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ABSTRACT ARTICLE HISTORY

South Korea's total fertility rate reached 1.3 in 2001 and hit a record Received 12 November 2020
low (0.92) in 2019. The total number of births shrank even faster, ~ Accepted 25 February 2021
recording a 45.9 per cent drop between 2001 and 2019. To
understand the declining births and the contributing Fertilitv: birth:

. R X ertility; birth;
demographic factors, | decompose the change in the birth rate decomposition; tempo
into mean generation size, fertility quantum, and tempo effect; South Korea
distortions, and evaluate their relative contributions to the
decline. The remarkable birth decline since 2001 is largely
explained by fertility quantum decline, especially for second
births, and shrinking generation size caused by the decline in
female population size. Tempo distortions were strong, but given
the marginal change since 2001, they contributed less and only
in recent years. This study highlights unique features of East
Asia’s low fertility, such as continued fertility decline and the
long-term negative effects of reproducing generations’ low
fertility. Findings might have implications for developing
countries experiencing rapid fertility decline.

KEYWORDS

Introduction

The total number of births, which determines the size of new cohorts in a society, is one of
the ways to understand fertility trends. A rise or fall in cohort size affects many aspects of
society, such as public schooling, the labor market, the housing market, public pensions,
and social security systems. For example, the post-war baby-boomers in developed
countries contributed to labor supply and economic growth in the past, but as they
began to retire, public concern has been raised over social security programs like the
pension system (‘The Next Crisis’, 2012). Despite its significance, prior research has paid
less attention to the total number of births than to period fertility (e.g., total fertility
rate [TFR]), probably because the total number of births is affected by the size and age
structure of the childbearing female population, as well as the period fertility level.

This study focuses on the declining number of births in the era of lowest-low fertility in
South Korea (hereafter, ‘Korea’). Korea provides an interesting setting for analysing the
total number of births. The Korean period TFR fell below 2.1 in 1983 and reached 1.31
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in 2001 (see Figure 1). Since then, the TFR has remained below 1.3. In recent years, the
period TFR began to decline further, reaching a record low of 0.92 births per woman in
2019, which is the lowest among the Organization for Economic Cooperation and Devel-
opment (OECD) countries (Statistics Korea, 2020), whereas women'’s mean age at child-
bearing has continued to rise since the early 1980s.

What is even more surprising is the dramatic fall in the total number of births, which
outpaced the declining TFRs. While the TFR fell 29.8 per cent between 2001 and 2019, the
total number of births declined by 45.9 per cent, from 559,934 births in 2001 to 302,676
births in 2019 (Statistics Korea, 2020). The tempo distortion-free fertility quantum has also
declined in the last couple of decades (Yoo & Sobotka, 2018). One may suspect that the
female population’s age structure has contributed to such a remarkable drop in the total
number of births. Sustained low fertility since the 1980s has resulted in a gradual
reduction in the size of the young population and facilitated population aging (Figure
2). Therefore, it is interesting to determine whether and to what extent the demographic
changes in the female population have contributed to the declining total number of
births in South Korea.

This study is to understand the demographic factors affecting the changing number of
births since the onset of lowest-low fertility and to identify unique features of Korean fer-
tility as distinct from Western countries. | decompose the changing number of births into
fertility quantum, fertility timing, and the size and age structure of the female population
to evaluate these demographic factors’ relative contributions to the decline in the total
number of births. The Korean experience enriches our understanding of fertility dynamics
in East Asia and suggests implications for other developing countries that have experi-
enced rapid fertility decline.

Quantum, tempo, & age structure effects

Trends in fertility levels and the number of births can move in different directions,
depending on the childbearing female population’s size and age structure. For instance,
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Figure 1. Total fertility rates and total number of births, South Korea, 1970-2019. Source: Vital Stat-
istics 1970-2019 (KOSIS, 2020).
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Figure 2. Population distribution by age and sex in South Korea, 2001 & 2019. Source: Mid-year popu-
lation based on resident registration data (KOSIS, 2020).

an increase in the reproductive-age female population can partially compensate for the
decline in births caused by falling fertility levels. Therefore, deviation between fertility
level and the size of the female population is likely to attenuate a radical change in the
number of births. However, the change in the number of births can be rather dramatic
once the two factors move in the same direction. For instance, the declining number of
births caused by fertility decline might be fueled by a smaller female population.

This idea is similar to what Lutz et al. (2008) described as the self-reinforcing mechan-
isms of low fertility, ‘low-fertility trap hypothesis.’ They argued that due to sustained low
fertility, fewer potential mothers would result in fewer births in the future. Population
growth is conditioned by age structure that is an outcome of past fertility and mortality,
as well as current fertility and mortality; it is referred to as population momentum (Preston
et al., 2000, p. 136). For instance, population can continue to grow because of its age
structure, even if fertility reaches the replacement level. Likewise, the low-fertility trap’s
demographic pathway implies negative population momentum in that the existing popu-
lation’s age structure contributes to shrinking population size. The negative momentum
would be strong if the fertility decline was sharp and current fertility was very low.

Compared to most Western countries, fertility decline to below or far below the repla-
cement level has been much faster in non-Western countries, leading to a rapid reduction
of the childbearing female population. If such negative momentum exists, it would be
more easily observed in non-Western settings, like Korea, where fertility has declined
rapidly and remains at the lowest-low level.

Tempo distortions in period fertility (Bongaarts & Feeney, 1998) also complicate empiri-
cal analysis of the changing number of births. It is well known that the rise and fall of
many European countries’ period TFR is explained by the ‘postponement transition’
(Kohler et al., 2002). Ideational changes, driven by individualization and self-realization,
delay childbearing to later ages (Lesthaeghe, 2010; Lesthaeghe & van de Kaa, 1986).
The period TFR began to fall with the onset of childbearing postponement, and then it
gradually recovered later with decreases in birth postponement (Goldstein et al., 2009;
Sobotka, 2004). Likewise, the annual number of births can shrink due to delayed
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childbearing without a significant decline in lifetime fertility; it can also rise with an
advance in the timing of childbearing. Thus, the postponement of childbearing negatively
affects the total number of births.

Kohler and Ortega (2002; Ortega & Kohler, 2002) introduced a possible method to
decompose the number of births into tempo, quantum, and age structure effects. Extend-
ing Kohler and Ortega’s approach, Sobotka et al. (2005) analysed the changing number of
births in 13 European countries since the onset of the postponement transition. Accord-
ing to their results, tempo distortion was the main factor negatively affecting the number
of births, while falling fertility quantum and shifts in the number of childbearing-age
women contributed to regional variations. For example, tempo distortions was a
primary factor reducing the number of births in Austria, Denmark, Sweden, the Czech
Republic, Hungary, and Poland, whereas the negative effect of falling fertility quantum
on the size of new cohorts was larger than that of tempo distortions in Italy and Spain.
Therefore, it is important to adjust tempo effects to understand fertility trends. Mean-
while, in their study, the mean generation size displayed either positive impacts or neg-
ligible negative impacts on the change in the number of births depending on country-
specific context.

