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PREFACE

This is the second report from a project in which recent fertility trends
are studied on the basis of data from the censuses and the Central Population
Register of Norway. The first report was called "Sociodemographic differentials
in the number of children. A study of women born 1935, 1945 and 1955" (Report
89/7). The project is carried out by the Central Bureau of Statistics with
financial support from the Norwegian Research Council for Science and the
Humanities.

Central Bureau of Statistics, Oslo, 6 March 1990
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~ ABSTRACT

Trends and variations in third birth probabilities from the mid-1960s to the
mid-1980s are examined with individual 1life histories from the Central
Population Register of Norway and information from the Population Censuses of
1960, 1970 and 1980.

During the late 1960s and most of the 1970s it became gradually more common
to stop childbearing ‘after the second birth, but the decline in third birth
probabilities came to a halt at the end of the 1970s. The development has been
almost parallel in the regional groups that are studied, but there appears to
have been a slight upturn in non-rural areas among women delivering their second
child in the late 1970s. For the WOmen with a second child in this period there
has also been a positive effect of education. For instance, those who have taken
a university degree, have had a higher subsequent fertility than those with only
the compulsory education, in spite of their later entry into motherhood. When
the age at second birth and other sociodemographic factors are controlled, the
education exerts a positive influence also prior to the mid-1970s. One should be
aware, however, that there is still no evidence frem Norway that goes counter to
the traditional inverse relation between education and total cohort fertility.

Place of residence, the mother’s age at second birth, and the interval
between first and second child are strong determinants of third birth
probabilities. Besides, re]igiohs attitudes, which are somewhat inadequately
measured, appear to be closely related to reproductive behaviour among two-child
mothers. The analysis casts some doubt on the relative importance of economic
factors. Full-time employment forithe mother the year after the second birth, a
variable with considerable limitations as an indicator of the real work
commitment, has only a very weak negative effect on subsequent fertility.
Furthermore, it turns out that the husband’s income at that time also has a weak
negative net effect.
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1. INTRODUCTION !)

1.1 Brief review of the Norwegianjsetting

Prior to the demographic transition Norwegian women had on average 4.5
children, but during the first three decades of the 20th century fertility
declined steeply, so that the cohort fertility of women born in 1905 was as Tow
as 1.96 (Brunborg, 1988). This is well below replacement level, which at that
time was about 2.5, and with current mortality rates and sex ratio is 2.08. The
downward trend was succeeded by a temporary upsurge, resulting in a cohort
fertility of about 2.5 for women born in the mid-1930s. During the 1960s and the
1970s Norway and several other industrialized countries have witnessed a second
drop in fertility - occasionally referred to as the second demographic
transition (van de Kaa, 1987). Women born in 1945 have had 2.2 children on
average, while those born in the mid 1950s are Tikely to terminate the fertile
period of their lives with 1.8-1.9 children. Younger cohorts may exhibit even
lower figures, though there are also indications that the decline has been
-brought to an end. The total period fertility rates dropped to an all time Tow
of 1.66 in 1983 and 1984, after having remained below 1.8 since 1977, but a
slight increase has occurred recently - mainly because of the realization of
delayed first births among women born in the late 1950s or in the 1960s. The
total fertility rate in 1988 was 1.84,and preliminary figures for 1989 are 1.88.

The drop in total cohort fertility from about 2.5 for the women born during
the depression to below rep]acemeﬁt level for those born during the 1950s has
been examined by Kravdal and Brunborg (1988). Their work clearly demonstrates
that the drop is primarily due to an increasing tendency to stop childbearing
after the second birth. For instance, 64 per cent of the women who had a second
birth in 1964 and were 26 years at that time, had a third birth within 10 years,
while the corresponding proportiod was only 39 per cent 10 years later.

|

1.2 The focus on third births

Resorting to simple arithmetic, we briefly illustrate the importance of
third births for the cohort fertility. If we assume that 10 percent of a cohort
remain childless, that 10 per: cent have only one child by the end of their
fertile period, that 20 per cent of the mothers with three children eventually
have an additional birth, and that no women have a fifth birth, the relation
between parity three progressions and total cohort fertility is as follows: With
20 per cent progressions the fertility is 1.89, with 40 per cent it is 2.08, and
with 60 per cent it is 2.28. |

The objective of this report is to gain further insight into the development
of third birth probabilities in Nbrway. Having the focus on only one particular
parity transition is in line with previous well known demographic research, for
instance the study of third births by Westoff et al. (1963). Also the analysis
of the Swedish 1981 Fertility Survey is based on models of single demographic

1) Comments from Helge Brunborg, Jan M. Hoem, José Gomez de Leon, Per Sevaldson
and Lars @stby are gratefully acknowledged. Liv Hansen has assisted with
typing the text and tables and drawing the figures.
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events (e.g., third birth studies by Hoem and Hoem, 1989; Murphy, 1989), and
this reflects well the sequential nature of the decisions. We also mention that
an Anglo-Swedish co-operation has resulted in an analysis of third births in
Britain based on the same methods and variables as in the Swedish study (Wright
et al., 1988). .

Previous investigations of Norwegian data have revealed that the
probability of having a third child within 5 years after the second birth
decreased from the mid-1960s to the end of the 1970s - in parallel with the 10-
year probabilities referred above - and subsequently levelled off (Kravdal and
Brunborg, 1988). This was observed on a national level, controlling only for age
at second birth. In this report we intend to find out whether the same trend
appears in all regions of Norway and for all educational groups. The influence
of marital break-up is also examined.

