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ABSTRACT

ESSAYS ON HEALTH AND ECONOMIC DEVELOPMENT NEXUS: NEW
EVIDENCE FROM A PANEL OF COUNTRIES

Oztiirk, Ceyhan
Ph.D., Department of Science and Technology Policy Studies
Supervisor  : Prof. Dr. Aysit Tansel

November 2018, 276 pages

This empirical study investigates the effects of health on economic development that
include linear, quadratic and cubic specifications for the periods 1940-1980, 1940-
2009, and 1980-2009. This study tries to bring out different characteristics of the
effects of health on economic growth. Hence, different periods are used depending
on short and long-terms of life expectancy, body mass index, and systolic blood
pressure as proxy variables for health to investigate effect of health on gross
domestic product per capita. These health proxies have common characteristic of
being age-dependent. Therefore, these specifications enable us to examine different
dimensions of wealth-health nexus. The economic development proxy variables used
are years of schooling (human capital), GDP per person engaged, manufacturing
value added per person engaged (productivity), and gross domestic savings. The
ordinary least squares, fixed-effects and generalized method of moments (Arellano-
Bond) estimation are used for 10 yearly and balanced panel data for the 1940-1980
and 1940-2009 periods, and 5 yearly and balanced panel data for the 1980-2009
period for 47 countries. Also, for all these periods, long-difference estimation by

OLS and instrumental variable estimation are utilized. Our empirical results with
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different health proxy variables used are generally consistent with each other. More
clearly, there is a non-linear and non-monotonic association between all health proxy
variables and economic development proxy variables. As a conclusion, our empirical
results provide significant evidence that preserving human physiological health

functions reinforces economic growth and other important indicators.

Keywords: Economic Development, Science and Technology, Health, Life

Expectancy at Birth, BMI and SBP.
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SAGLIK VE IKTISADI GELISIM ILISKiSI UZERINE MAKALELER: ULKE
PANEL VERISI iLE YENI BULGULAR

Oztiirk, Ceyhan
Doktora, Bilim ve Teknoloji Politikas1 Calismalar1 Boliimii

Tez Yoneticisi : Prof. Dr. Aysit Tansel

Kasim 2018, 276 sayfa

Bu ampirik ¢alismada, 1940-1980, 1940-2009 ve 1980-2009 donemleri i¢in birinci,
ikinci ve liglincli dereceden denklemler iceren modeller kullanilarak sagligin iktisadi
gelismeye olan etkileri incelenmektedir. Bu c¢alisma, iktisadi biiylime ve saglik
iliskisinin farkli boyutlarin1 ortaya c¢ikarmaya calismaktadir. Bu nedenle, sagligin,
iktisadi gelismeye olan etkilerinin arastirilmasi i¢in saglik degiskenleri olarak
beklenen yasam siiresi (BYS), beden kitle indeksi (BKI) ve sistolik kan basimci
(SKB) kullanilmigtir. Ayrica iliskinin incelenmesinde kisa ve uzun dénem zaman
siireleri esas alinmistir. Bu temsili saglik degiskenlerinin en 6nemli ortak 6zelligi
yaslanmayla giiclii baglariin bulunmasidir. Temsili saglik degiskenlerinin bu ortak
ozelligi, gelir ve saglik iligkisinin farkli boyutlarini incelememize imkan
vermektedir. Bahse konu iligkinin, egitim siiresi (beseri sermaye), katilan kisi basina
diisen gayri safi yurtici hasila, katilan kisi basina iiretim katma degeri (verimlilik) ve
gayri safi yurti¢i tasarruflar olarak genisletilmesi suretiyle de gelir ve saglik
arasindaki baga iligkin temel bir ortak goriise ulasilmistir. Regresyon, sabit-etki ve
genellestirilmis moment metodu (Arellano-Bond) tahmin araglar1 kullanilarak 47

iilke i¢in 1940-1980 ve 1940-2009 donemi i¢in 10’ar yillik ve 1980-2009 donemi
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icin 5’er yillik dengeli panel verileri kullanilarak hesaplamalar yapilmistir. Ayrica,
tiim bu donemler i¢in, regresyon ve ara¢ degisken hesaplayicisi ile uzun donem-fark
tahmini yontemi kullanilmistir. Farkli temsili saglik degiskenlerini ihtiva eden bu
calismanin ampirik sonuglar1 genellikle birbirleriyle tutarlt bulunmustur. Daha acik
olarak, tiim bagiml temsili iktisadi gelisme degiskenleri ve temsili saglik
degiskenleri arasinda dogrusal ve tekdiize olmayan bir iliski bulunmustur. Sonug
olarak, ampirik sonug¢larimiz insan fizyolojik saglik fonksiyonlarinin korunmasinin

iktisadi bliylimeyi gii¢lendirdigine dair 6nemli kanitlar sunmaktadir.

Anahtar Kelimeler: Iktisadi Gelisme, Bilim ve Teknoloji, Saglik, Dogusta
Beklenen Yasam Siiresi, BKi ve SKB.
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CHAPTER 1

INTRODUCTION

The effects of health on wealth have been investigated in many studies using
different proxy variables. The reason behind conducting these studies to reveal these

effects may be the complexity of the effects of health on wealth.

The summation of the results of these studies bring us to the point that we make a
choice between the approaches of the Neo-liberal models and endogenous economic
growth models via returns to investment in health, which are different in these
models as expressed in Husain et al. (2014). The unexpected explanation for this
dilemma comes from Azomahou et al.’s (2009) study. Azamadou et al. (2009)
demonstrate that if an individual makes enough savings, a positive linkage develops

between economic growth and good health status.

As we infer from this result, as far as the young people in the economy are
concerned, if an individual does not have enough savings, there can be a negative
association between economic growth and good health status. The elderly with bad
health status cannot support economic growth positively as a result of the increasing
expenditure on their health and the education of their kids. They tend to spend more
rather than save. At this point, it can be said that long lifespan seems to have a
positive effect on economic development but it has a gradually decreasing effect on
savings rate. These findings define the conflicting view between the Neo-liberal
models and endogenous growth models. This conflicting view may increase the
complexity of the association between economic growth and health. From this
perspective, we believe that we should combine individual good health and savings
in the economy. When we achieve to combine them, we may protect and prolong

individual good health in these economic circumstances. In our perspective, all these
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efforts will provide us with positive effects of health on economic growth in both the
short and long run. But first, we should understand the dimensions of this conflicting

view.

This study attempts to make a contribution to the literature by elaborating on this
conflicting view. The studies mentioned above give us inspirational motive and
guidance for our research. The studies in the literature provide significant knowledge
about the characteristics of economic growth and health association. For example,
Husain et al. (2014) indicate that most of the studies take life expectancy at birth
(LE) as a proxy for health rather than other dimensions of health. They also used LE
as a proxy for health in their study by recognizing the limitation of this variable. For
them, LE measures only “mortality” rather than other dimensions of health such as
“morbidity”, “disability”, and “discomfort” (Husain et al., 2014: 128). At the same

time, they explain that the effect of this variable on economic growth is very strong.

Hence, we use different periods changing between short to long-term and the proxy
variables for health, namely LE, BMI, and SBP to investigate the effect of health on
gross domestic product (GDP) per capita. By utilizing BMI and SBP as proxy
variables, we seek to observe “morbidity”, “disability”, and “discomfort” (Husain et
al., 2014: 128) dimensions of health to some a certain extent in these estimations. At
the same time, these health proxies share a common character as they all have age-
dependent dimensions. Therefore, these specifications enable us to examine different
dimensions of the wealth-health nexus. Consequently, we expect to reach a basic
common opinion about wealth-health association by expanding wealth proxy
variables to years of schooling (human capital), GDP per person engaged,

manufacturing value added per person engaged (productivity), and gross domestic

savings.

We utilize panel data for 47 countries. There are increments in longevity, economic
growth, and human capital in all these countries from 1940 to 2009. Also, it is seen

that BMI rises without exception in these countries from 1980 to 2009. SBP
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increases only in 8 countries for the 1980-2009 period. GDP per person engaged
increases in 39 countries from 1980 to 2009. Productivity improves only in 18
countries in the 1980-2009 period. Gross domestic savings increase in 29 countries

from 1980 to 2009.

We demonstrate the differences in estimated coefficients based on the model
restrictions in our result tables. We use OLS, FE and GMM (Arellano-Bond)
estimators with 10 yearly and balanced panel data for the 1940-1980 and 1940-2009
periods, and 5 yearly and balanced panel data for the 1980-2009 period for 47
countries. Also, for all these periods, we make long-difference estimation with OLS

and instrumental variable (IV) estimator.

In this study, we present the effect of health on wealth with LE, BMI, and SBP proxy
variables in three chapters (Chapter 4, Chapter 5 and Chapter 6) respectively. Then,
we give conclusions and provide policy recommendations in Chapter 7. Also, in
Chapter 7, we share our perspectives and opinions on Science and Technology Policy
Issues related with our policy recommendations. Besides, we give the synopsis of the

contributions of this study in Chapter 7.

1.1.Scope

This study covers health proxy variables of LE, BMI, and SBP, and economic
development proxy variables of gross domestic product (GDP) per capita, years of
schooling (human capital), GDP per person engaged, manufacturing value added per

person engaged (productivity), and gross domestic savings.

Within the scope of the thesis, we investigate the association between, for example,
GDP per capita and LE. We do not investigate the causality between these variables.

This investigation is left for future studies.



We follow the base sample data structure in Acemoglu and Johnson (2007: 939, 979-
980) for 47 countries from the beginning of the 1940-1980 period due to historical
reliable data consideration. Hence, there are 47 countries in our panel data and three
periods to examine the linkage between economic development and health. These
periods are 1940-1980, 1940-2009 and 1980-2009. The 1940-1980 period has been
used in Hansen (2012), Desbordes (2011), Cervellati and Sunde (2009), and
Acemoglu and Johnson (2007). The 1980-2009 period is used in Husain et al. (2014).
These two periods have relatively short period characteristics. We move further and
include the 1940-2009 period, which is the combination of these two periods as
having relatively long period specification. The short- and the long-term may have

different results for the same events in economics.

The historical reliable data consideration of these 47 countries provides us two
different economic policy applications for the 1940-1980 period and the 1980-2009
period as Keynesian and Neo-liberal economics respectively. As a result, the 1940-
2009 period that provides us unique combined specification of these two different

economic policies implemented in this duration.

According to Jahan et al. (2014), in Keynesian economics, aggregate demand is
accepted as the main engine in economy. Aggregate demand includes the gross of the
expenditures made by commercial activities, households, and the government. Public
policies should accomplish full employment and price sustainability as there is no
self-balancing function in free markets that provide full employment. Deficiency in

total demand may lead to a rise in unemployment.

Total production as goods and services of the economy is the gross of consumption,
investment, public procurements, and net exports. Demand increment comes from
one of these four elements. However, recessionary movements in economy decrease
consumer confidence and then their purchase. Less consumer spending creates less

investment in commercial activities since firms cut their productions depending on



this decreased demand. The government should fix this inadequate demand problem

in economy.

According to Keynesian economics, three principles drive economy. The first
principle is that the public and the private decisions affect aggregate demand.
Decisions of the private firms affect macroeconomy negatively. Thus, Keynesian
economics follows mixed economy which is driven mostly by private and partly by

public sectors.

The second principle is that supply and demand changes slowly affect prices and

wages, which causes labor shortages or surpluses periodically.

Based on the third principle, aggregate demand changes cause a vigorous short-run
effect on real production and employment, but not on prices. In Keynesian
economics, prices are to a certain degree inelastic. Change in the expenditure of any
element affects production. For example, public spending increment causes output
increase rather than price increase. There is also a multiplier effect, indicating that if
fiscal multiplier is higher than one, one monetary unit increase in the economy

causes more than one unit of increase in the output.

In Keynesian economics, there are fiscal policies that are utilized against economic
fluctuations. Contrary to a balanced government budget approach, public deficit
spending can be utilized for labor-intensive facility works to increase employment
and make wages stable during economic recession. Also, tax increment is used to

avoid inflationary motive and to stabilize highly raised demand.

Monetary policies are implemented in Keynesian economics to motivate economy.
For instance, interest rates are decreased to stimulate investment. There is a liquidity
trap in which money stock increase cannot lead to a decrease in interest rates. Thus,

production and employment cannot be raised.



According to Keynesian economics, even the short-run problem in economy is also
solved by public intervention. The government should not wait for the market

mechanism to fix the problem in the longer period.

According to Thorsen and Lie (2010), resource allocation efficiency is the primary
consideration of the economic mechanism. According to Neo-liberal economics, the
market system is the most effective course of action to distribute resources. Public
intervention weakens this perfectly balanced system of the market and decreases the

efficiency of economic resource allocation.

Neo-liberal doctrine suggests that enhancing individual entrepreneurial wisdom and
capabilities by securing free trade, free markets, and property rights in the
institutional form can promote human well-being. Public responsibility is to build

and to secure these foundations so that they function correctly.

In Neo-liberal economics, the monetary unit should be kept in quality and integrity
by the government. Defense capabilities, police work, and legal frameworks should
be founded to guarantee private property rights and an adequately functioning market
mechanism. If there is no market mechanism for water supply, education, medical
services, social security or ecological problems, the public should provide these
services. However, public intervention to market mechanism should be lowest in

degree to avoid distortion in the market and price speculation.

In Neo-liberal economics, there are complementary policies such as deregulation,
extensive tax reduction, and privatization. In this doctrine, individuals bear
responsibilities for their freely made decisions and actions in the market mechanism.
Lack of equality and social discrimination are morally admitted if they are a

consequence of an individual’s free choices.



In Neo-liberal doctrine, reforms and individual and entrepreneurial freedoms should
be secured by institutions against the pressure of the democratic process by replacing

this process with the rule of experts or legal instruments.

There are different birth rate movements for the periods 1940-1980 and 1980-2009.
According to Figure 2.1, the birth rate of 47 countries is less than 30/1000 for the
1940-1980 period, followed by 53.2, 55.3, 48.9, 48.9 and 61.7 in years 1940, 1950,
1960, 1970 and 1980, respectively. The birth rate decreases in the 1940-1950 period,
first, and, then increases during the period 1950-1970, and, later, starts to decrease in
the 1970-1980 period. According to this figure, the birth rate of 47 countries is less
than 30/1000 for the 1980-2009 period and is 67.1, 76.6, 93.6, and 97.9 in the years
1980, 1990, 2000 and 2009, respectively. It is observed that in the 1980-2009 period,

birth rate decreases in a linear trend.

For the 1940-1980 and 1940-2009 periods, depending on historical reliable data
consideration, GDP per capita and years of schooling are used as dependent
variables. The explanatory variable is LE as one of the health proxy variables. For
the 1980-2009 period, considering the availability of reliable historical data, GDP per
capita, years of schooling (human capital), GDP per person engaged, manufacturing
value added per person engaged (productivity), and gross domestic savings are used
as dependent variables, and LE, BMI, and SBP are used as health proxy variables
and explanatory variables. The economic development proxy variables are selected
from growth indicators according to their strong association with economic growth in
robustness tests. These health proxy variables are chosen because of their age-

dependency and embeddedness in LE.

Balanced panel data are used for 47 countries in the estimations for these periods.
These 47 countries were also used in the studies of Acemoglu (2007), Cervellati and
Sunde (2009) and Desbordes (2011). These countries are listed according to their
regions: Argentina, Brazil, Chile, Colombia, Ecuador, Paraguay, Peru, Uruguay, and

Venezuela in South America; Costa Rica, El Salvador, Guatemala, Honduras,
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Nicaragua, and Panama in Central America; Canada, Mexico, and the United States
of America in North America; Austria, Belgium, Denmark, Finland, France,
Germany, Greece, Ireland, Italy, Netherlands, Norway, Portugal, Spain, Sweden,
Switzerland, and the United Kingdom in Europe; Bangladesh, China, India,
Indonesia, Malaysia, Myanmar, Pakistan, Philippines, South Korea, Sri Lanka, and

Thailand in Asia; Australia; New Zealand in the Southwestern Pacific Ocean.

1.2. Research Questions

What is the effect of health on economic development? This question is our core
issue in this study. We use, in general term, Azomahou et al.’s (2009) study as a
guide to investigate this question. According to the assumptions of Azomahou et al.
(2009), people at different ages will have alternative active planning and use
different saving options. These saving preferences determine the direction of the
association between LE and GDP per capita growth. This association should be
tested using different health proxy variables to understand the dimensions of these
linkages. Then, we borrow our assumption from the medical literature that there is a
strong association between aging and BMI and, also, SBP. Thus, people at different
ages may have very close BMI measurements and SBP results. These close linkages
provide us two new replacements of life expectancy as health status proxies. These
are SBP and BMI. Then, we divide our two core terms as health and economic
development into sub-three health proxy variables and sub-five economic
development proxy variables that are called engines of economic growth. Thus, we
have fifteen questions that are grouped in three main sections according to their

health topics as the explanatory variables.

1.2.1. The Questions Related with Longevity and Economic Development

These questions are analyzed for three different periods as 1940-1980, 1940-2009,
and 1980-2009. The questions related with longevity and economic development are

investigated in Chapter 4. The main question in Chapter 4 is “What is the impact of
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LE on GPD per capita growth?”. Other questions based on growth engines and their
longevity associations are utilized so as to examine the main question findings. The
first of these questions aims to examine the association between human capital and
longevity: What is the link between years of schooling (human capital) and LE? The
second question relates to GDP per person engaged and longevity: What is the
association between GDP per person engaged and LE? The third question is
associated with productivity and longevity: What is the linkage between
manufacturing values added per person engaged (productivity) and LE? The fifth
question is linked to savings and longevity: What is the association between gross

domestic savings and LE?

1.2.2. The Questions Related with Nutrition and Economic Development

These questions are investigated for the 1980-2009 period due to data limitation. The
questions related with nutrition and economic development are investigated in
Chapter 5. The main question in this chapter is “What is the impact of body mass
index (BMI) on economic growth?”. Other questions regarding growth engines and
nutrition association are posed to examine this main question. The first question is
related with human capital and nutrition: What is the effect of BMI on human
capital? The second sub-question is associated with GDP per person engaged and
nutrition: What is the association between GDP per person engaged and BMI? The
third question is related with productivity and nutrition: What is the effect of BMI on
productivity? The final question is linked to savings and nutrition: What is the

association between gross domestic savings and BMI?

1.2.3. The Questions Related with the Vascular Health and Economic

Development

Due to data limitations, these questions are interrogated for the 1980-2009 period
only. The questions related with vascular health and economic development are

investigated in Chapter 6. The main question in this chapter is “What is the impact of
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systolic blood pressure (SBP) on economic growth?”. Other questions regarding the
association between growth engines and vascular health are used to examine the
main question. The first of these questions is related with human capital and vascular
health: What is the linkage between human capital and SBP? The second question is
linked to GDP per person engaged and vascular health: What is the connection
between GDP per person engaged and SBP? The third question is associated with
productivity and vascular health: What is the association between productivity and
SBP? The last question is related with savings and vascular health: What is the

association between gross domestic savings and SBP?

1.3. Essays

1.3.1. The Impact of Life Expectancy on Economic Development, Human

Capital, GDP per Person Engaged, Productivity and Gross Domestic Savings

In Chapter 4, we investigate the association between GDP per capita and LE in
models that include linear, quadratic and cubic specifications for the periods 1940-
1980, 1940-2009, and 1980-2009. We use predicted mortality, age 1-5, age 5-14, age
65-69, age 80-84, and crude survival probabilities, and measles vaccine coverage

percent as the instrumental variables in instrumental variable (IV) estimations.

In this chapter, we verify the findings of Cervellati and Sunde (2009) (and enlarging
findings with quadratically specified long difference estimation), and Desbordes
(2011) and Hansen (2012). We also verify nonparametric estimation finding in
Azomahou et al.’s (2009) study as they find the convex and concave-shaped
association between GDP per capita growth and LE. In the model for quadratic
specification, we find that there is a non-monotonic and a non-linear association
between GDP per capita and LE. We provide evidence that there is a U-shaped
association for the 1940-1980 and 1940-2009 periods. However, we find an inverted
U-shaped linkage for the 1980-2009 period. We confirm the findings of Desbordes
(2011) and Hansen (2012) that the effect of LE on GDP per capita may change
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during the process of economic development. We include non-linearity for health in

our models based on Hansen’s suggestion.

The effect of life expectancy on human capital is also examined for 1940-1980,
1940-2009, and 1980-2009 periods. We provide evidence that there is an inverse U-
shaped association between years of schooling (human capital) and LE during all
these periods. In addition, we investigate the linkage between GDP per person
engaged, manufacturing value added per person engaged (productivity), gross
domestic savings and LE only for the 1980-2009 period due to data limitations. We
find that the effect of LE on all these dependent variables follows an inverse U-

shaped curve for the 1980-2009 period.

In the model with cubic specification, we find evidence that the association between
per capita GDP and LE is concave-convex-shaped for the 1940-1980 period.
However, we find that the association between human capital and LE follows a
convex-concave-shaped curve for this period. We find convex-concave-shaped
linkages between GDP per capita and LE, and human capital and LE for the period
1940-2009. The convex-concave-shaped curve is observed for per capita GDP and
LE association for the 1980-2009 period. These results are similar to Azomahou et
al.’s (2009) empirical findings for the association between GDP per capita growth
and LE. This non-linear and non-monotonic association is also observed for human
capital and LE, GDP per person engaged and LE, and productivity and LE in this
period. In the association between gross domestic savings and LE, the coefficients of
the linear, the quadratic, and the cubic terms are insignificant. To conclude, our
empirical results offer significant evidence that preserving human physiological

health functions reinforces economic development by possessing enough savings.
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1.3.2. The Impact of Body Mass Index (BMI) on Economic Growth, Human
Capital, GDP per Person Engaged, Productivity and Gross Domestic Savings

In Chapter 5, we examine the association between GDP per capita and BMI for the
1980-2009 period. We consider only this period due to data limitations. We utilize
crude survival, and age 75-79 survival probabilities as the instrumental variables in
IV estimations. In this study, we consider using BMI to overcome the limitation of
LE as the proxy for health. Due to its close link with aging, we assume that the effect
of BMI as a physiological health function is embedded in LE. Our weak
identification test results provide evidence that there is a robust association between
BMI and the age-specific survival probabilities used as the instrumental variables in
this study. In quadratic specification, our findings support the non-linear and non-
monotonic association between GDP per capita and BMI. Put differently, we find an

inverted U-shaped association between GDP per capita and BMI.

We also study the connection between BMI and years of schooling (human capital),
GDP per person engaged, manufacturing value added per person engaged
(productivity), and gross domestic savings. Our quadratic functional specification
estimation results suggest that there is a non-monotonic and inverse U-shaped
association between all dependent variables and BMI for the 1980-2009 period. In
cubic specification, we find that the association between GDP per capita and BMI is
first convex, and then concave-shaped. This result is also valid for the association
between GDP per person engaged and BMI, and productivity and BMI for the 1980-
2009 period. As far as the association between human capital and BMI, and gross
domestic savings and BMI are concerned we find that the coefficients of the linear,

quadratic, and cubic terms are insignificant.
Our empirical results in Chapter 5 are generally consistent with the findings on per

capita GDP -LE association. These findings provide evidence that the effect of BMI

as a human physiological function is embedded in LE through aging. As a result, our
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empirical findings demonstrate significant proof that healthy mean population BMI

level enhances economic development as a result of making enough savings.

1.3.3. The Impact of Systolic Blood Pressure (SBP) on Economic Growth,
Human Capital, GDP per Person Engaged, Productivity and Gross Domestic

Savings

In Chapter 6, we analyze the association between GDP per capita and SBP for the
1980-2009 period. We consider only this period due to data limitations. The
instrumental variables we use are crude survival, and age 75-79 survival probabilities
in the instrumental variable (IV) estimations. To eliminate the limitations of the LE
as a proxy for health, we consider using SBP in this chapter. We assume that the
effect of SBP as physiological health function is embedded in LE due to its strong
association with aging. Thus, the weak identification test results show evidence that
there is a close association between SBP and the age-specific survival probabilities
used as the instrumental variables. In quadratic specification, our findings support the
non-linear and non-monotonic association between GDP per capita and SBP. More

clearly, we find an inverted U-shaped association between GDP per capita and SBP.

We also study the connection between years of schooling (human capital), GDP per
person engaged, manufacturing value added per person engaged (productivity), gross
domestic savings and SBP. Other quadratic functional specification estimation
results suggest that there is a non-monotonic and inverse U-shaped association
between all other dependent variables and SBP for the 1980-2009 period. In cubic
specification, we find that the linear term is omitted; the coefficients of the quadratic
and the cubic terms are significantly different from “0”; and they are positive and
negative respectively for the association between GDP per capita and SBP. Hence,
we suggest that cubic specification estimation results share the same findings with
quadratic specification estimations of the association between GDP per capita and
SBP for the 1980-2009 period. This result is also valid for the association between

human capital and SBP in cubic specification. Furthermore, other cubic functional
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specification estimation results obtained from our study suggest that there is first
convex-, and then concave-shaped association between GDP per person engaged and
SBP, and productivity and SBP for the 1980-2009 period. For the association
between gross domestic savings and SBP, we find that the coefficients of the linear,

the quadratic, and the cubic terms are insignificant.

Our empirical results in this chapter are generally similar to the findings regarding
the GDP per capita-LE association. These findings support our assumption that the
effect of SBP as a human physiological health function is embedded in LE through
aging. As a conclusion, our empirical results offer significant evidence that healthy
mean population SBP level promotes economic development through enough

savings.

1.4. Conclusion

We aim to determine the dimensions of the conflicting views of the Neo-liberal
models and endogenous growth models by investigating the returns to investment in
health in Chapter 4, Chapter 5 and Chapter 6. The results shared in this study reveal
that there can be positive returns to investment in health by achieving the
combination between good health and savings of an individual in any economic
circumstance. Policy recommendations are provided in Chapter 7 related with these
empirical findings, and the theoretical assumptions of the study and the literature. In
the next two chapters, we present the Methodology (Chapter 2) and Data and

Empirical Specifications (Chapter 3) that help follow our estimation results.
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CHAPTER 2

METHODOLOGY

2.1. Non-linearity Issue in Theoretical, Empirical and Graphical Considerations

The non-linear aspect of the association between GDP per capita and life expectancy
(LE) was previously investigated by Cervellati and Sunde (2009). They suggest the
birth rate of 30 per thousand as a criterion for demographic transition. The countries
above this criterion exhibit a negative association between GDP per capita and LE,
while those below this criterion exhibit a positive association. According to
Cervellati and Sunde (2009), the association between GDP per capita and LE is
linear. The non-linearity in the estimation results comes from the number of
countries that exhibit or do not exhibit demographic transition in a selected sample to
be investigated. They also demonstrate this association in linear specification with
the empirical estimations in different sample groups of countries that are determined

according to their criteria.

Figure 2.1 demonstrates the rate of the 47 countries that experience demographic
transition with less than 30/1000 birth rate depending on Cervellati and Sunde
(2009). All these countries are also used in Cervellati and Sunde’s (2009) study.
During demographic transition, the rate of growth of population declines. Figure 2.1
leads to the perception that decreased rate of population growth causes an increase in

GDP per capita uniformly, ceteris paribus.

However, Kelley and Schmidt (1995: 553) find that the effect of lagged births
initially begins negative, and then, turns into positive. In addition, the effect of the
lagged births was large in the 1980s. In the 1980s, the positive impact of past births

(presumably labor-factor) decreased the negative impact of new births (most likely
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savings) by half (-0.34 against 0.17). They point out that this finding should
eliminate the perception that births have identically negative impact on economic
growth. The impacts of births also demonstrate variation across short and long
periods. Thus, Kelley and Schmidt (1995) infer that growth of population includes

both positive and negative elements for economic growth.

The findings of Kelley and Schmidt (1995) further suggest that there should be other
factors in the process of development to explain these non-linear and non-monotonic
results such as different saving tendencies of younger and elder individuals. These
explanations are suggested in Azomahou et al.’s (2009) study. Indeed, for the 1940-
1980 period (relatively short period of time), life expectancy has a positive effect on
GDP per capita initially, but for the 1940-2009 period (relatively long period of
time), this positive effect turns into negative initially according to our cubic

specification estimations in Chapter 4.

At this point, Azomahou et al. (2009) demonstrate that there is a convex-concave-
shaped association between GDP per capita growth and LE through saving
preferences due to the difference between time preference rates of younger and elder
individuals. Therefore, the suggestion of Cervellati and Sunde (2009) that there are
criteria that lead to the linear positive association between GDP per capita and LE
through demographic transition should be examined. By executing these examination
estimations, we expect to observe changes concerning the effect of LE on economic
growth by linear, quadratic and cubic specifications using 16 post-transitional

countries in Cervellati and Sunde’s (2009) study.

Thus, we decide to estimate Table 2.1 in linear, quadratic and cubic specifications for
the 1940-1980 period in the panel of post demographic transitional 16 countries that
have less than 25/1000 birth rate with the variables and data used by Cervellati and
Sunde (2009).

16



100,0 93,6 97,9
95,0
90,0
85,0
80,0
75,0
70,0
65,0
60,0
55,05 ’
50,0
450 |
40,0 |

1940 1950 1960 1970 1980 1990 2000 2010

years

percent (%) of 47 countries

< 30/1000

Figure 2.1. The Percentage Change in the Birth Rate of 47 Countries as less than
30/1000 for the Period 1940-2009.

Source: Prepared by the Author!.

In Table 2.1, the RESET test indicates that Ho fails to be rejected at 5% or higher
significance level, indicating that in Table 2.1, there is no functional form

misspecification.

According to the weak identification test statistics, predicted mortality and its
squared and cubed values are valid instruments excluding Column (6) in Table 2.1,
which satisfies the rule of thumb that F statistics of the first stage should be over ten
(Staiger and Stock, 1997). Although the Stock and Yogo (2005) critical values are
not available for Column (6), this problem is solved by applying this rule of thumb.

Weak identification test statistics for Column (4) in Table 2.1 is less than 5.53, which
represents 25% maximal IV magnitude in the Stock and Yogo (2005) critical values.
The first stage F statistics of this estimation is also found as 3.4 for the same

countries as seen in Column (7) of Table 4 in Cervellati and Sunde’s (2009: 33)

!'See Appendix A for the data sources and construction of Figure 2.1.
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study. The endogeneity test of LE fails to be rejected in Table 2.1 at 5 % or higher
significance level. Thus, the OLS gives consistent and relatively more efficient

estimates.

Table 2.1

Long-Difference Estimations for the Association between per Capita GDP and Life
Expectancy for the 1940-1980 Period in Post-Transitional Countries Having Birth Rate less
than 25/1000 in Cervellati and Sunde (2009:41) with Data in Acemoglu And Johnson (2007)
by Linear, Quadratic and Cubic Estimations

log GDP

(1) 2 (3) (4 (5) (6)

OLS OLs OLS IV (predicted IV (predicted IV (predicted

mortality) mortality) mortality)

log life expectancy at birth 1.73%*% —169.90%* 1077.56 1.79%* —182.80%** 479.12

(0.46) (70.99) (810.22) (0.88) (57.56) (1610.07)
(log life expectancy at birth)* - 21.08%* =280.08 - 22.61%%* -138.94

(8.70) (199.99) (7.03) (397.11)
(log life expectancy at birth)* - 2422 13.14
(16.46) (32.64)
Number of observations 16 16 16 16 16 16
Number of countries 16 16 16 16 16 16
R-squared 0.29 0.59 0.64 0.29 0.57 0.62
F test p-value 0.00 0.00 0.00 0.08 0.00 0.00
Weak identification test statistic - - - 3.44 9.35 1.22
Endogeneity test p-value - - - 0.94 0.66 0.43
Hansen J statistic - - eel celd e.el
Wald RESET test p-value - 0.14 - - - -
C (2nd polynomial) RESET test p-value 0.81 0.05 - 0.27 0.68 -
C (3rd polynomial) RESET test p-value 0.92 I.r. NI 0.43 0.53 0.65
C (4rd polynomial) RESET test p-value - - I.r. - - ILT.
Turning points (1) - 56.31 56.95
(3] - -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country
for the years 1940 and 1980. GDP is GDP per capita. The dependent variable is the log GDP per capita. In Column (4) predicted mortality, and in Column (5) predicted
mortality and its squared value are used as the instrumental variables as they are used in Desbordes (2011). In Column (6) predicted mortality, its squared, and cubed
values are used as the instrumental variables in the estimation. In Hansen J statistic, "equation exactly identified” term is represented by the term as “e.e.l.” “n.r.” means
“not reported” by the test. In (4), Stock-Yogo weak ID test critical value is 16.38. In (5), Stock-Yogo weak ID test critical value is 7.03. In (6), Stock-Yogo weak ID test
critical value is not available. Mean turning point of the estimations in (2), and (5) Columns is 56.63

In linear specification for the 1940-1980 period, Columns (1) and (4) in Table 2.1
report the estimation results of the Model (3.2.1). In linear specification, in the
Model (3.2.1), a2 and a3 are restricted to be zero. We find that the coefficient of In
LE is positive at 5% or higher significance level in Columns (1) and (4) in Table 2.1.
For comparison, we find exact results in Columns (7) of Table 2 and in Table 4 in
Cervellati and Sunde (2009: 31 and 33) and in Columns (1) and (4) of Table 2.1 in
our study, respectively. However, in Desbordes (2011), this coefficient is negative at
1% significance level. In Hansen (2012), this coefficient is not significantly different
from “0” with a negative sign. Hence, our linear functional specification estimation
results are consistent with the specification results of Cervellati and Sunde for the

1940-1980 period.
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In quadratic specification for the 1940-1980 period, Columns (2) and (5) in Table 2.1
report the estimation results of the Model (3.2.1). In quadratic specification, in the
Model (3.2.1), a3 is restricted to be zero. We find that the coefficients of the linear
and the quadratic terms are both significantly different from zero at 5% or higher
significance level, and they are negative and positive respectively. These results are
similar to the findings of Desbordes (2011) and Hansen (2012) in quadratic
functional specification estimations for the 1940-1980 period. Coefficients of the
linear and quadratic terms are found negative and positive at 5% or higher
significance level, respectively. Our estimated turning points? are within the range of
56.31.90-56.95 years in Columns (2) and (5) in Table 2.1. Turning points of
Desbordes and Hansen are within the range of 43.23-49.91 years for the 1940-1980
period. Thus, our quadratic functional specification estimation results suggest that
there is a non-monotonic and a U-shaped association between per capita GDP and
LE for the 1940-1980 period in the panel of post demographic transitional 16
countries that also have less than 25/1000 birth rate in Cervellati and Sunde’s (2009:
41) study. This result is consistent with the findings of Desbordes (2011) and Hansen
(2012).

In cubic specification for the 1940-1980 period, Columns (3) and (6) in Table 2.1
report the estimation results of Model (3.2.1). We find that the coefficients of the
linear, quadratic, and cubic terms are insignificant. Hence, turning points are not

estimated for this cubic specification model.

These quadratic and cubic estimation results in Table 2.1 are consistent with Kelley
and Schmidt’s (1995) findings that births have no identical effects on the process of
economic growth. Kelley and Schmidt’s (1995) findings and our estimation results in
Table 2.1 lead us to the notion of Azomahou et al. (2009) for the association between
economic growth and demographic transition. According to Azomahou et al. (2009),

increasing crude birth rate has negative effects on economic growth through negative

ﬁ_Al
2B,

).

2 Quadratic specification turning point (7P) is estimated by following the formula: TP = exp (
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dependency rate on saving. This situation decreases economic growth. For this
reason, the effect of birth rate on economic growth cannot be underestimated.
However, demographic change influences economic growth in a complicated

process.

Recently, the non-linear characteristics of the association between GDP per capita
and life expectancy (LE) are also considered by Derbordes (2011) and Hansen
(2012), who worked on this association at about the same time. Then, Husain et al.

(2014) added cubic transformations for nonlinear specifications.

Desbordes used a sample of 47 countries for the 1940-1980 period which was
originally used by Acemoglu and Johnson (2007) and showed that the linear (in LE)
model employed by the Ilatter authors are afflicted with functional form
misspecification. He instead used a quadratic (in LE) function which was favored by
the data. He suggested that the effect of LE on GDP per capita is influenced by each
country’s initial level of LE. Hansen independently reached a similar conclusion. He
used a panel data from a sample of 119 countries also for the 1940-1980 period. He
concluded that when studying the LE-GDP per capita association, a form of non-
linearity in LE should be used in the estimation process. Hansen also found a

quadratic U-shaped association between per capita GDP and LE.

Husain et al. used panel data from a sample of 216 countries for the 1980-2009
period by introducing lags and adding data from 1960 to 1979 to analyze the effect of
LE on GDP per capita in the model that is specified by cubic transformation. They
find an N-shaped non-linear association between GDP per capita and LE. They also
suggest that the shape of the association may be inverse U-shaped by introducing

reverse causality into their cubic specification model.

In our opinion, a highly significant contribution is made to this topic by Azomahou et
al. (2009) considering the theoretical and empirical dimensions. On the historical

panel data of eighteen countries from 1820 to 2005, they provide empirical and
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theoretical findings regarding the nonlinear association between GDP per capita
growth rate and LE. According to the assumptions in Azomahou et al.’s (2009)
study, people at different ages will have different active planning and use different
saving approaches. Older people tend to save less than relatively younger individuals
because of the high rate of time preference in their choices. These saving preferences
determine the direction of the association between life expectancy and GDP per
capita. They explain the empirical findings regarding the non-linear and non-
monotonic association between wealth and health with theoretical models in
evolutionary steps. These evolutionary steps of their approach are explained in the
following section in this chapter. They demonstrate that the GDP per capita growth
rate increases with life expectancy at birth. However, the association between GDP
per capita growth rate and LE changes according to the values of LE. There is

convexity at lower LE levels and concavity at greater LE levels.

Due to the historical data limitations for 47 countries, we prefer to follow both
Desbordes (2011) and Hansen (2012) specifications by also adding the cubic
transformation of these restrictions as in Husain et al. (2014) to our models. Our
empirical results coincide with the empirical findings (turning point-1s are around
49.03-51.07 years; turning point-2s are around 63.46-65.70 years) of Azomahou et
al. (on pages 208-209) as seen in Figures 5 and 6 in their study. These overlaps are
demonstrated explicitly in Figure 2.2 of our study. Turning points are estimated by
GMM (Arellano-Bond) in cubic functional specification in Figure 2.2. These
inflection points are depicted by the vertical lines dashed in red, solid in blue, and
dashed in green colors for the periods 1940-1980, 1940-2009, 1980-2009,

respectively.

Attempting to measure other dimensions of health like morbidity, disability and
discomfort rather than only mortality, we also consider using BMI and SBP as health
proxy variables in this study. We assume that the effects of BMI and SBP as the
human physiological functions are embedded in LE due to their close association

with aging. Thus, the weak identification test results provide evidence that there are
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vigorous associations between BMI and SBP, and the age-specific survival

probabilities used as the instrumental variables in this study.
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Figure 2.2. Local Cubic Polynomial Smooth Plots with Confidence Intervals (Cls) of GDP
per Capita and Life Expectancy of 47 Countries for the Period 1940-2009.

Source: Prepared by the Author.

Figure 2.3 demonstrates that there is a convex-concave-shaped association between
GDP per capita and BMI for the 1980-2009 period in GMM (Arellano-Bond) in
cubic specification in Chapter 5. The turning points (TPs) are estimated as 19.88-
25.93 kg/m? (kilogram/square meter) and demonstrated with blue vertical lines in the
figure. According to the BMI classification of the World Health Organization
(WHO), the normal range is 18.50-24.99 kg/m?.

Figure 2.3 suggests that the convex-concave-shaped association between GDP per
capita and BMI is similar to Figure 5 and Figure 6 in Azomahou et al.’s (2009: 208-
209) study and Figure 2.2 in our study. The only difference between these Figures

and our Figure 2.3 is the scale of the turning points which are in BMI units.
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However, this result is not surprising because BMI has a close association with age-
dependent survival probabilities according to the weak identification test results in
our estimations in Chapter 5. Moreover, we observe the similar convex (roughly)-
concave-shaped curve in Figure 2 in Kedir’s (2009: 67) study, which depicts the non-

parametric regression results between wages and BMI for the 1994-2000 period.
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Figure 2.3. Local Cubic Polynomial Smooth Plots with Confidence Intervals (CIs) of GDP
per Capita and Body Mass Index of 47 Countries for the 1980-2009 Period.

Source: Prepared by the Author.

Figure 2.4 demonstrates that there is a convex-concave-shaped association between
GDP per capita and SBP. We find a similar sign in the coefficients of this convex-
concave-shaped curve. However, the coefficients are insignificant. For this reason,
the turning points are given according to category criterions in JNC 6 (1997:10) and
JNC 7 (2003:12). The normal range is accepted as “less than 130 mm Hg.”; and
“130-139 mm Hg.” is accepted as “high normal” in JNC 6 (1997:10). However, in
JNC 7 (2003:12), the normal range is “less than 120 mm Hg.”; and “120-139 mm

Hg.” is categorized as “prehypertension”. In sum, this convex-concave-shaped curve
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in Figure 2.4 in our study suggests that the link between GDP per capita and SBP is
roughly similar to Figures 5 and 6 in Azomahou et al.’s (2009: 208-209) study and
Figures 2.2 and 2.3 in our study. This result is expected since SBP has a close
association with age-dependent survival probabilities according to our weak

identification test results in Chapter 6.
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Figure 2.4. Local Cubic Polynomial Smooth Plots with Confidence Intervals (Cls) of GDP
per Capita and Systolic Blood Pressure of 47 Countries for the 1980-2009 Period with
Constant Points 120-130 mm Hg (Millimeter of Mercury) Marked by Black Vertical Lines.

Source: Prepared by the Author.

2.2. The Evolution of Azomahou- Boucekkine-Diene Model

We follow Azomahou et al. (2009) closely, but we use our own notation. What
letters refer to is presented in Appendix B. Azomahou et al. (2009) empirically find
an original shape of nonlinearity regarding the association between economic growth
and health (LE). They demonstrate that the association between economic growth
and LE is convex-shaped in low values of LE. However, this association turns into a

concave-shaped curve in high enough values of LE. In their theoretical model, they
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use a combination of the assumptions as life-cycle behavior and survival
probabilities due to different life spans, active planning processes, and saving
decisions of individuals at different ages. By following the evolutionary path in their
model, Azomahou et al. provide significant proof for the convex-concave-shaped
association between economic growth and LE both empirically and experimentally.
In their study, they demonstrate the evolution of their model with thirteen

propositions, one corollary and thirty-four equations from (2.2.1.1) to (2.2.3.17).
2.2.1. Using the Model of Benchmark to Combine Blanchard and Romer

First, Azomahou et al. (2009) combine the basic structures of Blanchard (1985) and
Romer (1986).

As far as demographics is concerned, Azomahou et al. (2009) have the following
assumption. A cohort is born at every instant. A constant instant likelihood of death
equals to m > 0. This is valid for each member of any generation. Hence, there is a
likelihood e s -7) of surviving at s > y, which designates an agent born at y. 1/m
constantly equals to LE. Azomahou et al. (2009) follow a constant growth rate of
population. This approach equals to h = 0 at any date. This issue is indicated with
L(s)=e"s. There is a term as the magnitude of a generation born in y at time s = y. This
approach is denoted by P (Y, s). There is a special mortality assumption. Azomahou
et al. (2009) follow P (y, s) = P (y, y) e according to this assumption. In
addition, according to Azomahou et al. (2009), there is (m +h) e". At time Y, these
terms should indicate the early magnitude of the generation born. These terms should

satisfy the magnitude of the total population.

S S
f P(y,s)dy = f P(y,y)e ™ Mdy = ehs

As far as consumers are concerned, Azomahou et al. (2009) have the following
assumption. The utility function has the standard logarithmic form. Thus, the utility

of the intertemporality equation is presented as
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fy°° InW (y,s)e ~Mm+80G-1gg, (2.2.1.1)

where an individual belongs to generation y at time s. The individual consumes
W (y, s). The intertemporal discount rate of the utility is denoted by 6. Z (y, s) is the
amount of wealth. Each individual has Z (y, s), which equals to the sum of the
accumulated excess of non-interest earnings over outlays of consumption and interest
charges as accumulated at time s. Agents have no motive of bequest. They are
restricted to sustain wealth status as positive. If an agent is alive, he or she gets a
defrayment from insurance companies. There is direct observation for individual age.
An individual aged s - y has to confront an interest annuity rate, which is the sum of
two concepts. One of them is interest rate of the world, z, at each unit of time. The
other one is agent instant death probability (z (s) + m) Z (s = y) at each unit of time.
Agent’s wealth is confiscated by insurance firms after the death of the agent.
According to Azomahou et al. (2009), all agents provide all their available time.
Individuals get their payment at the wage rate, g (s). This happens for every date s as

regularized to one. The budgetary restriction according to these assumptions is:

Z(y,s)=(z()+m)Z(v,5) +q (s) - W (¥, 5), (2.2.1.2)

and
limZ(y,s)e ~ [jlz)+mlab _
S— 0

The given initial condition is Z (¥, y). The equation (2.2.1.1) is maximized by the
consumer under the influence of (2.2.1.2). The assumption is that Z (y, y) = 0 for

every y. The equation of Hamiltonian is associated by following:
N=InW(y,s)e ™6V vy [(z(s)+m)Z(v,s)+q(s)- W, s)]

These are associated with variable of the state Z (.). k is the variable of the co-state.
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The results of the first order conditions are:

oN 1

- = 0 e —— e —(m+6)(s—y) =K
IW(y,s) W(y,s)

ON

. k__
aZ(Wz—;c—ic[z(s)+m]=>’€ ==z (s) + m]

N .
5o =2=[2(s) + mZ(sY) + q(s) — W(sy).

The optimal consumption is provided using these given equations as

WS Jos WS
WS W) 2 0 (2.2.13)

The well-known Euler equation is shown in (2.2.1.3). It shows the behavior of
optimal consumption over unit of time. The gap between the rate of time preference
and the interest rate determines the consumption optimal path, which is demonstrated
in this equation. Furthermore, there is optimal expenditure behavior in time, which
settles the proportionality property within Blanchard—Yaari structures. Hence, the
aggregation properties of the model are demonstrated. The following model

demonstrates these properties:

W(ys)=(m+38)[Z(y,s)+C(y,s)] (2.2.1.4)

where

C(y.s) = f q(0) e~ Kz @rmiav g5
N

Human wealth at s of an individual born at y is denoted by C (y, s). Labor income
future flow is indicated by the present value in C (y, s), which is acquired by

integrating the equation (2.2.1.2) and which shows the dynamic budget restriction of
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the agent. Next, the outcomes of aggregation, which are based on the general formula
and which depend on any vintage variable b (y, s), are derived. Aggregate magnitude

B(s) is determined by these derivations:

B = [ b9,

Azomahou et al. (2009) denote P (y, s). This term includes the magnitude of the
cohort y at time s. In their approach, the term W signifies aggregate consumption.
The term C shows aggregate human wealth. Also, the term Z indicates aggregate
nonhuman wealth. These terms are produced by law of motions (LoMs) with growth

of population.

Z(s)=(h+z-8)W(s)-(m+h)(m+06)Z(s),
C(s)=[z+m]C(s)-ehsq(s) (2.2.1.5)

and

Z(s)=zZ(s)+ehsq(s)-W(s)

The term w indicates per capita consumption, while d signifies per capita human
wealth. In addition, t represents per capita nonhuman wealth. These terms are also

obtained from LoMs.
w(s)=(z-8)w(s)-(m+h)(m+6)t(s),
d(s)=(z+m-h)d(s)-q(s) (2.2.1.6)

and
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t(s) = (z - h) t(s) + q(s) - w(s).

As far as the firms are concerned, Azomahou et al. (2009) consider a closed
economy, which is also used by Blanchard (1985). However, there are differences
between the approaches of Azomahou et al. (2009) and Blanchard (1985). Azomahou
et al. (2009) combine the engine of endogenous growth, which was formulated by
Romer (1986). This engine of growth is known as learning-by-doing. Capital is
accumulated by firms, which become expert in using these machines. Then, firms
start to produce more and more, which increases their productivity. Hence, there is
both productivity growth and economic growth in this model, and both are the by-
products of accumulation of capital. Azomahou et al. (2009) have a nonzero growth
of population in their model, which is in contrast to Romer’s framework. There is
also the associated scale effect. Thus, they cannot incorporate exactly the same
externality. In Romer’s model, externality is employed to have balanced growth

paths.

There is an assumption for the externality term, which is proportional to the capital to

labor ratio. The term j represents a firm, which obtains the production function as:
Y =X (K)"(AL)'"™ 0<n<1,

n depicts the capital share, while H represents the identical and perfectly competitive
firms. These properties are the assumption of Azomahou et al. (2009) related to this
term. K; is the capital factor of firm j. Also, L; is the labor factor of firm j. The
technical improvement is denoted by the term A. This term is assumed to belong to
the whole economy and includes the knowledge stock. In addition, this term is

outside the control of any firm.

In Azomahou et al. (2009), the term A is assumed to be the increasing function of the

aggregate capital-labor ratio. This is assumed as A = % for simplicity where:
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K=%%,Kj and L=3%,L;

In Azomahou et al. (2009), there are also identical firms. This gives K = HKj and L
=HL;. There is also assumption for depreciation of capital, the rate of which is 0.
Then, the profit function is ¢j = Y; — g Lj — z K; for a price-taker firm representative j.

This gives the conditions of tradition. It is used for profit maximization with K;j and L;

as

dg; K\N"' L\

L=y X(ﬁ) (,4 ﬁ) —r=0 (2.2.1.7)
]

ag] K n 1— L N

—L=-mx <E) A1 (E) _q=0, (2.2.1.8)
]

A= % is the given externality. These produce z = n X. Also, it gives ¢ = (1-n) X k. k

is the capital-labor ratio.

Nonhuman wealth equals to aggregate capital stock. This equality occurs both at
equilibrium and in a closed economy. In equations, t = k. This equality is used for per
capita terms. Generally, there is the engine in one-sector growth models, which is the
accumulation of capital. There are two equations to reduce the model dynamics,
which occur at general equilibrium and which are based on aggregate consumption
and physical capital. In addition, Azomahou et al. (2009) reorganize Equation

(2.2.1.6) to obtain:

w(s)=(z-0)w(s)-(m+h)(m+0d)k(s), (2.2.1.9)

with z =n X. Also, ¢ = (1- 1) X k. These terms are the optimality conditions, which
clear up the compact form of k in LoMs. These properties can be reorganized as

30



k(s) = (X — h) k(s) — w(s). (2.2.1.10)

The balanced growth formulations, on the other hand, are demonstrated in (2.2.1.9)
and (2.2.1.10).

Azomahou et al. (2009: 213) use the term growth paths of balance. They also utilize
the term growth path of steady-state. Both these terms are used interchangeably.
Then, they describe growth paths of steady-state and deal with the one-sector model.
For them, the growth path of steady-state concept is simple. There is consumption
per capita and capital per capita. These terms, which are represented as g, grow and
their growth rates are at the same constant. In addition, there is theory of endogenous
growth, in which Azomahou et al. (2009) face unpredictability. This problem occurs
as far as the long-term level of the variables is concerned in equations (2.2.1.9) -
(2.2.1.10). These equations do not compute the long-term levels of both variables

and the growth rate of g. Thus, Azomahou et al. (2009) use the reduction method of
traditional dimension and focus on two variables. One of them is, % = B, the ratio

consumption to capital. The other is, g = % = %, the growth rate. Then, they

reorganize the equations (2.2.1.9) — (2.2.1.10). This arrangement occurs at growth

path of steady-state considering these two variables. They get:

g=(z-6)-(m+h)(m+4§)B1 (2.2.1.11)
and
g=X-h-B. (2.2.1.12)

Azomahou et al. (2009) assume that m = 0. They reorganize the structure of
traditional demographic in growth theory according to this assumption and using
zero capital depreciation. Also, they utilize counterpart outcomes. However, they
leave this assumption. They accept that m # 0. There are positive solutions for the

equations (2.2.1.11) — (2.2.1.12). Azomahou et al. (2009) introduce z > 6. These
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terms mean that the impatience rate should be less than the private return to capital
accumulation. Also, they present X > h. These terms indicate that the rate of

population growth should be less than the productivity parameter X.

These assumptions are acceptable. They also assume that § > h. This is also a very
acceptable assumption in theory of growth. Azomahou et al. (2009) utilize algebra
math and demonstrate, g, the long-term growth rate in a second-order polynomial.
Thus, g should produce solution for this order level. This is used in Aisa and Pueyo

(2004) as well.

-gZ2+g(X-h+z-6)+(X-h)(6-z)+(m+h)(m+§)=0. (2.2.1.13)

However, there is a difference between Aisa and Pueyo (2004) and Azomahou et al.
(2009). Aisa and Pueyo (2004) describe the related properties. Azomahou et al.
(2009), on the other hand, introduce Proposition A and its proof.

Proposition A: There are two rigorously positive values for, g, the long-term growth
rate. These are demonstrated by the given model as (X - h) (z - 6) > (m + h) (m + §).
Yet, consistent with consumption to capital ratio that is positive one is the lower one.

This is merely a single value.

PROOF: See Azomahou et al. (2009: 214-215)

At this point, Azomahou et al. (2009) make two comments. First, they consider that
the apparent multiplicity is fabricated, which stems from second-order polynomial
equation. There is a different result in Aisa and Pueyo (2004). They obtain two
distinct and positive values for g. There is the ratio consumption to capital positivity.
The highest value of g is not suitable for this positivity. Second, in Azomahou et al.

(2009) sufficient conditions exist. But these conditions are not constraining enough.
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There are equations as (X - h) (z - 6) > (m + h) (m + §). Or, there are equations as
(X-h) (X-06)>(m+ h) (m+ 6). These equations should provide higher X value
(productivity). At the same time, m, h and 6 lead to lower values in general. There is
low X (productivity) values and high m (mortality) values. These two conditions
generate negative growth. According to Azomahou et al. (2009), their model works
in these conditions and there is the model for the association between economic

growth and LE. This model is characterized in the following proposition:

Proposition B: Especially, g" is a rigorously diminishing, rigorously convex function
of m. There is a rigorously raising, rigorously concave function of LE. This function
is the single suitable long-term growth rate of the economy. These conditions are

covered by the assumptions of Proposition A.

PROOF: See Azomahou et al. (2009: 215)

According to Azomahou et al. (2009), the model of benchmark of Blanchard (1985)
includes the model of perpetual youth. Also, it utilizes the conditions of engine of the
model of learning-by-investing of Romer (1986). These models provide a simple
overview of the association between economic growth and LE. There is no difference
between countries regarding this association. The observed sample includes low LE
and high LE countries, and the association is monotonic and concave-shaped.
Azomahou et al. (2009) consider excluding the perpetuality of the youth and
introduce age dependency of labor income into their model. Then, they utilize the
survival probabilities of age dependency in their model. They demonstrate that there
is, h, the growth of population. This term has no significant role in forming the
association between growth and LE. They take the growth of population as 0 (h =
0). Then, they assign one for total population. Thus, the aggregate and per-capita

variables correspond to each other.
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2.2.2. Considerations on the Model with Naturalistic Age-Dependent Wages

There is an assumption for the term wage g(s) at time s in Azomahou et al. (2009).
This wage term should be related with an individual’s age. In the previous model, it
is assumed that wage is not related with age, which is not natural. Now, Azomahou

et al. (2009) utilize age dependency of labor income.

Azomahou et al. (2009) introduce new enlargement for the model of benchmark.

They apply a replacement for the production function, which is demonstrated below.
Yi=X(K)"(AL),0<n<1,

L; is obtained at any time s in
_ S
Lo = [ re-n Lo

r (S — y) — tle_{l(s_)/) + tze_{z(s_)/) ,

Azomahou et al. (2009) find that t;, {; and {, are positive parameters, while 7, is
negative. Hence, they state that the term ZJ- provides the concept of age-dependent
effective labor. There is an age weighting function (s — y). They get this function
from Farugee et al. (1997). They also introduce the first exponential term in (s - y).
In this way, they demonstrate the step by step decrease in labor due to aging. They
use the second term to produce the other influence. They indicate the positive effects
of experience, especially of longer life. For this reason, L;j (¥, s) provides the

magnitude of the workers. At time s, this magnitude covers the age s - y.

Age weights are used in Farugee et al. (1997) with the term (s — y). Azomahou et al.
(2009) want to see (s - y) rising initially with age. Then, they demonstrate its

decrease after some time. Then, they want to observe the positive effect of
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experience, which is controlled by labor decrease. This decrease stems from aging.
This path should be guaranteed. There should be the appropriate selection for ¢,
which should be valid for {j, j =1, 2, as well. Azomahou et al. consider the positivity
of (s - y). They make this property valid despite some exceptions. For example, s = y
is an exception. Also, the age of the worker is an exception when it is 0. They assume
that every individual in every generation is employed. The age s - y is also

employed. This age is closer to 0.

According to, it is possible to settle this model. Any y individual is only employed
from y + Po. Thus, Po > 0. This term denotes a positive number. However, the
properties of the model of benchmark are preferred by Azomahou et al. (2009), and
their model shows similarities to the properties of the model. The planning process

beginning age should be understood as age 0 for the individuals.

h = 0 is the assumption in Azomahou et al. (2009). They provide Romer’s equation
for externality as A= K. Under this condition, at date s, population magnitude with

m(

age s — y becomes m e ™ ~¥)_ Then, with aggregation under symmetric property,

profit-maximization of firms gives:

q(v,s)=X(1-9)L-t ()T (s-V)K(5),

with
_ S
L(s)= j F'(s—y) me ™= qy,

At date s, the wage q (v, s) is age (s —y) payment. The integral is precisely
estimated. Then, the wage per age becomes constant. For instance, they assume

t1 = —t, =t > 0. Then, they get:
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1 1
m(1+m Zz‘}‘m

L(s)=L=t

They consider that there is a requirement for {; < ;. Also, the requirement for L > 0
is valid. These are also similar to the properties of the model by Faruqgee et al. (1997)
and Japelli and Pagano (1989). t; = - t, are combined with these terms. There is
positivity for the function of age weight as /" (s - y). By following a hump-shaped

curve, this function begins increasing with age. The equation of the wage per age q

(v, s) is:

q(v.8)=T'(s-v)q (s) (2.2.2.1)
with

q(s)=X(1-1) Lt (s)K(s),

There is age-unadjusted wage, and this property provides this wage. For the interest

rate, maximization of firms based on capital produces the equation below in

Azomahou et al.’s model:

z=1XL1-¢

The wage per age, thus, remains constant at equilibrium as before. Azomahou et al.
(2009) argue that the consumer problem is the same. There is only one exception

regarding this issue. Now, the age-dependent property of life earnings should be

involved in the budgetary restriction:

Z(v,s)=(z(s)+m)Z(y,s)+q(v,s)-W(y,s) (2.2.2.2)
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Azomahou et al. (2009) get proportionality property which is consistent with the
model of benchmark. There is also an exception for the description of human wealth.

This equation is:

Wy, s)=(m+38)[Z(y,s)+C(y,s)],

together with

C@s) = f q(y, ) e 5 @ma g

N

For aggregate human wealth, Proposition C gives the related LoM.

Proposition C: C (s) = f_sooC (y,s) me ™6~V dy, the aggregate human wealth

utilizes LoM:

“dw(o,s)

s G(o)e G +TmM©@=9qds — Lg(s),

C(s) = (z + m)C(s) +f

N

where
S
w (0,5) = f I'(y—o0) me ™61y,

PROOQOF: See Azomahou et al. (2009: 218)

Azomahou et al. (2009) significantly change LoM of the aggregate human capital

o dw (0, S) ~

since there is term | g (o) e~ @ +m (@ =9 qg which is newly introduced. Under

s as

the conditions of the human wealth dynamics, this integral produces effects of
earning which is age-dependent. According to Azomahou et al., this age-dependent
earning affects LoM of the aggregate consumption as well. This property is given in

Proposition D.
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Proposition D: Z(s) = f_sooZ (y,s)me ™C~Ndy, the aggregate nonhuman

wealth uses LoM:
2(s)=zZ(s)+L§(s)-W{(s)
The aggregate consumption utilizes:

WE)=(02Z —8O)W —m@m + 8)Z(s) +(m

ooa :
N 5)f 9w (0,5) d (o) e=@+m (@=9) g,
2 ds

PROOQOF: See Azomahou et al. (2009: 219)

LoM for nonhuman wealth is obtained in the former proposition. Then, Azomahou et
al. (2009) give properties of the steady-state of the general equilibrium outcome of
their model.

Azomahou et al. (2009) assume that the closed economy is valid. They change, Z (s),

the aggregate nonhuman wealth by, K (s), the capital stock, based on the former

proposition in LoM:

K(s)=rK(s)+Lg(s)-W{(s)

This gives the equation with expressions of the equilibrium for z and g (s):
K (s)=XL 1= W(s).

They get similar equation in path of the steady-state.
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with X =X L1t Then, they get g and B. They change Z (s) and § (s) with

expressions of the equilibrium in K (s):

W)= -OW-mm+8)KG)+XA—-1)L ' (m

+6) xf wma)eﬁﬁmﬂa-ﬂda.
S

They change consumption to capital ratio, B, by B= X - g:

m(

g=(z-6) — X_*g‘” x[1-X(@-0 I m+

5) foo 0w (0,5) e_(z +m-—g) (o —5) dO'], (2.2.2.3)

S as

together with

e=Ci0-5)  g=Gu(0-9)
w(o,s) =tm — .
( ) {1 + m Zz + m l

along

f dw (0, 5) e~z +m=-g) (-5 44
< ds

_ tmd{y

@ Am(z +m A+ - g)
tmd,

(A mE +tm+G- g

They assume that, g, economic growth in the path of steady-state, gives the solution

for the equation:
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F(g)

m(m+5) 7—1 r -
+———x [1-X(1-0L (m+5)<(z+m+(1_g)_ (z+m+72—g)
Y (2.2.2.4)
. _tm{; .
W]th F] - ({]_'_m) 7]—1; 2

Azomahou et al. (2009) consider using numerical imitations. They formulate

Proposition E for their numerical inquiry.

Proposition E: [t is assumed that, X, the productivity parameter has sufficiently
higher value. At the same time, it is assumed that the gap between (, — (; gets an
adequately lower positive value. Within these two conditions, g solves equation
(2.2.2.4) with positive rate of growth. This positive rate of growth matches with the

ratio consumption to capital. Also, this ratio has a positive value.

PROOF: See Azomahou et al. (2009: 221)

Azomahou et al. (2009) reach a similar finding to Kelley and Schmidt (1995), and
Boucekkine et al. (2002). Their numerical imitation result points to the existence of
a hump-shaped curve association between economic growth rate and LE due to the
age threshold. In this association, income decreases and economic growth rate
decreases depending on, I' (s - y), the age profile’s natural path. Then, they
determine that age-dependent survival probabilities can produce a convex, and then,

a concave-shaped curve. They aim to obtain such a curve.

2.2.3. Considerations on a Model with Naturalistic Demography

Azomahou et al. (2009) introduce the law of survival for their model. This model is

similar to the one given in Boucekkine et al. (2002). They describe the surviving
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probability up to age t (t =s - y) for, y, member of the generation as any individual.

This is:

A 100)

uty) = 7, (2.2.3.1)
and at age ¢ death probability is:
e Mt —{(y)
F(ty) =1 - =1- , (s —
&) =70 ul{()e ), (s — v)]

1 —e- 2Nt
= —, 2.2.3.2

{0 (@232

There is, @ (y), the elderly survival measurement. There is also, ¢ (y), the youth
survival measurement. Azomahou et al. (2009) assume that ¢ (¥) < 0. Also, { (y) > 1
in this assumption., which is similar to Boucekkine et al.’s (2002) model to obtain a

concave law of survival that occurs in daily life.

There is the maximum age for, y, generation members as individuals. This possibility

is produced by this equation as u (¢, y) = 0. Then, there is Amaximum = — ) Thus,

o)

there is the equation that describes the instant death probability:

_OF (©)/0s _ —0u/ds _ g(y) e MM
V() = ” = Tu T e o) (2.2.3.3)
The equation for LE is:

o e eW(s-y) In 1

E = ] (s — ) 2P ds = O mlm . (2234

y 1-4) eA-4¢) e
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For ¢ (y) —» 0 with ¢ (y) > 0. Blanchard’s finding is obtained. At time s, the

population magnitude is:

B s N eCW(s—y) _ ()
P, —j e =70 dy . (2.2.3.5)

S=Amaximum

Azomahou et al. (2009) do not change the property of production. However, the
growth of population is accepted as 0. They regularize the magnitude of the
population total to one. This property is similar to that in Blanchard (1985). They
change the property of consumer radically. They want to make the model consistent
with the demographics in real life. They neglect the dependence of { (y) and o (y) as
parameters of demographics on y. By doing this, they want to ease the solution of the
equation. There is utility of the instant, which is obtained from consumption. It
occurs in log form and it is for an agent born and living respectively in y and s. Then,

the equation of utility of the intertemporality is:

InW (y,s)

Y + Amaximum -o(s-y) _
f e T stn s (2.2.3.6)
14 1-¢

Azomahou et al. (2009) assume that work disutility does not exist in their model.
This property is different from Boucekkine et al.’s (2002) model. Then, they obtain

the classical equation of Euler:

oW (y,s)/d W
%:sz(s)—5+V(y,s)—V(%S)

=z (s) — 6. (2.2.3.7)

W(y,s) = W(y,y) el W)=0)dv. According to Azomahou et al., Farugee et al.

(2003) denote over-time consumption very well in their model.

42



Proposition F

Wws) =0@s)[Zs) + Cys)] (2.2.3.8)
where
9 (,s) = !

vs)= f°°e—f;’[6+V(c, o (b-v)lab g,

N

PROOF: See Azomahou et al. (2009: 237-238)

Corollary A: Equation (2.2.3.8) is transformed into the approach of Blanchard as
W(y,s)=(m+38)[Z(v,s)+C(y,3)].ifV(y,s)=m.

Azomahou et al. (2009) denote marginal propensity to consume (MPC) by 9 (y, s).
They utilize MPC according to age and properties of cohort in their model.

9(v,s)
86 + o)™ - )
- 5 [e~et — e@+O(t-Amaximum)] + {(§ + o) [0~ Amaximum) — 1] (2.2.3.9)
and
9. v)
N CIR A .. (2.2.3.10)

o) [1 — e Amaximum (6+Q)] + ((6 + Q) [e‘aAmaximum — 1] )
According to Azomahou et al. (2009), MPC is age-dependent. The function obtained

from demographics and the parameters of preference affects MPC. Then, Azomahou

et al. (2009) present the development process of 9(y,y) according to g, {, and §.
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3 —8Amaximum §2 — 2
aﬁ(y,y) _ e‘(5+Q)Amaximum [(1 _ () (_52 +6 (6g+ Q))] _¢€ s C(; ()(5 + 9) + 62(1 _ C)

ag [8 (1 — e‘(5+9)Amaximum) + {(6 + Q)(e_SAmaximum — 1)]2

9, y) e~ 0+ Amaximum§2(§ + ) [(W)] — e 0maximum §(§ + )2 + |1 + w +05(8 + 0)

a¢ [6 (1 — e‘(5+Q)Amaximum) + ((6 + Q)(e_sAmaximum — 1)]2

a9, y) _ —e~ @+ Amaximuim§2(1 — 0)[(8 + 0)Amaximum + 11 + €7 84maxl(1 — (6 + 0)% + [6Amazimum + 1]
a6 [6(1- e*(5+Q)Amaximum) +{(8 + Q)(e"sAmaximum — 12

+(1 = D[-{(8 + 0)*+57]
[6 (1 — e~(+QAmaximum) + (6 + @)(e~Amaximum — 1)]2°

Then, they obtain Proposition G:

29(y.y) 29(y,y)
T < 0, o0

(the age maximum) is sufficiently higher (if { is adequately higher and/or @ goes to
0).

a9(y,y)

Proposition G There are < 0,—5— > 0, i Amaximum

PROOF: See Azomahou et al. (2009: 238-240)

Azomahou et al. (2009) describe the saving rate, v (¥, y). This rate equals to
1 —9(y,y). They simulate the saving behavior according to the parameters, o and
6. If LE and/or ¢ and p rise, then saving rate also increases. If § increases, then

consumption tends to increase and saving rate decreases.

In Azomahou et al.’s (2009) model, considering bys, any vintage, B (s), the size of

the aggregate is:

Be) = [ by = | b(y,5)P(y,s)dy,

S—Amaximum
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P (y, s) is the cohort magnitude of y. Azomahou et al. (2009) give the aggregate
consumption in proposition H.

Proposition H: W(s) = fss_ W(y,s)P(y,s)dy, the aggregate

Amaximum

consumption is transformed into:

W(s) = 19(s,5) C(s,5) + (z (s) — &YW (s)

— js W(y,s) V(y,s)P(y,s)dy (2.2.3.11)

S=Amaximum

along P(y,s)=tufo,{ (s-y)] together with

W(y.s) = W(y,y) e @01, (2.23.12)
PROOQOF: See Azomahou et al. (2009: 230)

There is aggregate consumption in Azomahou et al.’s (2009) model. Three terms
determine this consumption. These terms are the newborn human wealth, the gap
between the interest rate and impatience rate, and the anticipated forgone
consumption at s by agents passing away. According to Azomahou et al. (2009), the
third term produces different results compared to the classic Blanchard model. Then,

C (s), human wealth is developed in Proposition I:

N

Proposition I: C(s) = fs C(y,s)P(y,s)dy, the total human wealth at s is

—Amaximum

transformed into:

C (s) = tC(s,s) — q(s)L(s)

N
f
S

—Amaximum

S+Amaximum
| a(@)[z (5) + V(s

— )] KEOVEDI® pry 5 do dy
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_fs C(y,s)P(y,s)V(s — y)dy. (2.2.3.13)

S=Amaximum

PROOQOF: See Azomahou et al. (2009: 240)

The Z(s), the non-human wealth, is presented in the following equation:

N

Proposition J Z(s) = fs Z(y,s)P(y,s)dy, the aggregate nonhuman

—Amaximum

wealth is transformed into:
Z(s) = Z(s,5)P(s,s) + z(s)Z(s) + q(s)L(s) — W(s).
PROOF: See Azomahou et al. (2009: 240)

Azomahou et al. (2009) introduce (2.2.3.7), the Euler equation, together with
Z({y.v)=0.

W(s) = f 9, VICTY) eYE 0 Py, s)ay,

S S
- f ¥, VCWY) e * ™ p(y, s)dy,

S—Amaximum

in place of
Y+Amaximum -

Clv.y) = f q(0) e—fy [z @)+Vw-plav
14

together with

q(s) = (1 — )XKL™* =GK,

46



along G = (1 — )XL ~*. There is a requirement to denote W (s) clearly. Hence,
Azomahou et al. (2009) want to define L (s) and C (¥, y) plainly as well. They assume
the growth of demographic as 0 in their model. Thus, they obtain the constant labor

force and the following equation:

B S N e S—Y)_{(y)
b= f A e

—Amaximum

T 1-— e_QAmaximum
= 1-¢ 0 — CAmaximum |-
Azomahou et al. (2009) obtain C (y, y) together with steady state. They seek

exponential outcome at rate g for K. They introduce K (s) = Ke8%; K is a constant.

