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T h e issue at task

A t least since W appäu s published his »A llgem ein e  B evölkerungsstatistik» in 
1861 the n otion  that in fant m orta lity  is an essential determ inant o f  fertility has 
b e co m e  a co m m o n p la ce  in d em ograph ic  literature. W ell b e fo re  fertility started to  
decline in G erm an y, W appäu s had distinguished betw een  a ph ysio log ica l e ffe ct  o f  
in fant m orta lity  v ia breastfeed ing  and a voluntaristic on e  through  replacem ent o f  
dead  children . —  A lm o st a century later authors o f  d em ograph ic  transition  th eory  
(e .g . H eer 1966) saw declin ing m orta lity  and especially  in fant m orta lity  as a pre
requisite fo r  a fertility  decline. Their argum ent was that parents w ou ld  have to  give 
birth  to  few er ch ildren  under im p roved  in fant and ch ild  m orta lity  con d ition s  in 
order to  ach ieve a certain desired num ber o f  surviving o ffsp rin gs .

W h ile  the assum ption  that fertility is in  part determ ined b y  the level o f  in fant 
m orta lity  becam e w idely  accep ted , and was expressed and analyzed through  various 
hypotheses o f  ch ild  replacem ent strategies, the possib ility  that in fant m ortality 
m ight be determ ined b y  fertility  attracted little attention  until recently. A t the end 
o f  a th orou g h  analysis o f  links betw een  in fant m orta lity , fertility, and breastfeeding 
on  early G erm an data K n odel and Van de W alle  (1967) gave ju st a short statement 
on  this ’ o p p o s ite ’ d irection : »O n e  further hypothesis w hich  merits exp loration  p o s 
tulates a causal co n n e ctio n  in the op p o s ite  d irection . Perhaps high fertility leads to  
high in fant m orta lity  because parents w ith large fam ilies are less able to  give infants 
the care they requ ire» (K n ode l and V an de W alle , 1967, 131). Since then m ore 
research was d on e  on  this question  using fam ily  level and regional cross-section  
data. In the present study, lon g  Finnish tim e series w ill be used fo r  an alternative 
ap p roa ch  to  this qu estion ; short-term  and lon g-term  variations in th ose data w ill be 
exp loited  fo r  possib le  in form a tion  o n  the nature o f  the relationship betw een  child  
m orta lity  and fertility.
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B efore  go in g  in to  the quantitative analysis w e will w ork  on  an interpretative 
m odel and try to  distinguish betw een several possib le  ways in w hich  infant m orta lity  
and fertility  can  be  causally  linked. T h e signs in F igure 1 ( + ,  — ) indicate the kind 
o f  associa tion  that can be expected fo r  each m echanism . This chart does n ot yet 
m ake any assum ptions on  the tim ing o f  the d ifferent e ffe cts , i.e . on  the length o f  
the tim e lag to  be assum ed in the quantitative part o f  this study. T h e d ifferent paths 
o f  causation  are num bered from  I to  IV :

Defining possible paths of causation

FERTILITY

F i g u r e  1. Links between infant m orta lity  and fertility

T r u n c a t io n  o f
(  +  )

S h o rte r
la ctation b irth  Inte rvals

I N F A N T
M O R T A L I T Y

C h ild  replacem ent strategy

» F lo a r d in g »  strategy 

 ( + ) -------

( + )

Q u a lity  o f  ch ild ca re , d irect 
o r indirect infa n tic id e

S h o rt te rm  m o rta lity  
crises: w a rs, epidem ics, 
harvest failures

L o n g  te rm  changes in 
m o tiv a tio n  an d  eco n o m ic  
co n d itio n s  —  m o d e rn iza tio n

P ath  I :  It seems to  be well established that in presence o f  p ro lon ged  lactation  the 
sudden death o f  an infant and the consequ ent term ination  o f  breastfeeding shortens 
the period  o f  post partum  am enorrhea. K nodel (1978) sum m arizes the results o f  
studies w hich  had been m ade fo r  E uropean  popu la tion s during periods o f  assum ed 
natural fertility , com parin g  birth intervals fo llo w in g  in fant deaths to  norm al birth 
intervals. A ll birth intervals fo llow in g  the death o f  an infant were sign ificantly 
shorter except in those areas where breastfeeding was u n com m on . This evidence 
clearly suggests that there was a ph ysio log ica l e ffe ct  o f  in fant m orta lity  on  fertility 
operating  in pre-industrial E uropean  p op u la tion s.
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U n fortun ately , there is n o  quantitative in form ation  o n  the extent o f  breast
feed in g  in pre-industrial F in land. P itkänen (1983) suggests that breastfeeding was 
co m m o n  in m ost parts o f  18th and 19th century F inland and that the extent o f  it 
w as subject to  regional variation . —  F or  the present m od el o f  analysis, h ow ever, the 
lack o f  detailed in form ation  on  breastfeeding is not a proh ib itive  p rob lem , since it 
on ly  m akes it im possib le  to  disentangle the e ffect due to  truncation  o f  breastfeeding 
and the e ffe ct  o f  a possib le  replacem ent strategy, as those tw o  e ffects  are parallel 
(see F igure 1) and rough ly  sim ultaneous. F or  this reason even exact kn ow ledge 
abou t the extent o f  breastfeeding cou ld  hardly faciliate a d istinction  betw een the 
b io lo g ica l truncation  e ffe ct  and the behavioral replacem ent in a m a cro  level analysis 
o f  the present kind.

Path  II : In m ost o f  the recent literature (e .g . Preston 1978, Scrim shaw  1978) p o s 
sible parental beh av ior in reaction  to  in fant m orta lity  is seen under tw o  d ifferent 
hypotheses (I la  and l ib ) :

I la : T he replacem ent hypothesis assumes that parents have a fixed  goa l fo r  a cer
tain num ber o f  surviving ch ildren , and that they first attem pt to  bear that num ber 
o f  ch ildren  and then subsequently replace each  ch ild  that dies by  a new birth until 
they reach the end o f  rep rod u ction . This strategy requires the presence o f  at least 
sim ple m ethods o f  birth con tro l (con tracep tion  o r  ab ortion s). By defin ition  this 
strategy can n ot exist in a natural fertility situation as reprodu ctive beh av ior is seen 
as a fu n ction  o f  the num ber o f  children alive. In the w ords o f  A . C oa le  (1974) such 
a replacem ent strategy requires that »fertility  is w ithin the calculus o f  con sciou s 
ch o ic e » .

