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Abstract
An ageing society can weaken the national competitiveness in terms of economic growth,
labor supplies, consumer activities and the burden of excessive welfare expenditures on
tax-payers. As a low fertility becomes one of significant factors contributing to an aging
society, it came to an attention to our society as a serious social challenge and policy-related
issue

from

1980s

in

the

advanced

Western

countries

and

1990s

and

the

early

naughties(2000s) in Newly Emerging Economies such as China, Brazile, Taiwan and Korea.
Therefore, it is inevitable that societies in any developmental stage have considered policy
implementation in oder to overcome the problems caused by low fertility. In this respect, this
study is interested in examining the shifts in fertility rates observed in Korea and other
countries in middle- and long-term period of changes, and tries to predict the fertility rate by
reflecting such periods. More specifically, this study examined whether and how any of
significant period or structural change in fertility rate can determine or predict the fertility rate
by reflecting them. The findings will be useful for governments to establish policies to improve
low fertility or promote childbirth in such ways to raise the fertility rate to an optimum level,
based on accurate comparison between nations that are still struggling with low fertility(Korea
and Japan) and the rest of nations that have successfully overcome a problem related to low
fertility.

Key words : Low fertility, fertility rate, time-series, periodogram, structural
change

1. Introduction
An aging society and a low fertility are two of the most serious social
problems that may have led to decrease labor forces and economic growth while
increase social welfare expenditure to support the dependant. United Nations(UN)
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has set a standard of the ratio of population older than 65 to compare the degree
and speed of aging among countries, and there are three categories: aging society,
aged society and super aged society. Korea is categorized as an aging society as
of now and it will become an aged society in 2016 based on the definition
provided by UN. In the next 30 years, Korea is expected to become one of the
fast-aging counties in the world. The process of aging is interacting with the
structure of population. For instance, the population structure of Korea has shifted
from "high fertility" and "high death" to "low fertility" and "low death" due to its
advancements in modern medical science and the improvement of living standards,
as well as the increase in average life expectancy and the decrease of fertility
rate. These patterns of the transition to an aging society are similar to other
economically advanced countries(Lee and Mason, 2010).
For the last forty years, the developed countries such as the United States and
the European Union have faced with the low fertility as a major social problem
and they have set up a series of policy agenda for resolving the problem caused
by the lack of childbirth. For example, the French government and the Swedish
government have put an immense amount of governmental budget into birth
promotion policy in the past decades. In each year, France and Sweden have
poured more than 3% of their Gross Domestic Product into policy implantation
specifically for childbirth promotion in these periods. In the contrary, Korea has
spent only 0.4% of its GDP on birth promotion policy. If the fiscal amount spent
on social problem cause by low fertility is the key to cease or stop the problem
related to the low fertility, Korea’s policy against low fertility would not be
successful as much as it is in some Western countries.
In our age of the post-modernity, societies are striving to overcome low
fertility. Some of developed countries are encouraging childbirth through various
supports such as tax benefits or subsidiaries, grants, maternity leave and
expansion of child care facilities, whereas some developing countries have put
more effort tp remove the existing restrictions against avoidance of
childbirth(Hanayama & Hwang, 2014). Like China, the one-child policy is giving
way to the movement for having two or more children. After being ranked as a
country with the world's lowest birth rate of 1.076 in 2005, the Korean
government has actively considered all possible kinds of birth promotion policies to
its citizens in such ways as childbirth grant, maternity leave, and child care
funding. Consequences are, the birth rate rallied by a small margin to 1.187 in
2013 and 1.25 in 2014. However, the increasing trend did not last thereafter
leaving fertility rate rebound as a difficult problem yet to be solved. The fact that
the current birth rate is lower than the Replacement Fertility Rate at 2.1 may
indicate the seriousness of low fertility problem in Korea(McDonald, 2006). If
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counties with such a super-low fertility rate stay at the current status, immediate
and perpetuated impact of low ferity will increase labor shortage and burden on
working ages to support the elderly, while reducing income per capita and overall
population size(Lee and Mason, 2010). Moreover, these consequences altogether will
lead to concerns for the deterioration of national fiscal health and the weakening
of national competitiveness.
Most of existing studies concerning a low fertility of Korea tried to find out
causes followed by a cross-sectional causality model with main focuses on the
increase on women's educational attainment and changes in perspective, along
with household economic level(Baek and Ryu, 2002; Lee, 2011). However, even
though the specific social phenomenon that is related to the fertility in the Korean
context has gone through transitional stages according to times, researchers and
the government have yet to take into consideration in these aspects. Accordingly,
Yoon and Kim(2011) adopted a time-series method of forecasting to suggest an
acceptable fertility rate forecasting model of the country. Eom and Kim(2013)
extended the approach to develop a fertility rate forecasting model which reflects
causality between marriage and fertility. In theses studies, researchers suggested a
forecasting model that reflects the time-series properties of fertility rate itself rather
than a model based on parameter time-series of fertility rate model.
As fertility rate is affected by awareness of gender role, values of marriage
and family, and level of education and economy, neighboring countries with similar
cultural and economical characteristics may have similar population structure and
fertility rate pattern(Lutz et al., 2006). It is known that France, Sweden and the
United States of America have struggled to overcame low fertility rate, and
whether their efforts in policy implantations are successful or not, they have
improved the fertility rates as desired. In the meantime, Japan and Korea are still
caught in the low fertility trap(Lutz et al., 2006). Hence, before establishing our
policy to overcome low fertility and encourage childbirth in the future, it is
essential that experts in demographic research and population-makers should
investigate the fertility trends of various countries so as to compare and contrast
similarities and differences among each other. Yet, it is rather complicate, it not
impossible, to identify key factors similarly affecting the fertility of any given
country of interest with the uniqueness of its own. In other words, such predictive
factors as macro- economic conditions, labor market situation, the effect of policy
intervention on employment and poverty all have to be considered as given, while
adopting specific models or a combined variables of factors. This study will
consider them as exogenous variables. In stead, the present study attempts to
forecast the fertility rate using the trend and cycle of fertility that involves these
business cycle and facets of policy. Jeon et. al(2009) suggested a spectrum
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analysis(i. e. periodogram analysis) as a method to find similar cycles in a
time-series data such as annual fertility data. Accordingly, this study will examine
whether cycles, trends, or causes of mid- and long-term changes exist in the
fertility rate of each of corresponding countries, and forecast the level of future
fertility rate of our country from suggesting a forecast model reflecting these
cycles. In addition, this study intends to improve the predictive power of the
fertility forecast model by reflecting macroscopic changes such as the Great
Depression which may affect fertility rate of each country.
The structure of this paper is as follows. Following to Introduction, the second
part introduces fertility rate data of foreign countries and explains the periodogram
analysis which identifies significant cycle of fertility rate. The next will be
followed by “Results” that includes results of analysis and forecast results using
the data from Human Fertility Database. Lastly, this paper presents the conclusion
and suggestions.