They get:
__ YtAmaximum pu
Clr.y) = GKf e80 o~ ly 2V w-Miav ;-
Y
+Amaximum e—0(0-v) _ 4
= Gl?fy 080 (@=y)+in (m) do
Y
Y+Amaximum e—Q(o-_y) . {
= GI? ego'e—Z (O'—y)—do_
y e=er-v) — ¢

G_[? e8Y eAmaximum(g_Z_Q) -1 ((eAmaximum(g_Z) — 1)
C1-9 (g—2z —0) (g—2)

= KM(g)egy,

together with M (g) = 15_ :

Azomahou et al. (2009) give aggregate consumption equation as:
47
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e—e(s-v) _
il OFH

S
W) = B KA @ | e8> =)
S—Amaximum 1- Z

1— eAmaximum(Z -0-6-9)

|

_ (v, Y)KM(g)e®
Wis) = 1-¢ (g—z +0+9)
{(1 — eAmaximum(Z _6_.9))
- T (2.2.3.14)

Azomahou et al. (2009) introduce W(s) in steady-state.
= B. They obtain B using

x| =

W(s) = We8; W is a constant. They characterize

Equation (2.2.3.14) as a function of g:

— Tﬁ(y; V)M(g) 1 — eAmaximum(Z —0-6—-8)
1-¢ 8-z +0+0)

{(1 - eAmaJCimum(Z —6_g))
B (g—z +6)

(2.2.3.15)

Azomahou et al. (2009) introduce a simple equation that represents the asset

restriction of economy. They denote this equation by B and g to identify both. They

bring together Equations (2.2.3.15) and (2.2.1.12).

F(g9)=XL1"'-—g

B T19()/, ]/)M(g) 1-— eAmaximum(Z -0-6-8) B ((1 — eAmaximum(z —S—g))
1-¢ (g—z +0+9) (g—z +9)
=0, (2.23.16)

This equation provides basic Proposition K:
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Proposition K: The solution of the equation is produced by g, ifthereisg >0 :
F(g9) =0, (2.2.3.17)

where 9 = ({; 0; T; §; ; X) as the parameters’ set.

Then, there is a need to get the positive root of the g-equation:

Proposition L: There is t g > 0 solution to F(.) that equals to zero, if L or X are

sufficiently higher.

PROOF: See Azomahou et al. (2009: 241)

Azomahou et al. (2009) provide proof that economic growth and LE association
should be non-linear and non-monotonic. If LE has low values, the association
should be convex. If LE has sufficiently high values, the association should be

concave.

Proposition M: For sufficiently lower in value of {, g is a raising convex function of
(. In opposition, g is inevitably a concave function of { when { gets adequately

higher in value.

Proposition M can be divided into two parts. The proof of the first part for this
proposition can be seen in Azomahou et al. (2009:241-243). The proof of the second
part is accepted intuitively. They assume that the long-term rate of growth g is
restricted. If { begins to get adequately high values, the increase in g should begin to
decrease. Azomahou et al. get by reasoning that g < X. X is a variable of productivity.
It is not dependent on ¢ in Equation (2.2.1.12). The economic rate of growth, g,
should go to negative (or 0), if ¢ continues to get sufficiently high values. This

mechanism blocks convexity for high values of ¢.

Azomahou et al. (2009: 235 and 236) demonstrate in their Figures 16 to 19 that their

proposition clearly works. They explain two main results:
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Firstly, in their numerical experiments, a rising LE function is the economic rate of
growth as g. If { or p rises, the rate of growth rises as well. The flow of motion in
their model is that the elderly should be less prone to saving. A person who is born at
y and lives at s has a tendency to decrease the saving rate. Younger people save more
than the elderly. They assume that there is physical capital accumulation-dependent
economic growth. Also, there is an assumption for domestic savings that are the only
source of this accumulation. Based on these assumptions, higher LE has a negative
effect on economic growth as there are the raising shares of the individuals who have
comparatively lower rates of saving. The negative effect of relatively lower rates of
savings by higher LE is not tolerated sufficiently by the positive improvement effect

of LE on economic growth.

Secondly, the function of economic growth as g has largely a convex-concave-
shaped curve. According to Azomahou et al. (2009: 208-209 and 236), this is also
similar to their empirical findings as shown in Figures 5 and 6. Especially, the shape
of the curve in Figure 19 estimated by their model is very close to the empirical
estimations in Figures 5 and 6. Azomahou et al. clarify the logic behind their
empirical, and, then, simulated estimation results. Sufficiently low level of LE
provides low level of economic growth. The increment in LE increases economic
growth through the increase in aggregate savings. This part describes the convex
shape for ¢ in lower levels. If LE has adequately higher values, economic growth
decreases. This explains the concave shape of the curve as there is an increment in
elderly shares in population. These increasing shares of the elderly lead to less saving

rate because the elderly have higher time preference rates.

2.3. Obtaining Reduced Form Equations from the Theoretical Model of

Azomahou et al. (2009) in Terms of Time Preference Rate and Proxy Variables

We follow the explanations of Azomahou et al. (2009) closely, but we use our own
notation. A guide for the letters in the notation is presented in Appendix B.

02 8(Amaximum)
dA2?

maximum

According to Azomahou et al. (2009: 243), U determines the sign of
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as it is known that lim1 Apmaximum = 0, either g, L or z falls to 0. At the end of the

process, they obtain:

U= (20 + 6) (6% + 068) > 0. (2.3.1)
We would like to expand the terms in = (2¢ + &) (62 + ©6). Then, we have:

= (20+6)6%+ (20+ 6)o6 > 0.

So, we obtain:

= 206% + 6% + 20%6 + 062> 0.

We combine and rearrange these terms. Then, we get:

= 20%6 + 306% + 63> 0. (2.3.2)
In Proposition G (Azomahou et al., 2009: 225), o is assumed as close to 0. We may
multiply this very small value of ¢ with coefficient terms as 2 and 3. Then, we may
ignore these very small values (multiplication results of o with these coefficient
terms as 2 and 3) to leave § alone. Hence, we obtain:

U= 6§+ 6%+ 63> 0. (2.3.3)

02 8(Amaximum)
dA?

maximum

Then, we ignore the other parts of the solution for due to the

0%8(Amaximum)
dA2

maximum

dominant effect of U on determining the sign of in this solution

(Azomahou et al., 2009: 243). Therefore, being limited by the determination of the

0%g(Amaxi . ..
W , U equals by this definition to:

maximum

sign of
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2 .
0”8(Amaximum) o [~ § + 52 + 63 > 0. (234)

2
aAmaximum

Hence, (2.3.4) is consistent with the conclusion in Azomahou et al. (2009: 243) as

0%g(Amaximum) > 0.

2
aAmaximum

We assume that time preference rate (rate of impatience), &, can be represented by
any appropriate substitute. For example, § increases with LE (Azomahou et al.,

2009: 225). Thus, LE may be a substitute for § in (2.3.4). Therefore, LE in cubic

2 .
9 8@maximum) Then (2.3.4) turns into:

2
aAmaximum

specification may determine the sign of

2 .
0”8(Amaximum) ¢ ]~ LE + LEZ + LE3 > 0. (235)

2
aAmaximum

Also, we assume that BMI and SBP are embedded in LE. Thus, both BMI and SBP
can be substitutes for LE for cubic specifications in (2.3.5). Therefore, BMI and SBP

2 .
may determine the sign of W . Then, (2.3.5) turns into:

2 .

2 ECmaxinun) ut j = BMI + BMI> + BMI® > 0. (2.3.6)
2 .

2 ECmaximun) 4wt |j = SBP + SBP? + SBP? > 0. (2.3.7)

So, we may use LE, BMI and SBP for cubic specification estimations in (2.3.6) and

(2.3.7) as the substitutes for time preference rate, §.

0%g(Amaximum)
0A2

maximum

The sign of is closely related with the indicators of growth, which are

GDP per capita, human capital, GDP per person engaged, productivity, and gross

domestic savings. Therefore, we can use these engines of growth as a substitute for
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2 .
W in (2.3.4). Then, we may utilize these indicators of growth for cubic

maximum

2 ,
specification estimations from (2.3.5) to (2.3.7) in the place of 9 elmarimum) Then,

OAT aximum

(2.3.5), (2.3.6) and (2.3.7) turn into:

GDP per capita & U = LE + LE? + LE3 > 0. (2.3.8)
human capital & U = LE + LE? + LE3 > 0. (2.3.9)
GDP per person engaged & U = LE + LE? + LE3 > 0. (2.3.10)
productivity & U = LE + LE2 + LE3 > 0. (2.3.11)
gross domestic savings & U = LE + LE? + LE3 > 0. (2.3.12)
GDP per capita & U = BMI + BMI? + BMI® > 0. (2.3.13)
human capital & U = BMI + BMI? + BMI3 > 0. (2.3.14)
GDP per person engaged & U = BMI + BMI? + BMI3 > 0. (2.3.15)
productivity & U = BMI + BMI? + BMI3 > 0. (2.3.16)
gross domestic savings & U = BMI + BMI? + BMI3® > 0. (2.3.17)
GDP per capita & U = SBP + SBP? + SBP3 > 0. (2.3.18)
human capital & U = SBP + SBP? + SBP3® > 0. (2.3.19)
GDP per person engaged & U = SBP + SBP? + SBP3 > 0. (2.3.20)
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productivity & U = SBP + SBP? + SBP3 > 0. (2.3.21)

gross domestic savings & U = SBP + SBP? + SBP3 > 0. (2.3.22)

Therefore, we may use the engines of growth as GDP per capita, human capital, GDP
per person engaged, productivity, and gross domestic savings as the substitutes for

0%g(Amaximum)
0A2

maximum

cubic specification estimations from (2.3.8) to (2.3.22).

2.4. Econometric Methodology

For LE, Desbordes (2011) and Hansen (2012) are also followed in the estimation
methods used in this paper. Following Desbordes, we use OLS and IV estimation by
using predicted mortality as an instrument. In addition, we consider other instruments
such as age 1-5, age 5-14, age 65-69, age 80-84, and crude survival probabilities, and
measles vaccine coverage percent. Next, following Hansen, we use fixed effect (FE)
estimation and the Arellano-Bond estimation of the Generalized Method of Moments

(GMM) for the Model from (3.2.1) to (3.2.5).

For BMI and SBP, Desbordes (2011) and Hansen (2012) are followed in the
estimation methods used in this paper as well. Following Desbordes, we use OLS
and IV estimation by using crude survival and age 75-79 survival probabilities as the
instrumental variables. Next, following Hansen, we use fixed effect (FE) estimation
and the GMM (Arellano-Bond) estimation for the Model from (3.2.6) to (3.2.15).
The GMM (Arellano-Bond) and IV estimations are explained below.

The diagnostic tests are applied to all the models from Model (3.2.1) to (3.2.15).
These diagnostic tests include the Arellano—Bond test for autocorrelation, the test of
overidentifying restrictions, the regression equation specification error test (RESET)
for misspecification of the functional form, the weak identification test of the
instrumental variables, and the endogeneity test of explanatory variables. These

diagnostic tests are explained after the brief explanations of estimators.
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2.4.1. A Brief Explanation for the Arellano-Bond Estimator

We follow the explanations of Arellano and Bond (1991) closely; but we use our
own notation. A guide for the letters in the notations is presented in Appendix B. An
autoregressive (AR) specification is not a complicated model with imprecisely

exogenous variables. The plain model is
Vip = SYjip-n+ 6 + wjp, ¢ <1 (2.4.1.1)

Arellano and Bond (1991) assume that the sample of H time series as individual
(yjl, ., yjp) can be utilized haphazardly. There are lower P and higher H levels. It
is assumed that wj, holds moments of finite. These are specifically E (a)jp) =
E (a)jpa)jv) = 0 for p # v. They assume that there is no serial correlation. Yet, this
property may have an exemption over unit of time. In first differences, valid
instruments are found for equations as y values lagged two or more periods with
these assumptions. The proceeding u = (P —2)(P —1) /2 is the constraint of

linear moment

E|(Fp — Vip-0)Vip-n] =0 (=2,...,(p—1); p=3,...,P) (2.4.1.2)

where for purity ¥;, = yj, — Yjp-1) is inferred by the model for P = 3. Arellano
and Bond (1991) want to get { optimal estimator based on these moment constraints
via fixed P and H — oo without any information related with w;,, and €; for their
initial specifications or the distributions. The assumption for restrictions of the
quadratic moment is inferred as E (@paj(p_z)) = 0. However, it will not be used
due to the refraining iterative procedures. Hansen (1982) and White (1982)
investigate this calculation issue. Also, there is an estimator of instrumental variables
as two-stage or GMM as optimal. Arellano and Bond (1991) utilize (2.4.1.2) with
equations of the moment as FE (S ']6]-) = 0 in the form of vector thatw; =
((T)j3 .. @jp )'. And (yjl Vi ) provides vth block for S; whichisa (P — 2) X u
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matrix of block diagonal. { is the estimator of GMM based on
H 'Y, S @; =H™'S'@ as the moments of sample. A H(P — 2) x 1 vector is
given by w =y —{y_; =(®',...,0'y). And a H(P — 2) X u matrix is

provided by § = (§'4,...,S"y)". { is obtained by

- o, ,_ y'_1SAy S’y
{ =argming(@'S) Ay (S'@) = % (2.4.1.3)

It is inferred by the theorem of central limit as standard multivariate normal that

there is normal as standard in .Q,;l/ ‘H 28w asymptotically. And there is, S';@ ,

the matrix of covariance of average in Qy = H™?! X E(S'j 5]-6]-'5]-).

= =

There is an assumption that 2,; = H™* Y, j(S [ W; a)'ij) which provides a substitute
for . {1, as a preceding consistent estimator gives residuals as ®;. Adjusting
Ay = (H 1Y i S'iNS; )~1 provides { ; as an estimator of one-step. And diagonal
as the main gives both ones as minus and zeroes in sub-diagonals as the first and in
other diagonals respectively from (P — 2) matrix as square, N. “avar” (? ) for Ay is

obtained by

A (5 _ 1y V' -1SAHQHAHS'Y 1
avar({) =H o sasy T (2.4.1.4)

Q5 provides { , as an estimator of two-step that is an optimal alternative for Ay.
Both across units and over unit of time in the independency and homoskedasticity of
the wj, has { 1 and { , equivalency asymptotically. By relation, regressing process of

y" over "y_," utilizing each of two "y_,

or else “y_," being the instruments is
given by Anderson and Hsiao (1981) to calculate ¢. The estimators obtained will not
be efficient due to the two "y_," or else “y_," as §’s subgroups in linear form. As it
is known, by utilizing S = diag (yjp) (p=1,...,P—2), the estimator is
equivalent asymptotically to the estimator that is based on the arranged vector "y_,"
under property of stationarity, while E (yjpyj ® _k) = wj, for all p. {1 and { ,, at

even under property of stationarity, are not equivalent asymptotically to these
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estimators. There is a serial correlation in limited amount conceded in the wj;, as the
former estimation extension. Assume that w;,, is the moving average model of order
¢, understood as E(w]-pwj ® _k) # 0 for k = ¢ and 0 otherwise. Thus, when P = ¢ +

3, C is exactly identified. And there are constraints as
u.=P—-c—-2)(P-c—-1)/2.

2.4.2. A Brief Explanation for the Instrumental Variable (IV) Estimation

We follow the explanations of Wooldridge (2002) closely; but we use our own

notation. A guide for letters in the notations is presented in Appendix B. The linear

model of population is provided to hold the instrumental variable (IV) estimation

Yy =00+ 01b1 + 02b; +...+0sbs + Y (2.4.2.1)
E@) = 0,Cov (byY) =0,i=12,....K—1 (2.4.2.2)
Y may be correlated with bg. This means that regressors as by, by,...,bg_y are

exogenous; however, b is likely to be endogenous in the equation (2.4.2.1). For
solution, it is considered that ¢ includes an omitted variable which correlates with by
but not with other regressors. If there is Cov (b;, ) # 0 in equation (2.4.2.1),
ordinary least squares estimation mostly produces inconsistent g;. The endogenous
regressor issue is dealt with the instrumental variables (IV) approach. There is a need
for s; as an observable variable, not in equation (2.4.2.1), to utilize IV methodology

with endogenous variable bg. s; should satisfy two requirements. First, s; has no

correlation with 1:

Cov (s, ) =0 (2.4.2.3)
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Exogeneity of s; should exist in equation (2.4.2.1) as in by, b, ..., bs_;. The second
condition includes the link between s, and b as the endogenous regressor. There is a

need for linear estimation of exogenous regressors on bg.

bg = Bo + B1by + Boby +... +Bs1bs 1 + P51 + ag (2.4.2.4)

E(ag) = 0 and a; has no correlation with s; and by, b, ..., bg_1. There is a critical

assumption with this linear estimation. This is the coefficient on s; which becomes

nonzero.

by # 0 (2.4.2.5)

The requirement ¢p; # 0 means that s; has a partial correlation with b; after
b1,by,...,bg_q 1s taken away. If there is only bs as regressor in equation (2.4.2.1),
the linear equation becomes by = fy + ¢15; + ag. There is ¢ = Cov (s, bs)/

Var (s,), and specification in (2.4.2.5) and Cov (s1,bg) # 0 are similar.

The distribution of bz or s; has no constraints. At the same time, bz and s; can have
binary, continuous and/or discrete specifications. There is a linear projection in
Equation (2.4.2.4). When second moments of all variables are finite, this condition
is consistently defined. When the conditions for (2.4.2.3) and (2.4.2.5) are satisfied,
syis considered as an instrumental variable (IV) for b; since exogenous variables as
by,...,bg_1 have no correlation with 1. Therefore, in equation (2.4.2.1), explanatory
variables as exogenous provide their own instrumental variables. This means that the
list of the exogenous regressors is the same with that of the instrumental variables.
However, instrument is often preferred to indicate explanatory variable as

endogenous.
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2.4.3. A Brief Explanation for the Arellano-Bond Autocorrelation Test

We follow the explanations of Roodman (2009) closely; but we use our own
notation. A guide for the letter used in the notations is presented in Appendix B. The
test is improved by Arellano and Bond, who provide some invalid lags as
instruments, called as autocorrelation in the error as idiosyncratic term wj,,. Supposed
to be autocorrelated, the full error term, 7j,, includes fixed effects, and the
estimators are arranged to solve this problem. If wj, is correlated serially in
themselves, for example, in differences of the disturbance term, the w;,_, have an
endogenous link with y;,_,, Anj, = wj, — wj,—1, which provides an invalid
instrument in prospect. There is a need for constraining the set of instruments to lags
3 and longer of "y" until the second order autocorrelation is found at even longer
lags. The Arellano-Bond test is used for the residues in differences due to the
mathematical relation with Awj, using the common wj,,_; term. It is expected to
have the negative autocorrelation in differences for first-order. Hence, to examine
autocorrelation in levels for first-order, they examine autocorrelation in differences
for second-order. They find the correlation between wj,_qin Awj, and wj,_5 in
Awj,—o. In general, by controlling correlation of order 4+ 1 in differences,
autocorrelation of order A in levels is found. In orthogonal deviations, this
application is not useful due to the existence of the interrelation between all residues
in deviations by depending on many forward “lags” they render. This test is
conducted on residuals in differences even following the deviations in estimation.
The Arellano-Bond test for autocorrelation is used for OLS, 2SLS and GMM
regressions on panel data by having no “postdetermined” regressors regarding further
errors. Another assumption should be that disturbances are not correlated across
agents. Thus, common GMM estimate, 0,, is used for pretransformed datasets as B,
Y, S; residues “E” are provided by the estimator. Q should be the matrix of data. By 0
for p < A, Q=% should be its A lag. The autocorrelation test of Arellano-Bond

depends on the product as inner (%) X }:Z]-_’1 Ej, which is expected to be 0 under Ho
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order-1 autocorrelation. Having the assumption that disturbances are uncorrelated

across agents, a theorem of central limit guarantees that the statistic
\/ng F1B, = R, (2.4.3.1)
H jo joE dhi
- vH

provides normal distribution as asymptotic. To have propensity to normal
distribution, only H should be higher, not P. To calculate, under Ho, the statistic as
asymptotic variance, Arellano and Bond begin with derivation of Windmeijer above,
obtaining the interest amount from the hypothetical value deviation that it comes

close. Specifically, sinceY = Bp + E = Bp + EE=E -B (6a—0).

Replacing into (2.4.3.1) provides

1 1 ,
A -1 —Ara A
= 4(0a— OYE — B (84— 0)}
1 .y E-¥B ~
=ﬁEAE— r VH (84— 0)
,B*E
_\/E(QA_Q) H
,1B™™B R
+ VH (04— 0) 77— —VH (24— 0) (2.4.3.2)

As H — oo, the last two terms drop out. According to Ruud (2000: 546), since 0, is

aVH - estimate as consistent in o, VH (84 — ) has no limits or comes close to zero.

-1

. . . . . B
At the same time, having the assumption that b is not postdetermined, comes

close to zero, which omits the third term. According to Arellano and Bond (1991),

X

o . . . . B -
providing consistent motives, having the assumption that has no limits, the

fourth term comes close to zero. If we replace (2.4.3.3)
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0,—0=(B'SAS'B)"1B'SAS’ (Bo+E) — o
= (B’SAS’B)"1 B'SAS’Bo + (B’SAS'B) 1 B'SAS'E — o
= (B'SAS'B) "1 B'SAS'E (2.4.3.3)

into the term as second, the formula transforms into

(%) {E “YF — E-*B (B’SAS’B) " 'B’SAS’E }, in which variance is systematically

calculated by

1\ P i g
(ﬁ) {E™* Var (E|S)E™* — 2E"*B (B'SAS'B) ™' B'SAS" Var (E| S)E™*

+ E™*B Avar (p,) B'E™*}

This provides the autocorrelation z test of Arellano—Bond for order 4 by dividing its

value into (2.4.3.1) to regularize it.
2.4.4. A Brief Explanation for the Test of Overidentifying Restrictions

We follow the explanations of Roodman (2009) closely; but we use our own
notation. A guide for letters used in notations is presented in Appendix B. The
exogeneity of the instruments in GMM is a significant assumption that guarantees
the estimation validity. The exactly identified model does not give a possibility to
determine the instrument as invalid, since, when E[sn] # 0, the estimator prefers @,
S’E = 0. The overidentified model provides the test statistic for the joint validity of
the identifying constraints, which leaves out the GMM set up. Under Ho for joint

.. .. 1 a8 . .
validity, empirical moments vector ES E comes close to zero in random expression.

A Wald test can control this theorem. If it is applied, then the statistic
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(%SE) Var [sn] ' 2SE = 2(S'E) AgguuSE (2.4.4.1)

is x? having the same freedom degrees with the overidentification degree, i — k. By
replacing an estimate as consistent of Aggpp, it 1s feasible to get Hansen J test
statistic formula for overidentifying constraints according to Hansen (1982). The
minimized value of the criterion formula in (2.4.4.2) provides an efficient

generalized method of moments (EGMM) estimator as feasible.

1 ,A — 1 'A 7 1 'A — l AI ,A
| E(sm) 4= 1 5SBll,= H(;5E) 4 (z5F) = 2EsasE (2.4.4.2)
If I' has just magnitude and no direction, then Aggyy = (S°S)™1. According to

Sargan (1958), the Hansen test matches the test of Sargan. However, if there is no

sphericity in the disturbances, one-step robust GMM estimation occurs and the

statistic of Sargan % (S ]:3) (5°S)~1 S’E becomes inconsistent.

We can use the statistics of Sargan/Hansen to check the validity of the subsets of
instruments through the Sargan/Hansen difference test, which is also known as C
statistic. Under Ho of joint validity of all the instruments, the result of the difference
of test statistics of Sargan/Hansen is x2, having the same freedom degrees with the
quantity of instruments in suspicion. Unrestricted regression provides fewer moment

conditions without the suspect instruments. The C test statistic is appropriate for
) ) . . . . 1 on
unrestricted regression that has adequate identified instruments. First, we run ES E

to converge to zero, and then, we apply the test to converge to zero. If we use this
test after GMM, the Sargan/Hansen test has weakness due to growing inadequately to

satisfy all the conditions of moment that increase more than the test.
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2.4.5. A Brief Explanation for the Regression Equation Specification Error Test
(RESET)

We follow the explanations of Baum et al. (2007) closely; but we use our own
notation. A guide for the letters in the notations is presented in Appendix B.
Polynomials of low-order in § should have uncorrelated residues, where the
predicted values of the dependent variable are ys. Under Ho, there are no neglected
nonlinearities. The expression of the equation y = Bp + Y a + ¢ is calculated
through instrumental variable estimation. The dependent variable, y, has fitted value,
¥ which has powers as Y s. Under Hy, if there are no neglected nonlinearities, «
should not be significant. Then, there is no misspecification for the equation. As B
has correlated with 1 as endogenous regressors, the standard instrumental variable
predicted the values as § = B@ in the regression equation specification error test
(RESET) for instrumental variable estimation cannot be used according to Pesaran
and Taylor (1999) and Pagan and Hall (1983). They suggest that RESET test should

use the functional products of exogenous variables only as “forecast values” of y.

The reduced form predicted estimates of y are the forecast estimates y as the
predicted estimates from a regression of y on the instruments S in the test of Pagan-
Hall. The “optimal forecast” estimates are the forecast estimates y in the test of
Pesaran-Taylor. B is the description of the optimal forecast §. The coefficient of the
instrumental variable estimation and B = [SOS,]is §. That is the reduced form
predicted estimates of the endogenous regressors plus the exogenous regressors. At
the exactly identified equation, the Pesaran-Taylor and Pagan-Hall tests have similar
estimates. The third order polynomial has good power to test the functional form
misspecification according to Godfrey (1991). In addition, Pesaran and Taylor
suggest that C statistic RESET test has reasonable small sample properties with the

Pesaran and Smith (1994) optimal forecast estimates.
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2.4.6. A Brief Explanation for the Weak Identification Test

We follow the explanations of Mikusheva (2007) closely; but we use our own
notation. A guide for the letters used in the notations is presented in Appendix B. We
need to make comparison with the first-stage F statistic along the cut-off tables in
Stock and Yogo (2005). We have the assumption that there is homoscedastic

instrumental variable model with one endogenous variable b, and several exogenous

variables @,

Yp = 0bp + aQp +p

Being one-dimensional as y, and by, there is EQ,, = 0. The provided data is i.i.d.
We assume that S, is  k X 1 as an instrument. Then, specifically, Ey,S, = 0.

There is the first-stage regression as

b, = Sps + LQp + wyp,

¢ # 0 is the relevance condition. There can be a weak instrument issue when ¢ =~ 0.
The distribution of the first-stage F-statistic as x 2, as non-central, together with the
parameter of non-centrality, is demonstrated by Stock and Yogo (2005). And this
distribution is exactly associated with the concentration parameter y. Consequently,
F-statistic of the first-stage can provide the scale of the estimate of y. In the first

stage regression, the statistic for testing ¢ = 0 1is the the first stage F-statistic.

bp = 5,6 + [S’Qp + w,,.

We get EF = 1 + y?/k, and thus, we can calculate y2?/k as F- 1. We can
compare the calculated Y2/ k with the estimates of Stock, Wright and Yogo
(2002). For F-test, the critical values can be lower than the estimates of Stock,

Wright and Yogo (2002). Pre-test as ¢ =0 cannot detect exactly the weak
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instruments that are more common. However, the rule for determining weak
identification is F < 10. The mechanism as it is provided above is for one
endogenous variable by,. Cragg and Donald (1993) suggest that if there are more than
one endogenous regressor, the estimated F-tests will be the matrix of first-stage.

Then, this matrix rank should be tested.

2.4.7. A Brief Explanation for the Endogeneity Test

We follow the explanations of Wooldridge (2012) closely; but we use our own
notation. A guide for the letters used in the notations is presented in Appendix B. If
the explanatory variables are endogenous, the 2SLS is more efficient than OLS.
However, the standard errors of the 2SLS estimates can be higher. For this reason,
we have to check endogeneity of the variables to start 2SLS estimates. We have one

expected endogenous variable,

Y1 = Qo+ 01Y2 + 0251 + 035, + Y, (2.4.7.1)

s; and s, are exogenous. We also have two exogenous variables as s; and s,.
However, these are not in the equation (2.4.7.1). To estimate (2.4.7.1) by OLS, y,
should not have a correlation with ;. Thus, we have a test problem on this
correlation. According to Hausman (1978), the exact comparison of the OLS and
2SLS estimates and the identification of the statistical significance of the differences

help us decide.

There are consistent estimates for variables if all are exogenous in both OLS and
2SLS estimators. By keeping exogeneity of s;, if OLS and 2SLS estimates are
significantly different from zero, we can accept that there is endogeneity of y,.
Observing the empirical difference between OLS and 2SLS can be useful.
Regression test can be useful to decide whether differences are significantly different

from zero or not. The reduced form for y, is provided as a basis for this case
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Y2 = 6o 6181 + 6252 + 6353 + (454 + w,. (2.4.7.2)

As s; has no correlation with ;, y, has no correlation with 1;, which is only
possible when w, is uncorrelated with ;. This is the test framework we consider
using. Let Y, = fw, + e4, and e; has no correlation with w,. e; also has zero
mean. Thus,; and w, have no correlation. This is only possible when ; = 0.
Using ¢ test by adding w, in (2.4.7.1) could be a simple way to test what we want.
As w-, is the disturbance term in (2.4.7.2), we have no observation for it. This is an
obstacle to deal with for the implementation of the test. The reduced form for 1y,
can be calculated using OLS. Then, we can get the residues of reduced form, @,.

Hence, we get
Y1 = Qo + 01Y2 + 0251 + 035, + 100, + disturbance, (2.4.7.3)
by using OLS and test result Ho: f; = 0 to obtain a ¢ statistic. If H, is rejected

significantly, we determine that y, has an endogeneity issue due to the observed

correlation between w, and ;.
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CHAPTER 3

DATA AND EMPIRICAL SPECIFICATIONS

3.1. Data

We follow the base sample data structure explained and provided in Acemoglu and
Johnson (2007: 939, 979-980) for 47 countries from the beginning of the 1940-1980
period due to reliable historical data consideration. Thus, there are 47 countries in
our panel data and three periods to investigate the association between economic

development and health. These periods are 1940-1980, 1940-2009 and 1980-2009.

We arrange balanced panel data to estimate models. Descriptive statistics for
variables are given in Table 3.1. The information regarding each variable is provided
below. Each age-specific death rate represents the mean of these age-based death
rates for male and female individuals. We utilize exact transformation of Brady et al.

(2007: 10) for one-to-five years survival probability estimation.

Log life expectancy at birth is the mean anticipated life for the newborn calculated
assuming that the reasons for death which a person encountered first at his/her birth
are fixed and these fixed reasons will continue in this fixedness (WHO; The World
Bank). Data for 1940 are utilized from Acemoglu and Johnson (2007: 979-980). Data
for 1950 are used from United Nations (UN) (2017: 65-70) Table Al, 1950-1955
Column for both genders. Data from 1960 to 2009 are utilized from the World Bank.
The panel data cover the period 1940-2009 with 376 observations covering 10-year

periods.
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Log years of schooling is the average years of total schooling, aged 25-64. This
variable is exactly used from Lee and Lee (2016). The panel data include the period
1940-2009 with 376 observations covering 10-year periods.

Log gross domestic product (GDP) per capita is exactly utilized from the Maddison-
Project (2013). There are only two exceptions for Bangladesh and Pakistan in the
1940 data. The data for these countries are used from Acemoglu and Johnson (2007).
The panel data cover the period 1940-2009 with 376 observations covering a 10-year
period. In the Maddison-Project (2013), the values for 2008 are utilized for countries
El Salvador, Honduras, Nicaragua, Panama, and Paraguay due to the missing values

for 2009 for these countries.

Predicted mortality is exactly utilized from Acemoglu and Johnson (2007). For the
1940 and 1980 data are used from Acemoglu and Johnson (2007). For the 2009 data
are determined according to data for the 1980. The panel data cover the period 1940-

2009 with 94 observations covering only these two years.

Log age 5-14 survival probability is estimated by using the following formulas:
There is age 5-9 survival probability = (1 — (age 5-9 death rate / 1000)); then, age 10-
14 survival probability = (1 — (age 10-14 death rate / 1000)); and, the mean log age
5-14 survival probability = (In (age 5-9 survival probability) + In (age 10-14 survival
probability)) / 2. Data for 1940 and 1980 are utilized from UN Demographic
Yearbooks. The data for 2009 are used from the WHO. The panel data cover the

period 1940-2009 with 94 observations covering only these two years.

Log mean body mass index (BMI) 18+ years is calculated by utilizing the following
formulation: Log mean body mass index (BMI) 18+ years = In ((male mean body
mass index + female mean body mass index) / 2). The unit is kg/m? and values are
age-standardized estimate. The data from 1980 to 2009 are utilized from the WHO.
The panel data cover the period 1980-2009 with 329 observations covering 5-year

periods.
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Log mean systolic blood pressure (SBP) 25+ years is estimated using the following
formula: Log mean systolic blood pressure (SBP) 25+ years = In ((male mean
systolic blood pressure (SBP) + female mean systolic blood pressure (SBP)) / 2). The
unit is in mm Hg and data values are age-standardized estimate. The data from 1980
to 2009 are used from the WHO. The panel data cover the period 1980-2009 with

329 observations covering 5-year periods.

Log GDP per person engaged is calculated using the following formulation: Log
GDP per person engaged = In (real GDP at constant national prices (in millions 2011
US $)) / (number of persons engaged (in millions)). The data for the period from
1980 to 2009 are utilized from Feenstra et al. (2015). The panel data cover the period
1980-2009 with 329 observations covering 5-year periods.

Log productivity is estimated by utilizing the following formulation: log productivity
= In ((manufacturing, value added (percent of GDP) x real GDP at constant national
prices (in millions 2011 US $)) / (number of persons engaged (in millions)). The data
for the period from 1980 to 2009 are used from the World Bank, World Development
Reports, Feenstra et al. (2015) and Knoema data (2018). The panel data cover the
period 1980-2009 with 329 observations covering 5-year periods.

Gross domestic savings (percent of GDP) are estimated as GDP minus total
consumption by the World Bank. The data for the period from 1980 to 2009 are
utilized from the World Bank, World Development Reports and Asian Development
Bank Reports. The panel data cover the period 1980-2009 with 329 observations

covering 5-year periods.

Log crude survival probability is estimated using the following formulation: log
crude survival probability = In (1 — (crude death rate / 1000)). The data for 1980 and
2009 are used from the World Bank. The panel data cover the period 1980-2009 with

94 observations for these two years.
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Log one-to-five years survival probability is calculated by utilizing the following
formulas: Firstly, infant survival probability = (1 — (infant mortality / 1000)); then,
under five survival probability = (1 — (under five mortality / 1000)); finally, log one-
to-five years survival probability = In (infant survival probability — under five
survival probability). This transformation is exactly utilized from Brady et al. (2007:
10). The panel data cover the period 1980-2009 with 94 observations for these two

years.

Log age 65-69 survival probability is estimated by using the following formulation:
log age 65-69 survival probability = In (1 — (age 65-69 death rate / 1000)). The data
for 1940 and 1980 are utilized from UN Demographic Yearbooks. The data for the
year 2009 are used from the WHO. The panel data cover the period 1940-1980-2009
with 141 observations for these three years. The data include 94 observations for two

years.

Log age 75-79 survival probability is estimated by utilizing the following formula:
log age 75-79 survival probability = In (1 — (age 75-79 death rate / 1000)). The data
for 1980 are utilized from the UN Demographic Yearbooks. The data for 2009 are
used from the WHO. The panel data cover the period 1980-2009 with 94

observations for these two years.

Log age 80-84 survival probability is calculated by using the following formula: log
age 80-84 survival probability = In (1 — (age 80-84 death rate / 1000)). The data for
1980 are utilized from the UN Demographic Yearbooks. The data for 2009 are used
from the WHO. The panel data cover the period 1980-2009 with 94 observations for

these two years.

Log measles vaccine coverage percent is measles-containing-vaccine-first-dose
(MCV1) immunization coverage among one-year-olds (percent) data which is
exactly utilized from the WHO. The panel data cover the period 1980-2009 with 94

observations for these two years.
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3.2. Empirical Specifications

For LE, by obtaining Equation (2.3.8) and following quadratic and cubic empirical
specifications in Desbordes (2011), Hansen (2012) and Husain et al. (2014)
respectively, we specify the following reduced form association between GDP per

capita and LE:

log GDP ;= ao+ a1 log LE;+ a2 (log LEx)* + a3z (log LEx)* + A + e+ wie,  (3.2.1)

where log indicates the natural logarithm, GDP is GDP per capita, and LE is life
expectancy, A and # are country and time specific effects, and w is the disturbance
term. Following Hansen (2012), the Model (3.2.1) is estimated by including a one-
period lagged value of “log GDP” on the right-hand side as an additional regressor.
This formulation allows for dynamic effects as well as endogeneity issues. We
estimate this association by GMM as it is proposed by Arellano and Bond (1991) and
performed by Hansen (2012).

According to the Equations obtained from (2.3.9) to (2.3.12) and the suggestion
made by Hansen (2012), a shape of nonlinearity should be added in the health-related
empirical model. Reduced form associations between the years of schooling and LE,
GDP per person engaged and LE, productivity and LE, and gross domestic savings
and LE are specified in the Model (3.2.2), the Model (3.2.3), the Model (3.2.4), and
the Model (3.2.5) respectively:

log years of schooling ;= a0+ a1 log LE;+ a2 (log LE«)* + a3 (log LE:)* + A + 1, +
i, (3.2.2)

log GDP per person engaged = ao+ ai log LE;+ az (log LEi)* + a3 (log LE;)* + A; +
e+ o, (3.2.3)
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log manufacturing value added per person engaged = ao + a1 log LE; +

a> (log LEi)* + a3 (log LEi)* + A + 5 + @i, (3.2.4)

gross domestic savings = ao+ a1 log LE;+ a2 (log LE«#)?+ a3 (log LE:)* + A + . +
wir (3.2.5)

where Model (3.2.1) notation and estimation methods are followed in Model (3.2.2),
Model (3.2.3), Model (3.2.4), and Model (3.2.5) closely.

Finally, three periods are used for the estimations of the relations between GDP per
capita and LE, and years of schooling (human capital) and LE. These periods are
1940-1980, 1940-2009 and 1980-2009. In the estimation of the associations between
GDP per person engaged, manufacturing value added per person engaged
(productivity), gross domestic savings and LE, only the 1980-2009 period is used
due to data limitations. For the estimations in Model (3.2.1), (3.2.2), (3.2.3), (3.2.4),
and (3.2.5) and all FE estimations, time and country dummies are included to
account for the relevant effects. In Model (3.2.1), we use the period 1940-1980 to
replicate the results obtained by Desbordes (2011) and Hansen (2012).

The results obtained by Desbordes (2011) are replicated precisely by applying long-
difference estimation using two-time points for the years 1940 and 1980. In addition,
in Model (3.2.1), the results by Hansen (2012) are replicated qualitatively using the
47 countries (rather than the 119 countries) for the panel data for the 1940-1980
period. Next, we update the period beyond 1980 and use the period 1940-2009.
Finally, the entire analysis is repeated for the 1980-2009 period. Long-difference
analysis used by Desbordes (2011) is applied in the Model (3.2.2).

For BMI, by obtaining Equation (2.3.13) and following the quadratic and cubic
empirical specifications in Desbordes (2011), Hansen (2012) and Husain et al. (2014)
respectively, we specify the following reduced form association between GDP per

capita and BMI:
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log GDP ;s= ao+ a1 log BMI;+ az (log BMIi)? + a3 (log LEi)* + A + 77: + wir
(3.2.6)

where log indicates the natural logarithm, GDP is GDP per capita, and BMI is body
mass index that has unit of kilogram/square meter (kg/m?), A and # are country and
time specific effects, and w is the disturbance term. Following Hansen (2012), Model
(3.2.6) is estimated by including one or two periods lagged value of “log GDP” on
the right-hand side as an additional regressor. This formulation allows for dynamic
effects as well as endogeneity issues. We estimate this association by GMM as it is

proposed by Arellano and Bond (1991) and performed by Hansen (2012).

According to the Equations obtained from (2.3.14) to (2.3.17) and the suggestion
made by Hansen (2012), a shape of nonlinearity should be added in the health-related
empirical model. Reduced form associations between human capital and BMI, GDP
per person engaged and BMI, productivity and BMI, and gross domestic savings and
BMI are specified in Model (3.2.7), Model (3.2.8), Model (3.2.9), and Model
(3.2.10) respectively:

log years of schooling ;= ao+ a1 log BMI; + a2 (log BMI;)* + a3 (log BMI,)* + A; +
Ht + Wi , (327)

log GDP per person engaged ;= ao+ a1 log BMI;+ a2 (log BMI)* + a3 (log BMI;;)?
YR TR (3.2.8)

log manufacturing value added per person engaged ;= ao+ a1 log BMI; + ax (log

BMI;)* + a3 (log BMILi)* + A + 1 + cwir (3.2.9)

gross domestic savings ;= ao+ a1 log BMI;+ a2 (log BMIi)? + a3 (log BMI;)* + A +
e+ o, (3.2.10)
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where Model (3.2.6) notation and estimation methods are followed in Model (3.2.7),
Model (3.2.8), Model (3.2.9), and Model (3.2.10) closely.

Lastly, in the estimation of the associations between GDP per capita, human capital,
GDP per person engaged, productivity, gross domestic savings, and BMI, only the
1980-2009 period is used due to data limitations. For the estimations in Model
(3.2.6), (3.2.7), (3.2.8), (3.2.9), and (3.2.10) and all FE estimations, time and country

dummies are included to account for the relevant effects.

For SBP, by obtaining Equation (2.3.18) and following the quadratic and cubic
empirical specifications in Desbordes (2011), Hansen (2012) and Husain et al. (2014)
respectively, we specify the following reduced form association between GDP per

capita and SBP:

log GDP ;= ao+ ai log SBP;+ a2 (log SBP;)* + a3 (log LE«)* + i + ¢ + wir ,
(3.2.11)

where log indicates the natural logarithm, GDP is GDP per capita, and SBP is body
mass index that has the unit of the millimeter of mercury (mm Hg), A and # are the
country and time specific effects, and w is the disturbance term. Following Hansen
(2012), Model (3.2.11) is estimated by including one or two periods lagged value of
“log GDP” on the right-hand side as an additional regressor. This formulation allows
for dynamic effects as well as endogeneity issues. We estimate this association by
GMM as it is proposed by Arellano and Bond (1991) and performed by Hansen
(2012).

According to the Equations obtained from (2.3.19) to (2.3.22) and the suggestion
made by Hansen (2012), a shape of nonlinearity should be added in the health-related
empirical model. Reduced form associations between human capital and SBP, GDP

per person engaged and SBP, productivity and SBP, and gross domestic savings and
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SBP are specified in Model (3.2.12), Model (3.2.13), Model (3.2.14), and Model
(3.2.15) respectively:

log years of schooling = ao+ a1 log SBP;+ az (log SBP:)*+ a3 (log SBP:)* + A + 1,
+ wir, (3.2.12)

log GDP per person engaged i = ao+ ai log SBP;+ a2 (log SBPi/)? + a3 (log SBP;)* +
i+t i, (3.2.13)

log manufacturing value added per person engaged i = ao + a1 log SBP; +

a2 (log SBP#)?> + a3 (log SBPi)* + A + #: + wir (3.2.14)

gross domestic savings ;= ao+ a1 log SBP;+ a2 (log SBP;)* + a3 (log SBP;)* + A; +
ne + Wi, (3.2.15)

where Model (3.2.11) notation and estimation methods are followed in Model

(3.2.12), Model (3.2.13), Model (3.2.14), and Model (3.2.15) closely.

In sum, in the estimation of the associations between GDP per capita, human capital,
GDP per person engaged, productivity, gross domestic savings and SBP, only the
1980-2009 period is used due to data limitations. For the estimations in Models
(3.2.11), (3.2.12), (3.2.13), (3.2.14), and (3.2.15) and all FE estimations, time and

country dummies are included to account for the relevant effects.
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CHAPTER 4

THE IMPACT OF LIFE EXPECTANCY ON ECONOMIC DEVELOPMENT,
HUMAN CAPITAL, GROSS DOMESTIC PRODUCT (GDP) PER PERSON
ENGAGED, PRODUCTIVITY AND GROSS DOMESTIC SAVINGS

4.1. Introduction

The association between GDP per capita and life expectancy (LE) has been
investigated widely. Also, we examine the effects of LE on GDP per capita by
utilizing our identified empirical specifications in Chapter 3 derived from Azomahou
et al.’s (2009) study. We use balanced panel data for three periods from 47 countries.
In quadratic specification, our findings support the non-linear and non-monotonic
association between GDP per capita and LE. Put differently, we find a U-shaped
association for the 1940-1980 and 1940-2009 periods and an inverted U-shaped
association for the 1980-2009 period. These results confirm the findings of
Desbordes (2011) and Hansen (2012) in that the link between GDP per capita and LE
may vary during the process of development. At this point, Hansen suggests that a
shape of non-linearity for health should be added to the empirical investigations for a

specified period.

From this perspective, depending on our empirical specifications in Chapter 3, the
effect of life expectancy on years of schooling is also investigated for 1940-1980,
1940-2009, and 1980-2009 periods. We find that years of schooling (human capital)
and LE linkage has an inverse U-shape during all these periods. In addition, we study
the connection between GDP per person engaged, manufacturing value added per
person engaged (productivity), gross domestic savings, and LE only for the 1980-

2009 period due to data limitations by utilizing our empirical specifications given in
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Chapter 3. For the 1980-2009 period, it is found that association between all these

dependent variables and LE has an inverse U-shape.

In cubic specification, we find that the association between GDP per capita and LE
follows first concave-, and then, convex-shape for the 1940-1980 period. For human
capital, this association is first convex-, and then, concave-shaped for the same
period. And this result is valid for the period 1940-2009, between GDP per capita
and LE, and human capital and LE associations. For the 1980-2009 period, the
association between GDP per capita and LE is first convex-, and then concave-
shaped. This result is also valid for the association between human capital and LE,
GDP per person engaged and LE, productivity and LE for the same period. For the
association between gross domestic savings and LE, we find that the coefficients of
the linear, quadratic, and cubic terms are insignificant. As a conclusion, our
empirical results yield significant proof that securing human physiological health

functions perpetuates economic development through enough savings.

4.2. Literature Review

Bloom et al. (2004) find that vigor and LE have a remarkable and positive effect on
economic development. One-year improvement in LE leads to a four-percent
increase in GDP per capita outcome. According to Bloom et al., (2004) this effect is
quite large, which demonstrates the positive direct effects of health on labor
productivity. Acemoglu and Johnson (2007) suggest that LE has a negative causal
linear impact on economic growth rate because of its positive effect on population
growth rate. For this reason, there is no proof that increasing life expectancy provides
rapid economic growth. Also, Acemoglu and Johnson point to the significant
negative effect of poor well-being status on economic growth rate due to the

decreased labor productivity of individuals.

Cervellati and Sunde (2009) indicate that the effect of life expectancy on GDP per

capita is roughly linear. This effect could be negative or positive depending on
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whether the countries in the sample are experiencing demographic transition or not.
According to Cervellati and Sunde, the effect is strongly positive if the countries
complete their demographic transition process, and negative if not. As put forward
by Kelley and Schmidt (1995), population growth rate holds both some advantages
and disadvantages for economic growth rate, and population growth has different
effects in the short and the long terms on economic growth. Farugee and Miihleisen
(1997) explain that the age structure of the population has an important impact on
aggregate savings by varying age-earnings and consumption/saving propensities.
They demonstrate that there is a hump-shaped association between relative earnings

and longevity.

Using human capital as the single driving force of growth, Kalemli-Ozcan et al.
(2000) found that there is a non-monotonic and non-linear association between
economic development and LE. Boucekkine et al. (2002; 2003; 2004) reveal the
same result together with Boucekkine et al. (2007). Kalemli-Ozcan et al. (2000) also

showed that low mortality rates affect schooling and consumption significantly.

Boucekkine et al. (2002) find that a positive change in survival probabilities leads to
longer schooling and later retirement. Low levels of LE have a positive effect on
GDP per capita. However, it turns negative after some thresholds. There is growth
enhancing population growth that has an adequate mass of human capital. The main
finding of Boucekkine et al. (2003) indicates that the observed shift in adult mortality
rate is the fundamental effect on modern economic development. Boucekkine et al.
(2004) follow an analytical approach to explore the linear and quasi-linear models
for studying the association between demographic and economic variables. For
instance, they examined the non-linear and non-monotonic link between growth and
LE in 2002. Boucekkine et al. (2007) explain that population density affects

economic growth by increasing literacy through opening more schools.

Azomahou et al. (2009) explain that economic growth increases with LE. However,

this association is convex at lower LE levels, and concave at adequately higher LE

80



levels according to their empirical results and theoretical model. They demonstrate
that age-dependent survival laws yield this empirical result for the period 1820-2005.
There is a simple mechanism behind this finding. When LE decreases greatly,
economic growth rate also decreases. LE has either a positive or negative impact on
economic growth rate as it increases or decreases the saving rates depending on the
health status of individuals. If LE is sufficiently higher, economic growth is softened

due to the significantly lower saving rates of the elderly.

In other empirical studies, Desbordes (2011) provides empirical evidence and
theoretical reasoning that the association between GDP per capita and life
expectancy is, in fact, non-linear and non-monotonic during the 1940-1980 period.
He argues that this link is conditional on the initial level of life expectancy in each
country. This U-shaped non-linearity is very significant because there is evidence
that the increase in LE beyond the estimated threshold improves economic growth.
The subsequent study by Hansen (2012) reinforces that the association under
consideration is, in fact, non-linear and U-shaped during the 1940-1980 period. A 1%
increment in LE is related with —0.2% decrease in economic growth before the
estimated threshold. After the threshold value, it is associated with 0.4% rise in

wealth.

Kunze (2014) explains that economic growth and LE association is determined by
the balanced effects of various channels. LE increases physical capital accumulation
by increasing the saving rates. When old-age consumption gets more significant, it
decreases the investments in the schooling of children. It lowers physical capital
accumulation by decreasing the amount of the bequests that parents give to their
children. Public schooling expenditures are affected by LE through politically
determined income tax rate. Tax rates increase with increasing LE; but they are
always below their growth-enhancing levels. Thus, with operative bequests, LE
lowers economic growth by decreasing private savings. With inoperative bequests,
LE increases economic growth if public education spending amount reduces the

private schooling investments.
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Husain et al. (2014) analyze the effect of LE on GDP per capita in the model that is
specified by the cubic transformation for the 1980-2009 period. They find an N-
shaped, non-linear and non-monotonic association between GDP per capita and LE.
However, when they introduce reverse causality into their cubic specification model,
their results suggest that the shape of the association may be inverse U-shaped.
Husain et al. emphasizes the Neo-liberal model by saying that the endogenous
growth model cannot sustain investment on health in a way to provide ongoing
marginal benefits. The Neo-liberal model is valid as returns to investment in LE will
be lower as economic growth occurs. However, there is a need to examine other
health dimensions before reaching a decision that investment in health cannot

maintain economic growth.

4.3. Estimation Results for Economic Growth

4.3.1. Diagnostics for the 1940-1980 Period

For GMM estimations in Columns (5) and (6) of Table 4.1a, and in Column (3) of
Table 4.1b, Arellano-Bond AR (1) test rejects Ho at 10% or higher significance level,
but AR (2) test does not. These results satisfy the Arellano-Bond estimation
assumptions in Chapter 2. Furthermore, Hansen tests indicate that over-identification
restrictions fail to be rejected at 10% or higher significance level, which means that

the instrument set is valid.
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Table 4.1a

The Association between per Capita GDP and Life Expectancy for the 1940-1980 Period by
Linear and Quadratic Estimations

log GDP
) (2) 3) (4) (3) (6)
OLS OLS FE (within) FE (within) GMM (Arellano- GMM (Arellano-
Bond) Bond)
lagged log GDP - - - - 0.69%*= 0.12
(0.24) (0.10)
log life expectancy at birth 3.34%%= =42.65%** =0.56%* =14.67%** 0.13 =18.70%*
(0.22) (5.40) (0.25) (2.85) (0.44) (7.40)
(log life expectancy at birth)® - 5.83%%% - 1.90%** - 237
(0.68) (0.39) (0.96)
Number of observations 235 235 235 235 141 141
Number of countries 47 47 47 47 47 47
R-squared 0.62 0.74 0.81 0.84 - -
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - - 0.07 0.04
Arellano-Bond test for AR (2) p-value - - - - 0.77 0.51
Hansen test p-value - - 0.23 0.19
Country dummies - - yes yes - -
Time dummies - - yes yes yes yes
Turning points - 38.90 47.88 51.49

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per ten years and per country. GDP 1s GDP per
capita. The dependent variable is the log GDP per capita. Columns (5) and (6) are difference GMM estimations. Tuming point is estimated for coefficients at 10% or better significance level
in a Column. Mean tuming point of the estimations in (2), (4), and (6) columns is 46.09.

In Table 4.2a, 4.2b, 4.2c, and 4.2d, the RESET test indicates that Ho fails to be
rejected at 5% or higher significance level, which indicates that in Table 4.2a, 4.2b,

4.2¢, and 4.2d, there is no functional form misspecification.

Table 4.1b

The Association between per Capita GDP and Life Expectancy for the 1940-1980 Period by
Cubic Estimations

log GDP
) (2) (3)
QLS FE (within) GMM (Arellano-Bond)
lagged log GDP - - 0.03
(0.10)
log life expectancy at birth 267.15%* 157.33++% 304 13%F%
(108.76) (55.35) (128.46)
(log life expectancy at birth)* —73.79%** —42 BRF** —102.77%%=
(27.82) (14.40) (32.84)
(log life expectancy at birth)* 6.80%** 388w R.93%**
2.37) (1.25) (2.80)
Number of observations 235 235 141
Number of countries 47 47 47
R-squared 0.75 0.85 -
F test p-value 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - 0.06
Arellano-Bond test for AR (2) p-value - - 0.41
Hansen test p-value - - 0.28
Country dummies - yes -
Time dummies - yes yes
Turning points (1) dlz 32.61 4147
(2) - 48.15 52.04

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per ten years and per country.
GDP is GDP per capita. The dependent variable is the log GDP per capita. Columns (3) is difference GMM estimations. Turning point is estimated for coefficients at 10% or
better significance level in a Column. “d.1.z.” means that “the discriminant is less than zero.”

The instrumental variables are predicted mortality, age 5-14, and age 65-69 survival
probabilities. All these instruments and their squared values are valid instruments
according to the weak identification test statistic by excluding Columns (2), (3), (4),
and (7) in Table 4.2b and 4.2d, and Column (6) in Table 4.2d which satisfy the rule
of thumb that F statistics of the first stage should be over ten (Staiger and
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Stock,1997). Although Stock and Yogo (2005) critical values are not available for
Columns (2) and (3) in Table 4.2b and 4.2d, this problem is solved by applying this

rule of thumb.

Table 4.2a

Exact Replication of Desbordes (2011) Long-Difference Estimations for the Association
between per Capita GDP and Life Expectancy for the 1940-1980 Period by Linear and
Quadratic Estimations

log GDP

(1) 2) 3) “) (5) (6) (7 (8)

OLS OLS IV (predicted IV (predicted 1V (age 5-14 1V (age 5-14 IV (both IV (both

mortality) mortality) survival survival instruments) instruments)
probability) probability)

log life expectancy at birth —0.81%** =21.13%** =1.32%%% =18.10%* =047 =23.15%%% —0.94%%* =21.B4¥**

(0.26) (3.43) (0.35) (7.30) (0.40) (5.17) (0.27) (4.30)
(log life expectancy at birth)* - 2.76%%* - 2.31** - 3.02%%* - 2.83%%*

(0.47) (0.99) (0.71) (0.58)

Number of observations 47 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.14 0.51 0.08 0.49 0.11 0.50 0.13 0.50
F test p-value 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00
Weak identification test statistic - - 47.32 11.92 3885 2262 8441 2497
Endogeneity test p-value - - 0.11 0.33 0.34 0.84 0.57 0.41
Hansen J statistic - - eeld. eel eed eed. 0.09 0.76
€ (2nd polynomial) RESET test p-value  0.34 0.60 0.09 0.89 0.88 0.51 0.09 0.98
€ (3rd polynomial) RESET test p-value  0.33 0.52 0.20 0.74 0.51 0.37 0.22 0.97
Turning points - 46.29 - 49.91 - 46.25 - 4738

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1940 and
1980. GDP is GDP per capita. The dependent variable is the log GDP per capita. In Column (3) predicted mortality, and in Column (4) predicted mortality and its squared value are used as the
instrumental variables in Desbordes (2011). In Column (5) log age 5-14 survival probability, and in Column (6) log age 5-14 survival probability, and its squared value are used as
instrumental variables which are not used in Desbordes (2011). In Column (7) predicted mortality, and log age 5-14 survival probability, and in Column (8) predicted mortality, and log age
5-14 survival probability, and their squared values are used as instrumental variables in estimations. In Hansen J statistic, "equation exactly identified” term is represented by the term as
"e.e.i.” C (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. In (3), and (5), Stock-Yogo weak ID test critical value is 16.38. In (4), and (6), Stock-Yogo weak ID test
critical value is 7.03. In (7), Stock-Yogo weak ID test critical value is 19.93. In (8), Stock-Yogo weak ID test critical value is 11.04. Turning point is estimated for coefficients at 10% or better
significance level in a Column. Mean turning point of the estimations in (2), (4), (6), and (8) columns is 47.46.

Hansen J tests indicate that over-identification restrictions fail to be rejected at 10%
or higher significance level with the exception of Column (7) in Table 4.2a which
fails to be rejected at 5% or higher significance level. This means that the
instruments are appropriate at given significance level. The endogeneity test of LE
fails to be rejected in Table 4.2a, 4.2b, 4.2¢c, and 4.2d at 10% or higher significance

level. Thus, the OLS gives the consistent and relatively more efficient estimates.
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Table 4.2b

Long-Difference Estimations for the Association between per Capita GDP and Life
Expectancy for the 1940-1980 Period Using GDP per Capita, Life Expectancy at Birth and
Predicted Mortality Data in Acemoglu and Johnson (2007) by Linear, Quadratic and Cubic
Estimations

log GDP

U] 2) 3) 4y 5y ) @]
OLS IV (predicted IV (age 5-14 IV (both IV (both instruments, IV (both X IV (both instrument:
mortality) survival instruments) and age 65-69 survival and age 65-69 survival and age 65-69 survival
probability) probability) probability) probability)
log life expectancy at birth 151.04* 14.34 (omitted) - 166.73 —0.94*** =20.04**+* 202.03
(76.13) (597.17) (710.06) (0.27) (4.40) (242.69)
(log life expectancy at birth)? —41.94%* —6.11 —2.87%¥= 40.44 - 2.50%* —54.87
(19.67) (155.25) (0.51) (183.92) (0.59) (63.03)
(log life expectancy at birth)? 3.87** 0.73 0.50%** -3.26 - - 4.95
(1.69) (13.46) (0.10) (15.88) (5.46)
Number of observations 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47
R-squared 0.55 0.51 0.52 038 0.13 0.50 0.54
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test statistic - 0.09 0.00 0.05 55.92 20.14 0.39
Endogeneity test p-value - 0.63 0.93 0.75 0.64 0.40 0.63
Hansen I statistic - eel. eeld 093 0.18 0.41 025
C (2nd polynomial) RESET test p-value - - - - 0.11 0.46 -
C (3rd polynomial) RESET test p-value  0.15 0.33 n.r. . 0.28 0.73 nr.
C (4rd polynomial) RESET test p-value  0.21 0.40 n.r. . - - nr.
Turning points (1) 29.60 - - - - - -
2) 46.69 - 45.93 - 47.91

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1940 and 1980. GDP is
GDP per capita. The dependent variable is the log GDP per capita. In Column (2) predicted mortality, its squared, and cubed values are used as the instrumental variables. In Column (3) log age 5-14 survival
probability, its squared, and cubed values are used as the instrumental variables. In Column (4) predicted mortality, and log age 5-14 survival probability, and their squared, and cubed values are used as
instrumental variables in estimations. In Column (5) predicted mortality, log age 5-14, and log age 65-69 survival probabilities are used as the instrumental variables in estimations. In Column (6) predicted
mortality, log age 5-14, and log age 635-69 survival probabilities, and their squared values are used as the instrumental variables in e ns. In Column (7) predicted mortality, log age 5-14, and log age
65-69 survival probabilities, and their squared, and cubed values are used as the instrumental variables in estimations. In Hansen J statistic, "equation exactly identified” term is represented by the term as
"e.el” C(GMM-distance) R test uses Pesaran-Smith optimal forecast values. means that “not reported™ by the test. In (2), and (3), Stock-Yogo weak ID test critical values are not available. In
(4), Stock-Yogo weak ID test critical value is 12.20. In (5), Stock-Yogo weak ID test critical value is 13.91. In (6), Stock-Yogo weak ID test critical value is 15.72. In (7), Stock-Yogo weak ID test critical
value is 16.10. Turning point is estimated for coefficients at 10% or better significance level in a Column.

4.3.2. Estimation Results for the 1940-1980 Period

In linear specification for the 1940-1980 period, Columns (1), (3) and (5) in Table
1b, Columns (1), (3), (5), and (7) in Table 4.2a and Table 4.2¢, and Column (5) in
Table 4.2b and Table 4.2d report the estimation results of the Model (3.2.1). In linear
specification, in the Model (3.2.1), a2 and a3 are restricted to be zero. We find that
the coefficient of In LE is negative at 5% or higher significance level in Columns (3)
in Table 4.1a, Columns (1), (3), and (7) in Table 4.2a and Table 4.2¢, and Column
(5) in Table 4.2b and 4.2d. In addition, we find that the coefficient of In LE is
positive at 1% significance level in Column (1) in Table 4.1a. Also, the coefficient of

In LE is found insignificant in Column (5) in Table 4.1a, Table 4.2a, and Table 4.2c.

For comparison, in Desbordes (2011), this coefficient is negative at 1% level of
significance. In Hansen (2012), this coefficient is not significantly different from
“0”. Hence, our linear functional specification estimation results are consistent with

the same specification results of Desbordes and Hansen for the 1940-1980 period.
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Table 4.2¢

Long-Difference Estimations for the Association between per Capita GDP and Life
Expectancy for the 1940-1980 Period by Linear and Quadratic Estimations

log GDP

(1) @ 3) ) () (©) i) ®)

OLS OLS IV (predicted IV (predicted IV (age 5-14 IV (age 5-14 IV (both IV (both

mortality) mortality) survival survival instruments) instruments)
probability) probability)

log life expectancy at birth —0.84%** =21.00%%%  —].12%*= —15.17%* -0.36 —23.75%%* —0.8]1*** —20.98%**

(0.27) (3.75) (0.38) (7.69) (0.39) (6.24) (0.29) (4.76)
(log life expectancy at birth)* - 2.74%%% - 1.93#% - ERDEasd - 2.72%%%

(0.51) (1.04) (0.85) (0.65)

Number of observations 47 47 47 47 a7 47 47 47
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.14 0.44 0.13 0.42 0.10 044 0.14 0.44
F test p-value 0.00 0.00 0.01 0.01 037 0.00 0.01 0.00
Weak identification test statistic - - 48.41 11.49 3891 21.70 84.51 22.82
Endogeneity test p-value - - 0.39 0.46 0.19 0.84 0.81 0.74
Hansen I statistic - - e.ei ee. ee.li ee.i. 0.13 0.63
C (2nd polynomial) RESET test p-value 0.07 0.67 0.19 0.83 0.69 047 0.15 0.86
€ (3rd polynomial) RESET test p-value 0.12 0.47 0.41 0.97 0.61 0.66 0.33 0.93
Turning points - 46.34 - 50.87 - 4547 - 47.04

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1940 and
1980. GDP is GDP per capita. The dependent variable is the log GDP per capita. In Column (3) predicted mortality, and in Column (4) predicted mortality and its squared value are used as
the instrumental variables Desbordes (2011). In Column (5) log age 5-14 survival probability, and in Column (6) log age 5-14 survival probability, and its squared value are used as
instrumental variables which are not used in Desbordes (2011). In Column (7) predicted mortality, and log age 5-14 survival probability, and in Column (8) predicted mortality, and log age
5-14 survival probability, and their squared values are used as instrumental variables in estimations. In Hansen J statistic, "equation exactly identified" term is represented by the term as
"e.ed” C (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. In (3), and (5), Stock-Yogo weak ID test critical value is 16.38. In (4), and (6), Stock-Yogo weak 1D test
critical value is 7.03. In (7), Stock-Yogo weak 1D test critical value is 19.93. In (8), Stock-Yogo weak ID test critical value is 11.04. Turning point is estimated for coefficients at 10% or better
significance level in a Column. Mean turning point of the estimations in (2), (4), (6), and (8) Columns is 47.43

In quadratic specification for the 1940-1980 period, Columns (2), (4), and (6) in
Table 4.1a, Columns (2), (4), (6), and (8) in Table 4.2a and in Table 4.2¢, Column
(6) in Table 4.2b and Table 4.2d report the estimation results of the Model (3.2.1). In
quadratic specification, in the Model (3.2.1), a3 is restricted to zero. We find that the
coefficients of the linear and the quadratic terms are both significantly different from
“0” at 10% or higher significance level, and they are negative and positive,
respectively. These results are similar to the findings of Desbordes (2011) and
Hansen (2012) in quadratic functional specification estimations for the 1940-1980
period. Both coefficients of the linear and quadratic terms are found negative and

positive at 5% or higher significance level, respectively.

Our estimated turning points are within the range of 38.90-51.49 years in Columns
(2), (4), and (6) in Table 4.1a, Columns (2), (4), (6), and (8) in Table 4.2a and Table
4.2¢, Column (6) in Table 4.2b and Table 4.2d. Turning points of Desbordes and
Hansen results are within the range of 43.23-49.91 years for the 1940-1980 period.
Thus, our quadratic functional specification estimation results suggest that there is

non-monotonic and a U-shaped association between per capita GDP and LE for the
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1940-1980 period. This suggestion is consistent with the findings of Desbordes and

Hansen.

Table 4.2d

Long-Difference Estimations for the Association between per Capita GDP and Life
Expectancy for the 1940-1980 Period by Linear, Quadratic and Cubic Estimations

log GDP
(1) (2) 3) 4 (5) () [0}
OLS IV (predicted IV (age 5-14 IV (both IV (both instruments, IV (both instruments, IV (both instruments,
mortality) survival instruments) and age 65-69 survival and age 65-69 survival and age 65-69 survival
probability) probability) probability) probability)
log life expectancy at birth 116.90 =173.30 (omitted) =246.60 =0.79%** =18.17*=* 156.07
(94.63) (786.54) (807.30) (0.28) (5.03) (324.01)
(log life expectancy at birth)* =33.10 43.04 —2.85%==* 61.35 - 2.35%*% —42.76
(24.50) (204.74) (0.63) (209.39) (0.68) (84.34)
(log life expectancy at birth)® 3.10 -3.56 0.50%%* -5.08 - - 3.89
(2.11) (17.77) (0.12) (18.10) (7.32)
Number of observations 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47
R-squared 047 031 043 0.29 0.14 0.44 0.46
F test p-value 0.00 0.01 0.00 0.00 0.01 0.00 0.00
Weak identification test statistic - 0.10 0.00 0.05 5538 15.66 0.41
Endogeneity test p-value - 0.75 0.83 097 0.56 091 0.67
Hansen J statistic - eei. eei. 0.86 023 039 0.25
C (2nd polynomial) RESET test p-value - - - - 0.18 0.23 -
C (3rd polynomial) RESET test p-value  0.12 0.75 n.r. Ir. 0.40 0.39 I
C (4rd polynomial) RESET test p-value  0.21 073 n.r. Ir. - - I
Turning points (1) - - - - - - -
(2) - - 44.88 - 47.65

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference cstimations with two observations by country for the years 1940 and 1980. GDP is
GDP per capita. The dependent variable is the log GDP per capita. In Column (2) predicted mortality, its squared, and cubed values are used as the instrumental variables. In Column (3) log age 5-14 survival
probability, its squared, and cubed values are used as the instrumental variables. In Column (4) predicted mortality, and log age 5-14 survival probability, and their squared, and cubed values are used as the
instrumental variables in estimations. In Columm (5) predicted mortality, log age 5-14, and log age 65-69 survival probabilities are used as the instrumental variables in estimations. In Column (6) predicted
mortality, log age 5-14, and log age 65-69 survival probabilities, and their squared values are used as the instrumental variables in estimations. In Column (7) predicted montality, log age 5-14, and log age
65-69 survival probabilitics, and their squared, and cubed values are used as the i 1 variables in estimations. In Hansen J statistic, "equation exactly identified” term is represented by the term as
€ (GMM-distance) R est uses Pesaran-Smith optimal forecast values. “n.r.” means that “not reported” by the test. In (2), and (3), Stock-Yogo weak ID test eritical values are not available. In
(4), Stock-Yogo weak ID test eritical value is 12.20. In (5), Stock-Yogo weak ID test eritical value is 13.91. In (6), Stock-Yogo weak ID test eritical value is 15.72. In (7), Stock-Yogo weak ID test eritical
value is 16.10. Turning point is estimated for coefficients at 10% or better significance level in a Column.

In cubic specification for the 1940-1980 period, Columns (1), (2), and (3) in Table
4.1b, and Columns (1), (2), (3), (4), and (7) in Table 4.2b and Table 4.2d report the
estimation results of the Model (3.2.1). We find that the coefficients of the linear,
quadratic, and cubic terms are significantly different from “0” at 10% or higher
significance level, and they are positive, negative, and positive respectively in
Columns (1), (2), and (3) in Table 4.1b, and Columns (1) in Table 4.2b. In addition,
we find that the coefficient of the linear term is omitted, but the coefficients of the
quadratic and cubic terms are significantly different from “0” at 1% significance
level, and they are negative and positive respectively in Column (3) in Table 4.2b
and Table 4.2d. Also, we find that the coefficients of the linear, quadratic, and cubic
terms are insignificant in Columns (2), (4), and (7) in Table 4.2b, and in Columns

(1), (2), (4), and (7) in Table 4.2d.
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Estimated turning point-1s* are within the range of 29.60-41.47 years; and turning
point-2s are within the range of 46.69-52.04 years in Columns (1), (2), and (3) in
Table 4.1b, and Columns (1) in Table 4.2b. Hence, our cubic functional specification
estimation results suggest that there is first a concave-, and then a convex-shaped

association between per capita GDP and LE for the 1940-1980 period.

4.3.3. Diagnostics for the 1940-2009 Period

For GMM estimations in Columns (5) and (6) of Table 4.3a, and in Column (3) of
Table 4.3b, Arellano-Bond AR (1) test rejects Ho at 5% or higher significance level,
but AR (2) test does not. These results satisfy the Arellano-Bond estimation
assumptions in Chapter 2, which increases the efficiency of estimation. In addition,
Hansen tests indicate that over-identification restrictions fail to be rejected at 10% or

higher significance level, which indicates that the set of instruments is valid.

In Table 4.4a, 4.4b, and 4.4c, the RESET test indicates that Ho fails to be rejected at
5% or higher significance level with the exception of Column (1) in Table 4.4a and
Table 4.4b. This indicates that there is no functional form misspecification in Table

4.4a, 4.4b, and 4 4c.

