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Introduction

Finland is one of a very few countries which have reliable population and vital
statistics data from as early as the mid-eighteenth century. While Finland enjoys this
wealth of demographic records that has inspired many researchers to conduct a large
number of historical studies on fertility behavior, there are still some remaining aspects
of childbearing and fertility processes that were not recorded and may be tackled
now with the availability of new demographic and statistical models and techniques.

Observed indices of childbearing and the family life cycle, such as maternal ages
at the birth of the first and last child and the length of reproductive life spans, re-
quire detailed biographical information on the dates on which these events occurred.
In addition, direct determinants of the fertility level and pattern in terms of nuptiali-
ty, contraception and lactation are usually obtained from fertility survey data. But
such historical and detailed information were not recorded even for a country like
Finland. Knowledge of childbearing/family life cycle events and their determinants
will enrich our understanding of and help to elucidate the mechanisms and reasons
behind demographic changes in Finland since the early eighteenth century.

Using only sets of age-specific fertility rates (ASFRs), Horne, El-Khorazaty and
Suchindran (1990) introduced a childbearing model, which provides, among other
things, synthetic estimates of the mean maternal ages at the birth of the first and
last child and the length of the reproductive life span. Quantum measures of period
fertility, ASFRs, are used to compute the childbearing temporal indices. The model
was applied to cross-sectional data for 16 Arab and 36 World Fertility Survey coun-
tries (Horne and El-Khorazaty, 1987; Horne, El-Khorazaty and Suchindran, 1990,
respectively) and to historical time series data for 58 developing and developed coun-
tries during the twentieth century (El-Khorazaty and Horne, 1992).

Bongaarts (1978) proposed a model which postulates that the four main factors
accounting for fertility variations among populations are differences in nuptiality,
contraception, postpartum infecundability (due to lactation) and abortion, all known
as intermediate fertility variables (IFVs). The relationships among these factors and
their effect on fertility are characterized by four fertility-inhibiting indices. Howev-
er, fertility survey data are necessary for calculating the indices.
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Noting that both the childbearing and the fertility-inhibiting indices are manifesta-
tions of the prevailing fertility level and behavior in a society, El-Khorazaty (1991)
discovered that the correspondence between the two sets of indices is so strong that
the easy-to-calculate childbearing indices can be used to estimate the more-
difficult-to-obtain fertility-inhibiting indices via a regression model, with a very high
degree of accuracy. The main advantage of El-Khorazaty’s regression model is that
a time series for each fertility-inhibiting index can be calculated based only on sets
of ASFRs. Without the regression model the set of fertility-inhibiting indices can
be computed only directly, using Bongaarts model, when sample survey data are avail-
able, and then not on an annual basis.

Consequently, with only knowledge of ASFRs required to calculate the childbear-
ing temporal indices (through the childbearing model), fertility-inhibiting indices of
Bongaarts’ model can be estimated (through the regression model). The main pur-
pose of this paper is to use this interlink among the three models in order to achieve
a more comprehensive macro-level picture about the fertility and childbearing pro-
cess in Finland, and extend the wealth of available information by estimating the
two sets of historical time series data on childbearing and fertility-inhibiting processes
for the period (1722—2022). First, the two sets of indices will be calculated for the
period (1776—1987) for which ASFRs are available. Second, applying the Box-Jenkins
(1976) time series techniques, future and reverse forecasts of the two sets of indices
will be computed.

Methodology and data

The three centuries (1722—2022) of demographic development of Finland may
be divided, according to data availability, into three subperiods. The first spans 1722
to 1775, for which only data on four crude demographic variables, namely, crude
birth rate (CBR), crude death rate (CDR), natural increase rate (NIR) and crude mar-
riage rate (CMR), are accessible. The second period covers the years from 1776 to
1987, in which ASFRs are available, in addition to the infant mortality rate (IMR)
and the other four crude demographic variables. For the third period (1988—2022),
projections of crude demographic variables CBR, CDR and NIR have been calcula-
ted by the United Nations (1989).

Age-specific fertility rates (ASFRs), available for the period 1776—1987, were
used to obtain childbearing temporal indices. The childbearing model is derived in
detail in Horne, El-Khorazaty, and Suchindran (1990), and thus will not be repeated
here except to define the indices. Briefly, let f(x)dx denote the probability that a woman
of age x will have a birth in the age interval (x,x +dx). Treating the birth process
as a renewal process (Cox, 1962), then g,(x)dx (= f(x).exp[— [} f(t)dt]dx) is the
probability that the birth will be the woman’s first birth, and g, (x)dx (=f(x).
exp[— (® f(t)dt]dx) is the probability that the birth will be her last birth. Then the
projected mean maternal ages at first (PAFB) and last (PALB) birth are given by

PAFB=|[ |} x.g,(x)dx] + S, for a<x<p (1)
and

PALB = x.g,(x)dx]+ S, for a<x<B, )

where S, =S, = [£ g,(x)dx =<1 is the probability that a newborn girl will ever become
a mother, and a and B represent the lower and upper ages of childbearing, respect-
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ively. Numerical integration of formulas (1) and (2) can be obtained to carry out
the calculations using the discrete seven five-year age-specific fertility rates as

PAFB =[15-50.exp(-TFR) + ?25(: exp(-TFR(x;,))] =S, 3)
and
PALB =[50-15.exp(-TFR)—exp(-TFR). g exp(TFR(x;,))] = S, 4)

where TFR is the period total fertility rate, TFR(x) is the cumulative fertility rate
up to age X, X;, is the midpoint of the age interval (x,x+5), and S, = 1-exp(-TFR).
Then exp[-TFR(x;,)] is computed as the average of exp[-TFR(x)] and
exp[-TFR(x + 5)]. Expressions for the variances of PAFB and PALB are given in
Horne, El-Khorazaty, and Suchindran (1990).

The unconditional projected mean reproductive life span (PRLS) may be com-
puted as the simple difference between the PAFB and the PALB. The PRLS condi-
tional upon a woman having at least two births is given by

PRLS=(S,+B,).(PALB—PAFB) 5)

where B, is the probability that a woman will have at least two births and is ex-
pressed as [ % f(x). | f(t)dt.exp[—| f(t)dt]dx], which simplifies to [1—exp(-TFR)—
TFR.exp(-TFR)].

The interpretations of these synthetic indices are similar to that of the TFR, of
which they are functions. For example, the PALB is the mean age at the birth of
the last child that will be experienced by a new cohort of women if they reproduce
according to the given set of ASFRs.

The available ASFRs were substituted into formulas (3)—(5) to obtain estimates
of the PAFB, the PALB, and the PRLS, and their standard errors for the second
period (1776—1987). The data for our analysis are taken mainly from Lutz (1987b).
Time series data on ASFRs for the period 1776—1983 are given in Appendix C in
his book, in which data for the earlier period is based on the work of Turpeinen
(1979). For recent years, Turpeinen (1986), Yearbook of Population Research in Fin-
land of the Population Research Institute (several years), Yearbook of Nordic Statistics
of the Nordic Council of Ministers (several years), and Demographic Yearbook of
the United Nations (several years) were consulted.

Bongaarts (1978) developed a model which measures the decline of fertility in
a society from its maximum biological level or total fedundity (TF) to the observed
level or total fertility rate (TFR) in terms of four fertility-inhibiting indices — C,,
(marriage), C. (contraception), C, (postpartum infecundability), and C, (abortion).
The model is multiplicative and expresses the actual level of TFR as

TFR =(TFR/TM) (TM/TN) (TN/TF) x TF
=(C HC. X C)C) X TF 0<TFR<15.3 (6)
O=sC oCLC<1,

in which TM is the total marital fertility rate and TN is the total natural marital fer-
tility rate. The theoretical maximum of the TF is often assumed to have a mean val-
ue of 15.3, as suggested by Bongaarts. Each index is the ratio of the fertility level
in the presence of, to the level in the absence of, the effect of.the intermediate fertili-
ty variable (IFV). Thus, each index can assume values between 0 and 1, inclusively,
indicating complete to no reduction from total fecundity. Bongaarts’ model and the
fertility-inhibiting indices are presented in detail in Bongaarts (1978), Bongaarts and
Potter (1983) and Hill (1985).
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Direct estimation of fertility-inhibiting indices using Bongaarts’ model requires
detailed data derived mainly from fertility and family planning surveys. However,
as mentioned earlier, El-Khorazaty (1991), using data for 200 historical, developing
and developed populations experiencing a wide range of fertility levels, found a very
strong regression relation between the childbearing indices computed for the coun-
tries and the corresponding fertility-inhibiting indices. The resulting empirically de-
rived multivariate regression model is

s .00044 .00935 .02120 PAFB
C. | = |—.16726 19374 —.17578 PALB (7)
C 10295 —.07639 .08595 PRLS

Each regression equation has an R? of at least 98.3% and a standard error not
exceeding 0.10. Since one of the main purposes of regression is prediction, and since
the regressions have very high R? values, the independent variables can certainly be
used to predict or estimate values of the dependent variables. Thus, once the esti-
mates of PAFB, PALB, and PRLS were obtained through the childbearing model,
they were substituted into the regression model’s equation to acquire estimates of
the fertility-inhibiting indices C,, (marriage), C, (contraception), and C; (postpartum
infecundability) and their standard errors.

