ﬁ CORE Metadata, citation and similar papers at core.ac.uk

Provided by LSE Research Online

THe LONDON SCHOOL
oF ECONOMICS anp
POLITICAL SCIENCE

LSE Research Online

Matthew A. Cole and Eric Neumayer
The impact of poor health on factor
productivity: an empirical investigation

Article (Accepted version)
(Refereed)

Original citation:

Cole, Matthew A. and Neumayer, Eric (2006) The impact of poor health on factor productivity: an
empirical investigation. Journal of development studies, 42 (6). pp. 918-938. ISSN 0022-0388
DOI: 10.1080/00220380600774681

© 2006 Taylor & Francis

This version available at: http://eprints.lse.ac.uk/19780/
Available in LSE Research Online: September 2012

LSE has developed LSE Research Online so that users may access research output of the
School. Copyright © and Moral Rights for the papers on this site are retained by the individual
authors and/or other copyright owners. Users may download and/or print one copy of any
article(s) in LSE Research Online to facilitate their private study or for non-commercial research.
You may not engage in further distribution of the material or use it for any profit-making activities
or any commercial gain. You may freely distribute the URL (http://eprints.Ise.ac.uk) of the LSE
Research Online website.

This document is the author’'s final manuscript accepted version of the journal article,
incorporating any revisions agreed during the peer review process. Some differences between
this version and the published version may remain. You are advised to consult the publisher's
version if you wish to cite from it.

http://eprints.lse.ac.uk


https://core.ac.uk/display/208972?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://www2.lse.ac.uk/researchAndExpertise/Experts/profile.aspx?KeyValue=e.neumayer@lse.ac.uk
http://www.tandf.co.uk/journals/titles/00220388.asp
http://dx.doi.org/10.1080/00220380600774681
http://www.tandf.co.uk/
http://eprints.lse.ac.uk/19780/

The Impact of Poor Health on Total Factor Produigstiv

Published in:
Journal of Development Studjek (6), 2007, pp. 918-938

Matthew A. Colé and Eric Neumayér

Word count: 9601

! Department of Economics, University of Birminghafgbaston, Birmingham,
B15 2TT, UK. Tel. 44 121 414 6639, Fax: 44 121 41877, E-mail:

m.a.cole.1l@bham.ac.uk

2 Department of Geography and Environment, Londoho8k of Economics and
Political Science, London WC2A 2AE, e.neumayer@isewk (corresponding author)



We would like to thank Jayasri Dutta and two anoaym referees for helpful
comments and suggestions, but retain responsibidityall remaining errors. Eric

Neumayer acknowledges financial assistance fronbérerhulme Trust.



The Impact of Poor Health on Total Factor Produigstiv

A number of recent studies have illustrated thke liatween health and
economic growth. This paper argues that a key nmasha through
which health affects growth is via total factor guztivity (TFP). We
first estimate TFP based on a production functiowl dhen estimate
the determinants of TFP, paying particular attentido three
indicators of health that are particularly probleti@in developing
regions: malnutrition, malaria and waterborne disea. We find the
impact of poor health on TFP to be negative, sigaift, and robust

across a wide variety of specifications.

JEL classification 047, 112
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l. Introduction

Disease and poor health represent a great burdeaff@oted individuals. Whilst
difficult to quantify, the welfare losses to thelividual of being severely ill can be
significant, particularly in those developing reggowith limited social security
provision and health care. Individuals sufferingnfrillness may be weak, unable to
work or study and generally unable to provide floiidren and other dependants. At a
more aggregated level, however, it seems likely #hlaigh disease burden may have
an adverse impact on a country's productivity, ghowand, ultimately, economic
development. The many studies that have attemptedexplain cross-country
differences in economic growth and productivityegahave typically suggested that
education, trade openness, savings, inflation dued initial level of income are
amongst the key explanatory variables (Barro, 198dnkiw et al, 1992; Barro and
Sala-i-Martin, 1995; Miller and Upadhyay, 2000).efé are good reasons to suggest,
however, that health is also an important deterntinavovsky (2001), for instance,
estimates that the burden of disease in LDCs, egptein disability-adjusted life
years (DALYS) lost per million people, is approxielg twice that in developed
countries: This results from the far higher incidence of die and malnutrition in
LDCs compared to developed regions. Whilst the &uraf disease may be a function
of poverty, a high disease burden is also likelyatdversely affect a nation's

development prospects.

Comparatively little attention, however, had beemdpn the past to the impact of
poor health, particularly in less developed cowestriLDCs), on growth and

productivity. These issues have begun to be adeblelsg more recent studies. The



existing literature includes Wheeler (1980), Knasvland Owen (1995, 1997),
McCarthy et al. (2000), Gallup and Sachs (2000)arBava et al. (2001), Arcand
(2001), Mayer (2001), McDonald and Roberts (2062) Webber (2002).Our paper
differs in two main and significant aspects fronstliterature. First, whilst existing
studies mostly focus on life expectancy as a siaglfregate measure of health, which
only captures mortality, we look at three distiantl specific factors affecting health.
These are malaria, malnutrition and waterborneadisg all of which affect both
morbidity and mortality and arguably morbidity irarficular® These measures
capture three of the most serious threats to heatleveloping regions, another being
the HIV/AIDS epidemic which remains a topic fordw work. Second, the existing
literature, for example, Wheeler (1980) and Knowdesl Owen (1997) studies the
effect of health on cross-national variation iname levels or economic growth.
Arcand (2001) who looks at malnutrition and McCwgrét al. (2000) and Gallup and
Sachs (2000) who look at malaria also estimatestfeet of poor health on economic
growth rates. Instead, we directly estimate theeatffof health on total factor

productivity.

