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Abstract. This article aims to study the medium-term fertility trend in Latvia answering the following research
question: is it possible to increase fertility in the near future, as planned in the “Population Reproduction
Strategy FAMILY — LATVIA — 2030 (2050)”? The authors analyzed the total fertility rate (TFR) in Latvia
for the period of 1970-2022 (53 years). This interdisciplinary (demography, mathematics, economics, sociol-
ogy) study applies mathematical analysis for investigating socio-demographic trends, as well as the theory of
economic cycles for identifying demographic cycles and their phases in Latvia and forecasting fertility rate in
the near future. Furthermore, the analysis of data from comparative sociological surveys helped the authors
to understand the main reason for the decline in fertility in Latvia. This reason is value changes in society, in
which the child is no longer at the center of the value system of men and especially women in Latvia. In turn,
short-term ups and downs in fertility are determined mainly by socio-economic and political factors. Based
on the results of differentiating the function of the total fertility rate (TFR) it can be expected that the decline
in fertility in Latvia will continue for several more years before the bottom of the next demographic cycle is
reached and there will be an upturn in a linearly declining fertility trend. Although, the upcoming bottom will
be lower than the previous one, i.e. below 1.22—1.25 children on average per woman and the next peak will
most likely be below 1.74. Thus, the increase in TFR in Latvia to 1.77 by 2027, planned in the “Population
Reproduction Strategy,” is considered by the authors of this study to be absolutely unattainable.
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Is It Possible to Increase Fertility in Latvia in the Near Future?

Introduction

On November 2022, the Latvian society was presented with the “Population Repro-
duction Strategy FAMILY — LATVIA — 2030 (2050)” (Interdepartmental Coordination
Center, 2022), the main goal of which is clear from its title, namely, to promote the re-
production of the population of Latvia in the coming decades. As for specific figures, the
Strategy envisages achieving the total fertility rate (TFR)!' of 1.77 children on average
per woman by 2027, with an intermediate indicator of 1.72 in 2024, a base indicator of
1.61 in 2018 and a real indicator 1.57 in 2021 (Interdepartmental Coordination Center,
2022). In turn, in 2022 the TFR in Latvia was 1.47 children on average per woman
(Central Statistical Bureau of the Republic of Latvia, 2023). Against the backdrop of real
indicators, the goal put forward in the Strategy in relation to the level of fertility (1.77
children on average per woman by 2027) seems unrealistic. Latvian researcher in the
field of demography, associate professor at the Riga School of Economics Z. Varpina has
already called this Strategy “a letter to Santa Claus” (Latvia Television Program “Forbid-
den Technique”, 2023).

The purpose of this article is to study the medium-term fertility trend in Latvia in
terms of TFR using tools of mathematical analysis. The main research question within
this study: Is it possible to increase the TFR in Latvia in the near future, as planned in the
“Population Reproduction Strategy”?

Since social processes never develop linearly, then, most likely, the analysis of the
relevant indicators should not be linear, changes in the trajectory of the particular in-
dicator have to be analyzed. To scientifically answer the question about the possibility
of increasing the level of fertility in Latvia in the near future, the authors will conduct
a mathematical analysis (Deshpande, 2004; Gedroica, 2005; Brannan, 2006; Volodko,
2007) of fertility trend in Latvia for the medium-term period 1970-2022 (53 years). This
period includes two decades of the so-called “Soviet era,” as well as the period of Lat-
vian independence after the collapse of the Union of Soviet Socialist Republics (USSR).
The information base for this study is publicly available data from official Latvian sta-
tistics on TFR for the period 1970-2022 (Central Statistical Bureau of the Republic of
Latvia, 2023).

Within this article, the authors will review scientific and media publications with the
results of studying fertility trends in the modern world — in Europe and on other conti-
nents of the planet, then describe in more detail the research methodology, the methods
and tools used. Next, the research results will be analyzed and discussed, and at the end
of the article, the authors will offer their conclusions and a scientifically based answer to
the research question of whether it is possible to increase fertility in Latvia in the near
future.

I Total fertility rate (TFR) is a probability indicator, which shows the number of children that would be
born to a woman over her childbearing period (1549 years of age) if the fertility rate in each age group were
to remain unchanged (Official statistics portal, 2023).
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Review of publications on fertility trends in the modern world

In different countries and regions of the modern world, many researchers and interna-
tional organizations state and analyze changes in fertility determined by social, econom-
ic, cultural and medical factors (Mubila, 2012; Adhia, 2018; McDonald, 2020; Pourreza
et al., 2021; Skirbekk, 2022; World Economic Forum, 2022; Kearney & Levine, 2022).
A general trend towards a decrease in fertility is observed in many countries of the mod-
ern world (Skirbekk, 2022; World Economic Forum, 2022), but there are exceptions,
especially in developing regions (Adhia, 2018; Pourreza et al., 2021; World Economic
Forum, 2022). In general, the results of studying fertility trends in the modern world (in
Europe and on other continents of the planet) can be grouped into several blocks that
describe and analyze the most current phenomena and processes in the field of fertility.