The instrumental variables are predicted mortality, age 5-14, and age 65-69 survival
probabilities. All these instruments and their squared values are valid instruments
according to the weak identification test statistics by exempting Columns (3), (4),
(5), (6), (7), and (8) in Table 4.4b, and Columns (2), (3), and (4) in Table 4.4c that
satisfy the rule of thumb that F statistics of the first stage should be over ten
according to Staiger and Stock (1997). Although Stock and Yogo (2005) critical
values are not available for Columns (3), (4), (5), and (6) in Table 4.4b, this problem

is solved by applying this rule of thumb. Hansen J tests indicate that over-

3 Cubic specification turning points (7Ps) are estimated by using general mathematical formula: % (ﬁ3x3 +

Box? 4+ Bix + constant), then, TPs (1,2) = exp <(—(2[§2) + \/(2[?2)2 - 4(3[?3[?1)) / (2(3,[?3))>.
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identification restrictions fail to be rejected at 10% or higher significance level,

which indicates out that the set of instruments is appropriate.

Table 4.3a

The Association between per Capita GDP and Life Expectancy for the Period 1940-2009 by
Linear and Quadratic Estimations

log GDP
) 2 3) “ 3 6)
OLS OLS FE (within) FE (within) GMM (Arellano- GMM (Arellano-
Bond) Bond)
lagged log GDP - - - - 1.27%%* 1.28%**
(0.11) (0.13)
log life expectancy at birth 3.83%%% —47.78%** -0.54 —17.47%%% 1.33%## -2L.11*
(0.21) (4.51) (0.36) (5.65) (0.39) (11.03)
(log life expectancy at birth)* - 6.45%%= - 2.23%%* - 2.90%=*
(0.56) (0.77) (1.40)
Number of observations 376 376 376 376 282 282
Number of countries 47 47 47 47 47 47
R-squared 0.63 0.75 0.80 0.82 - -
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - - - 0.00 0.01
Arellano-Bond test for AR (2) p-value - - 0.23 0.39
Hansen test p-value - - - 0.34 0.67
Country dummies - yes yes - -
Time dummies - - yes yes yes yes
Turning points - 40.64 49.84 - 38.20

Notes: Robust standard errors (SE)s in parentheses, *** p < 0.01. ** pp < 0,05, * p < 0.1. All pancls are balanced panels with one observation per ten years and per country. GDP is GDP per
capita. The dependent variable is the log GDP per capita. Columns (5) and (6) are difference GMM estimations. Turning point is estimated for coefficients at 10% or better significance level
in a Column. Mean tuming point of the estimations in (2), (4), and (6) is 42.89.

The endogeneity test of LE fails to be rejected in Table 4.4a, 4.4b, and 4.4c at 10%
or higher significance level with the exemptions for Column (6) in Table 4.4a, and
Column (4) in Table 4.4c that fails to be rejected at 5% or higher significance level.

Thus, the OLS gives the consistent and relatively more efficient estimates.

Table 4.3b

The Association between per Capita GDP and Life Expectancy for the Period 1940-2009 by
Cubic Estimations

log GDP
() (2) 3) (4) 35)
OLS OLS FE (within) FE (within) GMM (Arellano- Bond)
lagged log GDP - 0.93%%= - D.B5*** 0.94%++
(0.02) (0.05) (0.12)
log life expectancy at birth 293 9%+ 57.34 155.04% 23.21 =563.34%*
(75.32) (72.74) (80.80) (79.33) (263.83)
(log life expectancy at birth)* —B0.20%** -1338 —42.25% =5.02 139.40%*
(18.99) (17.91) (21.18) (19.78) (65.90)
(log life expectancy at birth)® T.30%+* 1.05 3.82%* 0.36 —11.48%=
(1.59) (1.47) (1.85) (1.64) (5.49)
Number of observations 376 329 376 329 282
Number of countries 47 47 47 47 47
R-squared 0.77 0.97 0.82 0.91 -
F test p-value 0.00 0.00 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - - - 0.02
Arellano-Bond test for AR (2) p-value - - - - 0.22
Hansen test p-value - - - - 0.31
Country dummies - - yes yes -
Time dummies - - yes yes yes
Turning points (1) dlz - 3148 - 49.87
2) - - 5041 - 65.52

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per ten years and per
country. GDP is GDP per capita. The dependent variable is the log GDP per capita. Columns (5) is difference GMM estimation. Turning point is estimated for coefficients
at 10% or better significance level in a Column. “d.1.z.” means that “the discriminant is less than zero
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4.3.4. Estimation Results for the 1940-2009 Period

In linear specification for the period 1940-2009, Columns (1), (3) and (5) in Table
4.3a, Columns (1), (3), (5), and (7) in Table 4.4a, and Column (1) in Table 4.4c
report the estimation results of the Model (3.2.1). In linear specification, in the
Model (3.2.1), a2 and a3 are restricted to zero. We find that the coefficient of In LE is
negative at 10% or higher significance level in Columns (1), (3), and (7) in Table
4.4a. Moreover, we find that the coefficient of In LE is positive at 1% significance
level in Columns (1) and (3) in Table 4.3a. Also, the coefficient of In LE is found
insignificant in Column (3) in Table 4.3a, Column (5) in Table 4.4a, and Column (1)
in Table 4.4c.

For comparison, in Desbordes (2011), this coefficient is negative at 1% level of
significance. In Hansen (2012), this coefficient is not significantly different from
“0”. Hence, our linear functional specification estimation results for the period 1940-
2009 are similar to the linear specification results of Desbordes and Hansen for the

1940-1980 period.

Table 4.4a

Long-Difference Estimations for the Association between per Capita GDP and Life
Expectancy for the Period 1940-2009 by Linear and Quadratic Estimations

log GDP

(18] (2) 3) 4) (5) (6) () (8)

OLS OLSs IV (predicted IV (predicted IV (age 5-14 IV (age 5-14 IV (both IV (both

mortality) mortality) survival survival Instruments) instruments)
probability) probability)

log life expectancy at birth =0.70%* =24.01%**  —0.99** =11.63 =0.18 =34.15%* =0.60% =24.65%*

(0.30) (8.21) (0.45) (17.44) (0.50) (13.80) (0.34) (11.38)
(log life expectancy at birth)® - 313 - 143 - 4.55%% - 3.23%*

(L.10) (2.32) (1.84) (L.51)

Number of observations a7 47 47 47 47 47 47 a7
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.08 0.26 0.06 0.20 0.03 0.20 0.07 0.26
F test p-value 0.02 0.01 0.04 0.08 0.72 0.07 0.10 0.08
Weak identification test statistic - - 50.44 9.72 41.27 19.10 90.97 1857
Endogeneity test p-value - - 0.52 0.50 0.13 0.06 0.40 045
Hansen J statistic - - ee.l ee.ld el e.el 0.17 0.10
C (2nd polynomial) RESET test p-value 0.00 0.03 0.48 022 0.69 0.76 0.17 0.77
€ (3rd polynomial) RESET test p-value 0.01 0.08 0.31 0.43 nr. 0.94 0.39 0.85
Turning points - 46.34 - 42.71 - 45.68

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1940 and
2009. GDP is GDP per capita. The dependent variable is the log GDP per capita. In (3) predicted mortality, and in (4) predicted mortality and its squared value are used as the instrumental
variables Desbordes (2011). In Column (5) log age 5-14 survival probability, and in Column (6) log age 5-14 survival probability, and its squared value are used as instrumental variables
which are not used in Desbordes (2011). In Column (7) predicted mortality, and log age 5-14 survival probability, and in Column (8) predicted mortality, and log age 5-14 survival
probability, and their squared values are used as instrumental variables in estimations. In Hansen J statistic, "equation exactly identified” term is represented by the term as "e.e.i.” C (GMM-
distance) RESET test uses Pesaran-Smith optimal forecast values. “n.r.” means “not reported by the test.” In (3), and (5), Stock-Yogo weak ID test critical value is 16.38. In (4), and (6),
Stock-Yogo weak ID test critical value is 7.03. In (7), Stock-Yogo weak ID test critical value is 19.93. In (8), Stock-Yogo weak ID test critical value is 11.04. Turning point is estimated for
coefficients at 10% or better significance level in a Column. Mean turning point of the estimations in (2), (6), and (8) columns is 44.91

In quadratic specification for the period 1940-2009, Columns (2), (4), and (6) in
Table 4.3a, Columns (2), (4), (6), and (8) in Table 4.4a, Column (2) in Table 4.4c
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report the estimation results of the Model (3.2.1). In quadratic specification, in the
Model (3.2.1), az is restricted to zero. We find that the coefficients of the linear and
quadratic terms are both significantly different from “0” at 10% or higher

significance level, and they are negative and positive, respectively.

Our estimated turning points are within the range of 38.20-49.84 years in Columns
(2), (4), and (6) in Table 4.3a, Columns (2), (6), and (8) in Table 4.4a, and Column
(2) in Table 4.4c. These results are similar to the findings of Desbordes (2011) and
Hansen (2012) in quadratic functional specification estimations for the 1940-1980
period. Both coefficients of the linear and quadratic terms are found negative and

positive at 5% or higher significance level, respectively.

For comparison, turning points of Desbordes and Hansen are within the range of
43.23-49.91 years for the 1940-1980 period. In addition, the coefficients of the
linear and the quadratic terms are found insignificant in Column (4) in Table 4.4a.
Thus, our quadratic functional specification estimation results suggest that there is a
non-monotonic and U-shaped association between per capita GDP and LE for the
period 1940-2009. This suggestion is consistent with the quadratic specification
estimation results of Desbordes and Hansen for the 1940-1980 period, and our results

for the period 1940-2009.

In cubic specification for the period 1940-2009, Columns (1), (2), (3), (4), and (5) in
Table 4.3b, Columns (1), (2), (3), (4), (5), (6), (7), and (8) in Table 4.4b, and
Columns (3), and (4) in Table 4.4c report the estimation results of the Model (3.2.1).
We find that the coefficients of the linear, quadratic, and cubic terms are significantly
different from “0” at 5% or higher significance level, and they are negative, positive,
and negative respectively. The association is first convex-, and then concave-shaped
in Column (5) in Table 4.3b, Column (2) in Table 4.4b, and Column (4) in Table
4.4c.
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For convex-concave-shaped association, the estimated turning point-1s are within the
range of 37.55 - 49.87 years; and turning point-2s are within the range of 53.48-
65.52 years. At the same time, we find that the coefficients of the linear, quadratic,
and cubic terms are significantly different from “0” at 10% or higher significance
level, and they are positive, negative, and positive respectively. The association is

first concave-, and then convex-shaped in Columns (1), and (3) in Table 4.3b.

Table 4.4b

Long-Difference Estimations for the Association between per Capita GDP and Life
Expectancy for the Period 1940-2009 by Cubic Estimations

log GDP

(1)) (2) (3) ) 5) (6) (] (8)
oLS OLS IV (predicted IV (predicted 1V (age 5-14 survival 1V (age 5-14 survival 1V (both 1V (both
mortality) mortality) probability) probability) instruments)  instruments)
lagged log GDP - LOg*** - 1.54 - L.10*** - LI1##*
(0.05) (2.07) (0.17) (0.09)
log life expectancy at birth 84.97 —-133.61%*  (omitted) —147343 —846.69 =701.49 850.96 —322.85
(145.65)  (63.35) (5696.22) (2015.68) (1208.10) (1084.45) (353.00)
(log life expectancy at birth)* -24.97 3507 —1.68 382.66 212.00 180.67 —-221.72 8387
(37.52) (16.49) (2.16) (1477.70) (514.96) (309.48) (279.16) (90.57)
(log life expectancy at birth)? 241 —3.06%* 0.28 —33.11 —17.64 —15.50 19.26 —7.26
(3.22) (1.43) (038) (127.77) (43.82) (26.41) (23.95) (7.74)
Number of observations 47 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.28 0.93 0.21 —0.82 =0.80 0.58 =0.36 0.89
F test p-value 0.01 0.00 0.21 0.01 0.09 0.00 0.15 0.00
Weak identification test statistic - - 0.00 0.02 0.04 0.04 021 0.14
Endogeneity test p-value - - 0.61 0.65 0.10 0.67 0.54 0.75
Hansen J statistic - - eeld ee.ld eeld eeld 0.41 0.72
€ (3rd polynomial) RESET test p-value 0.03 0.32 0.39 0.47 n.r. 0.40 n.r. 0.37
C (4rd polynomial) RESET test p-value nr. 0.39 I.r. 0.58 ILT. 0.48 I.r. 0.53
Turning points (1) - 3755 - - - - - -
(2) - 5538

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-diff estimations with two observations by country for the years 1940, and 2009. GDP
is GDP per capita. The dependent variable is the log GDP per capita. Lagged log GDP per capila includes two observations by country for the years 1940 and 2000. In Column (3), and (4), predicted
mortality, its squared value, and its cubed value are used as the instrumental variables. In Column (5), and (6), log age 5-14 survival probability, its squared, and cubed values are used as the instrumental

variables. In Column (7), and (8), predicted mortality, and lo survival probability, and their squared, and cubed values are used as the instrumental variables in estimations. In Hansen J statistic,
“equation exactly identified" term is represented by the term € (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. “n.r.” means that “not reported” by the test. In (3), (4),
(5), and (6), Stock-Yogo weak ID test critical values are not available. In (7), and (8), Stock-Yogo weak ID test critical value is 12.20. Turning point is estimated for coefficients at 10% or better
significance level in a Column.

For concave-convex-shaped association, we find that the estimated turning point-1
and turning point-2 are 31.48 and 50.41 years in Column (3) in Table 4.3b. Also, we
find that the coefficients of the linear, quadratic, and cubic terms are insignificant in
Columns (2), and (4) in Table 4.3b, Columns (1), (3), (4), (5), (6), (7), and (8) in
Table 4.4b, and Column (3) in Table 4.4c. Since the discriminant is less than zero in
Column (1) in Table 4.3b, the quadratic function, the derivative of cubic function,

has no real roots.

This concave-convex-shaped association results for the period 1940-2009 is similar
to the findings of cubic reduced form model in Husain et al. (2014) which gives
turning points as 36.81 and 51.09 years for the 1980-2009 period. Also, Husain et al.
suggest that the shape of the association may be inverse U-shaped by considering

reverse causality. However, our estimations (turning points) of convex-concave-
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shaped association for the period 1940-2009 are consistent with empirical findings
and the theoretical foundation in Azomahou et al. (2009) for the period 1820-2005.
Hence, we suggest that there is first a convex-, and then a concave-shaped

association between per capita GDP and LE for the period 1940-2009.

Table 4.4¢

Long-Difference Estimations for the Association between per Capita GDP and Life
Expectancy for the Period 1940-2009 by Linear, Quadratic and Cubic Estimations

log GDP
(09} 2 3 “
IV (both instruments, and age IV (both instruments, and age IV (both instruments, and age IV (both instruments, and age
65-69 survival probability) 65-69 survival probability) 65-69 survival probability) 63-69 survival probability)
lagged log GDP - - - 1.09%**
(0.07)
log life expectancy at birth —0.54 —19.28** 100.81 —251.30%**
(0.35) (9.46) (225.75) (88.86)
(log life expectancy at birth)? - 2.53%* —29.24 65.42%%%
(1.26) (57.75) (22.86)
(log life expectancy at birth)’ - - 2.80 —5.67%%*
(4.92) (1.96)
Number of observations 47 47 47 47
Number of countries 47 47 47 47
R-squared 0.07 0.25 0.27 0.92
F test p-value 0.14 0.11 0.02 0.00
Weak identification test statistic 63.50 12.19 6.37 9.23
Endogeneity test p-value 035 037 0.45 0.08
Hansen J statistic 0.36 0.3s 0.31 0.54
C (2nd polynomial) RESET test p-value 0.07 0.55 - -
C (3rd polynomial) RESET test p-value 0.12 0.82 nr. 0.60
C (4rd polynomial) RESET test p-value - nr. 0.70
Turning points (1) - - 40.96
) 4541 53.48

Notes: Robust standard errors (SE)s in pmrL'nlh(sL\ ¥4 5 <001, ** p < 0.05, * p < 0.1 All Columns are long-difT
is GDP per capita. The dependent variable is the log GDP per capita. Lagged log GDP per capita includes two obs s
age S+14 survival probability. and log age 65-69 sarvival probability arc used as the instrumental varizbles in csljmahun\

stimations with two observations by mumr, for the years 1940, and 2009. GDP

(GMM- dnhmu.] RESET test uses Pesaran-Smith upum.a] forecast values. “n.r.” means that “not n,purtul b» the test. In (l) Stock- \ogu weak ID test critical value is 13.91. In (’] Stock- \ogu weak ID
test critical value is 15.72. In (3), and (4), Stock-Yogo weak ID test critical value is 16.10. Turning point is estimated for coefficients at 10% or better significance level in a Column.

4.3.5. Diagnostics for the 1980-2009 Period

For GMM estimations in Columns (5) and (6) of Table 4.5b, and in Column (3) of
Table 4.6¢, Arellano-Bond AR (1) test rejects Ho at 5% or higher significance level,
but AR (2) test does not. These results satisfy Arellano-Bond estimation assumptions
in Chapter 2, which increases the efficiency of estimation. Furthermore, Hansen tests
indicate that over-identification restrictions fail to be rejected at 10% or higher

significance level, meaning that the instrument set is valid.
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Table 4.5a

The Association between per Capita GDP and Life Expectancy for the 1980-2009 Period by
Linear and Quadratic Estimations

log GDP

(1) (2) (3) (4)

OLS OLS FE (within) FE (within)
log life expectancy at birth 9.16*** —116.82%** 0.01 5.70

(0.30) (21.31) (L.17) (41.10)
(log life expectancy at birth)? - 14.89%+* - =0.70

(2.51) (5.06)

Number of observations 329 329 329 329
Number of countries 47 47 47 47
R-squared 0.75 0.78 0.61 0.61
F test p-value 0.00 0.00 0.00 0.00
Country dummies - - yes yes
Time dummies - - yes yes
Turning point - 50.57 - -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation
per five years and per country. GDP is GDP per capita. The dependent variable is the log GDP per capita. Turning point is estimated for
coefficients at 10% or better significance level in a Column.

In Table 4.6a, 4.6b, 4.6¢c, and 4.6d, the RESET test indicates that Ho fails to be
rejected at 5% or higher significance level, with the exemptions for Column (4) in
Table 4.6a and Column (3) in Table 4.6¢. This indicates that in Table 4.6a, 4.6b,

4.6¢, and 4.6d, there is no functional form misspecification.

Table 4.5b

The Association Between per Capita GDP and Life Expectancy for the 1980-2009 Period
with Lagged Value of Dependent Variable in All Linear and Quadratic Estimations

log GDP
(1 2) (3) (4) (5) (6)
OLS OLsS FE (within) FE (within) GMM (Arellano- GMM (Arellano-
Bond) Bond)
lagged log GDP 0.93%** 0.93*%* 0.74%** 0.75%%* 0.88** 0.82%**
(0.01) (0.02) (0.05) (0.05) (0.08) (0.12)
log life expectancy at birth 0.74%*%= 2.87 1.13%%= 32.39% LBL**= 59.34%*
(0.18) (6.51) (0.35) (16.7) (0.53) (27.81)
(log life expectancy at birth)* - -0.25 - —3.80*% - =7.17%*
(0.77) (2.02) (3.40)
Number of observations 282 282 282 282 235 235
Number of countries 47 47 47 47 47 47
R-squared 0.99 0.99 0.89 0.89 - -
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - - 0.00 0.00
Arellano-Bond test for AR (2) p-value - - - - 0.59 0.46
Hansen test p-value - - - 0.12 0.21
Country dummies - - yes yes - -
Time dummies - - yes yes yes yes

Turning points - - - 70.75 - 62.53
Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per five years and per country. GDP is GDP

per capita. The dependent variable is the log GDP per capita. Column (5) is difference GMM estimation. Column (6) is two-step difference GMM estimation. Turning point is estimated
for coefficients at 10% or better significance level in a Column. Mean turning point of the estimations in (4), and (6) is 66.64.

The instrumental variables are age 1-5, age 80-84, age 65-69, and crude survival
probabilities, and measles vaccine coverage percent. All these instruments and their
squared and cubed values are valid instruments according to the weak identification
test statistics by excluding Column (8) in Table 4.6a, Column (6) in Table 4.6b,

Columns (3), (4), (5), (6), (7), and (8) in Table 4.6c, and Column (3) in Table 4.6d,
94



which satisfies the rule of thumb that F statistics of the first stage should be over ten
(Staiger and Stock,1997). Although Stock and Yogo (2005) critical values are not
available for Columns (3) and (4) in Table 4.6c, this problem is solved by applying

this rule of thumb.

Hansen J tests indicate that over-identification restrictions fail to be rejected at 10%
or higher significance level, by excluding Columns (5), (6), (7) in Table 4.6a,
Column (5) in Table 4.6c, and Column (4) in Table 4.6d. In addition, Column (1) in
Table 4.6d fails to be rejected at 5% or higher significance level, which means that

the set of instruments is valid at given significance level.

Table 4.5¢

The Association between per Capita GDP and Life Expectancy for the 1980-2009 Period by
Cubic Estimations

log GDP
48] (2) 3) 4 (5)
OLS OLS FE (within) FE (within) GMM (Arellano-Bond)
lagged log GDP - 0.93%** - 0.77%%* 0.84%**
(0.02) (0.05) (0.07)
log life expectancy at birth =225.16 —888.20%* £46.84 =840.09** =967.60%+*
(1171.45) (411.01) (941.83) (328.47) (300.06)
(log life expectancy at birthy* 40.59 210.39%* —200.83 202.88%* 233.87***
(277.52) (97.11) (224.15) (77.12) (70.59)
(log life expectancy at birth)* -2.03 =16.59%* 15.87 =16.31%* —1B.83%*+
(21.91) (7.64) (17.78) (6.04) (5.54)
Number of observations 329 282 329 282 235
Number of countries 47 47 47 47 47
R-squared 0.78 0.99 0.61 0.90 -
F test p-value 0.00 0.00 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - - 0.00
Arellano-Bond test for AR (2) p-value - - - - 0.49
Hansen test p-value - - - 0.21
Country dummies - - yes yes -
Time dummies - - yes yes yes
Turning points (1) - 59.23 - 55.46 56.59
2) - 79.28 71.81 69.68

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per five years and per country. GDP
is GDP per capita. The dependent variable is the log GDP per capita. Column (5) is difference GMM estimation. Turning point is estimated for coefficients at 10% or better
significance level in a Column.

The endogeneity test of LE fails to be rejected in Table 4.4a, 4.4b, and 4.4c at 10%
or higher significance level, with the exemption for Column (8) in Table 4.6a.
Furthermore, test for Column (5) in Table 4.6a, and Column (4) in Table 4.6b, and
Columns (4) and (6) in Table 4.6¢ fails to be rejected at 5% or higher significance

level. Thus, the OLS gives consistent and relatively more efficient estimates.
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Table 4.6a

Long-Difference Estimations for the Association between per Capita GDP and Life
Expectancy for the 1980-2009 Period by Linear and Quadratic Estimations

log GDP

) 2) 3) (4) (5) (6) (W] (8)

OLS OLS 1V (one-to- IV (one-to- 1V (one-to-five 1V (one-to-five 1V (crude survival IV (crude survival
five years five years years survival years survival probability, and probability, and
survival survival probability, and probability, and age 80-84 survival age 80-84 survival
probability)  probability) measles vaccine measles vaccine probability) probability)

coverage percent) coverage percent)
log life expectancy at birth 0.60 8.89 0.41 =33.09 2.07 =1.63 =141 153.14%*
(1.36) (50.05) (2.11) (69.65) (1.85) (63.50) (1.69) (75.37)
(log life expectancy at birth)® - -1.02 - 4.07 - 0.31 - =19.17%*
(6.19) (8.63) (7.93) (9.41)
Number of observations 47 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.01 0.01 0.01 =0.03 =0.03 0.003 =0.06 =0.60
F test p-value 0.66 0.87 0.85 0.88 0.28 0.81 0.42 0.15
Weak identification test statistic - - 48.00 17.54 24.52 12.36 60.99 9.83
Endogeneity test p-value - - 0.90 0.12 0.09 0.86 0.22 0.003
Hansen J statistic - - celd eeld. 0.04 0.02 0.04 0.91
C (2nd polynomial) RESET test p-value 0.09 0.81 0.88 0.04 0.66 0.65 0.60 0.02
€ (3rd polynomial) RESET test p-value 0.18 nr. 0.93 0.01 0.62 0.88 0.73 0.07
Turning point - - 54.33

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1980 and
2009. GDP is GDP per capita. The dependent variable is the log GDP per capita. In Column (3) log one-to-five years survival probability, and in Column (4) log one-to-five years survival
probability, and its squared value are used as the instrumental variables. In Column (5) log one-to-five years survival probability, and log measles-containing-vaccine first-dose (MCV1)
immunization coverage among 1-year-olds (%), and in Column (6) log one-to-five years survival probability, and log measles-containing-vaccine first-dose (MCV1) immunization coverage
among 1-year-olds (%), and their squared values are used as instrumental variables. In Column (7) log crude survival probability, and log age 80-84 survival probability, and in Column (8)
log crude survival probability, and log age 80-84 survival probability, and their squared values are used as instrumental variables. In Hansen J statistic, "equation exactly identified” term is
represented by the term as "e.e.i.” C (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. “n.r.” means “not reported by the test.”” In (3), Stock-Yogo weak ID test critical
value is 16.38. In (4), Stock-Yogo weak ID test critical value is 7.03. In (5), and (7)., Stock-Yogo weak ID test critical value is 19.93. In (6), and (8), Stock-Yogo weak ID test critical value is
11.04. Tuming point is estimated for coefficients at 10% or better significance level in a Column.

4.3.6. Estimation Results for the 1980-2009 Period

In linear specification for the 1980-2009 period, Columns (1) and (3) in Table 4.5a,
Columns (1), (3), and (5) in Table 4.5b, Columns (1), (3), (5), and (7) in Table 4.6a
and Table 4.6b, and Columns (1) and (2) in Table 4.6d report the estimation results
of the Model (3.2.1). In linear specification, in the Model (3.2.1), a> and a3 are
restricted to be zero. We find that the coefficient of In LE is positive at 5% or higher
significance level in Column (1) in Table 4.5a, Columns (1), (3), and (5) in Table
4.5b, Columns (1), (3), (5), and (7) in Table 4.6a, and Column (2) in Table 4.6d.
Also, the coefficient of In LE is found insignificant in Column (3) in Table 4.5a,
Columns (1), (3), (5), and (7) in Table 4.6a, and Column (1) in Table 4.6d.
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Table 4.6b

Long-Difference Estimations for the Association between per Capita GDP and Life
Expectancy for the 1980-2009 Period with Lagged Value of Dependent Variable in All
Linear and Quadratic Estimations

log GDP

(1) (2) 3) (4 (5) (6) (N (8)

OLS OLS IV (one-to- IV (one-to- IV (one-to-five IV (one-to-five IV (crude survival IV (crude survival
five years five years years survival years survival probability, and probability, and age
survival survival probability, and probability, and age 80-84 survival  80-84 survival
probability) probability)  measles vaccine measles vaccine probability) probability)

coverage percent)  coverage percent)
lagged log GDP 1.05%** 1.06*** 1.05*** 1.06*** 1.05%** 1.06%*** 1.05*%* 1.06***

(0.04) (0.03) (0.04) (0.03) (0.04) (0.03) (0.04) (0.03)

log life expectancy at birth 0.70%** 24.83%+% 0.68** 25, 18%4* 0.85%*% 23.20%% 0.59%* 21,89+

(0.21) (6.15) (0.32) (8.00) (0.27) (7.94) (0.27) (732)

(log life expectancy at birth)* - =2.96%*= - =2.97%#* - =2, 75%*%* - =2.63%**
(0.75) (0.99) (0.99) (0.91)
Number of observations 47 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.96 097 0.96 0.97 0.96 0.97 0.96 0.97
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test statistic - - 47.22 18.23 27.76 10.65 68.23 14.78
Endogeneity test p-value - - 0.95 0.09 0.31 0.19 0.41 0.17
Hansen ] statistic - eeld ee.l 0.27 0.39 0.10 0.11
€ (2nd polynomial) RESET test p-value  0.14 0.03 0.14 0.07 0.07 0.19 0.07 0.22
€ (3rd polynomial) RESET test p-value  0.23 0.08 0.31 0.19 0.06 0.37 0.20 0.19
Tuming points 66.10 - 68.92 69.16 63.87

Notes: Robust standard errors (SE)s in pxm,nthuLs #4% 5 < (.01, ** p < 0.05, * p < 0.1 All Columns are Iung difference estimations with two observations h_, country for the years 1980 and 2009. GDP is
GDP per capita. The dependent variable is the log GDP per capita. Lagged log GDP per capita includes two observations by country for the years 1980 and 2005. In Column (3) log one-to-five years survival
probability, and in Column (4) log one-to-five years survival probability, and its squared value are used as the instrumental variables. In Columa (5) log one-to-five years survival probability, and log
measles-containing-vaccine first-dose (MCV1) immunization coverage among 1-year-olds (%), and in Column (6) log one-to-five years survival probability, and log measles-containing-vaccine first-dose
(MCV1) immunization coverage among |-year-olds (%), and their squared values are used as instrumental variables. In Column (7) log crude survival probability, and log age 80-84 survival probability, and
in Colum (8) log erude survival probability, and log age 80-84 survival probability, and their squared values are used as instrumental variables. In Hansen J statistic, “equation exactly identified term is
rcpermcd by the term as "e.c.i.” C (GMM-distance) RE! test uses Pesaran-Smith optimal forecast values. In (3), Stock-Yogo weak ID test eritical value is 16.38. In (4), Stock-Yogo weak 1D test critical
value is 7.03. In (5), and (7), Stock-Yogo weak ID test critical value is 19.93. In (6), and (8), Stock-Yogo weak ID test critical value is 11.04. Turning point is estimated for coefficients at 10% or better
significance level in a Column. Mean turning point of the estimations in (2), (4), (6), and (8) columns is 67.01.

For comparison, in Desbordes (2011), this coefficient is negative at 1% level of
significance. In Hansen (2012), this coefficient is not significantly different from
“0”. Hence, our linear functional specification estimation results for the 1980-2009
period are not similar to the linear specification results of Desbordes and Hansen for

the 1940-1980 period.

In quadratic specification for the 1980-2009 period, Columns (2) and (4) in Table
4.5a, Columns (2), (4), and (6) in Table 4.5b, Columns (2), (4), (6), and (8) in Table
4.6a and in Table 4.6b, and Columns (3) and (4) in Table 4.6d report the estimation
results of the Model (3.2.1). In quadratic specification, in the Model (3.2.1), a3 is
restricted to be zero. We find that the coefficients of the linear and quadratic terms
are both significantly different from “0” at 10% or higher significance level, and they
are positive and negative respectively in Columns (4) and (6) in Table 4.5b, Column
(8) in Table 4.6a, Columns (2), (4), (6), and (8) in Table 4.6b, and Column (4) in
Table 4.6d.
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Our estimated turning points are within the range of 54.33-70.75 years in these
Columns. Also, we find that the coefficients of the linear and the quadratic terms are
both significantly different from “0” at 1% significance level, and they are negative
and positive respectively in Column (2) in Table 4.5a. In addition, the coefficients of
the linear and the quadratic terms are found insignificant in Column (4) in Table
4.5a, Column (2) in Table 4.5b, Columns (2), (4), (6) in Table 4.6a, and Column (3)
in Table 4.6d. Thus, our quadratic functional specification estimation results suggest
that there is a non-monotonic and inverse U-shaped association between per capita

GDP and LE for the 1980-2009 period.

Table 4.6¢

Long-Difference Estimations for the Association between per Capita GDP and Life
Expectancy for the 1980-2009 Period by Cubic Estimations

log GDP

1) 2) 3) ) (5) (6) (W] (8)

OLS OLS IV (one-to- IV (one-to- IV (one-to-five 1V (one-to-five IV (crude survival IV (crude survival
five years five years years survival years survival probability, and probability, and
survival survival probability, and probability, and age 80-84 survival age 80-84 survival
probability) probability)  measles vaccine measles vaccine probability) probability)

coverage percent)  coverage percent)
lagged log GDP - L.Og*** - 1.09*** - LOg*** - 1.08***
(0.03) (0.03) (0.03) (0.03)
log life expectancy at birth 2240.62 —451.32%* 1637.19 —746.35%**  1883.93 =720.06%** 166.6 —487.24*

(1463.49)  (210.64) (1830.51) (235.48) (1639.60) (216.79) (1808.63) (267.63)

(log life expectancy at birth)* —-531.64 110.28**  —394.20 IB1.17*** —446.47 174.72%%% 2193 119.07*

(347.46) (49.88) (434.24) (56.01) (390.98) (51.60) (431.96) (63.51)

(log life expectancy at birth)* 42.04 —8.98%* 31.66 —14.66%** 35.26 —14.13%** 0.20 =9.70%

(27.50) (3.94) (34.33) (4.44) (31.09) (4.10) (34.41) (5.02)

Number of observations 47 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.06 0.98 0.01 097 0.06 097 —0.55 0.98
F test p-value 0.46 0.00 0.65 0.00 0.65 0.00 0.19 0.00
Weak identification test statistic - - 16.62 15.84 845 9.39 3.55 7.06
Endogeneity test p-value - - 0.20 0.07 0.45 0.09 0.30 0.60
Hansen I statistic - - eel c.el 0.03 0.78 0.57 0.14
C (3rd polynomial) RESET test p-value nr. 0.10 0.02 0.12 0.60 0.12 0.32 0.08
C (4rd polynomial) RESET test p-value .. 0.08 n.r. 0.16 I.I. 0.09 0.45 0.11
Turning points (1) - 53.49 - 58.94 - 58.20 - 55.66
(2) 67.52 - 6431 - 65.37 - 64.56

Notes: Robust standard errors (SE)s in pmrcnthuu %% 5 <001, ** p < 003, *p < 0.1. All Columns arc long-difference estimations with two abservations by country for the years 1980, and 2009. GDP
is GDP per capita. The dependent variable is the log GDP per capita. Lagged log GDP per capita includes two observations by country for the years 1980, and 2005, In Column (3), and Column (4) log one-
to-five years survival probability, its squared, and cubed values arc used as the instrumental variables. In Column (5), and Column (6) log one-to-five years survival probability, and log measles-containing-
dose (MCV1) immunization coverage among |-year-olds (%), their squared, and cubed values arc used as the instrumental variables. In Column (7), and Column (8) log crude survival
y, and log age 80-84 survival probability, their squared, and cubed values are used as the instrumental variables. In Hansen J statistic, "equation exactly identified" term is represented by the term
€ (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. “n.r.” means that “not reported” by the test. In (3), and (4), Stock-Yogo weak ID test eritical values are not available
In (5), (6). (7), and (8), Stock-Yogo weak LD test critical value is 12.20. Turning point is cstimated for coefficients at 10% or better significance level in a Column

This finding is consistent with the results of Husain et al. (2014). Husain et al.
suggest that the shape of the association may be inverse U-shaped by considering
reverse causality for the 1980-2009 period. These results are not similar to the
findings of Desbordes (2011) and Hansen (2012) in quadratic functional
specification estimations for the 1940-1980 period in that according to their findings,
both coefficients of the linear and quadratic terms are found negative and positive at

5% or higher significance level, respectively.
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In cubic specification for the 1980-2009 period, Columns (1), (2), (3), (4), and (5) in
Table 4.5¢, Columns (1), (2), (3), (4), (5), (6), (7), and (8) in Table 4.6c, and
Columns (5) and (6) in Table 4.6d report the estimation results of the Model (3.2.1).
We find that the coefficients of the linear, quadratic, and cubic terms are significantly
different from “0” at 10% or higher significance level, and they are negative,
positive, and negative respectively. The association is first convex-, and then
concave-shaped in Columns (2), (4), and (5) in Table 4.5¢, Columns (2), (4), (6), and
(8) in Table 4.6¢, and Column (6) in Table 4.6d.

For the convex-concave-shaped association, estimated turning point-1s are within the
range of 53.49-59.23 years; and turning point-2s are within the range of 62.75-79.28
years. At the same time, we find that the coefficients of the linear, quadratic, and
cubic terms are significantly different from “0” at 10% or higher significance level,
and they are positive, negative, and positive respectively. The association is first

concave-, and then convex-shaped in Column (6) in Table 6d.

For the concave-convex-shaped association, we find that the estimated turning point-
1 and turning point-2 are 59.47 and 88.54 years in Column (5) in Table 4.6d. Also,
we find that the coefficients of the linear, quadratic, and cubic terms are insignificant
in Columns (1), and (3) in Table 4.5¢, and Columns (1), (3), (5), and (7) in Table
4.6c.

This concave-convex-shaped association results for the 1980-2009 period are similar
to the findings of cubic reduced form model in Husain et al. (2014) which gives
turning points as 36.81 and 51.09 years for the 1980-2009 period. Also, Husain et al.
suggest that the shape of the association may be inverse U-shaped by considering
reverse causality. However, our results of convex-concave-shaped association for the
1980-2009 period are consistent with the empirical findings and the theoretical
foundation in Azomahou et al. (2009) for the period 1820-2005. Hence, we suggest
that there is first a convex-, and then, a concave-shaped association between per

capita GDP and LE for the 1980-2009 period.
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Table 4.6d

Long-Difference Estimations for the Association between per Capita GDP and Life
Expectancy for the 1980-2009 Period by Linear, Quadratic and Cubic Estimations

log GDP
(1 2) 3) (4) 3) (6)
IV (crude survival, 1V (crude survival, 1V (crude survival, IV (erude survival, IV (crude survival, IV (crude survival,
ages 80-84, and ages 80-84, and ages 80-84, and ages 80-84, and ages 80-84, and ages 80-84, and
65-69 survival 65-69 survival 65-69 survival 65-69 survival 65-69 survival 65-69 survival
probabilities) probabilities) probabilities) probabilities) probabilities) probabilities)
lagged log GDP - 1.05%%% - LOg*=** - 1.09%**
(0.04) (0.03) (0.03)
log life expectancy at birth -1.29 0.58** 73.79 3027+ 2260.89% —628.71**
(1.71) (0.26) (80.98) (8.46) (1202.08) (256.45)
(log life expectancy at birth)? - - —9.31 —3.66%** —528.83*% 153.42%*
(10.09) (1.05) (287.92) (60.81)
(log life expectancy at birth)? - - 41.14% —12.48++
(23.02) (4.80)
Number of observations 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47
R-squared —0.05 096 —0.18 0.97 —0.07 0.97
F test p-value 0.46 0.00 0.57 0.00 0.15 0.00
Weak identification test statistic 3944 4447 14.72 16.64 2048 16.16
Endogeneity test p-value 0.19 052 0.23 0.70 0.69 0.69
Hansen J statistic 0.07 0.21 0.10 0.04 0.30 0.13
C (2nd polynomial) RESET test p-value 0.28 0.09 071 0.50 - -
€ (3rd polynomial) RESET test p-value 041 022 025 0.61 0.44 0.35
C (4rd polynomial) RESET test p-value - - - - 0.40 0.54
Turning points (1) - - - - 59.47 57.83
(2) - - - 6246 88.54 62.75

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1980,
and 2009. GDP is GDP per capita. The dependent variable is the log GDP per capita. Lagged log GDP per capita includes two observations by country for the years 1980, and 2005. In (1),
and (2), log crude survival probability, log age 80-84 survival probability, and log age 63-69 survival probability are used as the instrumental variables. In (3), and (4), log crude survival,
log age 80-84 survival, and log age 65-69 survival probabilities, their squared values are used as the instrumental variables. In (5), and (6), log crude survival, log age 80-84 survival, and
log age 65-69 survival probabilities, and their squared, and cubed values are used as the instrumental variables. In Hansen J statistic, "equation exactly identified” term is represented by the
term as "e.c.i.” C (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. In (1), and (2), Stock-Yogo weak 1D test critical value is 13.91. In (3), and (4), Stock-Yogo
weak ID test eritical value is 15.72. In (5), and (6), Stock-Yogo weak ID test critical value is 16.10. Tumning point is estimated for coefficients at 10% or better significance level in a
Column.

4.4. Estimation Results for Human Capital

4.4.1. Diagnostics for the 1940-1980 Period

For GMM estimations in Columns (5) and (6) of Table 4.7b, and in Column (3) of
Table 4.7c, Arellano-Bond AR (1) test rejects Ho at 5% or higher significance level,
but AR (2) test does not. These results satisfy Arellano-Bond estimation assumptions
in Chapter 2 that increase the efficiency of estimation. In addition, Hansen tests
indicate that over-identification restrictions fail to be rejected at 10% or higher

significance level. This hints that instrument set is valid.

In Table 4.8a, 4.8b, 4.8c, 4.8d, 4.8¢, 4.8f, 4.8g, and 4.8h, the RESET test indicates
that Ho fails to be rejected at 5% or higher significance level, with the exception of
Column (2) in Table 4.8a, and Column (1) in Table 4.8b. This indicates that in Table
4.8a, 4.8b, 4.8¢c, 4.8d, 4.8¢, 4.8f, 4.8g, and 4.8h, there is no functional form

misspecification.
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Table 4.7a

The Association between Years of Schooling and Life Expectancy for the 1940-1980 Period
by Linear and Quadratic Estimations

log years of schooling

(1) (2) (3) (4)

OLS OLS FE (within) FE (within)
log life expectancy at birth 2.63%+* —12.92%++ 0.99*+* -2.76

(0.11) (2.63) (0.16) (2.35)
(log life expectancy at birth)* - 1.97#*# - 0.50

(0.33) (0.32)

Number of observations 235 235 235 235
Number of countries 47 47 47 47
R-squared 0.78 0.80 0.85 0.85
F test p-value 0.00 0.00 0.00 0.00
Country dummies - - yes yes
Time dummies - - yes yes
Turning point - 26.59 - -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation
per ten years and per country. The dependent variable is the log years of schooling. Tuming point is estimated for coefficients at 10% or better
significance level in a Column.

The instrumental variables are predicted mortality, age 5-14, and age 65-69 survival
probabilities. All these instruments and their squared values are valid instruments
according to the weak identification test statistic by excluding Columns (3), (4), (5),
(6), (7), and (8) in Table 4.8c, Columns (4), (5), and (6) in Table 4.8d, Columns (3),
(4), (5), (6), (7), and (8) in Table 4.8g, and Columns (3), (4), (5), and (6) in Table
4.8h that satisfy the rule of thumb that F statistics of the first stage should be over
ten (Staiger and Stock, 1997).

Table 4.7b

The Association between Years of Schooling and Life Expectancy for the 1940-1980 Period
with Lagged Dependent Variable in All Linear and Quadratic Estimations

log years of schooling

) (2) 3) ()] (3) (6)
OLS OLS FE (within) FE (within) GMM (Arellano- GMM (Arellano-
Bond) Bond)
lagged log years of schooling 0.78%** 0.81%** 0.51%*% 0.51%** 084+ 0.90%**
(0.03) (0.03) (0.09) (0.09) (0.23) (0.26)
log life expectancy at birth 0.61%** 6.71%%% LO1**= 0.93 1.02%*= 10.46%
(0.13) (1.79) (0.17) (2.82) (0.26) (5.29)
(log life expectancy at birth)? - —0.77*** - 0.01 - -1.25%
(0.23) (0.37) (0.71)
Number of observations 188 188 188 188 141 141
Number of countries 47 47 47 47 47 47
R-squared 0.97 0.97 0.90 0.90 - -
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - - - 0.04 0.04
Arellano-Bond test for AR (2) p-value - - 0.82 0.75
Hansen test p-value - - - - 0.51 0.27
Country dummies - yes yes - -
Time dummies - - yes yes yes yes
Turning points - 78.78 - - 66.11

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per ten years and per country. The dependent
variable is the log years of schooling. Columns (5) and (6) are difference GMM estimations. Turning point is estimated for coefficients at 10% or better significance level in a Column. Mean
turning point of the estimations in (2), and (6) Columns is 72.45.
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Although the Stock and Yogo (2005) critical values are not available for Columns
(3), (4), (5), and (6) in Table 4.8c, and Columns (3), (4), (5), and (6) in Table 4.8g,
this problem is solved by applying this rule of thumb.

Table 4.7¢

The Association between Years of Schooling and Life Expectancy for the 1940-1980 Period
by Cubic Estimations

log years of schooling

) 2) 3) “) (5)
OLS OLS FE (within) FE (within) GMM (Arellano-Bond)
lagged log years of schooling - 0.81%** - 0.47%*=* 0.32%*
(0.03) (0.10) (0.13)
log life expectancy at birth B81.65 42.46 —130.86%* —136.37 —153.02*
(68.71) (53.12) (48.43) (85.67) (89.44)
(log life expectancy at birth)* -22.33 -9.73 33.85%* 34.81 3887+
(17.62) (13.38) (12.62) (21.86) (22.78)
(log life expectancy at birth)® 2.08 0.75 =2.89%% =294 =3.26%
(1.50) .12 (1.10) (1.86) (1.93)
Number of observations 235 188 235 188 141
Number of countries 47 47 47 47 47
R-squared 0.80 0.97 0.86 0.90 -
F test p-value 0.00 0.00 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - - - 0.01
Arellano-Bond test for AR (2) p-value - - - - 0.64
Hansen test p-value - - - - 0.18
Country dummies - - yes yes -
Time dummies - - yes yes yes
Turning points (1) - - 34.24 - 37.02
2) - - 71.30 - 75.62

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per ten years and per
country. The dependent variable is the log years of schooling. Columns (3) is difference GMM estimations. Turning point is estimated for coefficients at 10% or better
significance level in a Column.

Hansen J tests indicate that over-identification restrictions fail to be rejected at 10%
or higher significance level, with the exception of Column (7) in Table 4.8g that fail
to be rejected at 5% or higher significance level. This indicates that instruments are

appropriate at given significance level.

Table 4.8a

Long-Difference Estimations for the Association between Years of Schooling and Life
Expectancy for the 1940-1980 Period Using Life Expectancy at Birth, and Predicted
Mortality Data in Acemoglu And Johnson (2007) by Linear and Quadratic Estimations

log years of schooling

(1) 2) (3) 4) (5) (6) ] (8)
OLS OLS IV (predicted IV (predicted IV (age5-14 1V (age5-14 IV (both IV (both
mortality) mortality) survival survival instruments) instruments)
probability) probability)
log life expectancy at birth 1.21%4+ 1.82 L46*** 8.08 1.49%+* =213 147+ 0.60
(0.19) (3.19) (0.34) (7.98) (0.33) (5.53) (0.26) (5.06)
(log life expectancy at birth}* - —0.08 - =091 - 0.48 - 0.11
(0.43) (1.07) (0.73) (0.67)
Number of observations 47 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.41 0.41 0.39 036 0.39 0.38 0.39 0.40
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test statistic - - 47.32 11.92 3885 22.62 84.41 24.97
Endogeneity test p-value - - 0.42 0.61 0.23 0.13 0.11 0.30
Hansen J statistic - - eel eed eeld eed 0.94 0.21
C (2nd polynomial) RESET test p-value  0.06 0.04 0.34 042 032 0.33 0.29 0.11
C (3rd polynomial) RESET test p-value 0.05 0.04 042 043 0.60 0.61 0.15 0.09

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1940 and
1980. The dependent variable is the log years of schooling. In Column (3) predicted mortality, and in Column (4) predicted mortality and its squared value are used as the instrumental variables.
In Column (5) log age 5-14 survival probability, and in Column (6) log age 5-14 survival probability, and its squared value are used as the instrumental variables. In Column (7) predicted
mortality, and log age 5-14 survival probability, and in Column (8) predicted mortality, and log age 5-14 survival probability, and their squared values are used as instrumental variables in
estimations. In Hansen J statistic, "equation exactly identified” term is represented by the term as "e.e.i.” € (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. In (3), and
(5), Stock-Yogo weak ID test critical value is 16.38. In (4), and (6), Stock-Yogo weak ID test critical value is 7.03. In (7), Stock-Yogo weak ID test critical value is 19.93. In (8), Stock-Yogo
weak ID test critical value is 11.04. Turning point is not estimated for coefficients at less than 10% significance level in a Column.
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The endogeneity test of LE fails to be rejected in Table 4.8a, 4.8b, 4.8c, 4.8d, 4.8e,
4.8f, 4.8g, and 4.8h at 10% or higher significance level with the exception of
Columns (4) and (6) in Table 4.8d. Moreover, test fails to be rejected in Column (4)
in Table 4.8d at 5% or higher significance level. Thus, the OLS gives the consistent
and relatively more efficient estimates with one exception for Column (6) in Table

4.8d.

Table 4.8b

Long-Difference Estimations for the Association between Years of Schooling and Life
Expectancy for the 1940-1980 Period with Lagged Dependent Variable in All Linear and
Quadratic Estimations Using Life Expectancy at Birth, and Predicted Mortality Data in
Acemoglu and Johnson (2007)

log years of schooling

(1) (2) 3) “4) (5) (6) (W] (8)

OLS OLS IV (predicted 1V (predicted IV (age5-14 IV (age5-14 1V (both 1V (both
mortality) mortality) survival survival instruments) instruments)
probability) probability)
lagged log years of schooling 0.23%*+ 0.32%*+ 0.26%*+* 0.36%%* 0.24%%* 0.33%*% 0.25%*+* 0.34%+*
(0.07) (0.07) (0.08) (0.09) (0.07) (0.10) (0.07)y (0.09)
log life expectancy at birth 1.40%** 9.81%* 1.76%** 11.34* 1.50%** 8.92 1.63%** 9.96%*
(0.16) (3.84) (0.30) (5.84) (0.24) (6.74) (0.22) (5.26)
(log life expectancy at birth)* - =1.13%= - -1.31% - =-0.99 - =112
(0.51) (0.78) (0.89) (0.70)
Number of observations 47 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.55 0.61 0.52 0.60 0.55 0.60 0.54 0.60
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test statistic - - 3517 12.45 39.65 10.60 69.61 14.04
Endogeneity test p-value - - 0.15 0.36 0.64 0.54 0.15 0.16
Hansen J statistic - - eeld eeli. e.el eeld 0.45 0.95
C (2nd polynomial) RESET test p-value 0.04 0.29 047 0.88 0.74 0.57 0.59 0.52
€ (3rd polynomial) RESET test p-value 0.04 0.43 0.39 0.67 0.94 0.84 0.83 0.78
Turning points - 76.72 - 76.74 -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1940 and
1980. Lagged log years of schooling includes two observations by country for the years 1940 and 1970. The dependent variable is the log years of schooling. In Column (3) predicted mortality, and
in Column (4) predicted mortality and its squared value are used as the instrumental variables. In Column (5) log age 5-14 survival probability, and in Column (6) log age 5-14 survival
probability, and its squared value are used as the instrumental variables. In Column (7) predicted mortality, and log age 5-14 survival probability, and in Column (8) predicted mortality, and
log age 5-14 survival probability, and their squared values are used as instrumental variables in estimations. In Hansen J statistic, "equation exactly identified" term is represented by the term
as "e.e.l" C (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. In (3), and (5), Stock-Yogo weak ID test critical value is 16.38. In (4), and (6), Stock-Yogo weak ID test
critical value is 7.03. In (7), Stock-Yogo weak ID test critical value is 19.93. In (8), Stock-Yogo weak 1D test critical value is 11.04. Turning point is estimated for coefficients at 10% or better
significance level in a Column. Mean mming point of the estimations in (2), and (4) Columns is 76.73.

4.4.2. Estimation Results for the 1940-1980 Period

In linear specification for the 1940-1980 period, Columns (1) and (3) in Table 4.7a,
Columns (1), (3), and (5) in Table 4.7b, Columns (1), (3), (5), and (7) in Table 4.8a
and Table 4.8b, Columns (1) and (2) in Table 4.8d, Columns (1), (3), (5), and (7) in
Table 4.8e and Table 4.8f, and Columns (1) and (2) in Table 4.8h report the
estimation results of the Model (3.2.2). In linear specification, in the Model (3.2.2),

a» and a3 are restricted to zero.

We find that the coefficient of In LE is positive at 1% significance level in Columns

(1) and (3) in Table 4.7a, Columns (1), (3), and (5) in Table 4.7b, Columns (1), (3),

103



(5), and (7) in Table 4.8a and Table 4.8b, Columns (1) and (2) in Table 4.8d,
Columns (1), (3), (5), and (7) in Table 4.8¢ and Table 4.8f, and Columns (1) and (2)
in Table 4.8h. These linear functional specification estimation results are not similar
to the linear specification results of per capita GDP - LE association estimation in

that the coefficient of In LE is found negative at 5% or higher significance level for

the 1940-1980 period

Table 4.8¢c

Long-Difference Estimations for the Association between Years of Schooling and Life
Expectancy for the 1940-1980 Period Using Life Expectancy at Birth, and Predicted
Mortality Data in Acemoglu and Johnson (2007) by Cubic Estimations

log years of schooling

1) (2) 3) (3] (5) (6) [l (8)
oLs OLS IV (predicted IV (predicted IV (age 5-14 survival 1V (age 5-14 survival 1V (both 1V (both
mortality) mortality) probability) probability) instruments) _ instruments)
lagged log years of schooling - 030%*= - 0.38%=* - 047 - 0.40%*
(0.07) (0.17) (0.41) (0.17)
log life expectancy at birth =155.22% -3823 434.92 95.22 (omitted) 265.05 =213.56 127.56
(80.84) (65.85) (1545.36) (419.76) (797.38) (460.00) (308.19)
(log life expectancy at birth? 40.68* 11.28 =111.82 =23.06 0.37 -66.72 55.83 =31.36
(21.00) (17.00) (400.94) (109.06) (0.68) (205.51) (119.40) (79.68)
(log life expectancy at birth)? —3.53* -1.07 9.61 1.88 —-0.02 5.62 —4.83 2.59
(1.82) (1.46) (34.68) (9.45) (0.12) (17.65) (10.33) (6.87)
Number of observations 47 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.46 0.62 =0.34 0.57 0.35 042 0.45 0.55
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test statistic - - 0.09 0.28 0.00 0.12 0.05 029
Endogeneity test p-value - - 048 0.29 0.11 0.46 0.64 0.18
Hansen J statistic - - eel eel eel eel 0.22 0.99
C (3rd polynomial) RESET test p-value 0.14 038 047 0.72 nr. nr. n.r. n.r.
C (4rd polynomial) RESET test p-value nr. 0.58 048 0.57 ILT. n.r. L. I.T.
Tumning points (1) 33.26 - - - - - -
2) 65.80

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1940, and 1980. The
dependent variable is the log years of schooli
value, and its cubed value are used as the i
(7), and (8), predicted mortality, and log ag
identified” term is represented by the term as *

sed log years of schooling includes two observations by country for the years 1940, and 1970. In Column (3), and (4), predicted mortality, its squared
rumental variables. In Column (5), and (6), log age 5-14 survival probability, its squared, and cubed values are used as the instrumental variables. In Column
5-14 survival probability, and their squared, and cubed values are used as the instrumental variables in estimations. In Hansen J statistic, "equation exactly
i." € (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. “n.r.” means that “not reported” by the test. In (3), (4), (5), and (6), Stock-
Yogo weak ID test critical values are not available. In (7), and (8), Stock-Yogo weak ID test critical value is 12.20. Tuming point is estimated for coefficients at 10% or better significance level in a
Column.

In quadratic specification for the 1940-1980 period, Columns (2) and (4) in Table
4.7a, Columns (2), (4), and (6) in Table 4.7b, Columns (2), (4), (6), and (8) in Table
4.8a and Table 4.8b, Columns (3) and (4) in Table 4.8d, Columns (2), (4), (6), and
(8) in Table 4.8¢ and Table 4.8f, and Columns (3) and (4) in Table 4.8h report the
estimation results of the Model (3.2.2). In quadratic specification, in the Model
(3.2.2), a3 is restricted to zero. We find that the coefficients of the linear and
quadratic terms are both significantly different from “0” at 10% or higher
significance level, and they are positive and negative respectively in Columns (2) and
(6) in Table 4.7b, Columns (2) and (4) in Table 4.8b, Column (4) in Table 4.8d, and
Column (4) in Table 4.8f and Table 4.8h.
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Estimated turning points are within the range of 66.11-90.25 years in Columns (2)
and (6) in Table 4.7b, Columns (2) and (4) in Table 4.8b, Column (4) in Table 4.8d,
and Column (4) in Table 4.8f and Table 4.8h.

Table 4.8d.

Long-Difference Estimations for the Association between Years of Schooling and Life
Expectancy for the 1940-1980 Period Using Life Expectancy at Birth, and Predicted
Mortality Data in Acemoglu and Johnson (2007) by Linear, Quadratic and Cubic
Estimations

log years of schooling

(1) 2) 3) ] (5) (6)
IV (both instruments, IV (both instruments, IV (both instruments. IV (both instruments, IV (both instruments, IV (both instruments,
and age 65-69 and age 65-69 and age 65-69 and age 65-69 and age 65-69 and age 65-69
survival probability) survival probability) survival probability) survival probability) survival probability) survival probability)
lagged log years of schooling - 0.25%*= - 0.34%*% - 0.24%*
(0.07) (0.08) (0.11)
log life expectancy at birth 1. 4ge** 163+ 211 9.83%* -297.86 —245.94
(0.26) (0.22) (4.80) (4.44) (257.49) (154.26)
(log life expectancy at birth)? - - -0.09 -1L.11* 77.76 65.08
(0.64) (0.59) (66.72) (39.83)
(log life expectancy at birth)® - - - - —6.74 57>
(5.76) (3.43)
Number of abservations 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47
R-squared 039 0.54 0.40 0.60 0.41 0.53
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test statistic 55.92 4537 20.15 10.78 0.39 1.79
Endogeneity test p-value 0.11 0.10 0.35 0.09 0.28 0.04
Hansen J statistic 038 0.15 0.17 0.69 0.36 0.88
C (2nd polynomial) RESET test p-value 035 0.54 0.26 0.41 - -
C (3rd polynomial) RESET test p-value 022 0.79 0.33 0.45 nr. nr.
C (4rd polynomial) RESET test p-value - - - - nr. nr.
Turning points (1) - - - 84.33 - -

@ - - - - -

Notes: Robust standard crrors (SE)s i paerhuL\ *p < 0.0, * p < 0.05, * p < 0.1 All Columns arc long-differcnce estimations with two observations by country for the ycars 1940, and 1980. The
dependent variable is the log years of schooling. Lagguj log years of schooling includes two observations by country for the years 1940, and 1970. In Column (1), and (2), predicted mortality, log age 5-14
survival probability, and log age 65-69 survival probability are used as the instrumental variables in estimations. In Colurmn (3), and (4), predicted mortality, log age 5-14 survival probability, and
69 survival probability, and their squared values are used as the instrumental varisbles in estimations. In Columa (5), and (6), predicted mortality, log age 5-14 survival probability, and log age 65
probability, and their squared, and cubed values are used as the instrumental variables in estimations. In Hansen J statistic, "equation exactly identified" term is represented by the tem as “e.e.i.” C (GMM-
distance) RESET test uses Pesaran-Smith optimal forccast values. “n.r.” means that “not reported” by the test. In (1), and (2), Stock-Yogo weak ID test eritical value is 13.91. In (3), and (4), Stock-Yogo
weak ID test eritical value is 15.72. In (5), and (6), Stock-Yogo weak 1D test critical value is 16.10. Turning point is estimated for coefficients at 10% or better significance level in a Column.

Also, we find that the coefficients of the linear and the quadratic terms are both
significantly different from “0” at 1% significance level, and they are negative and
positive respectively in Column (2) in Table 4.7a. We further find that the
coefficients of the linear and quadratic terms are insignificant in Column (4) in Table
4.7a and Table 4.7b, Columns (2), (4), (6), and (8) in Table 4.8a, Column (6) and
with the exception of the linear term in Column (8) in Table 4.8b, Column (3) in
Table 4.8d, Columns (2), (4), (6), and (8) in Table 4.8e, Column (6) with the
exception of the linear terms in Columns (2) and (8) in Table 4.8f, and Columns (3)

in Table 4.8h.

These results are not similar to the findings regarding the association between per
capita GDP and LE in quadratic functional specification estimations for the 1940-

1980 period. Both coefficients of the linear and quadratic terms are found negative
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and positive at 10% or higher significance level, respectively. Thus, our quadratic

functional specification estimation results suggest that there is a non-monotonic and

inverse U-shaped association between years of schooling and LE for the 1940-1980

period.

Table 4.8¢

Long-Difference Estimations for the Association between Years of Schooling and Life
Expectancy for the 1940-1980 Period by Linear and Quadratic Estimations

log vears of schooling
) (2) 3) (4) (5) (6) ()] (8)
OLS OLS IV (predicted IV (predicted 1V (age5-14 IV (age5-14 1V (both IV (both
mortality) mortality) survival survival instruments) instruments)
probability) probability)
log life expectancy at birth [.25%+* =123 141%%* 8.19 1.50%** =4.30 1.44%+* =0.33
(0.19) (3.02) (0.30) (7.84) (0.32) (5.43) (0.24) (4.96)
(log life expectancy at birth)* - 0.34 -0.93 - 0.77 - 0.23
(0.41) (1.05) (0.72) (0.66)
Number of observations 47 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.46 0.46 0.45 0.37 0.44 0.45 0.45 0.46
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test statistic - - 48.41 11.49 3891 21.70 84.51 2282
Endogeneity test p-value - - 0.57 0.18 0.30 0.41 0.19 0.99
Hansen J statistic - - eeld eel eel el 0.82 0.10
C (2nd polynomial) RESET test p-value 0.17 0.26 0.31 0.35 0.34 0.37 0.37 0.13
C (3rd polynomial) RESET test p-value 0.19 0.34 0.28 0.40 0.63 0.66 0.17 0.12

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1940
and 1980. The dependent variable is the log years of schooling. In Column (3) predicted mortality, and in Column (4) predicted mortality and its squared value are used as the instrumental
variables. In Column (5) log age 5-14 survival probability, and in Column (6) log age 5-14 survival probability, and its squared value are used as the instrumental variables. In Column (7)
predicted mortality, and log age 5-14 survival probability, and in Column (8) predicted mortality, and log age 5-14 survival probability, and their squared values are used as instrumental
variables in estimations. In Hansen J statistic, "equation exactly identified" term is represented by the term as "e.c.i." C (GMM-distance) RESET test uses Pesaran-Smith optimal forecast
values. In (3), and (5), Stock-Yogo weak ID test critical value is 16.38. In (4), and (6), Stock-Yogo weak ID test critical value is 7.03. In (7)., Stock-Yogo weak ID test critical value is
19.93. In (8), Stock-Yogo weak ID test critical value is 11.04. Tuming point is not estimated for coefficients less than at 10% or better significance level in a Column.

In cubic specification for the 1940-1980 period, Columns (1), (2), (3), (4), and (5) in
Table 4.7c, Columns (1), (2), (3), (4), (5), (6), (7), and (8) in Table 4.8c, Columns (5)
and (6) in Table 4.8d, Columns (1), (2), (3), (4), (5), (6), (7), and (8) in Table 4.8¢,
and Columns (5) and (6) in Table 4.8h report the estimation results of the Model

(3.2.2).
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Table 4.8f

Long-Difference Estimations for the Association between Years of Schooling and Life
Expectancy for the 1940-1980 Period with Lagged Dependent Variable in All Linear and
Quadratic Estimations

log years of schooling

@ 2) (3) “) [8)] (6) (1)) (3)
OLS OLS IV (predicted IV (predicted IV (age5-14 IV (age5-14 1V (both IV (both
mortality) mortality) survival survival instruments) instruments)
probability) probability)
lagged log years of schooling 0.25%%* 0.3]1%*%* 0.27*%%* 0.37*%* 0.26%** 0.32%#= 0.27%** 0.35%**
(0.06) (0.07) 0.07) (0.09) (0.06) (0.10) (0.06) (0.08)
log life expectancy at birth 1.47%#% 6.85% L71*** 11.63%* 1.50%** 7.57 L61#¥* 9.51*
(0.16) (3.49) (0.26) (5.54) 0.23) (6.83) (0.20) (5.23)
(log life expectancy at birth)* - -0.72 - -1.35% - =081 - -1.07
(0.47) (0.74) (0.90) (0.70)
Number of observations 47 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.62 0.65 0.61 0.62 0.62 0.64 0.62 0.64
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test statistic - - 37.60 16.65 38.40 8.79 67.35 14.02
Endogeneity test p-value - - 0.25 0.59 0.90 0.91 0.32 0.60
Hansen J statistic - - e.e.l cel cel c.e.d 0.50 0.82
C (2nd polynomial) RESET test p-value  0.12 0.30 0.48 0.83 0.65 0.56 0.61 0.59
€ (3rd polynomial) RESET test p-value  0.18 0.37 0.40 0.73 0.89 0.84 0.78 0.80
Turning points - - - 74.60 - - - -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years
1940 and 1980. Lagged log years of schooling includes two observations by country for the years 1940 and 1970. The dependent variable is the log years of schooling. In Column (3)
predicted mortality, and in Column (4) predicted mortality and its squared value are used as the instrumental variables. In Column (5) log age 5-14 survival probability, and in
Column (6) log age 5-14 survival probability, and its squared value are used as the instrumental variables. In Column (7) predicted mortality, and log age 5-14 survival
probability, and in Column (8) predicted mortality, and log age 5-14 survival probability, and their squared values are used as instrumental variables in estimations. In Hansen J
statistic, "equation exactly identified" term is represented by the term as "e.e.i." € (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. In (3), and (5), Stock-
Yogo weak ID test critical value is 16.38. In (4), and (6), Stock-Yogo weak ID test critical value is 7.03. In (7), Stock-Yogo weak ID test critical value is 19.93. In (8), Stock-Yogo
weak ID test critical value is 11.04. Turning point is estimated for coefficients at 10% or better significance level in a Column.

We find that the coefficients of the linear, quadratic, and cubic terms are significantly
different from “0” at 10% or higher significance level, and they are negative,
positive, and negative respectively in Columns (3) and (5) in Table 4.7c, and Column
(1) in Table 4.8c. Estimated turning point-1s are within the range of 33.26-37.02
years; and turning point-2s are within the range of 65.80-75.62 years in Columns (3)

and (5) in Table 4.7c, and Column (1) in Table 4.8c.
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Table 4.8¢g

Long-Difference Estimations for the Association between Years of Schooling and Life
Expectancy for the 1940-1980 Period by Cubic Estimations

log years of schooling

(1)

(2)

(3)

4)

(5)

(6)

(W]

(8)

OLS OLS IV (predicted IV (predicted IV (age 5-14 survival IV (age 5-14 survival 1V (both IV (both
mortality) mortality) probability) probability) instruments)  instruments)
lagged log years of schooling 0.30%** 0.42%* - 0.47 - 0.43%%*
(0.07) (0.17) (0.42) (0.16)
log life expectancy at birth -119.62 —9.98 543.27 174.45 (omitted) 285.15 -21.51 187.00
(76.32) (62.40) (1666.84) (444.17) (891.70) (489.55) (317.94)
(log life expectancy at birth)* 3L10 3.63 =140.05 =43.61 0.08 =72.12 591 =46.73
(19.80) (16.09) (432.78) (115.48) (0.67) (230.00) (127.23) (82.32)
(log life expectancy at birth)? -2.67 =037 12.06 3.65 0.03 6.11 =0.50 393
(1.71) (1.38) (37.46) (10.01) (0.12) (19.77) (11.03) (7.11)
Number of observations 47 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.49 0.65 =0.48 0.57 042 047 046 0.56
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test statistic - - 0.10 0.27 0.00 0.09 0.05 027
Endogeneity test p-value 0.24 0.55 0.13 0.63 0.82 0.33
Hansen I statistic - - ee.li ee.li e.e.l ee.ld 0.08 0.999
C (3rd polynomial) RESET test p-value 032 0.32 0.40 0.76 nr. nr. nr. nr.
C (4rd polynomial) RESET test p-value

Tumning points (1)
(2)

nr.

0.51

0.39

0.55

nr.

nr.

n.r.

nr.

Notes: Robust standard errors (SE)s in parenthesy

es. #%% p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difTerence estimations with two observations by country for the years 1940, and 1980. The

dependent variable is the log years of schooling. Lagged log years of schooling includes two observations by country for the years 1940, and 1970. In Column (3), and (4), predicted mortality, its squared
value, and its cubed value are used as the instrumental variables. In Columm (5), and (6), log age 5-14 survival probability, its squared, and cubed values are used as the instrumental variables. In Column
(7), and (8), predicted mortality, and log age 5-14 survival probability, and their squared, and cubed values are used as the instrumental variables in estimations. In Hansen J statistic, "equation exactly

identified” term is represented by the term as ™

* (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. “n.r.” means that “not reported” by the test. In (3), (4), (5), and (6), Stock-

Yogo weak ID test critical values are not available. In (7), and (8), Stock-Yogo weak ID test critical value is 12.20. Tuming point is estimated for coefficients at 10% or better significance level in a

Column.

Also, we find that the coefficients of the linear, quadratic, and cubic terms are
insignificant in Columns (1), (2), and (4) in Table 4.7c, Columns (2), (3), (4), (5),
(6), (7), and (8) in Table 4.8c, Columns (5) and (6) in Table 4.8d, Columns (1), (2),
(3), (@), (5), (6), (7), and (8) in Table 4.8g, and Columns (5) and (6) in Table 4.8h.

These findings are not similar to cubic functional specification estimation results of

per capita GDP and LE association that suggests first a concave-, and then a convex-

shaped association for the 1940-1980 period.

Hence, our cubic functional specification estimation results suggest that there is first

a convex-, and then, a concave-shaped association between years of schooling and

LE for the 1940-1980 period.
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Table 4.8h

Long-Difference Estimations for the Association between Years of Schooling and Life
Expectancy for the 1940-1980 Period by Linear, Quadratic and Cubic Estimations

log years of schooling

1) 2) 3) ) 5) (6)
IV (both instruments, IV (both instruments, IV (both instruments. IV (both instruments, IV (both instruments, IV (both instruments,
and age 65-69 and age 65-69 and age 65-69 and age 65-69 and age 65-69 and age 65-69
survival probability) survival probability) survival probability) survival probability) survival probability) survival probability)
lagged log years of schooling - 0.27%%= - 0.34%** - 0.26%*
(0.06) (0.08) (0.11)
log life expectancy at birth L46%+* 163 1.16 9.01%* -262.77 —233.09
(0.24) (0.19) “.71) (4.35) (275.15) (170.36)
(log life expectancy at birth)* - - 0.03 -1.00* 68.58 61.74
(0.63) (0.58) (71.37) (44.07)
(log life expectancy at birth)* - - =5.94 =542
(6.17) (3.80)
Number of observations 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47
R-squared 0.45 0.62 045 0.64 0.44 0.55
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test statistic 55.38 43.55 15.66 10.45 0.41 1.73
Endogeneity test p-value 0.14 0.13 0.61 0.35 0.30 0.14
Hansen J statistic 0.54 0.19 0.13 0.71 0.35 0.86
C (2nd polynomial) RESET test p-value 044 0.49 023 0.42 - -
C (3rd polynomial) RESET test p-value 0.19 0.78 029 0.42 Ir. LI
C (4rd polynomial) RESET test p-value - - - nr. nr.
Turning points (1) - - - 90.25 - -
@ -

Notes: Robust standard crrors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns arc long-difference estimations with two obscrvations by country for the years 1940, and 1980, The
dependent variable is the log years of schooling. Lagged log years of schooling includes two abservations by country for the years 1940, and 1970. In Column (1), and (2), predicted mortality, log age 5-14
survival probability, and log age 65-69 survival probability are used as the instrumental variables in estimations. In Column (3), and (4), predicted mortality, log age 5-14 survival probability, and log age 65-
69 survival probability, and their squared values are used as the instrumental variables in estimations. In Column (5), and (6), predicted mortality, log age 5-14 survival probability, and log age 65-69 survival
probability, and their squared, and cubed values are used as the instrumental variables in estimations. In Hansen J statistic, "equation exactly identified” term is represented by the term as "e.c.i.” € (GMM-
distance) RESET test uses Pesaran-Smith optimal forecast values. “n.r.” means that “not reported” by the test. In (1), and (2), Stock-Yogo weak ID test critical value is 13.91. In (3), and (4), Stock-Yogo
weak ID test critical value is 15.72. In (5), and (6), Stock-Yogo weak ID test critical value is 16.10. Turning point is estimated for coefficients at 10% or better significance level in a Column

4.4.3. Diagnostics for the 1940-2009 Period

For GMM estimations in Columns (5) and (6) of Table 4.9b, and in Column (3) of
Table 4.9¢, Arellano-Bond AR (1) test rejects Ho at 5% or higher significance level,
but AR (2) test does not. These results satisfy Arellano-Bond estimation assumptions
in Chapter 2 which increase the efficiency of estimation. In addition, Hansen tests
indicate that over-identification restrictions fail to be rejected at 10% or higher

significance level. This indicates that the instrument set is valid.