If a disease has a fatal effect on individuals themill lower the amount of labour
supplied. However, in the vast majority of casd® very common diseases and
illnesses in the developing world such as undeisborent, malaria and waterborne
diseases have non-fatal consequences, partic@arlggdults who participate in the
labour force. Affected individuals remain in thédar force, but their productivity is
severely impaired. Infectious diseases such asrimatar instance, result in recurrent
debilitating bouts of illness, which prevents indivals from supplying their labour

productively. Human capital accumulation may alsoddversely affected by poor



health due to the higher levels of school absesite@mongst those suffering from
illness. However, as we shall argue in the nexti@@cthe economic impact of poor
health is not restricted to a reduction in the picitvity of labour. A high disease

burden within a country can also have implicatidios foreign and domestic

investment, tourism, the internal mobility of lalb@nd land use. As the WHO (2001)
claims, returns to investment in agriculture, mgyimanufacturing and tourism, as
well as investment in major infrastructure proje@ese likely to be depressed by a

high incidence of illness and disease.

Our central argument is therefore that poor heafflects economic development
primarily via total factor productivity, not as aadlditional factor of production or by
affecting the productivity of one other factor abguction only. If so, then including
health as a direct determinant of growth is congapt inaccurate since health is
likely to affect output growth indirectly via totédctor productivity. As far as we are
aware, however, no study has directly examinedrtipact of poor health on cross-
country aggregate productivity levels. That is toatribution of the present paper.
We begin by estimating total factor productivity FH) from a parsimonious
production function specification. We then examihe determinants of TFP paying
particular attention to three key indicators of pbealth in LDCs - the proportion of
undernourished within a country, the incidence ddlana and the incidence of
waterborne diseases. We examine a variety of fomaktiforms and control for the

potential endogeneity of poor health.

The paper is organized as follows; Section Il bedg outlining the links between

poor health and productivity; Section Il examiriee methodology used to estimate



TEP; Section IV discusses and estimates the datantd of TFP and Section V

concludes.

Il. Poor Health, Growth and Productivity

It is notable that the populations of many of tlwwnest countries in the world also
suffer from the greatest degree of poor health.rfuand Lopez (1996: 259) estimate
the per capita disability-adjusted life years (DAd)Ylost in various regions of the
world in 1990 due to premature mortality and ydiaed with disability, adjusted for

severity. The estimated figures are lowest in dgvall countries at about 0.17
DALYs per capita, they range from 0.2 to 0.4 DALYer capita in various regions of
the developing world, and reach close to 0.6 DALMé&s capita in Sub-Saharan

Africa.

As Table 1 indicates, some of the world’s lowelst é#xpectancies, in many cases less
than 50 years, are experienced in those sub-Saldraan countries that typically
also suffer from extremely low levels of per capiteome and often negative
economic growth ratesAlthough underdeveloped countries often lack gsources
needed to invest in health care systems, it alsmsdikely that poor health will itself
retard growth and hence income. Developing countrieuld therefore appear to be

in a vicious cycle resulting in persistent undeelepment.



Table 1. Income, Health and Population Statisti@82 By Income Group.

Per Capita Life Under-5 Population Per Capita
Y® Expectancy mortalitY ~ Growth Y growttf
Sub-Saharan Africa $575 46 174 2.24% 0.02%
Low Y@ $484 59 121 1.79% 2.30%
Lower Middle Y $1,687 69 40 0.75% 2.23%
Upper Middle Y $4,638 73 22 1.21% 1.40%
High Y $29,516 78 7 0.62% 1.65%

Notes:

&Low Y includes sub-Saharan Africa

® Per capita income in 1995 US Heaths per thousand live births
4 Average growth 1992-2002

Data from World Bank (2004)

Bhargavaet al (2001), Bloomet al (1999) and Gallupet al (1999) find life
expectancy at birth to be a positive and significdgterminant of economic growth
rates. Typically, it has been suggested that a 1f®ease in life expectancy is
associated with a rise in economic growth of 08®per year (WHO, 2001). One of
the problems with such estimations is that lifeeotpncy is a measure of mortality
rather than morbidity or poor health. Whilst theotare obviously correlated, it is
morbidity and poor health rather than mortality evhshould have the greatest impact

on economic development.

Furthermore, we contend that the most importanthaeism by which poor health is
likely to affect economic growth is via its impamh the productivity of inputs. In
order to examine this mechanism we have to claxifjat is meant by poor health.
Health, by its very nature, is multidimensional aasl a result, is difficult to quantify.
For the purposes of this paper we have focussesoore of the greatest threats to

health facing the developing world: undernourishir(en malnutrition), malaria and



waterborne diseases. Murray and Lopez (1996: 3%fljnate that malnutrition is

responsible for 18 per cent of the total burdediséase in developing countries (32.7
per cent in Sub-Saharan Africa). Lvovsky (2001s6ygests that safe water supply
and sanitation account for another 7 per cent aalhnma accounts for 3 per cent of
the burden of disease in developing countries.ulm-Saharan Africa, these figures

rise to 10 per cent for access to safe water amthsian and 9 per cent for malaria.

We now examine the implications of our three inthca of health for growth and

productivity.

0] Undernourishment

Undernourishment remains widespread in the deuappegions. In 1997, in the
developing world as a whole, over 880 million peoplere classed as being
undernourished, equivalent to 18% of the developimyld’'s population. In sub-
Saharan Africa, 34% were classed as undernourigiabugh this figure was over
60% for individual countries such as the Democrgegpublic of Congo, Somalia and
Burundi. Although theproportion of undernourished is falling in most developing
regions, in sub-Saharan Africa, the Middle East &mth Africa, the absolute

number of undernourished is actually rising.

Arcand (2001) estimates what he calls the effigrenost of hunger: the growth-
retarding effect due to undernourishment. Acrossgide specification of models he
finds that undernourishment has a statisticallyificant and substantively important

negative impact on growth rates. His findings ssggihat an elimination of



undernourishment in Sub-Saharan African countrieslevraise the economic growth

rate between 0.34 percentage points and as mutbapercentage points.