The first, important and generally recognized process is the decline in fertility rate in
almost all developed countries of the modern world (Zitmane & Lama, 2023; Tretjakova
et al., 2020; Adhia, 2018; McDonald, 2020; Kearney & Levine, 2022). Furthermore, in
less developed countries, fertility trends are also directed towards decreasing (Mubila,
2012; Pourreza et al., 2021). Thus, in India, 50 years ago there were 5.59 children on
average per woman, but in 2020 there were only 2.18 (United Nations Department of
Economic and Social Affairs, 2022). This is the global picture — the TFR curves in almost
all countries of the world are going down (United Nations Department of Economic and
Social Affairs, 2022). Demographers believe that one of the main reasons for the global
decline in fertility is the increased education of people around the world and a more
conscious approach to their actions, which invariably leads to a decrease in fertility on
all continents of the planet, including Asia and Africa (Skirbekk, 2022). In Europe, the
already low fertility is also decreasing. According to Eurostat, in 2010, six European
countries were still on the threshold of sub-replacement fertility (about 2.1 children on
average per woman during her lifetime) — France, Iceland, Ireland, Norway, Sweden,
Great Britain, but ten years later, in 2020, no any European country reached the target of
2 children on average per woman (Eurostat, 2023a). As for Latvia, in terms of the TFR it
is in the middle of the list of European countries (Eurostat, 2023a). The main factors for
a sustainable decline in fertility in the modern world are considered to be the following:
an increase in the number of women striving for a career and education, later marriage,
access to contraception and changes in socio-cultural norms (Skirbekk, 2022; World
Economic Forum, 2022).

The next important phenomenon associated with fertility trends and widely covered
in scientific and analytical publications around the world is the demographic transition
that many countries of the modern world are going through. The demographic transition
(changes in fertility and mortality rates in connection with economic development and
socio-cultural changes) has several stages, at one of which the fertility rate begins to
decline (after the mortality rate has decreased). The decline in fertility below the level
of simple generation replacement in economically developed countries of the world oc-
curred in the second half of the 20th century (Skirbekk, 2022). At the end of the 1980s,
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the concept of the second demographic transition was introduced into scientific circu-
lation (Van de Kaa, 1987), which is still widely used in the analysis of demographic
development (Sobotka, T. 2008; Krimins & Krisjane, 2016; Lesthaeghe, 2020). The
outstanding Latvian demographer P. Zvidrins, in his article on the dynamics of the level
of fertility in Latvia, analyzed the changes that have occurred in fertility over the past
100 years. The results of his research showed that the decline in fertility in Latvia, as
well as in neighboring Estonia, began earlier than in other parts of the then Russian Em-
pire (Zvidrins, 1979). The demographic transition from the so-called traditional type of
population reproduction, characterized by high birth and death rates, began in Western
Europe at the end of the 18th century. In turn, in the territory of Latvia and Estonia, the
beginning of this process dates back to the middle of the 19th century (Kriimins, 2019).

In turn, demographer D. Coleman, analyzing ethnic and social transformations as a
result of immigration in a number of European countries and the United States, proposed
using the concept of the third demographic transition as a theoretical basis for explaining
new socio-demographic trends (Coleman, 2006). He takes a third demographic transi-
tion as distinct from the second one: “the ancestry of some national populations is being
radically and permanently altered by high levels of immigration of persons from remote
geographic origins or with distinctive ethnic and racial ancestry, in combination with
persistant sub-replacement fertility and accelerated levels of emigration of the domestic
population” (Coleman, 2006). As for modern Latvia, J. Krumins and Z. Krisjane con-
cluded that the socio-demographic situation in Latvian society is characterized by the
features of the second demographic transition (decrease in fertility to levels close to or
even below sub-replacement fertility) with a focus towards the third demographic tran-
sition (a further decrease in fertility to the lowest levels) (Krimin$ & Krisjane, 2016).