E ven i f  w e relax the fixed  g oa l assum ption  and assum e that parents just ’ instinc
tively ’ replace a lost in fant instantly, the birth interval being thus shorter than the 
average birth interval, the m easurable e ffe ct  shou ld  be quite sim ilar. —  F or  the 
present analysis o f  variations in tim e series w e cou ld  expect the e ffe ct  o f  a replace
m ent strategy to  sh ow  up through  higher fertility on e  o r  tw o  years after an in fant 
m orta lity  crisis, having rough ly  the same length o f  lag we expected  fo r  the trunca
tion  o f  breastfeed ing  e ffe ct .

l i b :  T h e ’ h oa rd in g ’ or  ’ insurance’ hypothesis assum es that parents intend to  
have x children  alive at som e poin t in the future, but that they are aware that som e 
o f  their children  m ight die b e fo re  that poin t but b ey on d  the stage w hen they are 
physically  able to  replace them  (see Preston 1978). T h ere fore  parents attem pt to 
have m ore  than x children  as an active anticipatory  strategy o f  insurance. This 
hypothesis does n ot sp ecify  h ow  parents perceive the p robab ility  o f  surviving to  a 
certain age. T he perception  is p rob a b ly  not based on  fam ily  experience but rather 
o n  a societal level. F urtherm ore, parental decisions p rob a b ly  d o  not refer to  the 
ch ild  m orta lity  experience at a single poin t in tim e o r  even to  a single d eca d e ’ s 
experience.

A lternative to  the strong assum ption  o f  individual rationality and personal 
awareness o f  child  m orta lity  con d ition s , it cou ld  be assum ed that there is som ething 
like an im plicit ’ h oard in g ’ strategy, im plicit in the socia l norm s abou t fam ily  size 
and rep rod u ction  w hich  have d eveloped  over lon g  periods o f  ch ild  m orta lity  ex
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perience. —  But, w hatever v iew  w e take on  this hypothesis, it can n ot be  tested 
through  the analysis o f  short-term  variations o f  in fant m orta lity  and fertility. Its test 
has to  fo cu s  o n  the long-term  secular developm ents o f  those tw o  variables, a task 
to  be d on e  later in this article.

I l l :  T h e assum ption  o f  a causal path go in g  from  fertility to  in fant m orta lity  is 
relatively new and still u n con ven tion a l; the assum ption  is especially  rare in e co n o m ic  
analyses o f  the relationship between fertility and infant m orta lity. But as m entioned 
b e fo re , there is a num ber o f  relatively recent studies show ing this kind o f  e ffe ct  in 
h istorical E u ropean  situations as well as in con tem p orary  con d ition s in less devel
op ed  countries (see e .g . C h ow dh u ry , K han, C hen  1978). K nodel (1978) using h ou se
h old  level data from  three Bavarian villages fo u n d  that the percentage o f  children 
dying b e fo re  age on e  declines sharply as the length o f  the previous birth interval 
increases. E xcept fo r  the fact that short birth intervals d isprop ortion a te ly  consist o f  
prem ature births, this can be seen as evidence fo r  the kind o f  e ffect under c o n 
sideration .

T he m echanism s through  w hich  high fertility can  lead to  high in fant m ortality 
are m a n ifo ld . W e can distinguish betw een ’ b io lo g ica l ’ and ’ beh av iora l’ links. Short 
birth intervals being  associated w ith ’ excessive ’ fertility  bring nutritional and other 
stress, especially  because o f  curtailm ent o f  breastfeed ing  w hen the m other becom es 
pregnant again. H igher m orb id ity  and m orta lity  fo r  the w eakest, the n ew born , 
seems to  be  the con sequ en ce . A  possib le  behaviora l link is related to  the additional 
physical and e co n o m ic  stress fo r  the parents and especially  fo r  the m other. A busive  
child  care like dosin g  the infant with opiates to  keep it quiet, having the ba b y  sleep 
in the sam e bed  with the parents and thus risking su ffo ca tio n , and general neglect 
seem  to  have been  com m on p la ce  in various parts o f  E u rope ; socia l h istorians call 
it ’ con cea led  in fan ticide ’ or  ’ in fanticide by  neglect’ (see e .g . K nodel and V an  de 
W alle  1979).

F or  ou r aggregate level analysis the e ffe ct  o f  this possib le  m echanism  o f  causa
tion , w hich  can not be described in m ore  detail here, sh ou ld  m anifest itself in the 
fo rm  o f  higher in fant m ortality on e o r  possib ly  tw o  years after years o f  ’ excessively ’ 
high fertility . T h e log ic  beh ind this expectation  is that children b orn  shortly  after 
a year o f  high fertility are on  the average exposed  to  higher fertility stress (shorter 
birth intervals) in their fam ilies and are thus candidates fo r  nutritional deprivation  
and ’ con cea led  in fan ticide ’ . C on versely , w e can  expect low er in fant m orta lity  fo r  
the year fo llow in g  a year o f  low  fertility.

IV :  L on g  term  changes in m otivation  and so c io -e co n o m ic  con d ition s  are w ithout 
dou bt im portant determ inants o f  the secular decline in in fant m orta lity  as w ell as 
in fertility . F or  the analysis o f  relative annual changes, h ow ever, these on  an a b so 
lute scale very im portant determ inants will be om itted  fro m  the m od el because we 
assum e that they d o  not change from  on e year to  another or  change at a slow  and 
steady pace. But, on  the other hand, those lon g  term  evolu tion s tend to  change the 
w hole  structure o f  the relationship between in fant m orta lity  and fertility. F or  this 
reason the relationships are estim ated separately fo r  d ifferent periods correspon d in g  
to  d ifferent stages o f  m odern ization .
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Short term  m orta lity  crises due to  w ars, fam ines, and ep id em ics, on  the other 
hand, were a co m m o n  feature in p rem odern  societies leaving their m arks not on ly  
o n  the tim e series o f  m orta lity  but a lso  on  those o f  fertility . Years o f  extrem ely high 
m orta lity  were alm ost universally also years o f  extrem ely low  fertility. A lready  H o 
telling and H otellin g  (1931) fo r  instance show ed fo r  English tim e series that the vari
ance in births was en orm ou s , m uch greater than cou ld  be expected to  arise from  
ran dom  sam pling, fro m  e co n o m ic  e ffe cts , wars and m ob ilisa tion . T hey con clu d ed  
that ep idem ics were the m ain reasons, leading to  p ro fo u n d  depressions in births 
som e m onths later. T he m echanism s through  w hich  this high negative association  
w ork ed  were p rob a b ly  high foeta l m orta lity  due to  disease or  undernourishm ent o f  
the m other, in du ced  ab ortion s , and few er con cep tion s . M ost o f  these m echanism s 
w ork  tow ards a negative corre la tion  betw een m orta lity  and fertility in the sam e year 
(at lag zero ).

