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Abstract

In this paper, we empirically examine the effects of health, education,
and urbanization on the total factor productivity (TFP) of a large number
of countries. We find that both urbanization and health indicators (life-
expectancy, infant mortality rate, and the risk of malaria) significantly affect
TFP. Education has insignificant effect on TFP. Coefficients of indicators of
health and urbanization remain highly significant even after controlling for
endogeneity.
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1 Introduction

In this paper, we empirically investigate the effects of urbanization and hu-
man capital (both education and health) on total factor productivity (TFP)
across countries. There is variety of reasons urbanization, education and
health capital can affect TFP.1 Urbanization directly affects TFP through ag-
glomeration effects, the reduction of transaction costs and economies of scale
which allow specialization among firms leading to a lower cost of production.
Education determines the ability of a nation to develop new technologies and
adopt, implement, and effectively utilize existing technologies. Good health
increases the capacity of workers to work. Poor health reduces the availabil-
ity of workers and works as a disincentive for acquiring and adopting newer
technologies.

We derive TFP estimates of 100 countries using an augmented Solow
growth model. Our analysis shows that both urbanization and health indi-
cators significantly affect TFP. The coefficients of urbanization and health
indicators remain significant even after controlling for endogeneity. These
results are new to the literature. We find that education has an insignificant
effect on TFP.

2 Methodology

Let the production function be

Yit = [AitLit]
1−α−βKα

itH
β
it (1)

where Y is output, A is technology, L, K, and H are labor, physical and
health capital respectively, α and β are the elasticities of output with respect
to physical and health capital respectively, and the subscripts denote country
(i) and time (t). We do not include education as a factor of production as it is
well-known in the literature that education has an insignificant effect on real
per-capita income either when a fixed-effect model is used or health capital
is included or both. We hypothesize that education affects real per-capita
income indirectly through its effect on TFP.

Let g, δ, and ni be the technology growth rate, the depreciate rate of
physical and human capital stock, and the labor force growth rate in country
i, respectively. Let ĥ∗i , sK

i and sH
i denote the steady state level of health

capital per-effective labor and the investment rates for physical and health

1For the extended version of the paper with full set of results see Kumar and Kober
(2012).
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capitals in country i respectively. Let t1, t2, and τ denote the initial period,
the current period, and the difference between the current and initial periods
respectively. Then, one can derive the following growth regression model
(Mankiw et al. 1992, Islam 1995)

ln yit2 =
(1− exp−λτ )α

1− α
ln sK

iτ −
(1− exp−λτ )α

1− α
ln(niτ + g + δ)+

(1− exp−λτ )β

1− α
ln h∗iτ +exp−λτ ln yit1+g(t2−expλτ t1)+(1−exp−λτ ) ln Ai0 (2)

where λ = (1− α− β)(n + g + δ).
Equation (2) represents a dynamic panel data model with (1−exp−λτ ) ln Ai0

as the time-invariant country-effect term and can be written in the following
conventional form of the panel data literature:

yi,t = γyi,t−1 +
3∑

j=1

φjx
j
it + ηt + µi + vit (3)

with

yi,t = ln yit2 ; yi,t−1 = ln yit1 ; x1
it = ln sK

iτ ; x2
it = ln(niτ + g + δ);

x3
it = ln h∗iτ ; ηt = g(t2 − expλτ t1) & µi = (1− exp−λτ ) ln Ai0 (4)

where vit is the idiosyncratic error term with mean zero. Note that the Solow
model puts the restriction that φ1 = −φ2. In the first step, we use (3) and
(4) to derive the estimates of Ai0.

In the second step, we analyze the determinants of cross-country TFP
differences. For this analysis, we estimate the following regression model:

ln Ai0 = πU + Π1H + Π2S + Π3Z + ui (5)

where U is the indicator for urbanization and π is the associated coefficient,
H is the matrix of variables measuring health capital, Π1 is the associated
vector of coefficients, S is the matrix of indicators of education, Π2 is the
associated vector of coefficients, Z is the matrix of other explanatory variables
including constant term, Π3 is the associated vector of coefficients, and ui

is the idiosyncratic term with mean zero. The description of independent
variables used to estimate equation (5) and their data sources are given in
the Appendix.
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3 Growth Regression

Our main sources of data are Penn World Tables 6.3 and World Development
Indicators. The income data are real GDP per-worker adjusted for purchas-
ing power parity. For the savings rate we use the ratio of real investment to
real GDP. Following Mankiw et al. (1992), we set (g + δ) to be equal to 0.05.
We proxy health capital by LLE = − ln(90 − LE), where (90 − LE) is the
shortfall of the average life expectancy (LE) at birth from 90 years. In the
sample, we include only those countries for which data is available for the
entire period, 1960-2005.2

For a panel analysis, similar to Islam (1995) we divide the total period
into several shorter time spans, each consisting of five years. Thus, we have
ten data points for each country: 1960, 1965, 1970, 1975, 1980, 1985, 1990,
1995, 2000, 2005. When t = 1965 for example, then t − 1 = 1960, and the
savings rate, sK

iτ , the labor force growth rate, niτ , and health capital, L̂LE∗
iτ

are averages over 1961− 1965. The real income per worker for time t, yit, is
the real income per worker for the year 1965 and yit−1 is the real income per
worker for the year 1960.