The third important phenomenon, which is the subject of many scientific publications
and analytical reports of international organizations, is the factors that determine fertility
trends in the modern world. In general, the authors of this study can identify the follow-
ing five groups of factors mentioned and analyzed in the world scientific and analytical
literature on fertility (May, 2012; Mubila, 2012; Adhia, 2018; McDonald, 2020; Tretja-
kova et al., 2020; Pourreza et al., 2021; Skirbekk, 2022; World Economic Forum, 2022;
Kearney & Levine, 2022; Norgélaite, 2022; United Nations Department of Economic
and Social Affairs, 2022): (1) policy factors; (2) economic factors; (3) opportunities for
parents; (4) cultural and value factors; (5) technological progress in medicine; (6) level
of education.

As the results of many studies show, the synergy of several determining factors leads
to changes in fertility trends, and single-factor explanations are unlikely to be useful for
explaining complex socio-demographic processes influenced by various structural and
ideological changes (Lesthaeghe, 2020). Furthermore, the general background against
which a particular factor determining fertility operates is also important, since none
single political instrument will work if the country does not have a favorable socio-eco-
nomic and political environment for its implementation (May, 2012; Latvia Television
Program “Forbidden Technique”, 2023).
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The results of the review of publications on fertility trends in the modern world
showed that usually the analysis of these trends is descriptive (Eglite, 2011; Mezs, 2011;
Berzins, 2019; McDonald, 2020; Interdepartmental Coordination Center, 2022) — for
example, “the TFR shows the most favorable situation in the 1980s and the lowest level
of population reproduction in the second half of the 1990s” (Bérzins, 2019 — about Lat-
via); “in Latvia, there is even an increase in fertility — from 1.36 children on average per
one woman in 2010 to 1.55 children in 2020 (Interdepartmental Coordination Center,
2022). Such a descriptive approach to the analysis of fertility trends, firstly, is rather
superficial, without a detailed formalized analysis and understanding of the phenomenon
of fertility in dynamics, and secondly, does not make it possible to scientifically answer
the main research question of this study. The authors of this article hope to fill this meth-
odological gap in demographic research through a mathematical analysis of the fertility
trend in Latvia for the medium-term period 1970-2022 (53 years).

Research methodology

Mathematical analysis is useful in demographic and social studies as a tool for studying
the structure and dynamics of society. Using mathematical models of socio-demographic
processes, it is possible to forecast the further development of these processes (Desh-
pande, 2004) — for example, it is possible to forecast the fertility rate in a particular
country. At the same time, the methodological premise is accepted that the factors deter-
mining fertility interact with each other (in some years the economic factor is stronger,
in some years the cultural-value factor is stronger, etc.) and lead to a certain fertility rate
in a given year, but with the help of mathematical analysis tools, the authors examine
fertility indicators themselves. Thus, the authors conduct mainly technical rather than
fundamental data analysis (Sherry C. J. & Sherry, J. W., 2000; Hilkevics & Pulkstene,
2019), considering changes “in themselves,” without statistical analysis of the factors
influencing them (although the topic of factors determining fertility in Latvia will also be
touched upon within the analysis and discussion of the results of this study).

To obtain a mathematical model of the nonlinear process of changes in the level of
fertility in Latvia over several decades, i.e. to compile the formula for the TFR function
for several dozen points using the least squares method (LSM), the authors use data ap-
proximation with an n-th degree polynomial (Brannan, 2006):

f(x)=a,+ax+ax>+..+ax" @)

where:

f(x) is an approximating function;

ay, a,, 4, , ..., 4, are coefficients to be found (a,, is the value of the free term, indicates the
value of y at x = 0, i.e. this is the initial level of fertility at the beginning of the period
under study);

x is an independent variable.
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The main idea of approximation is to find the function that best fits the observed
data (Volodko, 2007): in our case, data on TFR in Latvia over the last half century. This
allows you to replace a complex function with a simpler one and simplify mathemati-
cal calculations and data analysis. To achieve the goal of this study, the authors chose
the polynomial type of interpolation as the most suitable way of the approximation. It
consists in constructing a function that passes through given points and approximates the
function values at intermediate points (Deshpande, 2004). For a more accurate assess-
ment and interpretation of the polynomial function, the authors use its additional analysis
(in particular, they differentiate the function, i.e. define and analyze its derivatives at
each point corresponding to each year of the period under study) (Gedroica, 2005) and
visualization of the medium-term (53 years) fertility trend in Latvia.

It should be noted that methodologically, even a simple comparison of the TFR indi-
cators between specific years can give an idea of how the level of fertility has changed
over different periods of time. In turn, the analysis of derivatives’ values allows you to
identify more subtle trends and periods of change, which may be less obvious when sim-
ply comparing TFR values (Gedroica, 2005; Brannan, 2006). Differentiating a function
(defining and analyzing its derivatives) can also help to identify the exact moments of a
trend change, for example, the exact year when fertility first began to fall or rise.