The economic impact of malnutrition occurs larggisough its effects on the labour
force. Those suffering from malnutrition often feetak and lacking in energy and
are more susceptible to infection and other illeesthan those who receive the
minimum dietary energy requirements (Dasgupta 1€9®wdhury and Chen 1977).
Furthermore, nutrient deficiencies, particularlycimldhood, can retard physical and
cognitive development and often undermine schoadling to absenteeism and early
dropouts. In a review of the literature examinihg tmpact of poor nutrition on the
development of the brain, Lewet al (1986) and Politt (1997, 2001) conclude that
most studies point to certain key nutrients, suglr@n and Vitamin A, as being vital
for cognitive development. Similarly, in a study dfanzanian schoolchildren,
Bhargava and Yu (1997) found that nutritional statvas a significant predictor of

educational test results.

In the light of these findings, a number of casel®s have examined the impact of
poor nutrition on labour productivity in LDCs. Welguthet al (1982), for example,
found an increase in calories to increase the mtodty of Kenyan construction
workers, whilst Strauss (1986) also found a pasitink between calorific intake and
agricultural labour productivity in a study of fatmuseholds in Sierra Leone. Strauss
and Thomas (1998) provide a thorough review of links between nutrition,
productivity and wages and conclude that there dppgar to be a causal relationship

between health and productivity. However, by exangrthe impact of nutrition on
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the productivity of an individual, or group of imifiluals, the studies reviewed by

Strauss and Thomas fail to consider the macroecmnampact of malnutrition.

In addition to its likely impact on aggregate labpuoductivity, poor health can have
other macroeconomic implications. A country expeeieg widespread malnutrition,
or other forms of ill health, will find its natiohdgudget distorted. The increased
demands on the health care system will mean tisaurees for other social services
will be reduced, and perhaps donor resources thgthmve been used to meet other

needs will have to be diverted.

(i) Malaria

Gallup and Sachs (2000) and McCarttyal (2000) have estimated the impact of
malaria on economic growth rates. Both papersdistnificant negative relationship
between malaria morbidity and economic growth ravgsich proves to be robust
across a variety of functional forms. Gallup andl$afor example, estimate that the
effect of a country having intensive malaria in 89%as to lower its economic growth
rate by 1.3%, having controlled for other factdvieCarthyet al.find malaria to have
a slightly smaller impact on growth, with the impaxceeding 0.25% per year for

around one quarter of the sample.

Malaria is one of the most prevalent and challegginfectious diseases affecting
developing countries. It is endemic in 91 couniraounting for 40% of the world's
population, and is responsible for over 1 milliogaths per year (McCarthst al,

2000). Clearly such deaths will affect the supgiyatbour. However, in the majority
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of cases, particularly in labour-supplying adultgalaria is non-fatal, but results in

frequent recurrent attacks that affect the prodigtof labour supply.

Like malnutrition, malaria is most common in theopsst regions of the world,
especially sub-Saharan Africa. However, unlike mtltion, the incidence of malaria
appears to be only a weak function of income. Witdsnmunities can, to an extent,
invest in antimalaria protection (such as bed rests]) also health care services to treat
sufferers, the severity of malaria is determinedinfgaby climate and ecology.
Eradication programmes since the 1940s and 50s fueussed on the control of
mosquitoes and have been successful in low-inceleregions such as the
Mediterranean, but have largely failed in high-tesce regions such as tropical sub-
Saharan Africa. In this latter region eradicatifforts were hindered by the far higher
human and mosquito carrying rates, the prevalefcrosquito species particularly
suited to malaria transmission, and climatic coadg that allow all year around
exposure (McCarthgt al.,2000). Large scale eradication efforts were schik in

the 1960s to be replaced by local initiatives imrgd both prevention and treatment.

The most direct economic impact of malaria is imm& of reduced labour
productivity. Hempel and Najera (1996) indicatet thdout of non-fatal malaria will
typically last for 10-14 days including 4-6 days total incapacitation with the
remainder characterized by headaches, fatigue aodea. A mild sufferer will
experience 1 or 2 bouts per year. The extent tahwthis lost labour time will reduce
output depends on whether it coincides with harties¢ in agricultural areas, and
whether other family members can compen8ale. common with malnutrition,

malaria results in frequent absenteeism, partigulamongst school children,

12



resulting in the reduced accumulation of human tehpand associated lost
productivity in adult life. However, the economiopact of malaria extends beyond
the direct impact on labour productivity. A high laréa burden is likely to increase
labour turnover resulting in increased hiring amdining costs and reduced
profitability for enterprises. Furthermore, a higlalaria incidence within a particular
area may reduce tourism, deter otherwise profitdreign and domestic investment
and prevent the use of land or other natural ressufWwWHO, 2001). Malaria may also
limit the movement of workers due to the reluctantdoth foreign and domestic
labour to move to malaria infested regions. Thelituaf skill matching may suffer
as a result. With regard to the internal mobilityatoour, Gallup and Sachs argue that
the better educated workers who often move to &ngely malaria free cities are
likely to lose their natural protection. As a restihey may be reluctant to return to
rural areas or even to maintain contact with sugas Thus, ‘the transmission of
ideas, techniques and the development of trangmrtsystems may all be stunted by
malaria’ (Gallup and Sachs, 1999: 10). Finally, qa975) has argued that attempts
to change planting patterns to minimize the ovebapveen bouts of malaria and
peak agricultural activity have often resulted @auced agricultural productivity. In
sum, a high incidence of malaria may mean thaturegs are not allocated efficiently

and assets are not used as productively as théy lbeu

(iif) Waterborne diseases

Lack of access to sanitation and particularly tfe shinking water remains a great

risk to health in developing countries. It is aosty determinant of waterborne

diarrhoeal and other diseases such as amoebibsisfa&, dysentery, schistosomiasis
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and typhoid fever as well as roundworm and guineanwinfections. It is estimated
that diarrhoeal diseases alone (including dyseptannually kill over 2 million
children under the age of five (Warner, 1997). Ared, as with malnutrition and
malaria, adults often survive the effects of wabene diseases, but their labour
productivity becomes severely impaired both dumamgl after the period of disease.
Furthermore, like malnutrition and malaria, lackastess to safe water and sanitation
IS most common in the poorest regions of the wdrldeed, it often exacerbates the
incidence and effects of malnutrition and malasadsarrhoeal and other diseases
make it more difficult for individuals to retain weumed food and poor water

conditions foster the spread of malaria contamthatesquitoes.