2. Period of Fertility Rate
2.1 Fertility Rate Data
Typically, fertility rate means TFR(total fertility rate) and stands for the
number of childbirth by fertile women(15~49). However, there are various types of
fertility rate depending on the definition of fertility rate: RFR(replacement fertility
rate) refers to the average number of children a fertile woman should have in
order to maintain the current population; CFR(completed fertility rate) signifies the
fertility rate of cohort women past their fertile cycle; and BOFR(birth ordered
fertility rate), which is calculated from is the number of births of specified birth
order to the number of women who have borne one child less than the number
indicated by the specified birth order. Depending on the method of fertility rate
data construction total fertility rate can be divided to CTFR(cohort total fertility
rate), fertility rate by life-cycle of specific cohort and PTFR(period total fertility
rate), total fertility rate based on total fertile population during specific time span.
PTFR generally means the average number of children in comparison to the
number of fertile women, and it can be determined by summing up ASFR
(age-specific fertility rate) of a given cycle.
Based on the purpose of study, either CTFR or PTFR can be used in
forecasting fertility rate, but CTFR data has its limitation as it does not guarantee
reliability in terms of birth cohort completion. In addition, considering that the
purpose of this study is to look into the cycle in fertility rate and suggest a
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forecasting model reflecting the cycle, PTFR data is more appropriate than CTFR
data for comparing and forecasting fertility rate between countries. Thus, this
study will use PTFR to conduct model fitting and forecasting.
2.2 Periodogram Analysis
In this study, pediogram analysis was conducted as a time-series model to find
the cycle in the pattern fertility rate of each foreign countries(Jeon et. al, 2009).
Periodogram analysis decomposes the pattern of time-series data into components
such as long-term(i.e. trend) and medium-term(i.e. circulation). The procedure for
finding the significant cycle by periodogram test is as follows. First, major cycle
and periodogram of each country are calculated by conducting a periodogram
analysis of fertility rate data of the country. Second, significant cycles are found
from testing the significance of each country's periodogram for major cycle.
A model for periodogram analysis is as follows. If a country's fertility rate,   ,
has a constant cycle of , for every t=1, …, , the probability at the time of,,
     , will be identical to the probability past the time of,       , and will
show the same probability upon each cycle.
                       =….
In other words, since a periodic function has repeated patterns in each cycle
between t and    , the purpose of periodogram analysis is to find out what
the potential cycle is in   line. A cycle can be expressed as the following model
using radian during a unit time of sine and cosine function, i.e. Fourier Frequency,
      ⋯ ⌊  ⌋ ,
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(2.1)

