysis is similar to 

the Western pattern. 

Interregional variation in the age pattern of fertility is 

obtained by fitting the regional age patterns and comparing the 

estimated regional parameters of timing (a) and age spread (B). 

Interregional variation in the timing is large in Austria, 

Canada, Czechoslovakia, and the Soviet Union, and small in France, 

the German Democratic Republic, Italy, the Netherlands, Sweden, 

and the United Kingdom. On the other hand, interregional varia- 

tion in age dispersion is large in Czechoslovakia, Italy, Japan, 

and the Soviet Union, and small in the German Democratic Republic, 

Sweden, the United Kingdom, and the United States. We note here 

that large (small) interreginal variation in timing of child- 

bearing is usually accompanied by a corresponding large (small) 

interregional variation in age dispersion, but the correspondence 

is not regular. It is suspected that when the chosen standard 



f i t s  poor l y  t o  t h e  g iven  age schedu le ,  t h e  es t ima ted  B i s  less 

r e l i a b l e  a s  a  measure o f  t h e  sp read  o f  t h e  age d i s t r i b u t i o n .  

To summarize, a  coun t ry  w i th  a  h igh  f e r t i l i t y  l e v e l  t e n d s  

t o  have a  l a r g e  i n t e r r e g i o n a l  v a r i a t i o n  i n  f e r t i l i t y  l e v e l s ,  

which i s  a l s o  accompanied by a  l a r g e  i n t e r r e g i o n a l  v a r i a t i o n  i n  

age schedu les  o f  f e r t i l i t y ,  aga in  i n  t e r m s  of b o t h  t h e  t im ing  

and age d i s p e r s i o n .  The S o v i e t  Union e x h i b i t s  by f a r  t h e  l a r g e s t  

v a r i a t i o n s ,  fo l lowed by Canada and I t a l y .  Coun t r i es  w i t h  t h e  

lowest  and most uni form f e r t i l i t y  i n c l u d e  Sweden and t h e  German 

Democratic Republ ic .  Coun t r i es  w i t h  o u t l i e r  r e g i o n s  ( e . g . ,  

A u s t r i a )  p r e s e n t  c o n f l i c t i n g  p i c t u r e s  depending on whether t h e  

midspread o r  range i s  used a s  a  c r i t e r i o n .  Coun t r i es  t h a t  a r e  

n o t  mentioned s p e c i f i c a l l y  i n  t h e  d i s c u s s i o n  f a l l  i n t o  middle- 

o f - the - roaders  by i m p l i c a t i o n .  
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APPENDIX A: THE GROSS REPRODUCTION RATES (TOTAL, 
UNDER 30 AND OVER 30 YEARS OF AGE) 
AND THE MEAN AGE OF FERTILITY 
SCHEDULE FOR EACH REGION IN THE 
COMPARATIVE MIGRATION AND SETTLEMENT 
STUDY 



Fertility 

Country (reference year) 
and region Population 

( 1 )  

Austria (1971) 
Burgenland 
Carinthia 
Lower Aus tr i a 
Upper Aus tr i a 
Salzburg 
Styria 
Tyro 1 
Vorarlberg 
Vienna 

Austria 

Bu 1 gar i a ( 1975) 
North West 
North 
North East 
South West 
South 
South East 
Sofia 

Bulgaria 

Canada ( 197 1 ) 
Newfoundland 507750. 
Prince Edward Island 110085. 
Nova Sco lia 772500. 
New Brunswick 625674. 
Quebec 5904307. 
Ontario 733 1987. 
Man i toba 975655. 
Saskatchewan 940790. 
Alberta 1545537. 
British Columbia 2029 147. 

Canada 20743436. 

Czechoslovakia (1975) 
Central Bohemia 2300705. 
Southern Bohemia 667998. 
Western Bohemia 872796. 
Northern Bohemia 1 135800. 
Eastern Bohemia 1224599. 
Southern Morav i a 1985 174. 
Northern Moravia 1875294. 
Western Slovakia 1966889. 
Central Slovakia 145549 1 . 
Eastern Slovakia 1316921. 

Czechoslovakia 14501667. 

Mean age of 
GRR fert.sched. GRR(<30) ( 
(2) (3) (4) 



Fertility 

Country (reference year) 
and region Population 

( 1 )  

Fed.Rep.of Germany(l974) 
Schleswig-Holstein 2584343. 
Hamburg 1733802. 
Lower Saxony 7265539. 
Bremen 723990. 
N. Rhine-Westphalia 17218626. 
Hessen 5576082. 
Rhineland-Palatinate 3687561. 
Baden-Wuerttemberg 9226239. 
Bavar i a 10849123. 
Saar 1 and 1 103325. 
West Berlin 2034366. 

