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Abstract
The human population is projected to increase by 2.4 billion to 2100, endangering,
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fertility level, lowering of which is often assumed to depend on economic growth.
Here we test this hypothesis using data from 136 developing countries, 1970-2014.
We formed four country groups at different initial economy, and used graphical ana-
lyses, with estimates of variation. Falling fertility rates 1970-2000 showed little or
no association with economy (GDP or household consumption). Fertility decreased
regardless of whether the economy grew, was stagnant, or declined. But falling fertil-
ity was closely associated with increasing use of modern contraception, which was
largely independent of changes in economy. Fertility decline hence was not caused
by economic development, but followed contraceptive use. Family planning pro-
grams, with advice on family size and modern contraception, offer promising routes

to sustainably low fertility where it has not yet been achieved.
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1 | INTRODUCTION

United Nations (2022a) assumes in its medium projection that TFR in

all countries converges to near replacement level (2.1 children) toward

The human population is projected by the UN, United Nations
(2022a) to increase from at present 8 to 10.4 billion by 2100. The
rapid population growth is likely to impair human conditions, biodiver-
sity, climate, food and freshwater resources (e.g., Crist et al., 2017).
Population growth depends strongly on fertility rates, which need to
be lowered to ensure long-term conservation of ecosystems and spe-
cies (Bongaarts & O'Neill, 2018; Cafaro et al., 2022; Dasgupta, 2019;
Ripple et al., 2017).

The total fertility rate (TFR) is the average number of children
women would bear if surviving to the end of reproductive life, with
the same probability of childbearing in each age interval as now pre-
vails. Based on past and present global declines in TFR, the UN,

2100. But altering the assumptions of models, especially the fertility
level, markedly change the projections of future population size (Abel
et al., 2016; Bradshaw & Brook, 2014; UN, United Nations, 2022a).
Adequate population policies therefore depend on accurate knowl-
edge about factors influencing TFR.

In the demographic transition, decline in mortality precedes
fertility decrease (e.g., Livi-Bacci, 2017; Poston & Bouvier, 2017).
In many western countries, TFR began to decline from about 1870
(Roser, 2022), following improved health, education and economy
related to industrialization. In the third world TFR began to fall from
about 1965, with marked variation among countries (Roser, 2022;
UN, United Nations, 2022a). TFR depends on many factors, such
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as child mortality, economy, education, family planning programs,
female empowerment and schooling, social norms and religiosity
(Bongaarts, 2016; Bongaarts & Hodgson, 2022; Colleran et al.,, 2014;
de Silva & Tenreyro, 2017; Goétmark & Andersson, 2020; KC &
Lutz, 2017; Lee, 2020; Skirbekk, 2022). These factors are often corre-
lated (Gotmark & Andersson, 2020), hampering understanding of cau-
sation. Demographers tend to focus on the influence of family
planning and culture, economists on household costs and gains
(Bongaarts, 2016; Colleran et al., 2014; de la Croix, 2013; Lee, 2015).
Many economists emphasize the role of increases in gross domestic
product (GDP), income and consumption for TFR decline, whereas
demographers usually emphasize behavior and fertility norms (Balbo
et al.,, 2013; Barrett et al., 2020; Bongaarts, 2016; Shenk et al., 2013;
van den Broeck & Maertens, 2015).

Theory developed by economists (e.g., Becker et al., 1990;
Becker & Lewis, 1973) relates TFR decline to economic growth,
assuming that parents derive utility from their own consumption, chil-
dren and child quality (“human capital,” e.g., education level). Boosting
child quality involves costs for parents. As family incomes rise,
demand increases for quality rather than number of children, leading
to investment in human capital and smaller families. Economic
research also considers opportunity costs of childbearing (Balbo
et al, 2013; Pande et al., 2020; van Balen, 2010). Raising children
takes time and can reduce family income in modern economies, lead-
ing parents to have fewer children (“motherhood wage penalty”). Lee
(2015) summarized relevant economic theory, concluding that
hypotheses remain to be empirically tested with long-term data,
which is our goal here.

In a broad early study of TFR and developing countries, Chesnais
(1992) concluded “There is thus no ambiguity about the matter: the
secular fertility decline occurs only after profound economic changes”
(p. 385). In 2010-2015, among countries in six global regions, TFR
declined while GDP per capita increased, and the association was rela-
tively strong in the three developing regions Asia, Latin America and
Sub-Saharan Africa (Gétmark & Andersson, 2020). Many recent stud-
ies based on models using countries as units conclude that fertility
decline is partly due to economic growth (e.g., Caudell, 2015; Herzer
et al., 2012; Madsen et al., 2018; Ranganathan et al., 2015). Also
within-country studies (Shenk et al., 2013; van den Broeck &
Maertens, 2015) found that economic factors such as land ownership,
occupation, and employment opportunities for women, were
strongly associated with fertility differences among individuals. In a
survey of Swedish public opinion about causes of fertility decline in
developing countries, improved living conditions, including better
economy, was suggested by 25% of respondents. Fewer suggested
increased education (19%), contraception (10%) or family planning
(2%) (Wetzler, 2022). The influence of economy on fertility is of
great interest, as economic growth is a goal for almost all nations
(Krugman et al., 2018) despite its limitations (Dasgupta et al., 2022;
O'Sullivan, 2020; Pilling, 2018), and developing countries are
expected to grow economically (Sachs, 2015; UN, United Nations,
2022b).

The empirical analysis here spans 1970-2014, a period with glob-
ally strong economic growth (Krugman et al., 2018) and declining fer-
tility (Roser, 2022; UN, United Nations, 2019). We analyze fertility
decline among developing countries and compare its associations with
economy and modern contraception (reviews in Bongaarts, 2016;
Bongaarts & Hodgson, 2022). Contraception is often viewed as a
“proximate” cause of fertility decline, but the degree to which it
directly affects TFR is debated (see, for instance, Livi-Bacci, 2017,
pp. 187-191). Inter-birth intervals have increased in developing coun-
tries (Casterline & Odden, 2016), contributing to reduced TFR. Con-
traceptives in several developing countries seem to be used especially
for spacing, but not necessarily for limiting births (Abdi et al., 2020;
Ali & Cleland, 2010; Egeh et al., 2019). Among four proximate factors
influencing TFR (marriage/cohabitation, contraception, induced abor-
tion, and postpartum infecundability, Bongaarts, 2015), contraception
is clearly important for family planning and population policies of
developing countries (Bongaarts, 2016; Singh et al., 2022). It is there-
fore motivated to study also long-term changes in TFR and the use of
contraceptives in these countries.

Below we test if falling TFR is associated with rising economy as
predicted by economic theory, or if it is more strongly related to family
planning and use of modern contraceptives. We use data from 1970 to
2014 for developing countries on GDP per capita, household consump-
tion per capita, and prevalence rate of modern contraceptives (CPR).

2 | MATERIALS AND METHODS
21 | Data

We use Microsoft Excel 2020 for analyses and graphs. TFR for coun-
tries are from UN, United Nations (2019) and for 5-year periods. We
relate changes in TFR to changes in three national factors: gross
domestic product (GDP) per capita, household consumption per
capita, and prevalence rate of modern contraceptives (CPR). Since our
main aim is to analyze changes in TFR from 1970 onwards in develop-
ing countries with high initial fertility, we focus on all countries with
TFR greater than 3.0 in 1970, in total 136 countries (Table 1, and Sup-
plementary Table A in Data S1). Some of the 136 countries lack data
for one or two of the three other factors. Numbers of countries there-
fore differ between analyses as explained below.