Substituting the estimates of the three projected childbearing indices, namely,
PAFB, PALB and PRLS in the multivariate regression model (7), the three fertility-
inhibiting (Bongaarts) indices were estimated for the period (1776—1987).

Auvailability of such long time series data made it possible to apply the Box-Jenkins
technique (Box and Jenkins, 1976) in which multivariate causal models are devel-
oped, which consider correlation within and among variables over time. Experience
and empirical applications of this technique suggest that it is preferable to any other
single forecasting technique. Hence, forecasted childbearing indices were obtained.
Justifications of applying time series methodology to demographic forecasting are
discussed in Carter and Lee (1986) and Land and Cantor (1983). With only charac-
terization but no theory regarding the childbearing transition (El-Khorazaty and
Horne, 1992), time series models are appropriate, as they provide powerful analyti-
cal tools in such areas in which there exists little prior theory (McCleary and Hay,
1980).

U)nivariate Auto-Regressive Integrated Moving Average (ARIMA) models, referred
to by ARIMA (p,d,q), of the childbearing indices, can conveniently be presented as:

®(B).(1-B)..Y, = O(B).¢, ®8)

where €,’s are independent, identically distributed normal random shocks with zero
mean and variance o2, B is the one-step backward shift operator such that BY, =Y,
d is the degree of backward difference polynomial, and Y, is the projected childbear-
ing index at time t. The auto-regressive and moving average polynomials are defined
respectively as:

®(B)=1— a,B— a,B*—...— a,B?, and
O(B) = l—mlB—szz— P _quq. (9)

Univariate models for the three childbearing indices were identified, estimated and
checked for adequacy and parsimony using time series data for the period (1776—
1987). Successful modeling was followed by forecasting the designated series according
to the model. Forecasts of each projected childbearing index, at this first stage, are
functions only of their own past history. Forecastability of the models is tested by
the generation of point forecasts and the calculation of interval forecasts.
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At the second stage, multivariate ARIMA, which show the patterns and interac-
tions among both projected childbearing indices and four crude demographic varia-
bles, namely, crude birth rate (CBR), crude death rate (CDR), natural increase rate
(NIR), and crude marriage rate (CMR) and infant mortality rate (IMR), were identi-
fied and estimated. These multivariate models help elucidate the dynamic relation-
ship among these variables and improve the accuracy of the forecasts.

To identify the relationship between a crude demographic variable and a child-
bearing index, the »prewhitened» series (residuals) of the demographic variable ser-
ies was obtained using the univariate model built in the first step. Then, the child-
bearing index series was filtered by the ARIMA model for the crude demographic
variable series to obtain the filtered childbearing index series. The prewhitening method
is advised for identifying an unknown dynamic system. Cross correlation functions
between the prewhitened crude demographic variable series and the filtered child-
bearing index series was computed to help identify the functional form between the
two variables, i.e., the transfer function component. Thus, the projected childbear-
ing index, Y,, and the crude demographic variables, Xi,’s, i=1,2,...,5, are linked
by the multivariate relationship:

Y, = {[UB) + S(B)].Xi] + [¢, - D(B)] (10)

where U;(B)=(U;,+ U;;B+ ... + U;B") and the S-polynomial has a form similar to
the ®-polynomial.

Multivariate causal models relating each of the childbearing indices to various
combinations of the four crude demographic variables (i.e., CBR, CDR, NIR, and
CMR) and the IMR using time series data for the period (1776—1987) were identi-
fied, estimated and checked to arrive at parsimonious prediction equations. Data
for these variables, aside from those on childbearing indices, come from Appendix
B in Lutz (1987b), Mitchell (1981) and Demographic Yearbooks of the United Na-
tions (several years). Variables which cause a reduction in the residual variance of
the childbearing index, or the one-step-ahead forecasts generated by the model are
those considered to be correlated with, and to help explain variations in, the index.

Using the identified univariate model for the CMR, the time series may be fore-
casted into the future. For the CBR, CDR, NIR, and IMR projected figures avail-
able from the United Nations (1989) were used. It is advisable to resort to statistical
time series forecasting of independent crude demographic variables only when demo-
graphic projections are not available. Future values of the childbearing indices will
be forecasted for the third period (1988—2022) using the fitted multivariate models
and the forecasted values of the CMR and projected values of the CBR, CDR, NIR
and IMR. Once the projected childbearing indices were forecasted, the three fertili-
ty-inhibiting indices were computed using the multivariate regression model (7).

Past values of the three projected childbearing indices, for the first period prior
to 1776, were estimated using reverse forecasting of the identified multivariate caus-
al time series models and data available on the four crude demographic variables
(CBR, CDR, NIR and CMR) since 1722, given in Appendix B in Lutz (1987b). Con-
sequently, the three fertility-inhibiting indices were estimated using El-Khorazaty’s
multivariate regression model (7) for the period 1722—1775.

The above methodology may be applied to countries which have a long time ser-
ies of crude demographic variables, thus allowing a detailed diagnosis of reasons and
mechanisms behind fertility and childbearing changes, in particular, and behind demo-
graphic transition, in general. Crude demographic variables are available for Sweden
(since 1749), Norway (since 1795), Denmark and France (since 1800), Hungary (since
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1861), New Zealand (since 1875) and Canada (since 1900). Historical time series of
macro-level childbearing and fertility-inhibiting indices may be, thus, calculated for
such countries in a similar way.

Results and discussion

Time series modeling and forecasting

Annual estimates of temporal projected childbearing indices for the period
1776—1987 using available ASFRs, along with fertility-inhibiting indices, via the mul-
tivariate regression model (7), were obtained. The Box-Jenkins time-series technique,
outlined in the previous section, was applied to the estimates of the projected child-
bearing indices (PAFB, PALB and PRLS), and the four crude demographic vari-
ables (CBR, CDR, NIR and CMR) and the IMR (called hereafter the five explanatory
variables). Details of the modeling are shown in the Appendix. Only a summary of
the results will be given here.

Parsimonious univariate ARIMA models for those eight measures were identi-
fied. All measures, except NIR and CMR, were differenced in order to obtain a sta-
tionary time series. Identified models were ARIMA(1,1,0) for the PAFB, ARI-
MA(2,1,1) for the PALB, ARIMA(1,1,2) for the PRLS, ARIMA(0,1,1) for the CBR,
ARIMA(0,1,2) for the CDR, ARIMA(2,0,0) for the NIR, ARIMAC(1,0,0) for the CMR
and ARIMA(3,1,0) for the IMR. For models’ specifications and statistics see the Ap-
pendix.

Next, investigations of the five explanatory variables, to find which variable or
subset of variables contains information in past terms that helps in the prediction
of the three childbearing indices, were conducted. Various combinations of the five
explanatory variables were incorporated into the univariate models for the projected
childbearing indices. The chosen final models, given in the Appendix, are those with
smallest residual mean squares, which improves forecasting precision. The results
show that the CBR, NIR and CMR cause changes in the three projected childbearing
indices. Making use of projections available for crude demographic explanatory vari-
ables (United Nations, 1989) and the forecasted CMR, forecasts of the changes in
childbearing temporal indices and determinants of these changes for the period
1988—2022 were computed. While it is not possible to forecast for a long period
that extends to 35 years using univariate time series models, this is not the case here-
in. Multivariate models »account for the joint variation of several social indicators
and, based on this structure, will give reliable long-range forecasts» (McCleary and
Hay, 1980). In addition, an increased understanding of and considerably more in-
formation on the childbearing-demographic system can be gained from convention-
al macro-level material.

To extend our view of the Finnish childbearing and fertility history back to 1722,
using the same multivariate time series models that described the nature of change
during 1776—1987, reverse forecasts of the three projected childbearing indices were
estimated. Consequently, fertility-inhibiting indices for the same period also were
computed through regression model (7).

Table 1 (see pp 60—65) shows the results of the proposed methodology for Fin-
land for the period (1722—2022). Projected indices for various aspects of timing of
childbearing and determinants of fertility changes provide more detailed informa-
tion about the dynamics of aggregate fertility changes than can the crude demographic
rates or period total fertility rates (TFRs) alone. Similar levels of TFR may have differ-
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ent childbearing temporal indices (PAFB, PALB, and PRLS) and different fertility-
inhibiting indices (C,,, C,, C,). Variations in the timing of childbearing might occur
with no or little change in the level of completed fertility. Additional indices such
as projected mean inter-birth spacing and proportion of childless women may be com-
puted from the three projected childbearing indices (for details see Horne, El-Khoraza-
ty and Suchindran, 1990). While the childbearing indices are projected indices, since
they refer to an »average» woman using the childbearing model equations for esti-
mation, they will be referred to hereafter without the word projected for simplicity.
The two sets of indices should provide new insights into Finnish childbearing, fertili-
ty and marriage experience across time since 1722 by making informative use of a
212 single-year period of ASFRs and 266 years of crude demographic measures, in-
cluding 1722—1775 data, that have been subjected to little previous analysis.