O n  m ethods and data

T o  elim inate the e ffe ct  o f  the secular trends in in fant m orta lity  and fertility, 
w hich  will be discussed later, the input data to  this analysis o f  short-term  flu ctu a 
tions will be annual percentage changes in m ost m od els. This tran sform ation  o f  the 
tim e series elim inates all linear trends. In ou r case it elim inates the in fluence o f  
changing  m arriage patterns and o f  lon g  term  m otivationa l and so c io -e co n o m ic  
changes, assum ing that they occu r  at a steady pace  during the periods under 
co n s id e ra tio n .1

T h e first m ethod  that w ill be used is that o f  cross-lagged  panel analysis. Since 
on e  o f  the m ain assum ptions o f  this kind o f  corre la tion  analysis is stationarity o f  
the causal structure ov er  tim e (see K enny 1979), it seems im portant in this case to  
calculate the co e ffic ie n ts  fo r  d ifferent tim e periods separately. Splitting up a tim e- 
series in to  su b-p eriod s is always som ew hat arbitrary. T he year 1917 seems to  be a 
reasonable date fo r  a m a jo r  c u t o f f  poin t since F in land fin ished the independence 
w ar and becam e established as a sovereign  nation  in this year. A ro u n d  that time 
m any socia l and e co n o m ic  in dicators such as edu cation  and le\ el o f  urbanisation  
sh ow  m a jor  changes co in c id in g  with a steep and irreversible fertility decline. F or 
that reason the p eriod  b e fo re  1917 will be called prem odern  and that after 1917 
m od ern . A s  the prem odern  p eriod  seems rather lon g , a further subd ivision  was 
m ade cutting o f f  in 1860 w hich  is the tim e when in fant m ortality started its rapid 

decline.

1 The transformation to annual percentage changes of a variable X was done according to the fol
lowing formula (in our notation a ’PC’ is added to the variable s name):

PCX(t): = (X(t) — X(t— 1))/X(t— 1).
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Because the assum ption  that the d ifferent sp ecified  lines o f  causation  can  be 
p roperly  estim ated by  look in g  at lags zero  and on e on ly  seems rather strong , in a 
secon d  step the study will be extended to  an analysis o f  distributed lags.2

A n oth er  study by  R on a ld  Lee (1981) uses such distributed lag m odels to  analyze 
short-term  variations in vital rates, prices, and weather. H is series o f  births and 
deaths are m on th ly  data fo r  E ngland 1540— 1848. H e d oes n ot have any in form ation  
on  age-sp ecific  rates. In the section  analyzing the relationship betw een fertility  and 
m orta lity  he estim ates the net e ffects  o f  m orta lity  o n  fertility fo r  the fo u r  subsequent 
years after having elim inated the e ffe ct  o f  p op u la tion  size and age structure through  
rem oval o f  lon g-term  variations from  the series. H e finds that m orta lity  at year t 
has a sign ificant negative associa tion  with fertility at year t and t -I-1 and a positive 
associa tion  with fertility at year t +  2. F or year t +  3 and year t +  4 the coe ffic ien ts  
are slightly negative. A lth ou gh  L ee ’ s m eth od  is sim ilar to  the o n e  w e used, his results 
d o  n ot really help with the question  asked here because he has n o  data on  infant 
m orta lity  and focu ses on ly  o n  the causal path from  m orta lity  to  fertility.

T h e annual tim e series o f  age-sp ecific  fertility  rates, in fant m orta lity, and child  
m orta lity  fo r  1776— 1925 co m e  from  T urpeinen  (1979) and after 1925 from  the Sta
tistical Y e a rb o o k  o f  F inland. Since it is not specified  by  T urpeinen  (1979) h ow  the 
early annual data were derived we assum e that the pop u la tion  figures fo r  the 
den om in ators o f  the rates were interpolated over five years because the parish regis
tration  form s conta in in g  size and structure o f  the p op u la tion  were on ly  collected  
every fifth  year between 1775 and 1880, whereas the vital statistics sheets w ere sub
m itted every single year. The coverage  o f  the data is usually regarded to  be very g o o d  
(T urpeinen  1979, Pitkänen 1980).

B efore  continu in g , it has to  be m entioned  at this po in t that a potential u nk n ow n  
bias m ay be present in those m odels, being caused b y  the defin ition  o f  the in fant 
m orta lity  rate w hich  is calculated by  taking in fant deaths age 0 to  1 in the year t over 
the num ber o f  births in that year. Thus som e o f  the in fants dying in year t w ere born  
in year t-1 and are therefore  n ot included  in the d en om in ator o f  the in fant m orta lity  
rate at tim e t. F or  this reason strong fertility fluctuations cou ld  result in a positive 
associa tion  betw een infant m ortality at year t and fertility at year t-1 w hich  is o f  
purely com p u ta tion a l nature and does not reflect any real e ffe ct . —  But there is 
reason to  assum e that this e ffect is not very strong since the overw helm in g part o f  
infant m orta lity  happens within the first h a lf o f  the first year o f  life  thus reducing 
the average risk o f  dying b e fo re  age on e  in the calendar year fo llo w in g  the year o f  
birth. But still, there remains som e uncertainty abou t this bias, w hich  has to  be kept 
in m ind w hen trying to  interpret the results. Further light on  this prob lem  can be 
shed through  the analysis o f  child  m ortality fo r  age 1— 2, because this rate should 
be free fro m  the bias described ab ove .

2 F o r  the c o m p u ta tio n s the S P S S -P ro c e d u re s  P E A R S O N  C O P  B O X - J E N K I N S ,  a n d  R E G R E S 

S I O N  were used.
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Figure 2 gives corre la tion  coe ffic ien ts  betw een the absolute values o f  the total 
fertility  rate and the infant m orta lity  rate fo r  sim ultaneous observation s as well as 
fo r  cases w here on e  o f  the variables is lagged fo r  on e  year. T o  faciliate com parisons 
the first order au tocorre la tion  coe ffic ien ts  fo r  the infant m orta lity  and fertility series 
are given, to o .

Cross-lagged correlation analysis

F i g u r e  2. C ross-lagged  correlation s fo r  absolute values o f  in fant m orta lity  
rate (IM ) and total fertility rate (T F R ).

1777— 1859: I M ( t )  • — .326 - T F R ( t )

I M ( t — 1) T F R ( t — 1)

1860— 1916:

1917— 1978:

O v e ra ll 1777— 1978: I M ( t )  • .775 • T F R ( t )

l M ( t — 1) T F R ( t — 1)
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F or 1777— 1859 in fant m orta lity  and fertility sh ow  a sign ificant negative corre la 
tion  at lag zero . This con firm s the expectation  that at lag zero exogen ou s m orta lity  
crises cause a negative associa tion  betw een  the tw o  indicators. C on cern in g  first 
order au tocorrela tion s it is w orth  noting  that the co e ffic ie n t fo r  in fant m orta lity  is 
extrem ely low , indicating that the annual fluctuations are very strong and alm ost 
o ffse t the e ffe ct  o f  the already slow  decline in that p eriod . T h e cross-lagged  c o e f f i 
cients seem to  indicate that there is a lm ost n o  associa tion  between the total fertility 
rate and the in fant m orta lity  rate o f  the previous year. O n  the other hand, in fant 
m orta lity  show s a clear positive correlation  with total fertility  o f  the year b e fo re .