Despite significant effort, access to safe wateat aanitation has not considerably
increased over the last two or three decades. TH® Wstimated that in the mid-
1970s some 1.9 billion people had no access todsafking water and some 2 billion
had no access to adequate sanitation. Twenty letarsmore than 1.1 billion people
worldwide were still deprived of access to safe ewadnd the number of people
without adequate sanitation actually rose to 2l®hi(UN Ecosoc, 2000). This rather
poor progress is despite a number of policy inutes, starting with the launch of the
International Drinking Water Supply and Sanitatidecade (1980-1990), which was
initiated by the UN Water Conference in Mar delt®laArgentina, in 1977. The
extent of the health problem posed by a lack oksgdo safe water and sanitation
meant that the issue featured prominently at th@eBaber 2002 UN Conference on
Sustainable Development in Johannesburg, with thanst setting a target of
reducing by half the proportion of people withoatess to safe drinking water and

sanitation by 2015.
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Unlike malaria, lack of access to safe water andtat@on appears to be a strong
function of income. The so-called Environmental Kets Curve literature shows that
such access improves unambiguously with risingrmme@Shafik (1994)). However,
as with the other forms of ill health, there arsodikely to be a number of negative
feedback effects on economic development. Diarihdisaase, even when it is non-
fatal as in the majority of cases with adolescemd adults, usually means that the
affected individuals are rendered unproductivehay tannot attend either school or
work. The economic impact is not limited to absersen, however, as the weakening
effect on body functions further reduces the loagrt ability of individuals to study
or work. In addition, other individuals such asgyds or spouses are also affected as
they need to attend to sick individuals. In thispect, waterborne diseases are similar
to malaria, as the affected individuals can becdengely incapacitated and highly

dependent on others. In comparison, undernourishim@more chronic condition.

[ll.  Estimating Total Factor Productivity

In order to examine the impact of health on progiugtwe require a measure of total
factor productivity. Although commonly estimatedogth equations (Barro 1991,
Barro and Sala-i-Martin 1995, Mankiw et al. 1998la 1995) can be used to
provide information on aggregate productivity, thprimary focus is on income
convergence and there is little consensus as totlgxahich independent variables
should be included. We therefore adopt what weebelto be the most commonly
used and widely accepted method for calculating, Tinely the estimation of a

Cobb-Douglas production function. This is the apgto used in many key
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productivity studies, such as Hall and Jones (19B8ynard and Jones (1996) and

Miller and Upadhyay (2000).

We therefore estimate TFP from a Cobb-Douglas proolu function specified as

follows:

Y=AK'H L” where0<a<1,0<d<land0<8<1 (1)
Y denotes real GDFA represents an index of total factor productivkyrepresents
the total physical capital stock represents human capital abhddenotes the total
labour force. Note that the number of hours workeght be a better measure of the
stock of labour, but lack of data prevents us fumimg it. We do not restrico(+ £+

0) to equal one and hence allow for the possibdityncreasing or decreasing returns

to scale.

To obtain equation (1) in per worker form, we deidly the labour force,.

y=AWh LIrAroL 2)

wherey represents real GDP per work&rdenotes the physical capital stock per

worker andh denotes human capital per worker. Expressing equé?) in natural

logarithms provides equation (3):

Iny = InA +alnk +dlInh + (a + S+ J -1)InL 3)

16



Note that the nature of the production function&urns to scale can now be
ascertained by the coefficient orLIrEquation (3) then leads directly to equation (4),

our equation to be estimated:

Inyi = @ + alnky +dlnhy + (a + B+ 0 -D)InL; + €; (4)

Where subscripts andt denote country and year, respectively. Our measitetal
factor productivity is thenq + &) which is equivalent to W in equation (3).
Equation (4) is estimated for a panel of 52 devetband developing countries using
data at five yearly intervals for the period 1963995. The time series reflects the
fact that our source of human capital data (Band bee 2000) reports only five-
yearly observation§.Data fory, k andL are provided by the World Bank (2004).
More information on all data is provided in Appendh. Appendix B lists the
countries for which TFP can be estimated. Naturalgveloped countries have better
data availability, but 32 of the 52 countries i thample are developing countries.
Both fixed and random effects specifications aredu® estimate equation (4). In the
former, @ are treated as regression parameters, whilsteiatter they are treated as
components of the random disturbance. Table 2 gesvour fixed effects results.
Random effects results yield the same signs angsierilar coefficients as the fixed
effects results. Since the Hausman test rejectsatiom effects assumption at the 5

per cent level, we only report the latter.
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Table 2. Production Function Estimates (Fixed BEfgc

Dependent variable: income per workéry)

Ink 0.37**+
(0.022)
InL 0.013
(0.060)
Inh 0.20%*+
(0.029)
R 0.95
N 364
Hausman 9.12
(FE v. RE) (0.03)

Standard errors in parentheses (p-value for thesidan test).

Note: *** denotes significance at 99% confidencecle

Table 2 provides the estimated production functescribed by equation (4). The
coefficient of IrL indicates that the production function exhibitesd to constant
returns to scale. The elasticity of output withpesst to the capital stock is 0.37, whilst
the equivalent elasticity for human capital is 0.&Ince the coefficient of In
representga + [+ 6 -1), the implied elasticity of output with respecttte labour
force (6) is 0.44. Using the estimates from table 2 asroaasure of TFP, we now

turn towards the determinants of TFP and the rblealth therein.

