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Introduction

Most countries classified as low income or middle income in the mid-
twentieth century experienced substantial economic growth over the last
70 years, but average incomes improved considerably more in some coun-
tries than in others. Corresponding differences in human development tra-
jectories accompanied cross-country differences in rates of income growth
(see Table T1 in the Supporting Information). The positive association be-
tween economic growth and human development outcomes, especially in
education, life expectancy, and fertility, is consistent with economic the-
ory and presumably reflects a bicausal relationship: (1) the extent to which
increased income allows individuals and governments to invest more heav-
ily in human development and (2) the impact of improvements in general
health, reproductive health, and education on economic growth.

Investments in education, general health, and reproductive health can
promote economic growth by enhancing worker productivity and labor
supply and by inducing higher rates of saving, capital accumulation, and
technological progress (Barro 2001; Hanushek 2013; Bloom and Canning
2000; Malecki 1997; Bloom et al. 2000; Lee and Mason 2010). Although
substantial evidence supports the impact of human development on eco-
nomic growth, the literature does not clearly indicate which aspects of hu-
man development have the most influence. The literature also fails to clearly
compare human development and its components with other drivers of
growth, such as those related to institutional quality or the nature and den-
sity of infrastructure.

In this paper, we aim to contribute to the literature by assessing the rel-
ative extent to which education, health, and fertility reduction can promote
economic growth. In addition, we show that other domains that are often
mentioned as important, such as infrastructure, are less powerful in pro-
moting economic development. This is done (1) by a theoretical argument
based on an economic growth model with poverty traps; (2) by a compar-
ative review of the literature that analyzes the growth effects of education,
health, and fertility separately; and (3) by an empirical analysis in which
we assess the relative importance of the different associations between ed-
ucation, health, and fertility, on the one hand, and economic growth on the
other.

Identification and inference with respect to these effects is performed
using cross-country and dynamic panel threshold growth regressions,
which allow for heterogeneous growth regimes. Although literature on
cross-country threshold growth regressions exists (see Hansen 2000), it does
not sufficiently address dynamic threshold panel data growth regressions.
This is an important point, because the magnitudes and significance of the
effects plausibly differ across growth regimes in a dynamic setting as well.
Heterogeneity of economic growth regimes, and thus differences in the
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effects of growth determinants, poses a new challenge for policymakers,
because measures applied in one regime may yield different returns when
applied under other conditions.

Bearing in mind the challenges related to reverse causality, we separate
the dependent and independent variables at the time of their measurement
and obtain the following findings: (1) a one-child decrease in the total fer-
tility rate (TFR) corresponds to a 2 percentage point (pp) increase in annual
per capita gross domestic product (GDP) growth in the short run (five years)
and 0.5 pp higher annual growth in the mid-run to long run (35 years);
(2) a 10 percent increase in life expectancy at birth corresponds to a 1 pp
increase in annual per capita GDP growth in the short run and 0.4 pp higher
growth in the mid-run to long run; and (3) a one-year increase in average
educational attainment, measured in years of schooling, corresponds to a
0.7 pp increase in annual growth in the short run and 0.3 pp higher growth
in the mid-run to long run. By contrast, infrastructure proxies are not signif-
icantly associated with subsequent growth in any of the models estimated.

Although we acknowledge that all different approaches in the paper
are susceptible to idiosyncratic criticisms, the overall picture is remarkably
consistent. Human development—focused policies might therefore be the
most successful in promoting economic growth.

The paper is organized as follows: “Illustration of the theoretical back-
ground” section describes a theoretical framework that shows the impor-
tance of human development investments in escaping national poverty
traps. “Literature overview of the qualitative and quantitative results of dif-
ferent investments” section reviews the literature on the causal pathways
from health, education, and fertility to economic growth and the evidence
supporting these mechanisms. “Empirical analysis” section describes this pa-
per’s methodological approach in assessing the associations between health,
education, and demographic variables and economic growth and presents
the results of these analyses. Finally, “Conclusion” section concludes.

Illustration of the theoretical background

This section aims to provide an accessible illustration of the basic model
of economic growth and to show how poverty traps can emerge and be
sustained (see also Nelson 1956; Solow 1956; Diamond 1965; Acemoglu
2009; and Prettner and Bloom 2020 for more details on the formal deriva-
tions). This allows us to isolate the channels through which improvements
in education, health, and infrastructure and changes in fertility can affect
economic development. The literature review on empirical results and our
own analyses in later sections are consistent with the presence of these
channels. The fact that the empirical findings are consistent with theoret-
ical mechanisms gives us more confidence in the estimates. However, we
acknowledge that definitive causal macroeconomic evidence is difficult to
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establish because all methods that we apply to address issues such as reverse
causality can be criticized for different reasons.

To differentiate the effects of changes in infrastructure, health,
education, and fertility from a qualitative point of view, we consider an
economy in which time ¢ = 1, 2... evolves discretely. Aggregate output Y;
depends on the stocks of physical capital K; and human capital H; employed
in the production process. These two accumulable production factors can be
combined to produce aggregate output according to the overall productivity
level A;. The production function that translates factor inputs and produc-
tivity into output has the general form:

Y, = F(ATaI<I7Ht)

where F(...) has positive first partial derivatives and negative second par-
tial derivatives with respect to the accumulable production factors K; and
H;. Physical capital comprises private production capital, such as machines,
production halls, and office buildings, and public capital, such as railroads,
highways, electricity grids, and ports. In contrast to physical capital, human
capital is embodied in an economy’s workers and is mainly determined by
the workforce’s average health status and education level. Productivity A4,
consists of two parts: the economy’s technological state, which determines
the location of the production possibility frontier, and the efficiency of in-
put use, which determines whether the economy produces at its production
possibility frontier (is efficient) or below its production possibility frontier
(is inefficient).