We recognize the inherent limitations of an analysis dealing only with the
transitions from parity two to parity three. Intercohort changes in this
transition intensity explain a major part of the decline in total cohort
fertility in Norway, and also intracohort differentials in these two measures do
generally go hand in hand. However, some fertility determinants may have a
considerable impact also on earlier stages of the family building, so that a
focus on third births may give a too fragmentary picture of the procreative
behaviour. It has been emphasized in the scholarly literature that the effects
of the various sociodemographic factors may vary considerably with parity (e.g.,
Namboodiri, 1972, 1974), and even change sign. In the present analysis the
implications of conditioning on the second birth are discussed in the context of
educational differentials and on a few other occasions, partly with reference to
the previous work on total cohort fertility (Kravdal, 1989).

1.3 Data source, analytical approach, and organization of the report

The analysis 1is based on individual female birth and marriage histories
extracted from the Central Population Register of Norway and 1linked with
information from the Population Censuses of 1960, 1970 and 1980 (Kravdal, 1989).
Unfortunately, the data set does not permit an elaborate analysis of the changes
in third birth probabilities during the last couple of decades. For instance, we
know the place of residence and the educational level at the time of the second
birth for women having their second birth around 1980, but not for those giving
birth in, say, 1975. The alternatives are to use the information from the 1980
or the 1970 census. This, of course, represents a major problem, not least for
variables Tlike occupation, income and labour force participation, which tend to
change quite a 1ot over the 1life course - partly as a response to previous
reproductive behaviour.

The problem is solved by dividing the analysis into two parts. In chapter 4
there is a description of how the third birth probabilities have changed for
women delivering their second child during 1964-1979. The trends are studied for
different regional and educational groups, controlling for age at second birth
and marital status, and the results are discussed in the 1ight of the data
limitations referred above.

Chapter 5 1is devoted to a more detailed investigation of third birth
determinants among women with a second birth in 1969 or 1979. For. these women we
have access to some important socioeconomic characteristics one year after the
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delivery. This analysis is confined to married women, who are by far the largest
group. Separate models are estimated for those of the married women who have
gainful employment one year after their second birth.

A major advantage of our #na]ytica] framework 1is that we measure the
relations between a variety of sociodemographic factors and the subsequent
fertility. Certainly, the fact that one event occurs before another does not
necessarily imply that the former is the cause and the latter the effect, but we
are at least closer to drawing conclusions about causality than we were in our
previous study (Kravdal, 1989), where the total number of children at a
particular age was calculated according to individual characteristics 4 years
earlier (e.g. age 39 and 35, respectively). The approach used in the present
report opens up for more insightful analysis of the association between economic
factors and fertility, in which we have taken a particular interest.

With a data source based on administrative registers and censuses, only some
standard sociodemographic variables are available. We selected a few purely
demographic characteristics (age; marital status, interval between previous
births), and some socioeconomic variables (education, occupation, 1labour force
participation, income) that have received much attention in fertility research.
Moreover, place of residence, which is known to be an important determinant of
reproduction in Norway, has a crucial position in our exploration. We have also
included religious denomination and timing of first birth relative to marriage.

Most variables refer to the woman, but there are also some that refer to the
husband or to the couple as a unit. We hold the view that it is important to
include husband’s characteristics, as a childbirth for married women usually is
an outcome of a joint decision taken by the couple, reflecting both spouses’
preferences, resources etc.

The results are summarized ~in chapter 6, where the perspective is also
broadened through the reference to factors not included in the analysis.
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2. DATA

2.1 Register and census data

Our analysis is based on birth and marriage histories extracted from the
Central Population Register of Norway and Tinked with information from the three
latest Population Censuses (1960, 1970 and 1980). The data file comprises all
women born 1935-1965 who have received a Norwegian personal identification
number. The individual birth histories are almost complete up to the end of
1984. Except for a few of the children born before 1964, when the Central
Population Register was established, all live-born children are registered as
well as the children the woman has adopted. The marriage histories are not
complete for women born during the period 1935 to about 1945, as we do not know
the exact date of marriage for those who married prior to 1964. We know the year
of marriage for women who were still married in 1970, but not for those who had
already divorced, separated or become widows at that time.

- 2.2 Definition of variables

The investigation is almost entirely based on categorical variables.
Certainly, there are good reasons to treat age, birth interval, educational
level and income as continuous covariates (and include them, for instance, as
second degree polynomials). Above all, the computing-time (CPU-time) would have
been shorter. Categorical variables give more flexibility, however. A major
_ problem is that it may be a difficult task to choose appropriate categories. An
experimental, and far from elegant, approach has been taken in this analysis:
Several initial runs are made (with categorical as well as continuous variables)
to uncover the empirical pattern, and the categories in the final models (e.g.
tables 5.1-5.3) are defined so that the important structures appear.

In the remaining part of this section there is a detailed description of the
variables used in the analysis.

Demographic variables:

With the available data set we had to restrict ourselves to formal marital
status, rather than actual cohabitational status. Three catagories are used for
marital status: never married, living in a first and never broken marriage, all
other situations (including widows, divorcees, remarried and those who have
re-entered a marital union after a temporary break-up).