F or  the p eriod  1860— 1916 the coe ffic ien ts  are essentially sim ilar to  th ose  in 
1777— 1859, on ly  som ew hat less p ron ou n ced . N otew orth y , the first order au tocorre 
lation  coe ffic ien t has grow n  to  .435 fo r  in fant m orta lity, indicating that the trend 
has b e co m e  dom inant.

F or 1917— 1978 the picture is very d ifferen t, indeed: the corre la tion  betw een in
fant m orta lity  and fertility at lag zero  becam e high ly positive , thus revealing the 
decreased im portan ce o f  acute m orta lity  crises. H igh  first order au tocorrela tion s 
indicate little annual fluctuations and a strong trend. T h e cross-lagged  correlation  
coe ffic ien ts  are b oth  highly positive , where the associa tion  betw een current fertility 
and lagged infant m orta lity  is even the stronger on e , thus show ing a reversal o f  the 
structure prevalent in 1777— 1916.

O ne must be cautious abou t in fering anything from  those correlation s w hich  are 
not ad justed  fo r  the trend and long-term  changes such as those in m arriage be 
havior. F or  this reason , next, w e will d o  the sam e kind o f  cross-lagged  corre la tion  
analysis fo r  the annual percentage changes in total fertility and in fant m orta lity. T he 
results are given in F igure 3.

T he first feature to  be observed  in Figure 3 is that as a con sequ en ce  o f  the elim ina
tion  o f  the trend, all first order au tocorre la tion s b ecom e  strongly  negative. The 
cross-lagged  corre la tion  coe ffic ien ts  sh ow  the sam e structural change fro m  p eriod  
1 (1777— 1859) and 2 (1860— 1916) to  period  3 (1917— 1978) that w e have observed  
in Figure 2, the change becom es n ow  even m ore  p ron ou n ced .

T o  draw  som e tentative con clu sion s fro m  these find ings, it can  be  said that under 
the given m od el o f  analysis the e ffe ct  o f  fertility  on  in fant m orta lity  seems to  be 
stronger in an essentially pre-industrial society  than the e ffe ct  o f  in fant m orta lity  on  
fertility. I f  w e apply  this to  the interpretative m od el given in F igure 1, we cou ld  c o n 
clude that the path via child  care and in fanticide was m ore  im portant than the paths 
via im m ediate replacem ent and truncation  o f  breastfeeding together. F or  the period  
after 1917, h ow ever, there seems to  be a reversal o f  the structure where the paths 
o f  rational replacem ent strategy and truncation  o f  lactation  b ecom e  m ore  im portant 
than in fanticide and child care.

A lth ou gh  this possib le  change in parental beh av ior fro m  a prem odern  to  a 
m od ern  situation d oes not seem unreasonable, we still have to  be very cau tiou s b e 
cause we d o  not kn ow  i f  the specifica tion  o f  the one-year lag really covers the e ffects  
w e assum ed it to  d o . F or  this reason a closer exam ination  o f  distributed lags and

3



a fo cu s  on  not on ly  the total fertility rate but a lso  age-specific  fertility rates cou ld  
g ive us help fu l in form a tion .
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F i g u r e  3. C ross-lagged  correlation s fo r  annual percentage changes in in fant 
m orta lity  (P C IM ) and total fertility (P C T F R )

1777—1859:

1860— 1916:

1917— 1978:

P C I M ( t ) .

P C l M ( t — 1) 

P C I M ( t ) --------

P C I M ( t — 1) 

P C I M ( t ) -

-.718 . P C T F R ( t )

•-.835

P C T F R ( t — 1) 

P C T F R ( t )

—.508

P C T F R ( t — 1)

P C T F R ( t )

P C I M ( t — 1) P C T F R ( t — 1)
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F or the fo llow in g  regression m odels the annual variation  in on e  o f  the tw o  vari
ables is assum ed to  be explained by the annual changes in the other variable zero 
to  seven years b e fo re . A  lag o f  seven years was chosen  as c u t o f f  poin t after som e 
experim enting with longer and shorter lags. T h ose  trial runs sh ow ed that fo r  lags 
longer than seven years the coe ffic ien ts  becam e very small and the signs unpred ict
able; in fact, fo r  m ost cases this happened already after lag five . W e also decided  
to  include the annual percentage changes o f  the crude death rate at lag zero as an 
additional independent variable into the equ ation  to  con tro l fo r  extrem e annual 
fluctuations due to  m orta lity  crises. In the absence o f  con tro ls  fo r  the annual death 
rate, the alm ost sim ultaneous e ffect o f  those crises on  infant m ortality and fertility 
w ou ld  lead to  unreasonably  high coe ffic ien ts  fo r  the explaining variable at lag zero. 
In the case o f  distributed lags o f  fertility change explaining infant m orta lity  varia
tion , fo r  instance, not con tro llin g  fo r  the death rate w ou ld  mean that m ost o f  the 
increase in in fant m ortality in a year o f  disease o r  cathastrophe w ou ld  be attributed 
to  decreasing fertility, w hich is not at all reasonable.

N ow , o f  cou rse , the question  arises, w hy not to  con tro l fo r  other in fluences like 
in com e, weather, etc. W e tried in fact to  c o n tro l fo r  annual changes in in com e level 
(fro m  1870 on  w hen annual data on  G D P  are available) but there was alm ost n o  ad 
ditional variation  attributed to  that fa ctor . A fter  all, the annual percentage changes 
in the crude death rate, P C D R (t), seem to  be a reasonably  g o o d  indicator fo r  annual 
changes in environm ental hazards and e co n o m ic  adversities w hich can not be distin
guished at this po in t.

M O D E L  1 thus has the annual percentage change in in fant m ortality at tim e t, 
P C IM (t), as dependent variable and the annual percentage changes in total fertility 
P C T F R (t) . . .  P C T F R (t— 7) plus the death rate change, P C D R (t), as independent 
variables. In M O D E L  2 the explanatory  setup is reversed:

M O D E L  1: P C IM (t) =  A  +  b l  P C T F R (t) +  b2 P C T F R (t— 1) +
+  b8 P C T F R (t— 7) -(- b9  P C D R (t) +  U ;

M O D E L  2: P C T F R (t) =  A  +  b l  P C IM (t) +  b2 P C IM (t— 1) +  . . .
+  b8 P C IM (t— 7) +  b9 P C D R (t) +  U ,

w here A  is the constant and U  the error term , assum ed to  be norm ally  distributed 
with m ean o f  zero .

T he coe ffic ien ts  b l  to  b9  can be interpreted as factors by  w hich  an increase in 
the percentage change o f  total fertility causes an increase in the percentage change 
o f  in fant m orta lity, and vice versa. Thus the coe ffic ien ts  are com pa ra b le  across d if 
ferent m odels and d ifferent periods and their m eaning com es very c lose  to  that o f  
an elasticity (w hich  is usually estim ated b y  a m ultiplicative m od el o f  the absolute 
variable values).