In East Asia’s advanced economies, such as Japan, Singapore, Taiwan, Hong Kong, and
South Korea, the TFR fell below 1.3 between the mid-1990s and the 2000s, a phenomenon
also known as ‘ultra-low fertility’ (Straughan et al., 2008). These countries’ TFRs have
remained below 1.3 and declined even further in recent years. One exception is Japan,
where the TFR rebounded to above 1.3 in the late 2000s.

East Asia’s low fertility is distinct from the Western experience in several aspects: the
rapid decline in fertility, the continued rise in the childbearing age, and the absence of
a rebound in period TFRs—-though this could still happen later. Fertility decline to
below replacement levels and to lowest-low levels has been much faster in East Asian
countries, especially in Korea, than in most Western countries. The size of the female
population has continued to decline with a time lag. Therefore, the size and age structure
of the childbearing female population are likely to negatively influence the total number
of births, if the period TFR has been in decline for a few decades prior.

At the same time, the dramatic trend away from marriage has delayed women'’s mean
age at childbearing in East Asian countries, where nonmarital births are still rare (Jones,
2007; Jones & Gubhaju, 2009; Yoo, 2016). The delayed childbearing trend has been preva-
lent for the last several decades, coupled with the lack of rebounding period TFRs. In par-
ticular, the sustained delay in childbearing has generated strong tempo effects on period
fertility in Korea (Yoo & Sobotka, 2018). Therefore, unlike European countries where ferti-
lity levels, fertility timing, and female population size move in different directions, offset-
ting the negative impacts of each on the total number of births, demographic factors in
Korea may point in the same direction, resulting in a declining number of births.

Data

Estimating period fertility free from tempo distortions requires detailed information about
the age- and parity-specific number of births and the female population. This study uses
multiple data sources, such as vital statistics, resident registration data, and the popu-
lation census. Statistics Korea computes official TFRs using the number of births from
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vital statistics and the size of the mid-year female population aged 15-49 from resident
registration data.

| apply the same analytical approach in this study. Figures representing the total
number of births by mother’s age and birth order for the period 2001-2019 are directly
obtained from vital statistics through the Korean Statistical Information System (KOSIS)
website (Statistics Korea, 2020). Births missing mother’s age and parity are proportionally
distributed based on observed compositions. Figures representing the childbearing
female population, sorted by age, for the period 2001-2019 are available in the resident
registration data, but parity information is missing. Unfortunately, the parity distribution
of the female population is available only in the 2000 population census. Therefore, |
reconstruct the age and parity distribution of the female population by updating the dis-
tribution observed in the 2000 population census with age-specific fertility rates esti-
mated by birth order for the corresponding birth cohorts and ages. The age- and
parity-specific distribution of the female population is extended forward, up to 2019.
Then, it is applied to the female population as represented in the resident registration
data to obtain the female population by age and parity for the entire period from 2001
to 2019 (please refer to the Appendix for details).

Methods

This study disentangles factors associated with the declining total number of births into
period fertility tempo (timing) and quantum (level), as well as age structure effects, focus-
ing on the fact that the period TFRs have remained below 1.3. | use the decomposition
method proposed in prior studies (Kohler & Ortega, 2002; Ortega & Kohler, 2002;
Sobotka et al., 2005). Based on Kohler and Ortega’s (2002) method, Sobotka et al.
(2005) decomposed the total number of births into tempo, quantum, and age structure
effects, and found that the tempo distortions were the main force negatively affecting
the total number of births in European countries.

Prior research taken a similar approach (Lee, 2013; Min & Yoo, 2020) are commonly
based on the decomposition method suggested by Sobotka et al. (2005), but they exam-
ined fertility change in earlier periods (1981-2009) and focused on the tempo effect (Lee,
2013) or used the Bongaarts-Feeney method to adjust the tempo effect (Min & Yoo, 2020);
this revealed considerable year-to-year fluctuations, especially in places like Korea, where
changes in the childbearing age occur rapidly (Sobotka, 2003).

In essence, | apply the approach introduced in prior research (Kohler & Ortega, 2002;
Ortega & Kohler, 2002; Sobotka et al., 2005) to the Korean context, but | employ an
improved adjustment method and simplify the indexes of relative differences for intuitive
interpretation. As stated, Sobotka et al. (2005) used the Kohler-Ortega adjustment, which
was one of the most sophisticated methods to adjust tempo distortions at the time the
authors conducted their research; however, the present study uses the latest adjustment
methods proposed by Bongaarts and Sobotka (2012). Among a range of alternatives, the
Bongaarts-Sobotka method provides the most stable and closest values to completed fer-
tility (Bongaarts & Sobotka, 2012). As details on the adjustment method and decompo-
sition approach can be found elsewhere (see Bongaarts & Sobotka, 2012; Sobotka
et al., 2005), | only briefly introduce their approach to decomposition here and describe
the method | use in this study.
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Estimation of tempo-adjusted TFR

The tempo effect in fertility indicates a distortion in period TFR caused by shifts in child-
bearing timing (Bongaarts & Feeney, 1998). Period TFRs are depressed when women'’s
childbearing age increases in a society. Bongaarts and Feeney (1998) proposed a way
to adjust tempo distortions in period TFR. In their approach, tempo-adjusted TFR
(adjTFR) can be easily computed by dividing the period TFR by 1 — r, where r indicates
the annual rate of change in women'’s mean childbearing age. This adjustment can be
extended to birth-order components. While this approach is simple and intuitive, it also
has several shortcomings. For instance, fertility schedules are assumed to be constant,
but this assumption is frequently violated in real-world settings. The adjustment also
cannot reflect shifts in the female population’s parity distribution (Imhoff & Keilman,
2000; Kohler & Ortega, 2002; Ni Bhrolchain, 2011). Simply put, Bongaarts and Feeney's
(1998) adjTFR is unstable, with considerable fluctuations in countries like Korea where
the change in the mean childbearing age is dramatic and rapid (Bongaarts & Sobotka,
2012).

To address these issues, demographers began to use alternative indicators of period
fertility based on fertility tables (rates of the first kind) instead of conventional TFR
(rates of the second kind). In this approach, tempo adjustment is applied to age-
and parity-specific fertility probabilities, which are then converted into period fertility
quantum. For example, Kohler and Ortega (2002) proposed a tempo distortion-free
period fertility indicator based on increment-decrement fertility tables of different
birth orders. Here, births are treated as repeatable events, as introduced by Park
(1976) and Rallu and Toulemon (1993), while the tempo adjustment is also derived
from the rate of change in the probability mean (rates of the first kind). The Kohler-
Ortega method is considered to be an improvement compared to the Bongaarts-
Feeney method, but fertility probabilities tend to be too high at higher birth orders
to display stable trends.