In Table 4.10a, 4.10b, 4.10c, and 4.10d, the RESET test indicates that Ho fails to be
rejected at 5% or higher significance level, with the exception of Column (2) in
Table 4.10a. This indicates that there is no functional form misspecification in Table

4.10a, 4.10b, 4.10c, and 4.10d.
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Table 4.9a

The Association between Years of Schooling and Life Expectancy for the Period 1940-2009
by Linear and Quadratic Estimations

log years of schooling

(1) (2) (3) (4)

OLS OLS FE (within) FE (within)
log life expectancy at birth 2R3k —12.33%*# 1.65%** -1.12

(0.09) (1.86) (0.16) (2.86)
(log life expectancy at birth)* - 1.89#*** - 0.37

(0.23) (0.38)

Number of observations 376 376 376 376
Number of countries 47 47 47 47
R-squared 0.83 0.86 0.90 0.90
F test p-value 0.00 0.00 0.00 0.00
Country dummies - - yes yes
Time dummies - - yes yes
Turning point - 2592 - -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation
per ten years and per country. The dependent variable is the log years of schooling. Turning point is estimated for coefficients at 10% or better
significance level in a Column.

The instrumental variables are predicted mortality, age 5-14, and age 65-69 survival
probabilities. All these instruments and their squared values are valid instruments
according to the weak identification test statistics excluding Columns (3), (4), (5),
(6), (7), and (8) in Table 4.10b and Table 4.10c, and Columns (2), (3), (4), (5), and
(6) in Table 4.10d that satisfy the rule of thumb that F statistics of the first stage
should be over ten (Staiger and Stock,1997).

Table 4.9b

The Association between Years of Schooling and Life Expectancy for the Period 1940-2009
with Lagged Dependent Variable in All Linear and Quadratic Estimations

log years of schooling

(03] (2) 3) (4) (5) (6)
OLS OLS FE (within) FE (within) GMM (Arellano- GMM (Arellano-
Bond) Bond)
lagged log years of schooling 0.76%+* 0.80%** 0.68%+% 0.69*++* 0.85%+% 0.85%%+
(0.03) (0.03) (0.04) (0.04) (0.05) (0.05)
log life expectancy at birth 0.64%+* 6.38%%+ 0.85%+* 6.69%+* 0.62%%* B.39***
(0.11) (1.16) (0.16) (1.74) (0.17) (2.52)
(log life expectancy at birth)* - =0.72%%* - =0.75%** - —1.01%*=*
(0.14) (0.23) (0.34)
Number of observations 329 329 329 329 282 282
Number of countries 47 47 47 47 47 47
R-squared 0.97 0.97 0.96 0.96 - -
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - - 0.00 0.00
Arellano-Bond test for AR (2) p-value - - - - 0.91 0.998
Hansen test p-value - - - 0.26 0.23
Country dummies - - yes yes - -
Time dummies - - yes yes yes yes
Turming poinis - 84.98 86.12 65.15

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per ten years and per country. The dependent
variable is the log years of schooling. Columns (5) and (6) are difference GMM estimations. Turning point is estimated for coefficients at 10% or better significance level in a Column. Mean
turning point of the estimations in (2), (4), and (6) is 78.75.

Although the Stock and Yogo (2005) critical values are not available for Columns
(3), (4), (5), and (6) in Table 4.10c, this problem is solved by applying this rule of
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thumb. Hansen J tests indicate that over-identification restrictions fail to be rejected
at 10% or higher significance level. This points out that the instrument set is valid.

Table 4.9¢

The Association between Years of Schooling and Life Expectancy for the Period 1940-2009
by Cubic Estimations

log years of schooling

(23] 2) (3) [C)] (5)
OLS OLS FE (within) FE (within) GMM (Arellano- Bond)
lagged log years of schooling - 0.80%** - 0.64%*% 0.56%*%
(0.03) (0.05) 0.07)
log life expectancy at birth 9.27 17.59 =210.33%*= —103.09** —147.96%**
(46.52) (30.60) (38.55) (48.97) (46.31)
(log life expectancy at birth)* —3.58 -3.49 54.31%** 26.76%* 38.10%*=*
(11.75) (7.59) (10.00) (12.38) (11.72)
(log life expectancy at birth)® 0.46 0.23 —4.64%%* =2.30%** —3.25%%**
(0.99) (0.63) (0.87) (1.04) (0.99)
Number of observations 376 329 376 329 282
Number of countries 47 47 47 47 47
R-squared 0.86 0.97 0.92 0.96 -
F test p-value 0.00 0.00 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - - - 0.00
Arellano-Bond test for AR (2) p-value - - - - 0.85
Hansen test p-value - - - - 0.23
Country dummies - - yes yes -
Time dummies - - yes yes yes
Turning points (1) - - 34.63 34.03 36.24
(2) - - 71.34 69.75 68.72

Notes: Robust standard errors (SE)s in parentheses. **% p < 0.01, ** p < 0,05, * p < 0.1. All panels are balanced panels with one observation per ten years and per
country. The dependent variable is the log years of schooling. Columns (5) is difference GMM estimation. Turning point is estimated for coefficients at 10% or better
significance level in a Column.

The endogeneity test of LE fails to be rejected in Table 4.10a, 4.10b, 4.10c, and
4.10d at 10% or higher significance level with the exception of Columns (6) and (8)
in Table 4.10a, Columns (5) and (7) in Table 4.10c, and Columns (1) and (5) in
Table 4.10d. In Column (8) in Table 4.10a, and Column (1) in Table 4.10d, the test
fails to be rejected at 5% or higher significance level. Thus, the OLS gives consistent
and relatively more efficient estimates.

Table 4.10a

Long-Difference Estimations for the Association between Years of Schooling and Life
Expectancy for the Period 1940-2009 by Linear and Quadratic Estimations

log years of schooling

[13] 2) (3) (4) 5) (6) (N (8)
OLS OLS IV (predicted 1V (predicted IV (age5-14 IV (age5-14 1V (both 1V (both
mortality) mortality) survival survival instruments) instruments)
probability) probability)
log life expectancy at birth 1.89%** 5.14 2.05%==* 8.32 2.15%%* =7.00 2.10%*= =0.75
(0.20) (4.60) (0.30) (8.20) (0.33) (9.95) (0.26) (7.65)
(log life expectancy at birth)* - =0.44 - =0.85 - 1.23 - 0.38
(0.62) (1.09) (1.32) (1.01)
Number of observations 47 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.66 0.66 0.65 0.66 0.65 0.59 0.65 0.64
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test statistic - - 50.44 9.72 4127 19.10 90.97 18.57
Endogeneity test p-value - - 0.49 0.79 0.20 0.01 0.10 0.08
Hansen J statistic - - e.e.i. eel eeld e.el 0.77 0.09
€ (2nd polynomial) RESET test p-value  0.13 0.01 0.49 0.09 0.90 0.37 035 0.36
€ (3rd polynomial) RESET test p-value  0.22 0.02 0.22 0.23 0.91 0.47 0.53 0.55

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1940
and 2009. The dependent variable is the log years of schooling. In Column (3) predicted mortality, and in Column (4) predicted mortality and its squared value are used as the instrumental
variables. In Column (5) log age 5-14 survival probability, and in Column (6) log age 5-14 survival probability, and its squared value are used as the instrumental variables. In Column (7)
predicted mortality, and log age 5-14 survival probability, and in Column (8) predicted mortality, and log age 5-14 survival probability, and their squared values are used as instrumental
variables in estimations. In Hansen J statistic, "equation exactly identified” term is represented by the term as "e.e.i.” C (GMM-distance) RESET test uses Pesaran-Smith optimal forecast
values. In (3), and (5), Stock-Yogo weak ID test critical value is 16.38. In (4), and (6), Stock-Yogo weak ID test critical value is 7.03. In (7), Stock-Yogo weak ID test critical value is 19.93.
In (8), Stock-Yogo weak ID test critical value is 11.04. Tumning point is not estimated for coefficients less than at 10% or better significance level in a Column.
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4.4.4. Estimation Results for the 1940-2009 Period

In linear specification for the period 1940-2009, Columns (1) and (3) in Table 4.9a,
Columns (1), (3), and (5) in Table 4.9b, Columns (1), (3), (5), and (7) in Table 4.10a
and Table 4.10b, and Columns (1) and (2) in Table 4.10d report the estimation results
of the Model (3.2.2). In linear specification, in the Model (3.2.2), a2 and a3 are

restricted to be zero.

Table 4.10b

Long-Difference Estimations for the Association between Years of Schooling and Life
Expectancy for the Period 1940-2009 with Lagged Dependent Variable in All Linear and
Quadratic Estimations

log years of schooling

) (2) (3) 4) 5) (6) (W] (8)
OLs OLS IV (predicted IV (predicted IV (age5-14 IV (age5-14 IV (both IV (both
mortality) mortality) survival survival instruments) instruments)
probability) probability)
lagged log years of schooling 1L.02%*=* LO1**=* L05%** LO6**=* 0.93%** 0.92%=* 0.99%** 1.00**=*
(0.05) (0.05) (0.07) (0.07) (0.09) (0.09) (0.06) (0.06)
log life expectancy at birth 0.21%* 2.48%* 0.10 =1.01 0.45% 1.05 0.27%* 0.87
(0.08) (0.93) (0.14) (2.48) (0.23) (2.16) (0.12) (1.44)
(log life expectancy at birth)* - =0.31** - 0.15 - =0.08 - =0.08
(0.12) (0.33) (0.28) (0.19)
Number of observations 47 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.97 0.98 0.97 0.97 097 0.97 0.97 0.97
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test statistic - - 8.85 3.68 7.66 3.67 13.91 6.80
Endogeneity test p-value - - 033 0.20 0.21 0.16 0.94 0.25
Hansen J statistic - - eel eeld eed ee.l 0.16 0.31
C (2nd polynomial) RESET test p-value  0.10 021 0.15 0.03 0.05 0.09 0.08 0.08
C (3rd polynomial) RESET test p-value 0.21 039 032 0.07 0.11 0.12 0.13 0.12
Turning points - 58.86 - - -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1940,
and 2009. Lagged log years of schooling includes two observations by country for the years 1940, and 2000. The dependent variable is the log years of schooling. In Column (3) predicted
mortality, and in Column (4) predicted mortality and its squared value are used as the instrumental variables. In Column (5) log age 5-14 survival probability, and in Column (6) log age 5-
14 survival probability, and its squared value are used as the instrumental variables. In Column (7) predicted mortality, and log age 5-14 survival probability, and in Column (8) predicted
mortality, and log age 5-14 survival probability, and their squared values are used as instrumental variables in estimations. In Hansen J statistic, "equation exactly identified” term is
represented by the term as "e.e.i." € (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. In (3), and (5), Stock-Yogo weak ID test critical value is 16.38. In (4), and (6),
Stock-Yogo weak ID test critical value is 7.03. In (7), Stock-Yogo weak ID test critical value is 19.93. In (8), Stock-Yogo weak ID test critical value is 11.04. Turning point is estimated for
coefficients at 10% or better significance level in a Column

We find that the coefficient of In LE is positive at 10% or higher significance level in
Columns (1) and (3) in Table 4.9a, Columns (1), (3), and (5) in Table 4.9b, Columns
(1), (3), (5), and (7) in Table 4.10a, and Columns (1), (5), and (7) Table 4.10b, and
Columns (1) and (2) in Table 4.10d. These linear functional specification estimation
results are not similar to the linear specification results of per capita GDP - LE
association estimation for the period 1940-2009. However, these linear functional
specification estimation results are consistent with the findings of the same
specification estimations for the years of schooling and LE association for the 1940-
1980 period. The coefficient of In LE is found positive at 5% or higher significance

level.
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Table 4.10c

Long-Difference Estimations for the Association between Years of Schooling and Life
Expectancy for the Period 1940-2009 by Cubic Estimations

log years of schoolin;

(1 (2) 3) (4) (5) (6) ) (8)
OLS OLSs IV (predicted IV (predicted IV (age 5-14 survival IV (age 5-14 survival IV (both IV (both
mortality) mortality) probability) probability) instruments) _instruments)
lagged log years of schooling - 1.01%** - L12%** - 0.93%%=* - 0.99%*=
(0.05) (0.29) (0.10) (0.06)
log life expectancy at birth =174.09%* -8.24 (omitted) 198.58 744.31 -122.01 484.62 —44.39
(%3.86) (21.37) (810.69) (2808.63) (212.24) (780.96) (83.12)
(log life expectancy at birth)* 45.78%* 247 1.24 -51.60 -190.59 3134 —123.88 11.54
(21.61) (5.51) (1.06) (210.30) (719.58) (54.14) (200.65) (21.30)
(log life expectancy at birth)* —3.07** —0.24 -0.17 4.47 16.31 =267 10.60 -0.99
(1.86) (0.47) (0.19) (18.18) (61.41) (4.60) (17.18) (1.82)
Number of observations 47 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.70 0.98 0.66 0.91 —0.44 0.95 0.12 097
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test statistic - - 0.00 0.02 0.04 0.09 0.21 028
Endogeneity test p-value - - 038 0.38 0.01 0.27 0.02 036
Hansen J statistic - - eel el eel e.el 0.83 0.52
C (3rd polynomial) RESET test p-value 0.07 0.30 035 0.30 nr. 0.68 n.r. 029
C (4rd polynomial) RESET test p-value nr. 0.44 0.40 0.54 nr. 0.71 n.r. 0.40
Turning points (1) 31.43 - - - - - - -
2) 69.36

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1940, and
2009. The dependent variable is the log years of schooling. Lagged log years of schooling includes two observations by country for the years 1940, and 2000. In Column (3), and (4), predicted
mortality, its squared value, and its cubed value are used as the instrumental variables. In Column (5), and (6). log age 5-14 survival probability, its squared, and cubed values are used as the
instrumental variables. In Column (7), and (8), predicted mortality, and log age 5-14 survival probability, and their squared, and cubed values are used as the instrumental variables in estimations.
In Hansen J statistic, "equation exactly identified" term is represented by the term as "e.e.i.” € (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. “n.r.” means that “not
reported” by the test. In (3), (4), (5), and (6), Stock-Yogo weak ID test critical values are not available. In (7), and (8), Stock-Yogo weak ID test critical value is 12.20. Turning point is estimated
for coefficients at 10% or better significance level in a Column.

In quadratic specification for the period 1940-2009, Columns (2) and (4) in Table
4.9a, Columns (2), (4), and (6) in Table 4.9b, Columns (2), (4), (6), and (8) in Table
4.10a and Table 4.10b, and Columns (3) and (4) in Table 4.10d report the estimation
results of the Model (3.2.2). In quadratic specification, in the Model (3.2.2), a3 is
restricted to be zero. We find that the coefficients of the linear and the quadratic
terms are both significantly different from “0” at 5% or higher significance level, and
they are positive and negative respectively in Columns (2), (4), and (6) in Table 4.9b,
and Column (2) in Table 4.10b.

Estimated turning points are within the range of 58.86-86.12 years in Columns (2),
(4), and (6) in Table 4.9b, and Column (2) in Table 4.10b. Also, we find that the
coefficients of the linear and quadratic terms are both significantly different from “0”
at 1% significance level, and they are negative and positive respectively in Column
(2) in Table 4.9a. In addition, we find that the coefficients of the linear and quadratic
terms are insignificant in Column (4) in Table 4.9a, Columns (4), (6), and (8) in

Table 4.10b, and Columns (3) and (4) in Table 4.10d.

These results are not similar to the findings regarding the non-monotonic and U-

shaped association between per capita GDP and LE in quadratic specification
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estimations for the period 1940-2009. Both coefficients of the linear and quadratic
terms are found negative and positive at 10% or higher significance level,
respectively. However, these quadratic specification estimation results are consistent
with the findings of the same specification estimations for the non-monotonic and
inverse U-shaped association between years of schooling and LE for the 1940-1980
period. Thus, our quadratic specification estimation results suggest that there is a
non-monotonic and inverse U-shaped association between years of schooling and LE

for the period 1940-2009.

Table 4.10d

Long-Difference Estimations for the Association between Years of Schooling and Life
Expectancy for the Period 1940-2009 by Linear, Quadratic and Cubic Estimations

log years of schooling

(0 (2) 3) “) 5) 6)
IV (both instruments, IV (both instruments, IV (both instruments, IV (both i IV (both i s, IV (both instruments,
and age 65-69 and age 65-69 and age 65-69 and age 65-69 and age 65-69 and age 65-69
survival probability) survival probability) survival probability) survival probability) survival probability) survival probability)
lagged log years of schooling - 0.99%** - 0.99%%* - 0.97%**
(0.06) (0.06) (0.05)
log life expectancy at birth 2.14%%* 0.29%* 239 1.05 -135.09 -11.18
(0.25) (0.12) (7.04) (1.41) (101.50) (34.98)
(log life expectancy at birth)® - - -0.03 =0.11 35.34 312
(0.94) (0.18) (25.88) (8.94)
(log life expectancy at birth)* - - =3.03 —0.28
(2.20) (0.76)
Number of observations 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47
R-squared 0.65 097 0.64 097 0.68 097
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test statistic 63.50 9.77 12.19 5.44 6.37 3.82
Endogeneity test p-value 0.08 0.90 0.12 024 0.03 023
Hansen J statistic 0.52 0.29 0.22 0.61 0.30 0.54
C (2nd polynomial) RESET test p-value 0.42 0.10 0.22 0.08 - -
€ (3rd polynomial) RESET test p-value 0.52 0.16 0.46 0.13 nr. 0.14
C (4rd polynomial) RESET test p-value - - - -

nr. 0.09

Turning points (1) - -

@ - - - - - -
Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1940, and 2009. The
dependent variable is the log years of schooling. Lagged log years of schooling includes two observations by country for the years 1940, and 2000. In Column (1), and (2), predicted mortality, log age 5-14
survival probability, and log age 65-69 survival probability are used as the instrumental variables in estimations. In Column (3), and (4), predicted mortality, log age 5-14 survival probability, and log age 65-
69 survival probability, and their squared values are used as the instrumental variables in estimations. In Column (5), and (6), predicted mortality, log age 5-14 survival probability, and log age 65-69 survival
probability, and their squared, and cubed values are used as the instrumental variables in estimations. In Hansen J statistic, "equation exactly identified” term is represented by the term as "c.ci” € (GMM-
distance) RESET test uses Pesaran-Smith optimal forecast values. “n.r.” means that “not reported” by the test. In (1), and (2), Stock-Yogo weak ID test critical value is 13.91. In (3), and (4), Stock-Yogo
weak ID test critical value is 15.72. In (5), and (6), Stock-Yogo weak 1D test critical value is 16.10. Turning point is not estimated for cocfficients less than 10% significance level in a Column.

In cubic specification for the period 1940-2009, Columns (1), (2), (3), (4), and (5) in
Table 4.9¢, Columns (1), (2), (3), (4), (5), (6), (7), and (8) in Table 4.10c, and
Columns (5) and (6) in Table 4.10d report the estimation results of the Model (3.2.2).
We find that the coefficients of the linear, quadratic, and cubic terms are significantly
different from “0” at 5% or higher significance level, and they are negative, positive,
and negative respectively in Columns (3), (4), and (5) in Table 4.9¢, and Column (1)
in Table 4.10c.

Estimated turning point-1s are within the range of 31.43-36.24 years; and turning
point-2s are within the range of 68.72-71.34 years in Columns (3), (4), and (5) in
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Table 4.9¢, and Column (1) in Table 4.10c. Also, we find that the coefficients of the
linear, quadratic, and cubic terms are insignificant in Columns (1) and (2) in Table
4.9c¢, Columns (2), (3), (4), (5), (6), (7), and (8) in Table 4.10c, and Columns (5) and
(6) in Table 4.10d.

These findings are similar to cubic functional specification estimation results of per
capita GDP and LE association, which suggests first a convex-, and then a concave-
shaped association for the period 1940-2009. At the same time, these cubic
functional specification estimation results are consistent with the findings of the
same specification estimations for the years of schooling and LE association for the
1940-1980 period. Hence, cubic functional specification estimation results suggest
that there is first a convex-, and then a concave-shaped association between years of

schooling and LE for the period 1940-2009.

4.4.5. Diagnostics for the 1980-2009 Period

For GMM estimations, in Columns (5) and (6) of Table 4.11b, and in Column (3) of
Table 4.11c, Arellano-Bond AR (1) test rejects Ho at 5% or higher significance level,
but AR (2) test does not reject. These results satisfy Arellano-Bond estimation
assumptions in Chapter 2 which increase the efficiency of estimation. In addition,
Hansen tests indicate that over-identification restrictions fail to be rejected at 10% or

higher significance level. This indicates that the instrument set is valid.
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Table 4.11a

The Association between Years of Schooling and Life Expectancy for the 1980-2009 Period
by Linear and Quadratic Estimations

log years of schooling

(1) (2) (3) (4)

OLS QLS FE (within) FE (within)
log life expectancy at birth 3.82%+# 2048+ 2.56%** 58.49%*+

(0.10) (6.57) (0.45) (10.40)
(log life expectancy at birth)* - =1.97*#* - —6. B4 ***

(0.78) (1.27)

Number of observations 329 329 329 329
Number of countries 47 47 47 47
R-squared 0.82 0.82 0.81 0.86
F test p-value 0.00 0.00 0.00 0.00
Country dummies - - yes yes
Time dummies - - yes yes
Turning point - - - 71.98

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation
per five years and per country. The dependent variable is the log years of schooling. The turning point is given for coefficients at 10% or
better significance level in a Column. The tumning point which is more than three standard deviations of the sample mean is not given.

In Table 4.12a, 4.12b, 4.12c, and 4.12d, the RESET test indicates that Ho fails to be
rejected at 5% or higher significance level by excluding Column (3) in Table 4.12c,
which indicates that in Table 4.12a, 4.12b, 4.12¢c, and 4.12d, there is no functional

form misspecification.

Table 4.11b

The Association between Years of Schooling and Life Expectancy for the 1980-2009 Period
with Lagged Dependent variable in All Linear and Quadratic Estimations

log years of schooling

) 2) (3) (4) (5) (6)
OLS OLS FE (within) FE (within) GMM (Arellano- GMM (Arellano-
Bond) Bond)
lagged log years of schooling 0.88*** 0.88%** 0.79%+* 0.71%%* 0.11 0.51+*
(0.02) (0.02) (0.05) (0.04) (0.12) (0.19)
log life expectancy at birth 0.10 1.64 021 20.62%** 5.43%+* 136.34%%%
(0.07) (3.00) (0.22) (4.65) (1.59) (46.73)
(log life expectancy at birth)* - -0.18 - =2.45%%% - —16.81%**
0.35) (0.57) (5.82)
Number of observations 282 282 282 282 235 235
Number of countries 47 47 47 47 47 47
R-squared 0.98 0.98 093 0.94 - -
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - - - 0.01 0.03
Arellano-Bond test for AR (2) p-value - - 0.44 0.70
Hansen test p-value - - 0.42 0.55
Country dummuies - ves yes - -
Time dummies - - yes yes yes yes
Turning points - - 66.53 - 57.73

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per five years and per country. The
dependent variable is the log years of schooling. Column (5) and (6) are difference GMM estimations. Turning point is estimated for coefficients at 10% or better significance level in a
Column. Mean turning point of the estimations in (4), and (6) is 62.13.

The instrumental variables are age 1-5, age 80-84, age 65-69, crude survival
probabilities, and measles vaccine coverage percent. All these instruments and their
squared and cubed values are valid instruments according to the weak identification

test statistics excluding Column (8) in Table 4.12a, Column (5), (6), and (8) in Table
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4.12b, Columns (3), (4), (5), (6), (7), and (8) in Table 4.12¢, and Column (3) and (6)
in Table 4.12d, which satisfy the rule of thumb that F statistics of the first stage
should be over ten (Staiger and Stock,1997). Although Stock and Yogo (2005)
critical values are not available for Columns (3) and (4) in Table 4.12c, this problem

is solved by applying this rule of thumb.

Hansen J tests indicate that over-identification restrictions fail to be rejected at 10%
or higher significance level, by excluding Columns (5), (6), and (7) in Table 4.12a,
Column (5) in Table 4.12b, and Column (5) and (7) in Table 4.12c. Furthermore, in
Column (7) of Table 4.12a, Column (5) of 4.12b, and Column (7) of Table 4.12c,
over-identification restrictions fail to be rejected at 5% or higher significance level,

which means that the set of instruments is valid at the given significance level.

Table 4.11c

The Association between Years of Schooling and Life Expectancy for the 1980-2009 Period
by Cubic Estimations

log years of schooling

(1) (2) 3) (4) (5)

OLS OoLs FE (within) FE (within) GMM (Arellano-Bond)
lagged log vears of schooling - D.8R**= - 0.7]1#*% 0.06
(0.02) (0.04) (0.52)
log life expectancy at birth -169.34 97.90 —472.22 27.49 —254].43%**
(364.12) (176.27) (418.89) (222.80) (604.52)
(log life expectancy at birth)* 43.07 =22.94 119.43 =4.09 607.51%%*
(86.45) (41.66) (99.92) (53.09) (150.79)
(log life expectancy at birth)* -3.56 1.79 -10.01 0.13 —48.33%%*
(6.84) (3.28) (7.94) (4.22) (12.63)
Number of observations 329 282 329 282 235
Number of countries 47 47 47 47 47
R-squared 0.82 0.98 0.86 0.94 -
F test p-value 0.00 0.00 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - - 0.03
Arellano-Bond test for AR (2) p-value - - - - 011
Hansen test p-value - - - - 0.35
Country dummies - - yes yes -
Time dummies - - yes yes yes
Turning points (1) - - - - 55.87
2) - 78.02

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per five years and per country. The
dependent variable is the log years of schooling. Column (5) is difference GMM estimation. Turning point is estimated for coefficients at 10% or better significance level in a
Column.

The endogeneity test of LE fails to be rejected in Table 4.12a, 4.12b, and 4.12¢ at
10% or higher significance level, excluding Column (4), (5), (6), and (8) in Table
4.12a, and Column (3) in Table 4.12¢ and 4.12d. In excluded Columns like Column
(6) and (8) in Table 4.12a, and Column (3) in Table 4.12¢ and 4.12d, the endogeneity
test of LE fails to be rejected at 5% or higher significance level. Thus, the OLS gives

consistent and relatively more efficient estimates.
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Table 4.12a

Long-Difference Estimations for the Association between Years of Schooling and Life
Expectancy for the 1980-2009 Period by Linear and Quadratic Estimations

log years of schooling

(1) 2) [E)] (4) (5) (6) 7 (8)

OLS OLS IV (one-to- 1V (one-to- IV (one-to-five 1V (one-to-five IV (crude survival IV (crude survival
five years five years years survival years survival probability, and probability, and
survival survival probability, and probability, and age 80-84 survival  age 80-84 survival
probability) probability) measles vaccine measles vaccine probability) probability)

coverage percent) coverage percent)
log life expectancy at birth 2.98%*%  QLOGFFF  32]FFF 30.42 4.10%%= 40.41%* 3.05%%* T8.27%**
(050)  (10.65)  (0.95) (20.17) (0.86) (18.46) (0.57) (18.53)

(log life expectancy at birth)* - =7.21%%% - =330 - —4.52% - —9.33%*=

(1.31) (2.52) (2.30) (2.31)
Number of observations 47 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.39 0.57 0.38 0.51 0.33 0.53 0.39 0.54
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test statistic - - 48.00 17.54 24.52 12.36 60.99 9.83
Endogeneity test p-value - - 0.75 0.04 0.01 0.06 0.60 0.08
Hansen J statistic - - eeld eel 0.03 0.04 0.05 0.68
C (2nd polynomial) RESET test p-value  0.30 0.48 0.36 0.03 0.07 0.22 0.54 0.16
C (3rd polynomial) RESET test p-value  0.12 0.48 0.32 0.08 0.19 0.46 0.72 0.33
Turning points - 72.20 - - - 87.39 - 66.39

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1980
and 2009. The dependent variable is the log years of schooling. In Column (3) log one-to-five years survival probability, and in Column (4) log one-to-five years survival probability, and
its squared value are used as the instrumental variables. In Column (5) log one-to-five years survival probability, and log measles-containing-vaccine first-dose (MCV1) immunization
coverage among |-year-olds (%), and in Column (6) log one-to-five years survival probability, and log measles-containing-vaccine first-dose (MCV1) immunization coverage among -
year-olds (%), and their squared values are used as instrumental variables. In Column (7) log crude survival probability, and log age 80-84 survival probability, and in Column (8) log crude
survival probability, and log age 80-84 survival probability, and their squared values are used as the instrumental variables. In Hansen J statistic, "equation exactly identified" term is
represented by the term as "e.e.i.” C (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. In (3), Stock-Yogo weak ID test critical value is 16.38. In (4), Stock-Yogo
weak ID test critical value is 7.03. In (5), and (7), Stock-Yogo weak ID test critical value is 19.93. In (6), and (8), Stock-Yogo weak ID test critical value is 11.04. Turning point is

estimated for coefficients at 10% or better significance level in a Column. Mean turning point of the estimations in (2), (6), and (8) Columns is 75.33.

4.4.6. Estimation Results for the 1980-2009 Period

In linear specification for the 1980-2009 period, Columns (1) and (3) in Table 4.11a,
Columns (1), (3), and (5) in Table 4.11b, Columns (1), (3), (5), and (7) in Table
4.12a and Table 4.12b, and Columns (1) and (2) in Table 4.12d report the estimation
results of the Model (3.2.2). In linear specification, in the Model (3.2.2), a2 and a3

are restricted to be zero.
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Table 4.12b

Long-Difference Estimations for the Association between Years of Schooling and Life
Expectancy for the 1980-2009 Period with Lagged Dependent Variable in All Linear and
Quadratic Estimations

log years of sch

(18] 2) 3) 4 5) (6) (7 (8)
0LsS OLS IV (one-to- IV (one-to- IV (one-to-five IV (one-to-five IV (crude survival IV (crude survival
five years five years years survival years survival probability, and probability, and age
survival survival probability, and probability, and age 80-84 survival 80-84 survival
probability)  probability) — measles vaccine measles vaccine probability) probability)
coverage percent) coverage percent)
lagged log years of schooling 1.05%** 1.01*#* 1.06%+* 1.03%%* 1.04%** 1.03*#* L.O5¥** LO0***
(0.06) (0.06) (0.06) (0.06) (0.06) (0.06) (0.06) (0.07)
log life expectancy at birth 0.18 9.21** 0.10 4.89 0.23 592 0.21 11.77
(0.23) (3.78) (0.34) (4.72) (0.32) (4.75) (0.29) (7.51)
(log life expectancy at birth)? - —1.09%* - -0.57 - =0.70 - —1.41
(0.45) (0.57) (0.58) (0.92)
Number of observations 47 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.95 095 0.95 0.95 0.95 0.95 0.95 0.95
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test statistic - - 23.43 17.64 12.60 12.82 3222 733
Endogeneity test p-value - - 0.74 0.49 0.97 0.11 0.72 0.95
Hansen J statistic - - eeld celd 0.07 0.10 0.12 0.37
C (2nd polynomial) RESET test p-value  0.93 0.66 0.96 0.83 0.82 0.22 0.58 0.70
C (3rd polynomial) RESET test p-value 0.24 0.15 0.20 0.15 0.38 0.39 0.39 0.13
Tumning points 67.49 -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0,01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1980 and 2009. The
dependent variable is the log years of schooling. Lagged log years of schooling includes two observations by country for the years 1980 and 2005. In Column (3) log one-to-five years survival probability, and in
Column (4) log one-to-five ys survival prob:

ity, and its squared value are used as the instrumental variables. In Column (5) log one-to-five years survival probability, and log measles-containing-vaceine
first-dose (MCV1) immunization coverage among 1-year-olds (%), and in Column (6) log one-to-five years survival probability, and log measles-containing-vaccine first-dose (MCV1) immunization coverage

among 1-year-olds (%), and their squared values are used as the instrumental variables. In Column (7) log crude survival probability, and log age 80-84 survival probability, and in Column (8) log crude
probability, and log age 80-84 survival probability, and their squared values arc used as instrumental variables. In Hansen J statistic, "equation exactly identified” term is represented by the term as *
(GMM-distance) RES] test uses Pesaran-Smith optimal forecast values. In (3), Stock-Yogo weak ID test critical value is 16.38. In (4), Stock-Yogo weak ID test critical value is 7.03. In (5), and (7), Stock-Yogo
weak ID test critical value is 19.93. In (6), and (8), Stock-Yogo weak ID test critical value is 11.04. Turning point is estimated for coefficients at 10% or better significance level in a Column.

We find that the coefficient of In LE is positive at 1% significance level in Columns
(1) and (3) in Table 4.11a, Column (5) in Table 4.11b, Columns (1), (3), (5), and (7)
in Table 4.12a, and Columns (1) in Table 4.12d. Furthermore, we find that the
coefficients of the linear terms are insignificant in Columns (1) and (3) in Table

4.11b, Columns (1), (3), (5), and (7) in Table 4.12b, and Column (2) in Table 4.12d.

These linear functional specification estimation results are similar to the linear
specification results of per capita GDP-LE association estimation for the 1980-2009
period. At the same time, these linear functional specification estimation results are
consistent with the findings of the same specification estimations for the years of
schooling and LE association. The coefficient of In LE is found positive at 10% or

higher significance level for the 1940-1980 period and 1940-2009.
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Table 4.12¢

Long-Difference Estimations for the Association between Years of Schooling and Life
Expectancy for the 1980-2009 Period by Cubic Estimations

log years of schooling
(28] 2) G) ) (5) (6) ()] ()

OLS OLS IV (one-to- IV (one-to- IV (one-to-five IV (one-to-five IV (crude survival IV (crude survival

five years five years years survival years survival probability, and age  probability, and age
survival survival probability, and probability, and 80-84 survival 80-84 survival
probability) probability)  measles vaccine measles vaccine probability) probability)
coverage percent)  coverage percent)
lagged log years of schooling - LOp*** - 1.02%** - 1.02%** - 0.99%*=
(0.06) (0.07) (0.06) (0.07)
log life expectancy at birth -296.46 -3.23 —-444.74 67.10 —202.38 =3.01 -305.72 -104.96
(593.66) (196.37) (599.77) (198.69) (571.33) (204.37) (669.75) (227.36)
(log life expectancy at birth)* 77.95 1.87 109.99 —15.38 53.84 1.49 82.73 26.54
(141.37) (46.77) (142.24) (47.35) (135.46) (48.78) (159.64) (54.55)
(log life expectancy at birth)?* —6.75 -0.24 -9.01 118 —4.69 —0.18 -7.35 -2.23
(11.22) (3.71) (11.24) (3.76) (10.70) (3.88) (12.68) (4.36)
Number of observations 47 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.58 0.95 0.53 0.95 0.56 0.95 0.54 095
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test statistic - - 16.62 17.51 845 7.92 3.55 3.04
Endogeneity test p-value - - 0.08 033 0.41 0.29 0.38 097
Hansen J statistic - - eel eeld 0.01 0.12 0.07 047
C (3rd polynomial) RESET test p-value 0.16 0.04 0.01 0.16 0.92 0.41 0.65 0.02
C (4rd polynomial) RESET test p-value 0.26 0.07 0.03 0.24 091 0.63 nr. 0.05
Turning points (1) - - - - - - - -
2) -

Notes: Robust standard errors (SE)s in parentheses. ##% p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1980, and 2009. The
dependent variable is the log years of schooling. Lagged log years of schooling includes two observations by country for the years 1980, and 2005. In Column (3), and Column (4) log one-to-five years survival
probability, its squared, and cubed values are used as the instrumental variables. In Column (5), and Column (6) log one-to-five years survival probability, and log measles-containing-vaceine first-dose
(MCV1) immunization coverage among 1-year-olds (%), their squared, and cubed values are used as the instrumental variables. In Column (7), and Column (8) log crude survival probability, and log age 80-84
survival probability, their squared, and cubed valu used as the instrumental variables. In Hansen J statistic, "equation exactly identified"” term is represented by the term as "e.c.i.” C (GMM-distance)
RESET test uses Pesaran-Smith optimal forecast values. “n.r.” means that “not reported” by the test. In (3), and (4), Stock-Yogo weak 1D test critical values are not available. In (5), (6), (7), and (8), Stock-
Yogo weak ID test eritical value is 12.20. Tuming point is not estimated for coefficients less than 10% significance level in a Column.

In quadratic specification for the 1980-2009 period, Columns (2) and (4) in Table
4.11a, Columns (2), (4), and (6) in Table 4.11b, Columns (2), (4), (6), and (8) in
Table 4.12a and Table 4.12b, and Columns (3) and (4) in Table 4.12d report the
estimation results of the Model (3.2.2). In quadratic specification, in the Model
(3.2.2), a3 is restricted to be zero. We find that the coefficients of the linear and
quadratic terms are both significantly different from “0” at 10% or higher
significance level, and they are positive and negative respectively in Columns (2) and
(4) in Table 4.11a, Columns (4) and (6) in Table 4.11b, Columns (4), (6), and (8) in
Table 4.12a, Column (2) in Table 4.12b, and Column (3) in Table 4.12d.

Estimated turning points are within the range of 57.73-87.39 years in Columns (2)
and (4) in Table 4.11a, Columns (4) and (6) in Table 4.11b, Columns (4), (6), and (8)
in Table 4.12a, Column (2) in Table 4.12b, and Column (3) in Table 4.12d.
Furthermore, we find that the coefficients of the linear and quadratic terms are
insignificant in Columns (2) in Table 4.11b, Column (4) in Table 4.12a, Columns
(4), (6), and (8) in Table 4.12b, and Column (4) in Table 4.12d.

These results are similar to the findings of the non-monotonic and inverse U-shaped
association between per capita GDP and LE in quadratic specification estimations for
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the 1980-2009 period. Both coefficients of the linear and quadratic terms are found

positive and negative at 10% or higher significance level, respectively.

At the same time, these quadratic specification estimation results are consistent with
the findings of the same specification estimations for the non-monotonic and inverse
U- shaped association between years of schooling and LE for the periods 1940-1980
and 1940-2009. Thus, our quadratic specification estimation results suggest that there
is a non-monotonic and inverse U-shaped association between years of schooling and

LE for the 1980-2009 period.

In cubic specification for the 1980-2009 period, Columns (1), (2), (3), (4), and (5) in
Table 4.11¢, Columns (1), (2), (3), (4), (5), (6), (7), and (8) in Table 4.12c, and
Columns (5) and (6) in Table 4.12d report the estimation results of the Model (3.2.2).
We find that the coefficients of the linear, quadratic, and cubic terms are significantly
different from “0” at 1% significance level, and they are negative, positive, and

negative respectively in Column (5) in Table 4.11c.

Table 4.12d

Long-Difference Estimations for the Association between Years of Schooling and Life
Expectancy for the 1980-2009 Period by Linear, Quadratic and Cubic Estimations

log vears of schooling

(1) (2) (3) 4) (5) (6)
IV (erude survival, IV (crude survival, IV (crude survival, IV (crude survival, IV (crude survival, IV (crude survival,
ages 80-84, and ages 80-84, and ages 80-84, and ages 80-84, and ages 80-84, and ages 80-84, and
65-69 survival 65-69 survival 65-69 survival 65-69 survival 65-69 survival 65-69 survival
probabilities) probabilities) probabilities) probabilities) probabilities) probabilities)
lagged log years of schooling - 1L.04%%* - 1.02%** - LO1%**
(0.06) (0.06) (0.06)
log life expectancy at birth 3.04%%* 0.24 69.97+%* 4.93 20.05 72.98
(0.56) (0.29) (15.41) (4.32) (555.65) (243.48)
(log life expectancy at birth)* - - —8.30%%* =0.57 3.81 —16.64
(1.92) (0.52) (132.24) (58.19)
(log life expectancy at birth)* - - =0.97 1.27
(10.49) (4.64)
Number of observations 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47
R-squared 0.39 0.95 0.55 0.95 0.57 0.95
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test statistic 39.44 20.13 14.72 24.00 20.48 12.27
Endogeneity test p-value 0.61 0.75 0.08 0.73 0.96 0.86
Hansen J statistic 0.14 0.24 0.78 0.41 0.10 0.38
C (2nd polynomial) RESET test p-value 0.50 0.58 0.72 0.79 - -
C (3rd polynomial) RESET test p-value 0.72 0.33 047 0.15 0.94 0.10
C (4rd polynomial) RESET test p-value - - - nr. n.r.
Turning points (1) - - 67.71 - -

(2) -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0,05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1980,
and 2009. The dependent variable is the log years of schooling. Lagged log years of schooling includes two observations by country for the years 1980, and 2005. In (1), and (2), log crude
survival probability, log age 80-84 survival probability, and log age 65-69 survival probability are used as the instrumental variables. In (3), and (4), log crude survival, log age 80-84
survival, and log age 65-69 survival probabilitics, their squared values are used as the instrumental variables. In (5), and (6), log crude survival, log age 80-84 survival. and log age 65-69
survival probabilities, and their squared, and cubed values are used as the instrumental variables. In Hansen J statistic, "equation exactly identified” term is represented by the term as
"e.el.” C (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. In (1), and (2), Stock-Yogo weak ID test critical value 1s 13.91. In (3), and (4), Stock-Yogo weak ID
test critical value is 15.72. In (5), and (6). Stock-Yogo weak ID test critical value is 16.10. Turning point is estimated for coefficients at 10% or better significance level in a Column.
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Estimated turning point-1 is 55.87 years; and turning point-2 is 78.02 years in
Column (5) in Table 4.11c. Also, we find that the coefficients of the linear, quadratic,
and cubic terms are insignificant in Columns (1), (2), (3), and (4) in Table 4.11c,
Columns (1), (2), (3), (4), (5), (6), (7), and (8) in Table 4.12¢, and Columns (5) and
(6) in Table 4.12d. This finding is similar to the cubic functional specification
estimation results for the association between per capita GDP and LE for the 1980-
2009 period, and between years of schooling and LE for the 1940-1980 period, and
1940-2009. Hence, cubic functional specification estimation results suggest that there
is first a convex-, and then a concave-shaped association between years of schooling

and LE for the 1980-2009 period.
4.5. Estimation Results for GDP per Person Engaged

4.5.1. Diagnostics for the 1980-2009 Period

For GMM estimations in Columns (5) and (6) of Table 4.13b, and in Column (3) of
Table 4.13c, Arellano-Bond AR (1) test rejects Ho at 5% or higher significance level,
but AR (2) test does not. These results satisfy Arellano-Bond estimation assumptions
in Chapter 2 that increase the efficiency of estimation. In addition, Hansen tests
indicate that over-identification restrictions fail to be rejected at 10% or higher

significance level, which indicates that the set of instruments is appropriate.

Table 4.13a

The Association between GDP per Person Engaged and Life Expectancy for the 1980-2009
Period by Linear and Quadratic Estimations

log GDP per person engaged
(1) (2) (3) (4)

OLS OLS FE (within) FE (within)
log life expectancy at birth 8.29%*= —102.25%*=* =0.90 7.41

(0.39) (26.89) (1.19) (43.10)
(log life expectancy at birth)* - 13.06%+* - -1.02

(3.16) - (5.32)

Number of observations 329 329 329 329
Number of countries 47 47 47 47
R-squared 0.67 0.69 0.44 0.44
F test p-value 0.00 0.00 0.00 0.00
Country dummies - - yes yes
Time dummies

- - yes yes
Tuming point - 50.09 - -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation
per five years and per country. The dependent variable is the log GDP per person engaged. Turning point is estimated for coefficients at 10% or
better significance level in a Column.
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In Table 4.14a, 4.14b, 4.14c, and 4.14d, the RESET test indicates that Ho fails to be
rejected at 5% or higher significance level by excluding Column (6) in Table 4.14c,
which indicates that in Table 4.14a, 4.14b, 4.14c, and 4.14d, there is no functional

form misspecification.

Table 4.13b

The Association between GDP per Person Engaged and Life Expectancy for the 1980-2009
Period with Lagged Value of Dependent Variable in All Linear and Quadratic Estimations

log GDP per person engaged

) 2) (3) 4 ) (6)
OLS 0OLS FE (within) FE (within) GMM (Arellano- GMM (Arellano-
Bond) Bond)
lagged log GDP per person engaged 0.91%** 0.91%** 0.76%%* 0.76%%* 0.95%*F* 0.97%%
(0.02) (0.02) (0.06) (0.06) (0.10) (0.10)
log life expectancy at birth 0.88%** =170 0.82% 33.48% 1.65%* 125.71%%*
(0.15) (6.20) (0.41) (18.28) (0.66) (27.45)
(log life expectancy at birth)* - 031 - -3.97* - —15.12%**
(0.73) - (2.20) - (3.33)
Number of observations 282 282 282 282 235 235
Number of countries 47 47 47 47 47 47
R-squared 0.99 0.99 0.84 0.85 - -
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - - 0.00 0.01
Arellano-Bond test for AR (2) p-value - - - - 0.46 0.20
Hansen test p-value - - - - 0.12 0.24
Country dummies - - yes yes - -
Time dummies - - yes yes yes yes
Turning points - 67.61 63.81

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per five years and per country. The
dependent variable is the log GDP per person engaged. Column (5) is difference GMM estimation. Column (6) is two-step difference GMM estimation. Turning point is estimated for
coefficients at 10% or better significance level in a Column. Mean turning point of the estimations in (4) and (6) Columns is 65.71.

The instrumental variables are age 1-5, age 80-84, age 65-69, crude survival
probabilities, and measles vaccine coverage percent. All these instruments and their
squared and cubed values are valid instruments according to the weak identification
test statistics by excluding Column (8) in Table 4.14a, Column (6) in Table 4.14b,
Columns (3), (4), (5), (6), (7), and (8) in Table 4.14c, and Column (3), (4), and (6) in
Table 4.14d which satisfy the rule of thumb that F statistics of the first stage should
be over ten (Staiger and Stock,1997). Although Stock and Yogo (2005) critical
values are not available for Columns (3) and (4) in Table 4.14c, this problem is

solved by applying this rule of thumb.

Hansen J tests indicate that over-identification restrictions fail to be rejected at 10%
or higher significance level, by excluding Columns (5), (6), and (7) in Table 4.14a,
Column (7) in Table 4.14b, Column (5) in Table 4.14c, and Columns (1), (3), and (4)
in Table 4.14d. In excluded Columns like Column (7) in Table 4.14b, and Column

(1) and (4) in Table 4.14d, over-identification restrictions fail to be rejected at 5% or

123



higher significance level, which indicates that the set of instruments is appropriate at

the given significance level.

Table 4.13¢

The Association between GDP per Person Engaged and Life Expectancy for the 1980-2009
Period by Cubic Estimations

log GDP per person engaged

0)] (2) 3) ) (5)
OLS OLS FE (within) FE (within) GMM (Arellano-Bond)
lagged log GDP per person engaged - 0.91%* - 0.79%%* 0.96%**
(0.02) (0.06) (0.12)
log life expectancy at birth 22841 —907.38%* 1358.75 —055.87%* —1172.49%**
(1317.50) (388.41) (937.69) (363.94) (320.28)
(log life expectancy at birth)* —65.39 214.39%= —322.53 230.41%* 282.65%%%
(312.06) (91.76) (223.27) (85.70) (75.80)
(log life expectancy at birth)* 6.20 —16.86%* 25.49 —18.50%** —22.70%**
(24.63) (7.22) (17.72) (6.73) (5.98)
Number of observations 329 282 329 282 235
Number of countries 47 47 47 47 47
R-squared 0.69 0.99 0.45 0.85 -
F test p-value 0.00 0.00 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - - 0.00
Arellano-Bond test for AR (2) p-value - - - - 0.44
Hansen test p-value - - - 0.42
Country dummies - - yes yes -
Time dummies - - yes yes Yes
Turning points (1) - 59.35 - 57.64 58.21
2) - 80.86 69.93 69.14

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per five years and per country. The
dependent variable is the log GDP per person engaged. Column (5) is difference GMM estimation. Turning point is estimated for coefficients at 10% or better significance level
in a Column.

The endogeneity test of LE fails to be rejected in Table 4.14a, 4.14b, 4.14c, and
4.14d at 10% or higher significance level by excluding Column (4) and (8) in Table
4.14a, Column (8) in Table 4.14b, Column (4) and (6) in Table 4.14c, and Column
(2) in Table 4.14d. In excluded Columns (Column (4) in Table 4.14a, Column (8) in
Table 4.14b, Column (4) in Table 4.14c, and Column (2) in Table 4.14d), the
endogeneity test of LE fails to be rejected at 5% or higher significance level. Thus,

the OLS gives consistent and relatively more efficient estimates.
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Table 4.14a

Long-Difference Estimations for the Association between GDP per Person Engaged and Life
Expectancy for the 1980-2009 Period by Linear and Quadratic Estimations

log GDP per person engaged

) (2) 3) ) (5) (6) (7 (&)
oLS OLS 1V (one-to-five IV (one-to-five IV (one-to-five IV (one-to-five IV (crude survival IV (crude survival
years survival  years survival years survival years survival probability, and probability, and
probability) probability) probability, and probability, and age 80-84 survival age 80-84 survival
measles vaccine measles vaccine probability) probability)
coverage percent)  coverage percent)

log life expectancy at birth =0.35 10.52 -1.05 =30.67 0.75 246 -1.93 162.92%*

(1.38) (53.64) (2.18) (76.76) (1.93) (69.39) (1.62) (75.60)
(log life expectancy at birth)* - =134 - 3.60 - =0.36 - =20.46%%

(6.64) (9.51) (8.65) (9.43)

Number of observations 47 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.002 0.004 =0.01 =0.04 =0.02 0.003 =0.04 =0.60
F test p-value 0.80 0.96 0.64 0.48 0.71 0.94 0.25 0.09
Weak identification test statistic - - 48.00 17.54 2452 12.36 60.99 9.83
Endogeneity test p-value - - 0.67 0.07 0.13 0.70 0.27 0.001
Hansen I statistic - - eei. eei. 0.02 0.02 0.03 0.59
C (2nd polynomial) RESET test p-value  0.10 0.43 0.46 023 0.41 0.90 0.76 0.02
C (3rd polynomial) RESET test p-value  0.20 0.03 0.51 049 0.70 0.46 0.78 0.06
Tumning point - 53.64

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1980 and
2009. The dependent variable is the log GDP per person engaged. In Column (3) log one-to-five years survival probability, and in Column (4) log one-to-five years survival probability, and its
squared value are used as the instrumental variables. In Column (5) log one-to-five years survival probability, and log measles-containing-vaccine first-dose (MCV1) immunization coverage
among 1-year-olds (%), and in Column (6) log one-to-five years survival probability, and log measles-containing-vaccine first-dose (MCV1) immunization coverage among 1-year-olds (%), and
their squared values are used as instrumental variables. In Column (7) log crude survival probability, and log age 80-84 survival probability, and in Column (8) log crude survival probability,
and log age 80-84 survival probability, and their squared values are used as instrumental variables. In Hansen J statistic, "equation exactly identified" term is represented by the term as "e.e.i.” C
(GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. In (3), Stock-Yogo weak ID test critical value is 16.38. In (4), Stock-Yogo weak 1D test critical value is 7.03. In (5),
and (7), Stock-Yogo weak ID test critical value is 19.93. In (6), and (8), Stock-Yogo weak ID test critical value is 11.04. Turning point is estimated for coefficients at 10% or better significance
level in a Column.

4.5.2. Estimation Results for the 1980-2009 Period

In linear specification for the 1980-2009 period, Columns (1) and (3) in Table 4.13a,
Columns (1), (3), and (5) in Table 4.13b, Columns (1), (3), (5), and (7) in Table
4.14a and Table 4.14b, and Columns (1) and (2) in Table 4.14d report the estimation
results of the Model (3.2.3). In linear specification, in the Model (3.2.3), a2 and a3

are restricted to be zero.

We find that the coefficient of In LE is positive at 10% or higher significance level in
Column (1) in Table 4.13a, Columns (1), (3), and (5) in Table 4.13b, Columns (1),
(3), (5), and (7) in Table 4.14b, and Columns (2) in Table 4.14d. In addition, we find
that the coefficients of the linear terms are insignificant in Columns (3) in Table
4.13a, Columns (1), (3), (5), and (7) in Table 4.14a, and Column (1) in Table 4.14d.
These linear functional specification estimation results are similar to the linear
specification results of the estimations for association between per capita GDP and

LE, and between years of schooling and LE for the 1980-2009 period.
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Table 4.14b

Long-Difference Estimations for the Association between GDP per Person Engaged and Life
Expectancy for the 1980-2009 Period with Lagged Value of Dependent Variable in All
Linear and Quadratic Estimations

log GDP per person engaged
[43] (2) 3) €3] (5) (6) ()] (8)

OLS OLSs 1V (one-to- IV (one-to- IV (one-to-five 1V (one-to-five IV (crude survival IV (crude survival
five years five years years survival years survival probability, and probability, and age
survival survival probability, and probability, and age 80-84 survival  80-84 survival
probability)  probability) measles vaccine measles vaccine probability) probability)

coverage percent)  coverage percent)
lagged log GDP per person engaged 1.08%** | 08*** 1.08%*= 1.09%=* 1.0g*** 1.09**= 1.07%*=* 1.08**=

(0.05) (0.04) (0.04) (0.04) (0.04) (0.04) (0.04) (0.04)

log life expectancy at birth 0.72%** 22 81%**  (.83%* 20.50* LO1**=* 20.20% 0.53* 20.13*=

(0.26) (7.93) (0.38) (11.08) (0.32) (11.41) (0.32) (9.78)

(log life expectancy at birth)? - =271+ - -2.39% - =2.36% - —2.42%*
(0.96) (1.37) (1.41) (1.19)
Number of observations 47 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.96 097 0.96 0.97 0.96 0.97 0.96 097
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test statistic - - 4991 15.88 26.92 9.98 64.08 1232
Endogeneity test p-value - - 0.77 0.21 0.16 0.14 0.12 0.06
Hansen J statistic - - eeli eel 0.41 0.33 0.07 022
C(2nd polynomial) RESET test p-value  0.11 0.03 0.15 0.08 0.13 0.10 0.07 0.07
C (3rd polynomial) RESET test p-value 0.21 0.07 035 0.17 0.29 0.03 0.18 0.19
Turning points - 67.18 - 73.29 - 7179 - 63.97

*5%5 < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two obscrvations by country for the years 1980 and 2009, The
dependent variable is the log GDP per person | Lagged log GDP per person engaged includes two abservations by country for the years 1980 and 2005. In Column (3) log one-to-five years survival
in Column (4) log one-to-five years survival probability, and its squared value are used as the instrumental variables. In Column (5) log one-to-five years survival probability, and log measles-
ccine first-dose (MCV1) immunization coverage among 1-year-olds (%), and in Column (6) log one-to-five years survival | ility, and log measles ine first-dose (MCV1)
coverage among 1-year-olds (%), and their squared values are used as instrumental variables. In Column (7) log crude survival probability, and log age 80-54 survival probability, and in Column (8)
log crude survival probability, and log age B0-84 survival probability, and their squared values are used as instrumental variables. In Hansen J siatistic, "equation exactly identified” term is represented by the term
as "e.e.i.” C (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. In (3), Stock-Yogo weak 1D test eritical value is 16.38. In (4), Stock-Yogo weak ID test critical value is 7.03. In (5), and (7),
Stock-Yogo weak ID test critical value is 19.93. In (6), and (8), Stock-Yogo weak ID test eritical value is 11.04. Turning point is estimated for cocfficients at 10% or better significance level in a Column. Mean
turning point of the estimations in (2), (4). (6). and (8) columns is 69.06.

Notes: Robust standard errors (SE)s in parentheses.

In quadratic specification for the 1980-2009 period, Columns (2) and (4) in Table
4.13a, Columns (2), (4), and (6) in Table 4.13b, Columns (2), (4), (6), and (8) in
Table 4.14a and Table 4.14b, and Columns (3) and (4) in Table 4.14d report the
estimation results of the Model (3.2.3). In quadratic specification, in the Model
(3.2.3), az is restricted to be zero. We find that the coefficients of the linear and the
quadratic terms are both significantly different from “0” at 10% or higher
significance level, and they are positive and negative respectively in Columns (4) and
(6) in Table 4.13b, Column (8) in Table 4.14a, Columns (2), (4), (6), and (8) in Table
4.14b, and Column (4) in Table 4.14d.

Estimated turning points are within the range of 53.64-73.29 years in these Columns.
Also, we find that the coefficients of the linear and the quadratic terms are both
significantly different from “0” at 1% significance level, and they are negative and
positive respectively in Column (2) in Table 4.13a. In addition, we find that the
coefficients of the linear and quadratic terms are insignificant in Column (4) in Table
4.13a, Column (2) in Table 4.13b, Columns (2), (4), and (6) in Table 4.14a, and
Column (3) in Table 4.14d.
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Table 4.14¢c

Long-Difference Estimations for the Association between GDP per Person Engaged and Life
Expectancy for the 1980-2009 Period by Cubic Estimations

log GDP per person engaged

(03] 2) 3) (4) (3) (6) ) (8)
oLs OLS IV (one-to- IV (one-to- IV (one-to-five 1V (one-to-five w (crude survival 1V (crude survival
five years five years years survival years survival probability, and age
survival survival probability, and probability, and 80-84 survival
probability)  probability) measles vaccine measles vaccine probability) probability)
coverage percent) coverage percent)
lagged log GDP per person engaged - L10%** - L11#** - La1#** - L11#***
(0.04) (0.04) (0.04) (0.04)
log life expectancy at birth 2914.89% —374.66 2660.35 —735.56%* 2727.89* —T773.82%* 1263.47 —649.60%
(1484.00)  (297.81) (1806.28) (322.06) (1629.21) (327.36) (1728.42) (344.93)
(log life expectancy at birth)® —691.89* 91.82 —638.06 178.03%* —647.71* 187.09%* —283.11 157.49*
(352.28) (70.55) (428.56) (76.44) (388.85) (77.51) (412.39) (82.19)
(log life expectancy at birth)? 54.72% =749 51.02 —14.36%* 51.23% =15.07** 2090 =12.72%
(27.87) (5.57) (33.89) (6.05) (30.95) (6.12) (32.82) (6.53)
Number of observations 47 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.10 097 0.03 0.97 0.09 097 =044 097
F test p-value 0.28 0.00 039 0.00 0.39 0.00 0.18 0.00
Weak identification test sta - - 16.62 15.47 845 852 355 6.55
Endogencity test p-value - - 023 0.08 0.51 0.04 0.16 0.28
Hansen J statistic - - eel e.cl 0.03 0.92 0.83 0.25
C (3rd polynomial) RESET test p-value  n.r. 0.06 0.11 0.11 0.74 0.01 0.17 0.11
C (4rd polynomial) RESET test p-value nr 0.04 0.19 0.10 0.67 0.02 023 0.12
Turning points (1) 61.47 - - 57.39 60.91 57.80 - 57.78
2) 74.57 - 67.82 75.11 67.92 66.35

Notes: Robust standard errors (SE)s in parentheses. **% p < 0,01, ¥* p < 0.0 *p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1980, and 2009. The dependent
variable is the log GDP per person engaged. Lagged log log GDP per person engaged includes two observations by Luumr) for the years 1980, and 2005. In Lu]umn (3), and Column (4) log one-to-five years survival
probability, its squared, and cubed values are used as the instrumental variables. In Column (5), and Column (6) log one-to-five years survival ility, and log measles first-dose (MCV1)
immunization coverage among 1-year-olds (%), their squared, and cubed values are used as the instrumental variables. In Column (7), and Column (8) log muh survival probability, and log age 80-84 survival
probability, their squared, and cubed val re used as the instrumental variables. In Hansen J statistic, "equation exactly identified” term is represented by the C (GMM-distance) RESET test uses
Pesaran-Smith optimal forecast values. “n.r.” means that “not reports y the test.  In(3). and (4), Stock-Yogo weak [D test critical values are not available. In (5). (6) (7). .md (8), Stock-Yogo weak ID test critical value
is 12.20. Turning point is estimated for coefficients at 10% or better significance level in a Column.

These results are similar to the findings of non-monotonic and inverse U-shaped
association between per capita GDP and LE, and years of schooling and LE in
quadratic specification estimations for the 1980-2009 period. Thus, our quadratic
specification estimation results suggest that there is a non-monotonic and inverse U-
shaped association between GDP per person engaged and LE for the 1980-2009
period.

Table 4.14d

Long-Difference Estimations for the Association between GDP per Person Engaged and Life
Expectancy for the 1980-2009 Period by Linear, Quadratic and Cubic Estimations

log GDP per person engaged

(1)) 2) 3) @) (5) (6)
IV (crude survival, 1V (crude survival, IV (crude survival, IV (crude survival, IV (crude survival, IV (crude survival, ages
ages 80-84, and 65- ages 80-84, and 65~ ages 80-84, and 65 ages 80-84, and. ages §0-84, and 80-84, and 65-69
69 survival 69 survival 69 survival 65-69 survival survival probabilities)
probabilities) probabili probabilities)
lagged log GDP per person engaged - Lo7**= E - LI1==
(0.04) (0.04) (0.04)
log life expectancy at birth -1.80 0.53* 73.92 28,874 3133.95% -576.50*
(1.65) (0.31) (82.12) (10.29) (1241.06) (307.10)
(log life expectancy at birth)? - - —9.40 —3.50%% —736.56%= 140.57%
(10.22) (1.26) (296.75) (72.76)
(log life expectancy at birthy* - - - - 57.60%* —11.42%
(23.69) (5.75)
Number of observations 47 a7 47 47 47 47
Number of countries 47 a7 47 47 47 47
R-squared —0.03 0.96 —0.15 0.97 —0.02 0.97
F test p-value 029 0.00 0.40 0.00 0.03 0.00
Weak identification test statistic 39.44 41.74 14.72 12.46 2048 13.08
p-value 025 0.09 0.12 0.40 0.13 0.37
0.07 0.19 0.04 0.09 027 0.16
) RESET test p-value 0.43 0.07 0.53 0.58 - -
€ (3rd polynomial) RESET test p-value 0.52 0.17 0.20 0.72 0.66 0.10
€ (4rd polynomial) RESET test p-value - - - - 0.49 0.21
Turning points (1) - - - 6224 59.09 56.08
) - - - - 8533 6525

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * pp < 0.1. All Columns are long-difference estimations with two observations by country for the years 1980, and 2009,
The dependent variable is the log GDP per person engaged. Lagged log GDP per person engaged includes two observations by country for the years 1980, and 2005. In (1), and (2), log crude survival
probability, log age 80-84 survival probability, and log age 65-69 survival probability are used as the instrumental variables. In (3), and (4), log crude survival, log age 80-84 survival, and log age 65-
69 survival probabilities, their squared values are used as thy trumental variables. In (5), and (6), log crude survival, log age 80-84 survival, and log age 65-69 survi probabilities, and their
squared, and cubed values are used as the instrumental variables. In Hansen J statistic, "equation exactly identified” term is represented by the term as "e.ci.” € (GMM-distance) RESET test uses
Pesaran-Smith optimal forecast values. In (1), and (2), Stock-Yogo weak ID test critical value is 13.91. In (3), and (4), Stock-Yogo weak ID test critical value is 15.72. In (5), and (6), Stock-Yogo
weak ID test critical value is 16.10. Turning point is estimated for coefficients at 10% or hetter significance level in a Colurmn.
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In cubic specification for the 1980-2009 period, Columns (1), (2), (3), (4), and (5) in
Table 4.13¢, Columns (1), (2), (3), (4), (5), (6), (7), and (8) in Table 4.14c, and
Columns (5) and (6) in Table 4.14d report the estimation results of the Model (3.2.3).
We find that the coefficients of the linear, quadratic, and cubic terms are significantly
different from “0” at 10% or higher significance level, and they are negative,
positive, and negative respectively in Columns (1), (2), (3), (4), and (5) in Table
4.13c, Columns (4), (6), and (8) in Table 4.14¢c, and Column (6) in Table 4.14d.

Estimated turning point-1s are within the range of 56.08-59.35 years; and turning
point-2s are within the range of 65.25-80.86 years in these columns. Also, we find
that the coefficients of the linear, quadratic, and cubic terms are significantly
different from “0” at 10% or higher significance level, and they are positive,
negative, and positive respectively in Columns (1), and (5) in Table 4.14c, and
Column (5) in Table 4.14d. Also, we find that the coefficients of the linear,
quadratic, and cubic terms are insignificant in Columns (1) and (3) in Table 4.13c,

and Columns (1), (2), (3), and (7) in Table 4.14c.

These findings are similar to cubic functional specification estimation results of the
per capita GDP and LE association, and years of schooling and LE association which
both suggest first a convex- , and then a concave-shaped association for the 1980-
2009 period. Hence, cubic functional specification estimation results suggest that
there is first a convex-, and then a concave-shaped association between GDP per

person engaged and LE for the 1980-2009 period.

4.6. Estimation Results for Productivity

4.6.1. Diagnostics for the 1980-2009 Period

For GMM estimations in Columns (5) and (6) of Table 4.15b, and in Column (3) of
Table 4.15¢c, Arellano-Bond AR (1) test rejects Ho at 5% or higher significance level,
but AR (2) test does not. These results satisfy Arellano-Bond estimation assumptions

in Chapter 2 that increase the efficiency of estimation. Furthermore, Hansen tests
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indicate that over-identification restrictions fail to be rejected at 10% or higher

significance level, which shows that the instrument set is valid.

Table 4.15a

The Association between Productivity and Life Expectancy for the 1980-2009 Period by
Linear and Quadratic Estimations

log productivity

(1) (2) (3) (4)

OLS OLS FE (within) FE (within)
log life expectancy at birth B.0g*+* =5.07 1.82 71.69

(0.50) (32.19) (1.77) (58.91)
(log life expectancy at birth)? - 1.56 - -8.54

(3.78) (7.29)

Number of observations 329 329 329 329
Number of countries 47 47 47 47
R-squared 0.58 0.58 0.05 0.08
F test p-value 0.00 0.00 0.00 0.00
Country dummies - - yes yes
Time dummies - - yes yes

Tuming points - - - -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation
per five years and per country. The dependent variable is the log productivity. Turning point is not estimated for coefficients less than 10%
significance level in a Column.

In Table 4.16a, 4.16b, 4.16¢, and 4.16d, the RESET test indicates that Ho fails to be
rejected at 5% or higher significance level by excluding Column (8) in Table 4.16b.
This indicates that in Table 4.16a, 4.16b, 4.16¢c, and 4.16d, there is no functional

form misspecification.

Table 4.15b

The Association between Productivity and Life Expectancy for the 1980-2009 Period with
Lagged Value of Dependent Variable in All Linear and Quadratic Estimations

log productivity

1) (2) (3) ()] 5) ©)
OLS OLS FE (within) FE (within) GMM (Arellano- GMM (Arellano-
Bond) Bond)
lagged log productivity 0.91%*= 0.9]1*=* 0.76%** 0.75%%* 0.57%*= 0.85%#*
(0.03) (0.03) (0.07) (0.06) (0.10) (0.17)
log life expectancy at birth 0.46% 20.73%* 1.77%%% 60.12% 1.86** 210.66%*
(0.27) (10.35) (0.57) (34.01) (0.88) (102.48)
(log life expectancy at birth)* - =2.39* - =7.10% - —25.46%*
(1.22) (4.10) (12.58)
Number of observations 282 282 282 282 235 235
Number of countries 47 47 47 47 47 47
R-squared 0.96 0.96 0.60 0.62 - -
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - - - 0.00 0.01
Arellano-Bond test for AR (2) p-value - - - - 0.17 0.16
Hansen test p-value - - - - 0.55 0.50
Country dummies - - yes yes - -
Time dummies - - yes yes yes yes
Turning points - 76.78 69.07 - 62.64

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per five years and per country. The
dependent variable is the log productivity. Column (5) is difference GMM estimation. Column (6) is difference GMM estimation. Turning point is estimated for coefficients at 10% or
better significance level in a Column. Mean turning point of the estimations in (2), (4) and (6) Columns is 69.49.

The instrumental variables are age 1-5, age 80-84, age 65-69, crude survival

probabilities, and measles vaccine coverage percent. All these instruments and their
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squared and cubed values are valid instruments according to the weak identification
test statistics by excluding Column (8) in Table 4.16a and 4.16b, Columns (3), (4),
(%), (6), (7), and (8) in Table 4.16¢, and Column (3), (4), and (6) in Table 4.16d
which satisfy the rule of thumb that F statistics of the first stage should be over ten
(Staiger and Stock, 1997). Although Stock and Yogo (2005) critical values are not
available for Columns (3) and (4) in Table 4.16c, this problem is solved by applying
this rule of thumb.

Table 4.15¢

The Association between Productivity and Life Expectancy for the 1980-2009 Period by
Cubic Estimations

log productivity
) (2) (3) (4) (5)

QLS OLS FE (within) FE (within) GMM (Arellano-Bond)
lagged log productivity - 0.9]#=* - 0.75%%= 0.85%%=*
(0.03) (0.06) (0.21)
log life expectancy at birth =1681.90 =778.54 =50.22 =973.78 —3237.39%=
(1711.61) (730.91) (1426.29) (646.28) (1280.62)
(log life expectancy at birth)* 399.42 186.53 2046 237.75 T71.35%*
(405.73) (172.87) (340.85) (151.24) (298.18)
(log life expectancy at birth)* =31.45 =14.88 =2.30 =19.32 =61.24%*%
(32.05) (13.62) (27.15) (11.80) (23.10)
Number of observations 329 282 329 282 235
Number of countries 47 47 47 47 47
R-squared 0.58 0.96 0.08 0.62 -
F test p-value 0.61 0.00 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - - 0.01
Arellano-Bond test for AR (2) p-value - - - - 0.20
Hansen test p-value - - - - 0.11
Country dummies - - yes yes -
Time dummies - - yes yes yes
Turning points (1) - - - - 61.68
2) - 71.87

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per five years and per country. The
dependent variable is the log productivity. Column (5) is difference GMM estimation. Turning point is estimated for coefficients at 10% or better significance level in a Column.

Hansen J tests indicate that over-identification restrictions fail to be rejected at 10%
or higher significance level, by excluding Columns (5), (6), and (7) in Table 4.16a,
Column (5) in Table 4.16c, and Columns (1) and (3) in Table 4.16d. In excluded
Columns (Column (6) in Table 4.16a, Column (5) in Table 4.16¢, Columns (1) and
(3) in Table 4.16d), over-identification restrictions fail to be rejected at 5% or higher
significance level, which indicates that the set of instruments is appropriate at given

significance level.