IV. The Determinants of TFP

Having estimated TFP using the results in Tablev@,are now in a position to
identify the determinants of TFP, beginning withrighles relating to the health of a

nation®
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(1) Indicators of Health

Since our primary concern is the impact of poorithean TFP in LDCs, we utilize
data on three of the most common causes of iltihéaldeveloping regions. The first
is undernourishment or malnutrition. Note thataptcre this aspect of poor health we
cannot use calorie, protein or fat supply data ilesbeir quite good availability. The
reason is that it has long been recognized thahéeel for calorie and protein intake
depends partly on climatic conditions, with peoplecold countries in greater need
than people in warmer climates (FAO, 1974; ParkeQ0). As a consequence, for
example, cold Mongolia has a higher calorie andgmosupply despite its great
poverty than the much richer Singapore, locatethentropics. For this reason, we
prefer to consider undernourishment directly. TR®FRdefines undernourishment as
‘food intake that is insufficient to meet dietargeegy requirements continuously’
where dietary energy requirements are ‘the amotidietary energy required by an
individual to maintain body functions, health armtmal activity.” (FAO, 2000). We
use the proportion of the population that is undarished, as reported by the FAO
(2000). Data are provided for all of our 52 cowgrialthough only for the years 1980,
1991 and 1996.The percentage of undernourishede&op better indicator of the
actual health burden than the very close concepelafive food inadequacy (FAO,
1996: 3-5) and is now the FAO’s preferred indicatof the extent of
undernourishment. We note that Svedberg (1999 dissd doubts with respect to the
reliability and suitability of these data. He argue favour of using anthropometric
measurements referring to body height and/or weaiggtead. The FAO (2002a) itself

has rejected Svedberg’s claim as have several tsxpea FAO-sponsored Technical

19



Workshop (FAO, 2002b). Not being technical expersselves, we are uncertain as
to the validity of Svedberg’s claims. However, #nailability of cross-country data

on anthropometric measurements is rather poor liddren before the 1990s and
practically no data exist for adults. We therefsee no alternative to using the FAO

data.

Our second indicator is the incidence of malarsapevided by Gallugt al (1999)
for all of our 52 countries for the years 1966 d&rg®94. Gallupet al used World
Health Organization (WHO) data to calculate thectiom of a country’s land area
subject to malaria. They then collected WHO datdahenpercentage of malaria cases
that are the malignarialciparum species of malaria. Of the four species of malaria
falciparumis the most severe, being the most resistantugsdand responsible for
almost all malaria mortality. The malaria indexhen the product of the percentage

of land area and the percentagdéadéiparumcases.

Finally, the World Bank (2004) provides our thinddicator, the percentage of the
population without access to safe watérhis variable is used as a proxy for the
variety of waterborne diseases that are prevatennclean water supplies. The World
Bank (2004) defines access to safe water ‘as tlaesbf the population with
reasonable access to an adequate amount of safe (atluding treated surface
water and untreated but uncontaminated water, asdnom springs, sanitary wells,
and protected boreholes). In urban areas the saume be a public fountain or
standpost located not more than 200 meters awayrahareas the definition implies
that members of the household do not have to spethsbroportionate part of the day

fetching water. An adequate amount of water is tiegded to satisfy metabolic,
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hygienic, and domestic requirements, usually atlfutitres of safe water a person
per day.” This variable is available for our 52 nties, for the years 1970, 1975,

1985, 1988, and 1993.

(i) Other Determinants of TFP

In addition to our health variables, we includeuaniber of other determinants of TFP,
although relatively few have been suggested witingrowth/productivity literature.
Miller and Upadhyay (2000) suggest a determinanfTBP in the form of trade
openness. Although the impact of trade on growth denerated a large, sometimes
conflicting, volume of literature (see for examplareenawayet al, 2002; Rodriguez
and Rodrik, 1999; Harrison, 1996), it is widely epted that increased openness is
likely to result in countries deepening their spézation in those sectors in which
they enjoy a comparative advantage. The resultfidiemcy gains are likely to
manifest themselves in the form of increased TFRhyhn turn, should raise growth
rates. Miller and Upadhyay's (2000) findings wouddpport this assertion. Our
preferred measure of trade openness is the sharadefin GNP, although our results
are insensitive to the use of the share of expporGNP. Both of these variables are

provided by the World Bank (2004).

It has often been argued that productivity growthihe agricultural sector is lower
than that in the manufacturing sector, an assumpiften implicit in the works of
development economists such as Lewis and Preb&sch ewis, 1954; Prebisch,
1984). Although more recent studies have challenigisdassertion (Martin and Mitra,

1999), we include the share of agricultural valddeal in total GNP to assess whether
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agrarian economies have lower levels of TFP. Rmalince Miller and Upadhyay
(2000) find the inflation rate to be a negativeedetinant of TFP, we too include this
variable. Data on the GNP share of agriculturabedladded and inflation rates are

provided by the World Bank (2004).

(i)  Methodology and Results

Our equation to estimate the determinants of TR i®llows:

Intfpic =i + 0 + 01InXi; + 02ANTRAD; + 03INnINFL;; + 04nAGR; + &t (5)

Where, X denotes an indicator of health (either malarialnotation or access to safe
water), TRADis trade opennesB\FL is the rate of inflation anAGRis the share of
agriculture in GNP. Subscripts and t continue to denote country and vyear,

respectively. Note that data f&rare not available on an annual basis.

Table 3 provides a variety of estimations baseegumation (5), using malnutrition as
our indicator of health. It reports fixed effecesults since Hausman tests suggested
that, in most models, the country effects are ¢ated with the independent variables
and hence the random effects model cannot be dstincansistently® Nevertheless,

we report random effects results in the appendix C.
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Table 3. The Determinants of TFP, (X = Undernoumsint, Fixed Effects)

Variable (@B 2 (3) 4 (5) (6)
Dummy X  Africa Non-Africa Lagged X  2SLS IV
X -0.17*%*  -0.34***  -0.26***  -0.18*** -0.17%** -0.21**
(0.023) (0.064) (0.054) (0.022) (0.025) (0.10)
TRAD 0.062* 0.087**  0.25** 0.066* 0.074* 0.00072
(0.034) (0.041) (0.12) (0.035) (0.041) (0.00063)
INFL -0.040**  -0.039* 0.017 -0.046**  -0.067***  -0.036*
(0.018) (0.020) (0.052) (0.021) (0.020) (0.021)
AGR -0.41%**  -0.44***  -0.73**  -0.32%** -0.40***  -0.40***
(0.044) (0.041) (0.077) (0.038) (0.050) (0.044)
R 0.67 0.63 0.70 0.68 0.72 0.67
n 152 152 29 123 100 152
Sargan test 0.51
(p value) (0.47)

Standard errors in parentheses.