The case of a unique steady-state equilibrium

In a perfectly competitive economy with full information, no externalities,
and no overaccumulation of physical capital, all agents’ investment deci-
sions are efficient. The private and social rates of return coincide for each in-
vestment such that the equilibrium outcome is optimal and does not require
governmental intervention. In this case, the economy develops according
to the well-known dynamics of standard economic growth models with ex-
ogenously increasing technology (Solow 1956; Diamond 1965). Figure 1 il-
lustrates the development process of such an economy. The horizontal axis
depicts the physical capital stock at time ¢, while the vertical axis refers to the
physical capital stock at time ¢ + 1. The capital stock in each period carries
over from the previous period net of the depreciation of old capital, as given
by 8 x K, (where § is the depreciation rate). The capital stock rises because
of gross investment I, = s* F(A4;, K, H;), where s is the saving rate. These
facts are summarized in the capital accumulation equation of the form

K1 = s'F (AL, K, Hy) + (1 = 08) K,
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FIGURE 1 Economic development based on capital accumulation without
a poverty trap. This figure illustrates the growth process as described by a
discrete-time version of the Solow (1956) model with a constant human capital
stock and constant technology
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that pins down the physical capital stock of the next period as a function of,
inter alia, saving/investment decisions, s, and past levels of human capital,
H,. For the illustration in the figure, we assume that productivity and hu-
man capital stay constant at levels A and H and that the function F (4, K;, H)
is concave in K; because the marginal product of physical capital is diminish-
ing. Thus, at some point, capital accumulation stops because additional gross
investment is only sufficient to replace additional depreciation. When this is
the case, the capital stock at time ¢ and the capital stock at time ¢ + 1 coincide
and the economy reaches its steady state. In Figure 1, this point is the inter-
section of the K;,; curve and the 45° line at the corresponding steady-state
capital stock K*. At this steady state, the economy is comparatively rich.
Output growth at the long-run steady state depends mainly on technolog-
ical progress that shifts the production possibility frontier outward (Romer
1990). In empirical analyses of long-run growth processes in high-income
countries, the determinants of technological progress are the main regres-
sors of interest and the specifications of the growth regressions are typically
standard linear models of either a cross-country or panel data structure.

The case of multiple equilibria and poverty traps

In contrast to the case of a unique steady-state equilibrium in high-income
countries, market imperfections, externalities, and coordination failures
among agents can lead to multiple steady-state equilibria in low-income
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countries. The multiplicity of equilibria means that some economies will be
caught in a poverty trap. In such a poverty trap, income is much lower than
at the high-income steady state (described in the previous subsection) be-
cause endogenous forces push the economy back into a low-income equi-
librium. Usually demographic forces such as high fertility and population
growth, poor population health, and low provision and quality of education
sustain poverty traps. For an overview of mechanisms that lead to poverty
traps see, for example, Leibenstein (1954, 1975), Nelson (1956), Galor and
Weil (2000), Bloom Canning, and Sevilla (2003b), de la Croix and Doepke
(2003), Azariadis and Stachurski (2005), Galor (2005, 2011), de la Croix
and Vander Donckt (2010), Strulik, Prettner, and Prskawetz (2013); Can-
ning, Raja, and Yazbeck (2015); Bloom et al. (2017a, 2020), and Timmer
(2020). Demographic variables play a central role in most of these mecha-
nisms, including the following three important channels:

i. Poor health status of the population: The population’s general health
status could be very low; for example, due to widespread infectious
diseases. Consequently, life expectancy might be so low that private
investments in education do not pay off (Ben-Porath 1967; Cervellati
and Sunde 2005, 2013). Poor population health and its negative conse-
quences for education limit the country’s potential for growth, inducing
a poverty trap. In this situation, building schools might not be an effec-
tive development strategy because the individual return on education
and, by extension, education demand is very low.

ii. Population growth: In a country where the majority of the population
lives close to the subsistence level, an increase in income (e.g., by a tech-
nological improvement or by foreign aid inflows) primarily leads to a
higher net rate of reproduction over the subsequent periods. The associ-
ated faster population growth additionally strains private and public in-
vestments, resulting in declines of physical and human capital whereby
the economy remains trapped in the low-income equilibrium (Galor and
Weil 2000).

iii. Unaffordable or low-quality education: If relatively high fees are re-
quired to attend schools or universities or if these institutions do not
broadly provide quality education, then some segments of the popu-
lation will fall short of their educational and human capital potential.
Children in these circumstances are likely to be less productive and earn
less, impeding long-term prospects for educational investment in their
own children. This could perpetuate poverty across generations and re-
duce the economy’s growth potential (Galor and Zeira 1993).

Straightforward extensions of Solow (1956) and Diamond (1965) al-
low for a qualitative analysis of the dynamics of poverty traps. This analysis
clarifies why physical capital accumulation alone might not lift an economy
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FIGURE 2 Illustration of a possible poverty trap. If the initial capital stock is
located to the left of the vertical red line, the capital stock decreases over time
and the economy shrinks toward the origin that represents the poverty trap
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out of poverty and why investments in human capital and fertility reduction
are more promising (which is consistent with our empirical findings later
in this paper). Figure 2 shows the canonical case of the dynamics of eco-
nomic development in the presence of a poverty trap. Three intersections
are present between the K;,, curve and the 45° line such that three qualita-
tively different steady-state equilibria emerge. One steady-state equilibrium
is at the origin, where the capital stock K'* is low and the economy is poor.
Another equilibrium is at the capital stock K*, which corresponds to the
prosperity equilibrium shown in Figure 1. In between these two equilibria
is an unstable steady-state equilibrium, where the vertical red line inter-
sects the K, curve. If the economy starts with a capital stock lower than
that corresponding to the level indicated by the vertical red line, the econ-
omy is caught in the poverty trap’s basin of attraction and converges to the
low-income steady state (as indicated by the arrows in the diagram). Any
policy that fails to raise the capital stock to a value above the vertical red
line cannot catalyze sustained growth.

Two fundamentally different approaches to escaping such a poverty
trap exist. The first is to invest massively in accumulating physical capital,
whereby the economy ends up with a capital stock to the right of the vertical
red line and in the basin of attraction of the high-income steady state. This
“big push” strategy has been used as an argument in favor of immense in-
ternational assistance (aid, subsidized loans, etc.) and expenditures on large
infrastructure projects (Murphy, Shleifer, and Vishny 1989).
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FIGURE 3 Illustration of the effects of a policy that raises H in the case of a
poverty trap. The K;,; curve shifts upward such that the poverty trap’s basin
of attraction shrinks as compared with Figure 2
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The second way to overcome the poverty trap is represented by policies
targeted at increasing productivity A and/or human capital H to shift the
Ky, curve upward. This shift shrinks the poverty trap’s basin of attraction,
as Figure 3 illustrates, in which H increases to H'. Investments in education,
health, or fertility reduction could cause such an upward shift. To see this
dependency of H on the underlying demographic variables and therefore
the potential of changing demography to hasten an escape from the poverty
trap, consider the definition of the aggregate human capital stock in period
t as the product of the number of children from the previous generation
(n,_1N;_1, where n,_; is the fertility rate and N;_; the number of adults),
their average education-driven productivity (¢;), and their average health-
related productivity (%):

H, = h, xe;xn,_*N;_,

Overall, the economic demography literature has established a quality-
quantity tradeoff in the sense that if parents invest more in the number of
children (higher 7,;), they invest less in the education and health of their
children (lower %; and lower e;). The strength of the effect is such that the
product of 4, * e, * n,.; tends to rise with (1) rising average health, (2) rising
average education, and (3) decreasing fertility (Galor and Weil 2000; Ga-
lor 2005, 2011; Strulik, Prettner, and Prskawetz (2013); Prettner and Stru-
lik 2016; Baldanzi et al. 2021; Bucci and Prettner 2020). This constitutes
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the theory-based channel through which fertility reductions and increasing
health and education investments foster long-run economic growth.