GDP (flow of currency) is not wealth, which also includes stock
(Dasgupta, 2007) and can include other forms of capital (Dasgupta
et al., 2022). We complement the GDP per capita approach with anal-
ysis of household consumption per capita. Data for GDP are from the
Maddison Project (2018) denoted “cgdppc” and representing “Real
GDP per capita in 2011 US $, multiple benchmarks (suitable for cross-
country income comparisons).” Such data are available for 110 of the
136 countries. We calculate mean GDP per capita for 5-year periods
1970-2014. Eight countries lack data from 4 of 5 years in the first
period; we then use the value for the remaining year. Seven countries

lack data for the second period; we instead use the mean value of the
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TABLE 1 Regional distribution, economy, contraception and number of countries analyzed®
Asia and Latin America, Arab Sub-Saharan Eastern West Europe
Oceania Caribbean States Africa Europe and related
Initially selected (136 37 30 20 44 3 2
countries)
GDP analysis (110) 23 23 19 40 3 2
Very low (28) 5 0 1 22 0 0
Low (34) 11 7 6 10 0 0
Intermediate (25) 4 10 5 2 0
Relatively high (23) 3 6 7 1 2
Consumption analysis (58) 8 12 8 28 0 2
Very Low-Low (19) 2 0 3 14 0 0
Intermediate (22) 4 3 5 10 0 0
Relatively high (17) 2 9 0 4 0 2
Contraception analysis (47) 12 17 10 7 1 0
Very Low-Low (16) 3 2 4 7 0 0
Intermediate (17) 5 5 0 1 0
Relatively high (14) 4 10 0 0 0 0

2Countries are listed in Supplementary Table A in Data S1 and Table 1.

first and third five-year period. The 26 countries (of 136) lacking data
were mainly small island or mainland states (Supplementary Table A in
Data S1). Mean population size of the 110 countries included was
57.5 million (median 13.1 million), and for the 26 excluded countries it
was 5.4 (median 0.6 million, see Supplementary Table A in Data S1).
For household consumption per capita, we use data and estimates
from the World Bank (2020) with the same 5-year periods as for TFR
and GDP. The data represent household (private) final consumption
expenditure per capita in constant 2010 US $, based on the market
value of all goods and services, including durable products such as
cars, purchased by households (for details, see World Bank, 2020).
Data are available for 58 of the 136 countries. The first one or two
5-year periods lack data for 11 countries; we used the mean for the
remaining countries as estimates for the periods. Removal of the
11 countries does not markedly affect the result (below, Figure 3a,
and see extra Figure in Supplementary Table B in Data S1, sheet
Household consumption). To make the results fully comparable with
those based on GDP per capita, we repeated the GDP analysis using
the 58 countries from the consumption analysis (see Section 3).
Contraceptive prevalence rate (CPR) data are from UN, United
Nations (2019). CPR is recorded for “generally married or in-union
women”, where “a union involves a man and a woman regularly coha-
biting in a marriage-like relationship.” CPR is the proportion (%) of
“women of reproductive age who are married or in a union and who
are currently using a method of contraception.” We use data for
women or couples “using any modern method” (defined as including
sterilization, IUD, implant, injectable, pill, condom, vaginal barriers,
lactational amenorrhea method, emergency contraception, or other,
e.g. contraceptive patch or vaginal ring). A limitation is that sexually
active unmarried women and those not in union are lacking in the

data. We only include modern methods as they are most effective and

emphasized in the UN Sustainable Development Goals (UN, United
Nations, 2022b). Data are available for 47 of the 136 countries (see
Supplementary Table B in Data S1).

To compare the results with those for GDP and household con-
sumption, we repeated these latter analyses using the same set of
47 countries (see Section 3). Data for CPR starts with the 10-year period
1970-1980, when only a single year (value) was available for many coun-
tries, then follows one 6-year period and five 5-year periods. CPR value
was missing for three countries in the last five-year period, and we used
mean value of the remaining 44 countries for this period. Removal of the
three countries does not markedly affect the result (below, Figure 4, and
see extra Figure in Supplementary Table B in Data S1, sheet Contracep-
tive prevalence). Data for CPR are based on surveys that are not
repeated regularly, but sometimes several values were available for a

period; we then use the mean.

2.2 | Statistical analyses
As in many other multi-national studies, the units of analyses, countries,
are neither drawn by random sampling from the world population of
countries, nor can they be regarded as statistically independent units
(Dodson et al., 2022; Gétmark & Andersson, 2020), so they do not meet
requirements for statistical inference. For robustness we therefore avoid
standard errors and other inferential statistics and instead use simple
means, X = Y"X;/n, and standard deviations, SD = n=* ¥ 3_ (X; - X).
We also present the most important results in graphs, for visual clarity
showing only mean values. Standard deviations for these means are
shown in Supplementary Figures S1-S13 and below in Figure 2.

For analysis of the longitudinal relationship of TFR to other factors,

we separated countries into 3 or 4 groups which differ in general level of
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a factor over time (see Table 1, three groups when the number of coun-
tries was smaller, data also in Supplementary Table B in Data S1). For
analysis of the role of GDP per capita, we computed its mean for each of
the 110 countries over the whole period 1970-2014 (mean of nine
5-year periods) and ranked the countries by their mean GDP per capita.
The outcome suggested four sufficiently large groups for analysis
(Table 1): group Very Low (28 countries), with annual means between
600 and 2000 US $ per capita (656-1918); Low (34 countries), with
means of 2000-5000 (2036-4905); Intermediate (25 countries), with
means of 5000-10,000 (5102-9696); and Relatively High (23 countries),
with means >10,000 US $ per capita (10,095-27,294, and two outliers:
Kuwait 61,731 and Qatar 106,204 US $ per capita).

For analysis together with TFR we use each country group's
change in GDP per capita 1970-2014. We compute mean GDP per
capita for each 5-year period and country group (below, Figures, and
Supplementary Table B in Data S1). This gives a series of nine values
(nine 5-year periods 1970-2014). In graphs of TFR (y-axis) and mean
GDP per capita (x-axis), we show for each country group how these
two variables change over time 1970-2014.

In the same way, we analyze changes in TFR together with house-
hold consumption per capita, and with contraceptive prevalence rate,
CPR (Figures below, and Supplementary Table B in Data S1). For these
latter two factors, data are available from fewer countries. We there-
fore use only three country groups as they would otherwise be very
small. We also analyze CPR together with GDP per capita to clarify
whether CPR depends on GDP (Figure below, and Supplementary
Table C in Data S1).

Sizes of country groups for all factors in six global regions are in
Table 1. Sub-Saharan Africa had the highest number of countries, and

Asia and Latin America are well represented, but European and related
western countries are fewer since nearly all of them had TFR <3 in
1970. Compared to the analysis with GDP, representation of coun-
tries from Latin American and Sub-Saharan Africa is proportionally
slightly higher in the household consumption analysis (Table 1). For
CPR, Sub-Saharan countries are fewer, but the region is well repre-
sented in the subgroup Very low/Low.

Family planning here means “attempts by couples to regulate the
number and spacing of births” (Poston & Bouvier, 2017), with choices
“central to gender equality and women's empowerment” (UNFPA,
2022). The indicators for the UN's (2022) Sustainable Development
Goals 3 (on health) and 5 (on gender) include “family planning satisfied
with modern methods” (Goal 3), and “informed decisions...regarding
contraceptive use” (Goal 5). In contrast, a family planning program is “a
systematic effort, often government-sponsored, to provide the infor-
mation, supplies, and services for modern fertility control” (Poston &
Bouvier, 2017). “Sustainable population” denotes an economy protect-
ing resources, biodiversity and reasonable standards of living for people
(Dasgupta, 2019, see also Hickel, 2018). Such a World population may
be 6 billion in one of the highest estimates of Dasgupta (2019), and

maximally 3 billion in Lianos and Pseiridis (2016) analysis.

3 | RESULTS
3.1 | Fertility and GDP per capita

Among 136 developing countries with high or relatively high TFR
in 1970 (3.0 or more), data on GDP per capita were available for

Change over time in TFR and GDP levels, country groups

7
1970-74 (Very low)
1970-74 (Low)
6
1970-74 (Intermediate)
] ) 1970-74 tincll outi FIGURE 1 Changes 1970-2014 in total
_5 1970-74 (Relatively high)  1970-74 (incl. outliers) fertility rate (TFR) and economy (GDP per capita)
2 P . X .
L in four groups of developing countries at
= 3295' different initial levels of economy: “Very low”
5 4 (28 countries), “Low” (34), “Intermediate”
= (25) and “Relatively high” (21). During the first
= 2010-14 30 years (1970-1999) fertility decreased
E_) 3 1995-99 1995-99 markedly in all groups although the economy was
= - almost constant or even declined between
= -9 . . .
2 5 2010-14 2010-14 2010-14 successive periods [Dots are means of successive
5-year periods for the countries in each group.
The dashed blue line includes two outliers, rich
1 oil states Qatar and Kuwait. The large first dot
for “Very low” includes the first three 5-year
periods, when both TFR and GDP remained
almost constant. Variation (SD) about the means
0 is shown in Supplementary Figures S1-513]
0 5000 10000 15000 20000 25000 30000 35000 PP AR

GDP per capita (SUS, constant 2011, PPP)

[Colour figure can be viewed at
wileyonlinelibrary.com]
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110 countries, divided into four groups. In all four groups TFR
declined on average by about 1.5-2.5 child per woman during the
first 30 years (1970-1999, Figure 1). This large decrease took
place although GDP per capita remained almost constant in devel-
oping countries at “Very low,” “Low” and “Intermediate” GDP
levels. In the “Relatively high” GDP country group, results depend
strongly on two outliers, the rich oil states Qatar and Kuwait.
When they are included in Figure 1 (dashed line), mean GDP per
capita declined markedly 1970-1984 during the oil crises, and so
did TFR.