Two other important demographic variables are age of the woman at second
birth and age difference between the spouses. Only women aged 20-34 are
included in the analysis (except tables 4.5 and 4.6). The major proportion of
second births occur within this group, and for births in 1969 the file does not
even permit analysis of women older than 34 years. We have used 3- or 5-year age
groups. :

The interval between first and second birth is also taken into consideration
in our models. Three groups are defined: 0-23 months, 24-47 months, and more
than 48 months. '

The final demographic variable is timing of first birth relative to marriage
The three categories are: first birth prior to marriage, first birth within 0-7
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months of marriage, and first birth more than 7 months after marriage. For some
women only the year of the marriage is known (if it is contracted before 1964).
These women are excluded when the effect of first birth timing is estimated.

Socioeconomic variables:

The educational attainment of woman and husband refers to the highest
education finished at the time of the census. This education is defined by a
5-digit code (see Vassenden, 1987), where the first digit indicates the length
of the school attendance normally required to take this education. The 7 values
of the first digit and the corresponding school attendance is as follows:

2: 7-9 years school attendance
' compulsory education
3: 10 years school attendance
lTower secondary education
4: 11-12 years school attendance
upper secondary education, e.g. "eksamen artium"
5: 13-14 years school attendance
e.g. nurses, teachers in primary school
6: 15-16 years school attendance
e.g., university bachQ]or’s degree
7: 17-18 years school attendance
e.g., university master’s degree
8: 19 years school attendance or more
e.g., Ph.D degree

Note that an education is not registered before it is finished, i.e. when
the examination is passed. For instance, a woman taking a 3-year education in
nursing directly after secondary school will in a census be registered as having
a level corresponding to 11-12 years school attendance till she has passed her
final examination. ‘ _

The same categories are used for the educational level of the woman’s
parents (defined as the highest level either parent has attained according to
the 1960 census), except that there is an additional group consisting of women
who did not Tive with their parents in 1960.

For the woman’s occupation (included in our models only for women who had
more than 100 hours of gainful employment the year before the census) we have
chosen the following categories. Reference to occupational standard codes (see
Vassenden, 1987) is in parenthesis:

technical, scientific work (codes 00-02)

medical work (codes 03-05)

pedagogical work (code 06)

clerical work (codes 21-29)

sales work, commerce (codes 30-39)

agriculture, fishing (codes 40-49)

industry, craft (codes 70-89)

hotel and restaurant work, charwork (codes 91-93)
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all other occupations (inc1. missing information)

For husband’s occupation the following categories are used:

technical, scientific work (codes 00-02)

medical work (codes 03-05)

pedagogical work (code 06)

administration (codes 10-11)

clerical work (codes 21-29)

sales work, commerce (codes 30-39)

agriculture, fishing (codes 40-49)

transport, communications (codes 60-69)

industry, craft (codes 70-89)

all other occupations (incl. missing information and a few not employed)

Unfortunately, we are not able to distinguish men with missing value for .
occupation and those who are not employed. A separate indicator for male Tabour
force participation was Tleft out of the data by mistake, but it is known from
other sources that an overwhelming majority of the men who are married to
mothers with small children are employed (Iversen, 1986).

Labour force participation for the woman 1is defined in the census as the
number of hours worked during the year prior to the census (e.g., 1 November
1979 to 1 November 1980). 5 categories are defined:

not employed (incl. missing information)
100-499 hours

500-999 hours

1000-1299 hours

1300 hours or more

The exact number of hours is not given.
In our models we have preferred to have only 3 groups: not employed, 100-999
hours (part-time), and 1000 hours or more (full-time).

The income concept that is primarily used for the husband is relative
income. This is defined as actual income divided by expected income, where the
expected income is that predicted by his age, educational level and occupation.
The parameters in the actual income model are estimated by OLS-regression
performed on the same population as the one used for modelling third birth
probabilities. Three or six groups are used for relative income. Typically,
about 15 per cent have an actual income more than 25 per cent lower than the
expected (relative income less than 0.75), and another 15 per cent have an
actual income more than 25 per cent higher than expected (relative income more
than 1.25). .

The income data were not collected as part of the censuses, but added to the
census files by matching with the tax register. The actual income in the 1970
census file is defined as net income from 1 January 1970 to 31 December 1970,
while the 1980 census refers to the part of the income from 1 January 1980 to 31
December 1980 on which pension contributions are based. This difference in the
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definition makes it difficult to compare the income levels simply by correcting
for the inflation rate.

We also refer to models where the actual income of the husband is included
- either as a continuous variable or with categories defined as follows:

AMOUNT i PER CENT OF THE MALE MARRIED POPULATION
. (in 1000 NOK) IN THIS INCOME CATEGORY
1970 census: ‘

very low income: 1-24 ‘ 16.5
Tow income: 25-29 | 17.8
slightly lower ‘

than average: 30-33 1 18.4
slightly higher |

than average: 34-37 | 15.3
high income: 38-44 ! 16.2
very high income: 45+ 15.8

AMOUNT  PER CENT OF THE MALE MARRIED POPULATION

(in 1000 NOK)  IN THIS INCOME CATEGORY
1980 census: :

very low income: 1-73 ‘ .
Tow income: 74-83 ‘ 17.1
slightly lower 1

than average: 84-91 | 15.9
slightly higher |

than average: 92-101 | 16.2
high income: 102-118 ‘ 17.1
very high income: 119+ 17.0

For the women (in the labour force) the calculations are based on actual
income exclusively. As with other variables several experiments were performed.
We finally settled on 4 categories, where the Tlow and high income groups
comprise about 25 per cent of the women.