For a function of type f(x) = a, + a;x + a,x> + ... + a x" (Formula 1), where n is the
degree of the polynomial, and a,, a,, a,, ..., a are the coefficients, the derivative at each
point x will be calculated using the rule for differentiating the degree function x* (Ge-
droica, 2005):

dy/dx(x") = nx™! 2)

Since a polynomial function can have different slopes in different parts of its graph,
calculating the derivatives of the function at each point x allows you to find out the speed
of change of the function values depending on the change in the variable x. The smaller
the absolute value of the derivative, the slower the fertility rate changes in the vicinity of
a particular point (Gedroica, 2005; Brannan, 2006). If the derivative is negative at a cer-
tain point, this means that as the value of x at that point increases, the value of the func-
tion decreases. Graphically, this means that the graph of the function goes “down” or has
a decreasing slope at this point. Conversely, if the derivative is positive at a point, then
the function is increasing (has a positive slope) at that point. The graph of the function
will go “up” or have an increasing slope at this point (Gedroica, 2005; Brannan, 2006).

Empirically interpreting the derivatives of the TFR approximating function, there are
situations that are paradoxical at first glance, when the fertility rate increases, and the
derivative of the approximating function (a speed of change) is negative. This situation
occurs quite often and has the following logical explanation: the derivative of the ap-
proximating function reflects the speed of change in the fertility trend in the vicinity of
a certain point; if the derivative is negative, this means that a downward trend in fertility
rates has already begun. In other words, if the derivative of the approximating function
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is negative, the fertility rate may increase, but more slowly. As a result, in a given year
the TFR may still be higher than in the previous year, but the growth is slowing down
Accordingly, the situation when the TFR is decreasing, and the derivative of the
approximating function is positive, has the following logical explanation: the positive
derivative of the approximating function (a speed of change) may indicate the onset of
a trend when the fertility rate begin to increase, although statistical data still indicate a
decrease in the TFR. We can say that the fertility rate is changing in a positive direction,
i.e. the decline is slowing down. Such situations are a good example of how important it
is to consider not only the values of the TFR function, but also its derivatives for a more
complete understanding of the dynamics of changes in fertility in the general trend.

Research results, their analysis and discussion

The authors will begin the mathematical analysis of the fertility trend in Latvia for the
medium-term period 1970-2022 (53 years) with a simple presentation of the initial sta-
tistical data on the TFR for 1970-2022.

Table 1. Total fertility rate (TFR), number of children on average per woman during her
life, 1970-2022, Latvia

Year TFR Year TFR Year TFR Year TFR
1970 2.01 1984 2.14 1998 1.12 2012 1.44
1971 2.03 1985 2.08 1999 1.18 2013 1.52
1972 2.05 1986 2.21 2000 1.25 2014 1.65
1973 1.96 1987 2.21 2001 1.22 2015 1.70
1974 1.99 1988 2.16 2002 1.25 2016 1.74
1975 1.96 1989 2.04 2003 1.32 2017 1.69
1976 1.93 1990 2.00 2004 1.29 2018 1.60
1977 1.88 1991 1.86 2005 1.39 2019 1.61
1978 1.86 1992 1.74 2006 1.46 2020 1.55
1979 1.86 1993 1.52 2007 1.54 2021 1.57
1980 1.88 1994 1.41 2008 1.58 2022 1.47
1981 1.88 1995 1.27 2009 1.46 - -

1982 1.97 1996 1.18 2010 1.36 - -

1983 2.12 1997 1.13 2011 1.33 - -

Source: compiled by the authors based on data from Central Statistical Bureau of the Republic
of Latvia, 2023.

Just a superficial glance at the data presented in Table 1 confirms that social processes
never develop linearly. In the case of the TFR in Latvia over the last half century, one can
also see a constant alternation of growth and decline in fertility, which requires formal-
ized mathematical analysis rather than a simple description.
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In accordance with the methodology of this study, described in the previous section
of the article, the first step in analyzing the fertility trend in Latvia for the medium-term
period 1970-2022 (53 years) will be the approximation of the data (Deshpande, 2004),
as a result of which the following mathematical model of changes in the TFR in Latvia
for the last half century was created:

y =0.0097x% — 0.1751x3 + 1.1776x* — 3.599x3 + 4.8292x? — 2.393x + 2.2168 3)

where:

y is the approximating function’s value;

x is the year rank within the 53-year period (0 corresponds to 1970, 0.1, 0.2, ..., 5.2 cor-
responds to 2022).

Source: calculated by the authors in MS Excel based on data from Central Statistical Bureau of the
Republic of Latvia, 2023.