Here,   has a value of 1/2 only when k=T/2 with T being an even number.
For all other cases,   has the value of 1.  and

 are coefficients respectively

in the sine and the cosine function of Fourier Frequency, and they can be
estimated by the method of least squares(Wei, 2006; Jeon et al., 2009). Meanwhile,


      , a function form of estimated Fourier coefficient, is called 'Periodogram.'

Using this periodogram, a significance test can be performed to find significant
cycle,   , among T/2 cycles existing in the original line. A null hypothesis of
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significance test for periodogram is        , and its test statistic is as
follows(Hartley, 1949; Wei, 2006).
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Here, the test statistic of periodogram test follows     distribution,
and the significant cycles from the test can be applied to formula(1) to find the
significant cycles in the original time-series.
2.3 Time-series Predictive Model Reflecting Significant Cycle
If long-term trend or change is found in time-series data, a time-series
regression model can be considered as a way to reflect the long-term trend or
change(Model 1). In addition, this study discusses the method of finding significant
cycle in time-series as to way to reflect mid- to short-term trend or change,
which is hard to be explained with long-term trend or change. In this way, when
there is a significant cycle in time-series, fertility rate can be predicted by
applying the cycle(Model 2). Also, applying this cycle in the time-series regression
model will enhance the suitability of fertility rate forecasting model(Model 3).
However, since time-series data, such as fertility rate generally has
auto-correlated error term, estimating the average of time-series with a traditional
linear regression model produces auto-correlation in the residuals. Thus, this study
will forecast fertility rate using a time-series predictive model(Model 4) which
reflects significant cycles and auto-correlation of error term.
Model 1:
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Model 4: .              
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In each model,   stands for fertility rate,  for time to reflect trend,  for
square of time reflecting long-term change, and   for error term.   is an
indicator variable for sine and cosine function of Fourier Frequency, as defined in
the previous chapter;     is Fourier Frequency;  and  and are sine
function and cosine function of Fourier Frequency respectively. In Model 4, 
stands for auto-correlation coefficient of error term in -round.
2.4 Time-series Predictive Model Reflecting Structural change
Although the time-series predictive model(Model 4) which reflects significant
cycles and auto-correlation of error term showed high explanatory power for
past fertility rate data, it was not appropriate to apply it as it is because the
predictive values were exaggerated. Assumably, this is because macroscopic
environments such as the Great Depression shown in fertility rate trend of each
country, i.e. structural changes, were not applied. If this kind of structural changes
are applied to the model, significant findings will be drawn even when the square
time term for explaining long-term fertility rate changes is not included in the
model. Thus, this study attempts to determine whether significant structural
changes exist in the fertility rate series of each country by Chow test(Chow, 1960;
Park, 1998). In other words,
Model 5 is a predictive model which reflects
long-term trend, significant medium- or short term change cycles, and
macroscopic environmental changes in fertility rate.
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In Model 5, all variables and regression coefficients except for   are same as
those defined in Model 1 thru 4 in the previous chapter.   is an indicator
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variable for structural change point of each country, and    stands for the
Great Depression in 1975, and    for the year 1987 when the Soviet Union was
opened and the Berlin Wall collapsed.    indicates the year 1995 when Europe
and Asia experienced economic crisis.