Bongaarts and Sobotka (2012) proposed an alternative adjustment method that is an
extension of the Bongaarts-Feeney approaches (Bongaarts & Feeney, 1998, 2008). This
method, also known as tempo- and parity-adjusted TFR (adjTFRp), also uses fertility
tables of different birth orders, but births are treated as non-repeatable. Therefore, all
women who have not reached parity i are considered in estimating age-specific birth
hazard rates for having the i-th birth. This method is distinguished from the Kohler-
Ortega method that only uses women with the i-th birth. However, adjustment to the
age-specific birth hazard rates is directly derived from the change in mean childbearing
age (rate of the second kind), as in the Bongaarts-Feeney method. From among a
range of alternative approaches, including the Kohler-Ortega method, this approach pro-
vides more stable period fertility that is free from tempo distortions and is also the closest
to completed fertility. Therefore, in this study, | use the Bongaarts-Sobotka method to esti-
mate TFR free from tempo distortions (adjTFRp).

Decomposition of the total number of births

Utilizing tempo-free fertility indicators, Kohler and Ortega (2002; Ortega & Kohler,
2002) developed a way to decompose the total number of births into quantum,
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tempo, and age structure effects. Sobotka et al. (2005) extended the decomposition
technique and applied it to analyse trends in the total number of births in European
countries. Here, | briefly describe the core of the decomposition method they used,
but | substitute the Kohler-Ortega adjustment with the latest adjustment proposed
by Bongaarts and Sobotka (2012). Their approach decomposes a change in the
total number of births into three factors: age structure effects, fertility quantum,
and tempo distortions.

Age structure effects
As stated, the total number of births is influenced by the size of the reproductive-age
female population. However, because of fertility schedules, the impact of the female
population on the total number of births varies by age. For instance, the extent to
which the members of the female population who are in their late twenties contribute
to the total number of births is different from the extent of the contribution of those
members who are in late adolescence. To reflect this circumstance, the concept of
mean generation size (G), originally proposed by Calot (1984), is employed. G can be inter-
preted as the mean of the female population weighted by age-specific fertility rate at each
age. This can be represented as follows:

G = Zx(fx'Nx) — ZX(fX'NX) _ B

=— 1
>t TFR TFR M

where f, and Ny represent age-specific fertility rates and age-specific mid-year female
population at age x, respectively. Put simply, G is equal to the total number of births (B)
divided by a conventional TFR.

Fertility quantum

Period fertility quantum indicates the level of tempo-distortion-free period TFR. Again, |
use the Bongaarts-Sobotka method to compute period TFRs free from tempo distortions
based on fertility tables of each birth order up to the third birth or higher. Assuming that
all women are exposed to having a birth of any parity, survivorship is computed for each
parity independent of the other parities (Bongaarts & Sobotka, 2012). In the formula
below, py : ; represents conditional fertility probabilities (first kind) at the women'’s age
at x for birth order i in time t, while r;; indicates the rate of annual change in the
women’s mean childbearing age of birth order i in time t (second kind). For the tempo
adjustment factor 1 — ry ;, | used the average change in the women'’s mean childbearing
age between time t — 1 and t + 1. This measure adjusts tempo distortions caused by
changes in the women’s mean childbearing age and partial changes in the parity distri-
bution of the female population.

adjTFRp = 2{1 - exp|:— 3 1"_;} } 2)

Tempo distortions
The extent to which period TFR is distorted can be measured in two different ways:
absolute and relative terms. Tempo distortion usually indicates the absolute difference
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between conventional TFR and tempo-adjusted TFR. However, one of the goals of
decomposition analysis is to evaluate the relative significance among factors of inter-
est. Therefore, we can also measure the tempo distortions as a ratio of the conven-
tional TFR to tempo- and parity-adjusted TFR, adjTFRp. | provide both here, but |
use the relative measure of tempo distortions for decomposition analysis, which is
the primary interest in this study. The relative size of tempo distortions (T) can be
expressed as follows:

T = TFR/adjTFRp (3)

Decomposition of the total number of births

As described above, G is equal to the total number of births (B) divided by a conventional
TFR (see Eqg. 1). Based on this relationship, we can estimate the total number of births
when G and conventional TFR are known. Then, the conventional TFR can be further
divided into two components: fertility quantum (adjTFRp) and tempo distortions, where
the tempo distortions are measured in relative terms. Thus, the total number of births
can be represented by a product of three components: G, fertility quantum (Q), and
tempo distortion (T).

TFR

B=G-TFR=G - adjTFRp - —— =
AYIRP - o diTFRD

Q- T 4)
Eg. 4 above, which is a product of three factors (G, Q, and T), can be utilized to
compare the total number of births between two time points, a base year (reference,
0) and year t. Any change in the total number of births between the base year (0) and
time t is necessarily caused by a change in one or more of the three factors on
the right-hand side. The trend in the number of births can be expressed as shown
below:
Be _ Gt Qr-Te (5)
By Go-Qo-To
In Eq. 5 above, the ratio can be replaced with a relative difference or rate of change. The
relative change is usually applicable when studying change over time in multiplicative
models (Bongaarts & Potter, 1983; Romo, 2003, pp. 39-42). Then, the relative difference
in the number of births can be expressed in additive terms as:

Bgrave; = Ggrave; + Qgrave; + Tgrave; + € (6)

where the grave accent denotes the relative difference. To evaluate a relative change
over time, | use a rate of change for each factor in comparison with the value in a base
year 0. Therefore, the index of each factor becomes zero in the base year, unlike in
Sobotka et al. (2005). The two approaches are basically identical, but interpretation
is more intuitive when using rates of change. Rates of change for the number of
births and the three factors are expressed as shown below:

B — Bo

1Bt = ——— 7
B By (7)
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G —Go

IGy = Go (8)
Qi — Qo

1Q; = 9

o) % )
_Tt—To

ITy = T (10)

We can decompose the index of the total number of births (/B) into effects of mean
generation size (/G), fertility quantum (/Q), tempo distortions (I/T), and possible interactions
between these three effects. If we consider the interactions between the three effects as
residuals (€), then this can be expressed in additive terms, as shown below:

By = IG; + 1Q; + Ty + & (11)

Eg. 11 above can be easily transformed into the number of births by multiplying both
sides by the total number of births at the selected baseline year (By). Therefore, we can
estimate the change in the number of births attributable to each factor between the base-
line year and year t:

BO . IBr = BO . (IG{ + IO[ + ITr + 8) (12)

Sobotka et al. (2005) selected the year in which fertility postponement was initiated as a
reference. However, in this study, | use 2001 as the base year to explore the extent to
which the three factors contributed to the decline in the total number of births in the
era of lowest-low fertility. The reasoning is that Korea's period TFR first reached 1.3
during that year and has never risen above that level. The tempo-adjusted TFRs and
decomposition analysis are conducted by birth order, that is, first, second, and third or
higher.