Thus, the approximating mathematical model of changes in fertility in Latvia over
the last half century is a polynomial function of the sixth degree, which means that
the relationship between the variables (in our case, between the TFR and the year rank
within the period 1970-2022) is complex and contains nonlinear effects (Gedroica,
2005). The determination coefficient R? is equal to 0.8463; this indicates a good quality
of approximation: the proportion of variance over time in the TFR explained by the ap-
proximating mathematical model (Formula 3) is almost 85%. The identification of the
statistical significance of the determination coefficient R? was performed by testing the
null hypothesis of the Fisher F-statistics. The calculated value F = 42.2 at 1% signifi-
cance level, which is greater than the critical value F . = 4.3E-17. The null hypothesis
about the inconsistency of the equation obtained as a result of approximation is rejected.
The determination coefficient R? is statistically significant and can be used to assess the
quality of the resulting mathematical model (Revina, 2002).

From the approximating mathematical model of changes in the TFR in Latvia over
the last half century (Formula 3), the following can be concluded: since the polynomials
have several extrema (maxima and minima) and bends in the graph, then the medium-
term fertility trend in Latvia has several local maxima and minima. This means that the
medium-term fertility trend in Latvia is nonlinear. The fluctuations in the fertility rates,
repeated over time, resemble economic cycles or cycles of economic activity (Ovech-
kina & Shulgina, 2012; StudySmarter, 2023) and characterize only short-term cyclical
changes that periodically replace each other: an increase in the TFR is followed by its
decrease, then an increase again, etc., regardless of changes in political regimes and
economic conditions.

For the polynomial n-th degree function obtained as a result of the TFR data approxi-
mation within the time period 1970-2022, the formula for calculating derivatives is as
follows:
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dy/dx = 0,0582x> — 0,8755x*+ 4,7104x> — 10,797x> + 9,6584x — 2,393 “)

where:

dy/dx is the derivative with respect to the argument x for the approximating function y
from formula 3;

x is the year rank within the 53-year period (0 corresponds to 1970, 0.1, 0.2, ..., 5.2 cor-
responds to 2022).

Source: the authors’ calculated based on Formula 3 and the rule of differentiation of the degree func-
tion (x") (Gedroica, 2005).

The following table shows changes in the TFR and derivatives of the fertility function
in Latvia over the time period 1970-2022, and also provides an empirical interpreta-
tion — in relation to fertility — of changes in values of the derivatives.

The data in Table 2, as well as the graph in Figure 1, show the cyclical nature of
the medium-term fertility trend in Latvia, which, however, has a generally decreasing
slope — from a TFR of 2.01 children on average per woman in 1970 to 1.47 children
in 2022. Furthermore, in the analyzed medium-term period of changes in the fertility
rate in Latvia, there were quite often periods of apparent contradiction described in the
methodological section of this study, when the fertility rate increased, and the derivative
of the function (a speed of change) was negative (for example, 1970-1971, 1983-1984)
and the opposite situations — when the fertility rate decreased, and the derivative of the
approximating function was positive (for example, 2003—-2004, 2009-2010).

Table 2. Changes in the total fertility rate (TFR) and derivatives of the approximating
function, 1970-2022, Latvia

Change in the | Value of the Relative change*
Total fer- TFR com- derivative in value of the de- Empirical interpretation
Year | tility rate pared of the ap- rivative compared of changes in value
(TFR) with the pre- | proximating | with the previous of the derivative
vious year function year, %

1970 2.01 - -2.3930 - Previous growth in fertility is

1971 2.05 0.04 -1.5305 36.0 slowing (in 1965 the total fertility

1972 2.03 -0.02 -0.8569 44.0 rate was 1.74)

1973 1.96 -0.07 -0.3469 59.5

1974 1.99 0.03 0.0225 106.5 Fertility growth slowed down as

1975 1.96 -0.03 0.2729 1111.7 much as possible and turned in the
direction of fertility decline

1976 1.93 -0.03 0.4236 552 Fertility decline trend continues,

1977 1.88 -0.05 0.4926 16.3 but is slowing

1978 1.86 -0.02 0.4958 0.7 Fertility decline has stopped and

1979 1.86 0.00 0.4477 -9.7 turned towards growth

1980 1.88 0.02 0.3614 -19.3 . .