Fed.Rep. of Germany 62002996. 

Finland (1974) 
Uus imaa 1073485. 
Turku and Pori 69 1672. 
Ahvenanmaa 22009. 
Hame 657049. 
Kymi 345985. 
Mikkel i 2 12200. 
Pohjois-Karjala 177870. 
Kuop i o 25 1320. 
Keski-Suomi 2388 14. 
Vaasa 
Oulu 
Lapp i 196232. 

Fin 1 and 4690532. 

France (1975) 
Paris Region 9876665. 
Paris Basin 9647540. 
North 
Eas t 
West 6889705. 
Southwest 5553655. 
Middle East 6129105. 
Medi terranean 5464635. 

France 52380364. 

German Dem.Rep.(1975) 
North 2085383. 
Berlin 
Southwest 
South 7 134846. 
Middle 397204 1 . 

German Dem.Rep. 16820250. 

Mean age of 
GRR fert.sched. 
(2) (3) 



Fertility 

Country (reference year) 
and region Population 

t 1) 

Hungary ( 1974) 
Central 2968 109. 
North Hungary 1357973. 
North Plain 1543604. 
South Plain 1451260. 
North Trans-Danubia 1823844. 
South Trans-Danubia 1303694. 

Hungary 10448484. 

Italy (1978) 
North West 
North East 
Center 
South 
Islands 

Italy 

Japan (1970) 
Hokkai do 
Tohoku 
Kan to 
Chubu 
Kink i 
Chugoku 
Shikoku 
Ky u shu 

Japan 

Nether 1 ands t 1974) 
North 
East 
West 
South-Vest 
Sou th 

Nether 1 ands 

P o  1 and ( 1977) 
Warsaw 
Lo dz 
Gdansk 
Katowi c e  
Cracow 
Eas t-Cen tral 
Nor theas t 
Northwest 2106814. 
South 2505722. 
Sou theas t 4208485. 
Eas t 2479828. 
Wes t-Cen tral 47 12562. 
West 4059724. 

Poland 34697580. 

Mean age of 
GRR fert.sched. 
(2) (3) 



F e r t i l i t y  

C o u n t r y  ( r e f e r e n c e  y e a r )  
a n d  r e g i o n  P o p u l a t i o n  

( 1 )  

S o v i e t  U n i o n  ( 1 9 7 4 )  
U r b a n  a r e a s  o f  t h e :  

RSFSR 88230272. 
U k r a i n i a n + M o l d . S S R s  29527222. 
B ~ e l o r u s s i a n  SSR 4549020. 
c e n t r a l  A s i a n  R e p . s  8 6 8 1 6 2 4 .  
K a z a k h  SSR 7348350. 
C a u c a s i a n  R e p u b l i c s  6 9 1 8 1 7 1 .  
B a l t i c  R e p u b l i c s  4 3 3 4 0 0 8 .  

R u r a l  a r e a s  o f  USSR 1 0 1 2 8 0 2 8 8 .  
S o v i e t  U n i o n  2 5 0 8 6 8 9 4 4 .  

Sweden  ( 1 9 7 4 )  
S t o c k h o l m  1 4 8 6 8 2  1 . 
E a s t  M i d d l e  1 3 9 7 1 2 9 .  
Sou  t h  M i d d l e  763793. 
S o u t h  1 1 5 7 5 5 6 .  
Wes t  1603323. 
N o r t h  M i d d l e  853655. 
Lower  N o r t h  400292. 
U p p e r  N o r t h  4 9 4 5 6 9 .  

Sweden  8 1 5 7 1 3 8 .  

Un i t e d  K ingdom ( 1 9 7 0 )  
N o r t h  3359700. 
Y o r k s h i r e  + H u m b e r s .  4 8 1 1 9 0 0 .  
N o r t h  Wes t  6788700. 
E a s t  M i d l a n d s  3362300. 
West  M i d l a n d s  5 178000. 
E a s t  A n g l i a  1 6 7 3 5 0 0 .  
S o u t h  E a s t  1 7 3  1 5 5 0 2 .  
S o u t h  Wes t  
W a l e s  
S c o t  1 a n d  

Uni  t e d  K ingdom 

Uni t e d  S t a t e s  ( 1 9 7 0 )  
N o r  t h e a s  t 
N o r t h  C e n t r a l  
S o u t h  
Ides t 

U n i t e d  S t a t e s  

Mean a g e  o f  
GRR f e r t  . s c h e d .  
(2)  (3) 

GRR (<30) GRR ( ,38) 
(4) ( 5 ,  



APPENDIX B: REGIONAL DIFFERENTIALS IN GROSS 
REPRODUCTION RATES 

Nat iona l  Lowest ~ i g h e s t  MAD/N % b 
Country and re fe rence  yea r  ( N )  