T ab le  1 show s that P C T F R (t) has a sign ificantly  negative coe ffic ien t even after 
having con tro lled  fo r  P C D R (t). This negative co e ffic ie n t at lag zero will sh ow  up 
in all regression  m odels estim ated here and is p rob a b ly  due to  high incidence o f

Distributed lag models
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foeta l m orta lity  sim ultaneous with high in fant m orta lity , fam ine am enorrhea , or  
other causes described  in the interpretative m od el. Still in T ab le  1, the fertility 
change lagged by  on e  year seem s to  have a clear positive relation  to  in fant m orta lity  
w hich  is especially  strong in 1783— 1916. This result correspon ds with the findings 
from  the cross-lagged  correlation  analysis.

T a b l e  1. D istributed lag m odels fo r  annual percentage changes in infant 
m orta lity  and total fertility fo r  3 periods.

Reg ression M O D E L  1 ( P C IM ( t )  as dependent va ria b le )

Independent va ria b le s : 17 8 3 — 19 16 1 9 1 7 — 1978 o ve ra ll

P C T F R ( t — 0) —  .401 *** — .5 23  *** — .4 7 2 ***

—  1 .668 *** .401 *** .592 ***

— 2 .041 .15 6 .13 4

— 3 — .082 .067 — .044

— 4 — .15 8 —  .098 — .051

— 5 — .16 1 — .363 ** — .1 5 7

— 6 — .054 .027 .030

— 7 — .084 .16 7 .075

P C D R ( t ) .654 *** .3 1 1  *** .584 **•

R 2 =  .851 R 2 =  .540 R 2 =  .7 7 4

R egression M O D E L  2 ( P C T F R ( t )  as dependent va ria b le )

Independent va ria b le s : 17 8 3 — 19 16 1 9 1 7 — 1978 o ve ra ll

P C I M ( t — 0) — .225  *** — .36 1 *** — .320  ***

—  1 — .020 .301 ** .0 18

— 2 .058 .091 .074 **

— 3 .0 5 1 * .004 .079 **

— 4 .074 ** .10 9 .099 ***

— 5 .065 ** K> e OO « .10 4  »**

— 6 .0 5 1 * .035 .055

— 7 .0 17 .025 .028

P C T F R ( t ) .079 ** .13 3 .0 15

R 2 =  .624 R 2 =  .427 R 2 =  .460

T h e  co e ffic ie n ts  m a rk e d  w ith  ’ * ** ’ are s ig n ific a n t at the 99 % lev e l, those w ith  ’ **’ at the 95 %  level, 

a n d  those w ith  at the 90 %  level. T h e  g iven valu es o f  R 2 are  u n a d ju ste d , the a d ju ste d  valu es being 

5 — 10 %  low er.

W h en  com p a rin g  M O D E L  1 and M O D E L  2 (b o th  in T ab le  1) w e find  that fo r  
the prem odern  p eriod  in fant m orta lity  changes in the year b e fo re  d o  not seem to  be 
im portant in explaining current fertility changes, but fo r  the m od ern  p eriod  it is im 
portant, thus show ing  the sam e structural change w e had identified  b e fore . F or the
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earlier p eriod , h ow ever, and fo r  b oth  periods together in fant m orta lity  lagged by  
3— 5 years seems to  have som e sign ificant explan atory  value.

L ook in g  at age-specific  fertility rates in ad d ition  to  total fertility has m any 
advantages. First we w ou ld  expect w om en  in the prim e ch ildbearing  ages to  react 
d ifferen tly  with respect to  replacem ent or  in fan ticide than very you n g  o r  o lder 
m others w ou ld  d o . A s , o f  course , infant m orta lity  is not available by  age o f  m other 
we have to  assum e here that increases or  decreases in in fant m orta lity  happen  to  all 
age grou ps o f  m others in a sim ilar fash ion . —  Furtherm ore, the fertility rates o f  
d ifferent age grou p s are essentially independent observation s; they are not in flu 
enced by  each oth er, a lthough  they react to  certain co m m o n  stim uli. Thus look in g  
at the relationship fo r  d ifferent age grou ps gives us the possib ility  to  see i f  the 
pattern observed  so  far h olds fo r  these su bp opu lation s , to o .

In the A p p en d ix  T ab le  the estimates o f  coe ffic ien ts  under M O D E L  1 and 
M O D E L  2 are given , where instead o f  P C T F R  the variable P C F E R T  is used w hich 
is the annual percentage change in the fertility rate o f  the age g rou p  given at the top  
o f  the table.

F or  1783— 1916 M O D E L  1 again gives a negative co e ffic ie n t fo r  lag zero  (though  
not sign ificant in m ost age grou p s) and a h igh ly sign ificant positive co e ffic ie n t fo r  
fertility o f  the previous year w hich  is strongest in the prim e childbearing ages. 
M O D E L  2 leads fo r  m ost age grou ps to  sign ificant negative coe ffic ien ts  at lag zero 
and fo r  the o lder  age groups even at lag on e . This cou ld  m ean that the fertility 
depressing e ffe ct  o f  a m orta lity  crisis lasts lon ger fo r  o lder w om en  due to  low er 
fecun dability  o r  a higher p roba b ility  o f  rem aining w idow ed  than fo r  youn ger 
w om en . —  T here is n o  clear positive e ffe ct  o f  in fant m orta lity  on  fertility v isible in 
this prem odern  p eriod , except m ay be a slight e ffe ct  fo r  lag 2— 4. F rom  this we cou ld  
con c lu d e  that the lactational or  replacem ent e ffe ct  was not very significant at 
that tim e.

F or 1917— 1978, how ever, the same M O D E L  2 show s a clear positive associa tion  
between current fertility and infant m ortality o f  the year b e fo re  fo r  ages 20— 39. F or 
20— 25 the co e ffic ie n t is even higher positive than that at lag on e  in M O D E L  1 fo r  
the sam e p eriod . —  This finally  proves that the pattern o f  change from  prem odern  
to  m od ern  situations w hich  we had identified  in the previous m od els a lso  h olds fo r  
all individual age grou ps, except fo r  w om en  aged 15— 19 and 45— 49 w hich  are ex 
trem e cases not fo llow in g  the general pattern o f  beh av ior fo r  several reasons (and 
also sh ow  the low est values o f  R2 in all m od els).