The endogeneity test of LE fails to be rejected in Table 4.16a, 4.16b, 4.16¢, and
4.16d at 10% or higher significance level by excluding Column (5) and (8) in Table
4.16a, and Column (6) in Table 4.16¢. In excluded Columns (Column (5) in Table
4.16a, and Column (6) in Table 4.16¢), the endogeneity test of LE fails to be rejected
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at 5% or higher significance level. Thus, the OLS gives consistent and relatively

more efficient estimates.

Table 4.16a

Long-Difference Estimations for the Association between Productivity and Life Expectancy
for the 1980-2009 Period by Linear and Quadratic Estimations

log productivity

(1) ) 3) (4) (5) (6) (0] (8)

OLs OLS IV (one-to-five IV (one-to-five IV (one-to-five IV (one-to-five IV (crude survival IV (crude survival
years survival  years survival years survival years survival probability, and probability, and
probability) probability) probability, and probability, and age 80-84 age 80-84 survival

measles vaccine measles vaccine survival probability)
coverage percent) coverage percent)  probability)
log life expectancy at birth 3.06 93.02 2.93 12.62 6.03%* 61.58 211 259.05%*
(1.90) (77.76)  (3.18) (104.90) (2.91) (96.97) (2.26) (103.31)
(log life expectancy at birth)® - -11.04 - =117 - =7.11 - =31.84%%
(9.65) (13.02) (12.12) (12.87)
Number of observations 47 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.06 0.12 0.06 0.07 0.00 0.11 0.05 =0.17
F test p-value 0.11 0.04 0.37 0.37 0.05 0.05 0.37 0.01
Weak identification test statistic - - 48.00 17.54 24.52 12.36 60.99 9.83
Endogeneity test p-value - - 0.96 0.17 0.07 0.96 0.58 0.01
Hansen J statistic - - eel e.e.l 0.01 0.05 0.03 0.94
C (2nd polynomial) RESET test p-value ~ 0.23 0.15 0.86 0.16 0.44 0.95 0.79 0.54
C (3rd polynomial) RESET test p-value  0.46 035 0.86 0.28 0.73 0.53 0.66 0.10
Turning point 58.43

Notes: Robust standard errors (SE)s in paILnth\L\ = p <001, **p <0.05, * p < 0.1. All Columns are long- ~ierence cotimations with two observations b, country for the years 1980 and 2009. The
dependent variable is the log productivity. In Column (3) log one-to-five years survival prabability, and in Column (4) log onc-to-five years survival probability, and its squared value arc used as the
instrumental variables. In Column () log one-to-five years survival probability, and log measles g-vaceine first-dose (MCV1) immunization coverage among 1-year-olds (%), and in Column (6)
log one-to-five years survival probability, and log measles ine first-dose (MCV1) immunization coverage among 1-year-olds (%), and their squared values are used as instrumental variables
In Column (7) log crude survival probability, and log age $0-84 survival probability, and in Column (8) log crude survival probability, and log age §0-84 survival probability, and their squared values are
used as instrumental variables. In Hansen I statistic, "equation exactly identified” term is reprosented by the torm as "e.c.i.” € (GMM-distance) RESET test uses Pesaran-Smith optimal forccast valucs. In
(3), Stock-Yogo weak ID test critical value is 16.38. In (4), Stock-Yogo weak ID test critical value is 7.03. In (5), and (7), Stock-Yogo weak ID test critical value is 19.93. In (6), and (8), Stock-Yogo weak
ID test critical value is 11.04. Turning point is estimated for coefficients at 10% or better significance level in a Column.

4.6.2. Estimation Results for the 1980-2009 Period

In linear specification for the 1980-2009 period, Columns (1) and (3) in Table 4.15a,
Columns (1), (3), and (5) in Table 4.15b, Columns (1), (3), (5), and (7) in Table
4.16a and Table 4.16b, and Columns (1) and (2) in Table 4.16d report the estimation
results of the Model (3.2.4). In linear specification, in the Model (3.2.4), a> and a3

are restricted to be zero.
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Table 4.16b

Long-Difference Estimations for the Association between Productivity and Life Expectancy
for the 1980-2009 Period with Lagged Value of Dependent Variable in All Linear and
Quadratic Estimations

log productivity
(1 (2) (3) 4) 5) (6) (7 (&)

OLS OLS IV (one-to- IV (one-to- IV (one-to-five IV (one-to-five 1V (crude survival IV (crude survival
five years five years years survival years survival probability, and probability, and age
survival survival probability, and probability, and age 80-84 survival  80-84 survival
probability)  probability)  measles vaccine measles vaccine probability) probability)

coverage percent) _coverage percent)
lagged log productivity 1.09%*= 1LOg*** 1.09#*= 1.07%** 1.09%=* 1.08*** 1.09%*% 1.08%**
(0.05) (0.04) (0.06) (0.04) (0.05) (0.04) (0.05) (0.04)
log life expectancy at birth 1.25%**  33.54% 1.42% 2391 1.73%%* 25.84 1.06% 28.51
(0.38) (19.24) (0.75) (26.83) (0.52) (27.80) (0.54) (23.55)
(log life expectancy at birth)* - -3.96*% - -2.71 - -2.99 - -3.39
(2.35) (333) (3.45) (2.89)
Number of observations 47 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.95 0.95 0.94 0.95 0.94 0.95 0.94 0.95
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test statistic - - 43.08 16.38 24.76 11.58 52.61 7.07
Endogeneity test p-value - - 0.82 0.62 0.19 0.23 034 0.26
Hansen J statistic - - eed. eel 0.44 0.19 0.16 0.54
C (2nd polynomial) RESET test p-value 0.02 0.02 0.05 0.05 0.08 0.25 0.07 0.01
C (3rd polynomial) RESET test p-value 0.06 0.05 0.13 0.13 0.22 0.50 0.17 0.04
Turning points - 69.1 OI
Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations b} country for the years 1980 and 2009. The

dependent variable is the log productivity. Lagged log pmducllwny mcludes two observations by country for the years 1980 and 2005. In Column (3) log one-to-five years survival probability, and in
Column (4) log one-to-five years survival probability, and its squared value arc used as the instrumental variables. In Column (5) log one-to-five years survival probability, and log measles-containing-
vaccine first-dose (MCV1) immunization coverage among 1-year-olds (%), and in Column (6) log one-to-five years survival p ility, and log sles ine first-dose (MCV1)

immunization coverage among -year-old

%), and their squared values are used as instrumental variables. In Column (7) log crude survival probability, and log age 80- 84 survival probability, and in
Column (8) log cru . and log age 80-84 s probability, and their squared values are used as instrumental variables. In Hansen J statistic, "equation exactly identified” term is
represented by the term * € (GMM-distance) RESET test uses Pesaran-Smith optimal forecast valucs. In (3), Stock-Yogo weak ID test critical value is 16.38. In (4), Stock-Yogo weak ID test critical
value is 7.03. In (5), and (7), Stock- Yogo weak ID test critical value is 19.93. In (6), and (8), Stock-Yogo weak ID test eritical value is 11.04. Turning point is estimated for coefficients at 10% or better
significance level in a Column.

We find that the coefficient of In LE is positive at 10% or higher significance level in
Column (1) in Table 4.15a, Columns (1), (3), and (5) in Table 4.15b, Column (5) in
Table 4.16a, Columns (1), (3), (5), and (7) in Table 4.16b, and Column (2) in Table
4.16d. Furthermore, we find that the coefficients of the linear terms are insignificant
in Column (3) in Table 4.15a, Columns (1), (3), and (7) in Table 4.16a, and Column
(1) in Table 4.16d. These linear functional specification estimation results are
consistent with the linear specification results for the per capita GDP and LE
association, years of schooling and LE association, and GDP per person engaged and

LE association estimations for the 1980-2009 period.

In quadratic specification for the 1980-2009 period, Columns (2) and (4) in Table
4.15a, Columns (2), (4), and (6) in Table 4.15b, Columns (2), (4), (6), and (8) in
Table 4.16a and Table 4.16b, and Columns (3) and (4) in Table 4.16d report the
estimation results of the Model (3.2.4). In quadratic specification, in the Model
(3.2.4), a3 is restricted to be zero. We find that the coefficients of the linear and
quadratic terms are both significantly different from “0” at 10% or higher

significance level, and they are positive and negative respectively in Columns (2),
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(4), and (6) in Table 4.15b, Column (8) in Table 4.16a, and Column (2) in Table
4.16b.

Table 4.16¢

Long-Difference Estimations for the Association between Productivity and Life Expectancy
for the 1980-2009 Period by Cubic Estimations

log productivity

(1) (2) 3) (4) (3) (6) () (8)

OLS OLS IV (one-to- IV (one-to- IV (one-to-five IV (one-to-five IV (crude survival IV (crude survival
five years five years years survival years survival probability, and probability, and
survival survival probability, and probability, and age 80-84 survival  age 80-84 survival
probability)  probability)  measles vaccine measles vaccine probability) probability)

coverage percent)  coverage percent)
lagged log productivity - 1.08%*# - 1.08**# - 1.09%** - 1.OR***
(0.04) (0.04) (0.04) (0.04)
log life expectancy at birth 1799.97 =110.56 2189.17 =544.70 1643.48 =766.87 —448.66 —69.11
(2145.44) (484.67) (2503.13) (479.61) (2238.73) (510.79) (2683.77) (682.91)
(log life expectancy at birth* =416.90 30.29 =520.16 132.85 —380.55 185.91 137.22 20.16
(509.58) (114.08) (593.78) (112.83) (535.55) (120.18) (639.59) (161.90)
(log life expectancy at birth)* 32.16 =271 41.27 =10.78 29.35 =15.01 =13.46 =189
(40.34) (8.94) (46.95) (8.84) (42.73) (9.42) (50.82) (12.79)
Number of observations 47 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.13 0.95 0.05 0.95 0.13 095 =0.19 0.95
F test p-value 0.06 0.00 0.18 0.00 0.03 0.00 0.00 0.00
Weak identification test statistic - - 16.62 13.79 8.45 7.93 3.55 274
Endogeneity test p-value - - 0.38 0.42 0.90 0.08 0.14 0.66
Hansen J statistic - - eeld e.ed 0.05 0.37 098 031
€ (3rd polynomial) RESET test p-value  0.10 0.13 0.43 0.26 0.65 0.44 0.08 0.09

C (4rd polynomial) RESET test p-value  0.19 0.02 0.48 0.00 0.80 0.01 0.15 0.00
Turning points (1) - - - - - - - _

Notes: Robust standard crrors (SEJs in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns arc long-difference estimations with two observations by country for the years 1980, and 2009, The
dependent variable is the log productivity. Lagged log productivity includes two observations by country for the years 1980, and 2005. In Column (3), and Column (4) log one-to-five years survival
probability, its squared, and cubed values arc used as the instrumental variables, In Column (5), and Column (6) log one-to-five years survival probability, and log measles-containing-vaccine first-dose
(MCV1) immunization coverage among 1-year-olds (%), their squared, and cubed values are used as the instrumental variables. In Column (7), and Column (8) log crude survival prob
84 survival probability, their squared, and cubed values are used as the instrumental variables. In Hansen J statistic, "equation exactly identified” term is represented by the term as "c.e
RESET test uses Pesaran-Smith optimal forecast values. In (3), and (4), Stock-Yogo weak ID test critical values are not available. In (5), (6), (7), and (8), Stock-Yogo weak ID test
Turning point is not estimated for coefficients less than 10% significance level in a Column

and log age 80-
C (GMM-distance)
tical value is 12.20.

Estimated turning points are within the range of 58.43-76.78 years in these Columns.
In addition, we find that the coefficients of the linear and quadratic terms are
insignificant in Columns (2) and (4) in Table 4.15a, Columns (2), (4), and (6) in
Table 4.16a, Columns (4), (6), and (8) in Table 4.16b, and Column (3) and (4) in
Table 4.16d. These results are similar to the findings regarding the non-monotonic
and inverse U-shaped association between per capita GDP and LE, years of
schooling and LE, and GDP per person engaged and LE in quadratic specification
estimations for the 1980-2009 period. Thus, our quadratic specification estimation
results suggest that there is a non-monotonic and inverse U-shaped association

between productivity and LE for the 1980-2009 period.
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Table 4.16d

Long-Difference Estimations for the Association between Productivity and Life Expectancy
for the 1980-2009 Period by Linear, Quadratic and Cubic Estimations

log productivity

(n 2) (3) ) (5) (6)
IV (crude survival, IV (crude survival, IV (crude survival, IV (crude survival, 1V (crude survival, IV (crude survival,
ages 80-84, and ages 80-84, and ages R0-84, and ages 80-84, and ages R0-84, and ages 80-84, and 65-
65-69 survival 65-69 survival 65-69 survival 65-69 survival 65-69 survival 69 survival
probabilities) probabilities) probabilities) I ilities) probabilities) probabilities)
lagged log productivity - 1.39%*% - LO7** - Lo7#s*
(0.15) (0.04) (0.04)
log life expectancy at birth 229 5.26%* 152.99 45.38* 1593.32 —156.83
(2.32) (1.13) (110.70) (27.15) (2034.83) (555.44)
(log life expectancy at birth)? - - —18.65 =547 —359.51 42.73
(13.79) (3.33) (484.90) (130.41)
(log life expeetancy at birth)* - - 26.88 -3.82
(38.55) (10.20)
Number of observations 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47
R-squared 0.05 0.70 0.07 0.95 0.08 0.95
F test p-value 0.34 0.00 0.13 0.00 0.03 0.00
Weak identification test statistic 3944 41.74 14.72 13.42 2048 13.06
Endogeneity test p-value 0.54 028 033 0.83 035 027
Hansen J statistic 0.08 0.41 0.09 0.20 0.13 0.39
€ (2nd polynomial) RESET test p-value 0.63 024 0.35 0.07 - -
€ (3rd polynomial) RESET test p-value 0.53 027 0.49 0.16 0.86 028
€ (4rd polynomial) RESET test p-value - - - -

0.77 0.05

Turning points (1) - - -

2) - - - - - -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0L05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1980,
and 2009. The dependent variable is the log productivity. Lagged log productivity includes two observations by country for the years 1980, and 2005. In (1), and (2), log crude survival
probability, log age 80-84 survival probability, and log age 65-69 survival probability are used as the instrumental variables. In (3), and (4), log crude survival, log age 80-84 survival, and
log age 65-69 survival probabilities, their squared values are used as the instrumental variables. In (5), and (6), log crude survival, log age 80-84 survival, and log age 65-69 survival
probabilities, and their squared, and cubed values are used as the instrumental variables. In Hansen J statistic, "equation exactly identified” term is represented by the term as "eei” C
(GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. In (1), and (2), Stock-Yogo weak 1D test critical value is 13.91. In (3), and (4), Stock-Yogo weak 1D test critical
value is 15.72. In (5), and (6), Stock-Yogo weak 1D test critical value is 16.10. Turning point is not estimated for coefficients less than 10% significance level in a Column.

In cubic specification for the 1980-2009 period, Columns (1), (2), (3), (4), and (5) in
Table 4.15¢, Columns (1), (2), (3), (4), (5), (6), (7), and (8) in Table 4.16¢, and
Columns (5) and (6) in Table 4.16d report the estimation results of the Model (3.2.4).
We find that the coefficients of the linear, quadratic, and cubic terms are significantly
different from “0” at 5% or higher significance level, and they are negative, positive,

and negative respectively in Column (5) in Table 4.15c.

Estimated turning point-1 is 61.68 years; and turning point-2 is 71.87 years in this
Column. Also, we find that the coefficients of the linear, quadratic, and cubic terms
are insignificant in Columns (1), (2), (3), and (4) in Table 4.15c, Columns (1), (2),
(3), (4), (5), (6), (7), and (8) in Table 4.16¢, and Columns (5) and (6) in Table 4.16d.

This result is consistent with cubic functional specification estimation results
regarding the association between per capita GDP and LE, years of schooling and
LE, and GDP per person engaged and LE associations, which first suggest a convex-,
and then a concave-shaped association for the 1980-2009 period. Hence, cubic

functional specification estimation result suggests that there is first a convex-, and
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then a concave-shaped association between productivity and LE for the 1980-2009

period.

4.7. Estimation Results for Gross Domestic Savings

4.7.1. Diagnostics for the 1980-2009 Period

For GMM estimations in Columns (5) and (6) of Table 4.17b, and in Column (3) of
Table 4.17c, Arellano-Bond AR (1) test rejects Ho at 5% or higher significance level,
but AR (2) test does not. These results satisfy Arellano-Bond estimation assumptions
in Chapter 2, which increases the efficiency of estimation. In addition, Hansen tests
indicate that over-identification restrictions fail to be rejected at 10% or higher

significance level, which shows that the set of instruments is valid.

Table 4.17a

The Association between Gross Domestic Savings and Life Expectancy for the 1980-2009
Period by Linear and Quadratic Estimations

Gross domestic savings

) (2) (3) (4)

OLS OLS FE (within) FE (within)
log life expectancy at birth 33.06%** 375.27 -1.40 608.71

(4.74) (369.44) (27.74) (622.65)
(log life expectancy at birth)? - =40.44 - =74.60

(43.65) (74.79)

Number of observations 329 329 329 329
Number of countries 47 47 47 47
R-squared 0.12 0.12 0.04 0.05
F test p-value 0.00 0.00 0.37 0.34
Country dummies - - yes yes
Time dummies - - yes yes

Tuming points - - - -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation
per five years and per country. The dependent variable is the gross domestic savings (percent of GDP). Turning point is not estimated for
coefficients less than 10% significance level in a Column.

In Table 4.18a, 4.18b, 4.18c, and 4.18d, the RESET test indicates that Ho fails to be
rejected at 5% or higher significance level by excluding Column (3) in Table 4.18c,
which indicates that in Table 4.18a, 4.18b, 4.18c, and 4.18d, there is no functional

form misspecification.
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The instrumental variables are age 1-5, age 80-84, age 65-69, crude survival
probabilities, and measles vaccine coverage percent. All these instruments and their
squared and cubed values are valid instruments according to the weak identification
test statistics by excluding Column (8) in Table 4.18a, and Column (6) and Column
(8) in 4.18b, Columns (3), (4), (5), (6), (7), and (8) in Table 4.18¢c, and Column (3),
(4), and (6) in Table 4.18d which satisty the rule of thumb that F statistics of the first
stage should be over ten (Staiger and Stock, 1997). Although Stock and Yogo (2005)
critical values are not available for Columns (3) and (4) in Table 4.18c, this problem

is solved by applying this rule of thumb.

Table 4.17b

The Association between Gross Domestic Savings and Life Expectancy for the 1980-2009
Period with Lagged Value of Dependent Variable in All Linear and Quadratic Estimations

Gross domestic savings

03] (2) (3) 4) (5) (6)
OLS OLS FE (within) FE (within) GMM (Arellano- GMM (Arellano-
Bond) Bond)

lagged gross domestic savings 0.90%+* 0.90*%+* 0.32%%* 0.32%%% 0.46%+* 0.28

(0.04) (0.04) (0.09) (0.10) (0.18) (0.18)
log life expectancy at birth 0.82 12447 0.02 682.57* 3.57 702.15*

(3.61) (271.03) (19.59) (341.11) (17.09) (396.89)
(log life expectancy at birth)* - —14.56 - —B3.04%* - —85.56*

(31.84) (41.14) (48.28)

Number of observations 282 282 282 282 235 235
Number of countries 47 47 47 47 47 47
R-squared 0.75 0.75 0.16 0.17 - -
F test p-value 0.00 0.00 0.00 0.00 0.01 0.04
Arellano-Bond test for AR (1) p-value - - - 0.01 0.03
Arellano-Bond test for AR (2) p-value - - - - 043 0.27
Hansen test p-value - - - - 036 0.50
Country dummies - - yes yes - -
Time dummies - - yes yes yes yes
Turning points - 60.92 60.53

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per five years and per country. The
dependent variable is the gross domestic savings (percent of GDP). Column (5) is difference GMM estimation. Column (6) is difference GMM estimation. Turning point is estimated for
coefficients at 10% or better significance level in a Column. Mean turning point of the estimations in (4) and (6) Columns is 60.73.

Hansen J tests indicate that over-identification restrictions fail to be rejected at 10%
or higher significance level, by excluding Columns (5), (6), and (7) in Table 4.18a,
and Column (7) in Table 4.18b, Column (5) in Table 4.18c, and Columns (3) in
Table 4.18d. In excluded Columns (Column (7) in Table 4.18b, Column (5) in Table
4.18c, Columns (3) in Table 4.18d), over-identification restrictions fail to be rejected
at 5% or higher significance level, which indicates that the set of instruments is

appropriate at given significance level.
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Table 4.17¢

The Association between Gross Domestic Savings and Life Expectancy for the 1980-2009
Period by Cubic Estimations

Gross domestic savings

0 @ G @ )
OLS 0OLs FE (within) FE (within) GMM (Arellano-Bond)
lagged gross domestic savings - 0.89%%* - 0.31%%* 0.47%%%
(0.04) (0.10) 0.17)
log life expectancy at birth 800.43 —23993.82 18366.36 10163.38 —1424.04
(20371.43) (15699.32) (18698.67) (13852.38) (9683.12)
(log life expectancy at birth)* =141.32 5686.24 —=4299.62 =2328.30 375.28
(4834.44) (3712.07) (4429.47) (3284.73) (2314.49)
(log life expectancy at birth)® 7.98 —449.00 335.01 177.19 -32.62
(382.28) (292.46) (349.81) (259.56) (184.62)
Number of observations 329 282 329 282 235
Number of countries 47 47 47 47 47
R-squared 0.12 0.75 0.05 0.17 -
F test p-value 0.65 0.00 0.39 0.00 0.02
Arellano-Bond test for AR (1) p-value - - - - 0.01
Arellano-Bond test for AR (2) p-value - - - - 0.45
Hansen test p-value - - - - 0.83
Country dummies - - yes ves -
Time dummies - - yes yes yes
Turning points (1) - - - - -
@ - - - - -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.03, * p < 0.1. All panels are balanced panels with one observation per five years and per country. The
dependent variable is the gross domestic savings (percent of GDP). Column (5) is difference GMM estimation. Turning poeint is not estimated for coefficients less than 10%
significance level in a Column.

The endogeneity test of LE fails to be rejected in Table 4.18a, 4.18b, 4.18c, and
4.18d at 10% or higher significance level by excluding Column (8) in Table 4.18a,
and Column (4) and (6) in Table 4.18c. In excluded Columns (Columns (4) and (6) in
Table 4.18c), the endogeneity test of LE fails to be rejected at 5% or higher
significance level. Thus, the OLS gives consistent and relatively more efficient

estimates.

Table 4.18a

Long-Difference Estimations for the Association between Gross Domestic Savings and Life
Expectancy for the 1980-2009 Period by Linear and Quadratic Estimations

Gross domestic savings

(1) (2) 3) (4) (5) (6) ()] (8)

OLS OLS IV (one-to-five IV (one-to-five IV (one-to-five IV (one-to-five IV (crude survival 1V (crude survival
years survival  years survival years survival years survival probability, and probability, and
probability) probability) probability, and probability, age 80-84 age 80-84 survival

measles vaccine measles vaccine survival probability)
coverage percent) coverage percent; robability,
log life expectancy at birth 16.17 219.20 —6.86 395.89 3249 948.88 9.87 2014.80*
(3241)  (704.36) (35.52) (951.59) (3225) (952.55) (41.49) (1068.83)
(log life expectancy at birth)* - -2493 - —48.90 - —115.06 - —248.40*
(85.32) (117.29) (118.28) (132.83)
Number of observations 47 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.01 0.01 =0.01 =0.00 =0.00 =0.01 0.01 =0.17
F test p-value 0.62 087 0.85 0.92 0.33 0.52 0.82 0.19
Weak identification test statistic - - 48.00 17.54 2452 1236 60.99 9.83
Endogeneity test p-value - - 0.36 0.52 0.28 0.55 0.81 0.03
Hansen J statistic - - ee.d eeld 0.02 0.02 0.04 0.47
C (2nd polynomial) RESET test p-value  0.94 0.36 014 0.17 0.91 0.02 0.70 0.34
C (3rd polynomial) RESET test p-value  0.35 0.13 032 0.34 0.56 0.07 0.67 0.56
Tumning point - 57.72

Notes: Robust standard errors (SE)s in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1. All Columms are long-difference estimations with two obscrvations by country for the years 1980 and 2009. The
dependent variable is the gross domestic savings (percent of GDP). In Column (3) log one-to-five years survival probability, and in Column (4) log one-to-five years survival probability, and its squared
value are used as the instrumental variables. In Column (5) log one-to-five years survival probability, and log measles inin ine first-dose (MCV1) immunization coverage among 1-ycar-olds (%)
and in Column (6) log one-to-five years survival probability, and log measles-containing-vaccine first-dose (MCV1) immunization coverage among 1-year-olds (%), and their squared values are used as
instrumental variables. In Column (7) log crude survival probability, and log age 80-84 survival prob and in Column (8) log crude survival probability, and log age 80-84 survival probability, and
their squared values are used as instrumental variables. In Hansen J statistic, “equation exactly identified s ted by the term as "e.e.i” € (GMM-distance) RESET test uses Pesaran-Smith
optimal forecast values. In (3), Stock-Yogo weak ID test critical value is 16.38. In (4), Stock-Yogo weak ID test critical value is 7.03. In (5), and (7), Stock-Yogo weak 1D test critical value is 19.93. In (6),
and (8), Stock-Yogo weak ID test critical value is 11.04. Turning point is estimated for coefficients at 10% or better significance level in a Column.
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4.7.2. Estimation Results for the 1980-2009 Period

In linear specification for the 1980-2009 period, Columns (1) and (3) in Table 4.17a,
Columns (1), (3), and (5) in Table 4.17b, Columns (1), (3), (5), and (7) in Table
4.18a and Table 4.18b, and Columns (1) and (2) in Table 4.18d report the estimation
results of the Model (3.2.5). In linear specification, in the Model (3.2.5), a» and a3

are restricted to be zero.

Table 4.18b

Long-Difference Estimations for the Association between Gross Domestic Savings and Life
Expectancy for the 1980-2009 Period with Lagged Value of Dependent Variable in All
Linear and Quadratic Estimations

Gross domestic savings

() (2) (3) (4) (5) (6) () (8)

OLS OLS IV (one-to- IV (one-to- IV (one-to-five IV (one-to-five IV (crude survival 1V (crude survival
five years five years years survival years survival probability, and probability, and age
survival survival probability, and probability, and age 80-84 survival 80-84 survival
probability) probability)  measles vaccine measles vaccine probability) probability)

coverage percent) coverage percent)
lagged gross domestic savings 0.B6***  (.86*** 0.86%%% 0.85%%* D.BG*** 0.85%%* 0.85%** 0.85%%=
(0.07) (0.07) (0.06) (0.06) (0.06) (0.07) (0.06) (0.07)
log life expectancy at birth 20.61%* 253 17.45 237.04 22.71%** 284.43 10.62 640.09
(9.30) (263.00) (12.14) (308.76) (11.22) (311.35) (13.01) (445.18)
(log life expectancy at birth)* - 222 - =26.67 - —32.47 - -77.86
(32.45) (38.40) (38.78) (54.70)
Number of observations 47 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.75
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test statistic - - 42.76 16.15 25.20 9.79 59.20 6.53
Endogeneity test p-value - - 0.75 0.40 0.61 0.16 034 0.40
Hansen I statistic - - eeld eeld 0.40 0.87 0.06 0.26
C (2nd polynomial) RESET test p-value  0.21 0.22 0.24 0.13 0.12 0.07 025 0.36

C (3rd polynomial) RESET test p-value  0.21 0.23 0.21 0.09 0.21 0.07 0.46 0.52
Turning points - - -

ard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns arc long-difference estimations with two observations by country for the years 1980 and 2009. The
s the gross domestic savings (percent of GDP). Lagged gross domestic savings (percent of GDP) includes two observations by country for the years 1980 and 2005. In Column (3) log
rvival probability, and in Column (4) log one-to-five years survival probability, and its squarcd value are used as the instrumental variables. In Column (5) log one-to-five years

"equation exactly identified” term is represented by the term as "e.e.i.” € (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. In (3), Stock-Yogo weak 1D test critical val .38,
In (4), Stock-Yogo weak 1D test critical value is 7.03. In (5), and (7)., Stock-Yogo weak 1D test critical value is 19.93. In (6), and (8), Stock-Y ogo weak ID test critical value is 11.04. Turning point is not
estimated for coefficients less than 10% significance level in a Column.

We find that the coefficient of In LE is positive at 5% or higher significance level in
Column (1) in Table 4.17a, and Columns (1) and (5) in Table 4.18b. In addition, we
find that the coefficients of the linear terms are insignificant in Column (3) in Table
4.17a, Columns (1), (3), and (5) in Table 4.17b, Columns (1), (3), (5), and (7) in
Table 4.18a, Columns (3) and (7) in Table 4.18b, and Columns (1) and (2) in Table
4.18d. These linear functional specification estimation results are similar to the linear
specification results of the estimations for the association between per capita GDP
and LE, years of schooling and LE, GDP per person engaged and LE, and
productivity and LE for the 1980-2009 period.
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In quadratic specification for the 1980-2009 period, Columns (2) and (4) in Table
4.17a, Columns (2), (4), and (6) in Table 4.17b, Columns (2), (4), (6), and (8) in
Table 4.18a and Table 4.18b, and Columns (3) and (4) in Table 4.18d report the
estimation results of the Model (3.2.5). In quadratic specification, in the Model
(3.2.5), a3 is restricted to be zero. We find that the coefficients of the linear and
quadratic terms are both significantly different from “0” at 10% or higher
significance level, and they are positive and negative respectively in Columns (4) and

(6) in Table 4.17b, Column (8) in Table 4.18a, and Column (4) in Table 4.18d.

Table 4.18¢c

Long-Difference Estimations for the Association between Gross Domestic Savings and Life
Expectancy for the 1980-2009 Period by Cubic Estimations

Gross domestic savings

(1) @) 3) ) (5) (6) ()] (8)

OLS OLS 1V (one-to- IV (one-to- 1V (one-to-five IV (one-to-five 1V (crude survival IV (crude survival
five years five years years survival years survival probability, and age  probability, and age
survival survival probability, and probability, and 80-84 survival 80-84 survival
probability)  probability)  measles vaccine measles vaccine probability) probability)

coverage percent) coverage percent)
lagged gross domestic savings - 0.85%** - 0.86%** - 0.86%** - 0.84%=**
(0.07) 0.07) (0.07) (0.07)
log life expectancy at birth 40415.51 934447 21805.89 —864.72 3211052 =3611.41 16948.45 7277.94

(27450.45) (14518.9) (33085.7) (18714.19) (30822.45) (17704.28) (38412.5) (13864.47)

(log life expectancy at birth)* —9582.18 =2218.70 =5153.96 236.02 =7509.72 905.76 =3813.09 =1666.23

(6518.29) (3461.13) (7854.68) (4470.66) (7329.52) (4222.48) (9165.87) (3310.66)

(log life expectancy at birth)* 757.25 175.95 405.95 —20.89 584.52 =75.43 283.93 126.72

(315.87) (275.06) (621.57) (356.17) (381.03) (335.78) (729.38) (263.62)

Number of observations 47 47 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47 47 47
R-squared 0.06 0.78 0.05 0.78 0.01 0.77 —0.10 0.76
F test p-value 051 0.00 0.92 0.00 0.45 0.00 0.16 0.00
Weak identification test statistic - - 16.62 16.25 845 9.68 3.55 3.82
Endogeneity test p-value - - 0.67 0.08 0.72 0.05 0.18 0.26
Hansen J statistic - - eel eel 0.01 029 0.24 0.24
C (3rd polynomial) RESET test p-value  0.03 023 0.01 0.18 0.16 0.26 0.70 030
C (4rd polynomial) RESET test p-value  0.07 022 0.03 022 0.22 0.32 0.55 0.47
Turning points (1) - -

(2) - -
Notes: Robust standard errors n parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long- dl!]uLmL estimations with two observations by country for the years 1980, and 2009. The dependent

s (percent of G DP] Lagged gross domestie savings (percent of GDP) includes two observations by country for the years 1980, and 2005. In Column (3). and Column (4) log one-
sauared, and cubed values are used as the instrumental vasiablcs. In Colurma (5), and Column (6) log onerto-five years survival probabiliy. and log measles-containing-vaccine
firsiedone (MCV1) i ization coverage among 1 s (%), their squared, and cubed values are used as the instrumental variables. In Column (7), and Column (8) log crude survival probability, and log age
80-84 survival probability, their squarcd, and cubed values arc used as the instrumental variables. In Hansen J statistic, "equation exactly identified” term is represented by the term as "e.c.i.” € (GMM-distance)
RESET test uses Pesaran-Smith optimal forecast values. In (3), and (4), Stock-Yogo weak ID test eritical values are not available. In (5), (6). (7). and (8), Stock-Yogo weak ID test critical value is 12.20. Turning point
is not estimated for coefficients less than 10% significance level in a Column

Estimated turning points are within the range of 57.72-61.71 years in these columns.
Moreover, we find that the coefficients of the linear and quadratic terms are
insignificant in Columns (2) and (4) in Table 4.17a, Column (2) in Table 4.17b,
Columns (2), (4), and (6) in Table 4.18a, Columns (2), (4), (6), and (8) in Table
4.18b, and Column (3) in Table 4.18d.

These results are similar to the findings of non-monotonic and inverse U-shaped
association between per capita GDP and LE, years of schooling and LE, GDP per

person engaged and LE, and productivity and LE in quadratic specification
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estimations for the 1980-2009 period. Thus, our quadratic specification estimation
results suggest that there is a non-monotonic and inverse U-shaped association

between gross domestic savings and LE for the 1980-2009 period.

Table 4.18d

Long-Difference Estimations for the Association between Gross Domestic Savings and Life
Expectancy for the 1980-2009 Period by Linear, Quadratic and Cubic Estimations

Gross domestic savings
(1) 2) 3) ) 3) (6)

IV (crude survival, IV (erude survival, IV (crude survival, IV (crude survival, IV (crude survival, IV (crude survival,

ages 80-84, and ages 80-84, and ages 80-84, and ages 80-84, and ages B0-84, and ages 80-84, and 65-69
65-69 survival 65-69 survival 65-69 survival 65-69 survival 65-69 survival survival probabilities)
probabilities) probabilities) probabilities) probabilities) probabilities)
lagged gross domestic savings - 0.86%** - 0.85%** - 0.84%+*
(0.06) (0.06) (0.07)
log life expectancy at birth 10.21 10.95 78436 595.05* 38255.62 4891.24
(41.30) (13.07) (948.45) (344.66) (26006.18) (13628.79)
(log life expectancy at birth)* - - —95.96 =72.17* —8998.03 —1092.49
(117.94) (42.58) (6196.59) (3242.92)
(log life expectancy at birth)? - - - - 705.04 80.73
(492.34) (257.23)
Number of observations 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47
R-squared 0.01 0.78 —0.01 0.75 0.04 0.76
F test p-value 0.81 0.00 0.69 0.00 0.27 0.00
‘Weak identification test statistic 39.44 37.78 14.72 1348 2048 12.54
Endogeneity test p-value 0.85 0.31 0.60 0.25 0.56 0.35
Hansen J statistic 0.09 0.18 0.08 0.35 0.10 0.38
C (2nd polynomial) RESET test p-value 0.67 0.25 0.99 0.39 - -
C (3rd polynomial) RESET test p-value 0.34 0.44 0.58 0.44 0.44 0.42
C (4rd polynomial) RESET test p-value - - - 0.56 0.51
Tuming points (1) - - - 6| 71 -

@) .
Notes: Robust standard errors (SE)s in pﬂmnlhut\ 4 p <001, % p <005, * p < 0.1 All Columns arc long- d.ﬁmm estimations with two observations by country for the years 1980,
and 2009. The dependent variable is the gross domestic savings (percent of GDP). Lagged gross domestic savings {puu.nl of GDP) includes two observations by country for the years 1980,
and 2005. In (1), and (2), log crude survival probability. ¢ 80-84 survival probability, and log age 65-69 survival probability are used as the instrumental variables. In (3), and (4), log
crude survival, log age 80-84 survival, and log age 65 probabilities, their squared values are used as the instrumental variables. In (5), and (6), log erude survival, log age 80-84
survival, and log age 65-60 survival probabilities, and their squared, and cubed values are used as the instrumental variables. [n Hansen J statistic, "equation exactly identified" term is
represented by the term as "eel” C (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. In (1), and (2), Stock-Yogo weak ID test eritical value is |3 91. In (3), and (4),
Stock-Yogo weak 1D test critical value is 15.72. In (5), and (6), Stock-Yogo weak 1D test eritical value is 16.10. Tuming point is estimated for coefficients at 10% or better significance level
in a Column.

In cubic specification for the 1980-2009 period, Columns (1), (2), (3), (4), and (5) in
Table 4.17c, Columns (1), (2), (3), (4), (5), (6), (7), and (8) in Table 4.18c, and
Columns (5) and (6) in Table 4.18d report the estimation results of the Model (3.2.5).
We find that the coefficients of the linear, quadratic, and cubic terms are insignificant

in these Columns.

This result is not consistent with cubic functional specification estimation results
regarding the association between per capita GDP and LE, years of schooling and
LE, GDP per person engaged and LE, and productivity and LE which suggest first a
convex-, and then a concave-shaped association for the 1980-2009 period. Thus,

turning points are not estimated for cubic specification model.

140



4.8. Conclusions

This Chapter investigates the effects of LE on per capita GDP, years of schooling
(human capital), GDP per person engaged, manufacturing value added per person
engaged (productivity), and gross domestic savings. Based on this empirical

balanced panel data results, there are four significant findings.

First, we verify the results* of Cervellati and Sunde (2009), and Desbordes (2011).
Also, this study has consistent results with the findings of Hansen (2012) in quadratic
specification Model for the 1940-1980 period for the same association. Also, we

verify the similar nonparametric estimation findings® in Azomahou et al. (2009).

The second significant finding is that our cubic functional specification estimation
results suggest that there is first a convex-, and then a concave-shaped association
between per capita GDP and LE for all periods with the exception of the period
1940-1980. For short duration, there is an increase in the number of countries that
have less than 30/1000 birth rate as seen in Figure 1 for the period 1940-1950. Thus,
this increment reduces the negative dependency rate of birth rate on savings. Hence,
this positive effect on economic growth generates first a concave-, and then a

convex-shaped curve for the 1940-1980 period. However, in the long run, we cannot

4 These results are in linear specification estimations in Columns (1), (7) of Table 2, and Table 4 in Cervellati
and Sunde (2009: 31 and 33) for the link between per capita GDP and LE for the 1940-1980 period with our
estimations in Columns (1), and (4) in Table 2.1, and in linear specification estimation in Column (1) in Table 1,
and in quadratic specification estimations in Columns (2), and (3) in the same Table in Desbordes (2011:117) for
the same association for the 1940-1980 period with our estimations in Columns (1), (2), (3), and (4) in Table 4.2a.
Besides, there is methodologically verified results in quadratic specification estimations in Columns (2) and (4) in
Table 1 in Hansen (2012: 176) for the same association for the 1940-1980 period with our estimations in
Columns (4), and (6) in Table 4.1a.

3 These findings provide first convex-, and then concave-shaped-curves in Figures 5 and 6 that have very close
thresholds (turning point-1s are around 49.03-51.07 years; turning point-2s are around 63.46-65.70 years based
on graph in Figure 5) of these curves according to x-axis values in Azomahou et al. (2009: 208-209) for
association between GDP per capita growth and LE for the period 1820-2005 with our convex-, first, and, then,
concave-shaped-curve in Figure 2.2 and in cubic specification estimation turning points (convex turning point is
49.87; and concave turning point is 65.52) in Column (5) in Table 4.3b for the period 1940-2009. In addition, all
our estimation results in a convex-concave-shaped association between per capita GDP and LE for the 1940-2009
period have estimated turning point-1s within the range of 37.55-49.87 years, and turning point-2s within the
range of 53.48-65.52 years in Column (5) in Table 4.3b, in Column (2) in Table 4.4b and in Column (4) in Table
4.4c. These ranges of turning points are close to the mentioned thresholds of these curves according to x-axis
values in Azomahou et al (2009: 208-209).
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observe this effect on economic growth for the 1940-2009 period. This short period
or the small effect of population shock on economic growth is also mentioned in

Azomahou et al. (2009: 208).

Third, we find a first convex-, and then a concave-shaped association between
human capital and LE for all the periods (1940-1980, 1940-2009, and 1980-2009),
and between GDP per person engaged and LE, and productivity and LE only for the
1980-2009 period due to data limitations.

The fourth significant finding is that for gross domestic savings, only in quadratic
specification estimation, results are similar to the association between per capita
GDP and LE. In cubic specification, we find that linear, quadratic, and cubic terms
are insignificant for this dependent variable. These findings suggest that there is a
non-monotonic and inverse U-shaped association between gross domestic savings

and LE for the 1980-2009 period.

To conclude, these empirical findings yield significant evidence that preserving
human physiological health functions promotes economic development through
enough savings. Now, we provide detailed concluding remarks on the associations

between all dependent variables and LE below.

4.8.1. Economic Growth

For the 1940-1980 period, in linear specification, we find that the coefficient of LE is
negative at 5% or higher significance level. In addition, in quadratic specification, we
find that the coefficients of the linear and quadratic terms are both significantly
different from “0” at 10% or higher significance level, and they are negative and
positive, respectively. For quadratic specification, our estimated turning points are
within the range of 38.90-51.49 years. Also, in cubic specification, we find that the
coefficients of the linear, quadratic, and cubic terms are significantly different from

“0” at 10% or higher significance level, and they are positive, negative, and positive
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respectively. Estimated turning point-1s are within the range of 29.60-41.47 years;
and turning point-2s are within the range of 46.69-52.04 years.

Our linear and quadratic specification results are consistent with Desbordes, and
cubic specification results are not exactly similar to Azamadou et al.’s (2009)
findings. Yet, the turning point-2s for the 1940-1980 period are close to the turning
point-1s in Azamadou et al.’s (2009) study for the period 1820-2005.

For the period 1940-2009, in linear specification, we find that the coefficient of LE is
negative at 10% or higher significance level. Also, in quadratic specification, we find
that the coefficients of the linear and quadratic terms are both significantly different
from “0” at 10% or higher significance level, and they are negative and positive
respectively. Our estimated turning points are within the range of 38.20-49.84 years.
Also, in cubic specification, we find that the coefficients of the linear, quadratic, and
cubic terms are significantly different from “0” at 5% or higher significance level,
and they are negative, positive, and negative respectively. The association is first
convex-, and then, concave-shaped. For the convex-concave-shaped association,
estimated turning point-1s are within the range of 37.55-49.87 years; and turning

point-2s are within the range of 53.48-65.52 years.

Our linear and quadratic specification results for the period 1940-2009 are consistent
with Desbordes’s (2011) and Hansen’s (2012) results for the 1940-1980 period. Our
cubic specification results for the period 1940-2009 are similar to Azamadou et al.’s
(2009) results for the period 1820-2005. Our cubic functional specification
estimation results suggest that there is first a convex-, and then a concave-shaped

association between per capita GDP and LE for the period 1940-2009.

For the 1980-2009 period, in linear specification, we find that the coefficient of LE is
positive at 5% or higher significance level. In addition, in quadratic specification, we
find that the coefficients of the linear and quadratic terms are both significantly

different from “0” at 10% or higher significance level, and they are positive and
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negative respectively. For quadratic specification, our estimated turning points are
within the range of 54.33-70.75 years. Also, in cubic specification, we find that the
coefficients of the linear, quadratic, and cubic terms are significantly different from
“0” at 10% or higher significance level, and they are negative, positive, and negative
respectively. The association is first convex-, and then concave-shaped. For the
convex-concave-shaped association, the estimated turning point-1s are within the
range of 53.49-59.23 years; and turning point-2s are within the range of 62.75-79.28

years.

Our linear and quadratic specification results for the 1980-2009 period are not
similar to Desbordes’s (2011) and Hansen’s (2012) results for the 1940-1980 period.
Our cubic specification results for the 1980-2009 period are consistent with
Azamadou et al.’s (2009) results for the period 1820-2005. Our cubic functional
specification estimation results suggest that there is first a convex-, and then a
concave-shaped association between per capita GDP and LE for the 1980-2009

period.

4.8.2. Human Capital

For the 1940-1980 period, in linear specification, we find that the coefficient of LE is
positive at 1% significance level. Furthermore, in quadratic specification, we find
that the coefficients of the linear and quadratic terms are both significantly different
from “0” at 10% or higher significance level, and they are positive and negative
respectively. For quadratic specification, our estimated turning points are within the
range of 66.11-90.25 years. Also, in cubic specification, we find that the coefficients
of the linear, quadratic, and cubic terms are significantly different from “0” at 10%
or higher significance level, and they are negative, positive, and negative
respectively. Our estimated turning point-1s are within the range of 33.26-37.02

years; and turning point-2s are within the range of 65.80-75.62 years.
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Thus, the linear, quadratic, cubic specification results are not consistent with the per
capita GDP and LE association estimations for the 1940-1980 period. Hence, our
cubic functional specification estimation results suggest that there is first a convex-,
and then a concave-shaped association between years of schooling and LE for the

1940-1980 period.

For the period 1940-2009, in linear specification, we find that the coefficient of LE is
positive at 10% or higher significance level. In addition, in quadratic specification,
we find that the coefficients of the linear and quadratic terms are both significantly
different from “0” at 5% or higher significance level, and they are positive and
negative respectively. Estimated turning points are within the range of 58.86-86.12
years. Also, in cubic specification, we find that the coefficients of the linear,
quadratic, and cubic terms are significantly different from “0” at 5% or higher
significance level, and they are negative, positive, and negative respectively.
Estimated turning point-1s are within the range of 31.43-36.24 years; and turning

point-2s are within the range of 68.72-71.34 years.

These findings are consistent with cubic specification results for the per capita GDP
and LE association for the period 1940-2009, and years of schooling and LE
association for the 1940-1980 period. Hence, our cubic functional specification
estimation results suggest that there is first a convex-, and then a concave-shaped

association between years of schooling and LE for the period 1940-2009.

For the 1980-2009 period, in linear specification, we find that the coefficient of LE is
positive at 1% significance level. In addition, in quadratic specification, we find that
the coefficients of the linear and quadratic terms are both significantly different from
“0” at 10% or higher significance level, and they are positive and negative
respectively. For quadratic specification, the estimated turning points are within the
range of 57.73-87.39 years. Also, in cubic specification, we find that the coefficients

of the linear, quadratic, and cubic terms are significantly different from “0” at 1%
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significance level, and they are negative, positive, and negative respectively. The

estimated turning point-1 is 55.87 years; and turning point-2 is 78.02 years.

These cubic specification findings are consistent with cubic specification results
regarding per capita GDP and LE association for the 1980-2009 period, and years of
schooling and LE association for the periods 1940-1980, and 1940-2009. Hence, our
cubic functional specification estimation results suggest that there is first a convex-,
and then a concave-shaped association between years of schooling and LE for the

1980-2009 period.

4.8.3. GDP per Person Engaged

For the 1980-2009 period, in linear specification, we find that the coefficient of LE is
positive at 10% or higher significance level. Also, in quadratic specification, we find
that the coefficients of the linear and quadratic terms are both significantly different
from “0” at 10% or higher significance level, and they are positive and negative
respectively. For quadratic specification, the estimated turning points are within the
range of 53.64-73.29 years. Also, in cubic specification, we find that the coefficients
of the linear, quadratic, and cubic terms are significantly different from “0” at 10%
or higher significance level, and they are negative, positive, and negative
respectively. The estimated turning point-1s are within the range of 56.08-59.35
years; and the turning point-2s are within the range of 65.25-80.86 years.

These cubic specification findings are similar to cubic specification estimation
results regarding the per capita GDP and LE association for the 1980-2009 period,
and years of schooling and LE association for the periods 1940-1980, 1940-2009,
and 1980-2009. Hence, cubic functional specification estimation results suggest that
there is first a convex-, and then a concave-shaped association between GDP per

person engaged and LE for the 1980-2009 period.
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4.8.4. Productivity

For the 1980-2009 period, in linear specification, we find that the coefficient of LE is
positive at 10% or higher significance level. In addition, in quadratic specification,
we find that the coefficients of the linear and quadratic terms are both significantly
different from “0” at 10% or higher significance level, and they are positive and
negative respectively. For quadratic specification, the estimated turning points are
within the range of 58.43-76.78 years. Also, in cubic specification, we find that the
coefficients of the linear, quadratic, and cubic terms are significantly different from
“0” at 5% or higher significance level, and they are negative, positive, and negative
respectively. The estimated turning point-1 is 61.68 years; and turning point-2 is

71.87 years.

These cubic specification findings are similar to cubic specification estimation
results pertaining to the per capita GDP and LE association for the 1980-2009 period,
the years of schooling and LE association for the periods 1940-1980, 1940-2009, and
1980-2009, and the GDP per person engaged and LE association for the 1980-2009
period. Hence, cubic functional specification estimation result suggests that there is
first a convex-, and then a concave-shaped association between productivity and LE

for the 1980-2009 period.

4.8.5. Gross Domestic Savings

For the 1980-2009 period, in linear specification, we find that the coefficient of LE is
positive at 5% or higher significance level. In addition, in quadratic specification, we
find that the coefficients of the linear and quadratic terms are both significantly
different from “0” at 10% or higher significance level, and they are positive and
negative respectively. For quadratic specification, the estimated turning points are
within the range of 57.72-61.71 years. Also, in cubic specification, we find that the
coefficients of the linear, quadratic, and cubic terms are insignificant. In quadratic

specification, these results are similar to the estimation findings regarding the
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associations between per capita GDP and LE for the 1980-2009 period, years of
schooling and LE for the periods 1940-1980, 1940-2009, and 1980-2009, GDP per
person engaged and LE, and productivity and LE associations for the 1980-2009
period. Thus, our quadratic specification estimation results suggest that there is a
non-monotonic and inverse U-shaped association between gross domestic savings

and LE for the 1980-2009 period.

In cubic specification, these results are not consistent with cubic specification
estimation results pertaining to the associations between per capita GDP and LE for
the 1980-2009 period, years of schooling and LE for the periods 1940-1980, 1940-
2009, and 1980-2009, GDP per person engaged and LE, and productivity and LE for
the 1980-2009 period, which suggests first a convex-, and then a concave-shaped

association for the 1980-2009 period.
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CHAPTER 5

THE IMPACT OF BODY MASS INDEX (BMI) ON ECONOMIC GROWTH,
HUMAN CAPITAL, GROSS DOMESTIC PRODUCT (GDP) PER PERSON
ENGAGED, PRODUCTIVITY, AND GROSS DOMESTIC SAVINGS

5.1. Introduction

The effect of BMI has not yet been investigated in the literature. In this study, we
aim to examine the association between GDP per capita and BMI based on the
empirical specifications in Chapter 3 obtained from Azomahou et al.’s (2009). This
association has been investigated in other studies with different proxy variables in
micro and macro studies, and the impacts of nutritional health on economic growth
have been observed. Due to data limitations, the present study utilizes balanced panel
data for the 1980-2009 period from 47 countries. In quadratic specification, the
findings support the non-linear and non-monotonic association between GDP per
capita and BMI. That is, an inverted U-shaped association between GDP per capita
and BMI has been found.

The study has also analyzed the connection between years of schooling (human
capital), GDP per person engaged, manufacturing value added per person engaged
(productivity), gross domestic savings and BMI. The quadratic functional
specification estimation results point to a non-monotonic, and inverse U-shaped

association between all dependent variables and BMI for the 1980-2009 period.

The cubic specification revealed that this association is first convex-, and, then,
concave-shaped. This result is also valid between GDP per person engaged and BMI,
and productivity and BMI for the 1980-2009 period. As regards the association

between human capital and BMI, and gross domestic savings and BMI, the
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coefficients of the linear, the quadratic, and the cubic terms were found insignificant.
That is, the empirical findings significantly confirm that healthy mean population

BMI level supports economic development via promoting savings.

5.2. Literature Review

Leibenstein (1957) provides evidence that the nutrition status has a significant effect
on economic growth. The efficiency wage theory (Mazumdar, 1959; Mirrlees, 1976;
Stiglitz, 1976; Bliss and Stern, 1978; Pitt et al., 1990) analyzes the association
between labor productivity, positive labor wage rate, nutrition status, food

distribution, and involuntary unemployment especially in under-developed countries.

The wage determination theory (Shapiro and Stiglitz, 1984; Weiss, 1991), on the
other hand, explains involuntary unemployment in developed economies regarding
the nutrition-productivity nexus. Deolalikar (1988) measures nutritional status by
both weight-for-height and the daily energy intake and proves that it has positive
effects on agricultural labor productivity and market wages. He finds that the
elasticity of farm output and market wages regarding weight-for-height is higher
whereas it is not so regarding the daily energy intake. He suggests that weight-for-

height might be better proxy for nutrition status than daily energy intake.

Schultz (1997) examines the association between the productivity/wages of the
individuals and BMI, determined as one of the forms of the human capital. He
considers the diminishing scale of BMI in this association. In addition, he suggests
that public and private sectors should collaborate to enable individuals to effectively
use recent technologies so that health and nutrition can be secured, individual
productivity can be raised, and economic growth can accelerate. Strauss and Thomas
(1998) stress the non-linear association between health and labor productivity. For
them, mortality risk is higher in decreased or highly increased values of BMI, and
consistent results can be seen in the linkage between BMI and other health proxies.

They believe there is little, if any, positive effect of health on labor productivity.
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Indeed, thresholds in health variables suggested by biomedical research may shed

light onto these associations.

Croppenstedt and Muller (2000) offer empirical evidence that nutrition status affects
agricultural productivity, and BMI influences market wage rate. Strikingly, they find
that nutrition and BMI strongly affect wage equation and labor productivity; and
thus, wage equation and labor productivity elasticity is found to be high. They
believe that the investment in nutrition dramatically improves productivity. Arcand
(2001) investigates the association between GDP per capita growth and dietary
energy supply (DES) per capita. He finds that both the linear and quadratic terms are
significantly different from “0”, suggesting that there is an inverse U-shaped

association between economic growth and nutrition status as DES.

Arcand (2001) asserts that the turning point of this non-linear association is 3066
kcal/day. Wang and Taniguchi (2003) claim that an increment in DES can improve
the economic growth in different magnitudes depending on the duration of the
periods. The impact of the short-period is larger than that of the long period. They
observed a negative short-run effect of nutrition status on economic growth, which
stems from the increasing population. Thus, if population growth can be controlled,
nutrition status can make a positive contribution to economic growth both in the
short- or long-term. Ayalew (2003) finds that nutrition intake has a positive impact
on labor earnings and productivity. In addition, he suggests that the positive effect of
the nutrition status is larger than the positive impact of chemical fertilizers on farm

productivity.

Kedir (2009) provides proof that BMI has a significantly positive effect on wage
levels. The researcher shows a possible inverse U-shaped association between wage
and BMI (Figure 2). Similar to Kedir’s study, the present first reveals a roughly
convex-, and then concave-shaped non-parametric regression curve, which produces

a graph between wage and BMI for the period 1994-2000. According to Kedir,
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providing priority for the food-related regulations, such as food price subsidies, in

policy implications will benefit wage distribution in the market.

Erdil and Kalyoncu (2010) used per capita dietary energy supply (DES) to estimate
the labor effort level. They defined human capital with years of schooling to
calculate the labor effort level in their model. Thus, they demonstrated that the ratio
of physical to human capital (K/H) and economic growth interaction tend to be
positive. This is the one of the factors of saving in the Augmented Solow model,

which explains the differences between countries in per-capita income levels.

5.3. Estimation Results for Economic Growth

5.3.1. Diagnostics for the 1980-2009 Period

For GMM estimations in Columns (5) and (6) of Table 5.1a, and in Column (3) of
Table 5.1b, Arellano-Bond AR (1) test rejects Ho at 5% or higher significance level,
whereas AR (2) test does not. These results satisfy Arellano-Bond estimation
assumptions in Chapter 2, which increase the efficiency of estimation. In addition,
Hansen tests indicate that over-identification fails to be rejected at 10% or higher

significance level. This hints that instrument set is valid.
In Table 5.2a, and 5.2b, the RESET test indicates that HO fails to be rejected at 5% or

higher significance level. This indicates that there is no functional form of

misspecification.
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Table 5.1a

The Association between GDP per Capita and Mean Body Mass Index for the 1980-2009
Period

log GDP per capita

(1) @ (3) “@ (3) 6)
OLS OLS FE (within}) FE (within) GMM (Arellano- GMM (Arellano-
Bond) Bond)
lagged log GDP per capita 1.01%** LO1**#* 0.73%%= 0.68%%* 0.55%*= 0.43%**
(0.01) (0.01) (0.05) (0.05) (0.07) 0.07)
log mean body mass index 18+ years —0.44++% =6.07 1.0]*#* 30.73** 2.33%# 49.71%%*
(0.11) (5.76) (0.65) (11.41) (0.84) (16.27)
(log mean body mass index 18+ years)* - 0.89 - —4.58%* - =7.56%%%
0.91) (1.75) - (2.55)
Number of observations 282 282 282 282 235 235
Number of countries 47 47 47 47 47 47
R-squared 0.99 0.99 0.89 0.90 - -
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - - - 0.01 0.02
Arellano-Bond test for AR (2) p-value - - 0.82 0.81
Hansen test p-value - - - 0.22 0.29
Country dummies - yes yes - -
Time dummies - - yes yes yes yes
Turning points - - 28.61 - 26.82

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All pancls are balanced panels with one observation per five years and per country. The
dependent variable is the log GDP per capita. Column (5) and (6) are difference GMM estimations. Turning point is estimated for coefficients at 10% or better significance level in a
Column. Mean turning point of the estimations in (4), and (6) Columns is 27.71.

The instrumental variables are crude survival, and age 75-79 survival probabilities.
All these instruments and their squared and cubed values are valid instruments
according to the weak identification test statistic when Columns (3), (5) in Table 5.2a
and Columns (2), (3) in Table 5.2b are exempted. Columns (3) in Table 5.2a and in
Table 5.2b satisfy the rule of thumb that F statistics of the first stage should be over
ten (Staiger and Stock, 1997).

Table 5.1b.

The Association between GDP per Capita and Mean Body Mass Index for the 1980-2009
Period

log GDP
(£)) 2) 3)
0LS FE (within) GMM (Arellano-Bond)
first lagged log GDP 1015+ 0.675+* -
(0.01) (0.05)
second lagged log GDP - - 0.19
(0.13)
log mean body mass index 18+ years B30 ]5%*+* 264.91 —4175.95%+
(268.17) (310.13) (1595.02)
(log mean body mass index 18+ years)* =267.30%** =78.99 1339.79%*
(85.30) (98.20) (507.66)
(log mean body mass index 18+ years)? 28.35%** 7.87 —143.02**
(9.04) (10.36) (53.93)
Number of observations 282 282 188
Number of countries 47 47 47
R-squared 0.99 0.90 -
F test p-value 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - 0.02
Arellano-Bond test for AR (2) p-value - - 0.27
Hansen test p-value - - 0.16
Country dummies - yes -
Time dummies - yes yes
Turning points (1) 20.82 - 19.88
(2) 25.79 - 25.93

Notes: Robust standard errors (SE)s in parentheses. **¥ p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per five
years and per country. GDP is GDP per capita. The dependent variable is the log GDP per capita. Column (3) is difference GMM estimation. Turning
point is estimated for coefficients at 10% or better significance level in a Column.
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Hansen J tests indicate that over-identification restrictions cannot be rejected at 10%

or higher significance level. This shows that instruments are appropriate at the given

significance level.

Table 5.2a

Long-Difference Estimations for the Association Between GDP per Capita and Mean Body
Mass Index for the 1980-2009 Period

log GDP per capita

1) (2) 3) (4) (5) (6)
OLS OLS IV (crude survival 1V (crude survival 1V (crude survival 1V (crude survival
probability) probability) probability, and probability, and age
age 75-79 survival 75-79 survival
probability) probability)
lagged log GDP per capita 105+ 0.99+++ 1.05%%% 0.99%++ 1.O5*** 0.96%+*
(0.04) (0.04) (0.05) (0.04) (0.05) (0.05)
log mean body mass index 18+ years 0.90%++ 22.65%+% 2.04%* 22.53% 231 29.99%%+
(0.32) (5.06) (1.00) (9.02) (1.01) (7.38)
(log mean body mass index 18+ years)® - —3.49%%* - =3.52%* - —4.68%**
(0.80) (1.44) (1.20)
Number of observations 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47
R-squared 0.96 0.97 0.95 097 095 0.97
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test statistic - - 14.15 9.90 8.09 12.36
Endogeneity test p-value - - 0.19 0.71 0.14 0.13
Hansen J statistic - - e.el eeld. 0.40 047
C (2nd polynomial) RESET test p-value  0.07 0.06 0.27 0.07 038 0.16
C (3rd polynomial) RESET test p-value  0.10 0.16 0.52 0.15 0.65 0.35
Turning points - 25.66 - 24.53 - 24.51

Notes: Robust standard errors (SE)s in parentheses. %% p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the
years 1980 and 2009. GDP is GDP per capita. The dependent variable is the log GDP per capita. Lagged log GDP per capita includes two observations by country for the years 1980 and
2005. In Column (3) log crude survival probability, and in Column (4) log crude survival probability, and its squared value are used as the instrumental variables. In Column (3) log
crude survival probability, and log age 75-79 survival probability, and in Column (6) log crude survival probability, and log age 75-79 survival probability, and their squared values
are used as instrumental variables. In Hansen J statistic, "equation exactly identified" term is represented by the term as "e.ei." C (GMM-distance) RESET test uses Pesaran-Smith
optimal forecast values. In (3), Stock-Yogo weak ID test critical value is 16.38. In (4), Stock-Yogo weak ID test critical value is 7.03. In (5), Stock-Yogo weak ID test critical value
is 19.93. In (6), Stock-Yogo weak ID test critical value is 11.04. Tuming point is estimated for coefficients at 10% or better significance level in a Column. Mean turning point of
the estimations in (2). (4) and (6) Columns is 24.90.

The null hypotheses of the endogeneity test of LE fail to be rejected in Table 5.2a,
and Table 5.2b at 10% or higher significance level. Thus, the OLS gives the

consistent and relatively more efficient estimates.
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Table 5.2b

Long-Difference Estimations for the Association between GDP per Capita and Mean Body
Mass Index for the 1980-2009 Period

log GDP
[§1] (2) 3)
OLS IV (crude survival 1V (crude survival probability, and
probability) age 75-79 survival probability)
lagged log GDP 0.99%** 0.98%** 0.94%*=
(0.04) (0.08) (0.06)
log mean body mass index 18+ years 56.20 =94.79 -822.23
(165.92) (1102.98) (620.11)
(log mean body mass index 18+ years)* —14.19 34.27 268.75
(52.57) (355.89) (199.50)
(log mean body mass index 18+ years)®  1.14 -4.06 -29.23
(5.55) (38.26) (21.39)
Number of observations 47 47 47
Number of countries 47 47 47
R-squared 0.97 0.97 0.95
F test p-value 0.00 0.00 0.00
Weak identification test statistic - 0.10 0.75
Endogeneity test p-value - 0.82 0.46
Hansen J statistic - ee.li 0.51
C (3rd polynomial) RESET test p-value  0.12 0.84 0.42

C (4rd polynomial) RESET test p-value  0.05 0.93 0.61
Turning points (1) - - -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1980 and 2009,
GDP is GDP per capita. The dependent variable is the log GDP per capita. ed log GDP includes two observations by country for the years 1980 and 2005. In in Column (2) log crude
survival probability, its squared, and cubed values are used as the instrumental variables. In Column (3) log crude survival probability, and log age 75-79 survival probability, and their squared, and
cubed values are used as instrumental variables. In Hansen J statistic, "equation exactly identified” term is represented by the term as "e.c.i.” € (GMM-distance) RESET test uses Pesaran-Smith
optimal forecast values. In (2), Stock-Yogo weak ID test critical value is not available. In (3), Stock-Yogo weak 1D test critical value is 12.20. Turning point is not estimated for coefficients less than
10% significance level in a Column.

5.3.2. Estimation Results for the 1980-2009 Period

In linear specification for the 1980-2009 period, Columns (1), (3), and (5) in Table
5.1a, and Columns (1), (3), and (5) in Table 5.2a report the estimation results of
Model (3.2.6). In linear specification of Model (3.2.6), the a2 and a3 are restricted to
be zero. The coefficient of In LE was found positive at 5% or higher significance
level in Columns (3) and (5) in Table 5.1a, Columns (1), (3), and (5) in Table 5.2a.
In addition, the coefficient of In LE was found negative at 1% significance level in

Column (1) in Table 5.1a.

In quadratic specification for the 1980-2009 period, Columns (2), (4), and (6) in
Table 5.1a, and Columns (2), (4), and (6) in Table 5.2a report the estimation results
of Model (3.2.6). In the quadratic specification of Model (3.2.6), the a3 is restricted
to be zero. The coefficients of the linear and the quadratic terms were both found
significantly different from “0” at 5% or higher significance level, and they are

positive and negative respectively.
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The estimated turning points® are within the range of 24.51-28.61 kilogram/square
meter (kg/m?) as can be seen in Columns (4) and (6) of Table 5.1a, and Columns (2),
(4), and (6) of Table 5.2a. Thus, the quadratic functional specification estimation
results of the present study suggest that there is a non-monotonic and inverse U-

shaped association between GDP per capita and BMI for the 1980-2009 period.

As regards, cubic specification for the 1980-2009 period, Columns (1), (2), and (3) of
Table 5.1b, and Columns (1), (2), and (3) of Table 5.2b report the estimation results
of Model (3.2.6). Accordingly, the coefficients of the linear, the quadratic, and the
cubic terms are significantly different from “0” at 5% significance level, and as can
be seen in Column (3) of Table 5.1b, they are negative, positive, and negative,

respectively.

In addition, the coefficients of the linear, the quadratic, and the cubic terms are
significantly different from “0” at 1% significance level, and as can be seen in
Column (1) of Table 5.1b, they are positive, negative, and positive, respectively.
Also, Column (2) in Table 5.1b, and Columns (1), (2), and (3) in Table 5.2b
demonstrate that the coefficients of the linear, the quadratic, and the cubic terms are

insignificant.

Estimated turning point-17 is 19.88 kg/m? and turning point-2 is 25.93 kg/m? in this
Column. Hence, the cubic functional specification estimation results suggest that first
there is convex-, and, then, concave-shaped association between GDP per capita and

BMI for the 1980-2009 period.

B

2B, )

7 Cubic specification turning points (7Ps) are estimated by using general mathematical formula: % (G3X3 +

¢ Quadratic specification turning point (7P) is estimated by following formula: TP = exp (

B,x% + Bix + constant), then, TPs (1,2) = exp <(—(2[§2) + J(ZBZ)Z - 4(3G3G1)) / (2(3[%)))
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5.4. Estimation Results for Human Capital

5.4.1. Diagnostics for the 1980-2009 period

As for GMM estimations shown in Columns (5) and (6) of Table 5.3a, and in
Column (3) of Table 5.3b, Arellano-Bond AR (1) test rejects Ho at 5% or higher
significance level, whereas AR (2) test does not. These results satisfy the Arellano-
Bond estimation assumptions summarized in Chapter 2. Moreover, Hansen tests
indicate that over-identification restrictions fail to be rejected at 10% or higher

significance level. It hints that instrument set is valid.

In Table 5.4a, and Table 5.4b, the RESET test indicates that Hy fails to be rejected at

5% or higher significance level. That is, there is no functional form misspecification.

Table 5.3a

The Association between Years of Schooling and Mean Body Mass Index for the 1980-2009
Period

log years of schooling

(1) (2) (3) 4) (3) (6)
OLS OLS FE (within} FE (within) GMM (Arellano- GMM (Arellano-
Bond) Bond)
first lagged log years of schooling 091%*= 0.91%=* 0.81%%= 0.75%%* - -
(0.01) (0.01) (0.04) (0.04)
second lagged log years of schooling - - - - 0.59%*+ 0.06
(0.13) (0.17)
log mean body mass index 18+ years =0.04 0.54 =0.12 12.66% 2.82%* 76.78%*
(0.05) (2.29) (0.33) (6.30) (1.29) (37.05)
{log mean body mass index 18+ years)* - =0.09 - =2.02%* - =11.31*%
(0.36) (0.98) (5.98)
Number of observations 282 282 282 282 188 188
Number of countries 47 47 47 47 47 47
R-squared 0.98 0.98 0.93 0.93 - -
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - - - 0.04 0.01
Arellano-Bond test for AR (2) p-value - - - - 0.16 0.31
Hansen test p-value - - 0.11 0.36
Country dummies - - yes yes - -
Time dummies - - yes yes yes yes
Turning points - 23.13 29.77

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per five years and per country. The
dependent variable is the log years of schooling. Column (5) and (6) are difference GMM estimations. Turning point is estimated for coefficients at 10% or better significance level in a
Column. Mean turning point of the estimations in (4), and (6) Columns is 26.45

The instrumental variables are crude survival probabilities and age 75-79 survival
probabilities. In weak identification tests, all these instruments and their squared and
cubed values are not over 5% maximal IV relative bias critical values (Stock and

Yogo, 2005). These test results decrease the validity of the instruments by exempting

157



Column (4) in Table 5.4a, which satisfies the rule of thumb that F statistics of the
first stage should be over ten (Staiger and Stock, 1997).

Table 5.3b

The Association between Years of Schooling and Mean Body Mass Index for the 1980-2009
Period

log years of schooling

(1) 2) 3)
OLS FE (within) GMM (Arellano-Bond)
first lagged log years of schooling 0.90%*** 0.75%%% -
(0.01) (0.04)
second lagged log years of schooling - - 0.03
(0.21)
log mean body mass index 18+ years 63.52 172.47 509.76
(89.56) (105.20) (1792.38)
(log mean body mass index 18+ years)® =20.07 -52.81 —148.49
(28.33) (33.71) (572.17)
(log mean body mass index 18+ years)® 2.11 5.38 14.47
(2.99) (3.60) (60.91)
Number of observations 282 282 188
Number of countries 47 47 47
R-squared 0.98 0.94 -
F test p-value 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - 0.03
Arellano-Bond test for AR (2) p-value - - 0.35
Hansen test p-value - - 0.32
Country dummies - yes -
Time dummies - yes yes
Turning points (1) - - -
(2) - - -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per five
years and per country. The dependent variable is the log years of schooling. Column (3) is difference GMM estimation. Turning point is not
estimated for coefficients less than 10% significance level in a Column.