AMOUNT . PER CENT OF THE FEMALE MARRIED EMPLOYED
(in 1000 NOK) POPULATION IN THIS INCOME CATEGORY
1970 census:

0 income: 0 | 27.2
low income: 1-10 ' 27.5
medium income: 11-20 18.6

high income: 21+ 26.7
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AMOUNT PER CENT OF THE FEMALE MARRIED EMPLOYED
(in 1000 NOK) POPULATION IN THIS INCOME CATEGORY
1980 census:

0 income: 0 4.1
low income: 1-15 22.4
medium income: 16-49 49.2
high income: 50+ 24.3

Regional variable:

The regional variable has 10 categories. For each of the five main regions -
Eastern Norway, Southern Norway, Western Norway, Middle Norway and Northern
Norway - there is a division into non-rural and rural districts. Places
classified as non-rural are settlements with at Tleast 200 inhabitants and
usually less than 50 meters between residences.

In several calculations Southern and Western Norway are merged together, and
. Midd1e and Northern Norway are merged together.

Couple’s religion:

The following four categories are used:

both spouses members of the Norwegian Church

both spouses members of another religious society
none of the spouses members of a religious society
all other combinations

2.3 Population included in the regression models

In the regression models in chapter 5 only women who were living in a first,
never broken union at the second birth and throughout the entire interval under
study are included. For a few of these women information on husband’s education
is missing. These couples are excluded from the analysis. For about 1 per cent
of the remaining couples the husband’s income is missing or 0. These are also
excluded.

The population wused in the regression models comprises about 15000 married
women with a second birth in 1969 and about 14000 married women with a second
birth in 1979. The distribution over the categories is shown in tables 2.1 and
2.2 for all married women and employed married women, respectively.
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Table 2.1 Per cent distribution of married!) women over the categories

| Second birth Second birth

1969 1979

WOMAN’ S 20-22 20.0 10.7

AGE 23-25 35.9 28.7

26-28 24.2 30.5

29-31 13.5 20.3

32-34 6.4 9.8

AGE DIF- Husband more than 6 ys. older 19.5 13.9

FERENCE Husband 3-5 ys. older 30.0 31.5

BETWEEN Husband 0-2 ys. older 40.2 43.6

SPOUSES Woman older 10.3 11.0

INTERVAL 0-23 months 1 33.8 13.3

BETWEEN 24-47 months 46.7 51.9

1. AND 2. 48* months | 19.5 34.8
BIRTH ‘

WOMAN’ S 7- 9 ys. school atqendance 59.9 34.0

EDUCATION 10 ys. school attendance 23.0 35.5

11-12 ys. school attendance 8.9 12.1

13-14 ys. school attendance 6.7 12.7

15+ ys. school attendance 1.5 5.7

HUSBAND’ S 7- 9 ys. school attendance 49.5 33.6

EDUCATION 10 ys. school attendance 18.2 20.9

11-12 ys. school atﬁendance 16.1 21.1

13-14 ys. school attendance 8.7 11.1

15-16 ys. school attendance 2.6 5.6

17+ ys. school attendance 4.9 7.7

WOMAN’ S Not employed (less than 100h) 81.6 62.3

LAB. FORCE  100-999 hours ‘ 10.3 27.0

PARTICIP. 1000* hours 8.1 10.7

HUSBAND’ S Technical, scientific work 8.3 11.6

OCCUPATION Medical work 1.3 2.3

Pedagogical work 5.8 6.7

Administration 3.7 6.1

Clerical work ‘ 5.8 4.4

Sales work, commerce 8.0 7.4

Agriculture ‘ 6.7 5.6

Transport, communic?tions 11.0 8.5

Industry, craft 1 40.9 35.5

Other occupations 8.5 11.9

HUSBAND’ S -0.75 15.0 11.7

RELATIVE 0.76-0.90 17.0 20.1

INCOME 0.91-1.00 i 15.5 20.3

1.01-1.10 16.3 16.7

1.11-1.25 17.1 15.3

1.25+ \ 19.1 15.9

cont.
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Table 2.1 cont.

Second birth Second birth
1969 1979
PLACE OF East, non-rural 35.8 34.1
RESIDENCE East, rural 11.6 10.3
South and West, non-rural 21.4 24.3
South and West, rural 10.3 11.8
Middle and North, non-rural’ 13.3 13.3
Middle and North, rural 7.6 6.2
FIRST First birth before marriage 8.32) 11.42)
BIRTH First birth within 7 months
TIMING of marriage 50.52) 32.82)
First birth after 7 months
of marriage 41.22) 55.82)
PARENTS? Not living with parents, or
EDUCATION education unknown 9.7 0.1
7- 9 years school attendance 81.8 87.9
10-12 years school attendance 6.1 8.6
13+  years school attendance 2.4 3.4
RELIGIOUS Both spouses members of
DENOMINA- the Norwegian Church 92.2 94.7
TION - Both spouses members of
) another religious society 1.6 2.2
None of the spouses: members
of a religious society 0.5 2.0
A11 other combinations 5.7 1.1