Extended decomposition of mean generation size (G)

In the decomposition above, the change in mean generation size (G) captures the impact
of change in the female population on the change in the total number of births. However,
strictly speaking, it is an indirect measure. An additional decomposition analysis of G
enables us to estimate the effects of the change in female population size directly
(Sobotka et al., 2005, pp. 11-15). As seen in Eq. 1, G is the mean of the female population
weighted by age-specific fertility rate at each age. If we disregard the distinction between
fertility quantum and tempo distortion, the mean generation size, G, can be expressed as

ZX ( fx ‘ Nx)
G= " = Xxj(wx-Nx) (13)
fx
Zx fX'
Then, the change in G can be decomposed into two component effects. The change in G
between time 0 and time t is attributable to changes in the relative distribution of fertility
schedule (A7), changes in the age structure and size of female population (AN,), and

where T, corresponds to the relative distribution of fertility schedule at age x, 7, =
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residuals (&), as below.

Gi—Go= Y (M Ne) = D (mo-Neo) = D _(Alm]-Nt) + D (e - AN + & (14)

X X X X
The residuals indicate the difference between observed and estimated change in G. By
dividing both sides with the mean generation size at time 0 (Gg), we get the rate of
change in the mean generation size, IG; as in Eq. 12. Therefore, we can evaluate the con-
tributions of two components, shifts in fertility schedule (S) and changes in female popu-
lation size (N), to the changes in mean generation size (G) and then, to the changes in the
total number of births (B) in turn. This work can be done for total births or by birth order
separately. Again, | conduct this decomposition for each birth order up to third or higher
order births and then summate order-specific results to illustrate the results for total
births.

Results
Descriptive analysis

Since the TFR reached 1.3 in 2001, the number of births has declined in all birth orders
(Figure 3). The number of first births decreased from 267,664 in 2001 to 168,565 in
2019, a decline of 37.0 per cent (99,099 births). However, the pace of the decline was
faster in both second and third or higher births. Compared to 2001, the number of
births for the second and third or higher order in 2019 shrank by 54.0 per cent, from
235,671 to 108,391, and by 54.6 per cent, from 56,486 to 25,660, respectively. Thus, the
decline between 2001 and 2019 was more pronounced among second and third or
higher births than in first births.

In this study, the age structure and size of the childbearing female population is cap-
tured by the concept of G. Figure 4 displays the trends in the average for the age-specific

b1 b2 b3+

300,000
Birth order

Number of births

200,000

100,000

0
2000 2005 2010 2015 2020 2000 2005 2010 2015 2020 2000 2005 2010 2015 2020

Year

Figure 3. Total number of births by birth order, South Korea, 2001-2019. Note. The dotted line indi-
cates the number of births for each birth order in 2001. Source: Vital Statistics 1970-2019 (KOSIS,
2020).
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female population and mean generation size (G) for each birth order. Weighted by fertility
schedule, the mean generation size varies with birth order. Given that the fertility sche-
dule for higher-order births tends to be concentrated on older ages with a larger
female population, the mean generation size for third or higher births is larger than
that of both first and second births. While the average for the age-specific female popu-
lation moderately declines over time, the mean generation size in each birth order
declines more rapidly. As a result, the mean generation size was greater in all birth
orders than the average for the age-specific female population in 2001 but lower than
that of 2015 and afterward for first and second births, respectively. The mean generation
size for third or higher births gradually approaches the average for the age-specific female
population but remains above it in 2019.

In the meantime, the postponement of childbearing has continued in all birth orders
for the observed period (not shown here). For example, women'’s mean age at first birth
increased from 27.3 in 2001 to 31.4 in 2019. Women'’s mean age at second and third or
higher birth also increased from 29.3 to 33.0 and from 32.3 to 34.5, respectively,
though to a lesser degree than that of first birth.

The sustained rise in the mean childbearing age indicates that the tempo distortion
caused by childbearing postponement remains considerable. Figure 5 illustrates the
period TFR and tempo-and-parity adjusted TFRs (adjTFRp) based on Bongaarts and Sobot-
ka's (2012) method. The gap between TFR and adjTFRp for first birth was somewhat
reduced between the mid-2000s and mid-2010s, but it began to widen again from
2015 onward because of increased childbearing postponement. Between 2001 and
2019, the tempo distortion-free TFR for first birth declined from 0.910 to 0.811 (a 10.9
per cent fall), while the conventional TFR of first birth declined from 0.637 to 0.519 (an
18.5 per cent fall). For second and third or higher births, the tempo-distortion-free TFR
followed a downward trend with minor fluctuations, in tandem with the conventional
TFRs. For second birth, the tempo-adjusted TFR declined rapidly from 0.735 to 0.474
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Figure 4. Average of the age-specific childbearing female population (aged 15-49) and mean gener-
ation size (G) by birth order, 2001-2019.
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Figure 5. Order-specific total fertility rates (TFR) and tempo-adjusted total fertility rates (adjTFRp),
South Korea, 2001-2019. Note. Tempo-adjusted total fertility rates (adjTFRp) were based on the Bon-
gaarts-Sobotka method (Bongaarts & Sobotka, 2012).

(a 35.5 per cent drop), with the most significant decline occurring since the early 2010s. A
similar trend is observed in third or higher births, which have declined by 47.4 per cent,
from 0.161 to 0.084, primarily since the early 2010s. The relative change in fertility
quantum was more pronounced among third or higher births, but its contribution to
the overall decline of tempo-distortion-free TFR was the largest among second births.

Decomposition analysis

Figure 6 illustrates the indexes of relative change in the total number of births and the
three components in comparison with the reference year (2001). The decomposition
result for the period 2001-2019 is presented in Table 1. The index of the total number
of births (/B) reveals a considerable decline with periodic changes: specifically, a decline
in the early 2000s, moderate fluctuations between the mid-2000s and mid-2010s, and a
significant decline since the mid-2010s. As a result, the total number of births in 2019
declined by as much as 45.9 per cent in comparison with 2001.

In the same period, the index of mean generation size (/G) shows a gradual, monotone
downward trend, recording a 22.7 per cent drop. The decline in mean generation size

Table 1. Indexes of relative change in the number of births, mean generation size, fertility quantum,
tempo distortions, and interactions in 2019 compared to 2001.

Birth order
Item Total 1st 2 394
Indexes of relative change
Number of births (IB) —0.459 —0.370 —0.540 —0.546
Mean generation size (IG) -0.227 —-0.228 -0.233 —-0.199
Fertility quantum (IQ) —0.249 —0.109 —0.355 —0.474
Tempo distortions (IT) —0.062 —0.085 —0.071 0.078

Residuals 0.079 0.051 0.118 0.049
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Figure 6. Indexes of relative change in the total number of births (/B), mean generation size (/G), fer-
tility quantum (/Q), and tempo distortion (/T), 2001-2019. Note. Indexes are rates of change in each
component in comparison with a base year, 2001.

accounts for nearly half of the total decline in the number of births between 2001 and
2019. Mean generation size shrinkage has been quite stable over the observed period,
negatively affecting the total number of births.

The index of fertility quantum (/Q) also follows a downward trend, which is similar to
the trend in the IB, although to a lesser extent. Fertility quantum declined in the early
2000s, fluctuated moderately between the mid-2000s and mid-2010s, and declined
further after the mid-2010s. Fertility quantum declined by as much as 24.9 per cent,
accounting for 54.3 per cent of the birth deficit since the beginning of lowest-low fertility.
The fertility quantum’s contribution to the birth dearth is comparable to that of mean
generation size, although the former’s trend features more active fluctuations.