A  further quantitative result appears w hich  is hard to  interpret. F or  m ost age 
grou ps in both  periods, but especially  in 1917— 1978, P C F E R T (t— 5) seems to  have 
a significant e ffe ct  on  P C IM (t), very m uch in contrast to  P C F E R T  at lags 3, 4, 6, 
and 7 w hich  are not at all sign ificant. A  possib le  statistical explanation  fo r  this can 
be fou n d  by  look in g  at the au tocorre la tion  fu n ction  fo r  IM  and P C IM  w here we 
fou n d  that lag 5 is m ore h ighly positively  correlated to  the current value than lag 
tw o . W e suspect that the reason fo r  this lies in the w ay the annual rates were 
generated, w hich  p rob a b ly  in volved  5-year in terpolation  o f  the den om in ators as 
m entioned  b e fo re .
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Last but n ot least it is w orth  noting  that fo r  b oth  periods together M O D E L  2 
gives h ighly sign ificant positive coe ffic ien ts  at lags 2— 6, especially  in the o lder  age 
grou ps. There seems to  be n o  im m ediate answer as to  the sign ificance o f  those vari
ables because this was not the case fo r  any o f  the tw o  periods separately. W h en, 
h ow ever, com p a rin g  the corresp on d in g  coe ffic ien ts  fo r  the periods 1783— 1916 and 
1917— 1978 we find  that those in 1917— 78 are m uch higher than those in 
1783— 1916 and th erefore  the high positive coe ffic ien ts  at lags 2 — 6 can be seen as 
a m ainly m od ern  p h en om en on  w hich  on ly  becam e significant when the prem odern  
observation s were added  to  those o f  1917— 1978.

A  lo o k  at ch ild  m orta lity  age 1— 2

Since data o n  ch ild  m orta lity  are available it is o f  interest to  com p a re  the findings 
from  the analysis o f  in fant m orta lity  and fertility to  an app lication  o f  the same 
m od els to  ch ild  m orta lity  instead. This can  help to  check  the im portan ce o f  the m ea
surem ent errors due to  the defin ition  o f  the in fant m orta lity  rate w hich  also includes 
the deaths o f  in fants b o rn  in the previous calendar year. F urtherm ore the lactational 
e ffe ct  shou ld  be m uch w eaker in this case.

T ab le  2 gives the estim ated coe ffic ien ts  fo r  the m od els where P C M  1-2 is taken 
instead o f  P C IM  fo r  the prem odern  period  1783— 1916 .3 A t first sight w e find  that 
fo r  M O D E L  2 the coe ffic ien ts  o f  the change in the crude death rate sim ultaneously 
with the explained change in ch ild  m orta lity  are extrem ely high. Furtherm ore, we 
see that the co e ffic ie n ts  o f  fertility at lag zero are all positive. F rom  this we can 
con c lu d e  that the annual fluctuations in ch ild  m orta lity  age 1— 2 must be m uch m ore 
sim ilar to  those in the crude death rate than the flu ctuation s in in fant m ortality 
w ere. —  Still in M O D E L  1 we find  that the coe ffic ien ts  fo r  fertility change at lag 
on e  are very high and positive. A lso , in contrast to  m ost m odels with infant m or
tality, fertility change at lag 2 is sign ificantly  positive , at least fo r  m others aged 
15— 34.

W h at is the m eaning o f  these fin d in gs? A s the dependent variable is m ortality 
age 1— 2, w e have to  assum e that those children born  at t-1 and t-2 are in the same 
co h o rt as those w hose  deaths w e try to  explain. H en ce, the argum ent has to  be that 
m em bers o f  a large co h o rt experience high child  m orta lity  and those o f  a small 
c o h o rt  low er ch ild  m orta lity . In M O D E L  1, T ab le  2 , both  coe ffic ien ts  fo r  fertility 
at lag 1 and lag 2 are (sign ifican tly ) positive fo r  all age grou ps. These positive  c o e f f i 
cients tell us that the possib le  m easurem ent error discussed a b ov e  is not im portant. 
I f  there were serious bias, b2  and b3 sh ou ld  have d ifferen t signs. S econ d ly , the sam e 
fact im plies that the path via »fertility  stress» is m uch  m ore  im portant than the re
versed path via truncation  o f  lactation  o r  replacem ent in that early p eriod . This c o r 
responds to  the findings o f  the previous sections.

3 F o r  the m o d ern  p e rio d  the d ata , u n fo rtu n a te ly , were not a v a ila b le  in co m p u te rized  fo rm .
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T a b l e  2. Distributed lag models for age-specific fertility rates and child mor-
tality rate age 1— 2.

MODEL 1 PCM1—2(t) as dependent variable

Time period 1783— 1911

Independent
variable 15— 19 20— 24 25—29 30— 34 35— 39 40—44 45—49
PCFERT(t—0) .017 .579 ** .218 .099 .361 * .176 .089

— 1 .577 **♦ .916 *** 1.011 ••* .681 *** .665 **♦ .690 *** .558 ***
— 2 .213 • .335 • .405 • .504 ** .195 .216 .105
— 3 — .133 — .179 — .293 — .106 — .179 — .297 — .158
—4 — .336 *** — .551 *** — .586 ♦** — .572 ** — .666 *•* — .493 ** — .157
— 5 — .034 — .111 — .217 — .362 — .187 — .171 — .166
—6 .102 .014 — .016 — .057 — .112 — .056 — .018
— 7 — .071 .035 .182 — .011 .153 .231 — .110

PCDR(t) 1.417 *** 1.521 *** 1.421 *** 1.414 *** 1.503 *♦* 1.415 *** 1.361 ***

R2 = .811 R2 = .804 

MODEL 2 PCFERT(t) as dependent variable

R2 = .807 R2 = .791 R2 = .797 R2 = .802 R2 = .788

Independent
variables 15— 19 20—24 25—29 30— 34 35-39 40—44 45—49

PCM1—2(t—0) — .024 .051 * .012 — .028 .013 — .006 — .078
— 1 .019 .008 .022 .036 .034 — .007 — .046
—2 — .022 — .003 — .001 .021 — .002 .051 ** — .032
— 3 .024 .011 .006 .004 .025 .012 .024
—4 • -.005 — .012 .003 .038 * — .021 .031 .024
— 5 .010 .001 .020 .010 .036 .019 .019
— 6 — .019 .018 .006 .002 — .009 .004 .011
— 7 .028 .013 .023 — .003 .017 — .021 — .008

PCDR(t) — .323 *** — .335 *** — .216 *** — .219 *** — .308 *** — .246 *** — .087

R = .385 R2 = .551 R2 = .491 O'CsjIIQC R2 =  .391 R2 = .427 R2 = .114

F indings from  the analysis o f  annual fluctuations

V arious statistical m odels were applied to  estimate the im portan ce o f  d ifferent 
paths o f  causation  between infant m ortality and fertility (show n  in Figure 1) from  
short-term  variations in those time series. A ll m odels o f  analysis, i.e . cross-lagged 
corre la tion  analysis fo r  absolute values and fo r  annual percentage changes, distri
buted lag regressions fo r  total fertility and fo r  age-specific  fertility rates, and finally 
the consideration  o f  child  m ortality age 1— 2, give essentially the sam e result:

In prem odern  Finland high fertility tends to  increase infant m orta lity  in the fo l 
low in g  year, whereas the in fant m ortality experience o f  the previous years d oes not 
seem to  be an im portant determ inant o f  current fertility. In the m odern  p eriod  (after 
1917), h ow ever, the structure o f  determ ination  seems to  be reversed and high infant 
m orta lity  experience in a certain year tends to  increase fertility in the fo llow in g  
years.
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In terms o f  the interpretative m odel given we can con clu d e  that there is n o  evi
den ce fo r  a replacem ent strategy or  fo r  a strong lactational e ffect in prem odern  Fin
land; but evidence fo r  a sign ificant e ffect o f  ’ fertility stress’ and possib le  direct or 
indirect in fan ticide appears. A s  the fo llo w in g  section  will describe, this is not im 
plausible fo r  the prem odern  Finnish society . O nce  the practise o f  fam ily  lim itation 
becam e accepted , there was n o  m ore  need fo r  reducing the num ber o f  living children 
but still som e less e ffectiv e  involuntary factors c o u ld  have been present. But the 
m ost sign ificant change is that in m odern  Finland w here ’ fertility is within the ca lcu 
lus o f  con sciou s  c h o ic e ’ there seems to  be clear evidence fo r  a replacem ent strategy.