1) Living in a first never broken marriage at second birth and 5 years

afterwards

2) When calculating these percentages women for whom we only know year of
marriage are excluded (4119 (27.4 per cent) among those with a second birth
in 1969 and 30 (0.2 per cent) among those with a second birth in 1979) -
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Table 2.2 Per cent distribution of‘emp]oyed married!) women over the

categories
Second birth Second birth
1969 1979
WOMAN’S 20-22 11.9 6.3
AGE 23-25 31.3 22.9
26-28 31.1 33.5
29-31 17.9 24.4
32-34 7.8 12.9
AGE DIF- Husband more than 6 ys. older 19.1 12.5
FERENCE Husband 3-5 ys. older 28.5 30.0
BETWEEN - Husband 0-2 ys. older 40.4 45.2
SPOUSES Woman older | 12.0 12.3
INTERVAL 0-23 months 32.9 12.3
BETWEEN 24-47 months 45.7 49.2
1. AND 2. 48+ months 21.4 38.5
BIRTH
WOMAN’ S 7- 9 ys. school attendance 36.5 23.9
EDUCATION 10 ys. school attendance 22.7 30.1
11-12 ys. school attendance 15.3 13.5
13-14 ys. school attendance 19.4 20.8
15+ ys. school attendance 6.1 11.7
HUSBAND’ S 7- 9 ys. school attendance 39.5 27.1
EDUCATION 10 ys. school attendance 19.3 19.4
11-12 ys. school attendance 14.9 20.2 -
13-14 ys. school attendance 13.2 13.8
15-16 ys. school attendance 5.0 9.1
17+ ys. school attendance 8.1 10.4
WOMAN’ S 100-999 hours 55.9 71.3
LAB. FORCE 1000+ hours 44.1 28.7 .
PARTICIP.
WOMAN’ S Technical, scientific work 2.9 5.1
OCCUPATION  Medical work 13.6 24.1
Pedagogical work 20.4 16.0
Clerical work 18.5 18.4
Sales work, commerce 7.0 5.3
Agriculture 14.1 5.2
Industry, craft 5.5 4.1
Hotel, restaurant, charwork 8.9 11.8
Other occupations 9.1 10.0
HUSBAND’ S Technical, scientific work 8.0 12.4
OCCUPATION  Medical work | 2.3 3.2
Pedagogical work | 13.3 11.6
Administration 4.4 7.2
Clerical work 5.7 4.8
Sales work, commerce 8.5 7.8
Agr1cu1ture 6.7 6.8
Transport, communications 13.7 7.8
Industry, craft ! 28.5 28.0
Other occupations 8.9 10.4

cont.
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Table 2.2 cont.

Second birth Second birth

1969 1979
WOMAN’ S 0 27.2 4.1
INCOME Low 27.5 22.4
Medium 18.6 49.2
High 26.7 24.3
HUSBAND’ S -0.75 21.4 15.3
RELATIVE 0.76-0.90 17.0 22.1
INCOME 0.91-1.00 16.2 20.9
1.01-1.10 14.7 16.1
1.11-1.25 15.3 12.3
1.25* 15.4 13.3
PLACE OF East, non-rural 35.3 35.0
RESIDENCE East, rural 11.3 9.9
South and West, non-rural 18.9 22.3
South and West, rural 11.1 10.1
Middle and North, non-rural 14.9 15.8
Middle and North, rural 8.5 6.9

PARENTS’ Not Tiving with parents, or
EDUCATION- education unknown 12.1 0.1
7- 9 years school attendance 75.0 84.2
10-12 years school attendance 8.6 10.5
13+ years school attendance 4.3 5.2

RELIGIOUS Both spouses members of
DENOMINA- the Norwegian Church 90.5 83.3
TION Both spouses members of

another religious society 1.7 2.0

None of the spouses members
of a religious society 0.9 3.4
A1l other combinations 6.9 11.3

1) See note table 2.1
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3. METHODS

3.1 Methodological framework

In a study of parity progressions two approaches stand out as particularly
relevant. The usefulness of hazard models for such analysis has been repeatedly
demonstrated during the 1980s, and previous examinations of Norwegian fertility
have been based on this technique (Kravdal and Brunborg, 1988; de Leon et al.,
1988). Hazard models allow for inspection of simultaneous effects of several
constant or time-varying background factors, and are well suited to handle the
problem of censoring. »

An alternative approach is to model the transition probabilities rather than
the intensities, as is done with Wazard models. Since we have a very large data
set at our disposal, we have the opportunity to focus on women who had their
second child in a single year (e.g. 1979) and observe their subsequent fertility
behaviour. Censoring poses no prod]em. The few women who die or emigrate during
. the interval under study, which is usually taken to be 5 or 10 years from the
second birth, can be excluded without biasing the estimates and without throwing
away too much valuable information. The parity of the remaining women can be
measured at the end of the interval, and the progression probabilities can be
modelled by Togistic regression. j

This second methodology is chosen in the present analysis for purely
practical reasons. Using only one fairly simple SAS-program (Statistical
Analysis System), we are able to}ca]cu]ate frequency tables and mean values and
estimate logistic regression models. Certainly, a detailed picture of fertility
by duration since second birth is not obtained without modelling separately the
progression probabilities within 1 year, 2 years, 3 years etc., but we believe
that this does not outweigh thd practical advantages of the logistic model as
opposed to the hazard model.