Table 1 presents the results of the first stage regression. Breusch-Pagan
(BP) and Hausman (H) tests suggest that a fixed-effect model is the appro-
priate model to estimate (4). We use the Arellano and Bond (1991) GMM
method (AB method), a widely used method, to estimate the parameters of
(4). We only report estimates of the restricted version of the Solow model
as the Wald test shows that the implied restriction by the Solow model
(φ1 = −φ2) is not rejected for any of the estimated equations. The AB
method provides for one-step and two-step estimators. In what follows, we
take two-step specification as our preferred model as the Sargan test results
support a two-step specification in place of one-step estimates.

4 Cross-Country Productivity Differentials

Note that the estimate of TFP, ln Ai0, though derived using data from 1960-
2005 pertains to the initial productivity level i.e. the productivity level in
1960. Due to this we use 1960 values of independent variables. We proxy
urbanization level by the logarithm of the proportion of the urban population
(LUR) in 1960. We proxy education by the logarithm of the fraction of the
population aged 15 years and above completing secondary education (LSC)

2We also used infant mortality rate as a proxy for health capital. Results are similar
(Kumar and Kober 2012).
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in 1960.3

We use three indicators of health to proxy the mortality rate and the
disease burden. For mortality rates we use LLE60 = − ln(90 − LE60) and
LMR60 = ln IMR60 where LE60 and IMR60 are the life-expectancy and
the infant mortality rate for 1960. We proxy disease burden by the risk of
malaria. Since malaria risk data is not available for 1960, we use Malaria
Ecology (ME) as an indicator for malaria risk.

We control for other determinants of TFP such as trade openness, ethno-
linguistic fractionalization, and legal origin. We proxy trade openness by
the log of the ratio of export and import to GDP in current prices in 1960
(LOPEN). To capture the effects of legal origin and ethic heterogeneity, we
use dummies for socialist countries (SOC) and the index of ethno-linguistic
fractionalization (ETH). We also use a dummy for African countries (AFRICA)
and oil exporting countries (OIL).

Estimated results are given in Table 2. In Model 1, we include all other
independent variables except LUR. The results show that the coefficients of
LLE60 and LSC are highly significant. The coefficient of ME is significant,
but only at a 10% level of significance. In Model 2, we incorporate LUR. The
result shows that LUR has a positive and highly significant effect on TFP,
but the coefficient of LSC becomes insignificant. Similar is the result when
we use LMR60 as a proxy for the mortality rate rather than LLE60 (Model
3).

Health, education, and urbanization are potentially endogenous. To con-
trol for endoegeniety we use an IV approach. We use a proportion of area of a
country under tropics (TROPIC), the distance from the equator (LATI), the
proportion of the population within 100 kilometers of coastal areas (LT100),
a dummy for land-locked countries (LAND), a dummy for countries where
parental gender bias in favor of sons is prevalent (SON), and the percent-
age of Muslim (MUSLIM) and Catholic (CATH) population in a country as
instruments.

These variables have been chosen as instruments as literature suggests
that they are important determinants of human capital and urbanization.
We use SON as an instrument as empirical evidence suggests that a son-
preference is wide-spread in many regions of the world and it disadvantages
female children particularly with respect to access to health facilities, nutri-
tion, and education. This in itself is likely to lead to a lower human capital.
In addition, literature suggests that a mother’s education and health sta-
tus positively and significantly affect the health and education of children.
Due to this we expect human capital to be lower in countries with a strong

3For results with other indicators of education see Kumar and Kober (2012).
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son-preference. The list of countries in which a son-preference is prevalent is
given in Table 3.

We find that these instrument variables explain significant proportion of
cross-country variations in human capital and urbanization and are signifi-
cant at the 1% level of significance. Models (4) and (5) present 2SLS results.
Model (4) shows that the coefficients of both LLE60 and LUR remain sig-
nificant at the 5% level of significance. However, the coefficient of ME is
significant at only a 10% level of significance. In Model (5), we use LMR60

as a proxy for the mortality rate. Results are similar. The estimated p-
values for the Sargan tests imply that the over-identifying restrictions are
not rejected.