Unlike other indexes that display an overall coherent direction, the index of tempo
distortions (IT) shows more dynamic changes. IT was negative until 2005; it became
positive between 2006 and 2016, offsetting the negative effects of the other two
factors, namely the /G and the /Q, on the total number of births. However, the IT
also eventually turned negative again in 2017, contributing thereafter to the declining
number of births. It should be noted that the /T is measured in comparison to the base
year, 2001, which is a year when tempo distortions were already high. Therefore, the
positive IT values between 2006 and 2016 are not positive tempo distortions, but
rather a lesser extent of tempo distortion compared to 2001. Given the sustained
delay in childbearing, tempo distortions, in absolute terms, remain strong throughout
the observed period.

Figure 7 illustrates trends in the indexes of the total number of births and the three
components by birth order. The order-specific index of the number of births generally
shows a downward trend, with a considerable fall after the early 2010s in all birth
orders. Compared to the base year, 2001, the number of first births declined by as
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Figure 7. Birth-order specific indexes of the total number of births (/B), mean generation size (/G),
fertility quantum (/Q), and tempo distortion (IT), 2001-2019.

much as 37.0 per cent in 2019, but the extent of the birth decline was more severe for
second and third or higher births, which recorded drops of 54.0 per cent and 54.6 per
cent, respectively.

All birth orders share a more or less monotone downward trend for the /G. The
extent to which mean generation size declined is similar between birth orders,
ranging from —23.3 per cent for second births to —19.9 per cent for third births or
higher (see also Table 1). The trend in the IT is quite unstable over time, with vari-
ations over birth orders. The IT, which was positive until the mid-2010s, turned nega-
tive near the end of the observation period in all birth orders, except for third or
higher births. Compared to the base year, 2001, the extent of tempo distortions
was smaller by the mid-2010s, partly offsetting the reduced births in all orders
between the late-2000s and mid-2010s. However, in the late 2010s, the magnitude
of the tempo distortions in first and second births exceeded those in 2001 and con-
tributed to the decline in births.

The IQ also exhibits an overall downward trend, but the extent to which fertility
quantum contributed to the number of births varies with birth order and year. For first
births, the fertility quantum declined until 2006 and has since fluctuated until the end
of observation, recording a 10.9 per cent decline in 2019 compared to 2001. In contrast,
the quantum indexes of second and third or higher births experienced long-term decline,
with a bump in the early 2010s and drops of 35.5 per cent and 47.4 per cent in 2019,
respectively. Of the three factors illustrated in Figure 7, the /Q is the closest to that of
the B in all birth orders.

Based on the indexes of relative change, we can compute estimates of the change in
the number of births attributable to each component, as illustrated in Figure 8. Table 2
summarizes the results of the decomposition analysis regarding the number of births.
It also provides estimates of the three components’ relative importance. In the upper
panel of Table 1, the change in the total number of births between 2001 and 2019 is
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Figure 8. Total number of lost and gained births attributable to the three components and their inter-
actions, 2001-2019.

decomposed into three components and their interactions (residuals), and then further
disaggregated by birth order. Each of those components’ relative contribution to the
overall decline in the number of births is provided in the lower panel.

As mentioned above, the total number of births declined by as many as 257,205 (—45.9
per cent) between 2001 and 2019. Fertility quantum decline was the primary factor
leading to the birth decline that has been persisting since 2001. More than half of the
birth deficit is explained by the quantum decline (54.3 per cent). However, the shrinking
mean generation size has also had comparable effects on the decline in the number of
births, as it accounts for 49.4 per cent of the drop. Although its magnitude is smaller
than that of other factors, tempo distortions caused by delays in childbearing and
changes in parity composition also contributed to reduced births by 13.6 per cent. The

Table 2. Decomposition of the total number of births between 2001 and 2019.

Birth order
Item Total 1st ond 3y
Total number of births
Births in 2019 302,616 168,565 108,391 25,660
Births in 2001 559,821 267,664 235,671 56486
Difference (2019-2001) —257,205 —99,099 —127,280 -30,826
Difference in births attributable to
Mean generation size G —127,038 —60,924 —54,864 —11,250
Fertility quantum —139,620 -29,218 —83,629 —26,773
Tempo distortions —34,935 —22,683 —16,680 4,427
Residuals 44,389 13,726 27,893 2,770
Relative contribution to the difference
Total 100.0% 38.5% 49.5% 12.0%
Mean generation size G (IG) 49.4% 23.7% 21.3% 4.4%
Fertility quantum (IQ) 54.3% 11.4% 32.5% 10.4%
Tempo distortions (IT) 13.6% 8.8% 6.5% -1.7%
Residuals -17.3% —5.3% —10.8% -1.1%

Note. Relative contributions were based on the absolute difference in the total number of births between 2001 and 2019.
Components may not sum to totals because of rounding.
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negative effects of these three factors on the total number of births are partly offset by
possible interactions between them (17.3 per cent).

Order-specific results demonstrate that the extent to which each factor contributed to
the overall decline in the number of births differs greatly by birth order. The decline in
second births (127,280) was larger than that of first births (99,099), accounting for 49.5
per cent of the total decline in births between 2001 and 2019. In particular, a decline
of 83,629 births, 32.5 per cent of the total reduction in births, is entirely attributable to
the decline of the second-birth fertility quantum, which is the largest order-specific com-
ponent contributing to the decrease in the total number of births between 2001 and
2019. This reflects the fact that the second-birth fertility quantum has plummeted by
32.5 per cent over the past 18 years. Third or higher births also showed a remarkable fer-
tility quantum drop, exceeding that of second births, but because of the former’s smaller
share, its contribution to the decline in the total number of births is limited to 12.0 per
cent of the overall birth decline.

Extended decomposition of the mean generation size (G)

The strong effects of the change in mean generation size do not necessarily indicate that
the change in female population size contribute to the birth deficit to a similar extent. This
section is to evaluate the contribution of the change in female population to the change
in mean generation size. Table 3 illustrates additional results that decompose the effects
of mean generation size (G) shown in Table 1 & 2 into two components, one attributable
to the shifts in fertility schedule (Gs) and another attributable to the change in female
population size (Gy).

The decomposition analysis of /G suggests that the decline in the mean generation size
was mainly determined by the decline in female population (Table 3). The index of mean
generation size (IG) declined 22.7 per cent for the period between 2001 and 2019, but the
change in female population size accounts for 100.6 per cent of the drop (—0.241 out of
—0.227). The contribution of the shift in fertility schedule is limited to —9.8 per cent of the
IG drop (0.022 out of —0.227), but rather operate in the opposite direction. The residuals
remain marginal, 3.3 per cent of the /G drop (—0.008 out of —0.227). The importance of the
decline in female population is also confirmed in order-specific analyses, though its rela-
tive contribution to the change in mean generation size differ slightly by birth order.