Hansen J tests indicate that over-identification restrictions fail to be rejected at 10%
or higher significance level. This shows that set of instruments is valid at the given

significance level.
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Table 5.4a

Long-Difference Estimations for the Association between Years of Schooling and Mean Body
Mass Index for the 1980-2009 Period

log years of schooling

) Q) 3) ) (5) (6)
OLS OLS IV (crude survival 1V (crude survival IV (crude survival IV (crude survival
probability) probability) probability, and probability, and age
age 75-79 survival  75-79 survival
probability) probability)
lagged log years of schooling 1.08*** 1.03%#* 1.04%=* 0.97%*# 1.03**=* 1.02%=**
(0.04) (0.05) 0.07) (0.13) (0.07) (0.05)
log mean body mass index 18+ years 0.04 7.79* 0.91 13.20 0.99 5.93%
(0.23) (4.13) 0.92) (13.02) (0.81) (3.38)
(log mean body mass index 18+ years)* - -1.23% - —-1.98 - —0.86
(0.65) (1.95) (0.55)
Number of observations 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47
R-squared 095 0.95 0.94 0.94 093 0.95
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test statistic - - 5.99 1.40 4.16 6.72
Endogeneity test p-value - - 0.34 0.48 0.20 0.65
Hansen J statistic - - e.el el 0.81 0.56
C (2nd polynomial) RESET test p-value  0.995 0.90 098 0.82 092 0.65
C (3rd polynomial) RESET test p-value  0.23 0.27 0.64 0.50 0.64 0.19
Turning points - 23.78 - - - -

Notes: Robust standard errors (SE)s in parentheses. *** p < (.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the
years 1980 and 2009. The dependent variable is the log years of schooling. Lagged log years of schooling includes two observations by country for the years 1980 and 2005. In Column
(3) log crude survival probability, and in Column (4) log crude survival probability, and its squared value are used as the instrumental variables. In Column (5) log crude survival
probability, and log age 75-79 survival probability, and in Column (6) log crude survival probability, and log age 75-79 survival probability, and their squared values are used as
instrumental variables. In Hansen J statistic, "equation exactly identified” term is represented by the term as "e.e.i.” C (GMM-distance) RESET test uses Pesaran-Smith optimal
forecast values. In (3), Stock-Yogo weak ID test critical value is 16.38. In (4), Stock-Yogo weak ID test critical value is 7.03. In (5), Stock-Yogo weak ID test critical value is
19.93. In (6), Stock-Yogo weak ID test critical value is 11.04. Turning point is estimated for coefficients at 10% or better significance level in a Column

As can be seen in Table 5.4a and Table 5.4b, the endogeneity test of LE fails to be
rejected at 10% or higher significance level. Thus, the OLS gives consistent and

relatively more efficient estimates.

Table 5.4b

Long-Difference Estimations for the Association between Years of Schooling and Mean Body
Mass Index for the 1980-2009 Period

log years of schooling

) 2) 3)
OLS IV (crude survival 1V (crude survival probability, and
probability) age 75-79 survival probability)
lagged log years of schooling 1.03*%+ 0.98%*+ 1.04%+*
(0.05) (0.08) (0.05)
log mean body mass index 18+ years ~ —36.86 (omitted) 174.90
(106.27) (263.79)
(log mean body mass index 18+ years)*  13.01 1.93 =55.11
(33.82) (1.22) (84.94)
(log mean body mass index 18+ years)®  —1.51 -0.39 580
(3.59) (0.25) (9.11)
Number of observations 47 47 47
Number of countries 47 47 47
R-squared 095 0.95 095
F test p-value 0.00 0.00 0.00
Weak identification test statistic - 0.00 1.59
Endogeneity test p-value - 0.63 037
Hansen J statistic - e.el. 0.57
C (3rd polynomial) RESET test p-value  0.29 0.80 0.03
C (4rd polynomial) RESET test p-value  0.46 0.68 0.05
Turning points (1) - - -
2) - - -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1980
and 2009. The dependent variable is the log years of schooling. Lagged log years of schooling includes two observations by country for the years 1980 and 2005. In in Column (2) log
crude survival probability, its squared, and cubed values are used as the instrumental variables. In Column (3) log crude survival probability, and log age 75-79 survival probability, and
their squared, and cubed values are used as instrumental variables. In Hansen J statistic, "equation exactly identified” term is represented by the term as "e.e.i." € (GMM-distance) RESET
test uses Pesaran-Smith optimal forecast values. In (2), Stock-Yogo weak ID test critical value is not available. In (3), Stock-Yogo weak ID test critical value is 12.20. Tuming point is not
estimated for coefficients less than 10% significance level in a Column.
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5.4.2. Estimation Results for the 1980-2009 Period

As for linear specification pertaining to the period of 1980-2009, Columns (1), (3),
and (5) in Table 5.3a, and Columns (1), (3), and (5) in Table 5.4a report the
estimation results of the Model (3.2.7). Here, the a2 and a3 are restricted to be zero.
The coefficient of In LE was found positive at 5% significance level (Column 5
Table 5.3a). In addition, the coefficient of In LE was found insignificant as can be
seen in Columns (1) and (3) in Table 5.3a, and in Columns (1), (3), and (5) in Table
5.4a.

Estimation of quadratic specification according to Model (3.2.7) for the 1980-2009
period are shown in Columns (2), (4), and (6) in Table 5.3a, and Columns (2), (4),
and (6) in Table 5.4a, where the a3 is restricted to be zero. The coefficients of the
linear and the quadratic terms were both found significantly different from “0” at
10% or higher significance level, and they are positive and negative in Columns (4)
and (6) in Table 5.3a, and Column (2) in Table 5.4a, respectively. The estimated

turning points are within the range of 23.13-29.77 kg/m? in these Columns.

The coefficients of the linear and the quadratic terms, however, are insignificant as
shown in Columns (2) in Table 5.3a, Column (4) and (with exception for the linear
term) Column (6) in Table 5.4a. Thus, our quadratic functional specification
estimation suggests that there is a non-monotonic and inverse U-shaped association

between years of schooling and BMI for the 1980-2009 period.

The estimation of cubic specification by Model (3.2.7) for the 1980-2009 period are
presented in Columns (1), (2), and (3) in Table 5.3b, and Columns (1), (2), and (3) in
Table 5.4b. They all show that the coefficients of the linear, quadratic, and cubic

terms are insignificant.
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5.5. Estimation Results for GDP per Person Engaged
5.5.1. Diagnostics for the 1980-2009 Period

As for GMM estimations, Columns (5) and (6) of Table 5.5a, and Column (3) of
Table 5.5b show that Arellano-Bond AR (1) test rejects Ho at 10% significance level,
whereas AR (2) test does not. These results satisfy Arellano-Bond estimation
assumptions, discussed in Chapter 2, which increase the efficiency of estimation.
Furthermore, Hansen tests indicate that over-identification restrictions fail to be
rejected at 10% or higher significance level, which points out that the set of

instruments is appropriate.

In Table 5.6a and Table 5.6b, the RESET test indicates that Hy fails to be rejected at

5% significance level, pointing to that there is no functional form misspecification.

Table 5.5a

The Association between GDP per Person Engaged and Mean Body Mass Index for the
1980-2009 Period

log GDP per person engaged

5] 2 3) ) %) (6)
OLS OLS FE (within) FE (within) GMM (Arellano- GMM (Arellano-
Bond) Bond)

lagged log GDP per person engaged 1.O0*** 1.00*=#* 0.75%%* 0.69%%* 0.58%#= 0.43%%*

(0.01) (0.01) (0.06) (0.05) (0.07) (0.07)
log mean body mass index 18+ years =0.31*** -1.82 1.80** 32.35%%* 2.00%* 50.68%%F

(0.11) (5.83) (0.72) (11.87) (0.88) (14.83)
(log mean body mass index 18+ years)® - 0.24 - —4.87** - =7.76%%%

- (0.92) - (1.82) - (2.31)
Number of observations 282 282 282 282 235 235
Number of countries 47 47 47 47 47 47
R-squared 0.99 0.99 0.84 0.86 - -
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - - 0.00 0.00
Arellano-Bond test for AR (2) p-value - - - - 0.27 0.32
Hansen test p-value - - - - 0.19 0.21
Country dummies - - yes yes - -
Time dummies - - yes yes yes yes
Turning points - 27.69 26.17

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels arc balanced panels with one observation per five years and per country. The
dependent variable is the log GDP per person engaged. Column (5) and (6) are difference GMM estimations. Turning point is estimated for coefficients at 10% or better significance
level in a Column. Mean turning point of the estimations in (4), and (6) Columns is 26.93

The instrumental variables are crude survival and age 75-79 survival probabilities.
All these instruments, and their squared and cubed values are valid instruments
according to the weak identification test statistics. It exempts Column (3) in Table
5.6a and in Table 5.6b, which satisfy the rule of thumb that F statistics of the first
stage should be over ten according to Staiger and Stock (1997). However, weak
identification test results in Column (5) in Table 5.6a and Column (2) in Table 5.6b

are not over 5% maximal IV relative bias according to the Stock and Yogo (2005)
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critical values. These test results decrease the validity of the instruments in these

Columns.

Table 5.5b

The Association between GDP per Person Engaged and Mean Body Mass Index for the
1980-2009 Period

log GDP per person d
(8)] (2) 3)
OLS FE (within) GMM (Arellano-Bond)
lagged log GDP per person engaged 1.00**#* 0.69%** 0.84%%*
(0.01) (0.05) (0.25)
log mean body mass index 18+ years 940.26*** 305.88 -2256.71%
(230.25) (361.01) (1138.20)
(log mean body mass index 18+ years)* —298.77*** -91.79 727.98*
(73.12) (114.02) (365.25)
(log mean body mass index 18+ years)® 31.61%%* 9.20 -78.19%
(1.73) (12.00) (39.11)
Number of observations 282 282 235
Number of countries 47 47 47
R-squared 0.99 0.86 -
F test p-value 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - 0.06
Arellano-Bond test for AR (2) p-value - - 0.13
Hansen test p-value - - 0.30
Country dummies - yes -
Time dummies - yes yes
Turning points (1) 21.15 - 20.03
(2) 25.76 - 24.78

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per five
years and per country. The dependent variable is the log GDP per person engaged. Column (3) is difference GMM estimation. Turing point is not
estimated for coefficients less than 10% significance level in a Column.

Hansen J tests indicate that over-identification restrictions fail to be rejected at
10%significance level, showing that the set of instruments is appropriate at the given

significance level.

Table 5.6a

Long-Difference Estimations for the Association between GDP per Person Engaged and
Mean Body Mass Index for the 1980-2009 Period

log GDP per person engaged

0 @ ) @) ) G}
OLS OLS 1V (crude survival IV (crude survival 1V (crude survival IV (crude survival
probability) probability) probability, and probability, and
age 75-79 survival  age 75-79 survival
probability) probability)
lagged log GDP per person engaged 1.07**#* 1.01*** 1.O7*#* 1.01**+* 1.07*+** 1.00***
(0.05) (0.04) (0.05) (0.05) (0.05) (0.04)
log mean body mass index 18+ years 0.91** 20.67*+* 1.90 19.47 2.16 25.94%+%
(0.34) (5.51) (1.18) (12.81) (131) (8.61)
(log mean body mass index 18+ years)® - =314+ - -3.04 - —4,05%++
- (0.86) (2.06) (1.40)
Number of observations 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47
R-squared 0.96 0.97 0.95 097 0.95 0.97
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test statistic - - 14.45 751 8.50 11.43
Endogeneity test p-value - - 0.33 0.54 0.38 033
Hansen J statistic - - eel. e.ei. 047 0.60
C (2nd polynomial) RESET test p-value  0.06 0.08 0.29 0.08 0.32 0.14
C (3rd polynomial) RESET test p-value 0.14 0.21 0.58 021 0.59 031
Turning points - 25.79 - - - 24.62

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1980
and 2009. The dependent variable is the log GDP per person engaged. Lagged log GDP per person engaged includes two observations by country for the years 1980 and 2005. In Column (3)
log crude survival probability, and in Column (4) log crude survival probability, and its squared value are used as the instrumental variables. In Column (5) log crude survival probability,
and log age 75-79 survival probability, and in Column (6) log crude survival probability, and log age 75-79 survival probability, and their squared values are used as instrumental variables.
In Hansen J statistic, "equation exactly identified” term is represented by the term as "e.e.i.” C (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. In (3), Stock-Yogo
weak ID test critical value is 16.38. In (4), Stock-Yogo weak ID test critical value is 7.03. In (5), Stock-Yogo weak ID test critical value is 19.93. In (6), Stock-Yogo weak 1D test critical
value is 11.04. Tuming point is estimated for coefficients at 10% or better significance level in a Column. Mean turning point of the estimations in (2), and (6) Columns is 25.20.
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The endogeneity test of LE fails to be rejected in Table 5.6a and in Table 5.6b at
10% significance level. Thus, the OLS gives consistent and relatively more efficient

estimates.

Table 5.6b

Long-Difference Estimations for the Association between GDP per Person Engaged and
Mean Body Mass Index for the 1980-2009 Period

log GDP per person engaged
(1) 2) (3)

0OLS IV (crude survival 1V (crude survival probability, and
probability) age 75-79 survival probability)
lagged log GDP per person engaged 1LOT*** LOT*** 0.96%+*
(0.04) (0.13) (0.06)
log mean body mass index 18+ years 200.30 -81.43 —844.10
(222.96) (1583.19) (593.86)
(log mean body mass index 18+ years)®  —60.47 2948 275.22
(70.54) (511.48) (190.78)
(log mean body mass index 18+ years)*  6.09 =3.49 =29.87
(7.43) (55.07) (20.43)
Number of observations 47 47 47
Number of countries 47 47 47
R-squared 097 0.97 0.94
F test p-value 0.00 0.00 0.00
Weak identification test statistic - 0.06 0.73
Endogeneity test p-value - 0.61 0.52
Hansen J statistic - ee.ld 0.39
€ (3rd polynomial) RESET test p-value  0.10 0.94 0.66

C (4rd polynomial) RESET test p-value  0.03 0.96 0.84
Turning points (1) - - -

2) - - -
Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1980
and 2009. The dependent variable is the log GDP per person engaged. Lagged log GDP per person engaged includes two observations by country for the years 1980 and 2005. In in
Column (2) log crude survival probability, its squared, and cubed values are used as the instrumental variables. In Column (3) log crude survival probability, and log age 75-79 survival
probability, and their squared, and cubed values are used as instrumental variables. In Hansen J statistic, "equation exactly identified" term is represented by the term as "e.e.i.” C (GMM-
distance) RESET test uses Pesaran-Smith optimal forecast values. In (2), Stock-Yogo weak ID test critical value is not available. In (3), Stock-Yogo weak ID test critical value is 12.20.
Turning point is not estimated for coefficients less than 10% significance level in a Column,

5.5.2. Estimation Results for the 1980-2009 Period

Estimation of linear specification based on Model (3.2.8) for the 1980-2009 period
are presented in Columns (1), (3), and (5) in Table 5.5a and Columns (1), (3), and (5)
in Table 5.6a. Here, the a» and a3 are restricted to be zero. The coefficient of In LE
was found positive at 5% significance level in Columns (3) and (5) in Table 5.5a and
Column (1) in Table 5.6a. In addition, the coefficient of In LE was found negative at
1% significance level as can be seen in Column (1) in Table 5.5a. Also, the
coefficient of In LE turned out to be insignificant as shown in Columns (3) and (5) in

Table 5.6a.

The estimation results of the Model (3.2.8) pertaining to the quadratic specification
for 1980-2009 are presented in Columns (2), (4), and (6) in Table 5.5a, and Columns
(2), (4), and (6) in Table 5.6a. It should be noted that the a3 is restricted to be zero.
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The coefficients of the linear and the quadratic terms were both found significantly
different from “0” at 5% significance level, and they are positive and negative in
Columns (4), (6) in Table 5.5a, and in Columns (2), and (6) in Table 5.6a,

respectively.

The estimated turning points are within the range of 24.62-27.69 kg/m?. In addition,
the coefficients of the linear and the quadratic terms were found insignificant as can
be seen in Column (2) in Table 5.5a, and in Column (4) in Table 5.6a. Thus, the
quadratic functional specification estimation results suggest that there is a non-
monotonic and inverse U-shaped association between GDP per person engaged and

BMI for the 1980-2009 period.

The estimation of cubic specification by Model (3.2.8) for the 1980-2009 period are
shown in Columns (1), (2), and (3) in Table 5.5b, and Columns (1), (2), and (3) in
Table 5.6b. The coefficients of the linear, the quadratic, and the cubic terms were
found significantly different from “0” at 10% significance level, and they are
negative, positive, and negative, respectively, as can be seen in Column (3) in Table

5.5b.

The estimated turning point-1 is 20.03 kg/m? and turning point-2 is 24.78 kg/m? in
this Column. In addition, the coefficients of the linear, the quadratic, and the cubic
terms are significantly different from “0” at 1% significance level, and they are
positive, negative, and positive, respectively, as can be seen in Column (1) in Table
5.5b. Also, the coefficients of the linear, the quadratic, and the cubic terms were
found insignificant in Column (2) in Table 5.5b, and in Columns (1), (2), and (3) in
Table 5.6b.

Hence, the cubic functional specification estimation results suggest that there is first
convex-, and then, concave-shaped association between GDP per person engaged

and BMI for the 1980-2009 period.
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5.6. Estimation Results for Productivity

5.6.1. Diagnostics for the 1980-2009 Period

For GMM estimations presented in Columns (5) and (6) of Table 5.7a, and in
Column (3) of Table 5.7b, Arellano-Bond AR (1) test rejects Ho at 5% significance
level, whereas AR (2) test does not. These results satisfy Arellano-Bond estimation
assumptions stated in Chapter 2, which increase the efficiency of estimation. In
addition, Hansen tests indicate that over-identification restrictions fail to be rejected

at 10% significance level. That is, the instrument set is valid.

Table 5.7a
The Association between Productivity and Mean Body Mass Index for the 1980-2009 Period

log productivity
) (2) (3) (4) (5) (6)

OLS 0OLS FE (within) FE (within) GMM (Arellano- GMM (Arellano-
Bond) Bond)
lagged log productivity 0.98%+* 0.97%** 0.74%+* 0.60%+* 0.52%%* 0.66F++*
(0.02) (0.02) (0.06) (0.05) (0.08) (0.14)
log mean body mass index 18+ years —0.71%** 17.50% 2.64% 07.28%%* 4.26%* 90.90%*
(0.19) (10.50) (1.37) (23.81) (1.97) (41.06)
(log mean body mass index 18+ years)* - -2.87* - —14.94%%=* - =13.51%*
(1.65) (3.66) (6.12)
Number of observations 282 282 282 282 235 235
Number of countries 47 47 47 47 47 47
R-squared 0.96 0.96 0.60 0.66 - -
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - - 0.00 0.02
Arellano-Bond test for AR (2) p-value - - - - 0.11 0.17
Hansen test p-value - - - 0.20 0.28
Country dummies - - yes yes - -
Time dummies - - yes yes yes ves
Turning points - 21.07 25.96 28.90

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per five years and per country. The
dependent variable is the log productivity. Column (5) and (6) are difference GMM estimations. Turning point is estimated for coefficients at 10% or better significance level in a Column.
Mean turning point of the estimations in (2}, (4), and (6) Columns is 25.31

In Table 5.8a and Table 5.8b, the RESET test indicates that Ho fails to be rejected at

5% or higher significance level, so, there is no functional form misspecification.

The instrumental variables are crude survival and age 75-79 survival probabilities.
All these instruments, their squared, and cubed values are valid instruments
according to the weak identification test statistic by exempting Columns (3), (4) in
Table 5.8a, and Columns (2), (3) in Table 5.8b which satisfy the rule of thumb that F
statistics of the first stage should be over ten (Staiger and Stock,1997). However,

weak identification test results in Column (5) in Table 5.8a is not over 5% maximal
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IV relative bias according to the Stock and Yogo (2005) critical values. This test

result decreases the validity of the instruments in this Column.

Table 5.7b
The Association between Productivity and Mean Body Mass Index for the 1980-2009 Period

log productivity
) (&) G)
0OLS FE (within) GMM (Arellano-Bond)
lagged log productivity 0.97%** 0.60%** =045
(0.02) (0.05) (0.39)
log mean body mass index 18+ years 1423.06%+* 561.15 =13772.01**
(352.27) (611.99) (6629.30)
(log mean body mass index 18+ years)* —449.07%** —162.48 4463.42%*
(111.54) (193.31) (2124.92)
(log mean body mass index 18+ years)® 47.19%%* 15.63 —482.04 %+
(11.77) (20.35) (226.91)
Number of observations 282 282 235
Number of countries 47 47 47
R-squared 0.96 0.66 -
F test p-value 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - 0.04
Arellano-Bond test for AR (2) p-value - - 0.10
Hansen test p-value - - 0.49
Country dummies - yes -
Time dummies - yes yes
Turning points (1) 21.50 - 20.75
(2) 2649 - 23.11

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per five
years and per country. The dependent variable is the log productivity. Column (3) is difference GMM estimation. Turning point is estimated for
coefficients at 10% or better significance level in a Column.

Hansen J tests indicate that over-identification restrictions fail to be rejected at 10%
significance level. This indicates that set of instruments is appropriate at the given

significance level.

Table 5.8a

Long-Difference Estimations for the Association between Productivity and Mean Body Mass
Index for the 1980-2009 Period

log productivity

(L] 2) 3) 4 (5) (6)
OLS OLS IV (crude survival 1V (crude survival 1V (crude survival 1V (crude survival
probability) probability) probability, and probability, and age
age 75-79 survival  75-79 survival
probability) probability)
lagged log productivity LOg*** 0.98++* 1.05%+* 0.96%++ 1.06%** 0.96%+*
0.05) (0.04) (0.05) (0.07) (0.05) (0.05)
log mean body mass index 18+ vears 1.14* 40.99%** 394 49.02*% 3.29 50.90%**
(0.66) (12.43) (2.46) (29.25) (2.30) (14.38)
(log mean body mass index 18+ yearsy® - =6.31%+* - =7.56 - =7.89%+%
(1.94) (4.65) (2.33)
Number of observations 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47
R-squared 0.94 0.95 092 095 093 0.95
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00
‘Weak identification test statistic - - 14.22 448 8.86 14.14
Endogeneity test p-value - - 0.16 0.86 025 0.16
Hansen J statistic - - cel c.el 035 0.61
C (2nd polynomial) RESET test p-value 0.02 0.03 0.22 0.10 0.16 0.06
C (3rd polynomial) RESET test p-value  0.05 0.07 0.44 020 0.36 0.18
Turning points - 25.70 - - - 25.19

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1980
and 2009. The dependent variable is the log productivity. Lagged log produetivity includes two observations by country for the years 1980 and 2005. In Column (3) log crude survival
probability, and in Column (4) log crude survival probability, and its squared value are used as the instrumental variables. In Column (5) log crude survival probability, and log age 75-79
survival probability, and in Column (6) log crude survival probability, and log age 75-79 survival probability, and their squared values are used as instrumental variables. In Hansen J statistic,
"equation exactly identified” term is represented by the term as "e.e.i.” C (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. In (3), Stock-Yogo weak ID test critical
value is 16.38. In (4), Stock-Yogo weak 1D test critical value is 7.03. In (5), Stock-Yogo weak 1D test critical value is 19.93. In (6), Stock-Yogo weak ID test eritical value is 11.04. Turning
point is estimated for coefficients at 10% or better significance level in a Column. Mean turning point of the estimations in (2), and (6) Columns is 25.45.

166



The endogeneity test of LE fails to be rejected (Table 5.8a; Table 5.8b) at 10%
significance level. Thus, the OLS gives consistent and relatively more efficient

estimates.

Table 5.8b

Long-difference estimations for the association between productivity and mean body mass
index for the 1980-2009 Period

log productivity
) (2) 3)

OLS IV (crude survival 1V (crude survival probability, and
probability) age 75-79 survival probability)
lagged log productivity 0.99%++ 0.96%%* 0.90%+*
(0.04) (0.06) (0.09)
log mean body mass index 18+ years 466.03 (omitted) =949.87
(347.79) (1137.84)
(log mean body mass index 18+ years)* —142.02 B.17** 314.32
(110.60) (3.21) (365.85)
(log mean body mass index 18+ years)® 14.43 —1.68%* =34.55
(11.72) (0.69) (39.21)
Number of observations 47 47 47
Number of countries 47 47 47
R-squared 0.95 0.95 0.93
F test p-value 0.00 0.00 0.00
Weak identification test statistic - 0.00 0.61
Endogeneity test p-value - 0.96 0.28
Hansen J statistic - ee.ld 0.42
C (3rd polynomialy RESET test p-value  0.05 0.50 0.57
C (4rd polynomial) RESET test p-value  0.05 0.39 0.27
Turning points (1) - -

25.46

Notes: Robust standard errors (SE)s in parentheses. *** p < 0,01, ** p < 0.05. * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1980 and 2009,
The dependent variable is the log productivity. Lagged log productivity includes two observations by country for the years 1980 and 2005. In in Column (2) log crude survival probability, its
squared, and cubed values are used as the instrumental variables. In Column (3) log crude survival probability, and log age 75-79 survival probability, and their squared, and cubed values are used as
instrumental variables. In Hansen J statistic, "equation exactly identified"” term is represented by the term as "e.e.i.” € (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. In
(2), Stock-Yogo weak ID test critical value is not available. In (3), Stock-Yogo weak ID test critical value is 12.20. Turning point is estimated for coefficients at 10% or better significance level in a
Column.

5.6.2. Estimation Results for the 1980-2009 Period

Model (3.2.9) estimation results of linear specification for 1980-2009 are
demonstrated in Columns (1), (3), and (5) in Table 5.7a, and Columns (1), (3), and
(5) in Table 5.8a. It should be noted that the a> and a3 are restricted to be zero. The
coefficient of In LE is positive at 10% or higher significance level as can be seen in
Columns (3) and (5) in Table 5.7a, Column (1) in Table 5.8a. In addition, the
coefficient of In LE is negative at 1% significance level in Column (1) in Table 5.7a.

Also, the coefficient of In LE is insignificant in Columns (3), and (5) in Table 5.8a.

Columns (2), (4), and (6) in Table 5.7a, and Columns (2), (4), and (6) in Table 5.8a
report the estimation results of the Model (3.2.9) that belong to quadratic
specification for the 1980-2009 period. Here, the a3 is restricted to be zero. The
coefficients of the linear and the quadratic terms were both found significantly

different from “0” at 5% or higher significance level, and they are positive and
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negative, respectively as can be seen in Columns (2), (4), and (6) in Table 5.7a, and

Columns (2), and (6) in Table 5.8a.

The estimated turning points are within the range of 21.07-28.90 kg/m?. In addition,
Column (4) in Table 5.8a shows that the coefficient of the quadratic term was found
insignificant in. Thus, the quadratic functional specification estimation results
suggest that there is a non-monotonic and inverse U-shaped association between

productivity and BMI for the 1980-2009 period.

The estimation results of cubic specification by the Model (3.2.9) for the 1980-2009
period are reported in Columns (1), (2), and (3) in Table 5.7b, and Columns (1), (2),
and (3) in Table 5.8b. The coefficients of the linear, the quadratic, and the cubic
terms were found significantly different from “0” at 5% or higher significance level,
and they are negative, positive, and negative, respectively as shown in Column (3) in

Table 5.7b.

The estimated turning point-1 is 20.75 kg/m? and turning point-2 is 23.11 kg/m? in
this Column. At the same time, it was found that the coefficient of the linear term is
omitted, and the coefficients of the quadratic and the cubic terms are significantly
different from “0” at 5% or higher significance level, and they are positive and

negative, respectively as in Column (2) in Table 5.8b.

In addition, it was found that the coefficients of the linear, the quadratic, and the
cubic terms are significantly different from “0” at 1% significance level, and they are
positive, negative, and positive respectively as shown in Column (1) in Table 5.7b.
Also, the coefficients of the linear, the quadratic, and the cubic terms are
insignificant can be seen in Column (2) in Table 5.7b, and in Columns (1), and (3) in

Table 5.8b.
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Hence, our cubic functional specification estimation results suggest that there is first
convex-, and then a concave-shaped association between productivity and BMI for

the 1980-2009 period.

5.7. Estimation Results for Gross Domestic Savings

5.7.1. Diagnostics for the 1980-2009 Period

As regards GMM estimations presented in Columns (5) and (6) of Table 5.9a, and in
Column (3) of Table 5.9b, Arellano-Bond AR (1) test rejects Ho at 5% or higher
significance level, whereas AR (2) test does not. These results satisfy the Arellano-
Bond estimation assumptions stated in Chapter 2, which increases the efficiency of
estimation. In addition, Hansen tests indicate that over-identification restrictions fail

to be rejected at 10% or higher significance level. That is, set of instruments is valid.

Table 5.9a

The Association between Gross Domestic Savings and Mean Body Mass Index for the 1980-
2009 Period

Gross domestic savings

[8)] 2) (3) (4 (5) (6)
OLS OLS FE (within) FE (within) GMM (Arellano- GMM (Arellano-
Bond) Bond)
lagged gross domestic savings 0.90%** 0.90%** 0.32%%* 0.29%+* 0.51* 0.45%*
(0.04) (0.04) (0.09) (0.10) (0.26) (0.16)
log mean body mass index 18+ years —7.94%%=% 98.41 26.14 790.88%* 2392 623.62%*
(3.01) (228.10) (29.00) (315.34) (54.19) (233.61)
{log mean body mass index 18+ years)® - -16.85 - =121.53%* - =95.52%*
(36.20) (51.48) (37.97)
Number of observations 282 282 282 282 235 235
Number of countries 47 47 47 47 47 47
R-squared 0.75 0.75 0.17 0.19 - -
F test p-value 0.00 0.00 0.01 0.00 0.01 0.00
Arellano-Bond test for AR (1) p-value - - - 0.02 0.01
Arellano-Bond test for AR (2) p-value - - - - 0.48 0.41
Hansen test p-value - - - - 0.43 0.48
Country dummies - - yes yes - -
Time dummies - - yes ves ves ves
Turning points - 25.89 26.16

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per five years and per country. The
dependent variable is the gross domestic savings (percent of GDP). Column (5) and (6) are difference GMM estimations. Turning point is estimated for coefficients at 10% or better
significance level in a Column. Mean turning point of the estimations in (4), and (6) Columns is 26.02.

As can be seen in Table 5.10a and Table 5.10b, the RESET test indicates that Hy fails
to be rejected at 5% or higher significance level. This indicates that there is no

functional form misspecification.

The instrumental variables are crude survival and age 75-79 survival probabilities.

All these instruments, their squared, and cubed values are valid instruments
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according to the weak identification test statistic when Column (3) in Table 5.10a is
exempted as it satisfies the rule of thumb that F statistics of the first stage should be
over ten (Staiger and Stock, 1997). However, weak identification test results in
Columns (5) and (6) in Table 5.10a, and in Columns (2) and (3) in Table 5.10b are
not over 5% maximal IV relative bias according to the Stock and Yogo (2005)

critical values. These test results decrease the validity of the instruments.

Table 5.9b

The Association between Gross Domestic Savings and Mean Body Mass Index for the 1980-
2009 Period

Gross domestic savings

(1 (2) 3)
OLS FE (within) GMM (Arellano-Bond)
first lagged gross domestic savings 0.90%** 0.28%*#* -
(0.04) (0.10)
second lagged gross domestic savings - - —0.19%*
(0.09)
log mean body mass index 18+ years 690.24 10704.21 27026.11
(7182.74) (11881.24) (24659.41)
(log mean body mass index 18+ years)* =204.56 -3271.67 —8397.85
(2275.24) (3783.89) (7796.13)
(log mean body mass index 18+ years)® 19.83 333.41 870.01
(240.14) (401.00) (820.64)
Number of observations 282 282 188
Number of countries 47 47 47
R-squared 0.75 0.19 -
F test p-value 0.00 0.00 0.03
Arellano-Bond test for AR (1) p-value - - 0.04
Arellano-Bond test for AR (2) p-value - - 0.71
Hansen test p-value - - 0.32
Country dummies - yes -
Time dummies - yes yes
Turning points (1) - - -
(2) - - -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < (.1. All panels are balanced panels with one observation per five
years and per country. The dependent variable is the gross domestic savings (percent of GDP). Column (3) is difference GMM estimation. Turning
point is not estimated for coefficients less than10% significance level in a Column.

Hansen J tests indicate that over-identification restrictions fail to be rejected at 10%
or higher significance level, providing evidence that set of instruments is appropriate

at the given significance level.
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Table 5.10a

Long-Difference Estimations for the Association between Gross Domestic Savings and Mean
Body Mass Index for the 1980-2009 Period

Gross domestic savings

[43] Q) 3) ) (5) (6)
OLS OLS IV (crude survival 1V (crude survival IV (crude survival IV (crude survival
probability) probability) probability, and probability, and age
age 75-79 survival  75-79 survival
probability) probability)
lagged gross domestic savings 0.85%%+ 0.80%** 0.85%%* 0.8]%*=* 0.85%%* 0.82%%*
(0.07) (0.07) (0.07)y (0.07) (0.07) (0.06)
log mean body mass index 18+ years 15.70 546.00%+* 41.97 532.60 37.79 386.45%
(16.77) (191.00) (44.94) (337.63) (37.73) (199.68)
(log mean body mass index 18+ years)® - —85.12%%% - —82.88 - —60.49%
(30.40) (52.70) (33.44)
Number of observations 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47
R-squared 0.77 0.79 0.76 0.79 0.76 0.79
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test statistic - - 14.11 8.13 829 7.63
Endogeneity test p-value - - 0.48 0.997 0.48 0.58
Hansen J statistic - - eeld. eei. 0.81 0.91
C (2nd polynomial) RESET test p-value 0.23 0.43 0.18 0.50 0.18 0.53
C (3rd polynomial) RESET test p-value 031 0.26 031 0.35 0.30 0.29
Turning points - 24.71 - - 24.39

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1980
and 2009. The dependent variable is the gross domestic savings (percent of GDP). Lagged gross domestic savings (percent of GDP) includes two observations by country for the years 1980
and 2005. In Column (3) log crude survival probability, and in Column (4) log crude survival probability, and its squared value are used as the instrumental variables. In Column (5) log crude
survival probability, and log age 75-79 al probability, and in Column (6) log crude survival probability, and log age 75-79 survival probability, and their squared values are used as
instrumental variables. In Hansen J stal "equation exactly identified” term is represented by the term C (GMM-distance) RESET test uses Pesaran-Smith optimal forecast
values. In (3), Stock-Yogo weak 1D test critical value is 16.38. In (4), Stock-Yogo weak 1D test critical value is 7.03. In (5), Stock-Yogo weak ID test critical value is 19.93. In (6), Stock-
Yogo weak ID test critical value is 11.04. Turning point is estimated for coeflicients at 10% or better significance level in a Column. Mean turning point of the estimations in (2), and (6)
Columns is 24.55

The endogeneity test of LE fails to be rejected (Table 5.10a; Table 5.10b) at 10% or
higher significance level. Thus, the OLS gives consistent and relatively more

efficient estimates.

5.7.2. Estimation Results for the 1980-2009 Period

Results pertaining the estimation of linear specification (Model 3.2.10) for the 1980-
2009 period are given in Columns (1), (3), and (5) in Table 5.9a, and Columns (1),
(3), and (5) in Table 5.10a. In linear specification in this model, the > and a3 are
restricted to be zero. Column (1) in Table 5.9a shows the coefficient of In LE, which
was found negative at 1% or higher significance level. In addition, in Columns (3),
(5) in Table 5.9a and in Columns (1), (3), and (5) in Table 5.10a, the coefficient of In

LE was found insignificant.

171



Table 5.10b

Long-Difference Estimations for the Association between Gross Domestic Savings and Mean
Body Mass Index for the 1980-2009 Period

Gross domestic savings

(1) (2) (3)
OLS IV (crude survival IV (crude survival probability, and
probability) age 75-79 survival probability)
lagged gross domestic savings 0.80%** 0.82%** 0.82%+*
(0.07) (0.10) (0.07)
log mean body mass index 18+ years 4565.95 15092.52 18704.16
(6763.42) (72565.06) (21350.49)
(log mean body mass index 18+ yearsf®  —1366.73 —=4770.99 =5929.12
(2167.33) (23403.75) (6851.12)
(log mean body mass index 18+ years)®  136.09 502.84 626.40
(231.09) (2513.91) (732.64)
Number of observations 47 47 47
Number of countries 47 47 47
R-squared 0.79 0.78 0.77
F test p-value 0.00 0.00 0.00
Weak identification test statistic - 0.07 0.98
Endogeneity test p-value - 0.97 0.58
Hansen J statistic - e.e.l 0.84
€ (3rd polynomial) RESET test p-value  0.21 0.20 034
€ (4rd polynomial) RESET test p-value  0.37 0.36 0.53
Turning points (1) - - -
(2) -

Notes: Robust standard crrors (SE)s in parentheses. *** p < 0,01, ** 5 < 0.05, * p < 0.1. All Columns are long-difference estimations with twa observations by country for the years 1980 and 2009,
The dependent variable is the gross domestic savings (percent of GDP). Lagged gross domestic savings (percent of GDP) includes twa observations by country for the years 1980 and 2005. In in
Column (2) log crude survival probability, its squared, and cubed values are used as the instrumental variables. In Column (3) log crude survival probability, and log age 75-79 survival probability,
and their squared, and cubed values are used as instrumental variables. In Hansen J statistic, "equation exactly identified” term is represented by the term as "e.ei” C (GMM-distance) RESET test
uses Pesaran-Smith optimal forecast values. In (2), Stock-Yogo weak 1D test eritical value is not available. In (3), Stock-Yogo weak ID test critical value is 12.20. Tuming point is not estimated for
cocfficients less than 10% significance level in a Column.

Estimation of quadratic specification by the Model (3.2.10) for the 1980-2009 period
are presented in Columns (2), (4), and (6) in Table 5.9a, and Columns (2), (4), and
(6) in Table 5.10a. Here the a3 is restricted to be zero. The coefficients of the linear
and the quadratic terms were found to be both significantly different from “0” at 10%
or higher significance level, and they are positive and negative, respectively, as
shown in Columns (4), (6) in Table 5.9a, and Columns (2) and (6) in Table 5.10a.

The estimated turning points are within the range of 24.39-26.16 kg/m? in these
Columns. In addition, the coefficients of the linear and the quadratic terms were
found insignificant (Column 2 in Table 5.9a; Column 4 in Table 5.10a.) Thus, the
quadratic functional specification estimation results suggest a non-monotonic and
inverse U-shaped association between gross domestic savings and BMI for the 1980-

2009 period.

In cubic specification for the 1980-2009 period, Columns (1), (2), and (3) in Table
5.9b, Columns (1), (2), and (3) in Table 5.10b report the estimation results of the
Model (3.2.10). The coefficients of the linear, the quadratic, and the cubic terms are

insignificant in these Columns.
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5.8. Conclusions

This study examines the effects of BMI on GDP per capita, years of schooling
(human capital), GDP per person engaged, manufacturing value added per person
engaged (productivity), and gross domestic savings for the 1980-2009 period. The
empirical results are generally in agreement with findings related to GDP per capita-
LE association. There are non-linear and non-monotonic associations between all
dependent variables and BMI. These findings support our assumption concerning the
impact of BMI as a human physiological function on LE via aging. This can also be
observed in these empirical results. To conclude, the empirical findings of the
present study yield significant evidence that healthy mean population BMI level
secures economic development by promoting savings. The following section presents

detailed concluding remarks about the effects of BMI on all dependent variables.

5.8.1. Economic Growth

In linear specification, the coefficient of BMI is positive at 5% or higher significance
level. In addition, in quadratic specification, the coefficients of the linear and the
quadratic terms are both significantly different from “0” at 5% or higher significance
level, and they are positive and negative, respectively. The estimated turning points
in quadratic specification are within the range of 24.51-28.61 kilogram/square meter
(kg/m?). Also, in cubic specification, the coefficients of the linear, the quadratic, and
the cubic terms are significantly different from “0” at 5% or higher significance
level, and they are negative, positive, and negative, respectively. This association is
first convex-, and, then concave-shaped. In the latter, the estimated turning point-1 is
19.88 kg/m?; and the turning point-2 is 25.93 kg/m?. Hence, our cubic functional
specification estimation results suggest that first there is a convex-, and, then
concave-shaped association between GDP per capita and BMI for the 1980-2009
period.
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5.8.2. Human Capital

In linear specification, the coefficient of BMI was found positive at 5% significance
level. In quadratic specification, on the other hand, the coefficients of the linear and
the quadratic terms were both found significantly different from “0” at 10% or higher
significance level, and they are positive and negative, respectively. The estimated
turning points in quadratic specification are within the range of 23.13-29.77 kg/m>.
Hence, the quadratic functional specification estimation results in the present study
suggest that there is a non-monotonic and inverse U-shaped association between
years of schooling and BMI for the 1980-2009 period. Also, cubic specification
produced insignificant coefficients of the linear, quadratic, and cubic terms for the

association between years of schooling and BMI for the 1980-2009 period.

5.8.3. GDP per Person Engaged

The coefficient of BMI for the linear specification was observed to be positive at 5%
or higher significance level. For the quadratic specification, the coefficients of both
the linear and the quadratic terms were found significantly different from “0” at 5%
or higher significance level, and they are positive and negative, respectively. For the
quadratic specification, the estimated turning points are within the range of 24.62-
27.69 kg/m?. Also, in cubic specification, the coefficients of the linear, the quadratic,
and the cubic terms are significantly different from “0” at 10% or higher significance
level, and they are negative, positive, and negative, respectively. The association is
first convex-, and, then concave-shaped. In the convex-concave-shaped association,
the estimated turning point-1 is 20.03 kg/m?; and turning point-2 is 24.78 kg/m.
Hence, the cubic functional specification estimation results suggest that there is first
a convex-, and, then concave-shaped association between GDP per person engaged

and BMI for the 1980-2009 period.
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5.8.4. Productivity

The BMI coefficient in the linear specification was found positive at 10% or higher
significance level. For quadratic specification, the coefficients of both the linear and
the quadratic terms are significantly different from “0” at 5% or higher significance
level, and they are positive and negative, respectively. For the quadratic
specification, the estimated turning points are within the range of 21.07-28.90 kg/m?.
Also, in cubic specification, the coefficients of the linear, the quadratic, and the cubic
terms are significantly different from “0” at 5% or higher significance level, and they
are negative, positive, and negative, respectively. The association is first convex-,
and then concave- shaped. In the latter, the estimated turning point-1 is 20.75 kg/m?;
and turning point-2 is 23.11 kg/m?. Hence, the cubic functional specification
estimation results suggest that first there is a convex-, and then concave-shaped

association between productivity and BMI for the 1980-2009 period.

5.8.5. Gross Domestic Savings

The coefficient of BMI in the linear specification was found negative at 1%
significance level. In addition, in quadratic specification, the coefficients of both the
linear and the quadratic terms are significantly different from “0” at 10% or higher
significance level, and they are positive and negative, respectively. For the quadratic
specification, the estimated turning points are within the range of 24.39-26.16 kg/m?.
Hence, the quadratic functional specification estimation results suggest that there is a
non-monotonic and inverse U-shaped association between gross domestic savings
and BMI for the 1980-2009 period. Also, the cubic specification produced
insignificant coefficients of the linear, the quadratic, and the cubic terms as regards

association between gross domestic savings and BMI for the 1980-2009 period.
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CHAPTER 6

THE IMPACT OF SYSTOLIC BLOOD PRESSURE (SBP) ON ECONOMIC
GROWTH, HUMAN CAPITAL, GROSS DOMESTIC PRODUCT (GDP) PER
PERSON ENGAGED, PRODUCTIVITY AND GROSS DOMESTIC SAVINGS

6.1. Introduction

The effect of SBP has not yet been investigated in the literature. The association
between wealth and health has been analyzed within different dimensions of proxy
variables for wealth and health. However, the previous studies have not utilized SBP
as a proxy variable for health. This study intended to investigate the effect of SBP on
GDP per capita depending on the empirical specifications in Chapter 3 derived from
Azomahou et al. (2009). We use balanced panel of 47 countries for the 1980-2009
period only due to data limitations. The quadratic specification confirms the non-
linear and non-monotonic association between GDP per capita and SBP. It clearly

revealed an inverse U-shaped association between GDP per capita and SBP.

The study also focuses on the connection between years of schooling (human
capital), GDP per person engaged, manufacturing value added per person engaged
(productivity), gross domestic savings, and SBP by using the empirical specifications
in Chapter 3. Thus, other quadratic functional specification estimation results suggest
that there is a non-monotonic and inverse U-shaped association between all other

dependent variables and SBP for the 1980-2009 period.

In cubic specification, the linear term was observed to be omitted. The coefficients of
the quadratic, and the cubic terms are significantly different from “0”, and they are
positive, and negative respectively for the association between GDP per capita and

SBP. Hence, it was asserted that cubic specification estimation results share the same
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findings with quadratic specification estimations of the association between GDP per
capita and SBP for the 1980-2009 period. This is also valid between human capital

and SBP in cubic specification.

The other cubic functional specification estimation results suggest that there is first a
convex-, and, then concave-shaped association between GDP per person engaged
and SBP, and productivity and SBP for the 1980-2009 period. For the association
between gross domestic savings and SBP, the coefficients of the linear, the quadratic,
and the cubic terms turned out to be insignificant. As a conclusion, the empirical
findings offer remarkable evidence that healthy mean population SBP level sustains

economic development by means of fostering savings.

6.2. Literature Review

Fogel (1994) suggests that there is a thermodynamic and physiological basis of
economic development. There are long lags between socioeconomic, biomedical, and
environmental investments and their returns to economic growth. For example,
Britain and other OECD countries made investments in 1910 to receive benefits in
1980. Because of these long lags, making judgements based on the association
between socioeconomic, biomedical, and environmental investments and economic

growth within these short periods becomes paradoxical.

According to Fogel (1994), the crisis and challenges of globalization should be
handled by long-term approaches, strategies, and implications. Even today, humanity
has not yet got rid of three hundred years old problems, such as hunger and
premature death. Without long-term approaches and true dedication of policymakers,
humanity cannot effectively handle physiological challenges to reduce chronic

diseases and increase longevity for long-run economic growth.

Kim et al. (1997) claim that Onchocercal Skin Disease (OSD) has significant effects

on productivity of plantation labors. Indeed, perpetual labors lose their daily earnings
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by about 10-15 percent due to OSD. It affects productivity of terrestrial workers,

driving them towards other employment options and daily plantation works.

Schultz and Tansel (1997) investigate the impact of disease on labor productivity.
Based on self-reports of participants, they find that disability days of wage earners
and self-employed people decrease earnings by 10 percent or more and hours by at
least 3 percent. Rivera and Currais (1999) claim that health provides a significantly
positive increment in economic growth. They observe that health and economic

growth interact closely.

McCarthy et al (2000) investigate the malaria morbidity effect on economic growth.
They find that there is an important climate effect on malaria increment. Another
important finding is that malaria negatively affects economic development,

decreasing per capita growth by 0.25 percent.

Parker (2000, 71-110), Cortez (2000, 189-218), Savedoff and Schultz (2000,1-34),
Ribero and Nunez (2000,111-150), Murrugarra and Valdivia (2000,151-188), and
Ferrando et al. (2000,219-245) examine the effect of well-being on labor productivity
and earnings. The main finding of these studies is that well-being has a remarkable
impact on labor productivity and earnings depending on its status. Morbidity reduces
both labor productivity and wages. Poor health status averts people from contributing
to employment and having earnings. From this perspective, it also increases poverty

in society especially among the elderly.

Arora (2001), whose focus dates back to about 100 to 125 years from today,
examines the association between well-being and economic growth rate for
industrialized countries, and suggests that improvement in health status elevates
long-term economic growth by 30 to 40 percent. Mainly, the infrastructural
investments in public health, manufacturing improvements in nutrients, and medical
advances in the theory of infectious diseases lead to these positive results for

economic growth.

178



Some models that investigate the impact of well-being on economic growth are
provided by Van Zon and Muysken (2001). They find different results depending on
whether LE is an internality or externality. The impact of health status on economic
growth rate changes between being against economic growth and complementing

economic growth.

Weil (2005) develops methodologies with improved efficiency of estimates to
investigate the association between health status inputs and individual income. He
manages to decrease log GDP per worker variance by nearly 10 percent. He finds

that health is a significant variable influencing individual income.

Erdil and Yetkiner (2009) investigate the Granger-causality association between per
capita spending of health and per capita output by using macro panel of 75 countries
for the period 1990-2000. They find that there is common bidirectional Granger-
causality between spending of health and output. There are also two different one-
way causality association between spending of health and output depending on
income levels. For high-income countries, one-way causality is running from health

to output. For other countries, the causal direction follows a reverse path.

Bleakley, (2010) finds that health in childhood leads to other human capital
structures in economics. Also, health issues in adulthood reduce labor productivity.
According to Bleakley, health intervention is not a panacea for all problems in any
economy. However, it provides cost/benefit testable morbidity control options and

thus enhance economic growth.

Wang and Zou (2011) demonstrate that different balance growth can occur in
economy with a minimum consumption specification in the health generation
equation. This explains the existence of poverty trap in real economies i.e., high-
income countries have higher capital, better health and higher consumption than low-

income countries. Improving the technology level in low-income economies and
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enhancing health of citizens may play a pivotal role in eliminating the poverty trap in
low-income countries. Zang (2018) indicates that deceleration in economic growth
may stem from health status. Economic growth may vanish for economies with

decreased health status, productivity in health-sector, or output.

6.3. Estimation Results for Economic Growth

6.3.1. Diagnostics for the 1980-2009 Period

For GMM estimations, seen in Columns (5) and (6) of Table 6.1a, and in Column (3)
of Table 6.1b, Arellano-Bond AR (1) test rejects Ho at 5% or higher significance
level, but AR (2) test does not. These results satisfy the Arellano-Bond estimation
assumptions stated in Chapter 2, increasing the efficiency of estimation. In addition,
Hansen tests indicate that over-identification restrictions fail to be rejected at 10% or

higher significance level. It hints that the instrument set is valid.

As shown in Table 6.2a and Table 6.2b, the RESET test indicates that Ho fails to be
rejected at 5% or higher significance level. It indicates that, in Table 6.2a and Table

6.2b, there is no functional form misspecification.

Table 6.1a

The Association between GDP per Capita and Mean Systolic Blood Pressure for the 1980-
2009 Period

log GDP per capita

) (2) (3) (4) (5) (6)
OLS OLS FE (within) FE (within) GMM (Arellano- GMM (Arellano-
Bond) Bond)
lagged log GDP per capita - - - - 0.65%%* =1.90
(0.09) (1.29)
log mean systolic blood pressure 25+ years 13.71%%* 181.65 5.11%*=* 289.58*% 3.03%** 4429.73**
(1.54) (458.05) (1.15) (156.34) (0.63) (1838.08)
(log mean systolic blood pressure 25+ years)® - -17.29 - =29.30% - —455.77**
(47.06) (16.13) (189.64)
Number of observations 329 329 329 329 235 235
Number of countries 47 47 47 47 47 47
R-squared 0.19 0.19 0.67 0.68 - -
F test p-value 0.00 0.00 0.00 0.00 0.00 0.02
Arellano-Bond test for AR (1) p-value - - - - 0.00 0.02
Arellano-Bond test for AR (2) p-value - - - - 0.36 0.10
Hansen test p-value - - 0.16 0.36
Country dummies - - yes yes - -
Time dummies - - yes yes yes yes
Turning points - - 140.11 128.98

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced pancls with one observation per five years and per country. The dependent
variable is the log GDP per capita. Column (5) and (6) are difference GMM estimations. Turning point is estimated for coefficients at 10% or better significance level in a Column. Mean
turning point of the estimations in (4), and (6) Columns is 134.55.

The instrumental variables are crude survival, and age 75-79 survival probabilities.

All these instruments and their squared and cubed values are valid instruments
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according to the weak identification test statistic. Columns (5), (6) in Table 6.2a and
Column (3) in Table 6.2b are exempt as they satisfy the rule of thumb that F statistics
of the first stage should be over ten (Staiger and Stock (1997). At the same time,
weak identification test in Column (2) in Table 6.2b is not over 10% maximal IV size
according to Stock and Yogo (2005) critical values. This test result decreases the

validity of the instruments in this Column.

Table 6.1b

The Association between GDP per Capita and Mean Systolic Blood Pressure for the 1980-
2009 Period

log GDP
(8)] (2) 3)
OLS FE (within) GMM (Arellano-Bond)
lagged log GDP - - 0.42%%=*
(0.08)
log mean systolic blood pressure 25+ years (omitted) =29403.74 (omitted)
(22855.82)
(log mean systolic blood pressure 25+ years)* 21.16 6078.44 14.32
(46.99) (4693.76) (9.39)
(log mean systolic blood pressure 25+ years)® —2.71 —418.76 -1.91
(6.44) (321.29) (1.29)
Number of observations 329 329 235
Number of countries 47 47 47
R-squared 0.19 0.69 -
F test p-value 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - 0.02
Arellano-Bond test for AR (2) p-value - - 0.53
Hansen test p-value - - 0.39
Country dummies - yes -
Time dummies - yes yes
Turning points (1) - - -
(2) - -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per five
years and per country. GDP is GDP per capita. The dependent variable is the log GDP per capita. Column (3) is difference GMM estimation. Turning
point is not estimated for coefficients less than 10% significance level in a Column.

Hansen J tests indicate that over-identification restrictions fail to be rejected at 5% or
higher significance level. That is, instruments are appropriate at the given

significance level.
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Table 6.2a

Long-Difference Estimations for the Association between GDP per Capita and Mean
Systolic Blood Pressure for the 1980-2009 Period

log GDP per capita

() (2) 3) 4) (5) (6)

OLS OLS IV (crude IV (crude 1V (crude survival IV (crude survival
survival survival probability, and probability, and age
probability) probability) age 75-79 survival 75-79 survival

probability) probability)

log mean systolic blood pressure 25+ years 4.71%==* 220.84 =279 1772.98* =331 1095.46

(1.35) (207.67) (4.86) (928.47) (4.61) (861.13)
(log mean systolic blood pressure 25+ years)® - -22.23 - —182.65% - -112.14

(21.38) (95.64) (88.66)

Number of observations 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47
R-squared 0.15 0.17 =0.23 =0.96 =0.29 =0.08
F test p-value 0.00 0.00 0.58 0.19 0.49 0.00
Weak identification test statistic - - 18.17 8.77 11.89 7.42
Endogeneity test p-value - - 0.06 0.06 0.03 0.11
Hansen J statistic - - e.el eel 0.85 0.12
C (2nd polynomial) RESET test p-value 0.06 0.06 0.34 0.90 0.11 0.18
C (3rd polynomial) RESET test p-value 0.11 0.16 0.60 0.11 0.24 0.35
Turning points - - - 128.19 - -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years
1980 and 2009. GDP is GDP per capita. The dependent variable is the log GDP per capita. In Column (3) log crude survival probability, and in Column (4) log crude survival
probability, and its squared value are used as the instrumental variables. In Column (5) log crude survival probability, and log age 75-79 survival probability, and in Column (6) log
crude survival probability, and log age 75-79 survival probability, and their squared values are used as instrumental variables. In Hansen J statistic, "equation exactly identified” term is
represented by the term as "e.e.i.” C (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. In (3), Stock-Yogo weak ID test critical value is 16.38. In (4), Stock-Yogo
weak ID test critical value is 7.03. In (5), Stock-Yogo weak ID test critical value is 19.93. In (6), Stock-Yogo weak ID test critical value is 11.04. Tuming point is estimated for
cocfTicients at 10% or better significance level in a Column.

The endogeneity test of LE fails to be rejected in Table 6.2a and Table 6.2b at 5%

significance level by excluding Column (5) in Table 6.2a. Thus, the OLS gives

consistent and relatively more efficient estimates.

Table 6.2b

Long-Difference Estimations for the Association between GDP per Capita and Mean
Systolic Blood Pressure for the 1980-2009 Period

log GDP
) ) [0}
0OLS 1V (crude survival probability) IV (crude survival probability, and
age 75-79 survival probability)
log mean systolic blood pressure 25+ years =43727.99 (omitted) (omitted)
(44201.67)
(log mean systolic blood pressure 25+ years)*  9016.15 201.35%* 77.54
(9077.22) 94.31) (92.21)
(log mean systolic blood pressure 25+ years)®  —619.58 =27.66%* -10.57
(621.34) (12.96) (12.66)
Number of observations 47 47 47
Number of countries 47 47 47
R-squared 0.19 -1.18 0.08
F test p-value 0.09 0.13 0.02
Weak identification test statistic - 6.55 8.91
Endogeneity test p-value - 0.05 0.17
Hansen J statistic - eel 0.09
C (3rd polynomial) RESET test p-value 0.17 0.14 0.58
C (4rd polynomial) RESET test p-value 0.14 0.19 nr.
Turning points (1) - 128.25 -

(2) - - ,

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the
years 1980 and 2009. GDP is GDP per capita. The dependent variable is the log GDP per capita. In Column (2) squared, and cubed values of log crude survival probability are
used as the instrumental variables. In Column (3) squared, and cubed values of log crude survival probability and log age 75-79 survival probability are used as the instrumental
variables. In Hansen J statistic, "equation exactly identified" term is represented by the term as "e.e.i.” C (GMM-distance) RESET test uses Pesaran-Smith optimal forecast
values. “n.r.” means that “not reported™ by the test. In (2), Stock-Yogo weak ID test critical value is 7.03. In (3), Stock-Yogo weak ID test critical value is 11.04. Turning point is
estimated for coefficients at 10% or better significance level in a Column.
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6.3.2. Estimation Results for the 1980-2009 Period

Estimation results of linear specification obtained by Model (3.2.11) for the 1980-
2009 period are reported in Columns (1), (3) and (5) in Table 6.1a and Columns (1),
(3), and (5) in Table 6.2a. In linear specification model (3.2.11), the a» and a3 are
restricted to be zero. The coefficient of In LE is positive at 1% significance level as
can be seen in Columns (1), (3) and (5) in Table 6.1a and Column (1) in Table 6.2a.
In addition, the coefficient of In LE is insignificant in Column (3), and (5) in Table

6.2a.

The estimation results of quadratic specification by Model (3.2.11) for the 1980-2009
period are in Columns (2), (4), and (6) in Table 6.1a, Columns (2), (4), and (6) in
Table 6.2a In this model, the a3 is restricted to be zero. The coefficients of both the
linear and the quadratic terms are significantly different from “0” at 10% or higher
significance level, and they are positive and negative, respectively in Columns (4),

and (6) in Table 6.1a, Column (4) in Table 6.2a.

As can be seen in these columns, the estimated turning points® are within the range
of 128.19-140.11 mm Hg. Also, the coefficients of the linear and the quadratic terms
were found insignificant in Columns (2) in Table 6.1a, in Columns (2), and (6) in
Table 6.2a. Thus, our quadratic functional specification estimation results suggest
that there is a non-monotonic and inverse U-shaped association between GDP per

capita and SBP for the 1980-2009 period.

The estimation results cubic specification by Model (3.2.11) for the 1980-2009
period are presented in Columns (1), (2), and (3) in Table 6.1b and Columns (1), (2),
and (3) in Table 6.2b of the. The linear term is observed to be omitted. The

coefficients of the quadratic, and the cubic terms are significantly different from “0”

B

2B,

).

8 Quadratic specification turning point (7P) is estimated by following formula: TP = exp (
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at 1% significance level, and they are positive and negative, respectively, in Column

(2) in Table 6.1b.

The turning point® is 128.25 mm Hg. In addition, the coefficients of the linear, the
quadratic, and the cubic terms were insignificant in Columns (1), (2) in Table 6.1b,
in Columns (1), and (3) in Table 6.2b. Hence, cubic specification estimation results
reveal the same findings with quadratic specification estimations of the association

between GDP per capita and SBP for the 1980-2009 period.

6.4. Estimation Results for Human Capital

6.4.1. Diagnostics for the 1980-2009 Period

For GMM estimations shown in Columns (5) and (6) of Table 6.3a and in Column
(3) of Table 6.3b, Arellano-Bond AR (1) test rejects Ho at 5% or higher significance
level, but AR (2) test does not. These results satisfy Arellano-Bond estimation
assumptions stated in Chapter 2, increasing the efficiency of estimation. In addition,
Hansen tests indicate that over-identification restrictions fail to be rejected at 10% or

higher significance level. It hints that instrument set is valid.

As can be seen in Table 6.4a and Table 6.4b, the RESET test indicates that Hy fails to
be rejected at 10% or higher significance level. This indicates that in Table 6.4a, and

Table 6.4b, there is no functional form misspecification.

The instrumental variables are crude survival, and age 75-79 survival probabilities.
All these instruments, their squared, and cubed values are valid instruments
according to the weak identification test statistic, yet this exempts Columns (5), (6)
in Table 6.2a and Columns (2), (3) in Table 6.2b as only Columns (5), (6) in Table
6.2a, and Column (3) in Table 6.2b satisfy the rule of thumb that F statistics of the

° Cubic specification turning points (TPs) are estimated by using general mathematical formula: % (G3X3 +

B,x% + Bix + constant), then, TPs (1,2) = exp <(—(2[§2) + J(ZBZ)Z - 4(33361)) / (2(333))>
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first stage should be over ten (Staiger and Stock, 1997). On the other hand, weak
identification test value shown in Column (2) in Table 6.2b is not over 10% maximal
IV size according to Stock and Yogo (2005) critical values. This test result decreases

the validity of the instruments in this Column.

Table 6.3a

The Association between Years of Schooling and Mean Systolic Blood Pressure for the 1980-
2009 Period

log years of schooling

()] 2) 3) (4) (5) (6)
OLS OLS FE (within) FE (within) GMM (Arellano- GMM (Arellano-
Bond) Bond)
lagged log years of schooling - - - - 0.27** 0.20%*%
(0.11) (0.09)
log mean systolic blood pressure 25+ years 2.76%** 425.72%% 3.82%%* 160.52* 5.36%%% 468.54%=*
(0.73) (194.41) (0.76) (82.53) (0.98) (144.70)
(log mean systolic blood pressure 25+ years)® - —43.54%+ - -16.14% - —47.90%*+
(19.97) (8.51) (14.91)
Number of observations 329 329 329 329 235 235
Number of countries 47 47 47 47 47 47
R-squared 0.05 0.07 0.81 0.81 - -
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - - - 0.01 0.02
Arellano-Bond test for AR (2) p-value - - - 0.74 0.36
Hansen test p-value - - - - 0.38 0.24
Country dummies - yes yes - -
Time dummies - - yes yes yes yes
Turning points - 132.74 - 144.54 - 133.07

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per five years and per country. The dependent
variable is the log years of schooling. Column (5) and (6) are difference GMM estimations. Turning point is estimated for coefficients at 10% or better significance level in a Column. Mean
turning point of the estimations in (4), and (6) Columns is 136.78.

Hansen J tests indicate that over-identification restrictions fail to be rejected at 10%

significance level, so the set of instruments is valid at the given significance level.

Table 6.3b

The Association between Years of Schooling and Mean Systolic Blood Pressure for the 1980-
2009 Period

log vears of schooling

0 63} &3]
OLS FE (within) GMM (Arellano-Bond)

first lagged log years of schooling - - -

second lagged log years of schooling - - 0.21

(0.13)
log mean systolic blood pressure 25+ years (omitted) 2993.53 (omitted)
(9649.6)

(log mean systolic blood pressure 25+ years)* 44.23%= —598.87 46.42%%*
(19.95) (1981.45) (16.79)

(log mean systolic blood pressure 25+ years)* =6.03%% 39.95 —6.32% %
(2.73) (135.62) (2.30)

Number of observations 329 329 188

Number of countries 47 47 47

R-squared 0.07 0.81 -

F test p-value 0.00 0.12 0.00

Arellano-Bond test for AR (1) p-value - - 0.01

Arellano-Bond test for AR (2) p-value - - 0.44

Hansen test p-value - - 0.29

Country dummies - yes -

Time dummies - yes yes

Turning points (1) 132.72 - 133.65

(2) - - -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < (.05, * p < 0.1. All panels are balanced panels with one observation per five years and per country.
The dependent variable is the log years of schooling. Column (3) is difference GMM estimation. Turning point is estimated for coefficients at 10% or better significance level
in a Column.
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Table 6.4a

Long-Difference Estimations for the Association between Years of Schooling and Mean
Systolic Blood Pressure for the 1980-2009 Period

log year of schooling

(1) (2) (3) (4) (5) (6)
0OLS OLS 1V (crude IV (crude 1V (crude survival 1V (crude survival
survival survival probability, and probability, and age
probability) probability) age 75-79 survival 75-79 survival
probability) probability)
log mean systolic blood pressure 25+ years | 4.72%+% 280.22%%+ PRy 330.53 TATH 43491
(0.80) (93.16) (1.54) (342.51) (1.36) (280.53)
(log mean systolic blood pressure 25+ years)* - —28.34%%* - =34.07 - —45.10
(9.59) (35.24) (28.82)
Number of observations 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47
R-squared 0.43 0.50 0.18 0.24 0.28 0.42
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test statistic - - 18.17 8.77 11.89 742
Endogeneity test p-value - - 0.02 0.04 0.03 0.13
Hansen J statistic - - eed. e.e.i. 0.18 0.24
C (2nd polynomial) RESET test p-value 0.65 0.57 0.995 0.71 0.61 0.32
C (3rd polynomial) RESET test p-value 0.85 0.85 0.91 0.89 0.58 0.45
Turning points - 140.28 - - - -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1980
and 2009. The dependent variable is the log years of schooling. In Column (3) log crude survival probability, and in Column (4) log crude survival probability, and its squared value are
used as the instrumental variables. In Column (5) log crude survival probability, and log age 75-79 survival probability, and in Column (6) log crude survival probability, and log age 75-
79 survival probability, and their squared values are used as instrumental variables. In Hansen J statistic, "equation exactly identified" term is represented by the term as "e.e.i.” C(GMM-
distance) RESET test uses Pesaran-Smith optimal forecast values. In (3), Stock-Yogo weak ID test critical value is 16.38. In (4), Stock-Yogo weak ID test critical value is 7.03. In (5),
Stock-Yogo weak ID test critical value is 19.93. In (6), Stock-Yogo weak ID test critical value is 11.04. Turning point is estimated for coefficients at 10% or better significance level in a
Column.

The endogeneity test of LE fails to be rejected at 5% or higher significance level as
shown in Columns (6) in Table 6.4a and Column (3) in Table 6.4b. Thus, the OLS
gives consistent and relatively more efficient estimates. The endogeneity test of LE
rejects at 5% or higher significance level in Columns (3), (4), (5) in Table 6.4a, and
in Column (2) in Table 6.4b.

Table 6.4b

Long-Difference Estimations for the Association between Years of Schooling and Mean
Systolic Blood Pressure for the 1980-2009 Period

log years of schooling

(1) (2) )
OLS 1V (crude survival probability) IV (crude survival probability, and
age 75-79 survival probability)
log mean systolic blood pressure 25+ years 20919.92% (omitted) (omitted)
(12035.18)
(log mean systolic blood pressure 25+ years)*  —4273.04*% 35.67 49.26%
(2473.26) (35.79) (27.09)
(log mean systolic blood pressure 25+ years)®  290.97* —4.77 —6.66%
(169.41) (4.91) (3.71)
Number of observations 47 47 47
Number of countries 47 47 47
R-squared 0.51 0.23 0.37
F test p-value 0.00 0.00 0.00
Weak identification test statistic - 6.55 8.91
Endogeneity test p-value - 0.04 0.09
Hansen J statistic - eeld 0.41
€ (3rd polynomial) RESET test p-value 0.33 0.85 0.28
C (4rd polynomial) RESET test p-value 0.53 0.80 0.21
Turning points (1) d.lz - 138.62

@ - - -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the
vears 1980 and 2009. The dependent variable is the log vears of schooling. In Column (2) squared, and cubed values of log crude survival probability are used as the
instrumental variables. In Column (3) squared, and cubed values of log crude survival probability and log age 75-79 survival probability are used as the instrumental variables.
In Hansen J statistic, "equation exactly identified” term is represented by the term as "e.e.i." € (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. In (2),
Stock-Yogo weak ID test critical value is 7.03. In (3), Stock-Yogo weak ID test critical value is 11.04. Turning point is estimated for coefficients at 10% or better significance
level in a Column. “d.l.z.” means that “the discriminant is less than zero.”
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6.4.2. Estimation Results for the 1980-2009 Period

Estimation results of linear specification by Model (3.2.12) for the 1980-2009 period
are displayed in Columns (1), (3), and (5) in Table 6.3a and in Columns (1), (3), and
(5) in Table 6.4a. In this linear specification model, the a> and a3 are restricted to be
zero. The coefficient of In LE was found positive at 1% significance level as can be

seen in all these Columns in Table 6.3a and Table 6.4a.

The estimation results of quadratic specification by Model (3.2.12) for the 1980-2009
period are presented in Columns (2), (4), and (6) in Table 6.3a and Columns (2), (4),
and (6) in Table 6.4a. Note that the a3 is restricted to be zero. The coefficients of
both the linear and the quadratic terms were significantly different from “0” at 10%
significance level, and they are positive and negative respectively as shown in

Columns (2), (4), and (6) in Table 6.3a and in Column (2) in Table 6.4a.

The estimated turning points are within the range of 132.74-144.54 mm Hg in these
Columns. In addition, Columns (4) and (6) in Table 6.4a show that the coefficients of
the linear and quadratic terms are insignificant. Thus, the quadratic functional
specification estimation results point to a non-monotonic and inverse U-shaped

association between years of schooling and SBP for the 1980-2009 period.

The estimation results of cubic specification (Model 3.2.12) for the 1980-2009 period
are presented in Columns (1), (2), and (3) in Table 6.3b and in Columns (1), (2), and
(3) in Table 6.4b. It was found that the linear terms are omitted, and the coefficients
of the quadratic, and the cubic terms are significantly different from “0” at 10% or
higher significance level, and they are positive, and negative, respectively, as shown

in Column (1), (3) in Table 6.3b and in Column (3) in Table 6.4b.

The estimated turning points are within the range of 132.72-138.62 mm Hg. Also, as
can be seen in Column (1) in Table 6.4b, the coefficients of the linear, the quadratic,

and the cubic terms are significantly different from “0” at 10% significance level,
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and they are positive, negative, and positive, respectively. However, the discriminant
is less than zero in this Column. In addition, it was found that the linear terms are
omitted, and the coefficients of the quadratic, and the cubic terms are insignificant as
shown in Column (2) in Table 6.3b and in Table 6.4b. Hence, the cubic specification
estimation results share the same findings with quadratic specification estimations of

the association between years of schooling and SBP for the 1980-2009 period.

6.5. Estimation Results for GDP per Person Engaged

6.5.1. Diagnostics for the 1980-2009 Period

For GMM estimations in Columns (5) and (6) of Table 6.5a and in Column (3) of
Table 6.5b, Arellano-Bond AR (1) test rejects Ho at 5% or higher significance level,
but AR (2) test does not. These results satisfy Arellano-Bond estimation assumptions
laid out in Chapter 2, increasing the efficiency of estimation. In addition, Hansen
tests indicate that over-identification restrictions fail to be rejected at 10% or higher

significance level, pointing out that set of instruments is appropriate.

Table 6.5a

The Association between GDP per Person Engaged and Mean Systolic Blood Pressure for
the 1980-2009 Period

log GDP per person engaged

) (2) 3) (4) (5) (6)
OLS OLs FE (within) FE (within) GMM (Arellano- GMM (Arellano-
Bond) Bond)
lagged log GDP per person engaged - - - - 0.35%* 0.45%**
(0.08) (0.09)
log mean systolic blood pressure 25+ years 14.29%** 579.38 4.27%%% 467.70%* 3.99%==* 323.02%
(1.50) (442.90) (1.37) (182.38) (0.96) (188.12)
(log mean systolic blood pressure 25+ years® - -58.18 - —47.73%* - -32.83*%
(45.50) (18.78) (19.35)
Number of observations 329 329 329 329 235 235
Number of countries 47 47 47 47 47 47
R-squared 0.23 0.23 0.49 0.53 - -
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - - - 0.02 0.01
Arellano-Bond test for AR (2) p-value - - - - 0.17 0.30
Hansen test p-value - - 0.15 0.91
Country dummies - - yes yes - -
Time dummies - - yes yes yes yes
Turning points - 134.28 - 136.95

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** pp < 0.05, * p < 0.1. All pancls are balanced panels with one observation per five years and per country. The dependent
variable is the log GDP per person engaged. Column (5) and (6) are difference GMM estimations. Turning point is estimated for coefficients at 10% or better significance level in a
Column. Mean turning point of the estimations in (4), and (6) Columns is 135.62.
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As can be seen in Table 6.6a and Table 6.6b, the RESET test indicates that Ho fails to
be rejected at 5% significance level. It demonstrates that there is no functional form

misspecification.