5 Conclusion

In this paper, we studied the effects of health, education, and urbanization
on the TFP of a large number countries. We find that health capital affects
both per-capita income and TFP. Urbanization has a positive and highly
significant effect on TFP. Education has an insignificant effect on TFP. The
IV estimates suggest that the effects of health and urbanization on TFP are
causal.
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Table 1
Growth Regression Results

Explanatory Variables AB 1-Step AB 2-Step
(1) (2)

yi,t−1 0.6415(0.057)∗ 0.652(0.03)∗

ln(sK
iτ )− ln(niτ + g + δ) 0.0715(0.038)∗∗ 0.0785(0.018)∗

L̂LE∗
iτ 0.1968 (0.074)∗ 0.2151 (0.037)∗

Implied α 0.17 0.18
Implied β 0.46 0.50
Implied λ 0.09 0.086

p Values:
Wald Test 0.15 0.47

Sargan Test 0.003 0.13
H(0): AR(2) is absent 0.16 0.19
No. of Observations 796 796

No. of Countries 100 100

Note:
1. ∗, ∗∗, and ∗∗∗ indicate significance levels of 1%, 5%, 10% respectively

against two-sided alternatives for the t-tests.
2. Number in brackets are standard errors.
3. All specifications included time specific effects (not reported).
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Table 2
TFP , Human Capital, and Urbanization

Variable (1) (2) (3) (4)/2SLS (5)/2SLS

LLE60 1.0682∗ 0.6315∗ 0.8945∗∗

(0.17) (0.15) (0.38)

LMR60 −0.3143∗ −0.2097∗∗∗

(0.05) (0.12)

ME −0.0235∗∗∗ −0.0254∗∗ −0.0337∗ −0.0158∗∗∗ −0.0371∗

(0.01) (0.01) (0.01 ) (0.02) (0.01)

LSC 0.1208∗∗ 0.0545 0.0527 0.1244 0.1279
(0.05) (0.04) (0.03) (0.23) (0.13 )

LOPEN 0.0087 -0.0166 0.0085 0.0879 −0.0026
(0.06) (0.05) (0.06) (0.20) (0.14)

LUR 0.3877∗ 0.3562∗ 0.5093∗∗ 0.3896∗∗

(0.08) (0.07) (0.21) (0.16)

SOC −1.07∗ −1.3633∗ −1.1365∗

(0.13) (0.14) (0.43)

OIL 0.3002∗∗ 0.2099∗ 0.2172∗ 0.1888∗∗ 0.1941∗∗

(0.12) (0.08) (0.07) (0.10) (0.08)

AFRICA −0.1417 −0.2557∗∗∗ −0.1994 −0.2236 −0.2595
(0.18) (0.14) (0.15) (0.19) (0.15)

ETH −0.1238 −0.0638 −0.2503 −0.0702 −0.1704
(0.26) (0.19) (0.17) (0.29) (0.24)

R2 0.74 0.83 0.87 0.75 0.85
N 74 74 63 74 63

Sargan (p-value) 0.60 0.64
Note: 1. ∗, ∗∗, and ∗ ∗ ∗ indicate significance levels of 1%, 5% and 10%

respectively against one-sided alternatives for the t-tests.
2. Numbers in parentheses are White Heteroskedasticity-Consistent stan-

dard errors.
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Table 3
List of Countries Where a Son-Preference is Prevalent

Algeria, Bangladesh, Benin, Burkina Faso, Chad, China, Egypt, Ethiopia,
Guinea, Hong Kong, India, Iran, Jordan, South Korea, Mali, Morocco, Nepal,
Niger, Nigeria, Pakistan, Senegal, Syria, Tunisia

Appendix
Variables and Data Sources

• y: Real income per worker in 2005 constant price PWT 6.3

• sK : Investment share of real GDP per capita PWT 6.3

• n: Calculated using LFPR and population PWT 6.3

• LE: Life Expectancy World Development Indicators

• MR: Infant Mortality Rate World Development Indicators

• ME: Malaria Ecology Sachs 2003

• LAV: The average years of school for adults Barro and Lee (2001)

• LPC: The fraction of population aged 15 years and above completing
primary schooling Barro and Lee (2001)

• LSC: The fraction of population aged 15 years and above completing
secondary schooling Barro and Lee (2001)

• LTC: The fraction of population aged 15 years and above completing
tertiary schooling Barro and Lee (2001)

• LUR: Fraction of urban population in 1960

• LATI: The absolute distance from equator La Porta et. al. (1999)

• TROPIC: The percentage of area of a country under tropics Gallup et.
al. (1999)

• LT100: The proportion of population within 100 k.m. of coast Gallup
et. al. (1999)

• LAND: Dummy for land-locked countries
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• SOC: Countries with socialist legal system La Porta et. al. (1999)

• ELH: Index of ethno-linguistic fractionalization La Porta et. al. (1999)

• MUSLIM: Proportion of muslim population La Porta et. al. (1999)

• CATH: Proportion of catholic population La Porta et. al. (1999)

• SON: Dummy for countries where son-preference is prevalent Williamson
1976, Fuse 2010

• OIL: Dummy for oil exporting countries
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