*** ** and * denote significance at 99%, 95% an% confidence levels, respectively.

Model (1) begins by estimating TFP as a function cofr four determinants,
undernourishmeniX), trade opennes3RAD), inflation (NFL) and agricultural share
(AGR. We find all variables to be signed and stat@ljcsignificant in accordance
with our prior expectations in almost all cases.sMaotably, the proportion of
undernourished within a country is a negative aeiteant of that county’s TFP. As a
general check on the robustness of this resukgtowhether it is driven by outliers
for example, model (2) replaces our undernourisimemiable with a dummy
variable. This variable is set equal to one for ¢ime-third of the sample with the
highest proportion of population suffering from emdourishment. This technique
gives equal weighting to all those observationswbrch the dummy variable is set

equal to one, thereby reducing the possibility thatresult in model (1) is driven by a
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handful of extreme observations. This techniquals used by McCarthy et al.
(2000). Signs and significance remain very simtarthose in model (1). To see
whether the coefficient on undernourishment is $imacking up a TFP retardant
‘sub-Saharan Africa effect’, model (3) is estimatading Sub-Saharan African
countries alone, whilst (4) uses only non-Sub-Sahafrican countries® Again, the

signs and significance of our estimated coeffigaemain very similar to those from
models (1) and (2). The inflation coefficient be@srinsignificant for our African

sample although, with only 29 observations, perhagistoo much weight should be

placed on this finding.

Models (5) and (6) address the potential endogemédiundernourishment. It is, of
course, likely that an increasing level of TFP witla country could increase that
country’s income and hence reduce the proportionnafernourished. As a first step
towards addressing this potential problem, modeLges a lagged value of*XWe
can see that, although the coefficient on undersborent falls in size, it remains
statistically significant. Lagging X mitigates tkeadogeneity problem, but it does not
solve it if there is persistence in the countryesfo@ error term over time. To address
the issue of endogeneity more comprehensively, 8e instrumental variables for
undernourishment. Such instrumental variables rieeflfil two conditions: First,
they must not be endogenous since otherwise theydwsuffer from the very same
problem they are supposed to remedy. Second, teegl to be partially correlated
with the endogenous variables in the sense thatdhelation persists after all other
exogenous variables are controlled for (Wooldridg@02: 84). The stronger the
correlation the better. Instrumental variable eation effectively rules out

endogeneity bias since estimations use only thdtgbahe endogenous variable that
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is uncorrelated with the error term and is themf@xogenous. We use two
instrumental variables which are correlated with pnoportion of undernourished yet
are arguably exogenous with respect to TFP. Intaaglithey pass standard Sargan
over-identification tests. These variables areptoportion of a country’s population
living in Koppen-Geiger climate zone B (‘Dry’), artde proportion of a country’s
area within this same climate zoleThese variables capture one specific cause of
undernourishment. Dry regions are more vulnerableflictuations in rainfall,
particularly those that do not have the infrasuitetor the resources necessary to
facilitate large scale irrigation and the transpbon of water from other regions.
Hence countries with high values of our two instemts are likely to experience food
shortages, thereby contributing to undernourishrifeAippendix A provides more
information on our instruments and the sourcesdhe$é¢ data. The results in Table 3
indicate that undernourishment remains a negasigmificant determinant of TFP

even when instrumented.
Random effects results in Appendix C (Table C1) almo be seen to be very similar
to those in Table 3 in terms of sign and signife@n The proportion of

undernourished remains a negative, significantradeteant of TFP.

We can now turn to our results estimated usingitltedence of malaria as our

measure of a nation’s health. Again, we estimatengidels using fixed effects.
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Table 4. The Determinants of TFP, (X =Malaria, Rel Fixed Effects)

Variable (@B 2 (3) 4 (5) (6)
Dummy X  Africa Non-Africa Lagged X  2SLS IV
X -0.58**  .0.34**  -1.04*** -0.16 -0.52%+*  .1.06***
(0.11) (0.11) (0.15) (0.22) (0.085) (0.27)
TRAD 0.087  0.18**  -1.64*** 0.20** 0.11* 0.035
(0.090)  (0.090) (0.32) (0.089) (0.061) (0.12)
INFL 0.033  -0.054**  -0.025 0.043** -0.018 -0.038
(0.029) (0.021) (0.047) (0.020) (0.029) (0.030)
AGR -0.41***  -0.40*** -0.16* -0.36*** -0.40***  -0.40***
(0.043) (0.042) (0.081) (0.052) (0.023) (0.066)
R 0.57 0.59 0.85 0.49 0.63 0.55
n 97 97 19 81 49 97
Sargan test 0.17
(p value) (0.68)

Standard errors in parentheses.

*** ** and * denote significance at 99%, 95% an% confidence levels, respectively.

The sign and significance of the results on thdtiheeariable in Table 4 can be seen
to be very similar to those in Table 3. The inciceef malaria has a strong negative
impact on TFP, which is robust across specificatianth one notable exception.
Since the malaria sample contains 52 countriespiblyttwo time series observations,
we conserve degrees of freedom by using regionHgpecather than country-
specific, fixed effects. Thus, dummies are includ@dthe EU, sub-Saharan Africa,
South Asia, transition economies, Latin America @wlth East Asia. The sub-
Saharan Africa dummy therefore controls for possiegative effects on TFP that
may be specific to this region, thus the malariefiecient should not be picking these
up. We find TFP to be negatively determined by ghesence of malaria and a high

share of agriculture in GNP. Neither the inflatioate nor trade openness are
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consistently statistically significant. Model 3 ¢aims no country or region dummies
due to the small sample size and provides a fudheck on whether there is an effect
specific to sub-Saharan Africa which is driving @asults. We estimate a negative,
significant coefficient on malaria within the Afan sample, but not the non-African
sample (models 3 and 4). This does not necessaghn that malaria has no impact
on TFP outside Africa as the random-effects regrassuggests a statistically

significant coefficient for the non-African samgleppendix C, Table C2).