Model estimates of TFR may be calculated using fertility-inhibiting indices present-
ed in Table 1 and equation (6). However, the use of 15.3 births as an estimate of
total fecundity (TF) should be reconsidered. During the first part of the eighteenth
century, the mean life expectancy at birth in Finland, as in other pre-industrial Eu-
ropean countries, was at best in the mid-thirties (only 27 years for 1806—10 and
1866—70, as estimated by Mielke et al., 1987) and increased very slowly until the
late nineteenth century, when the value was around the mid-forties. Women then
were exposed to the risk of pregnancy for not more than 20 years, on average, dur-
ing the eighteenth century. Assuming the same average incidence of sterility (17 %
of potential reproductive years) proposed by Henry (1961) and adopted by Bongaarts
(1978), and the typical mean birth interval in the absence of lactation (20 months),
then on the macro-level, an average of only ten births per woman for the TF is ob-
tained. Model TFR estimates should be then about 65% of their estimated values
(10/15.3), using the fertility-inhibiting indices shown in Table 1 and the TF of 15.3
births. This percentage should increase gradually because of the increase in the ex-
pectation of life during the late nineteenth century.

In addition, because of wars, famines, plagues and epidemics which were observed
during these two centuries, couples were separated for lengthy periods. Lutz and Pit-
kinen (1986) state that »due to the continuous wars considerable proportions of the
young male population were drafted,» and thus were away from their wives for
prolonged periods of time. To capture this effect on fertility, Hill (1985) suggested
an index of spousal separation, C,, which requires data on prevalence by age. While
this factor should be taken into consideration even until the mid-twentieth century,
due to the two world wars, the Civil War of 1918, the Winter War of 1939—40,
emigration to the U.S. in the 1900s and 1910s and to Sweden in the 1950s and 1960s,
and other critical/abnormal situations, no data on separation are available for Fin-
land. Accordingly, the conservative percentage of 65% may be applied during these
unusual periods if one is interested in obtaining model estimates of TFR. When a
TF value of 10 was used, observed TFRs were found to be within a 95% or, at worst,
within a 99% confidence interval of the TFR estimates, using the described indirect
methodology, for the period since 1776 until the mid-twentieth century.

A quick test of the validity of the indirect methodology may be done by compar-
ing the results depicted in Table 1 with those using the direct methodology suggested
by Bongaarts (1978). This is possible only for the year 1971, for which Bongaarts’
model estimate of the TFR was 1.11 (Bongaarts and Potter, 1983), while the esti-
mate using the present methodology and the regression model (7) was 1.28. The ob-
served TFR for 1971 was 1.61. Estimates of C_, C_. and C, are 0.514, 0.171 and
0.930, respectively, using Bongaarts’ direct methodology, and 0.463, 0.186 and 0.969,
respectively, using the indirect methodology. In addition, observed TFRs are within
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the 95% level confidence intervals of the model TFR estimates, using the methodol-
ogy described herein for the years since the mid-1950s.

The Childbearing and Fertility-inhibiting Process Since 1722

The recovery: the period until the mid-eighteenth century

At the end of the Great Northern War in 1721, fertility started to recover from
the probable low levels during the first two decades of the eighteenth century, result-
ing from the 1710—11 epidemic and the years of crop failure and great famine at
the end of the seventeenth century, as reflected in the increase in the CBR from 30.2
per thousand in 1722 to the low forties in the late 1730s. This increase in the CBR,
and simultaneously in the marriage index (C,,), during this period happened in spite
of the decrease in the registered crude marriage rates (CMRs) from 12.2 per thou-
sand in 1722 to 7—S8 in the late 1730s. The fertility recovery depended a great deal
on older women, as projected ages at last birth (PALB) increased from 32.1 years
in 1722 to around 35.6—36.8 for the years 1739—41, while an overall increasing trend
was observed in ages at first birth (PAFBs) from around 20.5 years during the
mid-1720s to only about 22 years in the late 1730s. The later age pattern of entry
into childbearing in the 1720s implies the prevalence of an early age pattern of mar-
riage in the first decades of the eighteenth century. Low figures for ages at last birth
in the early eighteenth century were because of short life spans, which should have
been only around the mid-thirties. Increases in ages at last birth probably coincided
with the gradual but slow rise in the life expectancy.

Changes occurring in the entry into and exit from the childbearing process result-
ed in longer reproductive life spans (PRLSs), from 11.5 years in 1722 to around 14
to 15 years for the years 1739—41. Accordingly, the »baby boom» which occurred
after the end of the Great Northern War was not a result of universal marriage or
a change in marriage pattern, but was mainly due to the increase in marital fertility,
by later ages at childbearing and longer reproductive life spans, and lower rates of
use of fertility control (increase in the values of the contraception index, C.). This
result indicates that, at an earlier time in the eighteenth century, fertility limitation
by means other than late and nonuniversal marriage existed — however, playing on-
ly a small role — and had an effect on the fertility level. Andorka (1978) proves that
folk methods of contraception and induced abortion were widely known in almost
all societies and in almost all historical periods. While fertility in Finland never reached
any level near its biological maximum, the justification given for Sweden by Breck-
enridge (1983) that this was because of wadoption of Malthusian control of fertility
— postponement of marriage, and maintenance of never-married status» needs to
be amended for the case of Finland. The above analysis suggests that practices of
family limitation to limit the number of births were also responsible, at least in part,
for relatively low fertility levels earlier in the eighteenth century, and resulted in an
earlier termination of the reproductive period, with an average age at last birth of
only about 32 years in 1722 and a contraception index of 0.7.

This recovery came to an end with the start of the War of the Hats in the early
1740s. During the years 1740—43, the CBRs decreased while CDRs increased sharp-
ly, resulting in negative population growth rates. Reproductive life spans were short-
ened by almost three years in two years’ time, from 15.2 years in 1741 to only 12.5
years in 1743, as a result of the combined effects of increased ages at first birth and
decreased ages at last birth. The increased role of family limitation (decreased values
of the contraception index, C) is also evident during the war period and is probab-
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ly responsible for younger ages at last birth and early termination of childbearing.
The crude marriage rate registered its lowest value of only 6 per thousand in the years
1741—42, and the marriage index, C_, reached its highest value of 0.68 in 1741. In
addition, the youngest value for age at first birth of only 20.7 years was observed
for the year 1741, after which it started to increase gradually. Lutz (1987b) confirms
these results. He speculates that high mortality proportions during the War of the
Hats »probably led to ... a shortage of rural labor force ... and to an increased
possibility for the young generation to take over their parents’ farms at a younger
age. This may have led temporarily to younger mean ages at marriage [and conse-
quently, younger ages at first birth] and the higher proportions ever-married.» The
effect of the end of the war in 1744 was reflected in the childbearing indices in the
following year. Ages at first birth decreased by one year, and ages at last birth in-
creased by 1.3 years, resulting in a lengthening of the reproductive life span by 1.5
years.

The overall increasing trend in ages at first birth during the period 1722—1740
(and beyond until the late eighteenth century), in spite of fertility increase, could
be an indication of a Malthusian transition from universal and early marriage in the
seventeenth century to late marriage and a high proportion remaining unmarried,
which Coale (1974) called the first demographic transition in Europe. Hajnal (1965)
speculates that this marriage transition might have to do with the Reformation and
its consequences on parish registration and voluntary agreement of spouses. In addi-
tion, young people often circulated before marriage between households as servants
(Hajnal, 1983). The implication for marriage transition from childbearing transition
is only valid for this period, since illegitimacy (only 1.26% in 1751) and fertility con-
trol were negligible and the start of a union indicated an intention to have children
soon.

Abrupt transition and relative stability: the period between the mid-eighteenth century
and the end of the nineteenth century

The highest recorded CBRs of around 45 per thousand were observed in the 1750s
and early 1760s, while CMRs declined gradually from around 11 in the early 1750s
to about 8 in the mid 1760s. These changes were reflected in increased ages at first
birth, from 22.4 in 1751 to about 24 years in 1762—63. The ages increased very slowly
afterwards to reach around 25 years in the early part of the twentieth century. In-
creases in PAFBs were a direct consequence of postponement of marriage, since »for
1751—1775 the female modal age at marriage was 19 and . . . [the period 1776—1800
shows] a dramatic increase in modes, raising the estimation of the female modal age
at marriage to 23,» (Lutz, 1987b). In the ensuing decades, ages at first birth increased
slightly from 24.5 years in the early nineteenth century to about 25.5 years one cen-
tury later. This increase can be attributed to »the rising average age at first marriage,
which shortened the fertile period, [and] was one reason for the declining birth rate
during the pre-industrial period» (Finland, Central Statistical Office, 1975).

Figure 1 reveals that ages at last birth increased from 37 years in the late 1740s
and early 1750s, to reach a high of 40.6 years in 1770, and declined again to about
39 years in the late 1780s. Ages at last birth stabilized afterwards at around 39—40
years until the early 1900s.

Age at last birth is considered as »the most straxghtforward measure reflecting
attempts to deliberately stop childbearing prior to the end of the reproductive age
span» (Knodel, 1987), and it is a preferred index to study the extent of fertility con-
trol (Ewbank, 1989). The decline in PALBs during the 1770s and 1780s suggests that
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Figure 1. Three centuries of childbearing indices in Finland (1722—2022)
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the early fertility transition could be interpreted as a change in marital fertility, as
well as nuptiality, and that deliberate fertility control was practiced. This conclusion
has been supported by some authors (Kaukiainen, 1973 and Turpeinen, 1978) and
opposed by others (Lutz, 1987a). Experiences of German villages in the eighteenth
and nineteenth centuries suggested a similar point that »couples were increasingly
adopting a stopping strategy for controlling fertility ... through which marital fer-
tility came under volitional control and is the major feature of reproductive change
during the initial phases of the fertility transition,» (Knodel, 1987). One should remem-
ber that female expectation of life at birth was only around 41 years in the mid-eight-
eenth century and fluctuated in the neighborhood of 40—45 years until the mid-nine-
teenth century. This caused the length of the reproductive life span to reach a heighth
of around 17 years in the early 1770s, to shorten gradually to about 15 years in the
early 1790s and then slowly to about 14 years by the first decade of the twentieth
century.