1981 188 0.00 02481 313 Fert}hty grf)wth trend continues,
but is slowing

1982 1.97 0.09 0.1181 -52.4
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Change in the | Value of the Relative change*
Total fer- TFR com- derivative in value of the de- Empirical interpretation
Year | tility rate pared of the ap- rivative compared of changes in value
(TFR) with the pre- | proximating | with the previous of the derivative
vious year function year, %
1983 2.12 0.15 -0.0200 -116.9 Fertility growth has stopped and
1984 2.14 0.02 -0.1587 -694.3 fertility decline trend began
1985 2.08 -0.06 -0.2917 -83.8
1986 221 0.13 -0.4139 -41.9
1987 221 0.00 -0.5212 -25.9
1988 2.16 -0.05 -0.6104 -17.1
1989 2.04 -0.12 -0.6794 -11.3
1990 2.00 -0.04 -0.7268 -7.0
1991 1.86 -0.14 -0.7521 -3.5 Fertility decline trend continues,
1992 1.74 -0.12 -0.7552 -0.4 but is slowing (a short-term fertili-
1993 1.52 -0.22 -0.7371 2.4 ty rise in 198687 did not change
1994 1.41 -0.11 -0.6990 5.2 the overall downward trend)
1995 1.27 -0.14 -0.6426 8.1
1996 1.18 -0.09 -0.5703 11.2
1997 1.13 -0.05 -0.4847 15.0
1998 1.12 -0.01 -0.3885 19.8
1999 1.18 0.06 -0.2849 26.7
2000 1.25 0.07 -0.1771 37.8
2001 1.22 -0.03 -0.0684 61.4 Fertility decline has stopped and
2002 1.25 0.03 0.0379 155.4 fertility growth trend began
2003 1.32 0.07 0.1385 265.7
2004 1.29 -0.03 0.2304 66.3
2005 1.39 0.10 0.3106 34.8
2006 1.46 0.07 0.3766 21.2
2007 1.54 0.08 0.4260 13.1 Fertility growth trend continues,
2008 1.58 0.04 04570 73 but is slowing (the short-term
2009 1.46 -0.12 0.4682 2.5 o o .
2010 136 010 0.4538 20 fertility decline in 2009-10 did not
2011 133 0.03 04236 66 change the overall growth trend)
2012 1.44 0.11 0.3780 -11.8
2013 1.52 0.08 0.3084 -18.4
2014 1.65 0.13 0.2219 -28.1
2015 1.70 0.05 0.1214 -45.3
2016 1.7 0.04 0.0109 -91.0 Fertility growth stopped at 1965
2017 1.69 0.05 0.1045 -1055.2 rate (1.74) and fertility decline
trend began
2018 1.60 -0.09 -0.2187 -109.3
2019 161 0.01 -0.3245 -48.3 Fertility decline trend continues
2020 1.55 -0.06 -0.4132 -27.3 . . ’
2021 | 157 0.02 -0.4749 -14.9 but is slowing
2022 1.47 -0.10 -0.4984 -4.9

* Calculation of percentage changes in value of the derivative of the fertility function compared to the previous year
is necessary in order to take into account both absolute and relative differences between values of the derivative and
to reduce the effect of a purely mathematical relationship between values of the function and its derivative associated
with changes in the variable x.

Source: calculated in Excel and compiled by the authors based on data from Central Statistical Bureau of the Re-
public of Latvia, 2023.
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As already noted in the methodological section of this study, such situations are a
good example of how important it is to consider not only the values of the approximat-
ing function, but also its derivatives for a more complete understanding of the dynamics
of changes in fertility within the general trend. For example, the negative value of the
derivative of the approximating function in 1970—1971 with a simultaneous increase in
the fertility rate indicated that the previous growth was slowing down (in 1965 the TFR
was 1.74 (Central Statistical Bureau of the Republic of Latvia, 2023)), and the negative
derivative with an increase in the fertility rate in 1983—1984 indicated— that growth has
stopped and fertility decline trend has begun.

Table 3. Identification of different phases of demographic cycles, 1970-2022, Latvia