3. Empirical Analysis
As a way to find a solution for low fertility problem in Korea, this study
attempts to investigate the fertility rate of several other countries including
developed countries and neighboring countries and determine their features. A
fertility rate for a specific purpose, of course, can be predicted by the models
explained in the previous chapter, but this study deals only with the total fertility
rate of each country. Thus, the fertility rate that will be discussed from now on
means PTFR.
3.1 Fertility Rate Data of Countries
This study used the data from HFD(Human Fertility Database) (www.humanfertility.
org), a joint research data of MPIDR(Max Planck Institute for Demographic
Research) in Germany and VID(Vienna Institute of Demography)in Austria. HFD
provides data for period fertility rate and cohort fertility rate which show the past
and current changing aspects of fertility rate of 22 countries including European
nations such as Germany (East and West Germany), UK (consisting of England,
Northern Ireland, Scotland and Wales) and Russia, as well as Asia and America.
Data from HFD is not only useful for examining aspects of annual TFR and
BOFR but alos for making comparison between countries because it provides
information such as officially reported annual number of births, age/cohort of
mothers, and birth order, which are common forms of data for all countries.
Among the 22 countries covered in HFD, this study excluded those with GDP less
than 200 billion dollars (IMF,2012), population less than 10million(CIA, 2013), or
countries that are not OECD members. As a result, 14 countries were selected for
empirical analysis including USA, Canada, UK, Japan, Korea, etc. In addition, in
order to compare the fertility rate among contemporary countries, time-series
analysis was conducted with data posterior to the year 1966.
<Table 3.1> shows descriptive statistics quantity of fertility rate of selected 14
countries from HFD and KOSIS. The range of the maximum and the minimum
value of TFR is provided in three time frames: the total period covered in HFD;
period after 1966 when comparison among countries are available; and the last 20
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years. Since 1995, TFR of all countries excluding USA was behind RFR and that
of France and Sweden around 1.99, indicating that USA, France and Sweden have
the highest level of fertility rate among OECD members. <Figure 3.1> is a
time-series graph for TFR of each country. To save the pages, countries with
similar exploratory time-series aspects, i.e. those with similar level and trend of
fertility rate were presented in the same graph. The details are as follows. First,
the fertility rate of countries of western Europe and Asia-Pacific in <Figure
3.1(a)-(c)> commonly shows sharp drop below 2.0 until 1975. This period
corresponds to the 2nd Great Depression of 1974-75 occurred since the oil crisis in
1973 and it is judged that the global economic recession had a negative impact on
the fertility rate of the developed countries that were susceptible to global
economy.
<Table 3.1> Total Fertility Rate of Each Nation
N

Nation

Year

TFR Range
Total Period

Since 1966

Since 1995

1

AUSTRIA

1951～2010

1.330～2.821

1.330～2.663

1.330～1.446

2

CANADA

1944～2007

1.507～3.943

1.507～2.814

1.507～1.670

3

CZECH

1950～2009

1.139～2.799

1.139～2.440

1.139～1.498

4

FRANCE

1946～2009

1.661～3.017

1.661～2.786

1.714～1.989

5

GERMANY

1956～2010

1.244～2.536

1.244～2.509

1.250～1.394

6

JAPAN

1968～2009

1.254～2.145

1.254～2.145

1.254～1.430

7

KOREA

1981～2011

1.099～2.566

1.099～2.566

1.099～1.703

8

NETHERLANDS

1950～2009

1.468～3.217

1.468～2.901

1.529～1.791

9

PORTUGAL

1940～2009

1.319～3.482

1.319～3.240

1.319～1.537

10

RUSSIA

1959～2010

1.158～2.583

1.158～2.229

1.158～1.569

11

SWEDEN

1891～2010

1.512～4.135

1.512～2.361

1.512～1.987

12

SWISS

1932～2009

1.388～2.675

1.388～2.516

1.388～1.502

13

UK

1974～2009

1.628～1.957

1.628～1.957

1.628～1.957

14

USA

1933～2007

1.739～3.738

1.739～2.714

1.974～2.130

* Data source: Human Fertility Database, KOSIS
* Germany (East and West Germany)
* UK (consisting of England, Northern Ireland, Scotland and Wales)
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(a) Austria, Germany, Japan

(b) Canada, Netherland, Swiss, UK

(c) Czeck, Russia, Sweden

(d) France, USA

(e) Portugal

(f) Korea

<Figure 3.1> Time-series Plot of Total Fertility Rate for Each Nation

The TFRs of Korea, Czech, Russia and Sweden, as shown in <Figure
3.1(c),(e),(f)>, fell below 2.0 in the early 1980s, that is, later than the developed
countries in Europe, and the cycle of changes is rather short. TFR of Korea, in
particular, shows a sharp drop due to the fertility rate control policy enforced until
the mid-1980s, and slight increase after the 1988 Olympics with consistent
booming economy, dropping again to the lowest in the world in late 1990s due to
continuing recession and IMF cold wave. More recently, after the mid-2000s, the
government has been striving to raise the fertility rate with policies for child care
and child-rearing support. Accordingly, it seems that the fertility rate is somewhat
increasing in the last a few years.
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3.2 Forecasting Fertility Rate with Cycles
<Table 3.2> shows the result of periodogram analysis of each nation. It was
found that Austria, Germany, and Japan, which showed similar aspects as in
<Figure 3.1(a)>, commonly have T, T/2, T/4 cycles. In other words, these
countries show significant medium- and short-term cycles of approximately 10and 20-years and significant long-term cycle of 40-years. In addition, Canada,
Netherlands, Swiss, and United Kingdom also commonly show significant mediumand long-term cycles of approximately 20- and 40-years.
<Table 3.2> Significant Periods of Each Nation
Nation