GDP per capita in the Very low group remained low over the
entire period 1970-2014 (Figure 1). Yet, its mean TFR declined from
6.8 to 4.8. TFR declined greatly also in the Low and Intermediate
groups 1970-1999 although GDP per capita stayed almost constant
(Figure 1). On the other hand, 2000-2014 when GDP per capita
increased in these two groups, there were only modest declines in
TFR. This is so also in the Relatively high group. Most of its TFR
decline took place 1970-1999, as in the other three groups. Table 2
shows mean changes in TFR and GDP per capita during the two
periods 1970-1999 and 2000-2014.

These results show that TFR declined strongly in spite of little
change in GDP per capita 1970-1999. In all four groups, TFR
declined markedly even during periods when GDP per capita
decreased (Figure 1). Moreover, when GDP increased markedly
2000-2014 there was only modest decline in TFR. Increasing econ-
omy (GDP per capita) therefore was not a major cause of the great
reductions in TFR that occurred among developing countries
1970-2014.

Mean TFR + SD, and Coefficient of Variation (right axis)
8 0.45

7 T T -[ ‘lr [ 0.40
\ ‘{
SRR S 035
TFR (left axis) ~ 0.30
5 | T
A= | os
4 PR ¢
O
o7 - 0.20
3 o .
-0 Qv (right axis) 0.15
B ¢, S
2 O---077 - 0.10
1 0.05
0 0.00
\) N} ) Q ) N $H Q \)
SRR S IR I SN S SN
N % ; N N v v v v
O SR S COR SRR SR I S
RSSO
FIGURE 2 In group Very low, variation among countries in total

fertility rate (TFR) increased 1970-2015, as shown by increasing
standard deviation, SD (vertical bars) and coefficient of variation,

CV. Most of the 28 countries experienced strongly declining TFR, but
it changed little or not at all in a few countries (see Section 4). [Colour
figure can be viewed at wileyonlinelibrary.com]

Development *

There is another interesting trend in group Very low, where TFR
variation among countries increased over time (Figure 2). Whereas
TFR on average declined by 2.02 among the 28 countries in this
group, it changed little or not at all in 5 African countries (mean

decline 0.56; see Section 4).

3.2 | Fertility and consumption per capita

To control if the lack of relationship between fertility and economic
growth at country level depends on our use of GDP per capita as a
measure, we repeat the analysis instead using household consumption
per capita. Fewer countries with data are available for this analysis:
58 among the initial 136 (110 in GDP analyses). To maintain reason-
ably large country groups, we form three groups that differ in con-
sumption level; Very low/Low, Intermediate, and Relatively high
household consumption per capita (for grouping, see sheets in Supple-
mentary Table B in Data S1).

Figure 3a shows that TFR declined 1970-2014 in similar manner
for group Very low/Low as it did for group Very low GDP in Figure 1.
Likewise, group Intermediate in Figure 3a is similar to group Low GDP
in Figure 1. Also with household consumption per capita as the mea-
sure of economy, TFR decline was therefore unrelated to economic
growth in these two groups of countries. In group Relatively high, fer-
tility decline was associated with increasing consumption per capita
(Figure 3a). This group of 17 countries contains among others Ireland
and Israel, and nine from Latin America.

As the number of countries were fewer here than in the GDP
analysis, for comparison we repeated the latter using the same
countries as in the consumption analysis (Figure 3b). The results were
similar for GDP per capita and household consumption per capita
(Figure 3a,b).

In conclusion, among developing countries with initially high fer-
tility, the decline in fertility 1970-2014 was not mainly caused by
increasing economic development, whether measured by per capita

GDP or household consumption.

3.3 | Fertility and contraceptive prevalence rate
In analyzing whether fertility decline is related to changes in the use
of modern contraceptives, we could use 47 of the 136 countries,
divided into three groups differing in initial level of contraceptive
use. [Time periods differ slightly from the analyses with economy
above, as surveys of contraceptive prevalence rate (CPR) have been
irregular, see Material and methods]. As shown in Figure 4, falling
fertility is consistently associated with increasing contraceptive use
1970-2015. In all three country groups, TFR declined almost linearly
with increasing CPR.

To control whether the 47 countries used in the contraception
analysis were perhaps atypical compared to those used in the
previous economy analyses, we re-analyzed TFR together with

per capita GDP and household consumption for this group of
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(a) Changes over time in TFR and consumption level in three

country groups

1970-74 (Very low/Low)

6 1970-74 (Intermediate)
=5
LI—L 1970-74 (Relatively high)
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FIGURE 3 (a) Changes in total fertility rate
(TFR) and household consumption per capita
1970-2014, in 5-year periods. The three
groups of countries differ in consumption level,
from left to right: “Very low/low”

(19 countries), “Intermediate” (22 countries)
and “Relatively high” GDP (17 countries).
Fertility fell markedly in the first two groups in
spite of low economic growth, and
consumption per capita even decreased in the
very low/low group during much of the period.
In the group Relatively high, fertility declined
while consumption increased. Dots represent
5-year mean values. (b) Changes in TFR and
GDP per capita 1970-2014. Countries and
country groups are as in (a) above [Colour
figure can be viewed at wileyonlinelibrary.com]
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Household consumption per capita (SUS, constant 2010, PPP)

(b) Changes over time in TFR and GDP level in three country

groups
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47 countries. There was no indication that the CPR countries are
atypical: they have similar relations as the groups in Figure 1
between TFR and GDP, and in Figure 3 between TFR and consump-
tion (see Supplementary Figures S14 and S15).

Was the increasing use of modern contraception a consequence
of better economy? To test this possibility, we plot CPR in relation to
GDP per capita in Figure 5. It shows that CPR increased largely

30000 35000

independently of GDP 1970-1999. When CPR rose strongly during
that period, GDP per capita even declined in the Very low/Low group,
and it increased only modestly in the two other country groups.
Increasing use of modern contraceptives therefore was not mainly a
consequence of economic growth. Whether this was so also after
1999, when GDP as well as contraceptive use increased, is not clear

from this analysis.
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FIGURE 4 Total fertility rate (TFR) and
contraceptive prevalence rate (CPR) 1970-2015 in

three groups of developing countries, differing in 7
initial levels of CPR. From left to right, “Very
low/Low” CPR (16 countries), “Intermediate” 6
(17) and “Relatively high” (14). The relationship
between fertility and CPR is approximately linear in
all three country groups [Colour figure can be =5
viewed at wileyonlinelibrary.com] =
5
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TABLE 2 Changes® in total fertility
rate (TFR) and GDP per capita in four Country group

groups of countries at different economy
levels. Changes in GDP per capita are

modest 1970-99, larger 2000-2014
Low

Very Low

(Economy level)

Intermediate

Relatively high

Changes over time in TFR and use of contraceptives (%)

1970-ca1980 (Very low/Low)

1985-
90 1970-ca1980 (Intermediate)

1970-ca1980 (Relatively high)

D

1985
-90

2006-10
2011-15

2006-10

2011-15 2006-10

2011-15

10 20 30 40 50 60 70 80
Contraceptive prevalence rate (%)

Early period, 1970-1999 Recent period, 2000-2014

TFR change GDP change TFR change GDP change
-0.18 —60 -0.37 225
-0.43 —-150 —-0.28 727
-0.53 190 -0.16 1955
-0.43 701 -0.19 4050

#Mean change per 5-year period 1970-99 (5 periods) and 2000-2014 (3 periods).