T o  check  the plausibility o f  assum ptions m ade in this section  and to  shed m ore 
light on  the determ inating in fluence o f  lon g-term  developm en ts, we will finally fo cu s  
on  the im pact o f  the secular in fant m orta lity  decline.

T h e secular decline in in fant m ortality

O ffic ia l Finnish statistics g ive data o n  in fant m orta lity  rates from  1751 o n . T h e 
curve o f  annual changes (see Figure 4) gives fo r  prem odern  periods the typical p ic 
ture o f  extrem ely strong fluctuations caused by  fam ines and epidem ics. T here are 
tw o  years o f  extrem e cathastrophy with in fant m orta lity  rates a b ov e  300 per th ou 
sand (360 .2  in 1808 and 398.2 in 1868). A n  interesting feature o f  those fluctuations 
is that usually peaks are not im m ediately fo llo w e d  by b ottom s, but there are tw o 
or  three years in betw een. A ga in , this pattern suggests that the fluctuations are not 
exaggerated by  the possib le  m easurem ent error in the infant m ortality rate, but 
rather reflect the ’ real’ tim ing o f  changing m orta lity  con d ition s.

W h ile  the average values o f  the rate show  a declin ing trend, the am plitude o f  
flu ctuation s clearly starts to  dim inish after 1870. This p icture seems to  corresp on d  
w ith the expectation  that a society  becom es increasingly resistant against epidem ics 
and c ro p  failure as it undergoes the process o f  m odern iza tion  and tech n olog ica l 
in n ovation .

It seem s reasonable to  see 1860— 1870 as a threshold  since arou nd that tim e 
infant m orta lity  enters its steep decline w hich  continues a lm ost linearly until 1960 
w hen the curve w hich  approach es zero levels o f f .  H en ce the steep and unreversed 
decline in in fant m orta lity  started in Finland 40— 50 years b e fo re  that o f  fertility.

D oes the Finnish evidence support or  contrad ict the w idespread n otion  that the 
decline in in fant m orta lity  initiatized the subsequent fertility decline? —  E vidence 
fro m  G erm an provinces presented by K nodel (1974) raised d ou bts abou t this postu 
late o f  the usual descrip tion  o f  the dem ograph ic  transition  because it appeared that 
the declines in fertility  and infant m ortality w ere m ore  or  less sim ultaneous, in som e 
cases fertility even started to  decline earlier. T he Finnish case casts dou bts on  this 
postu late fro m  the other side since 40— 50 seem to  be quite lon g  fo r  the assum ed 
perception  lag w hich  sh ou ld  link fertility d irectly  to  infant m ortality.

Further ev idence against this argum ent is given from  a closer analysis o f  in fant 
m orta lity  trends in the prem odern  p eriod . Figure 5 gives the developm en t o f  5-year
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F i g u r e  4: Changes in infant mortality 1776— 1976

Y E A R

F i g u r e  5: Infant m ortality rate 1751— 1875 (qu inquennia l data)

per 1000
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averages from  1751 — 1875 revealing significant declines even b e fore  1880. A  regres
sion  line draw n through  the p lo t gives a s lope  co e ffic ie n t o f  — .462 im plying a 
decline in the in fant m orta lity  rate by  23.1 poin ts in  50 years.4

O n e o f  the reasons fo r  this prem odern  decline in in fant m orta lity  m ay be fou n d  
in the convergen ce  o f  regional infant m ortality levels caused by  im provem ents in 
p rovinces w here breastfeed ing  had been unusual such as O stroboth n ia . A  m ore  
extensive analysis o f  this question  w ou ld  have to  concentrate  on  regional data 
th erefore .

C om parin g  this pattern o f  early decline in in fant m ortality to  the tim e series o f  
fertility  we d o  not fin d  any e ffe ct  o f  that early decline o n  fertility. In fact, fertility 
even increased during the secon d  h a lf o f  the 19th century.

C on clu s ion

N otw ithstand ing  the con tin u ou s pu b lic  con cern  abou t high ch ild  m orta lity  in 
F inland since the 18th century, there are m any indications that on  the fam ilial level 
the death  o f  a ch ild  was o fte n  w elcom ed  as a re lie f fro m  a heavy burden . P itkänen 
(1983) lists literary evidence fr o m  new spapers and reports o f  physicians that during 
the late 18th and 19th century parents did  not care to o  m uch abou t the deaths o f  
their ch ildren , especially  i f  they had plenty o f  them . M u ch  less is k n ow n , h ow ever, 
ab ou t the m echanism s through  w hich  this attitude tow ard  additional children 
a ffe cted  their survival probabilities . There is n o  evidence o f  w idespread direct in fan 
ticide in F in land, but parents seem ed to  be quite in d ifferent abou t the health c o n d i
tions o f  their ch ildren .

In the light o f  this evidence described  by  Pitkänen (1983), w hich  show s that pre
m od ern  ch ild  care con d ition s  in Finland were as bad as in other E uropean  societies 
the findings fro m  the statistical analysis o f  short-term  variations w hich  im ply a 
depen den ce o f  in fant m orta lity  on  ’ fertility stress’ seem even m ore  plausible.

A s  to  the test o f  the trad itional ch ild  replacem ent hypothesis w hich  assumes a 
causal link betw een  in fant m orta lity  and fertility  in a w ay that high infant m orta lity  
leads to  higher fertility , w e have to  d ifferentia te : the child  replacem ent hypothesis 
in its stricter fo rm  assum ing con sciou s  beh av ior o f  parents in reaction  to  the in ci
dence o f  ch ild  m orta lity  can  be  rejected fo r  the prem odern  p eriod , but it is likely 
to  h o ld  m ore  o r  less after 1917. In term s o f  the secular developm ents even the 
broad er  hypothesis o f  an ’ im plicit hoardin g  strategy’ has to  be rejected fo r  the 18th 
and 19th century since the con tin u ed  decline in in fant m orta lity  fro m  the 18th cen 
tury o n  d id  not sh ow  any e ffe ct  on  the level o f  fertility  until the onset o f  the secular 
fertility  decline arou n d  1910.