T period

AUS 45

CAN 42

CZE 44

T





-0.02 -0.07

F value P value Nation T period
7.22

0.00

NET 44

T





-0.02 -0.12

F value P value
8.33

0.00

T/2

0.06

0.05

7.67

0.00

T/2

0.08

0.07

6.23

0.00

T/4

-0.03

0.06

5.58

0.01

T/3

0.01

0.10

4.59

0.02

-0.03 -0.09

8.06

0.00

T/4

0.00

0.10

5.48

0.01

T
T/2

0.06

0.07

9.38

0.00

POR 44 T/2

-0.11 -0.01

T/3

0.07

0.03

4.33

0.02

RUS 45

-0.08

T

0.01

0.17

8.10

0.00

T/2

T/3

29.39

0.00

0.12

6.16

0.00

0.17 -0.13

25.05

0.00

0.20

0.00

SWE 45 T/2

0.05

44.69

0.00

FRA 44 T/2

0.05

0.01

3.75

0.03

T/3

-0.05 -0.08

3.55

0.04

T/3

-0.02

0.06

8.98

0.00

T

-0.03 -0.08

7.94

0.00

GER 45

T

-0.03 -0.07

4.91

0.01

T/2

0.07 -0.01

4.15

0.02

T/3

0.05

0.07

6.49

0.00

0.05

T/4
JAP

42

-0.05 -0.20 14.81

T

T
T/2
T/4

KOR 31 T/2

SWI

44

UK

36

T/2

0.09

0.06

14.80

0.00

T

-0.01

0.04

3.65

0.04

0.04 -0.04

6.78

0.00

T/2

0.07

6.29

0.00

0.04 -0.01

8.15

0.00

0.01

0.04

5.33

0.01

T/2

0.09

-0.03 -0.01

3.47

0.04

T/4

-0.02

0.17 -0.08 19.61

0.00

USA 42

T/4

-0.01 -0.05

4.63

0.02

T

-0.03 -0.11

7.98

0.00

0.09

10.16

0.00

0.08

3.63

0.04

According to <Figure 3.1(c)>, Sweden showed a somewhat shorter cycle that
looks like a roller coaster tract compared to other countries. Likewise, the
periodogram analysis indicated that Sweden does not show any long-term trend,
but only medium- and short-term cycles. This is surmised to be changes linked
with the nation’s business cycle, employment, and policies. Compared to other
nations, Sweden, in 1980s, had relatively low unemployment rate and debts but
high rate of female labor participation which even led to an increase of RFR in
1990s. However, experiencing economic crisis after the late of 1990s, its youth
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unemployment rate increased, and the scope of family policy was downscaled due
to lack of finance caused by economic recession, ultimately leading to sharp drop
of fertility rate. More recently, Sweden’s fertility rate is showing signs of recovery
according to the economic recovery since the middle 2000s(Hoorens et al., 2005).
In the present study, fertility rate is explained and predicted with trends, cycles
and structural changes of fertility rate rather than exogenous variables like
economic situations of each country. In explaining and predicting fertility rate,
Model 1 uses only trends while Model 2 only cycles. Model 3 uses both trends
and cycles and Model 4 constructs a prediction model which reflects autocorrelation
of error term in addition to using both trends and cycles. Lastly, Model 5 is a
prediction model which reflects structural changes that are significant to the
fertility rate of each country.
<Table 3.3> shows the analysis results of each model's goodness-of-fit(   )
and periodogram. Significant periods of Model 2, 3, and 4 and significant
autocorrelation lag(   ) of Model 4 error term are provided by countries in the
following table.
<Table 3.3> Model Comparison and Significant Period and Autocorrelation Lag



Period

 