The next section discusses the pathways by which enhancing human
capital may foster economic growth based on empirical evidence supporting
these mechanisms. In addition, it provides an overview of the quantitative
importance of the different effects as found in the literature.

Literature overview of the qualitative and
quantitative results of different investments

Pathways and qualitative findings

The literature suggests the following pathways as explanations of the
growth effects of education investments: better educated individuals (1)
are more productive and therefore contribute more to aggregate out-
put (Psacharopoulos 1994; Hall and Jones 1999; Bils and Klenow 2000;
Psacharopoulos and Patrinos 2004, Patrinos and Psacharopoulos 2011),
(2) more readily adopt productivity-enhancing technologies from abroad
(Nelson and Phelps 1966; Bloom Kuhn, and Prettner 2020), (3) are more
likely to establish successful and productive firms (Cabral and Mata 2003;
Bhattacharya et al. 2013; Gennaioli et al. 2013), and (4) increase their
team members’ productivity through spillover effects (Lucas 1988; Battu,
Belfield, and Sloane 2003). Overall, a substantial body of macroeconomic
literature finds education to be a key determinant of economic growth, sug-
gesting that education’s impacts on individual productivity lead to greater
total productivity at the country level (see, e.g., Barro 1991; Sala-i-Martin
1997; Hanushek and Kimko 2000; Krueger and Lindahl 2001; Sala-i-Martin
et al. 2004; de la Fuente and Doménech 2006; Cohen and Soto 2007;
Hanushek and Woessmann 2012, 2015).

Similar pathways suggest that health investments pay off over and
above the increases in longevity and reductions in morbidity that are benefi-
cial at the individual level. The literature focuses especially on the following
channels: (1) healthier workers are more productive and contribute more
to aggregate output (Fogel 1994, 1997; Shastry and Weil 2003; Weil 2007;
Kuhn and Prettner 2016; Bloom,Kuhn, and Prettner 2019b); (2) healthier
children tend to perform better in school, which enhances their potential
for human capital accumulation (Miguel and Kremer 2004; Bleakley and
Lange 2009; Field, Robles, and Torero 2009; Bleakley 2010, 2011; Bloom,
Kuhn, and Prettner 2017b; Baldanzi et al. 2021); (3) healthier individuals
are more inclined to educate themselves and to invest (Ben-Porath 1967;
Kalemli-Ozcan et al. 2000; Bloom, Canning, and Graham et al. 2003a; 2007;
Bloom, Canning, Moore 2014b; Cervellati and Sunde 2005, 2013; Prettner
2013); and (4) health investments (such as vaccination) that cure or pre-
vent infectious diseases have positive spillovers to other individuals (Luca
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and Bloom 2018). Here, too, the positive effect found in micro-based stud-
ies is consistent with the macro-based evidence that health is an important
determinant of economic growth (Barro 1991; Sala-i-Martin 1997; Sala-i-
Martin,Doppelhofer, and Miller 2004; Lorentzen et al. 2008; Suhrcke and
Urban 2010; Aghion, Howitt, and Murtin 2011; Cervellati and Sunde 2011;
Bloom, Canning, and Fink 2014a; Bloom et al. 2019a).

In addition to enhancing productivity, education and health in-
vestments facilitate the escape from fertility-induced poverty traps. Poor
countries generally have much higher youth dependency rates than
wealthier countries. Supporting the basic needs of a relatively large child
population imposes a substantial resource burden, necessitating the di-
version of resources from other productive investments and ultimately
impeding economic growth (see Coale and Hoover, 1958). This high youth
dependency is primarily driven by high fertility rates, which, in turn, are
partly due to precautionary motives in settings characterized by high infant
and child mortality, incomplete insurance markets, and inadequate social
protection systems. settings. As women become healthier, more educated,
and more empowered, and as their expectations regarding child mortal-
ity improve, they tend to have fewer children, which helps in escaping
fertility-induced poverty traps and converging onto a development path
with low fertility and sustained economic growth (see Becker, Murphy, and
Tamura 1990; Galor and Weil 2000; Galor 2005, 2011; Diebolt and Perrin
2013; Prettner and Strulik 2017a; Bloom Kuhn, and Prettner 2020 for the
theoretical mechanisms and Brander and Dowrick 1994; Ahituv 2001; Li
and Zhang 2007; Herzer, Strulik, and Vollmer 2012; Crespo, Cuaresma
Lutz, and Sanderson 2014 for empirical evidence). The economic gains
from lowering fertility (known as the “demographic dividend”) can be
sizable (Bloom and Williamson 1998; Bloom, Canning, and Sevilla 2003¢;
2017a; Golley and Tyers 2012; Misra 2015). In addition, published research
has revealed a second demographic dividend due to aging (Mason and Lee
2006), wherein persons expecting to live longer accumulate more assets to
smooth consumption in old age.

Quantitative results from the literature

Quantitative assessments of the return on investment (ROI) from health,
education, and fertility show that their impacts on productivity are sizeable.
Psacharopoulos (1994), Hall and Jones (1999), Bils and Klenow (2000), and
Montenegro and Patrinos (2014) demonstrate that, across studies of the re-
turns to schooling, income is about 10 percent higher for each additional
year of education. Psacharopoulos and Patrinos (2018) estimate even higher
returns for low-income countries. In particular, average private rates of re-
turn to schooling are highest in Latin America and the Caribbean and for
sub-Saharan Africa, and lowest for Europe, the Middle East, and Northern
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TABLE 1 Selected prominent studies on the relation between one-year
increases in schooling and per capita GDP growth in percentage points

Relation to per

Sources capita GDP growth Time frame Coverage
de la Fuente and Doménech 0.574-1.151% per 1960-1990 World
(2006, 28) schooling year
Cohen and Soto (2007) 1.05-1.26% per 1960-1990 World
schooling year
Lutz, Crespo Cuaresma, and 0.2-12.5% per 1970-2000 World
Sanderson (2008, figure S1) schooling year
Hanushek and Woessmann 0.5% per 25 PISA 1960-1990 World
(2012) test score points

Africa. Table 1 presents the findings of four prominent studies on education
and growth of per capita GDP. The relation between schooling and growth
is positive and ranges from 0.2 to 12.5 percent per each additional year of
schooling with most of the estimates clustering in the range of 0.5 percent to
1.2 percent. A 25-point improvement in Programme for International Stu-
dent Assessment (PISA) score, a measure of educational quality, is similarly
associated with a 0.5 pp increase in annual per capita GDP growth. These
improvements in education may have a positive spillover effect on health
as well (Pradhan et al. 2017, 424; Lutz and Kebede 2018).