. .. . Duration of phases | Name of phases
Time Empirical interpretation . .
. . .. of demographic of demographic
period of changes in the values of derivatives
cycles cycles
4 falli ith-
The previous growth in fertility is slowing (1.74in | . years fating V,Vl Growth
1970-1973 1965, 1.96 in 1973) in the study period (expansion)
o 1970-2022 rpanst
Fertility growth slowed down as much as possible
1974-1975 | and turned in the direction of fertility decline 2 years Peak or boom
(1.99-1.96)
Fertility decline trend began, with the speed of Decline (reces-
1976-1977 . . 2 .
decline slowing (1.93-1.88) years sion)
1978-1979 Fertility declifle has stopped and turned towards 2 years B.ottom (depres-
growth (1.86 in both 1978 and 1979) sion)
Next demographic cycle
Fertility growth trend continues, but is slowing Growth (expan-
1980-1982 3
(1.88-1.97) years sion)
Fertility growth has stopped and
1983-1984 2 Peak or b
fertility decline trend began (2.12-2.14) years cakcorboom
Fertility decline trend continues, but is slowing
(the short-term rise in fertility in 1986-1987 as .
. . Decline (reces-
1985-2000 a result of M. Gorbachev’s anti-alcohol campai- 16 years sion)
ion
¢n did not change the general downward trend)
(2.08-1.25)
2001-2002 Fertility' (.lecline has stopped 2 years Bottom (depres-
and fertility growth trend began (1.22-1.25) sion)
Next demographic cycle
Fertility growth trend continues, but is slowing
(1.32-1.70); this period saw a sharp short-term Growth (expan-
2003-2015 13
decline in 20092010 as a result of the shock of years sion)
the 2008 global financial crisis (1.46-1.36)
Growth st d at the 1965 level (1.74), and
20162017 royxf siop p cdatihe evel ( ), an 2 years Peak or boom
fertility decline trend began
Fertility decline trend continues, but is slowing Decline (reces-
2018-2022 5
(1.69-1.47) years sion)

The immediate forecast is that the decline will continue for several more years before the bottom of the next
cycle is reached (this bottom will be lower than the previous one, i.e. below 1.22—1.25) and there will be a turn
towards fertility growth as a part of the long-term declining fertility trend. Thus, the next growth will not reach

the previous peak, i.e. the next peak will most likely be below 1.74

Source: compiled by the authors based on data from Table 2.
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In the following table, the authors identified the various phases of demographic cy-
cles in Latvia, using an analogy with the phases of economic cycles — growth (expan-
sion), peak or boom, decline (recession), bottom (depression) (StudySmarter, 2023). The
authors also tried to forecast the fertility trend in Latvia in the near future.

As the main results of the authors’ mathematical analysis of the medium-term fertility
trend in Latvia show (Tables 2 and 3), there are empirically based demographic cycles
that are very similar to economic cycles (and even related to them — Ovechkina & Shul-
gina, 2012), well developed in macroeconomic theory (StudySmarter, 2023). From the
point of view of demography, the historical process is a sequence of demographic cycles,
and the mirror image of demographic cycles are cyclical changes in per capita consump-
tion, that is, cycles of real wages or income (Ovechkina & Shulgina, 2012).

The authors asked whether the cyclical fertility trend in Latvia is similar to fertility
trends in other countries? The following figure compares fertility trends in the neighbor-
ing Baltic countries over the same 53-year period.

0,5

0
RO DAL DI IR PRSI I EL IO &P
SER R S A N S O RPN

2

Latvia Estonia Lithuania

Figure 1. Comparison of fertility trends in the Baltic countries, the total fertility rate
(TFR), 1970-2022

Source: created by the authors based on data from Central Statistical Bureau of the Republic of
Latvia, 2023, Statistics Estonia, 2023; Statistics Lithuania, 2023; World Bank, 2023.

Figure 1 shows that the fertility trends in Lithuania and Estonia are similar to the fer-
tility trend in Latvia in their cyclical nature and overall decline in TFR. This allows the
authors to draw a conclusion about demographic cyclicality (and not linearity, as is the
case, for example, in Eurostat TFR forecasts for Lithuania (Eurostat, 2023b)).
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The authors of this stud consider that the main reason for the impossibility of increas-
ing fertility in Latvia (and probably in Lithuania and Estonia, too) in the near future is
value changes in society, which are actively studied by sociologists and demographers
in Latvia, Lithuania and other countries. In Soviet era the ideal family model was con-
sidered to be a family with two children (both large families and childlessness were
rare) (Zvidrins, 1979), and this ensured the achievement of fertility rates close to 2.
Nowadays, as Z. Varpinya argued, “family still has value (family safety, health of loved
ones), but a child is no longer the only and necessary means of realizing one’s life am-
bitions. He is no longer at the center of the value system” (Latvia Television Program
“Forbidden Technique”, 2023). As the results of a comparative sociological “Study of
factors contributing to marriage, fertility and positive parent—child relationships™ (2004
(n = 1970 people) and 2022 (n = 2297 people), Latvia) conducted by the University of
Latvia show that in 2004, women rated the statement “a child gives meaning to life” on
average at 4.36 (on a 5-point scale), and men at 4.32; in 2022, these rates dropped to 3.42
for women and 3.44 for men (Pirsko et al., 2022).