3.2 More details about probabi]iﬁy estimates

Only women who 1lived in Norway at the end of 1984 and at the time of the
censuses 1960, 1970 and 1980 are included in the analysis. Moreover, third birth
probabilities are, of course, noﬁ estimated for women who had their second and
third child as twins. ‘

Apparently, the exclusion of emigrants, immigrants and women who have died
does not bias the results. Let us, for instance, focus on the 2113 women who had
their second child in 1969 and who were 25 years old at that time (and who
satisfy the inclusion criteria referred above). The proportions of these women
who had their third child in 1969, 1970, 1971 etc. are displayed in figure 3.1.
39.3 per cent had their third child before the end of 1974. This corresponds to
about 5.5 years duration, since second births are evenly distributed over the
year 1969.

This proportion can be compared with that obtained from partial progression
probabilities obtained in a 1ife table framework. The most advanced method is to
include all women from the time of second birth, unless it is known that they
have immigrated at a later stage (can only be inferred for those who 1live in
Norway at the end of 1984). The immigrants are included from time of
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immigration. Those who have died or emigrated after the second birth (and before
the end of 1984, of course) contribute to the exposure time from the second
birth and up to the third birth or the time of death or emigration. The other
women are censored at third birth or at the end of 1984. Intensities are assumed
to be constant within one-year intervals. The results are plotted in figure 3.2.
Summation over the first 5.5 years gives a partial progression probability of
39.4 per cent.

Figure 3.1 Proportions having a third birth during a given year for women
who were 25 years at second birth in 1969. Per cent

Per cent Per cent
10 710
.9 k 4 9
8 F 48
7 F 47
b 4 6
5 L 45
4 b 44
3 F 4 3
2 r 42
1 4
1969 1971 1973 1975 1977 1979 1981 1983

Year

Intensities are also estimated with the same inclusion criteria as used for
the probabilities plotted in figure 3.1. In this case the women contribute to
the exposure time from the second birth and up to the third birth or the end of
1984. The partial probabilities are 39.1 per cent.

These calculations indicate that immigrants and emigrants can safely be
excluded, and that the probabilities obtained by simple division are, as
expected, virtually identical to those obtained in a 1ife table approach. The
conclusion is supported by experiments with several combinations of year at
second birth, age at second birth and duration since second birth.
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Figure 3.2 Third birth intensities for women who were 25 years at second birth
in 1969. Per 1000 per year
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3.3 Logistic reqgression of third birth probabilities

The logistic model is of the form

lTog (p/(1-p)) =Y - B
or alternatively
p=1/(l+exp (-Y-B)),
where p is the third birth probability, Y is a covariate vector and B is an

effect vector. Maximum likelihood estimates of B are obtained by PROC LOGIST in
the SAS-system. This routine is based on a Newton-Raphson algorithm.
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As mentioned in the previous chapters, the regression models are confined to
women living in a first never broken marriage (at second birth as well as at the
end of the interval under study, which is 5 or 10 years). This implies that we
estimate, for instance, the probability that a woman who is Tiving in first
marriage at second birth has a third birth within 5 years given that she has not
had a break-up during those years .

The final model specifications reported in the tables in chapter 5 are based
on categorical covariates. One of the categofies is arbitrarily chosen as a
baseline group. For instance, an estimate of 0.4 for the rural areas of Middle
and Northern Norway means that the log(p/(l-p)) in this area is 0.4 greater
(with fixed values of the other covariates) than the log(p/(1-p)) in the rural
areas of Eastern Norway, which is the baseline group. If the probability in the
baseline group is predicted to be 25 per cent (with a given set of other
covariate values), an increase of 0.4 corresponds to a probability of 33.2 per
cent, which is 1less than 40 per cent increase in the probability
(33.2/25=1.33).

Table 3.1 gives the relation between the difference in the parameter
.estimates in the logistic regression models and the corresponding difference in
probability. The relation depends, of course, on the baseline probabilities. 25
and 50 per cent are selected as examples.

Only positive parameters are displayed in the table. With negative
parameters the ratio between the actual probability and the baseline probability
is approximately the inverse of what we get with positive parameters of the same
absolute value. (The deviation from the inverse increases as the parameters
increase in absolute value).

An important aspect of the analysis is to assess whether the difference in
fertility between a certain category and the baseline category is significant.
This 1is easily done by inspection of the standard errors of an estimator.
Roughly, the significance level is lower than 0.05 if the parameter estimate is
more than the double of the estimated standard error. If we state that an effect
is significant, it means that the parameter estimate is significantly different
from 0 on a 0.05 level, or, more precisely, that the Tikelihood of obtaining an
estimate at least as large as that observed (in absolute value) if the real
parameter 1is 0, is smaller than 0.05. Occasionally, we also use the term "non-
significant positive (or negative) effect" for simplicity, which means that the
parameter estimate is positive (or negative), but not significantly different
from 0.

A11 variables mentioned in chapter 2 are included in our regression models
(tables 5.1-5.3, 5.6-5.10) except marital status, since we focus on the married
women exclusively, and the timing of first birth relative to marriage. The
latter is left out because the exact timing of marriage was unknown for as much
as 27 per cent of the women having a second birth in 1969. Instead, we measure
the effect of first birth timing in separate models where women for whom we only
know the year of marriage are excluded.