Fogel (1997), Weil (2007), and Shastry and Weil (2003) quantify the
effects of health improvements on economic growth. Fogel (1997) provides
historical evidence that improved nutrition (as observed over the period
1780-1980 in Great Britain) raised workforce productivity by 95 percent.
Weil (2007) estimates that a 10 percent increase in the adult survival rate
leads to a 6.7 percent increase in output per worker (i.e., productivity)
and a 4.4 percent increase in GDP per worker. Shastry and Weil’s (2003)
results imply that differences in adult survival rates can explain as much
as one-third of cross-country variation in GDP per worker. Bloom et al.’s
(2019a) macroeconomic estimates lie in between the results of Shastry and
Weil (2003) and of Weil (2007) based on aggregated microeconomic effects.
Bloom et al.’s results indicate that a 10 percent increase in the adult survival
rate leads to a 9.1 percent higher productivity per worker. Table 2 includes
the results of selected studies on these relations.

Ashraf et al. (2013) simulate output trajectories for different de-
mographic scenarios and show that a TFR decline of 0.5 children per
woman raises per capita GDP by 11.9 percent after 50 years. Assuming
linearity in the dependence between economic growth and fertility reduc-
tion, this implies that reducing the TFR by one child leads to an economic
growth rate that is 0.45 pp higher (see also Bloom et al. 2017a). For Asian
countries, the results of Bloom and Williamson (1998) and Bloom and Fin-
lay (2009) suggest that one-third of East Asia’s “growth miracle” is due to
the demographic dividend that followed the strong decline in fertility in
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TABLE 2 Selected prominent studies on the relation between increases in
life expectancy and per capita GDP (or income) growth

Sources Effect on growth Time frame Region
Bloom, Canning, A one-year increase in life 1940-2000 World
and Fink expectancy raises per capita
2014a (2014a, income between 5% and
1364) 15% over a 60-year period
Bloom et al. A one-year increase in life 1960-1990 World
(2004) expectancy is associated with
a 4% increase in long run per
capita output
Aghion, Howitt, A 1% increase in life 1960-2000 OECD
and Murtin expectancy at birth is
2011 (2011, associated with 2.88-9.46%
table 5) higher growth
Cervellati and A 1% increase in life 1940-2000 World
Sunde (2011, expectancy at birth in
130) post-demographic transition
countries is associated with a
1.94-4.14% higher growth
rate
Bloom et al. A 10% increase in adult 1960-2010 World
(2019a, survival rates is associated
13-14) with an increase in labor
productivity of 9.1%
Weil (2007, A 10% increase in adult - Australia,
1291) survival rates is associated Denmark,
with an increase in labor Finland, France,
productivity of 6.7% and Italy, Japan, the
thus GDP per worker of 4.4% Netherlands,
Norway, Sweden,
and the UK
Shastry and Weil Changes in health can explain - World
(2003, 394) 19% of cross-country

differences in per capita
income

OECD, Organisation for Economic Co-operation and Development.
NOTE: Studies with a dash in the column of the time frame are cross-sectional.

these countries. This corresponds to an increase in per capita GDP growth
of about 0.66 percentage points for each one-child reduction in the TFR.
Even small changes in infant mortality, wherein lower fertility rates follow
increased survival rates, may lead to a substantial rise in growth (see effects
from the selected studies in Table 3). Kelley and Schmidt (2005) examine
various methods of modeling the effects of demographic changes on per
capita GDP growth present in the literature. They find that demographic
change can explain approximately 20 percent of per capita GDP growth
across countries, with a larger effect in Asia and Europe than in other re-
gions. These results are broadly in line with Bloom and Freeman (1988),
Bloom and Williamson (1998), Bloom and Sachs (1998), and Bloom and
Finlay (2009).
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TABLE 3 Estimates for demographic dividends

Sources Effects found Time frame Region
Bloom and A 1% higher growth rate of the 1960-1990 East and
Williamson working-age population is Southeast
(1998, associated with an increase of Asia
435-437) 1.37-1.46% in the per capita
GDP growth rate
Bloom and A 1% higher growth rate of the 1965-2005 World
Finlay (2009, labor force is associated with
58) an increase of 1.665% in the

per capita GDP growth rate

We also analyzed literature that studied the relationship between
infrastructure spending and economic growth. Influential works by
Barro (1990) and Canning and Pedroni (2008) suggest that government
spending—and infrastructure spending in particular—may enhance eco-
nomic development and growth. Other findings (Crafts 2009) suggest that
the effect is heterogeneous and that other countereffects may outweigh the
positive ones.

Empirical analysis

The previous section’s estimates are drawn from sources that use different
country samples, time frames, controls, and datasets (of varying quality).
Furthermore, these studies utilize different econometric methods and ac-
count for different types of costs and benefits. Most importantly, these stud-
ies typically focus only on one aspect such as education or health and not
on different aspects together. As such, these results are helpful for discern-
ing the general impacts of different types of expenditures but do not allow
straightforward comparisons of the relative ROI across sectors.

One main virtue of the original empirical analyses presented in this
paper is that they estimate the impacts of health, fertility, education, and
infrastructure on per capita GDP simultaneously and under an internally
consistent methodological framework. These analyses can better isolate
the different relationships of interest and estimate their magnitudes in
a fully comparable manner. Our empirical strategy' is based on growth
regressions in both cross-country and panel data settings. Cross-sectional
analyses are used to capture cumulative relationships over a relatively long
time horizon. Here, we use initial levels of explanatory variables to explain
economic growth over the following time period as a means of addressing
issues of reverse causality. However, this does not control for confounding
factors that may influence both initial levels of explanatory variables and
subsequent growth and thus does not fully address endogeneity concerns.
As such, dynamic panel data methods are used to make better infer-
ences about the effects over a five-year interval. Our dynamic panel data
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specification treats all explanatory variables as endogenous and thus in-
struments these by their lagged levels and differences. In this way, we try
to tackle endogeneity at least in the time dimension.

Although we rely on the growth regression framework both in the
cross-section and the panel-data settings, we wish to stress that this method
can also identify differences in levels of per capita GDP as present in the
theoretical illustration. To see this, consider that the transition periods over
which growth rates are higher in one country than in another can be rather
long such that discernible differences in growth rates may persist for many
decades. If growth rates have discernible differences, then it follows log-
ically that level effects also appear at the end of the observation period.
Consequently, we can safely use our methods to assess the effects of health,
education, and fertility on long-run income levels as well.