Table 3. Extended decompositions of the mean generation size G.

Birth order
ltem Total 1st 2nd 3rd+
Based on the index of mean generation size
Index of mean generation size (IG) -0.227 —0.228 —0.233 —-0.199
Fertility schedule (Gs) 0.022 0.005 0.036 0.046
Female population size (Gy) -0.241 —0.263 —0.229 -0.186
Residuals () —0.008 0.031 —0.040 —0.058
Difference in births between 2001 and 2019 attributable to
Mean generation size (G) —127,038 —60,924 —54,864 -11,250
Fertility schedule (Gs) 12,409 1,293 8,547 2,569
Female population size (Gy) —134,920 —70,416 —53,978 -10,527
Residuals () —4,527 8,199 —9,434 —3,292

Note. This is the result from the extended decompositions of mean generation size (G). The values for total are based on
birth-order specific results. Components may not sum to totals because of rounding.
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The change in female population explains 116.0 per cent, 98.4 per cent, and 93.6 per cent
of the change in the mean generation size for first, second, and third or higher order
births, respectively.

In sum, for the period between 2001 and 2019, the decline in mean generation size G
was overwhelmingly determined by the decline in female population, rather than shifts in
fertility schedule. As a result, the results clearly suggest that nearly half of the birth deficit
for the period is attributable to the change in age structure and size of childbearing
female population.

Discussion and conclusion

Korea's TFR, which has remained below 1.3 since 2001, declined further in recent years,
hitting a record low of 0.92 in 2019, which is the lowest among the OECD countries.
The decline in the total number of births was far more severe than the decline in fertility,
plummeting by 45.9 per cent during the same period. This study decomposes the decline
in the total number of births between 2001 and 2019 into three factors, namely the mean
generation size, the fertility quantum, and tempo effects.

The remarkable decline in the total number of births since the onset of lowest-low fer-
tility is mainly attributable to both quantum decline and shrinking generation size. First,
fertility quantum decline was found to be the primary factor accounting for more than
half of the decline in the total number of births between 2001 and 2019. Fertility free
from tempo distortions declined in all birth orders, but its negative impact on the
number of births was especially pronounced among second births. Fertility quantum
free from tempo distortions for second births showed a clear downward trend over the
period of lowest-low fertility. Second, the mean generation size, which is the mean of
the female population weighted by fertility schedule, also had a profound negative
impact on the number of births. The mean generation size gradually declined throughout
the observation period. The decline in the mean generation size was largely led by the
decline in the size of reproductive-age female population, which is distinct from European
experience (Sobotka et al., 2005). Lastly, tempo distortions have remained strong in Korea
(e.g., Yoo & Sobotka, 2018), but have contributed to birth decline only in recent years, as
indicated by the finding that the relative change in this component in comparison to the
base year, 2001, was marginal.

The findings suggest that the total number of births in Korea will continue to decline
for a while. As Lutz et al. (2008) noted, a smaller number of potential mothers results in
fewer births, implying negative spiral effects. Shrinkage in the young cohorts caused by
sustained low fertility since the early 1980s and further subsequent declines has nega-
tively affected the total number of births in Korea. According to Statistics Korea (2019),
the population of women aged 15-49 will be about 9.3 million in 2035, which is 22 per
cent less than the current (2020) population of 11.9 million. Therefore, a further decline
in the total number of births may be unavoidable in the future, even if an immediate
fertility rebound takes place. Such a consistent decline in cohort size would also acceler-
ate population aging, which is already threatening Korean society’s economic sustainabil-
ity, education, defence, and finances.

One of the findings indicates that second-birth fertility has continued to decline in the
era of lowest-low fertility. Tempo-adjusted fertility for second births in Korea rapidly
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declined from 0.727 in 2001 to 0.474 in 2019. In most developing countries, the fertility
transition to near-replacement levels is accompanied by a fall in the progression to
third or higher births, which is usually irreversible once it happens (e.g., Abbasi-Shavazi
et al,, 2009; Yoo, 2014). Falling second-birth fertility might signal the emergence of
another order-specific transition in the era of lowest-low fertility, which contrasts the fer-
tility pattern in Western countries. Consequently, there is no sign of fertility decline rever-
sal or slowdown in Korea (c.f. Esping-Andersen & Billari, 2015; Frejka et al., 2018). This
study does not provide reasons for the declining second births. However, one possible
explanation might be intergenerational transmission of and socialization into low fertility.
As low fertility lasts more than three decades, young generations may regard having one
child as the new childbearing norm. Young people of childbearing age were primarily
born in and after the 1980s, and most grew up with no more than one sibling and
enjoyed economic prosperity and a tertiary education. Therefore, it might be onerous
for them to have more than two children, if they already have difficulty balancing work
and family. Further investigations are needed to determine whether the fall in the
second-birth rate is persistent and whether other developing countries suffering rapid fer-
tility decline are also experiencing declining second births.

The findings of this study imply that policies aimed at raising Korea’s birth rates have
not yet been effective. However, given the long-term trends in marriage, divorce, and
childbearing, a turnaround in fertility was rather unlikely. The government has spear-
headed extensive efforts aimed at raising the birth rate, such as implementing diverse pol-
icies ranging from financial incentives to parental leave, but these efforts usually focus on
promoting marriage and procreation. In this sense, one may interpret this study’s findings
in a different way; that is, policy works to some extent, at least in mitigating a further drop
in the number of first births. However, policies promoting second or higher-order births
deserve more consideration.

The approaches and analyses in this study are not without caveats. First, the age and
parity distribution of the female population, which is required to estimate adjTFRp, is
not available, so this study employs the adjustment based on observation of the
2000 population census and order-specific births for each year. There are other ways
to estimate the age and parity distribution. However, given that the adjustment in
this study is already based on detailed data, any estimated distributions produced
using the alternative methods would be similar. Second, focusing on the era of
lowest-low fertility, this study uses 2001 as a reference year. Due to the nature of
decomposition analysis, the relative contributions of generation size, fertility
quantum, and tempo effects to the declining number of births can differ depending
on the reference year. However, the relative contributions do not affect the overall
trends the abovementioned factors follow, nor do they alter the study’s findings. The
IT, which was also measured relative to 2001, shows less variation than other factors.
This does not mean that the tempo effects were negligible. Rather, the tempo
effects, in absolute terms, remain strong throughout the observations, continuously
depressing Korea's period TFR. Lastly, some of the birth deficit are attributed to the
residuals in the decomposition. The sizable residuals reflect significant interactions
between mean generation size, fertility quantum, and tempo distortions. Alternative
decompositions might provide a better interpretation by eliminating the residual
term, but are unlikely to change the findings of this study.



ASIAN POPULATION STUDIES 19

Despite these limitations, the present study sheds light on factors related to the declin-
ing number of births in Korea since the period TFR reached 1.3 or below. Rigorous analysis
of fertility changes in this study have provided a better understanding of how such extre-
mely low fertility has continued and declined further in Korea. The shrinking generation
size, caused by sustained low fertility, has begun to contribute to a decline in new cohorts,
which imposes significant demographic burdens on Korean society. The Korean case con-
tributes to the literature by enriching the discussion about the process of post-transitional
fertility in developed countries with low fertility and providing significant implications
that might be helpful for most developing countries experiencing rapid fertility decline.