Model 5 uses a lagged value of malaria and findsilt® broadly similar to those
estimated using current values of maldridlodel 6 uses a two stage least squares
(2SLS) procedure that instruments malaria usingethvariables capturing the
proportion of a country’s land area that is tropica sub-tropical and a country’'s
malaria ecology. Malaria incidence is highly coated with these land area and
ecology variables, yet they should be exogenouk vagard to TFP. The Sargan
over-identification test fails to reject the nullygothesis that these are valid
instruments The 2SLS estimates are very simildhdse from models 1 to 5. These
findings are reinforced by the random effects tssul Appendix C (Table C2). The
negative impact of malaria on TFP is therefore sbbacross a variety of

specifications.

Finally, we consider the impact on TFP of our thidicator of health, lack of access

to safe water. Table 5 and Appendix C presentdhalts of our models.
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Table 5. The Determinants of TFP, (X = Lack of Asd® Safe Water, Country Fixed
Effects)

Variable Q) (2) 3) 4) (5) (6)
Dummy X Africa  Non-Africa Lagged X 2SLS IV
X -0.090***  -0.19*** -0.17* -0.074* -0.14***  -0.63***
(0.035) (0.052)  (0.088) (0.040) (0.037) (0.17)
TRAD 0.016 0.0061  -0.24** 0.015 0.0029 0.056
(0.015) (0.016) (0.12) (0.015) (0.015) (0.045)
INFL 0.0098 0.054 0.30 0.017 0.027 -0.053
(0.027) (0.029) (0.25) (0.027) (0.034) (0.067)
AGR -0.50***  -0.51***  -0.82***  -0.45*** -0.47***  -0.33***
(0.025) (0.028)  (0.093) (0.029) (0.029) (0.075)
R 0.54 0.58 0.64 0.53 0.55 0.48
n 249 249 43 195 190 233
Sargan test 2.37
(p value) (0.12)

Standard errors in parentheses.

** ** and * denote significance at 99%, 95% an@% confidence levels, respectively.

Model (1) again estimates coefficients with signs accordance with prior
expectations, with lack of access to safe wateegative determinant of TFP and
significant at a 99% confidence level. Model (leees lack of access to safe water
with a dummy set equal to one for the 13 countineghich, on average across the
time period of our sample, under 50% of the popuhalhad access to safe water. This
variable is highly significant as well. Model (33as only African countries and finds
the estimated coefficient on safe water to increkse non-African countries (model
4), safe water is also statistically significantitiregard to model (6), identifying
suitable instrumental variables for lack of accessafe water proved very difficult.
We use the level of urban and rural population dgnghich are negatively and

positively correlated with lack of access to saf#ewx, respectively. Contrary to the
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instruments used for under-nourishment and malertaédence, we are far less
confident that these instruments are truly exogendine 2SLS estimation results
must therefore be treated with some care, altholiglsargan test reported in Table 5
supports our use of these instruments, by findivemt to be uncorrelated with the
error term. Whether this is because our instrumarggruly exogenous or because of
the potentially low power of the Sargan test toedetheir endogeneity, we do not
know. In both estimations of model (6) (i.e. in Teb5 and Appendix C, Table C3)
instrumented lack of access to safe water is ativegaignificant determinant of TFP

with a larger estimated coefficient than in our siestrumented model (1).

(iv)  Summary and Discussion of Results

In general, we find the impact of poor health orPTi6 be negative, significant, and
robust across a wide variety of models and speatifins. Furthermore, we generally
find the share of agriculture in GDP to be a negatisignificant determinant.
Although the estimated coefficient on trade opesnasd inflation are frequently
positive and negative, respectively, they are ofteh significant and in few cases

even contrary to expectations.

Returning to our health variables, our econometsuilts yield a number of insights.
Firstly, we find that the negative, significant iagb of health on TFP occurs both
within Africa andoutsideAfrica (i.e. models 3 and 4), at least for undemshument

and lack of access to safe water. We are therefondident that our full-sample

results are not being driven by African countridgna. Finally, across the vast
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majority of our estimations, we find the elastictty TFP with respect to health to be

larger in Africa (model 3) than elsewhere.

Table 6 provides a comparison of the estimatedtiei@ss for our three health

variables, from our standard model (model 1) andinstrumental variables model
(model 6). Both fixed and random effects results egported. For each health
variable we find that the estimated elasticity &#PTwith respect to health is smaller
in our standard model compared to our instrumemntedel. For malaria, for instance,
our fixed effects estimation suggests that a 1%e8me in the incidence of malaria
will reduce TFP by 0.41% in model (1) and 0.70%mnadel (6). The same pattern is
found for undernourishment and lack of access te water, whichever of our three

specifications is used.

Table 6. A Comparison of Estimated Health Elasésit

Health variable Model Fixed Effects Random Effects
Undernourishment Q) -0.17 -0.22

6) IV -0.21 -0.33
Malaria (1) -0.58 -0.75

6) IV -1.06 -1.06
Lack of Access to Safe (1) -0.09 -0.13
Water 6) Iv -0.63 -0.63

Although the elasticities in Table 6 do vary acrfissd effects and random effects, in

general we can see that the elasticities for ek larger in magnitude than those
for undernourishment and lack of access to safeniatmodel (1) estimations. A 1%

increase infalciparum malaria incidence will reduce TFP by between 0.5884

0.75% whilst, for undernourishment and lack of asct safe water the estimated
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range is between 0.17% and 0.22% and 0.09% and).fGespectively. However,

once we control for potential reverse causality deio(6)), lack of access to safe
water has the highest estimated elasticities &%.MHowever, this result needs to be
treated with some care, given the concerns exptessave about the true exogeneity

of our instruments for lack of access to safe water

Section Il described some of the possible mechanigia which poor health can
affect total factor productivity, although theirtdied examination is outside the remit
of this paper. Nevertheless, our analysis doesigeosome insights. It is plausible
that a significant proportion of the impact of tthadn TFP occurs through an impact
on labour productivity. However, in addition togHinkage, Section Il suggested that
poor health may also reduce productivity by undamg schooling. Other potentially
guantifiable linkages between health and TFP ireling fact that labour and capital
may avoid certain disease infested areas, theafateturn on large scale public
investment projects may be depressed and healtpelsichay be distorted by a high
disease burden. Unfortunately, data limitationsificantly hamper the investigation
of these linkages. But the variety of ways in whighalth can affect economic

development supports our argument that healthssrhedelled as affecting TFP.