FIGURE 5 Contraceptive prevalence rate
(CPR) and GDP per capita 1970-2014 in three
groups of countries differing in level of GDP per
capita. From left to right: “Very low/Low”

(16 countries), “intermediate” (16 countries) and
“Relatively high” GDP (14 countries). During the
first 30 years (1970-1999), contraceptive use
increased markedly in the three groups although
GDP per capita increased only modestly, or even
declined (Very low/Low). After 1999, both GDP
and contraceptive use increased. (Data in
Supplementary Table C in Data S1) [Colour figure
can be viewed at wileyonlinelibrary.com]
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4 | DISCUSSION

The results show that large fertility declines among developing poor
countries 1970-99 were not caused by economic growth, in terms of
per capita GDP (Figure 1) or household consumption (Figure 3). There
was little or no association between changes in economy and fertility
in the poorest country groups.

In contrast, declining fertility was strongly and consistently associ-
ated with increasing use of modern contraceptives. Over the 45-year
period, all three country groups in Figure 4 have an approximately linear
relationship between TFR and CPR. The strong association is encourag-
ing: for individual women, use of contraceptives can prevent undesired
pregnancies and births, and for populations and countries it can reduce
unsustainably high fertility and growth. But modern contraceptives are
still unavailable for hundreds of millions of women, many of which face

undesired pregnancy and child birth (see below).

4.1 | Fertility and economic growth

To test whether TFR decline was caused by economic growth we
used four groups of developing countries, ranging from Very low to
Relatively high GDP per capita (three groups for consumption per
capita). Remarkably, the four groups showed similar TFR trends
1970-1999 (Figure 1). Moreover, TFR decreased markedly in all
groups also during periods when GDP decreased (Figure 1). The wide-
spread influential view that “development is the best contraceptive”
therefore does not hold as regards economic development at country
level. Access to and use of modern contraceptives instead offer direct,
instant means for avoiding unwanted pregnancy and reducing unsus-
tainably high population fertility.

TFR is related to multiple factors (Bongaarts, 2016; Colleran
et al., 2014; de Silva & Tenreyro, 2017; Gotmark & Andersson, 2020;
KC & Lutz, 2017; Lee, 2020; Skirbekk, 2022), and studies focused at
the individual level show that e.g. increased female schooling and
economy bring about lower fertility (Ali & Gurmu, 2018; Balbo
et al, 2013; Colleran et al., 2014; Keats, 2018; Pande et al., 2020;
Shenk et al., 2013; van den Broeck & Maertens, 2015). At country
level, however, our results show that economic growth does not
explain the fertility drop that took place between 1970 and 2014, par-
ticularly 1970-1999, when fertility fell the most in poor countries.
Instead, fertility decline usually preceded substantial economic
growth, which may even be a consequence of lowered fertility
(Canning & Schultz, 2012; Finlay & Lee, 2018; O'Sullivan, 2013) and
“demographic dividends” (Bloom et al., 2003; Kotschy et al., 2020).
Economic growth can be enhanced when the working part of the pop-
ulation increases relative to the part outside working age.

TFR decreases with increasing number of school years for females
(e.g., Ali & Gurmu, 2018; Goétmark & Andersson, 2020; KC &
Lutz, 2017; Keats, 2018; Skirbekk, 2022), and the duration of girls'
education increased globally after 1970 (McClendon et al., 2018). But
evidence from low- and medium-income countries suggests that

increased education may have small effects on TFR, and evidence

linking fertility to education was inconsistent in a meta-analysis (Psaki
et al,, 2019). More work on this topic is needed. Cultural aspects and
social desires and norms, including gender roles and religiosity, can
also influence fertility and family size (Assaf & Davis, 2021; Upadhyay
et al., 2014; Westoff & Bietsch, 2015). The influence of expanding
religions and religious education on fertility and population growth in
developing countries need more study.

We also analyzed TFR in relation to household consumption, a
measure closely related to spending by individuals. Declining family
size in the two poorest groups of countries was unrelated to house-
hold consumption. The negative association of TFR with consumption
rate in the Relatively high group (Figure 3) accords with an influence
of economic growth on fertility in more developed countries. But the
relationship can be bi-directional, and there is evidence that lowered
TFR can help improve the economy of developing countries (Bloom
et al., 2003; Bongaarts & Hodgson, 2022; Canning & Schultz, 2012;
Finlay & Lee, 2018; Kotschy et al., 2020; O'Sullivan, 2013).

4.2 | Fertility and modern contraception

The contraceptive prevalence rate (CPR) was relatively independent
of GDP per capita (Figure 5), at least for the period 1970-1999.
Clearly, other factors than economic growth led to increased use of
modern contraceptives and reduced fertility rates. From about 1960,
international family planning (FP) programs in developing countries
(World Bank, 2007) have contributed to reducing fertility and family
size, by information, counseling and media attention (de Silva &
Tenreyro, 2017; Bongaarts & Hodgson, 2022), and by increasing
access to and use of modern contraceptives by women and couples
(Rana & Goli, 2018).

In Sub-Saharan Africa, the region with highest TFR (UN, United
Nations, 2022a), FP programs have generally been weak (May, 2017)
and in many countries remain so (Gétmark & Andersson, 2020). But
for 24 Sub-Saharan countries, FP programs and increased female
schooling were positively correlated with contraceptive prevalence
rate 1990-2015 (Bongaarts & Hardee, 2019). Without FP programs,
CPR remained low there even where education levels rose substan-
tially. Improved education and health in poor countries is of course
highly desirable, but for lowering fertility they may have less immedi-
ate effect than FP programs that increase the use of modern contra-
ceptives (Rana & Goli, 2018; World Bank, 2007).

Although natural (traditional) contraception is also involved in fam-
ily planning, it is often unreliable compared to modern methods
(Cleland, 2020), which have greatly reduced TFR in several countries. In
the United States, the contraceptive revolution led to a sharp drop in
fertility during the 1960s (Bailey, 2010), and contraceptive pills are con-
sidered a main cause of fertility decline in the United Kingdom
(Murphy, 1993). Use of modern contraceptives has also contributed to
strongly reduced fertility in for example Iran and some other developing
countries (Abbasi-Shavazi & McDonald, 2006; World Bank, 2007).

Our results agree with and strengthen the evidence that use of

modern contraceptives are crucial for reducing TFR, as it dropped
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almost linearly with increasing CPR in developing countries (Figure 4).
In the group Very low/Low, 9 of 16 countries are African, still with
comparatively high TFR that decreases more slowly than it did in Latin
America and parts of Asia (UN, United Nations, 2022a). But also in
Africa, declining TFR is associated with increasing use of modern con-
traceptives (cf. figure 3.4 in Bongaarts & Hodgson, 2022).

The importance of contraceptive prevalence rate for TFR decline
is further supported by differences among countries in group Very
low in the GDP analysis (Figure 2). Whereas most of the 28 countries
in this group had strongly declining TFR 1970-2014 (mean decline
2.02), TFR changed little or not at all in 5 African countries (mean
decline 0.56). These 5 countries (not in Figure 4 because early data
are lacking) in 2010-2015 all had much lower contraceptive use
(mean CPR 15%) than six comparable African countries with strongly
declining TFR (mean decline 2.82, mean CPR 45%, see Supplementary
Table D in Data S1). This difference also points to the importance of
modern contraceptives for fertility decline.

The TFR drop in developing countries 1970-2014 is also related
to other factors such as reduced child mortality, increased education,
family planning programs, urbanization (Lerch, 2019; Schoumaker &
Sanchez-Paez, 2020) and media exposure (de Silva & Tenreyro, 2017;
Manon, 2013). Among proximate factors influencing TFR, age of
marriage and especially age of sex debut are important (Ariho &
Kabagenyi, 2020), as is abortion (Cleland, 2020) and postpartum
infecundability (Singh et al., 2022). More detailed country studies
(Ariho & Kabagenyi, 2020; Shenk et al, 2013; van den Broeck &
Maertens, 2015) and field and “natural” experiments (Ali & Gurmu, 2018;
Bongaarts, 2016; Bongaarts & O'Neill, 2018; Khan & Wang, 2021) are

needed to assess the relative role of each factor.