Within the Tlogistic regression framework it 1is fairly easy to estimate
interaction effects between two variables (so-called first order interactions)
or, in principle, between more variables. The importance of the interactions can
be assessed by Tikelihood ratio tests, where the 1ikelihood (-2 1log L) of a
model without interactions is compared to the likelihood of a model including
one or more interactions.
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Table 3.1 Third birth probability for a category with a parameter effect
x estimated in a logistic regression model, if the third birth
probability for the baseline category is 0.25 or 0.50!)

Third birth probability Third birth probability
for baseline group 0.25 for baseline group 0.50
Parameter Third birth Third birth
effect x Third birth | probability | Third birth | probability
‘ probability | relative to | probability | relative to
baseline baseline
group group
0 0.250 1.000 0.500 1.000
0.05 0.259 1.038 0.513 1.025
0.1 0.269 1.077 0.525 1.050
© 0.2 0.289 1.157 0.550 1.100
0.3 0.310 1.241 0.574 1.149
0.4 0.332 1.329 0.599 1.197
0.5 0.355 1.419 0.622 1.245
0.6 0.378 1.511 0.646 1.291
0.7 0.402 1.607 0.668 1.336
0.8 0.426 1.704 0.690 1.380
0.9 0.451 1.802 0.711 1.422
1.0 0.475 1.901 0.731 1.462
1.5 0.599 2.396 0.818 1.635
2.0 0.711 2.845 0.881 1.762

1) Assuming the other covariate values are given by Y, the third birth
probability for the baseline group is P, = 1/(l+exp(-YB)) or
In(Py/(1-Py)) = YB, where B is an effect vector. For another
category with parameter effect x the third birth probability Py is
Py = 1/(1+exp(-YB-X)) = 1/(1+(1-Py)exp(-X)/Py). If P, = 0.25,

Py = 1/(1+3exp(-X)). If P, = 0.50, Py = 1/(l+exp(-X)).

We also mention that women who have had a third child during the year after
the second birth (1970 or 1980) are excluded from the regression analysis (about
1000 among the 16000 having a second birth in 1969, and about 200 among the
14000 having a second birth in 1979). This was done in order to obtain more
relevant estimates of the effect of labour force participation one year after
second birth, which is a variable that is 1ikely to be strongly influenced by
fertility itself. We feared that if all women were included, the 5- or 10- year
birth probabilities would be systematically higher for not employed women, as
many of them are homemakers just because they have recently had their third
child (i.e., during 1969-1970 or 1979-1980). However, all parameters - also
those associated with labour force participation - are virtually insensitive to
the omission of women with third births during 1969-1970 or 1979-1980. This is
shown in table 3.2 for women having a second birth in 1969. The changes in the
parameters are even smaller for those with a second birth in 1979.

In addition, we have estimated a set of models for women having their second
births in 1968 or 1978 in order to see the effect of labour force participation
two years after birth (when participation rates are higher). These results are
briefly referred to in chapter 5.
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Table 3.2 Parameter estimates with standard errors in logistic regression

models for the probability of having a third birth within 5 years

after the second. Married women!)

Second birth Second birth
1969 1969
Women with a Women with a
third birth third birth
1969-1970 not 1969-1970
excluded . excluded
WOMAN’ S 20-22 0.09 (0.05) 0.06 (0.05)
AGE * 23-25 0 0
26-28 -0.07 (0.05) -0.07 (0.05)
29-31 -0.27 (0.06) -0.26 (0.06)
32-34 -0.61 (0.09) -0.66 (0.09)
AGE DIF- Husband more than 6 ys. older 0.04 (0.05) 0.03 (0.05)
FERENCE * Husband 3-5 ys. older 0 0
BETWEEN Husband 0-2 ys. older 0.05 (0.04) 0.05 (0.04)
SPOUSES Woman older 0.28 (0.06) 0.25 (0.07)
INTERVAL 0-23 months 0.52 (0.04) 0.49 (0.04)
BETWEEN * 24-47 months 0 0
1. AND 2. 48* months -0.44 (0.05) -0.50 (0.06)
BIRTH
WOMAN’ S * 7- 9 ys. school attendance 0 0
EDUCATION 10 ys. school attendance -0.18 (0.04) -0.17 (0.05)
11-12 ys. school attendance 0.19 (0.06) 0.17 (0.07)
13-14 ys. school attendance 0.32 (0.08) 0.31 (0.08)
15+ ys. school attendance - 0.52 (0.15) 0.45 (0.16)
HUSBAND’S * 7- 9 ys. school attendance 0 0
EDUCATION 10-12 ys. school attendance -0.14 (0.04) -0.14 (0.04)
13+ ys. school attendance -0.07 (0.08) -0.06 (0.08)
WOMAN’ S * Not employed (less than 100h) 0 0
LAB. FORCE 100-999 hours -0.07 (0.06) -0.02 (0.06)
PARTICIP. 1000* hours -0.24 (0.07) -0.17 (0.07)
HUSBAND’ S Technical, scientific work 0.01 (0.08) -0.01 (0.09)
OCCUPATION  Medical work 0.18 (0.16) 0.14 (0.16)
Pedagogical work 0.02 (0.10) 0.00 (0.11)
Administration 0.05 (0.10) 0.08 (0.10)
Clerical work -0.16 (0.08) -0.14 (0.08)
Sales work, commerce -0.19 (0.07) -0.20 (0.07)
Agriculture 0.45 (0.07) 0.38 (0.08)
Transport, communications -0.04 (0.06) -0.07 (0.06)
* Industry, craft 0 0
Hotel, restaurant, charwork -0.05 (0.14) -0.05 (0.14)
Other occupations 0.01 (0.07) 0.02 (0.08)
HUSBAND’ S -0.75 0.19 (0.05) 0.15 (0.05)
RELATIVE * 0.76-1.25 0 0
INCOME 1.25¢+ -0.03 (0.05) -0.02 (0.05)

cont.
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Table 3.2 cont.