Structural
change

Model1 Model2 Model3 Model4 Model5

Model 2, 3, 4

Model 4

Model 5

AUSTRIA

0.9289 0.7505 0.9834 0.9952 0.9867

T, T/2, T/4

1,3,5,8

1975

CANADA

0.8439 0.7582 0.9878 0.9972 0.9914

T, T/2, T/3

1,2,3,6,8,10

1975,1987

CZECH

0.6898 0.9570 0.9817 0.9915 0.9770

T, T/3

1,2,6

1975

FRANCE

0.9115 0.8654 0.9589 0.9878 0.9549

T/2, T/3

1,3,6

1995

1,5

1975,1987,95

Nation

GERMANY

0.8440 0.6647 0.9549 0.9855 0.9927 T, T/2, T/3, T/4

JAPAN

0.9575 0.8959 0.9734 0.9933 0.9818

T, T/2, T/4

1,3,5,8

1995

KOREA

0.7276 0.6871 0.9799 0.9907 0.9647

T/2

2,4,6

1995

1,3,7

-

NETHERLAND 0.8255 0.8011 0.9754 0.9934 0.9754 T, T/2, T/3, T/4
PORTUGAL

0.9766 0.8009 0.9937 0.9970 0.9937

T/2

3,4,6,7,10

-

RUSSIA

0.6308 0.9529 0.9506 0.9902 0.9608

T, T/2

1,2,5,7,9

1987

SWEDEN

0.2422 0.8459 0.8817 0.9668 0.8745

T/2, T/3

1,2,6,9

1995

SWISS

0.8277 0.7870 0.9887 0.9961 0.9925

T, T/2

1,3,5,10

1975

UK

0.1971 0.7244 0.7337 0.8843 0.7431

T, T/2, T/4

3,6

-

USA

0.5671 0.8332 0.9393 0.9822 0.9631

T, T/2, T/4

1,2,6

1975

* Model 1: Time-series Regression Model,
+ Model 2: Time-series Regression Model reflecting periodogram,
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# Model 3: Time-series Regression Model reflecting periodogram and trend,
† Model 4: Regression Model with auto-correlated error term,
‡ Model 5: Auto-regression Model reflecting significant periods and structural change.

As for countries such as Austria, Germany, Japan, and Portugal, which showed
significant long-term trend(T) in <Figure 3.1> and <Table 3.1>, Model 1 using
only trends showed very high goodness-of-fit. On the other hand, for Sweden and
UK with insignificant trends, the goodness-of-fit of Model 1 was very low and
measured at 0.2422 and 0.1972 respectively, whereas the goodness-of-fit of Model
2, which also includes significant periods, showed dramatic increase and measured
at 0.8459 and 0.7244 respectively. Thus, it was confirmed that the goodness-of-fit
increased for every country as both trends and periods were applied. In the
meantime, it was found that Model 3 residual has autocorrelation even after
applying trends and periods. As in Model 4, it was possible to enhance the
explanation by applying autocorrelation of error term. However, although the
goodness-of-fit of Model 4 was very high, the model yielded prediction value that
were too high. This seems to be attributed to constructing a single prediction
model for the total duration without taking in account macroscopic environmental
changes in each country, such as the Great Depression. Thus, when the result of
test for structural changes is found to be significant, this structural changes were
included in the model in order to improve its goodness-of-fit and predictability as
in Model 5. It was found that every country, except for the Netherlands, Portugal
and UK, experienced structural changes due to global situations like the Great
Depression of 1975, and that the fertility rate in Germany and Russia changed
especially with the 1989 Berlin Wall collapse and the Soviet Union opening its
door to foreign direct investment in 1987. Furthermore, structural changes were
confirmed in the mid-1990s due to the economic crisis in European countries
including Sweden and Germany and to the IMF financial crisis in Korea and
Japan. After applying these structural changes in the predictive models, the
goodness-of-fit enhanced and the prediction outcome became more stable. In
<Figure 3.2>, the grey line represents goodness-of-fit and prediction result of
Model 4, and blue line represents goodness-of-fit and prediction result of Model 5.
The horizontal line indicates the RFR of 2.1. In <Figure 3.2>, blue line of each
nation shows more stable and reasonable prediction results. Therefore, we
specified the Model 5 as the final prediction model, and represented the forecast of
TFR under the Model 5 for each nation in the Table 4 in Appendix. We also
validate our model with the out-of-sample data, the recently released TFR of each
nation. For all nations, the forecast values from our model show very close to
observed TFR, and the MSEs are almost zeros. Therefore, we can confirm that
our model performs not only best fit but also appropriated forecast.
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(a) Austria

(b) Canada

(c) Czeck

(d) France

(e) Germany

(f) Japan

(g) Korea

(h) Netherland

(i) Portugal

(j) Russia

<Figure 3.2> Forecast Plot of Total Fertility Rate for Each Nation (continued)
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(k) Sweden