Acknowledgements

This study was conducted as a part of the research project, ‘Studies on the causes and effects of
declining number of births’, supported by the Presidential Committee on Ageing Society and Popu-
lation Policy of Korea. The author is grateful for helpful comments from the editor and anonymous
reviewers of Asian Population Studies. An earlier version of this paper was presented at the Second
Biannual Meeting of the Population Association of Korea, December 2020, Seoul, Korea.

Disclosure statement

No potential conflict of interest was reported by the author(s).

ORCID
Sam Hyun Yoo () http://orcid.org/0000-0003-3545-5016

References

Abbasi-Shavazi, M. J., McDonald, P., & Hosseini-Chavoshi, M. (2009). Fertility dynamics using parity
progression ratios. In M. J. Abbasi-Shavazi, P. McDonald, & M. Hosseini-Chavoshi (Eds.), The fertility
transition in Iran: Revolution and reproduction (pp. 67-81). Springer.

Bongaarts, J., & Feeney, G. (1998). On the quantum and tempo of fertility. Population and
Development Review, 24(2), 271-291. https://doi.org/10.2307/2807974

Bongaarts, J., & Feeney, G. (2008). The quantum and tempo of life-cycle events. In E. Barbi, J.
Bongaarts, & J. W. Vaupel (Eds.), How long do we live? Demographic models and reflections on
tempo effects (pp. 29-65). Springer.

Bongaarts, J., & Potter, R. E. (1983). Regulated fertility and its proximate determinants. In J.
Bongaarts, & R. E. Potter (Eds.), Fertility, biology, and behavior: An analysis of the proximate deter-
minants (pp. 52-77). Academic Press.

Bongaarts, J., & Sobotka, T. (2012). A demographic explanation for the recent rise in European ferti-
lity. Population and Development Review, 38(1), 83—120. https://doi.org/10.1111/j.1728-4457.2012.
00473.x

Calot, G. (1984). Une notion intéressante: l'effectif moyen des générations soumises au
risque. |. Présentation méthodologique. Population (French Edition), 39(6), 947-976. https://doi.
org/10.2307/1533042

Esping-Andersen, G., & Billari, F. C. (2015). Re-theorizing family demographics. Population and
Development Review, 41(1), 1-31. https://doi.org/10.1111/j.1728-4457.2015.00024.x

Frejka, T., Goldscheider, F., & Lappegard, T. (2018). The two-part gender revolution, women'’s second
shift and changing cohort fertility. Comparative Population Studies, 43(0), 99-130. https://doi.org/
10.12765/CP0S-2018-09


http://orcid.org/0000-0003-3545-5016
https://doi.org/10.2307/2807974
https://doi.org/10.1111/j.1728-4457.2012.00473.x
https://doi.org/10.1111/j.1728-4457.2012.00473.x
https://doi.org/10.2307/1533042
https://doi.org/10.2307/1533042
https://doi.org/10.1111/j.1728-4457.2015.00024.x
https://doi.org/10.12765/CPoS-2018-09
https://doi.org/10.12765/CPoS-2018-09

20 (&) S.H.YOO

Goldstein, J. R,, Sobotka, T., & Jasilioniene, A. (2009). The End of “lowest-low” fertility? Population and
Development Review, 35(4), 663-699. https://doi.org/10.1111/j.1728-4457.2009.00304.x

Imhoff, E., & Keilman, N. (2000). On the quantum and tempo of fertility: Comment. Population and
Development Review, 26(3), 549-553. https://doi.org/10.1111/j.1728-4457.2000.00549.x

Jones, G. W. (2007). Delayed marriage and very low fertility in pacific Asia. Population and
Development Review, 33(3), 453-478. https://doi.org/10.1111/j.1728-4457.2007.00180.x

Jones, G. W., & Gubhaju, B. (2009). Factors influencing changes in mean age at first marriage and
proportions never marrying in the low-fertility countries of East and Southeast Asia. Asian
Population Studies, 5(3), 237-265. https://doi.org/10.1080/17441730903351487

Kohler, H. P., Billari, F. C.,, & Ortega, J. A. (2002). The emergence of lowest-Low fertility in Europe
during the 1990s. Population and Development Review, 28(4), 641-680. https://doi.org/10.1111/
j.1728-4457.2002.00641.x

Kohler, H. P., & Ortega, J. A. (2002). Tempo-adjusted period parity progression measures, fertility
postponement and completed cohort fertility. Demographic Research, 6(6), 91-144. https://doi.
org/10.4054/DemRes.2002.6.6

Lee, E. (2013). Incorporating tempo, quantum, and mean generation size effects into fertility policies
[Unpublished master’s thesis]. Graduate School of Public Health, Seoul National University.

Lesthaeghe, R. (2010). The unfolding story of the second demographic transition. Population and
Development Review, 36(2), 211-251. https://doi.org/10.1111/j.1728-4457.2010.00328.x

Lesthaeghe, R.,, & van de Kaa, D. J. (1986). Twee demografische transities? In R. Lesthaeghe, & D. J.
van de Kaa (Eds.), Bevolking: Groei en krimp. Mens en maatschappij book supplement (pp. 9-24).
Van Loghum-Slaterus.

Lutz, W., Skirbekk, V., & Testa, M. R. (2008). The Low fertility trap hypothesis. Forces that May lead to
further postponement and fewer births in europe. Vienna Yearbook of Population Research, 2006,
167-192. https://doi.org/10.1553/populationyearbook2006s167

Min, 1., & Yoo, H. (2020). A study on the decomposition of total fertility to mean generation size,
quantum and tempo effects. Journal of the Korean Official Statistics, 25(2), 24-48. (in Korean).
https://doi.org/10.22886/jkos.2020.25.2.24

The next crisis: Sponging boomers —— The economic legacy left by the baby-boomers is leading to a
battle between the generations. (2012, September 29). The Economist. https://www.economist.
com/finance-and-economics/2012/09/29/sponging-boomers.

Ni Bhrolchain, M. (2011). Tempo and the TFR. Demography, 48(3), 841-861. https://doi.org/10.1007/
s13524-011-0033-4

Ortega, J. A,, & Kohler, H. P. (2002). Measuring low fertility: Rethinking demographic methods. MPIDR
WORKING PAPER WP 2002-001. Max Planck Institute for Demographic Research, 1-34. https://doi.
org/10.4054/mpidr-wp-2002-001

Park, C. B. (1976). Lifetime probability of additional births by age and parity for American women,
1935-1968: A new measurement of period fertility. Demography, 13(1), 1-17. https://doi.org/10.
2307/2060417

Preston, S., Heuveline, P., & Guillot, M. (2000). Demography: Measuring and modeling population pro-
cesses. Malden, MA: Blackwell Publishers.