Departures from these general trends in reproductive behavior during this one
and one-half century of stabilization can be examined in relation to singular events
which are expected to have large, although temporary, effects on childbearing pat-
terns, as seen in Figure 1. During the 1789—91 war, age at first birth increased to
about 25 years in 1789, while age at last birth declined to about 38.6 years, thus short-
ening the reproductive life span to only 14.4 years. The War of Finland had its effect
on the age at first birth, increasing it to 25.8 in 1809, and on the age at last birth,
decreasing it to 37.7 for the same year; hence, a reproductive life span of only 13
years is observed. These changes in childbearing indices were reversed in the ensuing
years after the 1808—1809 War, as a result of a marriage boom and a catch-up peri-
od in fertility, as mentioned by Mielke and Pitkénen (1989).
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The Cholera epidemic in the mid-1830s, the several successive years of famine
in the 1860s, especially the year 1863, and certain critical moments during the years
1892—94, had a similar effect of encouraging older ages at first birth, younger ages
at last birth, and shorter reproductive life spans. Again, wars, famines and epide-
mics resulted in higher mortality rates and lower expectation of life that contributed
to the younger ages at last birth. Women reproduced and bore children until they
died or became widowed.

While the marriage index, C,, increased from around 0.65 in the late 1740s to
around 0.75 in the mid-1770s, its value started to decline slightly in an erratic man-
ner to hover around 0.70 until the end of the nineteenth century, as seen in Figure
2. Little family limitation practices may be inferred from the data during the 1750s
and 1760s. By the early 1770s, the contraception index, C., showed a value of
almost one, to decline, however erratically, to almost 0.8 in the late 1780s. The con-
traception index then fluctuated around 0.80—0.85 until the end of the nineteenth
century. These results support the intuitive guess of Lutz (1987b) for the period
1751—1850 that »regardless of the long-term aggregate level of fertility, short-term
reactions to environmental stress might have been in the form of parity-specific fer-
tility control over short periods, i.e., differential fertility inhibiting behavior in de-
pendence on the number of children already born.» A similar situation was demon-
strated for Sweden by Carlsson (1970), in which he found »that the oscillations in
natality in Sweden during the 19th century could not entirely be explained either by
fluctuations in nuptiality or by the unfavorable hygienic conditions of the ’crisis’
periods, and must have been the result of voluntary restrictions in marriage fertili-
ty.» The short-lived decreasing fertility trend in Finland in the 1770s and 1780s, ac-

Figure 2. Fertility-inhibiting indices in Finland (1722—2022)
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cordingly, was due mainly to both changes in nuptiality and reproductive behavior
(marital fertility).

Another important observation for the eighteenth and nineteenth centuries is the
spread of breastfeeding practices. Low values for the infecundability index C, are
observed, thus implying significant fertility inhibiting effect of breastfeeding, aside
from the effect of nuptiality. These results are supported by Watkins (1990). She
states that »the conclusion that breastfeeding accounts for much of the variation in
marital fertility is compatible with evidence from English parish registers between
1600 and 1799 and from German village genealogies in the eighteenth and nineteenth
centuries.» The infecundability index tended to increase during the eighteenth centu-
ry in Finland, to stabilize afterwards at a relatively low value of around 0.85 during
the nineteenth century.

Persistent decline: the twentieth century and early twenty-first century

With the beginning of the twentieth century, fertility started to decline again af-
ter one and one-half centuries of stability. The prevailing environment during the
early part of the twentieth century was one in which industrialization and urbaniza-
tion were gaining much ground, emigration to the West, mainly to the U.S., was
accelerating, education was changing significantly, life expectancy was around 50
years, etc. These circumstances were inducive to drastic changes in reproductive be-
havior. Ages at first birth increased from around 25 years in the early years of the
twentieth century to about 27 years in the mid-1930s, while ages at last birth decreased
more significantly from 39 years to only 35 years over the same period. The increas-
ingly younger childbearing pattern was more dramatic after the year 1910.

These results confirm other observations regarding the reproductive behavior in
Western countries, which indicate that »the decline in fertility primarily and particu-
larly affects the end of the reproductive period, before extending gradually to affect
the youngest age groups» (Festy, 1984). Women’s exposure to the risk of pregnancy,
measured by the length of reproductive life spans, decreased substantially from almost
15 years to about 11 years during the first one-third of the twentieth century. The
disruption occurred mainly during the year of epidemics in 1919. The years of the
First World War (1914—1918) did not have a significant effect on the fertility and
childbearing process in Finland, other than general trends observed since 1910. The
expected depressing effect of the War on fertility and reproductive behavior might
have been offset by the growth of nationalist pronatalist sentiments prevailing since
the nineteenth century.

The fertility decline during the period 1900—1935, which gained momentum af-
ter 1910, is implied by the changes in fertility-inhibiting indices. While the marriage
index did not change very much during the first decade of the twentieth century and
hovered around 0.68, its value declined sharply to only 0.57 by the mid-1930s. Simi-
larly, the contraception index, which was around 0.81 during the first decade, declined
drastically to 0.38 by the mid-1930s. Increases in the postpartum infecundability in-
dex to its maximum value of one during the mid-1930s imply virtually no breastfeed-
ing practices and, consequently, no inhibiting effect on fertility. Fertility transition
during the first one-third of the twentieth century, or, in particular, during the 25-year
period succeeding 1910, was due mainly to changes in reproductive behavior and mari-
tal fertility as a result of the widespread use of contraceptives. The neo-Malthusian
transition through the reduction of marital fertility was stressed by Coale (1974) when
discussing the second demographic transitions in Europe. Changes in marriage pat-
terns and breastfeeding practices played a relatively minor role, compared to their
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role in the demographic transitions of the two periods from 1722 to 1750s and dur-
ing the 1770s and 1780s.

Irregular fluctuations in childbearing and fertility-inhibiting indices that accom-
panied fertility changes were the characteristics of the period 1935—45. This period
experienced several short-term fluctuations due to the two phases of the Winter War
(1939—40 and 1941—44) and the Second World War (1939—45).

The period immediately after World War II was affected by postwar changes and
the baby boom. Ages at last birth increased to above 35 years in 1946—49, while
ages at first birth declined to around 24.5 in the same period. However, the long-
range trend which started in 1910 and was interrupted in the mid-1930s was restored
from the late 1940s until the early 1970s. These trends are a logical continuation of
the demographic transition during the period 1910—35, and were obviously a conse-
quence of the same structural changes, such as large internal migration, rapid ur-
banization and industrialization. Irregularities in childbearing indices during the war
years and the baby boom phenomenon afterwards should be regarded as departures
from the general trends which prevailed since the early twentieth century.

Age at last birth started to decline sharply since the late 1940s to reach only 29.5
years in the mid-1970s, while the low level of age at first birth persisted during this
period, showing very little change in the timing of entry into childbearing. Length
of the reproductive life span fell by four years, from 12 years in the mid-1940s to
8 years in the mid-1970s. The year 1973 witnessed the smallest birth cohort since the
famine years of the 1860s. The main fertility-inhibiting index responsible for the de-
cline in fertility during the period 1946—75 was contraception, in which its index
decreased dramatically from around 0.60 in the mid-1940s to a low of 0.14 in 1973,
increasing slightly afterwards.

After the mid-1970s, age at last birth started to increase gradually, reversing the
persistent declining trend observed in the early years of the twentieth century, to reach
31 years during the mid-1980s. Similarly, age at first birth increased systematically
to reach in the late 1980s the level prevailing in the mid-1930s. These trends were
observed also in Western Europe, in which »the period of most rapid fall [in fertili-
ty] ceased around 1975 and some small rises have since taken place ... [and] after
a long phase towards younger childbearing, a reversal trend has taken place,» (Calot
and Blayo, 1982). The length of the reproductive life span was generally stable dur-
ing the 1970s and 1980s. These trends indicate a changing pattern of marriage since
the mid-1970s towards later age at marriage and/or postponement of the birth of
the first child, while keeping the length of the reproductive life span unchanged, result-
ing in stable TFRs of around 1.7 births.

Multivariate time series forecasting indicates that a downward trend in projected
ages at first and last birth is expected. However, reproductive life spans will tend
to decrease from almost 8 years in the late 1980s to a little above 6 years in the early
2020s, as a result of a faster rate of decline in ages at last birth compared to ages
at first birth. It is forecasted that ages at first birth will decline to about 25.5 years
in the early 2020s, while ages at last birth will be just below 29 years for the same
period. These trends are conditioned on the projections of the United Nations (1989),
which show declining CBRs and increasing CDRs, thus resulting in declining NIRs
in the next three decades. Both marriage and contraception indices are expected to
decline, implying prospective changes in nuptiality patterns as well as the childbear-
ing process. The next few decades will tell if the upward trend observed in ages at
first and last birth during the period 1975—87 will continue, and whether it will be
a long-term phenomenon or a short-term fluctuation to be reversed. Both indices
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cannot continue to increase simultaneously, since there are societal and biological
restrictions. It remains to be seen how long this upward trend will continue before
leveling off or being reversed.