4.3 | Sustainability consequences
Continued decrease of TFR in many countries, as assumed by the UN,
United Nations (2022a) in its medium population projection and in
other projections (Abel et al.,, 2016; Bradshaw & Brook, 2014), is
required for stabilizing the rapidly growing human population at sus-
tainable level. The UN, United Nations (2022a) “medium variant” pro-
jection is 10.4 billion people in 2100, whereas its “constant fertility”
projection instead would lead to 19 billion. In contrast, assuming UN,
United Nations (2022b) Sustainable Development Goals (SDGs) with
a strong fertility reduction, the population could be 8.5 billion by
2100 (Abel et al., 2016). At present, populations decline in about
30 countries (mainly developed) of 200 countries, due to age structure
(“aging”), low fertility and/or emigration. Reduced population size can
benefit both environment and people by, for instance, less crowding,
lower consumption, and reduced pressure on resources and wildlife
(Gotmark et al., 2018; Skirbekk, 2022). In our country group Relatively
high GDP, ultra-low fertility occurs in South Korea (1.1), and although
its dense population has not yet started to decline, policies for declin-
ing aging populations are needed (see Park, 2020).

Unintended pregnancies and abortions are major problems for

women in poor countries, and elsewhere. As many as 121 million such

Development *

pregnancies per year occurred 2015-2019, 61% ending in abortions,
many illegal and dangerous (Bearak et al., 2019). Such hazards are
reduced if women and couples have means to choose their family size.
In addition to empowerment of women and education of men and
women, free or inexpensive modern contraceptives can greatly aid
countries with unsustainably high birth rates. There, lower family size
norms and wishes (see Assaf & Davis, 2021; Cleland et al., 2019) are
also needed, which can be promoted by information about benefits of
smaller families. Programs for voluntary family planning, successful in
many countries in the past (Bongaarts & Hodgson, 2022; World
Bank, 2007), can reduce fertility where it remains unsustainably high.
Such programs should also include grassroots participation and educa-
tion, raising awareness of the benefits of smaller families, also for
environmental management (Hag, 2013).

Fertility reduction is likely to benefit the economy of poor devel-
oping countries, and increased aid for such measures is cost-effective
in societies that strive to lower fertility and population growth
(Bongaarts, 2016; UN, United nations, 2017; Zakiyah et al., 2016).
Reduced fertility and population size will not only improve economies,
but can lower our impact on the environment in many ways, for exam-
ple as regards climate (Wolf et al., 2021) and biodiversity (Cafaro
et al., 2022; Crist et al., 2017). Reducing fertility through family plan-
ning programs is likely key to achieving the Sustainable Development
Goals (Starbird et al., 2016).

ACKNOWLEDGMENTS

The authors are grateful for valuable suggestions from the reviewers.
The authors thank Philip Cafaro, John Cleland, David de la Croix and
Peter Jagers for comments and suggestions on earlier drafts of the

manuscript.

ORCID

Frank Gétmark "2 https://orcid.org/0000-0003-2604-3298

REFERENCES

Abbasi-Shavazi, M. J., & McDonald, P. (2006). Fertility decline in the
Islamic Republic of Iran: 1972-2000. Asian Population Studies, 2, 217-
237. https://doi.org/10.1080/17441730601073789

Abdi, B., Okal, J., Serour, G., & Temmerman, M. (2020). "children are a
blessing from god"—A qualitative study exploring the socio-cultural
factors influencing contraceptive use in two Muslim communities in
Kenya. Reproductive Health, 17, 44.

Abel, G. J,, Barakat, B., & Lutz, W. (2016). Meeting the sustainable devel-
opment goals leads to lower world population growth. PNAS, 113,
14294-14299 https://www.pnas.org/content/113/50/14294

Ali, F. R. M., & Gurmu, S. (2018). The impact of female education on fertil-
ity: A natural experiment from Egypt. Review of Economics of the
Household, 109, 681-712. https://doi.org/10.1007/s11150-016-
9357-6

Ali, M. M., & Cleland, J. (2010). Oral contraceptive discontinuation and its
aftermath in 19 developing countries. Contraception, 81, 22-29
https://pubmed.ncbi.nlm.nih.gov/20004269/

Ariho, P., & Kabagenyi, A. (2020). Age at first marriage, age at first
sex, family size preferences, contraception and change in fertility
among women in Uganda: Analysis of the 2006-2016 period.
BMC Women's Health, 20, 8. https://doi.org/10.1186/s12905-020-
0881-4

95UB917 SUOLLLOD SA11ER1D) 9|1 jdde ay) Aq peusenob ae seoilie O ‘8sN JO S3|nJ oy Aelq 1 8uluo AS|1M UO (SUOTIPUOI-PUR-SWLBI/LLI0D A8 |IM AJeJq 1 BUI|UO//:SA1L) SUOIPUOD Pue SLe | 841 89S *[£202/T0/60] U0 Arelqiauljuo 411 1591 Ad 022 PS/200T 0T/I0p/wod As|Im Arelqpuljuo//:sdiy woly pepeojumod ‘0 ‘6T.T660T


https://orcid.org/0000-0003-2604-3298
https://orcid.org/0000-0003-2604-3298
https://doi.org/10.1080/17441730601073789
https://www.pnas.org/content/113/50/14294
https://doi.org/10.1007/s11150-016-9357-6
https://doi.org/10.1007/s11150-016-9357-6
https://pubmed.ncbi.nlm.nih.gov/20004269/
https://doi.org/10.1186/s12905-020-0881-4
https://doi.org/10.1186/s12905-020-0881-4

GOTMARK ano ANDERSSON

0 Sustainable Bl |
_l_Wl LEY_ Development W Qﬁ’ E

Assaf, S., & Davis, L. M. (2021). Comparing ideal and completed family size:
A focus on women in low- and middle-income countries with unrealized
fertility. DHS Analytical Studies No. 78. https://dhsprogram.com/
publications/publication-AS78-Analytical-Studies.cfm

Bailey, M. J. (2010). “Momma's got the pill”: How Anthony Comstock and
Griswold v. Connecticut shaped US childbearing. American Economic
Review, 100, 98-129. https://doi.org/10.1257/aer.100.1.98

Balbo, N., Billari, F. C., & Mills, M. (2013). Fertility in advanced societies: A
review of research. European Journal of Population/Revue européenne
de Démographie, 29, 1-38. https://doi.org/10.1007/s10680-012-
9277-y

Barrett, S., Dasgupta, A., Dasgupta, P., Adger, W. N., Anderies, J., van den
Bergh, J., Bledsoe, C. Bongaarts, J., Carpenter, S., Chapin, F. S., lll,
Crépin, A. S., Daily, G., Ehrlich, P., Folke, C., Kautsky, N., Lambin, E. F.,
Levin, S. A., Miler, K. G., Naylor, R, ... Wilen, J. (2020). Social dimensions
of fertility behavior and consumption patterns in the Anthropocene.
PNAS, 117, 6300-6307. https://doi.org/10.1073/pnas.1909857117

Bearak, J., Popinchalk, A., Ganatra, B., Moller, A. B., Tuncalp, O., Beavin, C.,
Kwok, L., & Alkema, L. (2019). Unintended pregnancy and abortion by
income, region, and the legal status of abortion: Estimates from a com-
prehensive model for 1990-2019. Lancet Global Health, 8, e1152-
e1161. https://doi.org/10.1016/52214-109X(20)30315-6

Becker, G. S., & Lewis, H. G. (1973). On the interaction between the quan-
tity and quality of children. Journal of Political Economy, 81, Part 2:
New Economic Approaches to Fertility, S279-5288.

Becker, G. S., Murphy, K. M., & Tamura, R. (1990). Human capital, fertility,
and economic growth. Journal of Political Economy, 98, S12-S37.
https://doi.org/10.1086/261723

Bloom, D., Canning, D., & Sevilla, J. (2003). The demographic dividend: A
new perspective on the economic consequences of population change.
Rand.