Table 6.5b

The Association between GDP per Person Engaged and Mean Systolic Blood Pressure for
the 1980-2009 Period

log GDP per person engaged

[0 @ 3)
OLS FE (within) GMM (Arellano-Bond)
lagged log GDP per person engaged - - 0.44%%*
(0.08)
log mean systolic blood pressure 25+ years (omitted) —42019.48% (omitted)
(24347.95)
(log mean systolic blood pressure 25+ years)* 61.87 8691.63* 38.13%*%
(45.43) (4998.84) (14.69)
(log mean systolic blood pressure 25+ years)® -8.29 =599.18* —5.18%*
(6.22) (342.08) (2.02)
Number of observations 329 329
Number of countries 47 47
R-squared 0.23 0.55 -
F test p-value 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - 0.04
Arellano-Bond test for AR (2) p-value - - 0.29
Hansen test p-value - 0.26
Country dummies - yes -
Time dummies - yes yes
Tuming points (1) - 118.38 134.85
2) - 133.83

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per five years and per country.
The dependent variable is the log GDP per person engaged. Column (3) is difference GMM estimation. Turning point is estimated for coefficients at 10% or better
significance level in a Column.

The instrumental variables are crude survival and age 75-79 survival probabilities.
All these instruments, their squared, and cubed values are valid instruments
according to the weak identification test statistic though Columns (5), (6) in Table
6.6a and Columns (2), (3) in Table 6.6b are exempted as only Columns (5), (6) in
Table 6.6a and Column (3) in Table 6.6b satisfy the rule of thumb that F statistics of
the first stage should be over ten (Staiger and Stock, 1997). On the other hand, weak
identification test result shown in Column (2) in Table 6.6b is not over 10% maximal
IV size according to the Stock and Yogo (2005) critical values. This test result

decreases the validity of the instruments in this Column.

Hansen J tests indicate that over-identification restrictions fail to be rejected at 5% or
higher significance level. That is, the set of instruments is appropriate at the given

significance level.
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Table 6.6a

Long-Difference Estimations for the Association between GDP per Person Engaged and
Mean Systolic Blood Pressure for the 1980-2009 Period

log GDP per person engaged

(2)]) 2) ) (4) (5) (6)

OoLS oLsS IV (crude 1V (crude 1V (crude survival 1V (crude survival
survival survival probability, and probability, and
probability) probability) age 75-79 survival age 75-79 survival

probability) probability)
log mean systolic blood pressure 25+ years 3.62%* 350.50 =4.10 2145.84%% =431 1479.03
(1.61) (236.14) (4.96) (973.40) (4.78) (942.48)
(log mean systolic blood pressure 25+ years)® - -35.68 - —221.14%% - -151.72
. (24.28) (10027) (97.03)
Number of observations 47 47 47 47 47 47
Number of countries 47 47 47 47 47 47
R-squared 0.08 0.12 =0.30 -1.22 =032 =0.27
F test p-value 0.03 0.03 042 0.11 0.38 0.02
Weak identification test statistic - - 18.17 8.77 11.89 7.42
Endogeneity test p-value - - 0.06 0.04 0.04 0.12
Hansen J statistic - - eel eel 0.94 0.13
C (2nd polynomial) RESET test p-value 0.03 0.03 0.58 0.74 0.20 0.39
C (3rd polynomial) RESET test p-value 0.03 0.06 0.82 0.14 0.42 0.69
Turning points - - - 127.98 - -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years 1980 and 2009.
The dependent variable is the log GDP per person engaged. In Column (3) log crude survival probability, and in Column (4) log crude survival probability, and its squared value arc used as the
instrumental variables. In Column (5) log crude survival probability, and log age 75-79 survival probability, and in Column (6) log crude survival probability, and log age 75-79 survival probability,
and their squared values are used as instrumental variables. In Hansen J statistic, "equation exactly identified" term is represented by the term as "e.e.i." C (GMM-distance) RESET test uses Pesaran-
Smith optimal forecast values. In (3), Stock-Yogo weak 1D test critical value is 16.38. In (4), Stock-Yogo weak ID test critical value is 7.03. In (5), Stock-Yogo weak ID test critical value is 19.93. In
(6), Stock-Yogo weak ID test critical value is 11.04. Turning point is estimated for coefficients at 10% or better significance level in a Column.

The endogeneity test of LE fails to be rejected at 5% or higher significance level in
Columns (3), (6) in Table 6.6a and in Column (3) in Table 6.6b. Thus, the OLS gives
consistent and relatively more efficient estimates. The endogeneity test of LE rejects
at 5% or higher significance level in Columns (4), (5) in Table 6.6a and in Column

(2) in Table 6.6b.

Table 6.6b

Long-Difference Estimations for the Association between GDP per Person Engaged and
Mean Systolic Blood Pressure for the 1980-2009 Period

log GDP per person engaged

(1)) (2) 3)
OLS 1V (crude survival probability) IV (crude survival probability, and
age 75-79 survival probability)
log mean systolic blood pressure 25+ years -60125.03 (omitted) (omitted)
(45429.58)
(log mean systolic blood pressure 25+ years)®  12401.54 233.45%% 109.16
(9329.92) (96.96) (100.08)
(log mean systolic blood pressure 25+ years)®  =832.56 =32.08+** =14.92
(638.67) (13.32) (13.74)
Number of observations 47 47 47
Number of countries 47 47 47
R-squared 0.16 -1.37 =0.03
F test p-value 0.02 0.08 0.05
Weak identification test statistic - 6.55 8.91
Endogeneity test p-value - 0.04 0.23
Hansen J statistic - eeld. 0.08
C (3rd polynomial) RESET test p-value 0.12 0.18 0.69
C (4rd polynomial) RESET test p-value 0.08 0.24 0.55
Turning points (1) - 128.04 -

@ - - -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years
1980 and 2009. The dependent variable is the log GDP per person engaged. In Column (2) squared, and cubed values of log crude survival probability are used as the instrumental
variables. In Column (3) squared, and cubed values of log crude survival probability and log age 75-79 survival probability are used as the instrumental variables. In Hansen J statistic,
"equation exactly identified” term is represented by the term as "e.ei.” C (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. In (2), Stock-Yogo weak ID test
critical value is 7.03. In (3), Stock-Yogo weak ID test critical value is 11.04. Tuming point is estimated for coefficients at 10% or better significance level in a Column.
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6.5.2. Estimation Results for the 1980-2009 Period

Columns (1), (3), and (5) in Table 6.5a and Columns (1), (3), and (5) in Table 6.6a
display the estimation results of linear specification by Model (3.2.13) for the 1980-
2009 period. In this model of linear specification, the a> and a3 are restricted to be
zero. The coefficient of In LE was found positive at 5% significance level as shown
in Columns (1), (3), and (5) in Table 6.5a and Column (1) in Table 6.6a. Also,
Columns (3) and (5) in Table 6.6a show that the coefficient of In LE is insignificant.

The estimation results of quadratic specification by Model (3.2.13) for the 1980-2009
period are reported in Columns (2), (4), and (6) in Table 6.5a and Columns (2), (4),
and (6) in Table 6.6a. In this model, the a3 is restricted to be zero. It was found that
the coefficients of both the linear and the quadratic terms are significantly different
from “0” at 10% or higher significance level, and they are positive and negative,
respectively as shown in Columns (4), (6) in Table 6.5a and in Column (4) in Table

6.6a.

The estimated turning points are within the range of 127.98-136.95 mm Hg in these
Columns. In addition, Columns (2) in Table 6.5a and Columns (2) and (6) in Table
6.6a show that the coefficients of the linear and quadratic terms are insignificant.
Thus, the quadratic functional specification estimation results suggest that there is a
non-monotonic and inverse U-shaped association between GDP per person engaged

and SBP for the 1980-2009 period.

Columns (1), (2), and (3) in Table 6.5b and Columns (1), (2), and (3) in Table 6.6b
report the estimation results of cubic specification for the 1980-2009 period by
Model (3.2.13). The coefficients of the linear, the quadratic, and the cubic terms
were found significantly different from “0” at 10% significance level, and they are

negative, positive, and negative, respectively as shown in Column (2) in Table 6.5b.
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The estimated turning point-1 is 118.38 mm Hg and turning point-2 is 133.83 mm
Hg in this Column. Also, it was found that the linear terms are omitted, and the
coefficients of the quadratic, and the cubic terms are significantly different from “0”
at 5% significance level, and they are positive, and negative, respectively, as shown
in Column (3) in Table 6.5b and in Column (2) in Table 6.6b. In addition, the
coefficients of the linear, the quadratic, and the cubic terms were found insignificant
in Column (1) (with omitted linear term) in Table 6.5b and in Columns (3) (with
omitted linear term) and (1) in Table 6.6b. Hence, the cubic functional specification
estimation results suggest that there is first a convex-, and then a concave-shaped

association between GDP per person engaged and SBP for the 1980-2009 period.

6.6. Estimation Results for Productivity

6.6.1. Diagnostics for the 1980-2009 Period

As for GMM estimations shown in Columns (5) and (6) of Table 6.7a and in Column
(3) of Table 6.7b, Arellano-Bond AR (1) test rejects Ho at 5% or higher significance
level, but AR (2) test does not. These results satisfy Arellano-Bond estimation
assumptions stated in Chapter 2, increasing the efficiency of estimation. In addition,
Hansen tests indicate that over-identification restrictions fail to be rejected at 10% or

higher significance level, which points out that the instrument set is valid.

Table 6.7a

The Association between Productivity and Mean Systolic Blood Pressure for the 1980-2009
Period

log productivity

(1) 2) 3) (4) (3) (6)
OLS OLS FE (within) FE (within) GMM (Arellano- GMM (Arellano-
Bond) Bond)
lagged log productivity - - - - 0.76%%* 0.36%**
(0.11) (0.10)
log mean systolic blood pressure 25+ years 16.19%%* 210.70 11.49%** 530.35% 6.22%%% 639.21*%*
(1.52) (448.31) (1.88) (275.83) (2.10) (297.90)
(log mean systolic blood pressure 25+ years)* - =20.03 - =53.43% - —64.90%*
(46.06) (28.42) (30.55)
Number of observations 329 329 329 329 235 235
Number of countries 47 47 47 47 47 47
R-squared 027 0.27 0.32 0.35 - -
F test p-value 0.00 0.00 0.00 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - - 0.01 0.02
Arellano-Bond test for AR (2) p-value - - - - 0.24 0.25
Hansen test p-value - - - - 0.34 0.29
Country dummies - - yes yes - -
Time dummies - - yes yes yes yes
Turning points - 14298 137.62

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per five years and per country. The dependent
variable is the log productivity. Column (5) and (6) are difference GMM estimations. Turning point is estimated for coefficients at 10% or better significance level in a Column. Mean
turning point of the estimations in (4), and (6) Columns is 140.30.
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As can be seen in Table 6.8a and Table 6.8b, according to the RESET test, Hy fails to
be rejected at 5% or higher significance level except for Column (1) in Table 6.8a
and in Table 6.8b. This indicates that, in Table 6.8a and Table 6.8b, there is no

functional form misspecification.

Table 6.7b

The Association between Productivity and Mean Systolic Blood Pressure for the 1980-2009
Period

log productivity

(18] (2) (3)
QLS FE (within) GMM (Arellano-Bond)
lagged log productivity - - 0.67%%*
(0.17)
log mean systolic blood pressure 25+ years (omitted) —75954.93%* (omitted)
(35972.46)
(log mean systolic blood pressure 25+ years)* 2422 15679.12%% 49.84*
(46.01) (7388.63) (26.34)
(log mean systolic blood pressure 25+ years)* =3.10 =1078.65%* —6.74%
(6.30) (505.84) (3.59)
Number of observations 329 329 235
Number of countries 47 47 47
R-squared 0.27 0.38 -
F test p-value 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - 0.02
Arellano-Bond test for AR (2) p-value - - 0.24
Hansen test p-value - - 0.22
Country dummies - yes -
Time dummies - yes yes
Turning points (1) - 118.76 138.42
2) 136.11 -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per five years and per country.
The dependent variable is the log productivity. Column (3) is difference GMM estimation. Turning point is estimated for coefficients at 10% or better significance level in a
Column.

The instrumental variables are crude survival and age 75-79 survival probabilities.
All these instruments, their squared, and cubed values are valid instruments
according to the weak identification test statistic, which exempts Columns (5), (6) in
Table 6.8a and Columns (2), (3) in Table 6.8b as only Columns (5), (6) in Table 6.8a,
and Column (3) in Table 6.8b satisfy the rule of thumb that F statistics of the first
stage should be over ten (Staiger and Stock (1997). On the other hand, weak
identification test result shown in Column (2) in Table 6.8b is not over 10% maximal
IV size according to the Stock and Yogo (2005) critical values. This test result

decreases the validity of the instruments in this Column.
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Table 6.8a

Long-Difference Estimations for the Association between Productivity and Mean Systolic

Blood Pressure for the 1980-2009 Period

&) @) &) ©
IV (crude IV (crude 1V (crude survival IV (crude survival
survival survival probability, and probability, and
probability) probability) age 75-79 survival age 75-79 survival

probability) probability)

log mean systolic blood pressure 25+ years 11.37%#* 441.08 6.97 1960.50* 6.06 1356.35

@11 (320.01) (5.05) (1100.97) (5.12) (1177.61)

(log mean systolic blood pressure 25+ years)® - —44.21 - =200.93* - - 138.10

(32.93) (113.47) (121.23)

Number of observations 47 47 47 47 47 47

Number of countries 47 47 47 47 47 47

R-squared 0.34 0.37 0.29 0.03 0.27 0.25

F test p-value 0.00 0.00 0.18 0.02 0.25 0.00

Weak identification test statistic - - 18.17 8.77 11.89 7.42

Endogeneity test p-value - - 0.35 0.22 0.26 0.21

Hansen J statistic - - e.ed. eeld. 0.79 0.33

C (2nd polynomial) RESET test p-value 0.02 0.03 0.87 0.71 0.66 0.30

C (3rd polynomial) RESET test p-value 0.02 0.07 0.96 0.66 0.90 0.52

Turning points - - - 131.43 - -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0,01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years
1980 and 2009. The dependent variable is the log productivity. In Column (3) log crude survival probability, and in Column (4) log crude survival probability, and its squared value
are used as the instrumental variables. In Column (5) log crude survival probability, and log age 75-79 survival probability, and in Column (6) log crude survival probability, and log
age 75-79 survival probability, and their squared values are used as instrumental variables. In Hansen J statistic. "equation exactly identified" term is represented by the term as "e.e.i”
C (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. In (3), Stock-Yogo weak ID test critical value is 16.38. In (4), Stock-Yogo weak ID test critical value is
7.03. In (5), Stock-Yogo weak ID test critical value is 19.93. In (6), Stock-Yogo weak ID test critical value is 11.04. Turning point is estimated for coefficients at 10% or better
significance level in a Column.

Hansen J tests indicate that over-identification restrictions fail to be rejected at 10%
significance level, showing that the set of instruments is appropriate at the given

significance level.

Table 6.8b

Long-Difference Estimations for the Association Between Productivity and Mean Systolic
Blood Pressure for the 1980-2009 Period

log productivity

) (2) 3)
OLS IV (crude survival probability) IV (crude survival probability, and
age 75-79 survival probability)
log mean systolic blood pressure 25+ years —93585.19 (omitted) (omitted)
(61314.72)
(log mean systolic blood pressure 25+ years)®  19292.97 198.52% 78.63
(12593.65) (109.23) (123.13)
(log mean systolic blood pressure 25+ years)®  —1325.55 =27.13* -10.58
(862.18) (15.02) (16.90)
Number of observations 47 47 47
Number of countries 47 47 47
R-squared 0.41 0.05 0.33
F test p-value 0.01 0.01 0.00
Weak identification test statistic - 6.55 8.91
Endogeneity test p-value - 0.27 0.34
Hansen J statistic - eeld. 0.25
C (3rd polynomial) RESET test p-value 0.02 0.76 0.17
C (4rd polynomial) RESET test p-value 0.04 0.82 0.11
Turning points (1) - 131.52 -

@ - - -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the
years 1980 and 2009. The dependent variable is the log productivity. In Column (2) squared, and cubed values of log crude survival probability are used as the instrumental
variables. In Column (3) squared, and cubed values of log crude survival probability and log age 75-79 survival probability are used as the instrumental variables. In Hansen J
statistic, "equation exactly identified" term is represented by the term as "e.e.i." C (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. In (2). Stock-Yogo
weak ID test critical value is 7.03. In (3), Stock-Yogo weak ID test critical value is 11.04. Turning point is estimated for coefficients at 10% or better significance level in a
Column.

The endogeneity test of LE fails to be rejected in Table 6.8a and in Table 6.8b at
10% significance level. Thus, the OLS gives consistent and relatively more efficient

estimates.
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6.6.2. Estimation Results for the 1980-2009 Period

Columns (1), (3), and (5) in Table 6.7a and Columns (1), (3), and (5) in Table 6.8a
report the estimation results of linear specification by Model (3.2.14) for the 1980-
2009 period. In this model, the a2 and a3 are restricted to be zero. It was found that
the coefficient of In LE is positive at 1% significance level in Columns (1), (3), and
(5) in Table 6.7a and Column (1) in Table 6.8a. Also, Columns (3) and (5) in Table
6.8a show that the coefficient of In LE is insignificant.

Columns (2), (4), and (6) in Table 6.7a and Columns (2), (4), and (6) in Table 6.8a
present the estimation results of quadratic specification for the 1980-2009 period by
Model (3.2.14). In the model, the a3 is restricted to be zero. The coefficients of both
the linear and the quadratic terms were found significantly different from “0” at 10%

significance level, and they are positive and negative, respectively in Columns (4)

and (6) in Table 6.7a, and Column (4) in Table 6.8a.

The estimated turning points are within the range of 131.43-142.98 mm Hg in these
Columns. In addition, the coefficient of the quadratic term is insignificant as can be
seen in Column (2) in Table 6.7a and in Columns (2), and (6) in Table 6.8a. Thus,
the quadratic specification estimation results point to a non-monotonic and inverse

U-shaped association between productivity and SBP for the 1980-2009 period.

Columns (1), (2), and (3) in Table 6.7b and Columns (1), (2), and (3) in Table 6.8b
demonstrate the estimation results of cubic specification for the 1980-2009 period by
Model (3.2.14). It was found that the coefficients of the linear, the quadratic, and the
cubic terms are significantly different from “0” at 5% significance level, and they are

negative, positive, and negative, respectively, as shown in Column (2) in Table 6.7b.

The estimated turning point-1 is 118.76 mm Hg and turning point-2 is 136.11 mm
Hg in this Column. Also, note that the linear terms are omitted, and the coefficients

of the quadratic, and the cubic terms are significantly different from “0” at 10%
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significance level, and they are positive, and negative, respectively as shown in

Column (3) in Table 6.7b and in Column (2) in Table 6.8b.

Furthermore, the coefficients of the linear, the quadratic, and the cubic terms were
found insignificant as shown in Column (1) (with omitted linear term) in Table 6.7b,
and in Columns (3) (with omitted linear term), and (1) in Table 6.8b. Hence, our
cubic functional specification estimation results suggest that there is first a convex-,
and then a concave-shaped association between productivity and SBP for the 1980-

2009 period.

6.7. Estimation Results for Gross Domestic Savings

6.7.1. Diagnostics for the 1980-2009 Period

As for GMM estimations in Columns (5) and (6) of Table 6.9a and in Column (3) of
Table 6.9b, Arellano-Bond AR (1) test rejects Ho at 5% or higher significance level,
but AR (2) test does not. These results satisfy Arellano-Bond estimation assumptions
laid out in Chapter 2, increasing the efficiency of estimation. In addition, Hansen
tests indicate that over-identification restrictions fail to be rejected at 10% or higher

significance level, which points out that the set of instruments is valid.

Table 6.9a

The Association between Gross Domestic Savings and Mean Systolic Blood Pressure for the
1980-2009 Period

Gross domestic savings

) (2) 3) “) (5) (6)
OLS OLS FE (within) FE (within) GMM (Arellano- GMM (Arellano-
Bond) Bond)
lagged gross domestic savings - - - - 0.23 0.26
(0.15) (0.16)
log mean systolic blood pressure 25+ years 56.06%%% 403.72 69.64%* 4861.43* 47.11* 156.42
(14.13) (3548.75) (26.58) (2795.28) (23.77) (3560.11)
(log mean systolic blood pressure 25+ yearsy® - =35.79 - —493.47% - =11.45
(364.72) (287.72) (366.89)
Number of observations 329 329 329 329 235 235
Number of countries 47 47 47 47 47 47
R-squared 0.04 0.04 0.08 0.09 - -
F test p-value 0.00 0.00 0.04 0.03 0.00 0.00
Arellano-Bond test for AR (1) p-value - - - 0.04 0.03
Arellano-Bond test for AR (2) p-value - - - - 0.26 0.28
Hansen test p-value - - 0.35 0.53
Country dummies - - yes yes - -
Time dummies - - yes yes yes yes
Turning points - 137.79

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per five years and per country. The dependent
variable is the gross domestic savings (percent of GDP). Column (5) and (6) are difference GMM estimations. Turning point is estimated for coefficients at 10% or better significance level in
a Column.
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As can be seen in Table 6.10a and Table 6.10b, the RESET test indicates that Hy fails
to be rejected at 5% or higher significance level, indicating that, in Table 6.10a and

Table 6.10b, there is no functional form misspecification.

The instrumental variables are crude survival and age 75-79 survival probabilities.
All these instruments, their squared, and cubed values are valid instruments
according to the weak identification test statistic, except for Columns (5), (6) in
Table 6.10a and Columns (2), (3) in Table 6.10b as only Columns (5), (6) in Table
6.10a and Column (3) in Table 6.10b satisfy the rule of thumb that F statistics of the
first stage should be over ten (Staiger and Stock, 1997). On the other hand, weak
identification test result in Column (2) in Table 6.10b is not over 10% maximal IV
size according to the Stock and Yogo (2005) critical values. This test result decreases

the validity of the instruments in this Column.

Table 6.9b

The Association between Gross Domestic Savings and Mean Systolic Blood Pressure for the
1980-2009 Period

Gross domestic savings

(1) (2) (3)

QLS FE (within) GMM (Arellano-Bond)
lagged gross domestic savings - - 0.26%
(0.14)
log mean systolic blood pressure 25+ years (omitted) 473118.1 (omitted)
(308628.2)
(log mean systolic blood pressure 25+ years)* 48.62 —96810.98 90.83
(364.66) (63384.01) (349.40)
(log mean systolic blood pressure 25+ years)* =5.88 6603.68 =11.84
(49.96) (4338.92) (48.00)
Number of observations 329 329 235
Number of countries 47 47 47
R-squared 0.04 0.10 -
F test p-value 0.00 0.00 0.00
Arellano-Bond test for AR (1) p-value - - 0.02
Arellano-Bond test for AR (2) p-value - - 0.27
Hansen test p-value - 0.43
Country dummies - yes -
Time dummies - yes yes
Turning points (1) -
(2)

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All panels are balanced panels with one observation per five years and per country.
The dependent variable is the gross domestic savings (percent of GDP). Column (3) is difference GMM estimation. Turning point is not estimated for coefficients less than
10% significance level in a Column.

Hansen J tests indicate that over-identification restrictions fail to be rejected at 10%
significance level, indicating that the set of instruments is appropriate at the given

significance level.
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Table 6.10a

Long-Difference Estimations for the Association between Gross Domestic Savings and Mean
Systolic Blood Pressure for the 1980-2009 Period

Gross domestic savings

(18] (2) 3) (4) 3) (6)

OLs OLS IV (crude IV (crude 1V {crude survival IV (crude survival
survival survival probability, and probability, and
probability) probability) age 75-79 survival age 75-79 survival

probability) probability)
log mean systolic blood pressure 25+ years. 69.95%% 4245.75 45.06 19548.65 —6.37 14161.29

(31.14) (3735.72) (101.68) (14389.3) (88.17) (13151.57)

(log mean systolic blood pressure 25+ years)® - —429.58 - =2006.06 - -1449.12
(384.31) (1481.27) (1351.47)

Number of observations 47 47 47 47 47 47

Number of countries 47 47 47 47 47 47

R-squared 0.08 0.10 0.07 =0.10 =0.02 0.02

F test p-value 0.03 0.06 0.67 0.35 0.94 0.34

Weak identification test statistic - - 18.17 B.77 11.89 7.42

Endogeneity test p-value - - 0.76 0.52 0.17 0.84

Hansen J statistic - - eed. eeld. 0.31 0.20

C (2nd polynomial) RESET test p-value 0.57 0.72 0.48 0.15 0.25 0.03

C (3rd polynomial) RESET test p-value 0.28 0.32 0.46 0.16 0.39 0.10

Turning points - - - - - -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All Columns are long-difference estimations with two observations by country for the years
1980 and 2009. The dependent variable is the gross domestic savings (percent of GDP). In Column (3) log crude survival probability, and in Column (4) log crude survival
probability, and its squared value are used as the instrumental variables. In Column (5) log crude survival probability, and log age 75-79 survival probability, and in Column (6) log
crude survival probability, and log age 75-79 survival probability, and their squared values are used as instrumental variables. In Hansen J statistic, "equation exactly identified" term
is represented by the term as "e.e.l." C (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. In (3), Stock-Yogo weak ID test critical value is 16.38. In (4), Stock-
Yogo weak ID test critical value is 7.03. In (5), Stock-Yogo weak ID test critical value is 19.93. In (6), Stock-Yogo weak ID test critical value is 11.04. Turning point is not estimated
for coefficients less than 10% significance level in a Column

As can be seen in Table 6.10a and in Table 6.10b, the endogeneity test of LE fails to
be rejected, at 10% significance level. Thus, the OLS gives consistent and relatively

more efficient estimates.

Table 6.10b

Long-Difference Estimations for the Association between Gross Domestic Savings and Mean
Systolic Blood Pressure for the 1980-2009 Period

Gross domestic savings

[1))] (2) 3)
0OLS IV (crude survival probability) IV (crude survival probability, and
age 75-79 survival probability)
log mean systolic blood pressure 25+ years 851748.1 (omitted) (omitted)
(705077.3)
(log mean systolic blood pressure 25+ years)*  —174724.5 2482.78 1427.39
(144870.7) (1622.65) (1337.20)
(log mean systolic blood pressure 25+ years)®  11947.79 =339.91 —194.80
(9921.59) (222.83) (183.18)
Number of observations 47 47 47
Number of countries 47 47 47
R-squared 0.12 -0.24 0.02
F test p-value 0.33 0.26 0.43
Weak identification test statistic - 6.55 8.91
Endogeneity test p-value - 0.43 0.74
Hansen J statistic - eed. 0.21
C (3rd polynomial) RESET test p-value 0.83 0.13 0.12
C (4rd polynomial) RESET test p-value 0.08 0.24 0.24
Turning points (1) - - -
(2) - - -

Notes: Robust standard errors (SE)s in parentheses. *** p < 0.01, ** p <0.05, ® p < 0.1. All Columns are long-difference estimations with two observations by country for the years
1980 and 2009. The dependent variable is the gross domestic savings (percent of GDP). In Column (2) squared, and cubed values of log crude survival probability are used as the
instrumental variables. In Column (3) squared, and cubed values of log crude survival probability and log age 75-79 survival probability are used as the instrumental variables. In
Hansen J statistic, "equation exactly identified" term is represented by the term as "e.e.i." € (GMM-distance) RESET test uses Pesaran-Smith optimal forecast values. In (2), Stock-
Yogo weak ID test critical value is 7.03. In (3), Stock-Yogo weak ID test critical value is 11.04. Turning point is not estimated for coefficients less than 10% significance level in a
Column.
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6.7.2. Estimation Results for the 1980-2009 Period

Columns (1), (3), and (5) in Table 6.9a and Columns (1), (3), and (5) in Table 6.10a
report the estimation results of linear specification for the 1980-2009 period by
Model (3.2.15). In the model, the a» and a3 are restricted to be zero. The coefficient
of In LE is was found negative at 10% significance level as shown in Columns (1),
(3), and (5) in Table 6.9a and Column (1) in Table 6.10a. In addition, as Columns
(3), (5) in Table 6.10a show, the coefficient of In LE is insignificant.

Columns (2), (4), and (6) in Table 6.9a and Columns (2), (4), and (6) in Table 6.10a
present the estimation results of quadratic specification for the 1980-2009 period by
Model (3.2.15). In the model, the a3 is restricted to be zero. The coefficients of both
the linear and the quadratic terms were found significantly different from “0” at 10%

significance level, and they are positive and negative, respectively as shown in

Column (4) in Table 6.9a.

The estimated turning point is 137.79 mm Hg in this column. In addition, as
Columns (2) and (6) in Table 6.9a and Columns (2), (4), and (6) in Table 6.10a show,
the coefficients of the linear and the quadratic terms are insignificant. Thus, the
quadratic functional specification estimation results suggest that there is a non-
monotonic and inverse U-shaped association between gross domestic savings and

SBP for the 1980-2009 period.

Columns (1), (2), and (3) in Table 6.9b and Columns (1), (2), and (3) in Table 6.10b
present the estimation results of cubic specification for the 1980-2009 period by
Model (3.2.15). It was found that the coefficients of the linear, the quadratic, and the
cubic terms are insignificant as for the association between gross domestic savings
and SBP for the 1980-2009 period in these Columns (with omitted linear term in
Columns (1), (3) in Table 6.9b and in Columns (2) and (3) in Table 6.10b.)
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6.8. Conclusions

The study investigates the association between GDP per capita, years of schooling
(human capital), GDP per person engaged, manufacturing value added per person
engaged (productivity), and gross domestic savings, which are the dependent
variables and SBP, the the explanatory variable, for the 1980-2009 period due to the
data limitations. The empirical results in this study are in agreement with GDP per
capita-LE association findings in general. There are non-linear and non-monotonic
associations between all dependent variables and SBP. The assumption that the effect
of SBP as a human physiological function is embedded in LE via aging finds
evidence. The empirical findings reveal the strength of such effect. To conclude, our
empirical findings confer significant evidence that healthy mean population SBP
level expands economic growth by fostering savings. What follows in the next
section is the concluding remarks for the associations between all dependent

variables and SBP below.

6.8.1. Economic Growth

In linear specification, the coefficient of SBP was found to be positive at 1%
significance level. In addition, in quadratic specification, the coefficients of both the
linear and the quadratic terms were found significantly different from “0” at 10%
significance level, and they are positive and negative, respectively. For quadratic
specification, the estimated turning points are within the range of 128.19-140.11 mm
Hg. Thus, quadratic functional specification estimation results in this study suggest
that there is a non-monotonic and inverse U-shaped association between GDP per
capita and SBP for the 1980-2009 period. Also, in cubic specification, it was found
that the linear term is omitted, and the coefficients of the quadratic, and the cubic
terms are significantly different from “0” at 1% significance level, with them being
positive, and negative respectively. The estimated turning point is 128.25 mm Hg.

Hence, cubic specification estimation results share the same findings with quadratic
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specification estimations of the association between GDP per capita and SBP for the

1980-2009 period.

6.8.2. Human Capital

The linear specification revealed that the coefficient of SBP is positive at 1%
significance level. In addition, quadratic specification produced coefficients of the
linear and the quadratic terms that are significantly different from “0” at 10%
significance level. They are positive and negative, respectively. For quadratic
specification, the estimated turning points are within the range of 132.74-144.54 mm
Hg. Hence, the quadratic functional specification estimation results in the study
suggest that there is a non-monotonic and inverse U-shaped association between
years of schooling and SBP for the 1980-2009 period. Also, in cubic specification, it
was found that the linear terms are omitted, and the coefficients of the quadratic, and
the cubic terms are significantly different from “0” at 10% significance level, with
them being positive and negative, respectively. The estimated turning points are
within the range of 132.72-138.62 mm Hg. Hence, the cubic specification estimation
results share the same findings with quadratic specification estimations of the

association between years of schooling and SBP for the 1980-2009 period.

6.8.3. GDP per Person Engaged

In linear specification, the coefficient of SBP was found positive at 5% significance
level. In addition, in quadratic specification, the coefficients of both the linear and
the quadratic terms were found significantly different from “0” at 10% or higher
significance level, and they are positive and negative, respectively. For quadratic
specification, the estimated turning points are within the range of 127.98-136.95 mm
Hg. Also, in cubic specification, the coefficients of the linear, the quadratic, and the
cubic terms were found significantly different from “0” at 10% significance level,
and they are negative, positive, and negative, respectively. They first follow a

convex-, and then a concave-shaped pattern. In the latter, the estimated turning point-
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1 is 118.38 mm Hg and turning point-2 is 133.83 mm Hg. Hence, the cubic
functional specification estimation results suggest that there is first a convex-, and
then a concave-shaped association between GDP per person engaged and SBP for the

1980-2009 period.

6.8.4. Productivity

In linear specification, it was found that the coefficient of SBP is positive at 1%
significance level. In addition, in quadratic specification, it was found that the
coefficients of both the linear and the quadratic terms are significantly different from
“0” at 10% significance level, and they are positive and negative, respectively. For
quadratic specification, the estimated turning points are within the range of 131.43-
142.98 mm Hg. Also, in cubic specification, the coefficients of the linear, the
quadratic, and the cubic terms were found significantly different from “0” at 5%
significance level, and they are negative, positive, and negative, respectively. Their
association is first convex-, and then concave-shaped. In convex-concave-shaped
association, the estimated turning point-1 is 118.76 mm Hg and turning point-2 is
136.11 mm Hg. Hence, our cubic functional specification estimation results suggest
that there is first a convex-, and, then a concave-shaped association between

productivity and SBP for the 1980-2009 period.

6.8.5. Gross Domestic Savings

In linear specification, the coefficient of SBP is negative at 10% significance level.
In addition, in quadratic specification, the coefficients of both the linear and the
quadratic terms are significantly different from “0” at 10% or higher significance
level, and they are positive and negative, respectively. For quadratic specification,
the estimated turning point is 137.79 mm Hg. Thus, the quadratic functional
specification estimation results suggest that there is a non-monotonic and inverse U-
shaped association between gross domestic savings and SBP for the 1980-2009

period. Also, in cubic specification, the coefficients of the linear, the quadratic, and
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the cubic terms were found insignificant as for the association between gross

domestic savings and SBP for the 1980-2009 period.
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CHAPTER 7

CONCLUSIONS AND POLICY RECOMMENDATIONS

7.1. Conclusions

The empirical results presented in three chapters, each of which has a different health
proxy variable (namely LE, BMI and SBP), are generally consistent with each other.
Indeed, there are non-linear and non-monotonic associations between all dependent
wealth proxy and health proxy variables, namely GDP per capita, GDP per person
engaged, years of schooling (human capital), manufacturing value added per person

engaged (productivity), and gross domestic savings.

The non-linearity issue regarding health has been studies in many empirical studies.
However, this study has theoretical significance in that it has confirmed the results of
different articles in the literature. By comparing these vindicated linear, quadratic,
and cubic specification estimation results with the empirical findings of the present
study, this study proposes a basic empirical methodology to thoroughly investigate
the association between economic development and health. Another theoretical
significance is it offers a basic approach to obtain the reduced form equations from
the evidence of Azamohou et al. (2009) in terms of time preference rates for cubic

specifications.

It is also noteworthy that the study provides empirical evidence to keep the
assumption that the effects of BMI and SBP as human physiological functions are
embedded in LE as they are closely related with aging: it obtained appropriate weak
identification test results between the instrumental variables, particularly age-specific
survival probabilities and all these health proxy variables. This embeddedness

assumption of BMI and SBP enabled the study to focus on other dimensions of

204



health, such as mean fasting blood glucose and mean total cholesterol levels, by
using similar specifications with our Models. It can be inferred from the related
literature that SBP is a candidate health proxy variable to be accepted as “firstly
utilized health proxy” that can be used to explain the sign of economic growth in the
economic development literature. The mean fasting blood glucose and mean total

cholesterol levels are expected to provide these potentials, too.

These empirical results hint at the possibility of a neutral health-related policy
intervention for LE that is related with human physiological functions for sustainable
economic growth. Consequently, this significant evidence supports the notion that
healthy mean population BMI and SBP levels perpetuate economic growth by means
of fostering savings. Hence, it is possible to manipulate saving propensities and time
preference rates of individuals by keeping individuals between healthy BMI and SBP

levels, and maybe mean fasting blood glucose and mean total cholesterol levels.

These factors are profoundly important for economic growth (Azomahou et al.,
2009) as they are related with age-dependent survival probabilities and saving
propensities. A possible neutral health-related policy intervention can bring closer
the individual interests, national interests, and humanitarian interests. Thus, a conflict
of interest that has occurred occasionally within these terms can be eliminated. The
following sections explain the issue of intervention, the effects of health proxy

variables on all dependent variables are elaborated below.

In GDP per capita-LE nexus, the cubic functional specification estimation results
reveal a concave-convex-shaped association between GDP per capita and LE for the
1940-1980 period. However, for the periods 1940-2009 and 1980-2009, the cubic
functional specification estimation results reveal a convex-concave-shaped
association between GDP per capita and LE. These results are in concordance with
those of Azomahou et al. (2009) for the period 1820-2005. In GDP per capita-BMI
linkage, the cubic functional specification estimation results point to a convex-

concave-shaped association between GDP per capita and BMI for the 1980-2009
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period. In GDP per capita-SBP association, the quadratic functional specification
estimation results suggest that there is a non-monotonic and inverse U-shaped
association between GDP per capita and SBP for the 1980-2009 period. Cubic
specification estimation results are the same for the 1980-2009 period due to the

excluded linear term.

In human capital-LE association, for the periods 1940-1980, 1940-2009, and 1980-
2009, our cubic functional specification estimation results suggest that there is
convex-concave-shaped 1980-2009, in cubic specification, we find that the
coefficients of the linear, the quadratic, and the cubic terms association between
years of schooling and LE. In human capital-BMI nexus, for the period are
insignificant. Thus, the quadratic functional specification estimation results suggest
that there is a non-monotonic and inverse U-shaped association between years of
schooling and BMI. In human capital-SBP association, the quadratic functional
specification estimation results suggest that, for the 1980-2009 period, there is a non-
monotonic and inverse U-shaped association between years of schooling and SBP.
The cubic specification estimation yields the same findings with quadratic
specification estimations of the association between the two for this period due to the

excluded linear term.

In GDP per person engaged-LE association, our cubic functional specification
estimation results suggest that, for the 1980-2009 period, there is convex-concave-
shaped association between GDP per person engaged and LE. In GDP per person
engaged-BMI association, the cubic functional specification estimation results
suggest that, for the 1980-2009 period, there is a convex-concave-shaped association
between GDP per person engaged and BMI. In GDP per person engaged-SBP
association, for the 1980-2009 period, the cubic functional specification estimation
results show that there is a convex-concave-shaped association between GDP per

person engaged and SBP.
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In productivity-LE association, for the 1980-2009 period, cubic functional
specification estimation results show that there is a convex-concave-shaped
association between productivity and LE. In the productivity and BMI association,
the cubic functional specification estimation results suggest that there is a convex-
concave-shaped association between productivity and BMI for the 1980-2009 period.
In productivity-SBP association, for the 1980-2009 period, our cubic functional
specification estimation results suggest that there is a convex-concave-shaped

association between productivity and SBP.

In gross domestic savings-LE association, the cubic specification revealed
insignificant coefficients of the linear, the quadratic, and the cubic terms for the
1980-2009 period. Thus, the quadratic specification estimation results point to a non-
monotonic and inverse U-shaped association between gross domestic savings and LE
for the 1980-2009 period. In cubic specification of gross domestic savings-BMI
association, the coefficients of the linear, the quadratic, and the cubic terms are
insignificant for the 1980-2009 period. Hence, the quadratic functional specification
estimation results show that there is a non-monotonic and inverse U-shaped
association between gross domestic savings and BMI. In cubic specification of gross
domestic savings-SBP link, in the coefficients of the linear, the quadratic, and the
cubic terms are insignificant for the 1980-2009 period. Thus, the quadratic functional
specification estimation results suggest that there is a non-monotonic and inverse U-

shaped association between gross domestic savings and SBP.

According to Husain et al. (2014), if economic growth takes place, returns to
investment in LE will decrease as in Neo-liberal models. From this perspective,
investment in health cannot support economic growth. However, according to
endogenous growth models, there are marginal benefits of investing in health on an
ongoing basis. Nevertheless, the results presented in Chapter 4, Chapter 5, and
Chapter 6 suggest that Neo-liberal models and endogenous growth models have
conflicting claims about return on investment in health. This study provides evidence

that LE involves several physiological function characteristics such as BMI and SBP,
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each of which can affect the shape of the association between other dependent

variables and LE.

We can also observe these connections in Chapter 5 and Chapter 6. In fact, the close
associations between age-specific survival probabilities, BMI, and SBP became
evident as a result of the weak identification test results carried out in this study.
These strong associations, between age-specific survival probabilities and BMI and
SBP, display similarities between all dependent variables and LE, BMI and SBP.
Hence, it can be concluded that characteristics related to these human physiological
functions are embedded in LE and have significant effects on its behaviors, and
between almost all dependent variables. The embeddedness of these physiological

functions is represented by BMI and SBP in the empirical results in this study.

From this point of view, it can be inferred that LE, aging, involves several factors
that contribute to the aging of human body. Thus, these contributory factors can also
affect saving propensities of individuals through influencing their time preference
rate. BMI and SBP are only two of these several factors that make a person older
physiologically and physically, increasing time preference rate. These changes affect

behaviors and choices in relation with consumptions and savings.

Public health studies propose intervention strategies for some of these contributory
factors. BMI and SBP, in particular, have this chance. Furthermore, if we can
minimize these several factors and/or lower their adverse effects on human
physiology, behavior, and time preference rate, we can improve economic growth by
shifting age-dependent survival probabilities and saving propensities of target age
groups and individuals who are affected. Such an effort can extend the duration
between thresholds in economic growth-longevity association. Indeed, it can lower
and raise the turning points to such an extent that the path of economic growth-
longevity association can follow a longer linear positive trend. At this point, we
consider that the term /ongevity refers to exact healthiness, for it does not occur all

the time in practice.
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If health status improvement strategies are combined with saving enhancement
policies appropriately for ages, e.g. for early work entry age 15 groups or age over 65
groups, taking into consideration age-specific conditional requirements, the Neo-
liberal models and the endogenous growth models can get closer to each other
because sufficient returns to health investment can be achieved at appropriate ages.
Thus, this study provides evidence for the existence of conflict between the Neo-
liberal models’ and endogenous growth models’ approaches to health investment in
achieving sustainable economic growth. This finding about the issue of complex
wealth-health association is the main contribution of this empirical study. Hence, if
this mechanism works, its end-products will cause national interests and
humanitarian interests overlap each other because there is a need for protecting of
human physiology. At the same time, this has a similar meaning with ‘the behavior
of saving propensity’. Thus, the protection of human physiology prolongs the time
duration before an individual reaches high time preference rate. This effort that
elaborates on this mechanism eliminates the conflict between individuals, thus

nations, for any economic reason.

7.2. Policy Recommendations

The empirical results of this study provide clear evidence that, if we can combine
good health with savings or savings with good health, the association between health
and economic growth will be positive. This positive association has a potential to be
longer than the recent period provided that it ensures appropriate policy supports. For
this reason, based on the empirical findings in this study, findings of Azomahou et al.
(2009), and the related literature, the association between good health and saving
propensities lies in the core of our policy recommendations. If an appropriate
economic structure is designed, providing equal opportunities for all individuals to
maintain their saving propensities and preserve their human physiological functions

at appropriate ages (e.g. early work entry age 15, age over 65), sustainable economic
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growth can be achieved. The following section introduces the details of the proposed

policy recommendations, as well as a summary of them in Table 7.1.

Figure 7.1 presents the association between real GDP and gross domestic savings.
The graph clearly shows that the changes in real GDP follow the changes in gross
domestic savings. Notably, the trends in China and the United States of America
(USA) provide evidence for this association in that their real GDP levels are higher
than other countries for the 1980-2009 period. According to the graph, while China
benefits from its raising gross domestic savings, USA has a problem from its
decreasing gross domestic savings, which is also pointed out as a problem in the
USA economy (Stiglitz, 2018). Actually, there is one practical way of regaining
increase in domestic savings for countries whose savings are decreasing. Countries
whose saving are increasing can as well employ this to maintain the increment in
gross domestic savings. This practical way is to protect human physiological
functions of people at proper ages (from early work entry age 15 to age over 65
years). It has the potential for achieving sustainable economic growth all around the
world. An improvement in health status of citizens of a country having debts leads
to an increment in its debt payment capability as it gains gross domestic savings

following the improvement in the health status of people.
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Figure 7.1. Local Cubic Polynomial Smooth Plots with Confidence Intervals (Cls) of Real
GDP and Gross Domestic Savings of 47 Countries for the 1980-2009 Period.

Source: Prepared by the Author.

At this point, we want to introduce our policy recommendations based on our
empirical results. To make policy recommendations, there is a need for applying

microdata studies and examining their validity through evidence-based findings.

Our first policy issue is low age-dependent saving propensity between certain
thresholds. The estimation performed in this study results in a convex-concave-
shaped association between GDP per capita and LE for the 1940-2009 period
(estimated turning point-1s are within the range of 37.55-49.87 years and turning
point-2s are within the range of 53.48-65.52 years) and Azomahou et al. (2009)
demonstrate that economic growth increases by the increment in savings. However,
older people tend to spend rather than save. The saving rate of a person decreases in
time duration. Especially, after the turning point-2s, a decrease in saving rate has a
negative effect on GDP per capita. Younger people prefer to save more than the

elderly. Paradoxically, their savings are not high enough until the turning point-1s.
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Having physical capital accumulation triggering economic growth and domestic
savings-dependent source for this accumulation create a concavity in the curve as LE
increases due to expanded proportion of less prone that can save. The positive effect
of LE cannot effectively tolerate the negative effect of having a higher proportion of
older people, who are less prone, that save. Younger and older people’s saving rates’

being determined by their conditions produce this convex-concave-shaped curve.

The mechanism works like this: low economic growth occurs with low enough
values of LE. Thus, by the positive effects of LE, aggregate savings increase, and
economic growth takes place. This time duration aspect characterizes the convex-
shaped curve in the economic growth-LE linkage. Moreover, the concave-shaped
curve in this association occurs with high enough values of LE as a result of the
negative effect of high time preference rates of increasing elderly in the society, who

are less prone to save.

At this point, Kunze (2014) explains why old people are less prone to save. One
reason is the significantly increasing old-age consumption for health. Another is old
people’s tendency to spend some part of their savings on their children’s education.
These decrease saving rates of the old and lower physical capital accumulation-

dependent economic growth.

These explanations simply form the theoretical base for most government funded
lifetime health care and education for all people. ‘All people’ preferably refer to all
youth, older people in health care, and population of age 3 to age 50 years in
education. These funding applications depend on economic resources and priorities
of any country; taxation includes negative taxes for target age groups. Policy
implications are discussed below based on empirical findings and theoretical

propositions.

At the macro level, a major policy implication is regulations aiming at age-dependent

saving propensity in the country. The purpose of this policy is to increase age-
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dependent saving propensity. First policy instrument is to initiate age-dependent
income tax rates/negative age-dependent income tax rates for targeted age groups.
This is expected to augment economic growth. To clarify, the first target age group
may consist of those from early work entry age 15 to age 50 years. The second
target age group may start from age 65 years depending on the turning points of a
country. According to Linke (2018), contrary to regular income tax implementation,
an individual who has low income can obtain payment from the government in
negative income tax application. Another strategy is to activate economic growth
augmenting age-dependent healthcare spending tax rates/negative age-dependent
healthcare spending tax rates. Finally, economic growth can be achieved by
increasing age-dependent education spending tax rates/negative age-dependent

education spending tax rates between determined thresholds for targeted age groups.

The first policy entails increasing age-dependent saving propensity by at least 1
percent by the end of the first year in pilot applications. The second policy raises
age-dependent saving propensity by at least 1 percent by the end of second year in
local applications and elevates age-dependent saving propensity by at least 1 percent
by the end of the third year in country level applications. The final strategy is to
enhance age-dependent saving propensity as planned by the end of the fourth year in

country level applications.

The second policy issue to be discussed is low BMI-dependent saving propensity
between certain thresholds. The quadratic specification yielded that the coefficients
of the linear and the quadratic terms are both significantly different from “0” at 10%
significance level, and they are positive and negative, respectively. The estimated
turning points are within the range of 24.39-26.16 kg/m? for quadratic specification.
Thus, the quadratic functional specification estimation results suggest that there is a
non-monotonic inverse U-shaped association between gross domestic savings and
BMI for the 1980-2009 period. Based on the empirical findings obtained in this

study, the following policy implications emerged.
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At the macro level, that policy implication is that regulations and applications will
aim at BMI-dependent saving propensity. Its purpose is to increase BMI-dependent
saving propensity. The policy instrument is to introduce economic growth
augmenting public health strategies to reach targeted mean population BMI level.
The policy first aims to raise BMI-dependent saving propensity by at least 1 percent
in the first year of pilot applications. Secondly, it intends to increase BMI-dependent
saving propensity by at least 1 percent in the second year of local applications. The
third goal is to enhance BMI-dependent saving propensity by at least 1 percent in the
third year in country level applications. Finally, it aims to elevate BMI-dependent
saving propensity by at least the targeted percent in the fourth year in country level

applications.

At meso level, the policy implication is a strategy application plan for BMI-
dependent saving propensity in organizational level. The purpose of this policy is to
raise BMI-dependent saving propensity. The policy instrument is to organize round-
table activities involving economic, public health, education, and other related
public/private institutions to design an economic growth augmenting public health
strategy application plan to reach the targeted mean population BMI level. The
round-table activities can be characterized in “soft instrument” according to Borras
and Edquist (2013: 1516). Soft instruments are non-mandatory and non-compulsory.
They are divergent and act on the ability to convince. These policy instruments are
based on information sharing among solution partners. There are low-ranking and
less bureaucratic associations between private and public representatives. The policy
goal is to increase BMI-dependent saving propensity by at least 1 percent by one-

year applications.

At the micro level, the policy implication is executive orders for BMI-dependent
saving propensity in micro level. Executive orders can be referred to as “soft
instruments” according to Borras and Edquist (2013: 1516). They can activate media
information activities, such as tv series and fact-based films. They can issue

guidelines and principles for, say, the admission of researchers, as well as advising
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national or international investors and citizens. They can also determine discretionary
technical standards in the country or at multi-country level. They can establish a non-
mandatory protocol and legitimate alliance with public research and procurement
activities. Besides, they can contract public and private collaborations by sharing
costs, risks, and benefits. The Policy purpose is to promote BMI-dependent saving

propensity.

The main policy instrument is the effective management of the interaction of
economic growth augmenting public health strategy application plan and households
to reach the targeted mean population BMI level. This type of management can be
categorized as “soft instruments” according to Borras and Edquist (2013: 1516).
Here, the government acts like a facilitator and coordinator rather than a regulator
and supplier. There is no direct or indirect enforced action, penalty, or reward by the
government or sub-organizations. Alternatively, there are policy advice and requests,
as well as providing non-compulsory protocols. The government and its public
agencies accept private sectors and entrepreneurs as their solution partners.
Moreover, they find and execute solutions together. Policy goal is to enhance BMI-

dependent saving propensity by at least 1 percent by one-year applications.

At this point, we want to give examples of soft instruments related with nutrition and
healthy BMI levels. We identify some examples of soft instruments based on
suggestions and comments of B. Cobaner, C. Akca, and N. Korkmaz (personal
communication, September 18, 2018). Solution partners (for example, public and
private sectors) might issue a very simple description of nutrition as the main
principle for leading other soft instrument activities. According to B. Cobaner
(personal communication, September 18, 2018), “Nutrition is to satisfy the dietary

need of the human body by using accurate foods with proper portions on time.”

Another principle as soft instrument may be identifying the target locations such as
school, workplaces, and home to follow and activate nutrition elements as also

suggested by Rayner and Lang (2012: 320-321). Individuality might be accepted as
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another significant principle by solution partners to realize nutrition elements at these
suggested locations. Another soft instrument may be the determination of critical
body fat thresholds as medical standard to provide medical support for individuals

who suffer from overweight at hospital clinics.

Another principle might be selecting some significant foods to support the nutrition
of society, informing people about these foods, and determining tax rates and
incentives to achieve affordable prices for these selected foods. Another
recommendation may be to increase the employment opportunities of nutrition
experts at the suggested locations, namely schools, workplaces, and family medicine
services. Having nutrition scenes in movies and TV series may be another
recommendation of solution partners. These activities may contain stories and fables

in children literature.

Increasing school nutrition by serving foods for students under the supervision of
their responsible teachers is another recommendation. Solution partners may start
media campaigns to support social solidarity organizations for providing regular
nutrition to individuals who suffer from mental health problems. Another principle
may be to provide dietary services for all public or private social facilities. Moreover,

municipalities may increase walking areas near workplaces.

Nutrition education at schools, workplaces and for households may be initiated by
solution partners as another soft instrument application. Paid leave may be
recommended to employers so that they can support their employees’ diet to
overcome obesity. Entrepreneurs may create new technological applications for
nutrition and diet. These applications may be educational healthy diet food portions
and meal simulation toys, equipment and software for children, medical body
composition and regional weight-loss devices, fat measuring mobile phones,

watches, shoes or some other complicated systems.
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The third policy issue is low SBP-dependent saving propensity between certain
thresholds. As reported in the previous sections, the quadratic specification yielded
that the coefficients of the linear and the quadratic terms are both significantly
different from “0” at 10% significance level, and they are positive and negative,
respectively. For the quadratic specification, the estimated turning point is 137.79
mm Hg. Therefore, the quadratic functional specification estimation results obtained
in this study suggest that a non-monotonic inverse U-shaped association exists
between gross domestic savings and SBP for the 1980-2009 period. Related policy

implications are introduced below.

The macro level policy implication is regulations and applications in the country
level aiming at SBP-dependent saving propensity. The purpose of the policy is to
raise SBP-dependent saving propensity. The policy instrument is economic growth
augmenting public health strategies to reach the targeted mean population SBP level.
The first policy goal is to increase SBP-dependent saving propensity by at least 1
percent by end of the first year in pilot applications. The second goal is to foster
SBP-dependent saving propensity by at least 1 percent in the second year in local
applications. Thirdly, it aims is to raise SBP-dependent saving propensity by at least
1 percent in the third year in country level applications. Its final goal is to enhance
SBP-dependent saving propensity by at least the targeted percent by the end of the

fourth year in country level applications.

The meso level policy implication is to design a strategy application plan for SBP-
dependent saving propensity in organizational level. The policy purpose is to
improve SBP-dependent saving propensity. The policy instrument is to organize
round-table activities involving economic, public health, education, and other related
public/private institutions to design an economic growth augmenting public health
strategy application plan to reach the targeted mean population SBP level. The main
goal is to increase SBP-dependent saving propensity by at least 1 percent by one-year

applications.
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At micro level, the policy implication is about executive orders for SBP-dependent
saving propensity in micro level. The purpose is to increase SBP-dependent saving
propensity. The policy instrument is to ensure effective interaction of economic
growth augmenting public health strategy application plan and households to reach
the targeted mean population SBP level. The policy goal is to enhance SBP-

dependent saving propensity by at least 1 percent by one-year applications.

The fourth policy issue is low BMI- and SBP-dependent saving propensity between
certain thresholds. According to Wang and Zou (2011), low-income countries should
keep technology levels constant. They should enhance welfare of citizens. These
priorities may help them eliminate the poverty trap. In our opinion, low-income
economies are not restricted by only these two options: only increasing the
technology level and the improving the health level of a country. Indeed, there is the

third option which involves the innovation methodology.

This third option entails improving health by health enhancing technologies.
Technology and health levels do not necessarily mean to conflict. Technology is an
output of two ingredients: scientific principle and aim of use (Agarwal and Lang,
2005: 3). This aim can well be public health enhancement. This enhancement can be
different from medical technologies dealing with the emerging physiological health
crises. They can actually decrease the magnitude of these health crises events before
they break out. Besides, they are cheaper to produce and diffuse than medical
technologies (Rose et al., 2008:130-133 and 139-140). The following section

contemplates the above-mentioned issues and discusses relevant policy implications.

At macro level, the policy implication is that a roadmap should be drawn to innovate
and diffuse technologies in country level for BMI- and SBP-dependent saving
propensity. The purpose of the policy is to increase BMP- and SBP-dependent saving
propensity. The policy instrument is to develop strategies towards economic growth
augmenting technology innovation and diffusion such as initiating tax

incentives/negative tax incentives to reach targeted mean population BMI and SBP
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levels. The first policy goal is to raise BMI- and SBP-dependent saving propensity
by at least 1 percent in the first year in pilot applications. The second goal is to
increase BMI- and SBP-dependent saving propensity by at least 1 percent in the
second year in local applications. The third goal is to foster BMI- and SBP-
dependent saving propensity by at least 1 percent by the end of the third year in
country level applications. The last goal is to enhance BMI- and SBP-dependent
saving propensity by at least the targeted percent by end of the fourth year in country

level applications.

According to this study, at meso level, the policy implication is that a strategy
application plan should be developed technology innovation and diffusion in the
organizational level aiming at BMI- and SBP-dependent saving propensity. The
policy purpose is to raise BMP- and SBP-dependent saving propensity. The policy
instrument is to put in practice an application plan of economic growth augmenting
technology innovation and diffusion strategies to reach the targeted mean population
BMI and SBP levels. The policy goal is to increase BMI- and SBP-dependent saving

propensity by at least 1 percent by one-year applications.

At micro level, the policy implication is executive orders for BMI- and SBP-
dependent saving propensity aimed technology innovation and diffusion in micro
level. The policy purpose is to enhance BMP- and SBP-dependent saving propensity.
The policy instrument is to effectively manage the interaction of diffusion of
economic growth augmenting innovative products and households to reach the
targeted mean population BMI and SBP levels. These innovative products should
support BMI and SBP-friendly schools, workplaces, and other local environments
(Rayner and Lang, 2012: 320-321). They should do so by, for example, providing
healthy (Cornwell et al., 2014; Wu et al., 2015), small portion and affordable food
(Rayner and Lang, 2012). They should reduce noise (Babisch, 2005) and air
pollution (Pittman, 2013; Chan et al., 2015; Zhao et al., 2015) as well as enhancing
physical activity (Nicolopoulou-Stamati et al., 2005). Also, they should promote
higher public health standards (Rayner and Lang, 2012: 315-321). Some recent
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examples of these technologies are healthy diet foods, noise barriers in cities,
ecologically-safe automobiles, chemical and gas scrubbers, safe pavements, and bike
paths (Rayner and Lang, 2012: 320-321) for all generations. The policy goal is to
increase BMI- and SBP-dependent saving propensity by at least 1 percent through

one-year applications.
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7.3. Science and Technology Policy Issues

Three issues in the policy recommendations that this study makes are directly related
to science and technology policy (STP) and its applications. First, the policy
recommendations aforementioned underline human capital and education conditions.
Specific turning points determine risky health status limits. These limits have an
impact on human capital and education duration. The policy recommendation
instruments provide incentives for target health status that positively affects human
capital and education pinpoints, which are within the scope of STP. Indeed,
according to Ruttan (2001), regardless of whether it is mission-oriented as in USA or
diffusion-oriented as in Germany, STP of any nation distributes its research
resources by principle. This approach includes human capital, education, and training

listed in the research activities for funded technologies.

Second, the policy recommendations made in this study provide a strong motive for
health aimed STP activities. The empirical findings demonstrate the importance of
the health status and savings link for raising economic growth. If individuals have
good health status and enough savings, economic growth gains increment. At this
point, human health-oriented STP activities gains importance for sustainability
search in STP and economic activities. Put differently, increase or decrease in the
cost of labor compared to capital has a robust impact, influencing STP and economic
activities in the long run. Thus, the sustainability of STP and economic activities
depend on strategies towards decreasing the cost of labor. The cost of labor is
primarily affected by labor productivity, and labor productivity is influenced by the
health status of individuals (Ruttan, 2001; Acemoglu and Johnson, 2007: 975-976) in

STP and economic activities.

Third, the policy recommendations concerning the health (BMI and SBP)-dependent
saving propensity aimed technology innovation and diffusion includes roadmaps,
strategy applications, and executive orders. These policy items provide a basic

framework for transition to human health-oriented STP activities. These initiator
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items include relatively less costly preventive strategies than medical treatment
technologies (Rose et al., 2008:130-133 and 139-140). According to Ruttan (2001:
614-615), substantial resources allocated for scientific health researches do not
guarantee successful results in their applications. Sometimes, minimal allocation of
resources can have successful outcomes in science-based health researches. Thus,
alternative options should be sought to fulfill health needs of individuals, promote
savings, and decrease cost of labor requirements of economic growth to achieve
sustainability in both STP and economic activities. In the policy recommendation in
this study, these primary framework starters for STP activities meet these needs and

requirements.

7.4. Synopsis of the Contributions

Numerous studies have examined the effects of health on economic development by
utilizing different proxy variables. Among many researchers who focused on this
complex association, Azomahou et al. (2009) have significantly contributed to the

related literature empirically and theoretically.

Azomahou et al. (2009) present the empirical and theoretical results of the
examination of the nonlinear association between GDP per capita growth rate and LE
by using historical data for eighteen countries for the 1820-2005 period. There is no
justification for the selection of this period. However, this period includes liberal,
Keynesian, and Neo-liberal economic policies in different durations. Based on the
assumptions of Azomahou et al. (2009), individuals at different ages will implement
different plans and make different saving decisions. For instance, younger
individuals tend to save more than the elderly because of their low time preference

rate (rate of impatience) in their decisions.

These saving tendencies influence the form of the association between GDP per
capita growth rate and LE. Azomahou et al. (2009) clarify the empirical findings

related to this non-linear and non-monotonic association between economic growth
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and health in their theoretical model. They assert that the GDP per capita growth rate
increases with LE. However, the link between GDP per capita growth rate and LE
shifts depend on the level of LE. This association is convex-shaped for low-level LE

and concave-shaped for higher level LE.

This study has theoretical significance in that it employs a reduced form of cubic
specification from the model of Azomahou et al. (2009: 243). This reduced form of
cubic specification was obtained with particular focus on the time preference rate by

remaining limited to determining the sign of economic growth.

It is assumed that any appropriate substitute can represent this time preference rate.
According to Azomahou et al. (2009: 225), time preference rate increases with LE.
Thus, LE can be a substitute for this impatience rate. Another assumption is that BMI
and SBP are embedded in LE. This assumption is based on the findings in weak
identification test in IV estimations. Hence, both BMI and SBP can be substitutes for

LE in this cubic specification estimation.

Following that, the present study expands this association with growth indicators
according to the extent to which they are linked with economic growth. These
growth indicators are GDP per capita, human capital, GDP per person engaged,
productivity, and gross domestic savings. Therefore, these growth indicators can be
used as a substitute for GDP per capita growth in Azomahou et al. (2009). This has
enabled the present study to investigate the association between economic
development and health with different growth indicators and to test the robustness of

this association.

The findings of Cervellati and Sunde (2009), Desbordes (2011), and Hansen (2012)
were confirmed by the estimations performed in the present study, which utilizes
their specification variables and estimation methodologies. The reduced form in the

cubic specification was estimated in this study by using methodologies of these
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confirmed results. The base sample data structure used by Acemoglu and Johnson

(2007: 939, 979-980) was employed.

A total of 47 countries comprises the panel data. The study focuses on three periods,
1940-1980, 1980-2009, and 1940-2009 due to reliable historical data consideration.
It investigates the association between economic development and health. These
periods include Keynesian and Neo-liberal economics that have different and
combined economic policies, which helps test the robustness of our findings. Table
7.2 presents the vindicated results, besides those of Azomahou et al. (2009), to

demonstrate the consistency between findings.

Having obtained the reduced form in the cubic specification with all these variables,
we find robust non-linear and non-monotonic association between economic growth
and health in estimations for all periods. Also, health status (BMI and SBP)
thresholds for economic development for the 1980-2009 period are estimated based
on variable data availability. It seems that no study so far has provided these
thresholds for BMI and SBP in the related literature by utilizing macro-level

economic growth indicators as the response variables.

Understanding the reason behind these significant results will help handle the
adverse effects of bad health status on economic growth. These negative effects of
the bad health status can be solved by utilizing a neutral health intervention approach
between certain thresholds. These thresholds may follow the range of 24.39-26.16
kg/m? for BMI and 137.79 mm Hg for SBP based on the quadratic specification
estimation findings for the associations between the gross domestic savings and BMI
and SBP, respectively. This neutral health intervention approach provides the

policymakers with a practical method.

The varying effects of bad or good health status in this cubic specification can
provide a new perspective entailing sharing of information reciprocally between

different disciplines in science and technology. Thus, multidisciplinary approaches

228



can be developed to achieve health-induced innovations, to promote individual
savings (from early work entry age 15 to age over 65), and to secure sustainable

economic growth.

Based on these consistent findings, a general conclusion was derived about realizing
sustainable economic development: the saving ability of young and older generations
should be increased, and time preference rate (improved health status level) of all
health-at-risk individuals and elderly groups should be decreased through effective

and appropriate economic policies.
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7.5. Further Research

Further research can enlarge the association between GDP per capita and human
physiological functions. These health functions closely related with aging can be
mean fasting blood glucose and mean total cholesterol levels. By using the same
specifications of this study, these health proxies are expected to provide similar

results for the association between economic growth and health.

Moreover, further research can focus on the saving propensity differences depending
on risk levels of physiological health functions for certain age groups. For example,
the difference between young age individuals who are at the high-risk level in
physiological health function and those who are at no risk level in these
physiological functions should be explored. The same framework can be enlarged for
the elderly at the same risk levels. Saving propensities of the lowest risk level young
and old age individuals could be analyzed comparatively. Furthermore, causes of
high time preference behaviours of elderly at certain ages can be investigated. For
example, whether there are differences between elderly age groups over 65 and their
risk status of physiological health functions on the issue of time preference can be

studied.

The effect of incentive/taxation policy of individual income, and education and
health expenditures on age-dependent saving propensities can be the subject of future
studies. Maintaining healthy human physiological function with technology
innovation and diffusion strategies and how they influence age-dependent saving
propensities of individuals could also be handled. Last but not least, Granger-
causality test analysis can be conducted to study the association between health and
economic development; all variables belonging to data available periods used in this

study can be used to compare the bidirectional associations between them.
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APPENDICES

A. THE DATA SOURCES AND CONSTRUCTION OF FIGURE 2.1

In Figure 2.1, data for birth rate per 1000 people for the years 1940 and 1950 are
taken from UN Demographic Yearbook for 1948, 1949-1950, 1951, 1952, 1954,
1955, 1958 and 1960. Birth rate per 1000 people values for the year 1960 to 2009 are
utilized from data of The World Bank. India birth rate per 1000 people values in
1940 as 32 is used for Bangladesh birth rate per 1000 people value in 1940 due to the
missing value of Bangladesh data in 1940 in UN Demographic Yearbooks. Brazil
birth rate per 1000 people values in 1946 as 33.7 is used for its the year 1940 value
due to its missing value in 1940 in UN Demographic Yearbooks. Myanmar birth rate
per 1000 people values in 1939 as 32.4 is used for its the year 1940 value due to its
missing value in 1940 in UN Demographic Yearbook. Pakistan birth rate per 1000
people values in 1946 as 24.9 is used for its the year 1940 value due to its missing
value in 1940 in UN Demographic Yearbooks. Panama birth rate per 1000 people
values in 1941 as 37.4 is used for its the year 1940 value due to its missing value in
1940 in UN Demographic Yearbooks. Indonesia birth rate per 1000 people values in
1952 as 26.5 is used for its the year 1950 value due to its missing value in 1950 in

UN Demographic Yearbooks.
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D. TURKISH SUMMARY/ TURKCE OZET

0z

SAGLIK VE IKTISADI GELISIM ILiSKiSi UZERINE MAKALELER:
ULKE PANEL VERISI ILE YENI BULGULAR

Bu ampirik ¢alismada, 1940-1980, 1940-2009 ve 1980-2009 donemleri igin birinci,
ikinci ve tgilincii dereceden denklemler igeren modeller kullanilarak sagligin
iktisadi gelismeye olan etkileri incelenmektedir. Bu calisma, iktisadi biiyiime ve
saglik iligkisinin farkli boyutlarin1 ortaya ¢ikarmaya caligmaktadir. Bu nedenle,
saghigin, iktisadi gelismeye olan etkilerinin arastirilmasi i¢in saghik degiskenleri
olarak beklenen yasam siiresi (BYS), beden kitle indeksi (BKI) ve sistolik kan
basinct (SKB) kullanilmistir. Ayrica iliskinin incelenmesinde kisa ve uzun donem

zaman siireleri esas alinmustir.

Bu temsili saglik degiskenlerinin en Onemli ortak o6zelligi yaslanmayla giicli
baglarinin bulunmasidir. Temsili saglik degiskenlerinin bu ortak 6zelligi, gelir ve
saglik iligkisinin farkli boyutlarini incelememize imkan vermektedir. Bahse konu
iligkinin, egitim siiresi (beserl sermaye), katilan kisi basina diisen gayri safi yurtigi
hasila, katilan kisi basina iiretim katma degeri (verimlilik) ve gayri safi yurtici
tasarruflar olarak genisletilmesi suretiyle de gelir ve saglik arasindaki baga iliskin

temel bir ortak goriise ulagiimistir.

Regresyon, sabit-etki ve genellestirilmis moment metodu (Arellano-Bond) tahmin
araclar kullanilarak 47 iilke i¢in 1940-1980 ve 1940-2009 donemi i¢in 10’ar yillik ve
1980-2009 donemi i¢in 5’er yillik dengeli panel verileri kullanilarak hesaplamalar

yapilmistir. Ayrica, tim bu donemler icin, regresyon ve ara¢ degisken hesaplayicisi
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ile uzun donem-fark tahmini yontemi kullanilmistir. Farkli temsili saglik
degiskenlerini ihtiva eden bu calismanin ampirik sonuclar1 genellikle birbirleriyle
tutarli bulunmustur. Daha agik olarak, tim bagimh temsili iktisadi gelisme
degiskenleri ve temsili saglik degiskenleri arasinda dogrusal ve tekdiize olmayan bir
iligki bulunmustur. Sonu¢ olarak, ampirik sonuglarimiz insan fizyolojik saglik
fonksiyonlarinin korunmasimin iktisadi biliylimeyi gii¢lendirdigine dair Onemli

kanitlar sunmaktadir.

Bu calismada, birinci boliimde Giris, ikinci béliimde Yontem, tigiincii boliimde Veri
ve Ampirik Ozellikler, dérdiincii, besinci ve altinct béliimlerde temsili saglik
degiskenlerinin temsili iktisadi gelisme degiskenlerine olan etkilerini inceleyen {i¢
ayr1 makale sunulmaktadir. Yedinci béliimde Sonuglar ve Politika Onerileri
verilmektedir. Ayrica, yedinci bdliimde Politika Onerilerinde yer alan Bilim ve
Teknoloji Politikas: ile ilgili Hususlar paylasilmaktadir. Yedinci boliimde ilave

olarak, bu caligsma ile ilgili Katkilarin Ozeti sunulmaktadir.