Concluding remarks

Aggregate, macro-level childbearing and fertility-inhibiting indices presented in
this study, even with the increasing availability of micro-level data, are clearly in-
formative and can open new directions in historical demography and the study of
the dynamics of change in demographically interpretable indices. The justification
of using macro-level measures are best expressed by Breckendridge (1983). She states
that »measures of the aggregate consequences of individual behaviors continue to
have a central place in demographic analysis for several good reasons: . .. to identi-
fy population trends and transitions; . .. [and] to permit the comparison of current
patterns with historical patterns in those populations for which more detailed infor-
mation is not available.» Although the primary contribution of this paper is to use
a recently introduced methodology to produce temporal childbearing and fertility
indices, which relies only on quantum aggregate data, rather than to study Finnish
history, this paper nevertheless provides new insights into nuptiality and childbear-
ing processes in Finland across three centuries. Diverse events and changing charac-
teristics in Finland during this period, such as varying age patterns of marriage and
occurrences of wars, severe crop failures and periods of high migration, are expect-
ed to affect childbearing levels and patterns. In addition, changes in fertility have
been analyzed by different methodologies and analytic approaches, thereby provid-
ing means of evaluating the results from the methodology used herein.

The results presented in this paper demonstrate that Finland passed through three
demographic transitions. The first was mainly a nuptiality transition (1720—1760),
while the second was a nuptiality/childbearing transition (1770—1790) and the third,
essentially a childbearing transition (1910—1985). A stabilization in the childbearing
and fertility process was observed during the nineteenth century. While the period
until the late eighteenth century was characterized mainly by nuptiality transition,
the stabilization period, between the late eighteenth century and the beginning of
the twentieth century, corresponds to stage I of the childbearing transition charac-
terization (CTC), introduced by El-Khorazaty and Horne (1992). In stage I, nuptial-
ity patterns were essentially stable, both ages at first and last birth were high, result-
ing in reproductive life spans relatively short (about 15 years) and fertility not as
high when compared to today’s developing countries.

The twentieth century childbearing experience until the mid-1970s corresponds
to stage II of the CTC, in which ages at last birth declined at a faster rate, while
ages at first birth increased slightly. Thus, reproductive life spans decline sharply.
The reduction in family size occurring in this stage is the result of changes in the
knowledge and acceptability of contraception, which play an essential part in earlier
termination of childbearing and low population growth rates.

Since the mid-1970s, increases in both ages at first and last birth resulted in
reproductive life spans being stable in the range of 6—8 years, corresponding to stage
III of the CTC. The decrease in childbearing at younger ages is fully offset by an
increase at higher ages, so that the average number of births per woman remains
the same. Childbearing changes during this period were a matter of timing. The shift
in age distribution of fertility towards older ages and, thus an older childbearing pat-
tern in recent years, is a result of the prominent influence of change in crude mar-
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riage rates since the late 1950s, when the CMR increased from only 7.2 in the years
1957—359 to almost 9 in the early 1970s, before starting to decline again to a low
of 5.3 in the late 1980s.

Further insights into childbearing-demographic-socioeconomic mechanisms may
be gained if childbearing-demographic multivariate time series causal models devel-
oped herein are extended to consider societal socioeconomic indicators and other in-
tervening fertility-inhibiting variables. The results of such causal modeling can aid
in the development of a theory of the childbearing transition. Future works should
take advantage of the availability of long time series data on the requisite covariate
data. Lutz (1987a, b) asserts that the case of Finland shows that socioeconomic fac-
tors did not affect the fertility development to any great extent and that reproductive
behavior was a reflection rather of individual mentality and culture. However, the
application of time series techniques for several countries at different stages of the
demographic transition is needed first in order to cover various phases of develop-
ment before reaching a final conclusion on this issue. Moreover, childbearing and
fertility-inhibiting indices presented herein are more sensitive reflections of changes
in fertility patterns and socioeconomic changes in the society than crude demographic
variables, total fertility rates, and the mean age at childbearing, usually used in such
analyses.

Appendix
Time series forecasting models

First: Univariate Models

The Box-Jenkins auto-regressive integrated moving-average ARIMA (p,d,q) models are represented by
equation (8), in which p and q are the degree of the auto regressive and moving average processes, respec-
tively, and d is the degree of differencing. For the five explanatory demographic variables and the three
temporal childbearing indices the auto-correlation function and the partial autocorrelation function were
inspected and the series was differenced if it revealed nonstationarity. Accordingly, parsimonious models
were identified and estimated. The following are the estimated models along with their summary statistics.

(1) The CBR: ARIMA (0,1,1)
m, =0.429, s.e.(m,;)=0.062
Residual mean squre=4.817, df =209

(2) The CDR: ARIMA(0,1,2)
m, =0.508, s.e.(m,)=0.064
m,=0.363, s.e.(m,)=0.065
Residual mean square = 34.006, df =208

(3) The NIR: ARIMA(2,0,0)
a,=0.650, s.e.(a;)=0.069
a,=0.153, s.e.(a;) =0.068
Residual mean square =0.627, df =207

(4) The CMR: ARIMA(1,0,0)
a, =0.975, s.e.(a;)=0.007
Residual mean square =0.768, df =209

(5) The IMR: ARIMA(3,1,0)
a,=—0.668, s.e.(a;)=0.047
a,=—0.512, s.e.(a,)=0.053
a;=—~0.591, s.e.(a;) =0.041
Residual mean square=318, df=114
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(6) The PAFB: ARIMA(1,1,0)
a;=—0.243, s.e.(a,) =0.067
Residual mean square=0.103, df =208

(7) The PALB: ARIMA(2,1,1)
a, =0.691, s.e. (a;)=0.101
a, =0.292, s.e. (a,)=0.066
m, =0.958, s.e.(m,;)=0.085
Residual mean square=0.115, df =205

(8) The PRLS: ARIMA(1,1,2)
a, =—0.907, s.e. (a,;)=0.086
m, =—0.640, s.e.(m,)=0.099
m,= 0.294, s.e.(m,)=0.068
Residual mean square=0.173, df =206

Second: Multivariate Models

To estimate multivariate causal time series models, cross correlation functions between each childbearing
index and the five explanatory variables are calculated using the differenced series, when necessary. Vari-
ous combinations of the prewhitened series of the five explanatory variables were obtained and the univariate
models for each childbearing index were filtered. A cross correlation function was then computed in ord-
er to identify the transfer function model. The following are the estimated multivariate models along with
their summary statistics. A reduction in the residual mean square error is observed, compared to the univar-
iate models.

(1) The PAFB:

(1—B).PAFB, = [(—0.1295 + 0.1322B)/(1—0.1385B)](1—B).CBR,
+[(—0.002817—0.04396B)/(1—0.1925B)].NIR,
+[(—0.01863 + 0.00473B)/(1 + 0.9549B)].CMR,
+[(1—0.1676B).¢,

Residual mean square =0.0246, df =200

(2) The PALB:

(1—B).PALB, = [(0.1418—0.1382B)/(1—0.03222B)](1—B).CBR,
+[(—0.01126 + 0.08264B)/(1 + 0.6175B)].NIR,
+[(—0.02473)/(1 + 0.03044B)|CMR,
+[(1—0.5938B)/([(1—0.4635B—0.2606B?)].¢,

Residual mean square =0.0276, df =197

(3) The PRLS:

(1—B).PRLS, =[(0.1748—0.1737B)/(1—0.1427B)](1—B).CBR,
+[(0.03482 +0.04534B)/(1 + 0.6394B)].NIR,
+[(—0.02447 +0.000883B)/(1 + 0.8648B)].CMR,
+[(1—0.6937B + 0.2576B?)/(1—0.1512B)].¢,

Residual mean square =0.0262, df =197



TABLE 1

CHILDBEARING AND FERTILITY-INHIBITING INDICES 1IN FINLAND (1722 - 2022)

CHILDBEARING ~ INDICES BONGAARTS INDICES
AFB (years) ALB (years) PRLS MARRIAGE  CONTRACEPTION INFECUNDABILITY

Mean s.e. Mean s.e. (years) C(a R NleR] L BE s.e.