Rallu, J. L., & Toulemon, L. (1993). Les mesures de la fecondite transversale. I. Construction des differ-
ents indices. Population (French Edition), 7-26. https://doi.org/10.2307/1534124

Romo, V. C. (2003). Decomposition methods in demography. Rozenberg Publishers.

Sobotka, T. (2003). Tempo-quantum and period-cohort interplay in fertility changes in Europe:
Evidence from the Czech Republic, Italy, the Netherlands, and Sweden. Demographic Research,
8(6), 151-214. https://doi.org/10.4054/DemRes.2003.8.6.

Sobotka, T. (2004). Is lowest-low fertility in Europe explained by the postponement of childbearing?
Population and Development Review, 30(2), 195-220. https://doi.org/10.1111/j.1728-4457.2004.010_1.x

Sobotka, T., Lutz, W., & Philip, D. (2005). Missing births’: Decomposing the declining number of births in
Europe into tempo, quantum, and age structure effects. European Demographic Research Papers 2.

Statistics Korea. (2019, April 28). Population Projections for Korea (2017~2067) [Press release] http://
kostat.go.kr/portal/eng/pressReleases/8/8/index.board?bmode=read&bSeq=&aSeq=375684&pageNo=
1&rowNum=10&navCount=10&currPg=&searchinfo=&sTarget=title&sTxt=


https://doi.org/10.1111/j.1728-4457.2009.00304.x
https://doi.org/10.1111/j.1728-4457.2000.00549.x
https://doi.org/10.1111/j.1728-4457.2007.00180.x
https://doi.org/10.1080/17441730903351487
https://doi.org/10.1111/j.1728-4457.2002.00641.x
https://doi.org/10.1111/j.1728-4457.2002.00641.x
https://doi.org/10.4054/DemRes.2002.6.6
https://doi.org/10.4054/DemRes.2002.6.6
https://doi.org/10.1111/j.1728-4457.2010.00328.x
https://doi.org/10.1553/populationyearbook2006s167
https://doi.org/10.22886/jkos.2020.25.2.24
https://www.economist.com/finance-and-economics/2012/09/29/sponging-boomers
https://www.economist.com/finance-and-economics/2012/09/29/sponging-boomers
https://doi.org/10.1007/s13524-011-0033-4
https://doi.org/10.1007/s13524-011-0033-4
https://doi.org/10.4054/mpidr-wp-2002-001
https://doi.org/10.4054/mpidr-wp-2002-001
https://doi.org/10.2307/2060417
https://doi.org/10.2307/2060417
https://doi.org/10.2307/1534124
https://doi.org/10.4054/DemRes.2003.8.6
https://doi.org/10.1111/j.1728-4457.2004.010_1.x
http://kostat.go.kr/portal/eng/pressReleases/8/8/index.board?bmode=read%26bSeq=%26aSeq=375684%26pageNo=1%26rowNum=10%26navCount=10%26currPg=%26searchInfo=%26sTarget=title%26sTxt=
http://kostat.go.kr/portal/eng/pressReleases/8/8/index.board?bmode=read%26bSeq=%26aSeq=375684%26pageNo=1%26rowNum=10%26navCount=10%26currPg=%26searchInfo=%26sTarget=title%26sTxt=
http://kostat.go.kr/portal/eng/pressReleases/8/8/index.board?bmode=read%26bSeq=%26aSeq=375684%26pageNo=1%26rowNum=10%26navCount=10%26currPg=%26searchInfo=%26sTarget=title%26sTxt=

ASIAN POPULATION STUDIES e 21

Statistics Korea. (2020). Korean Statistical Information Service (KOSIS). Statistics Korea. https://kosis.
kr/index/index.do.

Straughan, P., Chan, A., & Jones, G. W. (2008). Ultra-low fertility in Pacific Asia: Trends, causes and
policy issues. Routledge.

Yoo, S. H. (2014). Educational differentials in cohort fertility during the fertility transition in
South Korea. Demographic Research, 30(50), 1463-1494. https://doi.org/10.4054/demres.2014.
30.53

Yoo, S. H. (2016). Postponement and recuperation in cohort marriage: The experience of South
Korea. Demographic Research, 35(35), 1045-1078. https://doi.org/10.4054/DemRes.2016.35.35

Yoo, S. H., & Sobotka, T. (2018). Ultra-low fertility in South Korea: The role of the tempo effect.
Demographic Research, 38(22), 549-576. https://doi.org/10.4054/DemRes.2018.38.22

Appendix: Adjustments of census parity distributions

The analytic procedure utilized in this study includes the reconstruction of female parity distribution
by age between 2001 and 2019. Statistics Korea releases the number of births by mother’s age and
birth order, and the mid-year female population by age annually, and these data are available online
(kosis.kr). Therefore, both order-specific TFRs and age-specific fertility rates (ASFRs) can be easily
computed. However, tempo- and parity- adjusted TFRs (adjTFRp) require the age and parity distri-
bution of the female population, which is not available.

Alternatively, we use the age and parity distribution of the female population obtained from the
2000 population census to estimate the age and parity distribution for the following years up to
2019. The approach used in this study is like that described in the Human Fertility Database
method protocol (Jasilioniene et al., 2009, pp. 33-35).

We first obtain the female population exposure for age x and time t, E(x, t), from the mid-year
female population, P(x, t), as follows:

Px—1, t—=1) 4Pk t)
2

If we define the population weight of women aged x at parity i as w;(x), the population weight of
women aged x at parity i as of January 1, 2000 is computed as follows:

wi(x, 2000) = (1 —=2) - wilx =1, T)+Z-wilx, T)

3+
E wi=1
i=1

where Zis a fraction representing the days elapsed since the beginning of the year to the date of the
census. The year 2000 was a leap year, and the Korean census was taken on November 1. Therefore,
in this case, we have Z = 182/366.

Once women'’s age- and parity-specific population weights for the base year are obtained, the
population weights for the following years can be estimated, as follows:

E(x, t) =

wolx + 1, t+ 1) =wolx, ) —F(x, 1)
wilx +1, t+ 1) =wilx, t) —filx, ) +fi_1(x, t)fori=1, 2
wipx+ 1, t+ 1) =ws(x, 1)+ t)

where fi(x, t) represents unconditional fertility rates at age x and parity /i for year t. The uncondi-
tional fertility rates are based on the order-specific number of births and total population exposure
E(x, t). With the estimated population weights w;(x, t), we can also compute the order-specific
population exposure E;(x, t), as follows:

Eilx, t) = wlx, t)-E(x, t)
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The order-specific population exposure E;j(x, t) can then be utilized to compute a set of table-based
fertility measures. For example, adjTFRp in this study is based on p;(x, t), conditional fertility rates of
birth order i, regarding births of each order as separate non-repeatable events. Therefore, the
denominators of p;(x, t) can be obtained by summing all order-specific population exposures for
all women who have not yet reached order i. Please refer to Bongaarts and Sobotka (2012) for
details about how to compute adjTFRp.
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