T he con c lu s ion , h ow ever, that in fant m orta lity  can n ot be regarded as the single 
m ost im portant determ inant o f  p eriod  changes in fertility  nor o f  the great fertility 
transition , does not prevent it from  playing a role as on e  im portant factor  am on g  
others in the co m p le x  process o f  m od ern ization .

4 T h e  regressio n lin e  is : IM  =  — .46 2 * Y E A R  +  10 4 1.
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Time period 1783— 1916

MODEL 1 PCIM(t) as dependent variable 

Independent

A p p e n d i x  T a b l e .  Distributed lag models for age-specific fertility rates

variables: 15— 19 20— 24 25—29 30— 34 35— 39 40— 44 45—49

PCFERT(t—0) — .077 — .242 — .267 * — .241 ** - .1 3 7 — .051 —.010
— 1 .262 ••• .603 *** .660 *** .424 *** .426 *** .519 *** .326 **•
—2 .118 .033 .039 .095 .011 — .029 .003
— 3 — .117 — .034 — .040 — .023 — .094 — .091 — .005
—4 — .018 —.101 — .173 — .138 — .142 —.111 .014

- 5 - .0 5 2 — .092 — .085 — .217 ♦ — .121 — .053 — .065
—6 .074 — .086 .003 — .071 — .089 — .042 .001
— 7 — .039 — .083 —.011 — .048 — .077 — .017 — .008

PCDR(t) .767 *** .708 *** .706 *** .714 *** .739 *** .767 *** .760 ***

R2 =  .803 R2 = .821 R2 = .839 R2 =  .825 R2 = .819 R2 = .821 R2 = .804

MODEL 2 PCFERT(t) as dependent variable 

Independent
variables 15— 19 20—24 2 5 -2 9 30— 34 35— 39 40—44 45-49

PCIM(t—0) — .178 — .126 *• — .185 *»* — .287 — .246 ♦** — .449 *** — .227

—1 — .031 — .024 - .0 1 3 .015 .011 — .252 *** — .096 **

—2 .032 .030 .049 .115 ** .042 — .046 .113 **

— 3 .121 * .064 * .047 .046 .063 .062 .045

—4 .104 .051 .076 •* .153 *** .016 .076 .092 ♦*

— 5 .099 .053 .067 • .060 .078 .078 .071

—6 .059 .083 ** .055 .034 .035 .077 .053

—7 .041 .034 .041 — .017 .033 — .008 — .021

PCDR(t) —.221 •* — .165 *** — .088 * —.011 - .0 8 6 .128 — .082

R2 = .397 R2 =  .577 R2 =  .538 R2 =  .542 R2 =  .423 R2 = .209 R2 = .512

Time period 1917— 1978

MODEL 1 PCIM(t) as dependent variable 

Independent
variables: 15— 19 20— 24 2 5 -2 9 30— 34 35— 39 40—44 45—49

PCFERT(t—0) — .151 — .423 *** — .432 *** — .549 *** — .597 ♦** — .614 •** — .005

— 1 .059 .395 *** .363 ** .361 *• .355 ♦* .420 *** .116

—2 .011 — .038 .077 .260 * .274 * .194 .002
— 3 — .096 .013 .067 .146 .174 .093 — .025

—4 .009 — .095 .017 — .141 - .0 7 5 .024 — .018

— 5 — .208 * —.222 * — .341 ** — .415 ** — .384 ** — .311 * .075

—6 .076 .095 — .038 .026 .007 .024 — .032

— 7 .017 .098 .107 .190 .176 .184 .172

PCDR(t) .370 **• .333 .325 **• .284 **• .288 *** .317 *** .384 **•

R2 =  .285 R2 = .513 R2 = .512 R2 = .563 R2 = .564 R2 = .546 R2 = .233
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MODEL 2 PCFERT(t) as dependent variable 

Independent

Appendix Table cont.

variables 15— 19 20— 24 25— 29 30— 34 3 5 -3 9 40—44 45-49

PCIM(t—0) - .2 3 7 — .337 *• — .334 *♦* — .397 •** — .413 — .370 •** — .213
— 1 .116 .311 ♦* .374 *** .336 *•* .257 .201 • — .152
— 2 .325 .105 .088 .069 .125 .105 .245
— 3 — .005 — .058 — .006 .021 .068 .083 .231
—4 — .116 .084 .096 .174 .163 .166 .214
— 5 .161 .236 * .217 « .236 * .221 * .237 •* .227
—6 .244 .079 .008 .018 .064 .117 — .008
—7 .123 .060 .024 .003 .012 .052 — .119

PCDR(t) .132 .136 104 .112 .101 .151 • .102

R2 = .112 R2 =  .339 R2 = .419 R2 =  .458 R2 = .418 R2 =  .393 R2 =  .102

MODEL 1 PCIM(t) as dependent variable

Time period 1783— 1978 (=  overall)

Independent
variables 15— 19 20— 24 25—29 30— 34 35— 39 40—44 45—49
PCFERT(t—0) — .191 *** — .418 •** — .376 *** — .386 *** — .315 ••• — .295 •** — .028

— 1 .164 •** .509 .548 *** .417 •** .454 .523 •** .285 •••
— 2 .050 .011 .088 .175 •• .124 .064 .029
— 3 — .150 •* — .076 — .054 .046 .014 — .025 — .021
—4 — .033 — .074 — .053 — .030 .030 .017 .028
— 5 — .129 ** — .138 • — .168 * — .145 • — .065 — .047 .005
— 6 .057 .029 .014 .041 .009 .037 .076
—7 - .0 2 2 .061 .066 .075 .054 .102 .061

PCDR(t) .677 *♦* .617 .624 .611 ••• .617 ••• .628 **• .701
R2 = .694 R2 = .748 R2 = .755 R2 =  .752 R2 = .741 R2 = .739 R2 = .685

MODEL 2 PCFERT(t) as dependent variable

Independent
variables 15— 19 20— 24 25— 29 30— 34 35— 39 40—44 45—49

PCIM(t—0) — .276 — .277 ••• — .295 *•* — .361 •*• — .326 *•* — .306 *** — .298 •••
— 1 — .048 — .007 .023 .057 .056 — .025 — .145 •*
— 2 .056 .039 .053 .114 .093 •* .169 ♦** .096
— 3 .086 .068 * .063 * .076 • .122 ••• .135 .195 •••
—4 .075 .066 * .084 •• .167 .087 •• .173 ••* .205
— 5 .079 .081 ** .097 •• .106 •• .136 ••• .161 ••• .181 ••*
—6 .055

•oor-~o

.046 .037 .065 .0%  *• .134 *•
— 7 .048 .043 .044 — .003 .046 .017 .023

PCDR(t) — .096 — .018 .012 .053 .005 .016 .066

R2 = .227 R2 = .358 R2 = .378 R2 = .442 R2 = .382 R2 = .398 R2 =  .147
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