1722 20.96 5.63 32.12 6.35 11.50 0.553 0.014 0.696 0.016 0.693 0.018
1723 20.60 5.63 32.75 6.35 12.18 0.573 0.016 0.758 0.019 0.666 0.020
1724 20.20 5.63 33.29 6.35 12.68 0.589 0.021 0.842 0.025 0.626 0.027
1725 20.52 5.63 33.15 6.35 12.35 0.581 0.020 0.819 0.024 0.642 0.026
1726 20.66 5.63 33.09 6.35 12.18 0.577 0.021 0.814 0.024 0.646 0.026
1727 21.22 5.63 33.22 6.35 12.23 0.579 0.014 0.737 0.017 0.698 0.018
1728 20.79 5.63 33.47 6.35 12.55 0.588 0.018 0.801 0.022 0.662 0.023
1729 21.10 5.63 34.04 6.35 13.01 0.603 0.015 0.779 0.0i18 0.690 0.019
1730 21.15 5.63 33.93 6.35 12.91 0.600 0.014 0.767 0.017 0.695 0.018
1731 20,31 5.63 34.72 6.35 13.63 0.623 0.025 0.934 0.030 0.610 0.032
1732 21,09 5.63 34.20 6.35 12.93 0.603 0.019 0.826 0.022 0.670 0.024
1733 21.42 5.63 34.03 6.35 12.57 0.594 0.018 0.801 0.021 0.686 0.023
1734 21.19 5.63 34.50 6.35 13.19 0.612 0.018 0.821 0.021 0.680 0.022
1735 21.62 5.63 34.47 6.35 12.93 0.606 0.016 0.789 0.019 0.704 0.020
1736 21.28 5.63 34.95 6.35 13.59 0.624 0.016 0.823 0.019 0.689 0.021
1737 21,76 5.63 34.92 6.35 13.22 0.616 0.016 0.802 0.019 0.709 0.020
1738 21.61 5.63 35.36 6.35 13.90 0.635 0.013 0.793 0.015 0.718 0.016
1739 22,30 5.63 35.63 6.35 14.04 0.64: 0.007 0.705 0.009 0.781 0.009
1740 21.92 5.63 35.93 6.35 14.25 0.648 0.012 0.790 0.014 0.737 0.015
1741 20.70 5.63 36.83 6.35 15.15 0.675 0.026 1.000 0.031 0.620 0.033
1742 21.56 5.63 35.60 6.35 13.30 0.624 0.028 0.953 0.033 0.643 0.035
1743 22.92 5.63 35.10 6.35 12.52 0.604 0.016 0.766 0.019 0.754 0.020
1744 23.03 5.63 35.35 6.35 13.01 0.616 0.010 0.710 0.012 0.789 0.013
1745 22.07 5.63 36.69 6.35 14.50 0.660 0.017 0.868 0.020 0.716 0.021
1746 21.77 5.63 36.92 6.35 14.69 0.666 0.021 0.929 0.025 0.684 0.026
1747 22.14 5.63 36.85 6.35 14.37 0.659 0.020 0.910 0.024 0.699 0.026
1748 22.80 5.63 36.52 6.35 13.87 0.646 0.015 0.824 0.018 0.750 0.019
1749 22,61 5.63 36.95 6.35 14.28 0.658 0.017 0.867 0.020 0.732 0.022
1750 22.67 5.63 37.30 6.35 14.65 0.669 0.016 0.860 0.018 0.744 0.020
1751 22.44 5.63 37.45 6.35 14.69 0.671 0.020 0.920 0.024 0.712 0.025
1752 22.56 5.63 31.79 6.35 14.95 0.680 0.019 0.920 0.023 0.721 0.024
1753 23.07 5.63 37.50 6.35 14.54 0.669 0.015 0.851 0.018 0.760 0.019
1754 23.25 5.63 38.00 6.35 14.98 0.683 0.013 0.840 0.015 0.778 0.016
1755 22.96 5.63 38.34 6.35 15.41 0.695 0.014 0.879 0.017 0.759 0.018
1756 22.66 5.63 38.75 6.35 15.62 0.703 0.021 0.972 0.025 0.715 0.027
1757 22.67 5.63 38.62 6.33 15.49 0.699 0.021 0.968 0.025 0.715 0.027
1758 23.36 5.62 38.32 6.30 14.87 0.684 0.018 0.903 0.021 0.756 0.023
1759 23.83 5.61 38.50 6.28 15.21 0.693 0.010 0.800 0.011 0.820 0.012
1760 23.23 5.60 39.06 6.26 15.70 0.708 0.017 0.922 0.020 0.757 0.021
1761 22.46 5.60 39.71 6.24 16.45 0.730 0.024 1.000 0.028 0.693 0.030
1762 23.96 5.59 38.93 6.22 15.23 0.697 0.013 0.858 0.016 0.802 0.017
1763 23.93 5.8 39.05 6.20 15.43 0.703 0.012 0.851 0.015 0.807 0.016
1764 23.44 5.57 39.92 6.19 16.29 0.729 0.017 0.950 0.020 0.764 0.021
1765 23.15 5.57 39.85 6.17 16.28 0.728 0.020 0.987 0.023 0.738 0.025
1766 23.58 5.56 39.85 6.15 15.98 0.722 0.019 0.968 0.023 0.757 0.024
1767 23.86 5.55 39.59 6.14 15.82 0.716 0.015 0.899-0.017 0.792 0.018
1768 24.05 5.55 40.05 6.13 16.16 0.728 0.013 0.896 0.016 0.805 0.017
1769 23.49 5.54 40.32 6.12 16.68 0.741 0.016 0.951 0.019 0.772 0.020
1770 23.58 5.53 40.59 6.11 16.64 0.743 0.019 0.995 0.023 0.757 0.024
1771 23.31 5.53 40.35 6.10 16.59 0.739 0.020 1.000 0.024 0.743 0.025



CHILDBEARING  INDICES BONGAARTS INDICES
AFB (years) ALB (years) PRLS MARRIAGE ~ CONTRACEPTION INFECUNDABILITY

1790 24.81 4.91 39.27 5.90 15.02 0.697 0.012 0.818 0.014 0.845 0.015
1791 24.85 4.94 39.03 6.11 14.84 0.690 0.011 0.797 0.013 0.852 0.014
1792 24.20 4.62 39.54 5.74 1572 0.714 0.011 0.850 0.013 0.822 0.014
1793 23.84 4.63 39.95 5.62 16.42 0.732 0.010 0.866 0.012 0.814 0.013
1794 23.98 4.62 39.42 5.77 15.83 0.715 0.011 0.844 0.013 0.818 0.013
1795 24.12 4.60 38.93 5.79 15.26 0.698 0.011 0.826 0.013 0.821 0.014
1796 24.25 4.60 39.09 5.80 15.37 0.702 0.010 0.816 0.012 0.832 0.013
1797 24.09 4.72 39.28 5.80 15.61 0.709 0.011 0.837 0.013 0.821 0.014
1798 24.21 4.75 38.81 5.77 15.08 0.693 0.011 0.819 0.013 0.824 0.014
1799 24.28 4.73 38.90 5.85 15.09 0.694 0.012 0.823 0.014 0.825 0.015
1800 24.38 4.80 38.82 5.86 14.97 0.691 0.011 0.812 0.013 0.831 0.014
1801 24.25 4.81 39.08 5.76 15.32 0.701 0.011 0.822 0.013 0.828 0.014
1802 24.32 4.74 39.55 5.84 15.66 0.712 0.011 0.842 0.013 0.828 0.0M4
1803 24.86 4.86 39.23 6.05 14.98 0.695 0.011 0.809 0.013 0.850 0.04
1804 24.53 4.72 39.49 5.76 15.39 0.706 0.012 0.843 0.014 0.831 0.015
1805 24.53 4.82 39.69 5.81 15.61 0.713 0.011 0.843 0.013 0.835 0.014
1806 24.68 4.86 39.02 5.89 14.91 0.692 0.011 0.811 0.013 0.842 0.014
1807 24.63 4.83 39.31 5.91 15.21 0.701 0.011 0.823 0.013 0.840 0.014
1808 25.61 5.09 38.38 6.08 13.67 0.660 0.012 0.749 0.014 0.880 0.015
1809 25.84 5.28 37.68 6.41 13.08 0.641 0.010 0.679 0.012 0.906 0.013
1810 24.61 4.69 39.12 5.81 14.99 0.694 0.012 0.828 0.014 0.834 0.015
1811 25.09 4.86 38.93 5.97 14.48 0.682 0.012 0.800 0.014 0.854 0.015
1812 24.71 4.78 39.28 6.02 15.11 0,698 0.011 0.821 0.013 0.842 0.014
1813 25.08 4.88 38.84 5.97 14.43 0.680 0.012 0.793 0.0M4 0.855 0.015
1814 25.07 4.82 39.04 5.95 14.59 0.685 0.012 0.806 0.014 0.853 0.015
1815 25.05 4.76 39.22 5.94 14.75 0.690 0.012 0.816 0.014 0.851 0.015
1816 24.92 4.79 39.21 5.92 14.87 0.693 0.0012 0.815 0.014 0.848 0.015
1817 24.8¢ 4.76 39.25 5.99 14.99 0.696 0.011 0.815 0.013 0.847 0.014
1818 24.85 4.73 39.25 5.92 14.95 0.695 0.012 0.820 0.014 0.845 0.015
1819 24.95 4.8 38.88 6.01 14.60 0.684 0.011 0.793 0.013 0.853 0.014
1820 24.91 4.78 38.83 6.03 14.56 0.683 0.012 0.797 0.014 0.850 0.015
1821 24.55 4.58 39.76 5.80 15.61 0.713 0.012 0.853 0.014 0.832 0.015