The data for the cross-country and subsequent panel data analysis are
taken from different sources, and the number of country observations is
restricted by the size of the full set of the explanatory variables. The cross-
country regressions explain annual per capita GDP growth rates between
1980 and 2015 as a function of initial income (two time points selected as
in Barro 1991, 410), the share of equipment investments, the initial level
of life expectancy, mean years of schooling, the TFR, electricity usage per
capita (a proxy for infrastructure), the share of the population that is of
working age (i.e., age 15-64) to control for the initial demographic struc-
ture, and political rights (a proxy for institutions).? As for the data sources,
per capita GDP, life expectancy, the TFR, electricity usage per capita, and the
share of the population that is of working age are taken from the World De-
velopment Indicators (World Bank, 2018), whereas the share of equipment
investments is taken from DeLong and Summers (1991), the political rights
index from Gastil (1987) and Barro (1991), and mean years of schooling
from Barro and Lee (2013). The same sources were used for the panel data
analysis except for the data on political rights, which were taken from the
Freedom House (2018).

To be consistent with the presence of poverty traps based on the theo-
retical analysis, our data should exhibit multiple equilibria. As such, before
we proceed to formulating the empirical strategy, we test the income data
for the presence of multiple equilibria, or thresholds. The first step in test-
ing for multiple growth regimes is to conduct a univariate analysis of distri-
butions for the countries in our sample, like that of Quah (1996). Three
well-established modality tests are applied using 1960, 1980, and 2015
per capita GDP data for the countries involved in our further analysis: the
original Silverman (1981) test; the improved Hall and York (2001) test,
specifically tuned for unimodality testing; and the Fisher and Marron (2001)
test, which is superior in handling outliers. These tests reveal mixed evi-
dence favoring unimodality for per capita GDP analyses of 1960 data: the
Hall and York (2001) test does not reject unimodality, whereas the Fisher
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TABLE 4 Testing income modality

Hall and York (2001) / Fisher and Marron

log p.c. GDP Silverman (1981) (2001)

HO: Unimodality
1960 0.080 0.044
1980 0.042 0.039
2015 0.043 0.028

HO: Bimodality
1980 0.960 0.662
2015 0.486 0.243

NOTE: for all tests 1,000 bootstrapping rounds are conducted; support is derived from the range of the sample;
p.c. = per capita

and Marron test does (see Table 4). However, both tests reject unimodal-
ity in favor of bimodality for 1980 and 2015 numbers. Figure 4 indicates
that the 1980 modes are located near 8.02 (3,041 international dollars ad-
justed for purchasing power [INT-$]) and 10.2 (26,903 INT-$), correspond-
ing to the low- and high-income equilibria, respectively. The antimode of
8.8 (6,634 INT-$) for 1980 serves as a virtual borderline between these two
regimes. For 2015, the modes are located near 8.21 (3,679 INT-$) and 10.71
(44,802 INT-$). This indicates that the income distribution shifted higher,
but maintained bimodality, making the threshold analysis valid throughout
the period.

Although bimodality was maintained throughout the period, disper-
sion increased among low- and middle-income countries (LMICs), re-
flecting the fact that countries like China, Indonesia, and South Korea
moved to upper quartiles within the LMIC group, while other countries
experienced very little growth. Strikingly, only South Korea managed the
transition from the low-income equilibrium in 1980 to the high-income
equilibrium in 2015. Understanding the modality and the implications of
the presence of different income regimes is crucial for the estimation strat-
egy because the effects may have different magnitudes for different regimes
(and may even offset one another).

To address the problem of poverty traps, we apply single and multi-
ple equilibria empirical strategies. The equation for the single equilibrium
approach allows for a single set of coefficients:

in,TffO = ,30 + ﬂlyi,to + ﬁX)(i,ZO + Ml’,T*[O (1)

whereas the multiple equilibria approach, as in Hansen (2000), allows for
two sets of coefficients:

Oho + O11Yiny + OuXisy + Uir—ty §i SV

5o 5
Vit { 020 + 021Yi1y + OxXig + Uir—ty qi >V @)

where y is the annual growth rate of per capita GDP between time #, and T,
y is income at time o, X is a matrix of growth determinants at time o, u is
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FIGURE 4 Evolution of the log of per capita GDP distribution from 1960 to
2015. The same sample of 69 countries is used for the estimation. Critical band-
widths used from 1960, 1980, and 2015 are 0.41, 0.26, and 0.4
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the error term, i is the country subscript, 8 and 6 denote the coefficients of
interest, and y and ¢; denote the threshold and the threshold variable. We
use the initial levels of the selected growth determinants (i.e., their values
at tp) to limit the influence of endogeneity and reverse causality on the
estimated coefficients. For the threshold variable, we use the logarithm of
initial income to distinguish among countries around the low- and high-
income equilibria. This specification is based on those used in Durlauf and
Johnson (1995, 368) and Hansen (2000, 587).

In the single equilibrium estimations (Table 5, column 1), fertility
was the most powerful predictor of growth. In this specification, the only
other significant effects were the convergence effects and the share of
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TABLE 5 Single (1) and multiple equilibria (2 and 3) analysis; annual per
capita GDP growth rates in 1980-2015

Low income High income
(0)) (2) 3)
Variables Overall qi <y qi >y
log of p.c. GDP, 1980 -0.0128%*** -0.0169*** -0.0143%*
(0.0028) (0.0042) (0.0060)
log of p.c. GDP, 1960 -0.0043 -0.0027 -0.0083
(0.0032) (0.0049) (0.0053)
equipment investment share 0.1008* 0.1845* 0.1076
(DeLong and Summers, 1991) (0.0505) (0.0992) (0.0693)
log of life expectancy, 1980 0.0093 0.0390** -0.0470
(0.0176) (0.0193) (0.0470)
mean years of schooling, 1980 0.0010 -0.0010 0.0027%**
(0.0007) (0.0012) (0.0010)
fertility, 1980 -0.0099*** -0.0052* -0.0103**
(0.0023) (0.0030) (0.0051)
log of electricity usage p.c., 1980 0.0005 0.0014 0.0036
(0.0018) (0.0019) (0.0044)
working-age population share, -0.0004 0.0020** -0.0011
1980 (0.0006) (0.0009) (0.0009)
rural population share, 1980 -0.0000 -0.0003* 0.0000
(0.0001) (0.0002) (0.0001)
political rights (Gastil, 1987; Barro, 0.0012 0.0018 0.0014
1991) (0.0010) (0.0012) (0.0019)
constant 0.1685* -0.0752 0.4581*
(0.0992) (0.1293) (0.2492)
countries per regime 69 35 34
R-squared 0.679
R-squared adj. 0.624
Breusch-Pagan test (p value) 0.884
threshold (log of p.c. GDP, 1980) 8.38