Bongaarts, J. (2015). Modeling the fertility impact of the proximate deter-
minants: Time for a tune-up. Demographic Research, 33, 535-560
https://www.demographic-research.org/Volumes/Vol33/19/

Bongaarts, J. (2016). Slow down population growth. Nature, 530, 409-412
https://www.nature.com/news/development-slow-down-population-
growth-1.19415

Bongaarts, J., & Hardee, K. (2019). Trends in contraceptive prevalence in
sub-Saharan Africa: The roles of family planning programs and educa-
tion. African Journal of Reproductive Health, 23, 96-105. https://doi.
org/10.29063/ajrh2019/v23i3.9

Bongaarts, J., & Hodgson, D. (2022). Fertility transition in the developing
world. SpringerBriefs in Population Studies. https://doi.org/10.1007/
978-3-031-11840-1

Bongaarts, J., & O'Neill, B. C. (2018). Global warming policy: Is population
left out in the cold? Science, 361, 650-652. https://doi.org/10.1126/
science.aat8680

Bradshaw, C. J. A., & Brook, B. W. (2014). Human population reduction is
not a quick fix for environmental problems. PNAS, 111, 16610-16615
https://www.pnas.org/content/111/46/16610

Cafaro, P., Hansson, P., & Gotmark, F. (2022). Overpopulation is a major
cause of biodiversity loss and smaller human populations are neces-
sary to preserve what is left. Biological Conservation, 272, 109646.
https://doi.org/10.1016/j.biocon.2022.109646

Canning, D., & Schultz, T. P. (2012). The economic consequences of repro-
ductive health and family planning. The Lancet, 380, 165-171. https://
doi.org/10.1016/50140-6736(12)60827-7

Casterline, J. B., & Odden, C. (2016). Trends in inter-birth intervals in
developing countries 1965-2014. Population and Development Review,
42, 173-194 https://www.popcouncil.org/research/trends-in-inter-
birth-intervals-in-developing-countries-19652014

Caudell, M. A. (2015). The interplay of mortality, economics, and female
empowerment in fertility transformations: A fixed effects analysis
across 40 years and 167 countries. Cross-Cultural Research, 49, 358-
373. https://doi.org/10.1177/1069397115591152

Chesnais, J.-C. (1992). Reprinted in English in 2001: The demographic transi-
tion. Stages, patterns, and economic implications. Oxford University
Press [in French].

Cleland, J. (2020). The complex relationship between contraception and
abortion. Best practice & Research Clinical Obstetrics and Gynaecology,
62, 90-100. https://doi.org/10.1016/j.bpobgyn.2019.04.007

Cleland, J., Machiyama, K., & Casterline, J. B. (2019). Fertility prefer-
ences and subsequent childbearing in Africa and Asia: A synthesis
of evidence from longitudinal studies in 28 populations. Population
Studies, 74, 1-21. https://doi.org/10.1080/00324728.2019.
1672880

Colleran, H., Jasienska, G., Nenko, I., Galbarczyk, A., & Mace, R. (2014).
Community-level education accelerates the cultural evolution of fertil-
ity decline. Proceedings of the Royal Society B, 281, 20132732. https://
doi.org/10.1098/rspb.2013.2732

Crist, E., Mora, C., & Engelman, R. (2017). The interaction of human popu-
lation, food production, and biodiversity protection. Science, 356, 260-
264. https://doi.org/10.1126/science.aal2011

Dasgupta, P. (2007). Economics: A very short introduction. Oxford Univer-
sity Press.

Dasgupta, P. (2019). Time and the generations. Population ethics for a dimin-
ishing planet. Columbia University Press.

Dasgupta, P., Managi, S., & Kumar, P. (2022). The inclusive wealth index and
sustainable development goals. Sustainability Science, 17, 899-903.

de la Croix, D. (2013). Fertility, education, growth, and sustainability. Cam-
bridge University Press.

de Silva, T., & Tenreyro, S. (2017). Population control policies and fertility
convergence. Journal of Economic Perspectives, 31, 205-228. https://
doi.org/10.1257/jep.31.4.205

Dodson, J., Dérer, P., Cafaro, P., & G6tmark, F. (2022). Population growth,
family planning and the Paris agreement: An assessment of the nation-
ally determined contributions (NDCs). International Environmental
Agreements: Politics, Law and Economics, 22, 561-576. https://doi.org/
10.1007/s10784-022-09573-8

Egeh, A. A, Dugsieh, O., Erlandsson, K., & Osman, F. (2019). The views of
Somali religious leaders on birth spacing: A qualitative study. Sexual &
Reproductive Healthcare, 20, 27-31 https://pubmed.ncbi.nlm.nih.gov/
31084814/

Finlay, J. E., & Lee, M. A. (2018). Identifying causal effects of reproductive
health improvements on women's economic empowerment through
the population poverty research initiative. Milbank Quarterly, 96, 300-
322. https://doi.org/10.1111/1468-0009.12326

Goétmark, F., & Andersson, M. (2020). Human fertility in relation to educa-
tion, economy, religion, contraception, and family planning programs.
BMC Public Health, 20, 265. https://doi.org/10.1186/512889-020-
8331-7

Gotmark, F., Cafaro, P., & Sullivan, J. (2018). Aging human populations:
Good for earth, good for us. Trends in Ecology & Evolution, 33, 851-
862 https://pubmed.ncbi.nlm.nih.gov/30340868/

Hag, S. M. A. (2013). Nexus between perception, environment and fertil-
ity: A study on indigenous people in Bangladesh. Sustainable Develop-
ment, 21, 372-384. https://doi.org/10.1002/sd.515

Herzer, D., Strulik, H., & Vollmer, S. (2012). The long-run determinants of
fertility: One century of demographic change 1900-1999. Journal of
Economic Growth, 17, 357-385. https://doi.org/10.1007/s10887-
012-9085-6

Hickel, J. (2018). The contradiction of the sustainable development goals:
Growth versus ecology on a finite planet. Sustainable Development, 27,
873-884. https://doi.org/10.1002/sd.1947

KC, S., & Lutz, W. (2017). The human core of the shared socioeconomic
pathways: Population scenarios by age, sex and level of education for
all countries to 2100. Global Environmental Change, 42, 181-192.
https://doi.org/10.1016/j.gloenvcha.2014.06.004

Keats, A. (2018). Women's schooling, fertility, and child health outcomes:
Evidence from Uganda's free primary education program. Journal of

95UB917 SUOLLLOD SA11ER1D) 9|1 jdde ay) Aq peusenob ae seoilie O ‘8sN JO S3|nJ oy Aelq 1 8uluo AS|1M UO (SUOTIPUOI-PUR-SWLBI/LLI0D A8 |IM AJeJq 1 BUI|UO//:SA1L) SUOIPUOD Pue SLe | 841 89S *[£202/T0/60] U0 Arelqiauljuo 411 1591 Ad 022 PS/200T 0T/I0p/wod As|Im Arelqpuljuo//:sdiy woly pepeojumod ‘0 ‘6T.T660T


https://dhsprogram.com/publications/publication-AS78-Analytical-Studies.cfm
https://dhsprogram.com/publications/publication-AS78-Analytical-Studies.cfm
https://doi.org/10.1257/aer.100.1.98
https://doi.org/10.1007/s10680-012-9277-y
https://doi.org/10.1007/s10680-012-9277-y
https://doi.org/10.1073/pnas.1909857117
https://doi.org/10.1016/S2214-109X(20)30315-6
https://doi.org/10.1086/261723
https://www.demographic-research.org/Volumes/Vol33/19/
https://www.nature.com/news/development-slow-down-population-growth-1.19415
https://www.nature.com/news/development-slow-down-population-growth-1.19415
https://doi.org/10.29063/ajrh2019/v23i3.9
https://doi.org/10.29063/ajrh2019/v23i3.9
https://doi.org/10.1007/978-3-031-11840-1
https://doi.org/10.1007/978-3-031-11840-1
https://doi.org/10.1126/science.aat8680
https://doi.org/10.1126/science.aat8680
https://www.pnas.org/content/111/46/16610
https://doi.org/10.1016/j.biocon.2022.109646
https://doi.org/10.1016/S0140-6736(12)60827-7
https://doi.org/10.1016/S0140-6736(12)60827-7
https://www.popcouncil.org/research/trends-in-inter-birth-intervals-in-developing-countries-19652014
https://www.popcouncil.org/research/trends-in-inter-birth-intervals-in-developing-countries-19652014
https://doi.org/10.1177/1069397115591152
https://doi.org/10.1016/j.bpobgyn.2019.04.007
https://doi.org/10.1080/00324728.2019.1672880
https://doi.org/10.1080/00324728.2019.1672880
https://doi.org/10.1098/rspb.2013.2732
https://doi.org/10.1098/rspb.2013.2732
https://doi.org/10.1126/science.aal2011
https://doi.org/10.1257/jep.31.4.205
https://doi.org/10.1257/jep.31.4.205
https://doi.org/10.1007/s10784-022-09573-8
https://doi.org/10.1007/s10784-022-09573-8
https://pubmed.ncbi.nlm.nih.gov/31084814/
https://pubmed.ncbi.nlm.nih.gov/31084814/
https://doi.org/10.1111/1468-0009.12326
https://doi.org/10.1186/s12889-020-8331-7
https://doi.org/10.1186/s12889-020-8331-7
https://pubmed.ncbi.nlm.nih.gov/30340868/
https://doi.org/10.1002/sd.515
https://doi.org/10.1007/s10887-012-9085-6
https://doi.org/10.1007/s10887-012-9085-6
https://doi.org/10.1002/sd.1947
https://doi.org/10.1016/j.gloenvcha.2014.06.004