(l) Swiss

(m) UK

(n) USA

<Figure 3.2> Forecast Plot of Total Fertility Rate for Each Nation

4. Conclusion and Suggestions
In search for ways to enhance the level of fertility rate of Korea, this study
examined aspects of fertility rate of each country, including that of Korea, and the
implications of fertility rate changes. As a result of examining the shifts of
fertility rate of each country, it was found that starting from 1975, when fertility
rate sharply dropped due to world-wide economic depression, some developed
countries, such as France, Sweden and the United States of America, overcame
low fertility through endeavors such as comprehensive and long-term policies that
are women-friendly, family-friendly and oriented toward gender equality. In other
words, although it is viewed that fertility rate is affected by other factors such as
economic conditions and policies, the present study predicted the fertility rate
through period of fertility rate based on the judgement that period of fertility rate
itself reflects, to some extent, economic circulation and policy. As a result, a high
level of goodness-of-fit was confirmed from the prediction models. However, it
was found that explaining the entire period after 1966 through a single model may
enhance the explanation power but is limited in that the predictive value can be
overestimated. In order to resolve this problem, structural changes that can
influence fertility rate such as the Great Depression, end of cold war and Asian
financial crisis were taken into consideration, which consequently brought about
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satisfactory outcome in both explanation power and predictive ability. In sum, the
predictive models suggested in the present study that take into account long-term
trends, medium- and short-term change cycle, and structural change of fertility
rates, may serve as an alternative to the existing fertility prediction models.
(2015년 6월 4일 접수, 2015년 7월 23일 수정, 2015년 8월 10일 채택)
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Appendix
<Table A1> Forecast of Total Fertility Rate for Each Nation (under Model 5)
Year AUS CAN CZE FRA GER

JAP KOR NET POR RUS SWE SWI

UK

US

2000 1.355 1.533 1.137 1.858 1.382 1.343 1.439 1.707 1.490 1.208 1.542 1.462 1.640 2.039
2001 1.338 1.515 1.131 1.873 1.350 1.325 1.346 1.721 1.491 1.221 1.605 1.419 1.626 2.085
2002 1.385 1.526 1.147 1.868 1.344 1.296 1.182 1.731 1.464 1.278 1.660 1.381 1.653 2.050
2003 1.384 1.524 1.187 1.863 1.353 1.294 1.200 1.741 1.417 1.280 1.723 1.388 1.707 2.057
2004 1.421 1.547 1.234 1.891 1.352 1.286 1.168 1.728 1.418 1.328 1.772 1.425 1.754 2.080
2005 1.403 1.574 1.299 1.939 1.333 1.289 1.150 1.709 1.383 1.334 1.806 1.402 1.790 2.061
2006 1.401 1611 1.360 1.967 1.340 1.292 1.178 1.721 1.370 1.360 1.823 1.449 1.851 2.059
2007 1.380 1.658 1.424 1.976 1.373 1.333 1.213 1.724 1.363 1.396 1.897 1.474 1.906 2.106
2008 1.410 1.691 1.465 1.983 1.375 1.361 1.199 1.768 1.336 1.467 1.926 1.486 1.941 2.092
2009 1.395 1.716 1.490 1.983 1.365 1.363 1.171 1.793 1.322 1.528 1.946 1.482 1.959 2.064
2010 1.436 1.744 1.503 1.987 1.392 1.388 1.232 1.825 1.303 1.566 1.985 1.481 1.967 2.077
2011 1.444 1.770 1.480 1.954 1.359 1.391 1.249 1.857 1.267 1.588 2.038 1.482 1.957 2.117
2012 1.486 1.783 1.463 1.925 1.318 1.403 1.243 1.876 1.281 1.587 2.050 1.493 1.955 2.153
2013 1.510 1.779 1.466 1.903 1.294 1.418 1.271 1.877 1.301 1.588 2.045 1.508 1.971 2.165
2014 1.554 1.764 1.465 1.899 1.268 1.412 1.251 1.864 1.341 1.598 2.015 1.512 1.972 2.155
2015 1.565 1.743 1.485 1.920 1.258 1.404 1.228 1.818 1.365 1.607 1.968 1.522 1.945 2.137
2016 1.588 1.716 1.516 1.916 1.289 1.395 1.257 1.787 1.385 1.607 1.889 1.528 1.909 2.125
2017 1.567 1.680 1.554 1.917 1.335 1.401 1.281 1.753 1.392 1.597 1.790 1.519 1.858 2.126
2018 1.556 1.637 1.606 1.904 1.385 1.397 1.298 1.740 1.403 1.574 1.694 1.495 1.810 2.139
2019 1.522 1.593 1.660 1.909 1.417 1.404 1.336 1.735 1.420 1.541 1.612 1.475 1.777 2.161
2020 1.506 1.554 1.713 1.910 1.441 1.401 1.373 1.739 1.444 1.501 1.556 1.461 1.754 2.187
2021 1.486 1.521 1.759 1.918 1.428 1.394 1.411 1.748 1.466 1.463 1.524 1.450 1.744 2.214
2022 1.489 1.492 1.787 1.929 1.389 1.381 1.466 1.759 1.476 1.426 1.527 1.442 1.753 2.235
2023 1.486 1.470 1.797 1.955 1.343 1.372 1.516 1.750 1.466 1.391 1.565 1.442 1.773 2.249
* Data source : Human Fertility Database, KOSIS
* Model 5 : Auto-regression Model reflecting significant periods and structural change.
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<Table A2> Forecast Error of Total Fertility Rate for Each Nation (under Model 5)
Year