Table 3. Hierarchies of values, 2004 (n = 1970 people) and 2022 (n = 2297 people), Latvia

Values Rank in the hierar- Rank in the hierar- Values
chy of values, 2004 chy of values, 2022
Family safety (safety Family safety (safety
of loved ones) 1 1 of loved ones)
Health (no physical or Health (no physical or
mental illness) 2 2 mental illness)
Children and family Peace in the whole
(as an intrinsic value) 3 3 world (Wl.thout wars
and conflicts)
Freedom (freedom of
Tnner harmony 4 4 action an(g thought)
Mature love 5 5 Inner harmony
Self-esteem 6 6 Self-esteem
Sincere friendship 7 7 Honesty
Freedom (freedom of )
action anc(l thought) 8 8 Intelligence
Country safety (pro-
Intelligence 9 9 tecting my people
from enemies)
Honesty 10 10 Sincere friendship
Peace in the whole
world (without wars 11 11 Mature love
and conflicts)
Country safety (pro- Children and family
tecting my people 24 22 R
. (as an intrinsic value)
from enemies)

Source: Pirsko et al., 2022: 57.
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The authors of the review of the results of the above-mentioned study commented on
the significant decline in the place of children and families in the hierarchy of values of
Latvian society: “this result allows us to conclude that with a decrease in the self-worth
of children and families, one can expect that people will make less effort to achieve this
values, i.e. they will be less willing to create families and have children” (Pirsko et al.,
2022). The current tendency among young people not to put in extra effort (in the follow-
ing case — to work) is also evidenced by the results of an international survey conducted
by the recruiting company Randstad Deutschland of 35,000 young people aged from 18
to 24 years. 58% of respondents said that they would leave their job if it interfered with
their enjoying life, and 38% have already done this at least once. Many HR managers in
Western (and not only Western) companies complain that young people do not want to
take responsibility, do not want to work a full 5 days a week, and in every possible way
avoid “overtime” (Baumeister, 2023).

Researchers of the phenomenon of female childlessness in Lithuania, based on the
results of a comparative survey of women of two generations, concluded that “the sub-
jectively perceived causes of childlessness revealed different ways the two generations
of women experience childlessness. ... In terms of voluntary childlessness, the differ-
ences among women of the two generations are prominent. Older women never openly
say that they have chosen to remain childless, even though they admit never really want-
ing children. In contrast, younger women are not afraid to declare that they chose to be
childfree and are enjoying it” (Tretjakova et al., 2020).

The authors agree with M. Navickiene, Lithuanian Minister of Social Security and
Labour, who believes that the government would increase benefits if it thought it would
have an effect, but in reality financial measures are less of a factor in a family’s decision
to have children than good infrastructure to raise them (LRT TV, 2023). “All the studies
confirm the same thing, that the decision to have children is not made because of benefits
... Lithuania is already one of the most generous EU member states when it comes to
maternity payouts” (LRT TV, 2023). According to M. Navickiene, a more important fac-
tor for young families is opportunities to resume their careers following parental leave
and balance work and family responsibilities (LRT TV, 2023).

Conclusions

Based on the results of mathematical analysis of the medium-term fertility trend in Lat-
via, it can be expected that the decline of TFR will continue for several more years before
the bottom of the next demographic cycle is reached (this bottom will be lower than the
previous one, i.e. less than 1.22—1.25 children on average per woman) and there will be
a reversal in fertility rates within the long-term declining fertility trend (this rise will not
reach the previous peak, i.e. the next peak will most likely be less than 1.74 children on
average per woman). Thus, the expected by the creators of the “Population Reproduc-
tion Strategy” increase in fertility in Latvia to the level of 1.77 children on average per
woman by 2027 (with an intermediate indicator of 1.72 children on average per woman
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in 2024) is considered by the authors of this study absolutely unattainable under any
realistically feasible socio-economic and political conditions in the country.

As for the set of reasons for fertility changes in Latvia, the authors believe that short-
term ups and downs in fertility are determined mainly by socio-economic and political
factors — for example, fertility rise in 1986—1987 as a result of M. Gorbachev’s anti-
alcohol campaign or fertility collapse in 2009-2010 as a result of the shock of the 2008
global financial crisis. Such short-term ups and downs do not entail general changes
in the current phase — growth or decline — of the demographic fertility cycle. In turn,
fundamental changes in the fertility trend are most likely determined by value changes
in society. Furthermore, the cult of enjoying life that is spreading in the modern world
does not fit well with caring for children and, according to the authors of this study, is the
value basis for the steadily declining fertility rate — both in Latvia and in other countries
of Europe and the world.

The conception of demographic cycles used by the authors of this study, allows to
argue that the time period of 53 years studied within this article is most likely a part of
longer-term demographic cycle, which was not covered by this study and thereby limited
the application of its results in a longer term — for example, in the future 100 years or
more.
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