GOTMARK ano ANDERSSON

Development Economics, 135, 142-159. https://doi.org/10.1016/j.
jdeveco.2018.07.002

Khan, Q., & Wang, S. (2021). The effect of family planning exposure on
fertility choices and reproductive health care in rural Pakistan. Journal
of Asian Economics, 73, 101283. https://doi.org/10.1016/j.asieco.
2021.101283

Kotschy, R., Urtaza, P. S., & Sunde, U. (2020). The demographic dividend is
more than an education dividend. PNAS, 117, 25982-25984 https://
www.pnas.org/content/117/42/25982

Krugman, P., Obstfeld, M., & Melitz, M. J. (2018). International economics.
Theory and policy (11th ed.). Pearson.

Lee, J.-W. (2020). Determinants of fertility in the long run. The
Singapore Economic Review, 65, 781-804. https://doi.org/10.1142/
50217590819500528

Lee, R. (2015). Becker and the demographic transition. Journal of Demo-
graphic Economics, 81, 67-74. https://doi.org/10.1017/dem.2014.9

Lerch, M. (2019). Fertility decline in urban and rural areas of developing
countries. Population and Development Review, 45, 301-320 https://
www.popcouncil.org/research/fertility-decline-in-urban-and-rural-
areas-of-developing-countries

Lianos, T. P., & Pseiridis, A. (2016). Sustainable welfare and optimum popu-
lation size. Environment, Development and Sustainability, 18, 1679-1699
https://www.researchgate.net/publication/282242775_Sustainable_
Welfare_and_Optimum_Population_Size

Livi-Bacci, M. (2017). A concise history of world population (6th ed.). Wiley &
Sons.

Maddison Project. (2018). Maddison Project database 2018. Groningen Growth
and Development Center https://www.rug.nl/ggdc/historicaldevelopment/
maddison/releases/maddison-project-database-2018

Madsen, J. B., Moslehi, S., & Wang, C. (2018). What has driven the great
fertility decline in developing countries since 1960? Journal of Develop-
ment Studies, 54, 738-757. https://doi.org/10.1080/00220388.2017.
1303675?journalCode=fjds20

Manon, P. (2013). Broadcasting birth control. Mass media and family plan-
ning. Rutgers University Press.

May, J. F. (2017). The politics of family planning policies and programs in
sub-Saharan Africa. Population and Development Review, 43, 308-329.
https://doi.org/10.1111/j.1728-4457.2016.00165.x

McClendon, D., Hackett, C., Potancokova, M., Stonawski, M. &
Skirbekk, V. (2018). Women's education in the Muslim world. Popula-
tion and Development Review, 44, 311-342. https://doi.org/10.1111/
padr.12142

Murphy, M. (1993). The contraceptive pill and women's employment as
factors in fertility change in Britain 1963-1980: A challenge to the
conventional view. Population Studies, 47, 221-243. https://doi.org/
10.1080/0032472031000146986

O'Sullivan, J. (2013). Revisiting demographic transition: correlation and
causation in the rate of development and fertility decline. Paper pre-
sented at the 27" IUSSP International Population Conference 2013,
Korea. https://espace.library.ug.edu.au/view/UQ:368450

O'Sullivan, J. (2020). The social and environmental influences of popula-
tion growth rate and demographic pressure deserve greater attention
in ecological economics. Ecological Economics, 172, 106648. https://
doi.org/10.1016/j.ecolecon.2020.106648

Pande, R. P., Namy, S., & Malhotra, A. (2020). The demographic transition
and women's economic participation in Tamil Nadu, India: A historical
case study. Feminist Economics, 26, 179-207. https://doi.org/10.
1080/13545701.2019.1609693

Park, E. H. (2020). Ultra-low fertility and policy response in South Korea:
Lessons from the case of Japan. Ageing International, 45, 191-205.
https://doi.org/10.1007/s12126-020-09365-y

Pilling, D. (2018). The growth delusion. The wealth and well-being of nations.
Tim Duggan Books.

Poston, D. L., & Bouvier, L. F. (2017). Population and society (2nd ed.). Cam-
bridge University Press.

Sustainable .., "2 B 11
Development o Qﬂ E—WI LEYJ—

Psaki, S. R,, Chuang, E. K., Melnikas, A. J., Wilson, D. B., & Mensch, B. S.
(2019). Causal effects of education on sexual and reproductive health in
low and middle-income countries: A systematic review and meta-analy-
sis. SSM - Population health, 8, 100386. https://doi.org/10.1016/].
ssmph.2019.100386

Rana, J., & Goli, S. (2018). Tracing long-term trajectories of contraceptive
practice across 185 countries. PLoS One, 13(10), e0205927. https://
doi.org/10.1371/journal.pone.0205927

Ranganathan, S., Swain, R. B., & Sumpter, D. J. T. (2015). The demographic
transition and economic growth: Implications for development policy.
Palgrave Communications, 1, 15033 https://www.nature.com/articles/
palcomms201533

Ripple, W. J., Wolf, C., Newsome, T. M., Galetti, M., Alamgir, M., Crist, E.,
Mahmoud, M. 1., Laurance, W. F., & 15,364 scientist signatories from
184 countries. (2017). World scientists' warning to humanity: A sec-
ond notice. Bioscience, 67, 1026-1028 https://academic.oup.com/
bioscience/article/67/12/1026/4605229

Roser, M. (2022). Fertility rate. Our world in data. https://ourworldindata.
org/fertility-rate

Sachs, J. D. (2015). The age of sustainable development. Columbia Univer-
sity Press.

Schoumaker, B., & Sanchez-Paez, D. A. (2020). Identifying fertility stalls by
place of residence in sub-Saharan Africa. Population Association of
America http://hdl.handle.net/2078.1/255132

Shenk, M. K., Towner, M. C,, Kress, H. C., & Alum, N. (2013). A model com-
parison approach shows stronger support for economic models of fer-
tility decline. PNAS, 110, 8045-8050. https://doi.org/10.1073/pnas.
1217029110

Singh, S., Shekhar, C., Bankole, A., Acharya, R, Audam, S., & Akinade, T.
(2022). Key drivers of fertility levels and differentials in India, at the
national, state and population subgroup levels, 2015-2016: An application
of Bongaarts' proximate determinants model. PLoS One, 17, e0263532.

Skirbekk, V. (2022). Decline and prosper! Changing global birth rates and the
advantages of fewer children. Palgrave Macmillan.

Starbird, E., Norton, M., & Marcus, R. (2016). Investing in family planning:
Key to achieving the sustainable development goals. Global Health: Science
and Practive, 4, 191-210 https://www.researchgate.net/publication/
303939138_Investing_in_Family_Planning_Key_to_Achieving_the_SDGs

UN, United nations. (2017). Government policies to raise or lower fertility
level. Population Facts No. 2017/10. https://www.un.org/development/
desa/pd/content/government-policies-raise-or-lower-fertility-level

UN, United Nations. (2019). World population prospects. https://www.un.
org/development/desa/pd/news/world-population-prospects-2019-0

UN, United Nations. (2022a). World population prospects. Department of
Economic and Social Affairs. https://population.un.org/wpp/

UN, United Nations. (2022b). Sustainable development goals, SDGs, and
SDG indicators. Department of Economic and Social Affairs. https://
unstats.un.org/sdgs/indicators/indicators-list/.