NOTE: Standard errors are in parentheses; three asterisks refer to significance at the 1% level, two asterisks to
significance at the 5% level, and one asterisk to significance at the 10% level; p.c. = per capita.

equipment investments. However, the single equilibrium approach may be
problematic because effects may vary in magnitude and sign across different
data segments; the multiple equilibria analysis in Table 5 (columns 2 and 3)
separately estimates effect magnitudes for low- and high-income countries
(for the list of countries, see Table T2 in the Supporting Information. The
threshold between low- and high-income countries, y, is determined dur-
ing the estimation.? This reflects income bimodality that persisted during
our analysis period (as shown previously).* For the countries in the low-
income equilibrium, the following variables were significant: initial income,
share of equipment investments, life expectancy, fertility, working-age pop-
ulation share, and share of the rural population. It follows that low-income
countries exhibit a higher speed of convergence than high-income
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TABLE 6 Specification test for the omitted variable bias

Equation Ramsey RESET test (p-value)
Table 5, Column 1 0.143
Table A5, Column 1 0.210

countries. A 10 percent increase in life expectancy for the low-income coun-
tries is linked to a 0.39 pp increase in average annual per capita GDP growth
over the following 35 years. Increasing mean years of schooling by one year
is in turn linked to a 0.27 pp increase in annual growth. Decreasing TFR by
one child per woman is associated with a 0.5 and 1 pp increase in growth for
low- and high-income countries, respectively. In Tables 5 and 6 no empirical
evidence of heteroskedasticity was found, and normal standard errors were
used for both estimation strategies. In cases of heteroskedasticity (robust-
ness checks in Tables T3-T5 in the Supporting Information) robust standard
errors were applied.

Table 6 points out the absence of an omitted variable bias according
to the Ramsey (1969) test. The inclusion of regional dummies improves
the results of the given test slightly. Therefore, we additionally conducted
a robustness check with regional dummies for Europe, sub-Saharan Africa,
East Asia, landlocked status, and absolute latitude validating our results.

Initial income is an intuitive variable for determining thresholds in the
multiple equilibria analysis. However, other variables can be used to delin-
eate thresholds as well: for example, Bloom and Canning (2007) focus on
mortality traps and distinguish equilibria using life expectancy data. The
state of the country with respect to the demographic transition can also be
used to differentiate equilibria. Although correlated with income, the timing
of a country’s demographic transition can provide additional perspective on
variation in economic growth determinants among demographic transition
forerunners, followers, trailers, and latecomers (Reher 2004). Bimodality of
fertility transitions is plausible (see Figure 5), and the Hall and York (2001)

FIGURE 5 Fertility transition years as in Reher (2004); sample of 58
countries; critical bandwidth: 10.35
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TABLE 7 Multiple equilibria analysis; annual per capita GDP growth rates in
1980-2015

Forerunners Trailers and
and followers latecomers
(0)) ()
Variables qi <y qi>y
log of p.c. GDP, 1980 -0.0125%** -0.0176%**
(0.0047) (0.0036)
log of p.c. GDP, 1960 -0.0079* 0.0022
(0.0046) (0.0038)
equipment investments share (DeLong 0.0825 0.1863**
and Summers, 1991) (0.0598) (0.0886)
log of life expectancy, 1980 -0.1228%*** 0.0379**
(0.0410) (0.0175)
mean years of schooling, 1980 0.0029*** 0.0003
(0.0008) (0.0010)
fertility, 1980 -0.0192%#** -0.0082%**
(0.0047) (0.0024)
log of electricity p.c. usage, 1980 0.0011 -0.0000
(0.0033) (0.0017)
working-age population share, 1980 -0.0009 0.0004
(0.0008) (0.0008)
rural population share, 1980 -0.0001 -0.0002
(0.0001) (0.0001)
political rights (Gastil, 1987; Barro, 1991) 0.0022 0.0013
(0.0015) (0.0010)
constant 0.7880%*** -0.0011
(0.1986) (0.1087)
countries per regime 28 30
threshold (fertility transition) 1960

NOTE: Standard errors are in parentheses; three asterisks refer to significance at the 1% level, two asterisks to
significance at the 5% level, and one asterisk to significance at the 10% level; p.c. = per capita.

and Fisher and Marron (2001) tests both reject unimodality, with p-values
of 0.022 and 0.0002, respectively. According to the threshold analysis, fore-
runners and followers belong to one regime, whereas trailers and latecom-
ers belong to the other. Table 7 shows that using thresholds based on the
timing of the demographic transition produces effect estimates that corre-
spond reasonably well to those produced using initial income: for trailers
and latecomers life expectancy is significant and positive and for forerun-
ners and followers mean years of schooling is the most significant deter-
minant. Once again, fertility is significant and negative for both regimes,
whereas life expectancy shows a negative effect for forerunners and fol-
lowers. The fact that increases in life expectancy in forerunners and fol-
lowers are mainly due to mortality reductions beyond the retirement age
could explain the latter because the positive effects of increasing life ex-
pectancy on economic growth that would occur through increases in labor
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productivity of workers cannot play out for this group (Bloom,Kuhn, and
Prettner 2019b). Another interesting finding is that forerunners of the de-
mographic transition exhibit slower convergence, whereas the followers ex-
hibit faster convergence: this finding is intuitive, because many of the fol-
lowers are countries with relatively low income. Controlling for regional
dummies, sub-Saharan Africa and South-East Asia did not change our re-
sults substantially (see Table T3 in the Supporting Information).

We conduct an additional robustness check with respect to (1) con-
trolling for physical capital, (2) controlling for trade, (3) longer timeframes,
and (4) interaction terms. The additional data on physical capital per capita
are taken from the Penn World tables (see Feenstra, Inklaar, and Timmer
2015), whereas the trade volume as a fraction of GDP is taken from the
World Development Indicators (World Bank 2018). Tables T3 and T4 in the
Supporting Information incorporate robustness checks for Tables 5 and 6
with respect to further controls and time frames, whereas Table T5 contains
an estimation with an interaction term, based on the specification from Ta-
ble 5. Considering the effects in Tables T3 and T4 in the Supporting Informa-
tion, the magnitude and the significance largely resemble those reported in
Tables 5 and 6: life expectancy, fertility, and working-age population share
are significant for the low-income countries, whereas schooling remains sig-
nificant for the high-income countries. Demographic transition trailers and
followers exhibit significant effects of life expectancy and fertility. In both
cases, the proxy for trade is a significant positive growth determinant, which
is consistent with findings from the literature (see Singh 2010; Vamvakidis
2002). In addition, we investigate the interaction between electrification
and schooling, which combined becomes a powerful determinant of eco-
nomic growth (see Table A5 in the Supporting Information): Electrification
improves quality of education, as Shafiq (2007), Tsaurai and Ndou (2019),
and Sovacool and Vera (2014) outline. The key benefits of electrification
in education include lighting and extended studying hours, enhanced staff
retention and teacher training, and improved school performance. In addi-
tion, Ajakaiye and Ncube (2010) and Pi¢tak (2014) argue that infrastruc-
ture enhances the economic impact of human capital by improving worker
productivity. Although no empirical evidence was found for the significant
impact of infrastructure alone, the findings do suggest a positive impact
through the channel of human capital.