Forecast

Observed
2011

Forecast Error
2012

2010

2011

MSE

2010

2011

2012

2010

2012

AUS

1.436

1.444

1.486

1.438

.

.

-0.002

.

.

0.000

CAN

1.744

1.770

1.783

.

.

.

.

.

.

.

CZE

1.503

1.480

1.463

1.516

1.427

.

-0.013

0.053

.

0.001

FRA

1.987

1.954

1.925

2.014

1.996

1.996

-0.027

-0.042

-0.071

0.003

GER

1.392

1.359

1.318

1.394

1.364

1.383

-0.002

-0.005

-0.065

0.001

JAP

1.388

1.391

1.403

1.379

1.384

1.396

0.009

0.007

0.007

0.000

KOR

1.232

1.249

1.243

1.226

1.244

1.297

0.006

0.005

-0.054

0.001

NET

1.825

1.857

1.876

.

.

.

.

.

.

.

POR

1.303

1.267

1.281

1.390

1.347

1.281

-0.087

-0.080

0.000

0.005

RUS

1.566

1.588

1.587

1.569

.

.

-0.003

.

.

0.000

SWE

1.985

2.038

2.050

1.987

1.900

.

-0.002

0.138

.

0.010

SWI

1.481

1.482

1.493

1.524

1.518

.

-0.043

-0.036

.

0.002

UK

1.967

1.957

1.955

1.927

1.923

.

0.040

0.034

.

0.001

US

2.077

2.117

2.153

1.928

.

.

0.149

.

.

0.022

* Data source : Human Fertility Database, KOSIS
* Model 5 : Auto-regression Model reflecting significant periods and structural change.
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스펙트럼 주기와 구조변화를 반영한 합계출산율 예측1)
전새봄2) ‧ 김기환3) ‧ 황명진4)
요약
고령화 사회는 경제 성장, 노동 공급, 소비 활동을 위축시키며 납세자에 대한 과도한 복지 지출
부담을 지운다는 측면에서 국가 경쟁력을 약화 수 있다. 저출산은 이러한 고령화를 촉진하는 주
요 요인 중 하나로, 1980년대 이후 서구 국가 및 1990년대 이후 중국, 브라질, 대만 및 한국과
같은 신흥 부국에서 심각한 사회적 도전 및 정책 관련 이슈로서 다루어지고 있다. 따라서 개발
도상국의 경우 사회에서 저출산으로 인한 문제점을 극복하기 위한 일련의 정책 구현을 고려하는
것은 불가피 할 것이다. 이러한 측면에서, 이 연구는 한국과 다른 국가의 출산율의 중장기 변동
을 살펴보고 이러한 주기를 반영하여 출산율을 예측하고자 한다. 구체적으로, 각국의 출산율에
어떠한 유의한 주기나 구조변화가 존재하는지, 있다면 어느 정도 인지를 파악하고, 이를 반영하
여 출산율을 결정 및 예측할 수 있는지 점검하고자 한다. 본 논문에서 저출산을 성공적으로 탈
피한 국가들과 한국, 일본과 같이 여전히 저출산을 겪고 있는 국가들에 대한 정확한 비교를 통
해, 정부가 저출산 개선 및 출산 장려 정책 수립에 유용하게 활용될 수 있을 것이다.

주요용어 : 저출산, 출산율, 시계열, 주기도, 구조 변화
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