CHILDBEARING  INDICES BONGAARTS INDICES
AFB (years) ALB (years) PRLS MARRIAGE ~ CONTRACEPTION INFECUNDABILITY

Mean s.e. Mean s.e. (years) Ca 8.0, L8 - .9 Cf s.e.
1822 25.04 4.85 38.99 6.08 14.64 0.686 0.011 0.792 0.013 0.858 0.014
1823 24.64 4.58 39.51 5.85 15.31 0.705 0.012 0.842 0.014 0.834 0.015
1824 24.76 4.73 39.05 5.93 14.86 0.691 0.012 0.812 0.014 0.843 0.015
1825 24.74 4.68 39.07 6.08 14.91 0.692 0.011 0.811 0.013 0.844 0.014
1826 24.89 4.74 39.17 5.90 14.83 0.692 0.012 0.819 0.014 0.845 0.015
1827 25.04 4.76 39.15 5.98 14.71 0.689 0.012 0.811 0.014 0.852 0.015
1828 24.57 4.66 39.36 5.85 15.26 0.702 0.012 0.834 0.014 0.834 0.015
1829 24.64 4.68 39.19 5.93 15.07 0.697 0.012 0.822 0.014 0.838 0.015
1830 24.77 4.73 39.09 5.98 14.89 0.692 0.012 0.813 0.014 0.844 0.015
1831 25.04 4.85 38.66 5.96 14.30 0.676 0.012 0.788 0.014 0.854 0.015
1832 25.21 4.87 3B.64 6.04 14.17 0.673 0.012 0.779 0.014 0.862 0.015
1833 25.79 5.14 38.02 6.16 13.26 0.648 0.012 0.722 0.014 0.890 0.015
1854 25.09 4.76 38.79 S5.79 14.30 0.677 0.013 0.805 0.015 0.849 0.0l¢
1835 25.26 4.86 38.81 5.90 14.23 0.676 0.012 0.793 0.015 0.859 0.016
1836 25.62 5.03 38.38 6.13 13.66 0.660 0.012 0.749 0.014 0.880 0.015
1837 25.77 5.01 38.50 6.10 13.61 0.660 0.012 0.756 0.015 0.882 0.016
1838 25.68 4.97 38.68 5.98 13.81 0.666 0.013 0.771 0.015 0.876 0.016
1839 25.34 4.88 38.76 5.96 14.15 0.674 0.012 0.784 0.014 0.864 0.015
1840 25.44 4.75 38.91 5.86 14.14 0.675 0.013 0.798 0.015 0.862 0.017
1841 25.50 4.85 39.09 5.91 14.28 0.679 0.013 0.798 0.015 0.867 0.016
1842 25.16 4.72 39.44 5.74 14.79 0.693 0.013 0.833 0.016 0.849 0.017
1843 25.32 4.80 39.39 5.87 14.66 0.690 0.013 0.819 0.015 0.858 0.016
1844 25.36 4.79 39.07 5.87 14.36 0.681 0.013 0.804 0.015 0.860 0.016
1845 24.34 4.76 39.35 5.83 14.61 0.688 0.025 0.984 0.030 0.75% 0.032
1846 25.50 4.96 38.77 5.98 14.05 0.672 0.012 0.776 0.014 0.871 0.015
1847 25.55 4.83 38.78 5.95 13.96 0.670 0.015 0.786 0.015 0.868 0.016
1848 25.31 4.72 39.23 5.71 14.48 0.685 0.014 0.822 0.016 0.853 0.017
1849 25.09 4.64 39.14 5.73 14.58 0.686 0.013 0.824 0.016 0.846 0.017
1850 25.29 4.81 39.55 S5.74 14.85 0.69 0.012 0.822 0.015 0.859 0.016
1851 25.05 4.55 39.40 5.67 14.79 0.693 0.014 0.844 0.017 0.840 0.018
1852 25.27 4.75 39.35 5.81 14.67 0.6%0 0.013 0.818 0.015 0.85 0.016
1853 25.33 4.74 39.19 5.69 14.44 0.684 0.013 0.818 0.016 0.855 0.017
1854 25.28 4.68 39.53 5.60 14.75 0.693 0.014 0.837 0.016 0.851 0.017
1855 25.39 4.73 39.39 5.72 14.57 0.688 0.013 0.824 0.016 0.857 0.017
1856 25.31 4.73 39.48 5.74 14.72 0.692 0.013 0.828 0.016 0.855 0.017
1857 25.56 4.88 38.92 5.87 14.09 0.674 0.013 0.788 0.015 0.869 0.01¢6
1858 25.42 4.73 39.46 5.64 14.59 0.689 0.014 0.829 0.016 0.857 0.017
1859 25.40 4.78 39.21 5.70 14.41 0.683 0.013 0.815 0.016 0.858 0.017
1860 25.31 4.74 39.37 5.70 14.63 0.689 0.013 0.823 0.015 0.85 0.017
1861 24.97 4.64 39.84 5.60 15.31 0.708 0.013 0.851 0.015 0.843 0.016
1862 25.16 4.63 39.60 5.63 14.94 0.698 0.013 0.838 0.015 0.849 0.017
1863 25.16 4.70 39.30 5.70 14.70 0.690 0.013 0.822 0.015 0.852 0.016
1864 24.93 4.52 39.65 5.46 15.14 0.703 0.013 0.851 0.016 0.83% 0.017
1865 25.32 4.70 39.37 5.77 14.64 0.690 0.013 0.819 0.015 0.858 0.016
1866 25.73 4.83 39.01 S5.87 14.01 0.673 0.013 0.792 0.016 0.873 0.017
1867 25.75 4.77 38.83 5.81 13.80 0.667 0.014 0.790 0.016 0.871 0.017
1868 26.81 5.28 37.72 6.30 12.36 0.626 0.012 0.651 0.014 0.941 0.015
1869 25.71 4.59 38.56 5.77 13.53 0.659 0.015 0.792 0.017 0.864 0.019
1870 25.35 4.60 39.20 5.69 14.40 0.683 0.014 0.823 0.016 0.853 0.018
1871 25.09 4.57 39.17 5.70 14.59 0.687 0.014 0.828 0.016 0.845 0.017
1872 25.24 4.59 39.07 5.70 14.38 0.681 0.014 0.820 0.016 0.850 0.017




CHILDBEARING  INDICES BONGAARTS INDICES
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1873 25.13 4.56 39.17 5.6 14.54 0.686 0.014 0.830 0.016 0.845 0.018
1874 25.10 4.55 39.37 5.56 14.73 0.691 0.014 0.840 0.016 0.843 0.018
1875 25.09 4.63 39.20 S.64 14.63 0.688 0.013 0.826 0.016 0.846 0.017
1876 25.02 4.63 39.17 5.63 14.66 0.688 0.013 0.827 0.016 0.844 0.017
1877 24.94 4.57 39.47 5.48 14.97 0.697 0.013 0.844 0.016 0.839 0.017
1878 25.12 4.70 39.14 5.70 14.60 0.687 0.013 0.815 0.015 0.851 0.016
1879 24.96 4.54 39.47 5.55 14.96 0.697 0.013 0.842 0.016 0.840 0.017
1880 25.10 4.62 39.50 S5.61 14.90 0.696 0.013 0.835 0.015 0.847 0.017
1881 25.19 4.70 39.20 5.72 14.59 0.687 0.013 0.817 0.015 0.853 0.016
1882 25.14 4.63 39.38 5.59 14.74 0.692 0.013 0.834 0.016 0.847 0.017
1883 24.99 4.69 39.39 S5.64 14.92 0.69 0.013 0.829 0.015 0.846 0.016
1884 25.02 4.64 39.50 S.57 14.97 0.698 0.013 0.836 0.015 0.845 0.016
1885 25.11 4.72 39.20 5.75 14.68 0.689 0.012 0.814 0.015 0.852 0.016
1886 25.15 4.58 39.43 5.63 14.79 0.693 0.013 0.833 0.016 0.848 0.017
1887 25.03 4.45 39.62 5.58 15.04 0.700 0.013 0.846 0.016 0.843 0.017
1888 24.93 4.52 39.46 5.63 15.02 0.698 0.013 0.835 0.015 0.843 0.016
1889 25.05 4.67 39.27 5.70 14.76 0.691 0.013 0.824 0.015 0.848 0.016
1890 25.23 4.69 39.27 5.69 14.60 0.688 0.013 0.822 0.016 0.852 0.017
1891 25.05 4.60 39.43 5.59 14.87 0.695 0.013 0.835 0.016 0.845 0.017
1892 25.25 4.77 39.06 5.77 14.46 0.683 0.012 0.802 0.015 0.859 0.016
1893 25.39 4.89 38.76 5.86 14.13 0.673 0.012 0.779 0.014 0.867 0.015
1894 25.32 4.86 39.11 5.77 14.47 0.684 0.012 0.799 0.014 0.863 0.015
1895 25.11 4.69 39.24 5.61 14.69 0.689 0.013 0.820 0.015 0.850 0.0l
1896 25.19 4.73 39.25 S5.68 14.65 0.689 0.013 0.816 0.015 0.85¢ 0.016
1897 25.13 4.67 39.09 5.73 14.55 0.685 0.013 0.812 0.015 0.852 0.016
1898 24.77 4.52 39.34 5.64 15.05 0.698 0.012 0.833 0.015 0.838 0.016
1899 24.85 4.51 39.20 5.73 14.26 0.680 0.022 0.932 0.026 0.789 0.028
1900 25.08 4.58 39.05 S.74 14.54 0.68¢ 0.013 0.815 0.015 0.849 0.016
1901 25.02 4.53 39.05 5.65 14.56 0.685 0.013 0.821 0.016 0.844 0.017
1902 25.18 4.57 38.99 5.70 14.39 0.681 0.013 0.813 0.016 0.851 0.017
1903 25.33 4.66 38.81 5.76 I4.13 0.474 0.013 0.799 0.016 0.858 0.017
1904 25.24 4.59 39.13 S5.64 14.44 0.683 0.014 0.821 0.016 0.850 0.017
1905 25.36 4.68 38.94 5.70 14.21 0.676 0.013 0.805 0.016 0.858 0.017
1906 25.26 4.64 39.11 5.65 14.41 0.682 0.014 0.819 0.016 0.851 0.017
1907 25.21 4.66 38.98 5.66 14.35 0.680 0.013 0.813 0.016 0.851 0.017
1908 25.26 4.69 38.83 5.76 14.22 0.676 0.013 0.798 0.015 0.857 0.016
1909 25.15 4.66 38.89 5.72 14.35 0.679 0.013 0.806 0.015 0.852 0.016
1910 25.30 4.74 38.91 5.7 14.28 0.678 0.0013 0.797 0.015 0.860 0.016
1911 25.44 4.84 38.81 5.80 14.11 0.673 0.012 0.78¢ 0.015 0.867 0.0l6
1912 25.47 4.85 38.83 5.76 14.10 0.673 0.012 0.784 0.015 0.868 0.016
1913 25.67 5.03 38.47 5.91 13.72 0.662 0.012 0.748 0.014 0.883 0.015
1914 25.66 5.07 38.51 5.97 13.78 0.663 0.011 0.747 0.013 0.884 0.014
1915 25.84 5.23 38.39 6.22 13.66 0.660 0.010 0.715 0.012 0.902 0.013
1916 26.08 5.28 38.06 6.27 13.23 0.648 0.000 0.686 0.012 0.915 0.013
1917 26.02 5.26 38.08 6.27 13.30 0.649 0.010 0.688 0.012 0.913 0.013
1918 26.10 5.32 37.90 6.30 13.13 0.644 0.010 0.669 0.012 0.920 0.013
1919 2718 S5.61 36.89 6.55 11.74 0.606 0.013 0.537 0.015 0.989 0.016
1920 26.06 5.13 37.94 6.13 13.05 0.643 0.011 0.698 0.013 0.906 0.0M4
1921 25.99 5.23 37.64 6.3 13.00 0.639 0.010 0.660 0.012 0.918 0.013
1922 26.09 5.29 37.42 6.48 12.80 0.633 0.010 0.636 0.012 0.928 0.013
1923 25.97 5.30 37.24 6.41 12.73 0.629 0.010 0.633 0.012 0.923 0.013