Aust r ia  1971 

Bulgar ia  1975 

Canada 1971 

Czechoslovakia 1975 1. 2.1 1.13 1.39 0.04 3.2 

Fed. Rep. o f  Germany 1974 0.73 0.58 0.81 0.05 6.7 

F in land 1974 

France 1975 

German Demo. Republic 1975 0.76 0.74 0.80 0.03 3.4 

Hungary 1974 1.14 0.99 1.36 0.09 7.6 

I t a l y  1978 0.91 0.76 1.17 0.17 18.5 

Japan 1970 1.05 1.01 1.15 0.03 3.0 

Nether lands 1974 0.87 0.81 0.98 0.08 9.2 

Poland 1977 

Sov ie t  Union 1974 

Sweden 1974 0.92 0.86 0.97 0.03 3.3 

United Kingdom 1970 1.18 1.11 1.26 0.05 4.2 

United S t a t e s  1970 1.26 1.22 1.30 0.03 2.2 

'MAD i s  t h e  mean a b s o l u t e  d e v i a t i o n  of a r e g i o n a l  v a l u e  from 
t h e  n a t i o n a l  f i g u r e .  

b M A D / ~  % exp resses  t h e  mean a b s o l u t e  d e v i a t i o n  a s  a pe rcen tage  
o f  t h e  n a t i o n a l  va lue .  



COMPARATIVE MIGRATION AND SETTLEMENT 
PUBLICATIONS 

M i g r a t i o n  and S e t t l e m e n t  I: Uni ted  Kingdom 
P.H. Rees (1979) RR-79-3 

M i g r a t i o n  and S e t t l e m e n t  2 :  Finland 
K. Rikkinen (1979) RR-79-9 

M i g r a t i o n  and S e t t l e m e n t  3: Sweden 
A.E. Andersson and I. Holmberg (1980) RR-80-5 

M i g r a t i o n  and S e t t l e m e n t  4 :  German Democrat ic  R e p u b l i c  
G. Mohs (1980) RR-80-6 

M i g r a t i o n  and S e t t  l emen t  5: Nether lands  
P. Drewe (1980) RR-80-13 

M i g r a t i o n  and S e t t l e m e n t  6 :  Canada 
M. Termote (1980) RR-80-29 

M i g r a t i o n  and S e t t l e m e n t  7 :  Hungary 
K. Bies and K. Tekse (1980) RR-80-34 

M i g r a t i o n  and S e t t l e m e n t  8 :  S o v i e t  Union 
S. Soboleva (1980) RR-80-36 

M i g r a t i o n  and S e t t l e m e n t  9 :  Federal  R e p u b l i c  o f  Germany 
R. Koch and H.P. Gatzweiler (1980) RR-80-37 

M i g r a t i o n  and S e t t l e m e n t  10: A u s t r i a  
M. Sauberer (1981) RR-81-6 

M i g r a t i o n  and S e t t l e m e n t  11: Poland 
K. Dziewonski and P. Korcelli (1981) RR-81-20 



Migration and Settlement 12: Bulgaria 
D. P h i l i p o v  ( 1 9 8 1 )  RR-81-21 

Migration and Settlement 13: Japan 
N.  N a n j o ,  T .  Kawash ima,  a n d  T .  Ku roda  ( 1 9 8 2 )  RR-82-5 

Migration and Settlement 14: United States 
L.H. Long a n d  W. F r e y  ( 1 9 8 2 )  RR-82-15 

Migration and Settlement 15: France 
J. L e d e n t  w i t h  t h e  c o l l a b o r a t i o n  o f  D .  C o u r g e a u  ( 1 9 8 2 )  RR-82-28 

Migration and Settlement 16: Czechoslovakia 
K .  K u h n l  ( 1 9 8 2 )  RR-82-32 

Migration and Settlement 17: Italy 
D. C a m p i s i ,  A. L a  B e l l a ,  a n d  G.  R a b i n o  ( 1 9 8 2 )  RR-82-33 

Choices in the Construction of Multiregional Life Tables 
J. L e d e n t  a n d  P.  R e e s  ( 1 9 8 0 )  WP-80-173 

Migration and Urban Change 
P .  Korcell i  ( 1 9 8 1 )  WP-81-140 

Data Bases and Accounting Frameworks for IIASA 's Comparative 
Migration and Settlement Study 
P .  R e e s  a n d  F .  W i l l e k e n s  ( 1 9 8 1 )  CP-81-39 

Regional Mortality Differentials in IIASA Nations 
M. T e r m o t e  ( 1 9 8 2 )  CP-82-28 