Although the cross-section analysis provides long- and medium-run
inferences, the effects of health, education, and infrastructure can be
analyzed in the short run as well. This complementary analysis can be
performed using dynamic panel data threshold growth regressions. To con-
duct a short-run dynamic inference and further minimize endogeneity bias
and overcome other problems typical of cross-country growth regressions,
we construct a strongly balanced panel dataset encompassing 55 countries
for 1990-2015. In this estimation, we include the lag of per capita GDP
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to control for the convergence process and use five-year averages of the
explanatory variables to smooth out business-cycle fluctuations,’ alleviate
measurement errors, and focus on short-run effects. Panel data growth
equations are estimated using the system-generalized method of moments
(SGMM) estimator (Blundell and Bond, 1998) and treating all explanatory
variables as endogenous with their moments as instrumental variables
(IV). All explanatory variables are lagged by one five-year time period,
and time fixed effects are included.® The dynamic threshold panel model
from Dang, Kim, and Shin (2012) is used to apply the single and multiple
equilibria approach to the panel data. This model is superior to nondynamic
threshold panel models, such as Hansen (1999), because it enables the use
of dynamic instruments for potentially endogenous variables, including the
autoregressive term (which is a crucial control for the convergence effect).
We use the same set of variables as in the cross-country regressions, except
for the fixed capital investments share, which is not available for the given
time span and country sample. Controlling for lagged income should at least
partly account for the stock of physical capital and therefore the absence
of the latter control should not pose a major issue. The dynamic threshold
panel model from Dang, Kim, and Shin (2012) takes the following form:

Vie = (p1yie1 + 11 Xi1) I{qz‘zif} + (p2yii—1 + m2Xii1) I{qi[>c} +vi,  (3)

where i and ¢ are country and time indices with five-year periods, y is
the log of per capita GDP, X is a matrix of determinants and controls, I is the
indicator function for the regime attribution below or above the threshold,
¢ is a country indicator variable (1 for low income and 2 for high income),
p and & are coefficients, and v;, is the composite error term. The data for
the dynamic panel data analysis were taken from the World Bank (2018),
Barro and Lee (2013), and Freedom House (2018). In the given specifica-
tion the explanatory variables are instrumented by their lagged levels and
differences to address the temporal endogeneity. This approach raises the
number of instruments but is necessary to disentangle the temporal inter-
dependencies among the variables. The overidentification tests’ in Table 8
suggest that the instruments used are valid.

Note that because the dependent variable, per capita GDP, is given in
logarithms, the marginal effects represent the change of income in pp. In
the single equilibrium dynamic panel data estimation (see Table 8), fertility
is the only significant predictor of economic growth: a one-unit decrease
in the TFR in the current five-year period is associated with a 4.46 per-
cent increase in per capita GDP in the next. Thus, the annualized effect of
fertility is to increase per capita GDP growth by roughly 0.89 pp. Under
the multiple equilibria specification, the dynamic threshold panel model
estimates significant effects for multiple variables: for the low-income equi-
librium, the annualized effects of TFR, schooling, and life expectancy are
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TABLE 8 Single (1) and multiple (2 and 3) equilibria SGMM estimation;
five-year log per capita GDP levels, 1990-2015

(1) (2) 3)

Variables Overall qit < ¢ Qi > ¢

log p.c. GDP (¢-1) 0.9387*** 0.9127%*** 0.8601***
(0.0329) (0.2295) (0.0629)

log life expectancy (t-1) 0.1113 0.5834* 0.1255
(0.1074) (0.3171) (0.1202)

mean years of schooling (z-1) 0.0034 0.0360** -0.0026
(0.0050) (0.0179) (0.0105)

fertility (#-1) -0.0446* -0.1028%*** -0.0312
(0.0250) (0.0369) (0.0345)

working-age population share (¢-1) 0.0076 0.0004 0.0079
(0.0063) (0.0154) (0.0074)

log of electricity p.c. usage (t-1) -0.0203 -0.1986 0.0647
(0.0371) (0.2351) (0.0813)

rural population share (z-1) -0.0001 -0.0070 0.0004
(0.0014) (0.0047) (0.0012)

political rights (#-1) -0.0100 -0.0205 -0.0164
(0.0088) (0.0229) (0.0186)

time dummies yes yes

observations 275 275

countries 55 55

Arellano-Bond test for AR(2) 0.117 0.838

Hansen test p-value 0.999 0.999

threshold (log of p.c. GDP) 7.142

Difference-in-Hansen tests

GMM levels, exclusion 0.978 0.997

GMM levels, difference 0.999 0.888

IV instruments, exclusion 0.999 0.999

1V instruments, difference 0.999 0.188

NOTE: Robust standard errors are in parentheses; three asterisks refer to significance at the 1% level, two
asterisks to significance at the 5% level, and one asterisk to significance at the 10% level; p.c. = per capita;
GMM: generalized method of moments; IV: instrumental variables.

all significant. A one-child decrease in the TFR is associated with a 2.1 pp
increase in per capita GDP growth, an additional year of schooling with a
0.7 pp increase, and a 10 percent increase in life expectancy with a 1.1 pp
increase. Notably, the threshold for the given estimation lies close to 7.142
(1,264 INT-$),® which is lower than in the cross-section threshold growth
regressions, and therefore these effects can be interpreted as best applying
to very low-income cases.’ In general, the short-run effects using the dy-
namic threshold panel model confirm the importance of fertility reduction,
education, and health in these settings.!’

To summarize, health and demography are again the most powerful
predictors of economic growth and thus should be considered priorities
in policymaking. Schooling follows in terms of magnitude and robustness.
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Altogether, these results are consistent with the theoretical model suggest-
ing that policies to reduce fertility, increase health, and bolster education are
effective in helping an economy to escape from a poverty trap. The results
are also consistent with the literature discussed in “Literature overview of
the qualitative and quantitative results of different investments” section.

Conclusion

In the last 70 years, many LMICs underwent transformational economic
growth, while others experienced moderate to nonexistent development
gains. Governments of developing countries that made substantial progress
can take advantage of the resource expansion that accompanied their past
growth experiences and invest in health, education, and fertility reduction
to promote further economic growth. Countries that made only modest im-
provements can draw lessons from these disparate growth outcomes to im-
prove their growth trajectory going forward.