CHILDBEARING  INDICES BONGAARTS INDICES
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Mean s.e. Mean s.e. (years) Ca $i8. Mike Fimieat 1GH s.8.

1.000
1934 26.89 5.84 35.19 6.90 11.02 0.574 0.019 0.383 0.022 1.000 0.024
1935 26.69 5.80 35.11 6.88 11.07 0.575 0.018 0.392 0.021 1.000 0.023
1936 26.68 5.81 34.78 6.91 10.88 0.568 0.019 0.363 0.023 1.000 0.025

1938 26.15 S5.57 34.78 6.84 11.08 0.572 0.016 0.417 0.019 0.988 0.020
1939 25.99 5.50 34.70 6.86 11.10 0.571 0.016 0.425 0.018 0.979 0.020
1940 26.61 5.89 34.29 7.07 10.71 0.559 0.023 0.310 0.027 1.000 0.029
1941 25.87 5.13 35.23 6.61 11.26 0.579 0.012 0.519 0.014 0.940 0.015
1942 27.33 5.91 34.42 6.98 10.31 0.552 0.024 0.285 0.028 1.000 0.030
1943 27,00 5.55 35.24 6.62 10.68 0.568 0.016 0.434 0.018 1.000 0.020
1944 26.49 5.42 35.03 6.68 10.86 0.569 0.015 0.447 0.017 0.985 0.019
1945 25.62 4.92 35.26 6.46 11.31 0.581 0.011 0.558 0.013 0.916 0.014
1946 24.89 4.84 35.41 6.44 11.95 0.595 0.010 0.597 0.012 0.885 0.013
1947 24.54 4.74 35.26 6.46 12,07 0.596 0.010 0.605 0.011 0.870 0.012
1948 24.46 4.77 35.20 6.48 12.09 0.596 0.009 0.603 0.011 0.868 0.012
1949 24,53 4.87 35.03 6.57 11.98 0.592 0.010 0.578 0.011 0.879 0.012
1950 24.66 5.00 34.80 6.63 11.79 0.586 0.010 0.545 0.012 0.894 0.013
1951 24.82 5.03 34.49 6.66 11.46 0.576 0.011 0.516 0.013 0.906 0.014
1952 24.61 4.98 34.48 6.77 11.62 0.580 0.011 0.521 0.013 0.898 0.013
1953 24.62 5.02 34.15 6.72 11.38 0.571 0.011 0.498 0.013 0.904 0.014
1954 24.52 4.99 33.91 6.74 11.27 0.567 0.012 0.487 0.014 0.903 0.0I5
1955 24.49 4.98 33.88 6.77 11.28 0.567 0.012 0.485 0.014 0.9%03 0.015
1956 24.43 4.93 33.64 6.74 11.10 0.561 0.012 0.480 0.014 0.899 0.015
1957 24.38 4.98 33.46 6.81 11.04 0.558 0.012 0.464 0.014 0.503 ©.0I5
1958 24.53 5.11 33.10 6.87 10.77 0.549 0.014 0.417 0.017 0.923 .08
1959 24.43 5.02 33.06 6.82 10.75 0.548 0.014 0.429 0.016 0.914 0.017
1960 24.32 4.87 32.86 6.78 10.57 0.542 0.013 0.441 0.015 0.%02 0.016
1961 24,39 4.90 32.87 6.79 10.5¢ 0.54) 0.013 0.436 0.015 0.906 0.016
1962 24.33 4.85 32.56 6.78 10.33 0.534 0.013 0.423 0.016 0.905 0.017
1963 24.26 4.89 32.51 6.77 10.35 0.534 0.013 0.421 0.016 0.904 0.017
1964 24.29 4.9 32.33 6.82 10.28 0.531 0.015 0.394 0.017 0.915 0.018
1965 24.39 5.16 32.11 6.84 10.15 0.526 0.017 0.357 0.020 0.930 0.02
1966 24.31 5.16 31.75 6.79 9.95 0.518 0.017 0.336 0.021 0.933 0.022
1967 24.30 5.20 31.51 6.84 9.83 0.514 0.019 0.312 0.022 0.540 0.024
1968 24.32 5.25 30.99 6.85 9.52 0.502 0.021 0.263 0.025 0.955 0.027
1969 24.53 5.37 30.55 6.84 9.19 0.491 0.025 0.200 0.030 0.982 0.032
1970 24.38 5.19 30.09 6.65 8.80 0.479 0.024 0.205 0.028 0.968 0.030
1971 24.44 5.10 29.59 6.47 8.30 0.463 0.024 0.186 0.028 0.969 0.030
1972 24.50 5.08 29.26 6.39 B8.01 0.454 0.025 0.163 0.030 0.976 0.032
1973 24.72 5.15 29.24 6.39 7.93 0.452 0.027 0.136 0.032 0.993 0.034
1974 24.61 5.05 29.42 6.32 8.00 0.455 0.024 0.177 0.028 0.97¢ 0.030



CHILDBEARING  INDICES BONGAARTS INDICES
AFB (years) ALB (years) PRLS  WARRIAGE  CONTRACEPTION INFECUNDABILITY

2013 25.57 6.51 29.31 8.57 6.54 0.424 0.019 0.252 0.022 0.956 0.024
2014 25.51 6.55 29.25 8.66 6.50 0.422 0.019 0.258 0.022 0.951 0.023
2015 25.53 6.58 29.19 8.76 6.47 0.421 0.019 0.248 0.022 0.955 0.024
2016 25.48 6.62 29.12 8.86 6.44 0.420 0.019 0.248 0.022 0.952 0.024
2017 25.50 6.66 29.06 8.95 6.40 0.419 0.019 0.240 0.023 0.955 0.024
2018 25.46 6.70 29.00 9.05 6.37 0.417 0.019 0.240 0.022 0.953 0.02¢
2019 25.48 6.74 28.94 9.15 6.3¢ 0.416 0.019 0.231 0.023 0.957 0.025
2020 25.44 6.77 28.88 9.24 6.30 0.415 0.019 0.233 0.023 0.95¢ 0.024
2021 25.46 6.81 28.82 9.3¢ 6.27 0.414 0.020 0.223 0.023 0.958 0.025
2022 25.42 5.85 28.77 9.43 6.24  0.412 0.020 0.225 0.023 0.95% 0.025
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Abstract

A new time series data set of childbearing and fertility-inhibiting indices for Fin-
land since 1722 is constructed. Calculation of these macro-level indices is accomplished
by the application of new demographic and statistical methodologies, which require
only knowledge of age-specific fertility rates, available for Finland since 1776, and
the Box-Jenkins time series forecasting technique. The results depict that Finland
passed through various childbearing patterns. These patterns are characterized by
increasing ages at first and last birth in the eighteenth century to stabilization in the
following century at high levels. Since the beginning of the twentieth century, ages
at last birth declined dramatically while ages at first birth first increased, then declined
in the 1940s and stayed at that low level later on. Increases in both indices have been
witnessed since the mid-1970s.