Second birth Second birth
1969 1969

Women with a Women with a

third birth third birth

1969-1970 not 1969-1970

excluded excluded
PLACE OF East, non-rural -0.28 (0.06) -0.24 (0.06)

RESIDENCE * East, rural 0 0

South and West, non-rural 0.24 (0.06) 0.26 (0.06)
South and West, rural 0.73 (0.07) 0.71 (0.07)
Middle and North, non-rural 0.04 (0.07) 0.04 (0.07)
Middle and North, rural 0.43 (0.08) 0.41 (0.08)
CONSTANT TERM -0.55 (0.07) -0.71 (0.07)

* Baseline group
1) Living in a first never broken marriage at second birth and 5 years
afterwards :

Multicolinearity appears to be no problem, which one might fear, as the
woman’s education, the husband’s education and the husband’s income are included
in the models. We have experimented with a variety of models with only a subset
of the variables included, and find a fairly large stability in the parameters.

3.4 Other reqression models

Logistic regression is also used to study some determinants of female
labour force participation. Besides, expected income for husbands is predicted
on the basis of parameters estimated in a linear regression model of actual
income. In this model the age of the husband (as a second degree polynomial),
his educational level and his occupation are used as independent variables.
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4. THIRD BIRTH PROBABILITIES BY AGE, MARITAL STATUS, PLACE OF RESIDENCE AND
EDUCATIONAL LEVEL

This chapter is devoted to a simple description of trends and variations in
third birth probabilities from the mid-1960s to the mid-1980s. The results are
derived from calculations for separate groups of women, but references to
regression model estimates are occasionally made. A theoretical discussion of
the regional and educational fertility differences as well as the effect of age
on fertility is left to chapter 5.

4.1 Third birth probabilities by age

Third birth probabitities for 5-year age groups are plotted in figure 4.1.
As demonstrated by Kravdal and Brunborg (1988) a decline appears from the mid-
1960s to the mid-1970s. For instance, among women who had their second birth at
age 25-29 years in 1964, 47 per cent had a third birth within 5 years and 61 per
cent within 10 years. A decade later the corresponding figures were 25 per cent

. and 35 per cent, respectively.

It 1is interesting to note that the 5-year probabilities level off, or even
start climbing. For the age group 25-29 years they remain virtually constant at
25-26 per cent from 1975 to 1979, and for the age group 20-24 there is an upturn
from 28 to 32 per cent during that period.

Figure 4.1 Probability of having a third birth within 5 or 10 years after
the second, by age and year at second birth. Per cent
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The women younger than 25 at second birth have gradually become a more
select group, and that may account for a part of the recent parity progression
increase for this age group. In 1969 as much as 46 per cent of all women who
were 20-34 years at second birth were also younger than 25. This proportion fell
to 36 per cent in 1974 and 30 per cent in 1979. Nevertheless, the increase in
the 5- year probability signals that crucial changes in the reproductive
behaviour of Norwegian two-child mothers may be in the offing.

Obviously, the third birth trends deserve future scrutiny. A study of male
fertility indicates that the 5-year probabilities have remained constant or
increased slightly also during 1985 and 1986 (delLeon et al., 1988) . Whether the
10-year probabilities follow the same pattern remains to be seen. At present we
cannot rule out the idea that the trends depicted in figure 4.1 represent
primarily a change in the spacing pattern. Perhaps a larger proportion of women
who eventually give birth to a third child, prefer to do so within the first
five years after they have delivered their second child.

4.2 Marital break-up an obstacle to third births?

A very large proportion of the women who have their second child are married
at the time of delivery as well as 5 or 10 years later. Among women having their
second child at age 25-29 years in 1979, 87 per cent lived in first marriage
both at that time and 5 years later. 5 per cent lived in first marriage at the
time of delivery, but had divorced, separated or become widows within the ’
subsequent 5 years. Most of the remaining women lived in a second marriage at
second birth as well as 5 years later. For women with a second birth at age
25-29 in 1969 the corresponding proportions were 93 and 4 per cent,
respectively.

The third birth probabilities for women who lived in first marriage during
the entire 5-year interval, and for those who have experienced a break-up are
plotted in figure 4.2. As expected, the women in stable marriages have
probabilities close to those found for the total group of women of the same age.
The few women who dissolve their marriage after the second birth have
considerably lower progression probabilities. This is consistent with previous
studies showing that, as one would expect, women who have divorced, separated or
become widows exhibit a lower cohort fertility than those who have 1lived in
stable wunions (Kravdal, 1989). For instance, it was found that a break-up
reduces the total cohort fertility by about 0.2 for women born in 1945.

The same pattern emerges when we consider the 10-year probabilities. As
indicated in.table 4.1 women who have experienced a permanent or temporary
break-up - which is, of course, a larger group when the observation interval is
extended from 5 to 10 years - more often t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>