Using an intuitively accessible growth model in discrete time with mul-
tiple equilibria, we show that (1) investments in physical capital (e.g., in-
frastructure investments) could help a country escape a poverty trap and
develop along a balanced growth trajectory only in the case of a “big push”
scenario, while (2) investments in health and human capital would change
the dynamic system and lift the balanced growth trajectory upward, re-
ducing the poverty trap’s basin of attraction and easing the transition to
sustained growth.

Our empirical analysis is based on cross-sectional and dynamic panel
data threshold regressions of 1980-2015 data.!! While conducting cross-
sectional and panel data analysis, we addressed the issue of temporal re-
verse causality by separating the measurement of the dependent and in-
dependent variables in the cross-section framework and instrumenting the
dependent variables with their lagged levels and differences in the panel
data framework. Empirical analyses across multiple datasets, time frames,
controls, and econometric estimators yield four main associations relevant
to policymakers in LMIC settings:!'2

(1) A one-child decrease in the TFR corresponds to a 2 pp increase in annual
per capita GDP growth in the short run (five years) and 0.5 pp higher
annual growth in the mid-run to long run (35 years).

(2) A 10 percent increase in life expectancy at birth corresponds to a 1 pp
increase in annual per capita GDP growth in the short run and 0.4 pp
higher growth in the mid-run to long run.

(3) A one-year increase in average educational attainment, measured in
years of schooling, corresponds to a 0.7 pp increase in annual growth
in the short run and 0.3 pp higher growth in the mid-run to long run.
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(4) Infrastructure proxies were not significantly associated with subsequent
growth in any of the models estimated.

Given that per capita GDP growth in LMICs generally averages be-
tween 2 and 4 percent, these estimated changes in annual growth are
appreciable.!® The findings of these analyses are generally consistent with
the theoretical and empirical literature.

In prioritizing governmental expenditures for economic growth, deci-
sion makers should consider several factors alongside the average effects of
the outcome variables on growth: the effectiveness of spending in improv-
ing the outcome variables, the timeline over which the spending effects will
be realized, and validation using context-specific findings. Applying these
metrics, reproductive health and fertility reduction tend to predominate as
growth determinants. Policy measures related to this area are most effec-
tive in the short- and medium-term time domains (5-15 years). Improving
general health can be particularly effective in the medium term as well;'*
however, most of the returns would be expected in the long run. Educa-
tion features a longer maturity horizon, although for low-income countries,
some effects are evident even in the medium term. Infrastructure projects
have the broadest range in terms of findings and time domain. Our analyses
suggest that this category has less transformative potential than the others,
but this does not suggest that a positive relationship between infrastructure
spending and economic growth should be ruled out entirely.

Priority setting within sectors is equally important. The Copenhagen
Consensus Center’s Post-2015 Consensus informs this task for developing
countries by ranking more than 100 development targets proposed by the
United Nations” Open Working Group according to the social returns to each
dollar spent meeting each goal. The results of this aggregated research sug-
gest that investments in decreasing the burden of diseases, HIV and AIDS
treatment and prevention, and preschool and primary education (especially
for low-income countries) have the most potential for promoting growth
(Lomborg, 2018). Other meta-analyses show that investments in primary
education tend to offer higher social returns than such investments in sec-
ondary education, which, in turn, are higher than returns from tertiary ed-
ucation (Psacharopoulos and Patrinos, 2018). Furthermore, investments in
improving gender equality across various domains also promote sustained
economic growth very effectively by reducing fertility, increasing the stock
of human capital, and improving women’s and children’s health (Klasen,
2002, 2018; Abu-Ghaida and Klasen, 2004; Bhalotra and Rawlings, 2011;
Albanesi and Olivetti, 2016; Prettner and Strulik, 2017a; Bloom Kuhn, and
Prettner 2020).

Recognizing that the results presented in this paper represent the
average benefits of interventions and improvements in outcomes across
countries, with the original empirical results excluding costs altogether, is
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important. In reality, both the costs and benefits of achieving improvements
in outcomes will vary substantially across settings and within the context
of different programs. For example, a program to expand access to birth
control may be highly successful in reducing fertility where unmet need for
contraceptives is high, but completely ineffective in another environment
where individuals desire more offspring (Prettner and Strulik, 2017b). As
such, policymakers must consider the specific constraints on development
in their settings and the relative cost of the options available for achiev-
ing improvements in health, education, fertility, and infrastructure to make
sound assessments of their relative ROIs. Ultimately, determining which in-
terventions will best promote economic growth remains highly contextual,
but well-informed decision makers should benchmark their expectations
relative to the cross-country development experience of the last several

decades.
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1 An alternative strategy is a microsim-
ulation using a general equilibrium model as
in Kabajulizi et al. (2017) and Mohammed
(2018), where the causal impact of expen-
ditures is modeled for Uganda and Algeria,
respectively. However, due to calibration is-
sues, these simulations are generally better
suited for specific countries, rather than for
large cross-country samples. Thus, to provide

a broader analysis we base our empirical ap-
proach on the well-established growth re-
gression framework.

2 One could assume nonlinearities in
these relationships (e.g., the diminishing re-
turns to education) and interaction terms
between variables (e.g., that investments in
education may increase productivity to a
greater extent when a population is healthy).
However, inclusion of these extra terms did
not improve the predictive power of the
models developed in this paper, possibly due
to the relatively small sample of countries.

3 The multiple equilibria analysis pre-
sented in Table 5 assumes two regimes, re-
flecting the bimodal income distribution evi-
denced previously.

4 Implementing these analyses assum-
ing a larger number of regimes would be
problematic due to the sample size.

5 AsDurlaufetal. (2005) note, five-year
aggregation is a well-established practice in
dynamic panel data estimation of growth re-
gressions.
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6 To avoid perfect collinearity, we leave
out the 2010-2015 period.

7 Please note that the Hansen test for
overidentifying restrictions may be weak-
ened by the number of instruments.

8 The Hansen (1999) model estimates
similar threshold values, validating these re-
sults.

9 At least 12 countries from our sam-
ple would fall in this category at different
time periods: Bangladesh, Benin, Cameroon,
China, Congo (Dem. Rep.), Cote d’Ivoire,
Ghana, India, Kenya, Myanmar, Nicaragua,
and Nigeria. For the list of countries, see Ta-
ble T2 in the Supporting Information.t

10 In addition, we conducted an
impulse-response analysis (see Figures T1
and T2 in the Supporting Information) us-
ing panel vector autoregressions based on
three-year periods to cross-validate the ef-
fects in the short run and explicitly address
the impact of health and education expen-
ditures on economic growth. The orthogo-
nal cumulative impulse-response functions
with bootstrapped confidence intervals as in
Liitkepohl (2005, 126-129) suggest that after
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