UNFPA, United Nations Population Fund (2022). Family planning. https:
//www.unfpa.org/family-planning

Upadhyay, U. D., Gipson, J. D., Withers, M., Lewis, S., Ciaraldi, E. J.,
Fraser, A., Huchko, M. J., & Prata, N. (2014). Women's empowerment
and fertility: A review of the literature. Social Science & Medicine, 115,
111-120. https://doi.org/10.1016/j.socscimed.2014.06.014

van Balen, J. (2010). Choice of study discipline and the postponement of
motherhood in Europe: The impact of expected earnings, gender com-
position, and family attitudes. Demography, 47, 439-458. https://doi.
org/10.1353/dem.0.0108

van den Broeck, G., & Maertens, M. (2015). Female employment reduces
fertility in rural Senegal. PLoS One, 10(3), €0122086. https://doi.org/
10.1371/journal.pone.0122086

Westoff, C. F., & Bietsch, K. (2015). Religion and reproductive behavior in
Sub-Saharan Africa. DHS Analytical Studies No. 48, ICF international.

Wetzler, N. S. (2022). Swedish public views on factors influencing the total
fertility rate in developing countries, compared to a scientific overview

95UB917 SUOLLLOD SA11ER1D) 9|1 jdde ay) Aq peusenob ae seoilie O ‘8sN JO S3|nJ oy Aelq 1 8uluo AS|1M UO (SUOTIPUOI-PUR-SWLBI/LLI0D A8 |IM AJeJq 1 BUI|UO//:SA1L) SUOIPUOD Pue SLe | 841 89S *[£202/T0/60] U0 Arelqiauljuo 411 1591 Ad 022 PS/200T 0T/I0p/wod As|Im Arelqpuljuo//:sdiy woly pepeojumod ‘0 ‘6T.T660T


https://doi.org/10.1016/j.jdeveco.2018.07.002
https://doi.org/10.1016/j.jdeveco.2018.07.002
https://doi.org/10.1016/j.asieco.2021.101283
https://doi.org/10.1016/j.asieco.2021.101283
https://www.pnas.org/content/117/42/25982
https://www.pnas.org/content/117/42/25982
https://doi.org/10.1142/S0217590819500528
https://doi.org/10.1142/S0217590819500528
https://doi.org/10.1017/dem.2014.9
https://www.popcouncil.org/research/fertility-decline-in-urban-and-rural-areas-of-developing-countries
https://www.popcouncil.org/research/fertility-decline-in-urban-and-rural-areas-of-developing-countries
https://www.popcouncil.org/research/fertility-decline-in-urban-and-rural-areas-of-developing-countries
https://www.researchgate.net/publication/282242775_Sustainable_Welfare_and_Optimum_Population_Size
https://www.researchgate.net/publication/282242775_Sustainable_Welfare_and_Optimum_Population_Size
https://www.rug.nl/ggdc/historicaldevelopment/maddison/releases/maddison-project-database-2018
https://www.rug.nl/ggdc/historicaldevelopment/maddison/releases/maddison-project-database-2018
https://doi.org/10.1080/00220388.2017.1303675?journalCode=fjds20
https://doi.org/10.1080/00220388.2017.1303675?journalCode=fjds20
https://doi.org/10.1111/j.1728-4457.2016.00165.x
https://doi.org/10.1111/padr.12142
https://doi.org/10.1111/padr.12142
https://doi.org/10.1080/0032472031000146986
https://doi.org/10.1080/0032472031000146986
https://espace.library.uq.edu.au/view/UQ:368450
https://doi.org/10.1016/j.ecolecon.2020.106648
https://doi.org/10.1016/j.ecolecon.2020.106648
https://doi.org/10.1080/13545701.2019.1609693
https://doi.org/10.1080/13545701.2019.1609693
https://doi.org/10.1007/s12126-020-09365-y
https://doi.org/10.1016/j.ssmph.2019.100386
https://doi.org/10.1016/j.ssmph.2019.100386
https://doi.org/10.1371/journal.pone.0205927
https://doi.org/10.1371/journal.pone.0205927
https://www.nature.com/articles/palcomms201533
https://www.nature.com/articles/palcomms201533
https://academic.oup.com/bioscience/article/67/12/1026/4605229
https://academic.oup.com/bioscience/article/67/12/1026/4605229
https://ourworldindata.org/fertility-rate
https://ourworldindata.org/fertility-rate
http://hdl.handle.net/2078.1/255132
https://doi.org/10.1073/pnas.1217029110
https://doi.org/10.1073/pnas.1217029110
https://www.researchgate.net/publication/303939138_Investing_in_Family_Planning_Key_to_Achieving_the_SDGs
https://www.researchgate.net/publication/303939138_Investing_in_Family_Planning_Key_to_Achieving_the_SDGs
https://www.un.org/development/desa/pd/content/government-policies-raise-or-lower-fertility-level
https://www.un.org/development/desa/pd/content/government-policies-raise-or-lower-fertility-level
https://www.un.org/development/desa/pd/news/world-population-prospects-2019-0
https://www.un.org/development/desa/pd/news/world-population-prospects-2019-0
https://population.un.org/wpp/
https://unstats.un.org/sdgs/indicators/indicators-list/
https://unstats.un.org/sdgs/indicators/indicators-list/
https://doi.org/10.1016/j.socscimed.2014.06.014
https://doi.org/10.1353/dem.0.0108
https://doi.org/10.1353/dem.0.0108
https://doi.org/10.1371/journal.pone.0122086
https://doi.org/10.1371/journal.pone.0122086

12 Sustainable -
—l—Wl LEY— Development M= Qﬂ

GOTMARK ano ANDERSSON

(Thesis). University of Gothenburg https://thesiscommons.org/
a%ek4/

Wolf, C., Ripple, W. J., & Crist, E. (2021). Human population, social justice,
and climate policy. Sustainability Science, 16, 1753-1756.

World Bank (2007). The global family planning revolution. W. C. Robin-
son & J. A. Ross (Eds.), Three decades of population policies and
programs. World Bank Group. https://openknowledge.worldbank.org/
handle/10986/6788

World Bank. (2020). Households and NPISHs final consumption expendi-
ture per capita. https://data.worldbank.org/indicator/NE.CON.PRVT.
PC.KD.ZG

Zakiyah, N., van Asselt, A. D. |, Rojimans, F., & Postma, M. J. (2016).
Economic evaluation of family planning interventions in low- and middle-
income countries; a systematic review. PLoS One, 11(12), e0168447.

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Gétmark, F., & Andersson, M. (2022).
Achieving sustainable population: Fertility decline in many
developing countries follows modern contraception, not
economic growth. Sustainable Development, 1-12. https://doi.
org/10.1002/sd.2470

95UB917 SUOLLLOD SA11ER1D) 9|1 jdde ay) Aq peusenob ae seoilie O ‘8sN JO S3|nJ oy Aelq 1 8uluo AS|1M UO (SUOTIPUOI-PUR-SWLBI/LLI0D A8 |IM AJeJq 1 BUI|UO//:SA1L) SUOIPUOD Pue SLe | 841 89S *[£202/T0/60] U0 Arelqiauljuo 411 1591 Ad 022 PS/200T 0T/I0p/wod As|Im Arelqpuljuo//:sdiy woly pepeojumod ‘0 ‘6T.T660T


https://thesiscommons.org/a9ek4/
https://thesiscommons.org/a9ek4/
https://openknowledge.worldbank.org/handle/10986/6788
https://openknowledge.worldbank.org/handle/10986/6788
https://data.worldbank.org/indicator/NE.CON.PRVT.PC.KD.ZG
https://data.worldbank.org/indicator/NE.CON.PRVT.PC.KD.ZG
https://doi.org/10.1002/sd.2470
https://doi.org/10.1002/sd.2470

	Achieving sustainable population: Fertility decline in many developing countries follows modern contraception, not economic...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Data
	2.2  Statistical analyses

	3  RESULTS
	3.1  Fertility and GDP per capita
	3.2  Fertility and consumption per capita
	3.3  Fertility and contraceptive prevalence rate

	4  DISCUSSION
	4.1  Fertility and economic growth
	4.2  Fertility and modern contraception
	4.3  Sustainability consequences

	ACKNOWLEDGMENTS
	REFERENCES