Tez kapsaminda, kisi basina gayri safi yurti¢i hasila ve beklenen yasam siiresi
arasindaki iliski arastirilmistir. Ancak, bu degiskenler arasindaki nedensellik

arastirtlmamis olup bu inceleme gelecekteki calismalara birakilmaistir.

1940-1980 doéneminin basindan itibaren 47 iilke i¢in tarihsel gilivenilir veriler goz
oniinde bulundurularak Acemoglu ve Johnson'daki (2007: 939, 979-980) temel 6rnek
veri yapisi takip edilmistir. Bu nedenle, panel verilerimizde 47 iilke ve ekonomik
kalkinma ve saglik arasindaki baglantiy1 incelemek i¢in {i¢ donem bulunmaktadir. Bu
donemler 1940-1980, 1940-2009 ve 1980-2009. 1940-1980 donemi Hansen (2012),
Desbordes (2011), Cervellati ve Sunde (2009) ve Acemoglu ve Johnson' da (2007)
kullanilmistir. 1980-2009 donemi Husain v.d.’de (2014) kullanilmistir. Bu iki donem
nispeten kisa vade 6zelliklerine sahiptir. Bu iki donemin birlesimi olarak nispeten
uzun bir vade Ozelliklerine sahip olan 1940-2009 donemi bizim tarafimizdan yeni
kullanilmistir. Kisa ve uzun vade, iktisatta ayni olaylar i¢in farkli sonuglar

dogurabilmektedir.
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Bu 47 iilkenin tarihsel giivenilir verileri dikkate alindiginda, 1940-1980 ve 1980-
2009 donemleri, iki farkli iktisat politikast uygulamasina, sirasiyla Keynesyen ve

Neo-liberal iktisat politikalarina denk gelmektedir.

Jahan v.d.” e (2014) gore, Keynesyen iktisat anlayisinda, toplam talep ekonomide ana
itici unsur olarak kabul edilmektedir. Toplam talep, ticari faaliyetler, hane halki ve
hiikiimetler tarafindan yapilan harcamalarin biitiinlinii  igermektedir. Kamu
politikalarinin, tam istihdam saglayan serbest piyasalarda kendi kendini dengeleme
islevi bulunmadigindan, tam istihdam ve fiyat siirdiiriilebilirligini gerceklestirmesi
gerekmektedir. Buna gore toplam talepteki eksiklik, issizligin artmasina neden
olabilmektedir. Keynesyen iktisada gore, iktisadi hareketleri ii¢ prensip

yonlendirmektedir.

Ik prensip, kamu ve &zel sektdr kararlarmin toplam talebi etkilemesidir. Ikinci
prensip, arz ve talep degisimlerinin yavas da olsa fiyatlar genel diizeyini ve ticretleri
etkilemesi, bunun da is giicii daralmasi veya is giicli fazlaliklarina periyodik olarak
neden olmasidir. Ugiincii prensibe gére, toplam talep degisiklikleri reel {iretim ve
istihdam iizerinde gii¢lii bir kisa vadeli etki yaratmakta olup fiyatlar {izerinde bir
etkisi olmamaktadir. Keynesyen iktisadi goriise gore fiyatlar belirli bir derecede
inelastiktir. Herhangi bir harcama kalemindeki degisim iiretimi etkilemektedir.
Ornegin, kamu harcamalarindaki artis fiyat artisindan ziyade iiretim artigina neden
olmaktadir. Keynesyen iktisatta, ekonomik dalgalanmalara kars1 kullanilmak tizere
mali politikalara yer verilmektedir. Para politikalar1 da ekonomiyi motive etmek igin
Keynesyen iktisatta kullanilmaktadir. Keynesyen iktisada gore, ekonomideki kisa
vadeli sorunlar bile kamu miidahalesi ile c¢oziilmelidir. Kamu, piyasa

mekanizmasinin daha uzun siirede sorunu ¢6zmesini beklememelidir.

Thorsen ve Lie'ye (2010) gore, iktisadi mekanizmanin temel unsuru kaynak
tahsislerinin verimliligidir. Bu tespit ile iliskin olarak Neo-liberal iktisada gore,
piyasa sistemi kaynaklar1 dagitmak i¢in en etkili eylem olarak kabul edilmektedir.

Kamu miidahalesi, piyasanin bu miikemmel dengelenmis sistemini zayiflatmakta ve
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ekonomik kaynak tahsisinin etkinligini azaltmaktadir. Neo-liberal doktrin, kurumsal
anlamda serbest ticaret, serbest piyasalar ve miilkiyet haklarini giivence altina alarak
bireysel girisimcilik aklimm  ve yeteneklerini gelistirmenin insan refahini
destekleyecegini ileri slirmektedir. Kamu sektoriiniin sorumlulugu, bu temelleri,
dogru bir sekilde calisacak isleyis icinde kurmak ve bu isleyisi de gilivence altina
almak olmalidir. Neo-liberal iktisada gore, para birimi hiikiimetler tarafindan kalite
ve diiriistliik icinde korunmalidir. Ozel miilkiyet haklarimi ve yeterince isleyen bir
pazar mekanizmasin1 garanti etmek icin savunma ile asayis hizmetleri ve yasal

diizenlemeler yerine getirilmelidir.

Su ve kanalizasyon, egitim, saglik hizmetleri, sosyal giivenlik veya ekolojik sorunlar
icin piyasa mekanizmasi olusmamis ise kamu bu hizmetleri saglamalidir. Ancak,
piyasa mekanizmasindaki kamu miidahalesi piyasadaki bozulmayr ve fiyat
spekiilasyonunu 6nlemek icin en diisik diizeyde gergeklestirilmelidir. Bununla
birlikte bu doktrine gore, bireyler serbest olarak aldiklar1 kararlariin ve piyasa
mekanizmas1t  i¢inde  gerceklestirdikleri  eylemlerinin  sorumlulugunu da
tasimaktadirlar. Bu nedenden otiirii, sosyal ayrimcilik ve esitlik sorunsali, bireyin
Ozgilir se¢imlerinin bir sonucu olarak ortaya cikiyor ise ahlaki olarak kabul
edilebilmektedir. Bu yaklagimin dogal sonucu olarak Neo-liberal doktrin;
reformlarin, bireysel ve girisimci Ozgiirliiklerin, bu siirecin uzmanlar ya da yasal
araglar kuraliyla degistirilerek demokratik isleyisin baskisina karst kurumlar

tarafindan giivence altina alinmasini gerektirmektedir.

Sonug olarak, 1940-2009 donemi, bu siire igerisinde uygulanan bu iki farkl iktisat
politikasinin benzersiz ve biitiinlesik bir 6zelligini sunmaktadir. Ayrica 1940-1980
ve 1980-2009 donemleri i¢in farkli dogum orani hareketleri oldugu da goriilmektedir.
Dogum orani 1940-1950 donemi i¢in Once azalmakta, daha sonra 1950-1970 dénemi
i¢cin artmakta ve sonrasinda 1970-1980 donemi igin tekrar azalmaya baslamaktadir.

1980-2009 doneminde ise, dogum orani dogrusal bir egilimle azalmaktadir.
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1940-1980 ve 1940-2009 donemleri igin, tarihsel gilivenilir veri degerlendirmesine
bagli olarak, bagimli degiskenler kisi basma GSYIH ve egitim yili olarak
kullanilmaktadir. Agiklayict degisken olarak saglik temsili degiskeni BYS
kullanilmaktadir. 1980-2009 déneminde ise, giivenilir tarihsel veri mevcudiyetine
bagl olarak, bagimli degiskenler olarak kisi basina GSYIH, ortalama egitim siiresi
(beseri sermaye), katilan kisi basina diisen GSYIH, katilan kisi basina iiretim katma
degeri (verimlilik) ve gayri safi yurti¢i tasarruf kullanilmaktadir. Saglik temsili
degiskenleri olarak aciklayici degiskenler BYS, BKI ve SKB kullaniimaktadir.
Ekonomik gelisim degiskenleri, kararlilik testi yapilabilmesi maksadiyla ekonomik
biliylime ile giiclii iligkilerine gore biiylime gostergelerinden seg¢ilmiglerdir. Saglik
temsili degiskenleri, yasa baglh olarak degisimlerine ve BYS icinde gomiilii bir

etkiye sahip olmalarindan dolayi tercih edilmislerdir.

Sagligin ekonomik kalkinma tizerindeki etkisi nedir? Bu soru, bu ¢aligmay1 yiirtitmek
i¢cin temel sorumuz olmaktadir. Genel anlamda, Azomahou v.d. (2009) ¢alismasi, bu
soruyu arastirmak i¢in bir rehber olarak kullanilmaktadir. Azomahou v.d. (2009)
caligmasinin varsayimlarina gore, farkli yaslardaki insanlar farkli "etkili planlama
Ongoriisiine" sahip olacaklar ve farkli "tasarruf kararlar1" alacaklardir. Bu tasarruf
tercihleri, BYS ve GSYIH arasindaki iliskinin seklini belirlemektedir. Bu iliskinin,
bu baglantilarin boyutlarin1 anlamak icin farkli saglik temsili degiskenleri ile test
edilmesi gerekmektedir. Daha sonra, tibbi literatiirde yer alan, yaslanma ile BKI ve
ayrica yaslanma ile SKB arasinda gii¢lii bir bagi oldugu varsayimi ¢alismamizda
kullanilmak tizere kabul edilmektedir. Boylece, ayn1 yaslardaki insanlarin ¢ok yakin

BKI 6l¢iimlerine ve SKB sonuglarina sahip olduklari kabul edilmektedir.

Bu yakin baglantilar saglik durumu temsili degiskenleri olarak iki yeni BYS
degiskeninin kullanimini miimkiin kilmaktadir. Bunlar SKB ve BKI. Daha sonra, iki
temel terim, saglik durumu ve ekonomik gelisme, ekonomik biiylime gostergeleri
olarak bes temsili degisken ve {ic alt saglik temsili degiskeni olarak
genisletilmektedir. Boylece, agiklayici degiskenler olan saglik konularina baglh

olarak ana ii¢ boliimde guruplandirilmis on bes soru elde edilmektedir. Bunlar, uzun
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omiir ve ekonomik kalkinma ile ilgili sorular, beslenme ve ekonomik kalkinma ile
ilgili sorular ve damar saghg ve ekonomik gelisme ile ilgili sorular olarak

smiflandirilmaktadir.

Beklenen Yasam Siiresinin, Ekonomik Biiyiimeye, Beseri Sermayeye, Katilan Kisi

Bagsina GSYIH ve, Verimlilik ve Gayri Safi Yurtici Tasarruflara Etkisi

Boliim 4'te, kisi basina diisen GSYIH, beseri sermaye, katilan kisi basma diisen
GSYIH, verimlilik ve gayri safi yurtici tasarruflar ile BYS arasindaki iliski 1940-
1980, 1940-2009 ve 1980-2009 donemlerini kapsayacak sekilde, birinci, ikinci ve
ticlincli dereceden denklemler iceren modellerde arastirilmaktadir. Ara¢ degisken
tahminlerinde, ara¢ degiskeni olarak; tahmin edilen 6liim orani, 1-5 arasi yasa, 5-14
aras1 yasa, 65-69 aras1 yasa, 80-84 arasi yasa iligkin hayatta kalma olasiliklar1 ve
kizamik asis1 kapsama orani seklinde kullanilmaktadir. Sonug olarak, bu boliimdeki
ampirik sonuglar, insan fizyolojik saglik fonksiyonlarmin korunmasmin ekonomik
kalkinmayi, bireylerin yeterli tasarruf yapabilme imkanina sahip olmalar1 ile

giiclendirdigine dair 6nemli kanitlar sunmaktadir.

Beden Kitle Indeksinin (BKI), Ekonomik Biiyiimeye, Beseri Sermayeye, Katilan Kisi
Bagsina GSYIH 'ye, Verimlilik ve Gayri Safi Yurtici Tasarruflara Etkisi

Béliim 5'de 1980-2009 déneminde kisi basina diisen GSYIH, beseri sermaye, katilan
kisi basmna diisen GSYIH, verimlilik ve gayri safi yurtici tasarruflar ile BKI
arasindaki iligki incelenmektedir. Veri smir1 nedeniyle sadece bu siire
kullanilmaktadir. Ara¢ degisken tahminlerinde ara¢ degiskenler olarak; ham hayatta
kalma ve 75-79 arasi yas hayatta kalma olasiliklar1 seklinde kullanilmaktadir. Bu
boliimde, saglik i¢in temsili degiskeni olarak BYS’nin bireylerin “hastalikiilik”,
“engellilik”, “rahatsizlik” durumlarima iliskin simirliligin1 (Husain v.d., 2014: 128) bir
derereceye kadar asabilmek maksadiyla BYS yerine BKI kullanilmaktadir.
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Yaslanma ile yakin baglantisinin bulunmasi nedeniyle, BKI'nin fizyolojik bir saglik
fonksiyonu olarak etkisinin BYS’ne gomiilii oldugu varsayilmaktadir. Bu nedenle,
zayif ara¢ de@isken tanimlama testi sonuglari, BKI ile bu c¢alismada aragsal
degiskenler olarak kullanilan yasa 6zgili hayatta kalma olasiliklari arasinda gii¢lii bir
iliski oldugunu kanitlamaktadir. Bu boliimdeki ampirik sonug¢larimiz genellikle kisi
basina diisen GSYIH-BYS iliskisi bulgular ile tutarlidir. Bu bulgular, BKi'nin insan
fizyolojik fonksiyonu olarak etkisinin, BYS’ne yaslanma yoluyla gémiilii olduguna
dair dayanak saglamaktadir. Sonug olarak, ampirik bulgularimiz, ortalama toplumsal
BKI seviyesinin, bireylerin yeterli tasarruf yapabilme imkanina sahip olmalar1 ile

ekonomik kalkinmay arttirdigina dair 6nemli kanitlar sunmaktadir.

Sistolik Kan Basinct (SKB) 'nin, Ekonomik Biiyiimeye, Beseri Sermayeye, Kisi Basina
GSYIH ye, Verimlilik ve Gayri Safi Yurtici Tasarruflara Etkisi

Boliim 6'da 1980-2009 déneminde kisi basina diisen GSYIH, beseri sermaye, katilan
kisi basma diisen GSYIH, verimlilik ve gayri safi yurtici tasarruflar ile SKB
arasindaki iligski incelenilmektedir. Veri smir1 nedeniyle sadece bu siire
kullanilmaktadir. Ara¢ degisken tahminlerinde ara¢ degiskenler olarak ham hayatta
kalma ve 75-79 aras1 yas hayatta kalma olasiliklarini kullanilmaktadir. Bu béliimde,
saglik icin temsili de8isken olarak olarak bireylerin “hastaliklilik”, “engellilik”,
“rahatsizlik” durumlarina iliskin kisithilhigint (Husain v.d., 2014: 128) bir 6l¢iide
kadar asabilmek maksadiyla BYS yerine SKB kullanilmaktadir.

Yaglanma ile yakin baglantisinin bulunmasi nedeniyle, SKB'nin fizyolojik bir saglik
fonksiyonu olarak etkisinin BYS’ne goémiilii oldugu varsayilmaktadir. Bu nedenle,
ara¢ degisken zayiflik tanimlama testi sonucglari, SKB ile bu g¢aligmada aragsal
degiskenler olarak kullanilan yasa 6zgii hayatta kalma olasiliklar1 arasinda giiclii bir
iliski oldugunu kanitlamaktadir. Bu boliimdeki ampirik sonuglarimiz genellikle kisi
basina diisen GSYIH-BYS iligkisi bulgulari ile tutarli bulunmustur. Bu bulgular,
SKB'in insan fizyolojik fonksiyonu olarak etkisinin, BYS’ne yaslanma yoluyla

gomiilii olduguna dair kanitlar saglamaktadir. Sonug¢ olarak, ampirik sonuglarimiz,
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saglikli toplum ortalama SKB seviyesinin, bireylerin yeterli tasarruf yapabilme
imkanina sahip olmalar1 ile ekonomik kalkinmayr destekledigine dair 6nemli

bulgular sunmaktadir.

SONUCLAR

Nihai olarak, bu calismada farkl1 saglik temsili degiskenlerine (BYS, BKI ve SKB)
sahip 1ii¢ farkli bolimdeki ampirik sonuglarimiz genellikle birbiriyle tutarh
bulunmustur. Daha acik bir sekilde, tim bagimli ekonomik gelisme temsili
degiskenleri (kisi basma diisen GSYIH, beseri sermaye, katilan kisi basina diisen
GSYIH, verimlilik ve gayri safi yurt i¢i tasarruflar) ve saglik temsili degiskenleri
arasinda dogrusal ve tekdiize olmayan iligki oldugu goriilmektedir. Saglik temsili
degiskenlerinin tim bagimli degiskenlere etkilerine iliskin acgiklamalar asagida

sunulmaktadir.

Kisi basina GSYIH'de, 1940-1980 donemi icin, iiciincii dereceden denklem iceren
model sonuglarimiz, kisi basina GSYIH ve BYS arasinda 6nce igbiikey sonra
digbiikey seklinde bir iligki oldugunu gostermektedir. Ancak 1940-2009 ve 1980-
2009 donemleri igin, iigiincli dereceden denklem iceren model sonuglarimiz, kisi
basina GSYIH ve BYS arasinda 6nce disbiikey sonra icbiikey seklinde bir iliski
oldugunu ortaya koymaktadir. Bu sonuclar, Azomahou v.d. (2009) 1820-2005
donemi calismasi sonuclar1 ile benzer bulunmustur. Kisi basina GSYIH-BKI
baglantisinda, 1980-2009 donemi i¢in {i¢iincli dereceden denklem iceren model
sonuglarimiz, kisi basina GSYIH ile BKI arasinda disbiikey-i¢biikey seklinde bir
iliski oldugunu gostermektedir. Kisi basina diisen GSYIH-SKB iliskisinde, 1980-
2009 doneminde, ikinci dereceden denklem igeren model sonuglarimiz, kisi basina
diisen GSYIH ile SKB arasinda monotonik olmayan ve ters U-sekilli bir iliski oldugu
gorilmektedir. Ayrica, tiglincii dereceden denklem igeren model sonuglari, 1980-
2009 doéneminde kisi basina GSYIH ile SKB arasindaki iliskinin ikinci dereceden
denklem igeren model sonuglar1 ile dogrusal terim modelden diistiigii icin ayni

bulgular1 paylagsmaktadir.
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Beseri sermaye-BYS iliskisinde, 1940-1980, 1940-2009 ve 1980-2009 donemlerinde
ticlincii dereceden denklem iceren model sonuglari, ortalama egitim siiresi ve BYS
arasinda digbiikey-i¢biikey sekilli bir baglant1 oldugunu ortaya koymaktadir. Beseri
sermaye-BKI baglantisinda, 1980-2009 dénemi igin, ii¢iincii dereceden denklem
iceren model sonuglarinda, dogrusal, karesel ve kiibik terimlerin katsayilarinin
onemsiz oldugu goriilmektedir. Boylece, ikinci dereceden denklem igeren model
tahmin sonuglarimiz, ortalama egitim yillar1 ile BK] arasinda monotonik olmayan ve
ters U-sekilli bir iliski olduguna isaret etmektedir. Beseri sermaye-SKB iliskisinde,
1980-2009 doneminde, ikinci dereceden fonksiyonel model tahmin sonuglarimiz,
ortalama egitim siiresi ve SKB arasinda monotonik olmayan ve ters U-sekilli bir
iliski oldugunu gostermektedir. Ayrica, iiglincii dereceden denklem 6zelligi olan
model sonucglarimiz, bu donem ig¢in beseri sermaye ile SKB arasindaki iliskinin
dogrusal terimin hesaplamadan diigmesi nedeniyle ikinci dereceden denklem igeren

model sonuclartyla benzer bulgular1 paylasmaktadir.

Katilan kisi basina diisen GSYIH ile BYS arasindaki iliskide, 1980-2009 dénemi
icin, ticlincli dereceden denklem iceren model tahmin sonuglarimiz, katilan kisi
basina GSYIH ile BYS arasinda disbiikey i¢biikey seklinde bir iliski oldugunu ortaya
koymaktadir. Katilan kisi basma diisen GSYIH ile BKI arasindaki bag ile ilgili
olarak 1980-2009 donemi i¢in, iiclincii dereceden denklem iceren model tahmin
sonuclarimiz, katilan kisi basina GSYIH ile BKI arasinda disbiikey i¢biikey seklinde
bir iliski oldugunu gostermektedir. Katilan kisi basmna diisen GSYIH ile SKB
arasindaki bag ile ilgili olarak 1980-2009 donemi i¢in, iiglincii dereceden denklem
iceren model sonuglarimiz, katilan kisi basina GSYIH ile SKB arasinda disbiikey
i¢cbiikey seklinde bir iligski olduguna isaret etmektedir.

Uretkenlik-BYS iliskisinde, 1980-2009 dénemi icin, iigiincii dereceden denklem
iceren model sonuglari, katilan kisi basimma imalat katma degeri ile BYS arasinda
disbiikey i¢biikey seklinde bir iliski oldugunu gostermektedir. Uretkenlik-BKI bagina
iligkin olarak 1980-2009 donemi igin, iiclinclii dereceden denklem iceren model

sonuglari, katilan kisi basina imalat katma degeri ile BKI arasinda disbiikey igbiikey
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seklinde bir iliski oldugunu ortaya koymaktadir. Katilan kisi basina imalat katma
degeri-SKB bagima yonelik olarak 1980-2009 donemi i¢in, iigiincii dereceden
denklem igeren model sonuglari, Uretkenlik ile BKI arasinda disbiikey icbiikey
seklinde bir iliski olduguna isaret etmektedir.

Gayri safi yurtici tasarruflar-BYS iligkisinde, 1980-2009 doénemi igin, {i¢ilinci
dereceden denklemler igeren model sonuglarinda, dogrusal, karesel ve kiibik
terimlerin katsayilarinin  6nemsiz oldugunu goriilmektedir. Bu nedenle, ikinci
dereceden denklemler igeren model tahmin sonuc¢larimiz, 1980-2009 donemi igin
gayri safi yurtici tasarruflarla BY'S arasinda monotonik olmayan ve ters U-gsekilli bir
iliski oldugunu ortaya koymaktadir. Gayri safi yurtigi tasarruflar-BKI iliskisinde,
1980-2009 donemi igin, tigiincii dereceden denklemler i¢ceren model sonuglarinda,
dogrusal, karesel ve kiibik terimlerin katsayilarinin énemsiz oldugunu goriilmektedir.
Bu nedenden 6tiirii, ikinci dereceden denklemler iceren model tahmin sonuglarimiz,
1980-2009 donemi igin gayri safi yurtici tasarruflarla BKI arasinda monotonik
olmayan ve ters U-gekilli bir iliski oldugunu ortaya koymaktadir. Gayri safi yurtigi
tasarruflar-SKB iligkisinde, 1980-2009 donemi igin, iiclincii dereceden denklemler
iceren model sonuglarinda, dogrusal, karesel ve kiibik terimlerin katsayilarinin
onemsiz oldugunu goriilmektedir. Bu nedenle, ikinci dereceden denklemler igeren
model tahmin sonuglarimiz, 1980-2009 dénemi i¢in gayri safi yurti¢i tasarruflarla
SKB arasinda monotonik olmayan ve ters U-sekilli bir iliski oldugunu ortaya

koymaktadir.

Eger saglik durumu iyilestirme stratejileri, yasa 6zgii kosullara bagl olarak, uygun
yaslar icin tasarruf artiric1 politikalar ile birlestirilirse, 6rnegin, erken ¢aligmaya giris
yas1 olan 15'ten baglatilip 65 yas iistiine kadar, bu yaklasim Neo-liberal modellerle
igsel biiylime modellerini, saglik yatirimlarina yeterli getiri saglayarak birbirine
yaklastirabilir. Bu sekilde, siirdiiriilebilir ekonomik biiyliimeyi saglamak icin saglik
yatinmlarinda Neo-liberal modeller ve i¢sel biliylime modelleri arasinda ¢elisen bir
hususun nedenine iliskin bir kanit da elde edilmis olmaktadir. Bu husus, karmasik

ekonomik gelisme-saglik iligkisi konusunda bu ampirik c¢alismanin ana katkisi
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olmaktadir. Dolayisiyla, eger bu mekanizma isletilebilir ise, bu siirecin sonuglari
ulusal ve insani ¢ikarlar1 birbiriyle oOrtiistiirebilecek bir nitelik gosterebilir. Ciinkii

“insan fizyolojisini” koruma durumu ortaya ¢ikmaktadir.

Ayni zamanda, bu durum "tasarruf egilim davranisi"nin korunmasi anlamini da ihtiva
etmektedir. Bu sekilde, insan fizyolojisinin korunmasi hususu, herhangi bir bireyin
yiiksek zaman tercih oranina ulasmadan 6nce daha uzun bir zaman siiresince tasarruf
yapabilmesine imkan saglamis olmaktadir. Bu mekanizmay1 gii¢lendirecek olan bu
cabalar, ekonomik nedenlerle bireyler arasinda ve dolayisiyla da milletler arasinda

catisma nedenini ortadan kaldirmis olacaktir.

Ampirik sonuglarimiz, iyi saglik durumunu tasarruf veya tasarrufu iyi saglik durumu
ile bir araya getirebilirsek, saglik ve ekonomik biiylime arasindaki iligkinin olumlu
olacagina dair acik kanitlar sunmaktadir. Ve bu olumlu iliski, uygun politika
destekleri ile giinlimiizde oldugundan daha uzun bir siire devam edebilme
potansiyeline sahiptir. Bu nedenle, ampirik bulgularimizdan, Azomahou v.d. (2009)
sonuglarindan ve ayrica literatiirde yapilan Onerilerden esinlenen politika
Onerilerimizin 6z, iyi saglik durumu ve tasarruf egilimleri arasindaki iligkinin
kurulmasma dayanmaktadir. Ozet olarak iktisadi yapilanmalarimizda, tiim bireylerin
fizyolojik islevlerini uygun yaslarda itibaren koruyarak (6rnegin, erken ¢alisma giris
yast olan 15 yasindan baglayarak 65 yas iistiine kadar), bu bireylerin tasarruf
egilimlerini yeterince yiiksek tutabilmeleri i¢in bir firsat da yaratabilirsek, herkes icin
stirdiiriilebilir bir ekonomik biiylime elde edebilece§imiz hususu ortaya konulmaya

calisiilmaktadir.

Calismamizda kullandigimiz verilere dayanarak sundugumuz Sekil 7.1, reel GSYIH
ile gayri safi yurt ici tasarruf arasindaki iligkiyi ortaya koymaktadir. Bu grafikte, reel
gayri safi milli hasiladaki degisimlerin gayri safi yurt i¢i tasarruflardaki degisiklikleri
takip ettigi acik¢a goriilmektedir. Ozellikle, Cin ve Amerika Birlesik Devletleri
(ABD)’nin ekonomik biiylime hareketi, 1980-2009 donemi ig¢in iilkelerin geri
kalanindan daha yiiksek reel GSYIH seviyelerine sahip olmalari itibariyle, bu iliskiyi
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ortaya ¢ikaran c¢ok acik bir kanit saglamaktadir. Bu grafikte gézlemlenen husus,
ABD'nin yurti¢i tasarruflarinin azalma egilimi gostermesine karsilik ki bu durum
Stiglitz (2018) tarafindan da ABD ekonomisinde bir sorun olarak isaret edilmektedir,
Cin'in biiylime egiliminin yiikselen gayri safi yurtici tasarruflarindan faydalaniyor

oldugu hususudur.

Bizim diisiincemize gore, iilkelerin (azalan tasarruf konumdaki) gayri safi yurt i¢i
tasarruflarda bir artis elde etmek i¢in makul ve kolay bir yontem bulunmaktadir.
Kanaatimiz odur ki bu yontem, diger lilkelerde (artan tasarrufa sahip) de gayri safi
yurti¢i tasarruflarda artisa devam edilebilmesine faydali olacaktir. Bu makul ve kolay
yontem, tiim insanlarin fizyolojik islevlerini uygun yaslarda (6rnegin, erken ise giris
yast olan 15 yasindan baslayip 65 yas lstiine kadar) korunmasidir. Bu makul ve
kolay yontem, tiim diinyada siirdiiriilebilir ekonomik biiyiimenin elde edilmesi i¢in
bir potansiyele sahiptir. Sonuglarimiza gore, bu yonde ilerleme kaydedebilen iilkeler
vatandaglarinin saglik durumlarindaki iyilesme seviyesine bagli olarak gayri safi
yurti¢i tasarruflarinda artis saglamalar1 nedeniyle ekonomik gelismede de ilerleme

saglayabilecektir. Asagida politika 6nerilerinizin bir 6zeti sunulmaktadir.

Ik politika sorunumuz, belirli esikler arasinda yasa bagh diisiik tasarruf egilimi
olarak ortaya ¢ikmaktadir. 1940-2009 déneminde, ampirik sonuglarimiz, kisi basina
GSYH ile BYS arasinda digbiikey igbiikey sekilli bir iliski oldugunu (1 nci donme
noktast 37.55-49.87 yillar1 araliginda ve 2 nci donme noktast 53,48-65,52 yillari
araliginda olmak {tizere) Azomahou v.d.” nin (2009) bulgularina benzer olarak
ekonomik bliylimenin tasarruflardaki yiikselme ile arttigini gostermektedir. Ancak
yeterince yaslanan insanlar, tasarruf etmek yerine harcama egilimine sahip
olmaktadirlar. Bir insanin tasarruf orani, zaman siireci i¢inde azalmaktadir. Ozellikle,
2 nci donme noktasindan sonra, tasarruf oranindaki diisiis egilimi kisi bagina diisen

GSYIH iizerinde olumsuz etki yaratmaktadir.

Geng insanlar yeterince yaslanan insanlardan daha fazla tasarruf etmeyi tercih

etmektedirler. Ne yazik ki, onlarin tasarruflar1 da gelir diizeyleriyle iligkili olarak
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1 nci donme noktasi araligina kadar yeterince yiiksek olamamaktadir. Fiziksel
sermaye birikiminin itici giic oldugu ekonomik biiylimede ve gayri safi yurtigi
tasarruflara bagli olan bu birikim yoluyla, bu zaman tercihleri, toplumda tasarrufa
daha az egilimli olma oranimi artan yagh niifus lizerinden arttirarak, egride bir
icbiikey bir sekil yaratmaktadir. BY S nin pozitif etkisi, tasarruf i¢in daha az egilimli
olan yeterince yash insanlarin artan oraninin ortaya cikardigr bu olumsuz etkiyi
yeterince karsilayamamaktadir. Bu nedenle, geng ve yeterince yaslh insanlarin kendi
kosullarina bagl olarak ortaya ¢ikan tasarruf oranlar1 bu disbiikey-i¢biikey sekilli
baglant1 egrisini olugturmaktadir. Bu sorunun ¢6ziimiiniin de geng ve yeterince yaslh

insanlarin kosullarinin diizenlenmesinde bulundugu degerlendirilmektedir.

Mekanizma sOyle calismaktadir: Yeterince diisiik BYS degerleri ile diisiik oranh
iktisadi biiylime gerceklesmektedir. Daha sonra, BYS'min olumlu etkisiyle toplam
tasarruflar yiikselmekte ve iktisadi biliylime artmaktadir. Bu siire¢, ekonomik
bliylime-BYS baglantisindaki digbiikey bicimli egriyi karakterize etmektedir. Daha
sonra, bu iliskideki i¢biikey sekilli egri, toplumda sayilar1 artmis olan yliksek zaman
tercih oranlariyla tasarruf etmeye daha az egilimli olan yeterince yasli niifusun
iktisadi biliyiime iizerinde biiyliyen olumsuz etkisiyle yeterince yiiksek BYS
degerlerinde ortaya ¢ikmaktadir.

Bu noktada, Kunze (2014) yeterince yash insanlarin neden daha az tasarruf yapmaya
egilimli olduklarini sdyle agiklamaktadir. Bu nedenlerden birisi saglik icin yaglilikta
harcama yapilmasinin 6nemli 6lgiide artmak durumunda olmasidir. Digeri ise yasl
insanlarin birikimlerinin bir kismini ¢ocuklarinin egitimi i¢in verme egilimleridir.
Yasli insanlarin bu iki egilimi, yaslilarin tasarruf ve fiziksel sermaye birikimine baglh

olarak iktisadi biiylime oranlarini olumsuz yonde etkiledigi goriilmektedir.

Bu agiklamalar, 6ziinde kamu tarafindan finanse edilen tiim yasam boyu saglik
hizmetinin sunulmasina ve tiim insanlar i¢in egitimin desteklenmesine yonelik basit
bir teorik dayanak da igermektedir. Bu destekten yararlanmasi gereken insanlar,

tercithen tlim gengler, saglik hizmetlerinden yararlanmakta olan yash insanlar,
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egitimde olan 3 ile 50 yas arasindaki niifus olarak degerlendirilebilir. Bu kaynak
tahsisi uygulamalari, uygun vergilendirme yoluyla (hedef yas gruplar1 i¢in negatif
vergiler dahil) herhangi bir llkenin iktisadi kaynaklarmma ve oOnceliklerine baglh
olarak sekillenebilir. Bahse konu ampirik bulgular ve teorik dnermelere bagl olarak

olusturdugumuz politika ¢ikarimlarimiz asagida su sekilde sunulmaktadir.

Makro diizeyde politika ¢ikarimimiz, iilke seviyesinde yas odakli tasarruf egilimi
hedefleyen diizenlemelerdir. Politika amaci yasa bagl tasarruf egilimini arttirmaktir.
Ik politika araci, hedeflenen yas gruplari icin belirlenen esikler arasindaki iktisadi
biiyiimeyi destekleyici nitelikte yasa bagl gelir vergisi oranlarinin / yasla baglantili
negatif gelir vergisi oranlarinin diizenlenmesidir. Ornegin, ilk hedef yas grubu, erken
caligma giris yas1 olan 15 yas ile 50 yas arasinda baglayabilir. Ayrica, ikinci hedef
yas grubu, herhangi bir {ilkenin doniim noktalarina bagli olarak 65 yasindan sonra
baslayabilecektir. Linke’ye (2018) gore, normal gelir vergisi 6demesi uygulamasinin
aksine, diisiik gelirli bireyler, negatif gelir vergisi uygulamasinda hiikiimetten 6deme

almaktadirlar.

Diger bir arag ise, hedeflenen yas gruplari icin belirlenen bu esikler arasindaki yasa
bagli saglik hizmeti harcamasi vergi oranlarinin/ yasa bagl negatif saglik hizmet
harcamas1 vergi oranlarinin diizenlenmesidir. Son politika araci ise, hedeflenen yas
gruplart icin belirlenen esikler arasinda yasa bagli egitim harcamalarinin vergi
oranlarinin / yasa bagli negatif egitim harcamalarinin vergi oranlarinin diizenlenmesi

olmaktadir.

[lk politika hedefi, pilot uygulamalarda yasa bagl tasarruf egiliminin ilk yil itibariyle
en az yiizde 1 oraninda arttinlmasidir. ikinci hedef ise, yerel uygulamalarda ikinci
yila gore yasa bagimli tasarruf egiliminin en az ylizde 1 oraninda artirilmasidir.
Ucgiincii hedef, iilke diizeyinde uygulamalarda iigiincii yila gdre yasa bagimli tasarruf
egiliminin en az ylizde 1'e yiikseltilmesidir. Son hedef, iilke diizeyinde
uygulamalarda dordiincii yila gore en az hedeflenen yiizdeye gore yasa bagh tasarruf

egiliminin artirilmasi olmaktadir.
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Ikinci politika sorunsalimiz, belirli esikler arasindaki diisiik BKI bagl tasarruf
egilimidir. Clinkii ikinci dereceden denklem igeren model sonuclarinda, dogrusal ve
karesel terimlerin katsayilarini her ikisinin de sifirdan % 10 veya daha yiiksek 6nem
seviyesinde anlamli dl¢lide farkli oldugu goriilmektedir. Sirasiyla pozitif ve negative
katsay1 degerleri elde edilmistir. Tahmin edilen esik noktalarimiz, ikinci dereceden
denklem igeren model icin 24.39-26.16 kg / m2 araliginda yer almaktadir. Bu
nedenle, ikinci dereceden denklem igeren model tahmin sonuc¢larimiz, 1980-2009
donemi igin gayri safi yurtici tasarruflar ile BKI arasinda monotonik olmayan ters U-
sekilli iliski oldugunu gostermektedir. Bu ampirik bulgularimiz dikkate alinarak,

ilgili politika ¢ikarimlarimiz asagida su sekilde sunulmaktadir.

Makro diizeyde politika ¢ikarrmimmiz BKi’ne bagl tasarruf egilimi hedefleyen
diizenlemeler ve iilke seviyesindeki uygulamalardir. Politika amaci, BKI’ye bagh
tasarruf egilimini arttirmaktir. Politika araci, hedeflenen ortalama niifus BMI
seviyesine ulagsmak i¢in ekonomik biiylimeyi arttiran halk sagligi stratejilerini
etkinlestirmektir. ilk politika hedefi, pilot uygulamalarda BKI’ye bagh tasarruf
egiliminin ilk yil itibariyle en az yiizde 1 oraninda artirilmasidir. ikinci amag, yerel
uygulamalarda BMI'ya bagh tasarruf egiliminin ikinci y1l itibariyle en az yiizde 1
oraninda arttirtlmasidir. Ugiincii hedef, iilke diizeyinde uygulamalarda BKI’ye baglh
tasarruf egiliminin tglincii yil itibariyle en az yiizde 1 oraninda arttirilmasidir. Son
hedef iilke diizeyinde uygulamalarda dordiincii yilda en az hedeflenen yiizde

seviyesinde BKI bagl tasarruf egilimini yiikseltmektir.

Mezo seviyesinde politika ¢ikarimimiz, kurum/kuruluslar seviyesinde BKI’ye bagl
tasarruf egilimi igin strateji uygulama planidir. Politika amaci, BKi’ye bagli tasarruf
egilimini yiikseltmektir. Politika araci, iktisatla, halk saglhigiyla, egitimle ve diger
ilgili kamu/6zel kurum/ kuruluslar1 arasinda, hedeflenen ortalama niifus BKI
seviyesine ulasarak iktisadi biiylimeyi arttirabilmak maksadiyla halk saglig: stratejisi
uygulama planina yonelik bir yuvarlak masa olusturulmasidir. Yuvarlak masa

aktiviteleri Borras ve Edquist’in (2013: 1516) tanimlamasina gore “esnek politika
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arac1” olarak karakterize edilebilir. Ciinkii “esnek politika araglar1” zorunlu olmayan

hususlar olarak tasvir edilmektedir.

Bu politika araclar gesitli unsurlar icerebilmektedir. ikna etmeye dayanmaktadirlar.
Coziim ortaklari arasinda bilgi paylasimi iizerine kurulmaktadirlar. Ozel ve kamu
temsilcileri arasinda hiyerarsik olmayan ve daha az biirokratik iliskilerin mevcudiyeti
s6z konusu olmaktadir. Politika hedefi, BKI’ye bagl tasarruf egilimini bir yillik

uygulamalar ile en az yiizde 1 oraninda yiikseltmektir.

Mikro diizeyde politika ¢ikarrmimiz ise BKi’ne bagli tasarruf egilimi i¢in ydnetici
kararlar1 veya uygulama talimatlaridir. Yonetici kararlari, Borras ve Edquist’in
(2013: 1516) tanimimna gore “esnek politik araclar” olarak kabul edilebilirler. Bu
kararlar vasitasiyla, televizyon dizileri ve gergege dayali filmler gibi medya
bilgilendirme aktiviteleri harekete gegcirebilir. Arastirmacilarin  kabulii  gibi
hususlarda kurallar ve ilkeler yayimnlanabilir. Ulusal veya uluslararasi yatirimcilara ve
vatandaslara tavsiyelerde bulunulabilir. Ulke seviyesinde veya uluslararasi diizeyde
ihtiyari teknik standartlar belirlenebilir. Kamu arastirmalar1 ve satin alma faaliyetleri
ile zorunluluk tagimayan istege bagli protokoller ve hukuki ortakliklar yapilabilir.
Ayrica, masraflari, riskleri ve faydalar1 paylasarak kamu ve 6zel sektoriin isbirligi

halinde hizmet vermesi saglanabilir.

Politika amaci, BKi’ye bagli tasarruf egilimini yiikseltmektir. Politika araci,
ekonomik bliylimeyi arttiran halk saglig1 stratejisi uygulama plan1 ve hane halkinin
hedeflenen ortalama niifus BKI seviyesine ulasmasi i¢in eylem &geleri arasinda
etkilesimin uygun olarak yonetilmesidir. Bu tiir bir yonetisim Borras ve Edquist’e
(2013: 1516) tanimlamasina gore “esnek politik araglar” olarak siiflandirilabilir. Bu
yonetisimde, hiikiimet diizenleyici ve tedarik¢i olmaktan ziyade kolaylastirict veya

koordinator olarak davranmaktadir.

Bu araglarda, kamu kuruluslari tarafindan dogrudan veya dolayli olarak

uygulanmakta olan herhangi bir icraat, ceza veya 0diill mekanizmasi
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bulunmamaktadir. Aksine, bu tiir bir yonetim anlayisi tavsiyelerde bulunmakta ve
istege bagh protokollerin hayata gecirilmesine olanak vermektedirler. Hiikiimet ve
bagli kamu kurum/kuruluslari, 6zel sektorii ve girisimcileri ¢6ziim ortaklar1 olarak
kabul etmektedirler. Dahasi, ¢oziimleri birlikte gelistirmekte ve uygulamaya
gecirmektedirler. Politika hedefi, BKI’ye bagl tasarruf egilimini bir yillik

uygulamalar ile en az yiizde 1 oraninda artirmaktir.

Borras ve Edquist’de (2013: 1516) karakterize edilen “esnek politik araclar” daha
anlasilabilir kilmak {izere, bu politika olusturucu araglarin saglikli beslenme ve BKi
konusuyla ilgili hususlara iliskin olarak B. Cobaner, C. Akc¢a, ve N. Korkmaz (kisisel
gorisme, 18 Eylil, 2018) ile yapilan goriisme neticesinde su sekilde
orneklendirilebilecegi degerlendirilmektedir. Bir iilkedeki paydaslar bir araya gelerek
(kamu ve 6zel sektor temsilcileri 6rnegin) uygulamalarda esas alinmak iizere saglikli
beslenmenin basit ve islevsel bir tanimi iizerinde ana prensip olarak mutabakat
saglayabilirler. Ornek saglikli beslenme tanim1 B. Cobaner’e (kisisel goriisme, 18
Eylil, 2018) gore su sekilde diizenlenebilir. “Saglikli beslenme; dogru besinlerle,

dogru porsiyonlarda ve vaktinde viicudun beslenme ihtiyacinin karsilanmasidir.”

Bu tanim esas alinarak bazi uygulama prensiplerinde de paydaslarca mutabik
kalmabilir. Ornegin, bu tanimmn unsurlarinin, Rayner and Lang (2012: 320-321)
tarafindan tavsiye edildigi gibi “okulda”, “is yerlerinde” ve “ev ortaminda”

uygulamaya geg¢irilmesine yonelik prensip ve tavsiyesi karari alabilirler.

Baska bir esnek politika 6rnedi olarak ¢6ziim ortaklari bu tanimin unsurlarinin
belirtilen ortamlarda hayat gecirilmesinde bireyselligin gdzetilmesi prensibini kabul
edebilirler. Paydaglar, bir esnek politika uygulama prensibi olarak kritik viicut yag
orani lizerinde uzlasi saglayarak bu oranin iizerindeki bireylerin hastanelerde bu
amaca uygun olarak diizenlenebilecek tibbi kliniklerde saglik hizmeti alabilmeleri

hususunda mutabik kalabilirler.
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Paydagslarca, saglikli beslenmeyi desteklemek maksadiyla belirli iiriin gruplarinda
uygun fiyatlama yapilmasi yoniinde yine prensip olarak mutabik kalinabilir. Coziim
ortaklari, okul, is yerleri ve aile hekimligi kurumunlarinda beslenme uzmani personel
istihdam edilmesi {lizerinde anlasabilirler. Paydaslar, giincel film ve dizilerde saglikli
beslenmeyi One ¢ikaran sahnelere, ayrica c¢ocuk yazininda, masallarda, ¢izgi

filmlerde yer verilmesi lizerinde prensip olarak tavsiye karari alabilirler.

Coziim ortaklarinca, okullarda saglikli beslenmeye iliskin yemek hizmetinin
yayginlagsmas1 ve ¢ocuklarin beslenme aligkanliklariin sorumluluk verilecek sinif
Ogretmenleri gdzetiminde ylriitiilmesi veya bulundurulmas: tavsiye edilebilir. Akil
saglhigr yeterli olmayan bireylerin saglikli beslenmelerinin sosyal yardimlagma
kurumlan tarafindan takip edilmesi ve yerine getirilmesine iliskin prensip karari

alinabilir.

Tlm sosyal tesislerde (6zel ve kamu olmak iizere) diyet kisimlarinin agilmasi tavsiye
edilebilir. Bu konuda pilot uygulamalarin hayata gegirilmesi 6zendirilebilir. Is
yerlerinin yogun oldugu yerlerde yiiriiyiis alanlarinin yayginlastirilmasi hususu

belediye hizmetlerinde dikkate alinmak iizere tavsiye edilebilir.

Saglikli beslenmeye yonelik olarak gelistirilecek egitim programlarinin okul, is yeri
ve hane halkina yonelik olarak gelistirilmesi ve uygulanmasi tavsiye edilebilir.
Calisanlarin diyet programlarina katilmalarii tesvik etmek tizere belirlenecek siire

kadar ve kosul igerisinde ticretli izin verilebilmesine imkan saglanabilir.

Saglikli beslenme diyet ile ilgili olarak yag yakimi esasli medikal viicut tanilama
sistemleri ve bolgesel incelme cihazlari, yag oranini Olcebilen saat, cep telefonu,
kiinye, ayakkabilar veya bunlar1 birbirleri ile irtibatlandirabilecek daha komplike
sistemler, ¢ocuklarin veya bireylerin egitimi i¢in saglikli beslenmeyi veya diyet
porsiyon biiyiikliiklerini 6rneklendirebilen veya gosterebilen oyuncaklar, yazilimlar,

ve simiilasyonlar {iilkelerin sahip olduklar kiiltiir, yoresel gelenek ve gorenekleri de
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dikkate alinarak gelistirilmesi prensibi kabul edilebilir, tavsiye edilebilir veya tesvik

edilebilirler.

Uciincii politika sorunumuz, belirli esikler arasindaki diisiik SBP've bagl tasarruf
egilimidir. Clnkii ikinci dereceden denklem iceren model sonuglarimizda, dogrusal
ve karesel terimlerin katsayilarinin sifirdan % 10 veya daha yiiksek anlamlilik
diizeyinde farkli oldugu ve katsayilarin sirasiyla pozitif ve negatif oldugu
goriilmektedir. Ikinci dereceden denklem iceren model igin tahmini esik noktas
137,79 mm Hg'dir. Bu nedenle, ikinci dereceden denklem igeren model tahmin
sonuglarimiz, 1980-2009 donemi i¢in gayri safi yurtici tasarruflar ile SKB arasinda
monotonik olmayan ve ters U-sekilli iliski oldugunu gostermektedir. Bu ampirik

sonuglara bagl olarak tespit edilen politik ¢ikarimlarimiz asagida sunulmaktadir.

Makro diizeyde, politika ¢ikarimimiz {ilke diizeyinde SKB'ye bagh tasarruf egilimine
yonelik diizenlemeler ve uygulamalardir. Politika amaci, SBP'ye bagl tasarruf
egilimini arttirmaktir. Politika araci, ekonomik biiylimeyi arttirmak iizere hedeflenen
ortalama niifus SKB seviyesine ulagsmak icin halk saglig1 stratejilerini gelistirmektir.
Ik politika hedefi, pilot uygulamalarda SKB'ye bagh tasarruf egiliminin ilk yil
itibariyle en az yiizde 1 oraminda arttirilmasidir. Ikinci amag, yerel uygulamalarda
SBP'ye bagli tasarruf egiliminin ikinci yil itibariyle en az ylizde 1 oraninda
yiikseltilmesidir. Ugiincii hedef iilke diizeyinde uygulamalarda SKB'ye bagl tasarruf
egiliminin tiglincti yi1l itibariyle en az yiizde 1 oraninda artmasidir. Son hedef, {ilke
diizeyinde uygulamalarda SKB'ye bagli tasarruf egiliminin en az hedeflenen yiizde

oraninda artirilmasidir.

Mezo diizeyinde politika uygulamasi, kurumsal/kuruluglar diizeyinde SKB'ye bagl
tasarruf egilimi icin strateji uygulama planidir. Politika amaci, SKB'ye bagl tasarruf
egilimini yiikseltmektir. Politika araci, ekonomik biiylimeyi destekleyici hedeflenen
ortalama niifus SKB seviyesine ulagsmak i¢in halk saglig: stratejisi uygulama planini

belirlemek iizere ekonomiyle, halk saghigiyle, egitimle ve diger ilgili kamu / 6zel
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kurum/kuruluglar1 arasinda yuvarlak masa kurulmasidir. Politika hedefi, SKB'ye

bagli tasarruf egilimini bir yillik uygulamalar ile en az yiizde 1 oraninda artirmaktir.

Mikro diizeyde politikamiz, mikro diizeyde SKB'ye bagl tasarruf egilimi i¢in icra
kararlaridir. Politika amaci, SKB'ye bagh tasarruf egilimini arttirmaktir. Politika
araci, ekonomik biiyiimeyi gelistirici halk saglhig: stratejisi uygulama plani ve hane
halkinin hedeflenen ortalama niifus SKB seviyesine ulasmasi i¢in eylem ogeleri
arasinda uygun etkilesim yonetimini saglamaktir. Politika hedefi, SKB'ye bagh

tasarruf egilimini bir y1llik uygulamalar ile en az yilizde 1 oraninda artirmaktir.

Dérdiincii politika sorunumuz, belirli esikler arasinda diisiik BKI ve SKB'ye bagli
tasarruf egilimidir. Wang ve Zou’ya (2011) gore, diisiik gelirli iilkelerin yeni
teknolojileri takip etme seviyelerini korumalart gerekmektedir. Bu {ilkelerin
vatandaglarinin saglik durumunu gelistirmeyi tercih etmeleri gerekmektedir. Bu
politika onceliklendirme tercihi, yoksulluk tuzagini ortadan kaldirmak ig¢in diistik
gelirli iilkelere yardimci olabilir. Bizim yaklasimimiza gore, diisiik gelirli
ekonomilerin Onlinde sadece teknoloji seviyesinin yiikseltilmesi veya saglik
seviyesinin ilerletilmesi seklinde iki segenek bulunmamaktadir. Bizim bakis
acimizdan, inovasyon metodolojisinin destegiyle olusturulabilecek ve bu iki
secenegin de gerceklesmesine imkan saglayabilecek iiglincii bir segenek daha

bulunmaktadir.

Bu iiglincii secenek, herhangi bir {ilkenin saglik diizeyini gelistirici teknolojiler
tizerinden halk saglig1 seviyesini ilerletmesi olabilir. Teknoloji ve saglik seviyeleri
arasinda bir tercih ¢atismasinin bulunmasina ihtiya¢ bulunmamaktadir. Zira teknoloji
iki bilesenin bir sonucu olmaktadir: bilimsel prensip ve kullanim amaci (Agarwal ve
Lang, 2005: 3). Bu amag¢, halk saghgm gelistirmek olarak kolayca
belirlenebilecektir. Bu gelisme, herhangi bir insan i¢in ortaya ¢ikan fizyolojik saglik
krizini tedavi etmeye ¢aligan tip teknolojilerinden farkli olabilir. Bu halk saglig
seviyesini ilerletme teknolojileri, yagsamsal saglik krizi olaylarinin biiyiikltigiinii daha

ortaya c¢ikmadan Once azaltabilecek bir nitelik tasiyabileceklerdir. Ayrica, bu
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teknolojiler, medikal teknolojilerin iiretilmesi ve yayginlagmasi siirecinden daha
uygun maliyetlere sahip olabileceklerdir (Rose v.d., 2008: 130-133 ve 139-140).
Yukarida bahsedilen hususlar dikkate alinarak asagidaki politika uygulamalari

Onerilmektedir.

Makro diizeyde politika ¢ikarimimiz BKI ve SKB'ye bagl tasarruf egilimi igin iilke
diizeyinde teknoloji inovasyonu ve yayilmasmi hedefleyen bir yol haritasi
olusturulmasidir. Politika amaci, BKI ve SKB'ye bagli tasarruf egilimini arttirmaktir.
Politika araci, iktisadi bilyiimeyi arttirmak iizere hedeflenen ortalama niifus BKI ve
SKB seviyelerine ulagsmak i¢in uygun vergi tesvikleri / negatif vergi tesvikleri ile
teknoloji yeniliginin ve yayilimi stratejilerinin desteklenmesidir. ilk politika hedefi,
pilot uygulamalarda BKI ve SKB'ye bagli tasarruf egiliminin ilk y1l itibariyle en az
yiizde 1 oraninda artmasidir. Ikinci amag, yerel uygulamalarda BKI ve SKB'ye baglh
tasarruf egiliminin ikinci yil itibariyle en az yiizde 1 oraninda artmasidir. Ugiincii
hedef, iilke diizeyinde uygulamalarda BKI ve SKB'ye bagl tasarruf egiliminin
ticlinci yil itibariyle en az yiizde 1 oraninda ylkseltilmesidir. Son hedef, iilke
diizeyinde uygulamalarda BKI ve SKB'ye bagl tasarruf egiliminin dérdiincii yil

itibariyle en az hedeflenen yiizde kadar arttirilmasidir.

Mezo seviyesinde politika uygulamalarimiz, kurum/kuruluslar diizeyinde teknoloji
inovasyonu ve yayilimim hedefleyen BKI ve SKB'ye bagl tasarruf egilimi igin
strateji uygulama plamdir. Politika amaci, BKI ve SKB'ye bagh tasarruf egilimini
yiikseltmektir. Politika araci, iktisadi biiylimeyi desteklemek {iizere hedeflenen
ortalama niifus BKI ve SKB seviyelerine ulasmak i¢in teknoloji yeniligi ve yayilimi
stratejisi uygulama planmin isletilmesidir. Politika hedefi, BKI ve SKB'ye bagh

tasarruf egiliminin bir yillik uygulamalar ile en az ylizde 1 oraninda yiikseltilmesidir.

Mikro diizeyde politika ¢ikarimimiz, BKI ve SBP'ye bagli tasarruf egilimini arttirma
odakl1 teknoloji yeniligi ve yayilimma iliskin icra kararlaridir. Politika amaci, BK{ ve
SKB'ye bagli tasarruf egilimini arttirmaktir. Politika arac, iktisadi bliylimeyi arttirict

hedeflenen ortalama niifus BKi ve SKB seviyelerine ulasmak igin yenilik¢i iiriinler
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ve bunlarin yayginlasmasi ile hanehalki arasinda uygun bir etkilesimin yonetiminin
saglanmasidir. Anilan yenilikgi iiriinlerin BKI ve SKB dostu “okul”, “is yerleri” ve

“yasam alanlarin1” (Rayner and Lang, 2012: 320-321) desteklemesi gerekmektedir.

Bu yenilikgi iiriinler bahse konu BKi ve SKB dostu ortamlar; saglikli (Cornwell et
al., 2014; Wu et al., 2015), kiigiik porsiyonlu ve uygun fiyath yiyecekler (Rayner and
Lang, 2012: 320-321) saglayarak gerceklestirebilirler. Ayrica giriiltiiyii (Babisch,
2005) azaltabilirler. ilave olarak, hava kirliligi (Pittman, 2013; Chan v.d., 2015; Zhao
v.d., 2015) yaratmayabilirler. Dahasi fiziksel aktiviteyi (Nicolopoulou-Stamati v.d.,
2005) arttirabilirler. Yine, daha yiiksek halk saglig1 standartlarin1 (Rayner and Lang,
2012: 315-321) hayata gecirebilirler.

Bahse konu yetenekleri gerceklestirme potansiyeline sahip teknolojiler: Saglikli
beslenmeye yonelik gida friinleri, sehirler i¢in giiriiltii engelleyici bariyerler,
ekolojik olarak giivenli otomobiller, kimyasal ve gaz atiklar icin filtreler, tiim yas
gruplari i¢in gilivenli kaldirimlar ve bisiklet yollar1 (Rayner and Lang, 2012: 320-
321) olarak orneklendirilebilirler. Politika hedefi, BKI ve SKB'ye bagl tasarruf

egiliminin bir yillik uygulamalar ile en az yiizde 1 oraninda arttirilmasidir.

Genel olarak, bahse konu belirli esikler arasinda yasa bagh diisiik tasarruf egilimi ve
belirli esikler arasinda diigiik BKI ve SKB've bagh tasarruf egilimi politika
sorunsallarina yonelik olarak gelistirmis oldugumuz makro, mezo ve mikro diizey
politika ¢ikarimlarimizla ilgili daha alt seviyelerde ve mikro veri setleri kullanilarak
arastirma caligmalarinin baglatilmasina ihtiya¢ bulundugu ve bu sekilde anilan
uygulamalardan daha verimli ve faydali sonuglar elde edilebilecegi

degerlendirilmektedir.

Politika c¢ikarimlarimizda dogrudan bilim ve teknoloji politikasi (BTP) ve
uygulamalari ile ilgili {i¢ konu yer almaktadir. ilk olarak, politika tavsiyemiz beseri
sermaye ve egitim kosullarina dikkat ¢ekmektedir. Riskli saglik durumlarinin

sinirlarii belirleyen belirli esik degerleri tespit edilmistir. Bu sinirlarin beseri
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sermaye ve egitim siiresi lizerinde bir etkiye sahip oldugu goriilmektedir. Politika
Onerilerimiz, insan sermayesi ve egitimin bulundugu seviyeyi olumlu yonde ileri
tagiyacak olan saglik durumunu gelistirici tesvikler ileri siirmektedir. Zira beseri
sermaye ve egitim BTP iceriginde yer almaktadir. Ciinkii Ruttan’a (2001) gore,
ABD'de oldugu gibi gorev odakli olunmasi ya da Almanya'da oldugu gibi yayilma
odaklt olunmast olsun, herhangi bir ulusun BTP’si yaygin olarak arastirma
kaynaklarinin dagitim methodolojisi olarak ortaya ¢ikmaktadir. Bu yaklasim, finanse
edilen teknolojiler i¢in arastirma faaliyetlerinin igeriginde yer alan beseri sermaye,

Ogretim ve egitimi icermektedir.

Ikincisi, politika ¢ikarimlarimiz saglik odakli BTP faaliyetleri icin giiclii bir
motivasyon saglamaktadir. Ampirik bulgularimiz, iktisadi bliylimeyi arttirmak igin
saglik durumu ve tasarruf arasindaki baglantiyr gostermektedir. Bireylerin iyi bir
saglik durumu ve yeterli tasarruflar olur ise, iktisadi biiyiime olumlu yonde bir artig
gostermektedir. Ayn1 zamanda, insan saglig1 odakli BTP faaliyetleri, BTP ve iktisadi
faaliyetlerde siirdiiriilebilirlik yoniinden inceleme yapilabilmesi i¢cin makul cevaplara
da ev sahipligi yapmaktadir. Daha agik belirtmek gerekir ise, sermaye ile
karsilagtirildiginda emek maliyetindeki artis veya azalma, uzun vadede BTP ve
iktisadi faaliyetlere yon verecek Onemli bir mekanizmaya isaret etmektedir. Bu
acidan bakildiginda, BTP'nin ve iktisadi faaliyetlerin siirdiiriilebilirlige gecisinin,
isglici maliyeti lizerinde azalma etkisi saglayan yaklasimlarla olacagi kabul
edilebilecektir. Emek maliyeti 6ncelikle isgiicli verimlili§inden etkilenmektedir. BTP
ve iktisadi faaliyetlerdeki emek verimliligi de dogrudan bireylerin saglik

durumundan etkilenmektedir (Ruttan, 2001; Acemoglu and Johnson, 2007: 975-976).

Ugiincii olarak, politika ¢ikarimimizda; saglik (BKI ve SKB) odakl1 teknoloji yeniligi
ve yayginlastirma politikasina iligkin yol haritasina, strateji uygulamalarina ve
yonetici kararlarina yer verilmektedir. Bu politika 6geleri, insan sagligir odakli BTP
faaliyetlerine baslangic olarak gecis i¢in temel bir g¢erceve saglamaktadir. Bu
baslatic1 6geler, hastalara uygulanan tibbi tedavi teknolojilerine kiyasla nispeten daha

ucuz olan Onleyici saglik stratejisi yaklasimlarini da igcermektedir (Rose v.d., 2008:
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130-133 and 139-140). Zira Ruttan’a (2001: 614-615) gore, bilimsel saglik
arastirmalarinda tahsis edilen kaynak biiylikliigli uygulamalarda basarili sonuglar
garanti etmemektedir. Bazen, daha diisilk kaynak ayrilan saglik arastirmalarinda
basarili sonuglar alindig1 goriilmektedir. Bu nedenle, BTP ve ekonomik faaliyetlerde
stirdiiriilebilirligin  saglanmasi i¢in, bireylerin iyi saglik ihtiyacim1 karsilayan,
ekonomik biiyiime i¢in de bireylerde yeterli birikimin olugsmasina imkan verebilen,
ayni zamanda isglicii maliyetlerini de azaltabilen se¢eneklere ihtiyag duyulmaktadir.
Politika ¢ikarimimizda yer alan, BTP faaliyetlerine iliskin temel baslatic1 gerceve

Oneriler bahse konu ihtiya¢ ve gereksinimleri karsilayacak bir igerik sunmaktadir.

Farkli temsili degiskenleri kullanarak sagligin iktisadi kalkinma {izerindeki etkilerini
incelemek icin birgok caligma yapilmistir. Bu iligkinin karmasikligi su ana kadar
gerceklestirilen bircok calismanin baglatilma nedeni olabilir. Bizim agimizdan,
Azomahou v.d. (2009) bu konuya ampirik ve teorik yonden onemli dlglide katkida

bulunmustur.

Azomahou v.d. (2009) onsekiz iilke ve 1820’den 2005 (dahil) yilina kadarlik bir
donemde tarihsel veriler kullanilarak kisi basina GSYH biiylime orani ile BYS
arasindaki dogrusal olmayan iligkinin ampirik ve teorik sonuglarini ortaya
koymaktadir. 1820-2005 donemi, farkli siireler icin, liberal, Keynesyen ve Neo-
liberal ekonomi politika yaklagimlarii igermektedir. Azomahou v.d. (2009)
dayandig1 varsayima gore farkli yastaki bireyler farkli tasarruf planlar1 yapmakta ve
tasarruf kararlar1 almaktadirlar. Geng bireyler, kararlarinda diisiik zaman tercih orani
(sabirsizlik orani) nedeniyle nispeten daha yash insanlardan daha fazla tasarruf etme
egilimindedirler. Bu tasarruf egilimleri kisi basina diisen GSYIH biiyiime orani ile

BYS arasindaki iligkinin seklini yonlendirmektedir.

Azomahou v.d. (2009) ekonomik biiyiime ve saglik arasinda bulduklar1 dogrusal ve
monotonik olmayan bu iliskinin sonuglarini kuramsal modellerinde de acgikliga
kavusturmuslardir. Kisi basma GSYIH biiyiime oranmnin BYS ile birlikte arttigim
aciklamislardir. Bununla birlikte, kisi basma GSYIH biiyiime oram1 ve BYS
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arasindaki baglantinin, BYS diizeyine bagli olarak degismekte oldugunu da ortaya
koymuslardir. Bu iligkinin, diisik BYS seviyeleri i¢in digbiikey, yiiksek BYS

seviyeleri i¢in de i¢biikey sekle sahip oldugunu gostermislerdir.

Bu konudaki katkilarimiz Azomahou v.d. (2009: 243) modelindeki tigiincii dereceden
denklemler iceren indirgenmis formun, literatirde de yeni olmak iizere,
tiiretilmesiyle baslamistir. Ugiincii dereceden denklemler igeren bu indirgenmis form,
ekonomik biliylimenin igaretini belirlemekle sinirli olmak iizere zaman tercih orani ile
elde edilmistir. Uygun bir vekil degiskenin zaman tercih oranini temsil edebilecegi
varsayillmistir. Azomahou v.d.’ne (2009: 225) goére BYS yiikseldik¢e zaman tercih
orani da artmaktadir. BY S’nin bu nedenle zaman tercih oranini vekil degisken olarak

temsil edebilecegi kabul edilmektedir.

Daha sonra, ara¢ degisken hesaplamalarimizda yer alan zayif ara¢ degisken
tanimlama testindeki bulgularimiza da dayanarak BKI ve SKB’nin BYS’ye gomiilii
oldugu varsayrmi kabul edilmistir. Bu nedenle, BKI ve SKB, bu iigiincii dereceden
denklemler iceren model tahminimiz i¢in BYS'nin ikamesi olarak kullanilabilmistir.
Bunu takiben, literatiirde agiklanan ekonomik biiyiime ile giiglii iliskiye sahip olan
bliylime gostergeleri ile bu iligki bliylime gostergeleri boyutunda da genisletilmistir.
Bu biiyiime gostergeleri kisi basma GSYIH, beseri sermaye, katilan kisi basina
GSYIH, verimlilik ve gayri safi yurtigi tasarruflardan olusmaktadir. Bu nedenle, bu
bliylime gostergeleri, Azomahou v.d. (2009) kullanilan kisi basina diisen GSYH
bliylime oraninin vekil degiskeni olarak kullanabilmistir. Boylece, ekonomik biiyiime
ve saghk arasindaki iliskinin kararhiligim1 test etmek igin farkli biiylime

gostergeleriyle inceleme firsatina sahip olunmustur.

Ayrica Cervellati ve Sunde (2009), Desbordes (2011) ve Hansen'in (2012) bulgular,
onlarin ¢alismalarinda kullandiklar1 veri yapisi, iilkeleri ve zaman periyodu, model
ozellikleri, hesaplama metodolojileri ve degiskenleri kullanilarak teyit edilmistir. Bu
nedenle, iiclincli dereceden denklem igeren bahse konu indirgenmis formun,

calismamizda bu teyit edilmis sonuclarin metodolojisinden yararlanarak
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hesaplanmas1 tercih edilmistir. Acemoglu ve Johnson’nin (2007: 939, 979-980)
caligmalarnda, 47 iilke i¢in kullandiklar1 tarihi gilivenilir bir veri seti bulunmasi
nedeniyle, bu veri seti 1940-1980 doneminin basindan itibaren temel 6rneklem veri

yapist olarak kabul edilmistir.

Dolayisiyla, ekonomik veriler ve saglik arasindaki iligkiyi arastirmak i¢in panel
verilerimizde 1940-1980, 1980-2009 ve 1940-2009 donemlerini igermek iizere
toplam 47 iilkeye yer verilebilmistir. 1940-2009 donemini literatiirde yeni olarak
kullanilmaktadir. Bu donem, Keynesyen ve Neo-liberal iktisat politikalarinin
uygulama sonuclarini icermektedir. Bulgularimizin kararliliginin sinanabilmesi i¢in
farkli ve her iki iktisadi politika yaklasimini da igeren bahse konu ii¢ donemden de
yararlanilmistir. Bu kapsamda literatiirde yer alan ¢aligmalarin teyit edilmis sonuglari
Tablo 7.2'de sunulmaktadir. Ayrica, Azomahou v.d. (2009) ampirik sonucuna da bu
tabloda yer verilerek bu tezin sonuglar ile anilan ¢alismanin sonuglar1 arasindaki

tutarliligin ortaya konulmasi hedeflenmistir.

Ucgiincii dereceden denklem igeren indirgenmis formun elde edilmesiyle ve anilan
tim degiskenlerin bu formun hesaplanmasinda kullanilmasiyla, tiim dénemler igin
ekonomik biiylime ve saglik arasinda gii¢lii dogrusal ve monotonik olmayan bir iligki
bulunmustur. Ayrica, degiskenlere iliskin verinin bulunabilirligine bagli olarak
1980-2009 dénemi igin ekonomik biiyiimeye iliskin saglik durumu (BKi ve SKB)
esikleri tahmin edilmistir. Arastirmamiza gore, makro seviyede ekonomik biiyiime
gostergeleri kullanilarak ve aciklayici degisken olarak da BKI ve SKB’ye yer

verilerek yapilmis ve bu esikleri gésteren bir ¢alismaya rast gelinmemistir.

Bu 6nemli sonuglarin arkasindaki nedenleri irdeleyerek ve anlayarak, kotii saglik
durumunun ekonomik biiyiime iizerindeki olumsuz etkilerini ele alma sansi
yaratilabilecegi degerlendirilmektedir. Bizim yaklasimimiza gore, belirli esikler
arasinda notr saghik midahalesi yaklasimi kullanarak bireylerin kot saglik
durumunun olumsuz etkilerininin bir ¢oziime kavusturulabilecegi diisiiniilmektedir.

Bu esikler, BKI i¢in 24.39-26.16 kg/m2 ve SKB i¢in 137.79 mm Hg araligimi takip
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etmektedir. Bahse konu esikler gayri safi yurtici tasarruflar ile ayr1 ayr1 BKI ve SKB
arasindaki baglantinin ikinci dereceden denklem igeren model sonuglarina
dayanmaktadir. Bu nétr saglik miidahalesi yaklasimi, politika yapicilar tarafindan

hayata gegirilebilecek makul ve kolay nitelikte uygulama araclarini igermektedir.

Bu {i¢iincii dereceden denklem iceren model hesaplamalarinin, kotii ya da i1yi saglik
durumunun degisen etkileri iizerinden, bilim ve teknolojideki farkli disiplinler
arasinda karsilikli olarak bilgi paylasimi i¢in bize yeni bir bakis acis1 saglayabilecegi
degerlendirilmektedir. Bu bakis agisiyla, saglik odakli yenilikler yapabilmek i¢in ¢cok
disiplinli ve disiplinlerarasi yeni yaklasimlar gelistirebilecegi diisliniilmektedir.
Ayrica bu anlayigla, siirdiiriilebilir ekonomik biiylimeyi glivence altina almak {izere
bireylere (¢calisma hayatina en erken baslama yasi olan 15 yasindan itibaren 65 yas

iistiine kadar) yeterli tasarruf yapabilme imkani saglanabilecegi diisiiniilmektedir.

Sonug¢ olarak bahse konu tutarli bulgularin dikkate alinmasiyla siirdiiriilebilir
ekonomik kalkinmanin gergeklestirilmesine iliskin genel bir sonuca varilmistir. Geng
ve yeterince yagli nesillerin tasarruf imkanlarinin arttirilmasi, saglik riski altindaki
bireyler ile yashlara iliskin saglik politikalarinin gelistirilmesi ve genel anlamda
bireylerin zaman tercih oranlarinin diisiiriilmesi (saglik durumlarinin iyilestirilmesi)
icin mevcut ekonomik politika uygulamalarinda uygun ve makul iyilestirmeler
yapilmasinin siirdiiriilebilir ekonomik kalkinmanin gerceklestirilmesinde iilkeler igin

biiyiik bir katki saglayacagi degerlendirilmektedir.
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