V. Conclusion

In the light of a number of recent studies showtimg adverse impact of poor health
on economic growth (Bhargaed al, 2001; Gallup and Sachs, 2000; McCarthal,
2000; Arcand, 2001), the aim of this paper has bedlustrate that a key mechanism

through which health affects growth is via TFP. @esults suggest that poor health
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can indeed reduce aggregate productivity. It woldaiefore appear that poor health is
a key factor in explaining the existence of peesistunderdevelopment in many
regions of the world. It has long been known thatgrty and underdevelopment play
a significant role in the prevalence of malnutntighe lack of access to safe water
and sanitation and the resultant profusion of vixere diseases, and the general lack
of medical services and preventative medicine. H@ne a reversal of this
relationship, with poor health itself contributing poverty and underdevelopment,
has generally not been quantified at a macroecandewel until relatively recently.
We have tried to improve on the existing literatblydooking at three specific aspects
of poor health rather than the aggregate measuléeoéxpectancy and by directly
estimating the effect of health on total factor darctivity, rather than economic

growth.

The recent creation of the World Health Organizdaso(WHQO) Commission on

Macroeconomics and Health, chaired by Jeffrey Sasiggests that interest in the
macroeconomic implications of poor health is inereg. The Commission’s report,
published in December 2001 (WHO, 2001), firmly etathat poor health within a
nation can have severe implications for that n&ionacroeconomic performance.
With a clear link between health and productivitpyezging, the report calls for a
global commitment to tackle health issues. This maiment must come from low-

income countries themselves, but also increasexhdial commitments from donor
countries will be needed. It would appear that omgreased and re-prioritised
investment in health care, on a global scale, gikase the developing world from

the vicious cycle that links poor health and poyert
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Endnotes

! DALYs are a common measure of disease burden @amiioe life years lost due to premature death
with fractions of years of healthy life lost asesult of illness.

2 There are two more studies, which have includedelkpectancy at birth in their estimations without
focussing on health directly; see Bloetal. (1999) and Gallugt al. (1999).

% Webber (2002) uses calorific intake as a proxynfaman health instead of life expectancy. Further
below we argue that this is a flawed indicator asedmeasure undernourishment directly.

* We would have liked to have included DALYs by inmgroup in Table 1, but data only exist at a
regional level.

® Data from FAO (2001).

® Hempel and Najera (1996) claimed that bouts oinEbften coincide with the planting season in
Spring.

" Appendix B lists the countries in our sample. Tiember of countries is constrained by the
availability of capital stock data, particularlyrfthe 1960s. Although several techniques coulddssiu
to estimate missing values, we believe these toflspiestionable accuracy, and hence prefer to use a
smaller, although we believe still representatsedection of countries.

8 Appendix B provides a ranking of our 52 counttigsTFP.

° We use the lack of access to safe water, as ogpgosm@nitation, due to the larger number of
observations reported by the World Bank (2004). fivee variables are highly correlated.

10 All estimations in this paper utilize heterosceitambust standard errors. A lagged dependent
variable (ntfp,.1) was not favoured on the grounds that botfp;, andIntfp;., will be functions ofy;,

our country characteristics. Singes part of the unobserved error term, it meanslttifp;.,, an
independent variable, is correlated with the eteom and hence OLS estimates will be biased. A
solution to this problem is to follow Arellano aBdnd (1991) and to estimate a dynamic panel using
Intfp;.» as an instrument fdntfp;.; and to first difference all variables. Howeveur émited time

series makes such an approach inappropriate. Fortine, we note that Miller and Upadhyay (2000)
do not include a lagged dependent variable in #ngtimations of TFP.

M Note also that the signs and significance of estiah coefficients in Table 3 (models (1), (2), 46}
(6)) were virtually unaffected by the inclusionafub-Saharan Africa dummy.

121 agging our undernourishment variable means thatyear of data is lost.
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3 The Koppen-Geiger climate system classifies thedninto six major climate regions, based on
average annual precipitation, average monthly pitation, and average monthly temperature. Climate
zone B denotes ‘dry’ regions and includes manyo&afmiand Middle Eastern countries, parts of India,
Pakistan, the Southern ex-Soviet states and otlgéons as varied as parts of China and the US.

14 Of course, undernourishment is often caused bglkdf access to food rather than a lack of food
per se Other causes of undernourishment therefore indluel@revalence of war, the authoritarian
nature of government, an inequitable distributibp@wer/income and rapid population growth. These
variables were not used as instruments since theyrdikely to be exogenous with regard to TFP.

15 Again, we lose a year of data when lagging ouranbariable.
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Appendix A. Data Information

Variable Definition Source
y Per capita income in 1995 US $ World Bank (2004)
K Physical capital stock per worker ~ World Bank (2004)
L Labour force World Bank (2004)
Undernourished The proportion of the populatidfAO (2000)
that is undernourished
Malaria The incidence offalciparum Gallupet al (1999)
malaria
Hk Human capital, measured as thearro and Lee (2000)
average years of secondary
schooling in the total population
TRAD Trade openness defined as th&orld Bank (2004)
ratio of imports plus exports to
GNP
INFL Rate of inflation World Bank (2004)
AGR The share of agricultural valuaNorld Bank (2004)
added in GNP
Climate The proportion of a country’'$Harvard University Centre for

population and land area irinternational Development
Koppen-Geiger climate zone Bhttp://wwwz2.cid.harvard.edu/c

(classified as ‘dry’) iddata/geographydata.htm
Rur. pop. dens.  Rural population density World B&004)
Tropical Percentage of a country’s lanGallupet al (1999)

area classified as tropical http://www.cid.harvard.edu/ci

ddata/ciddata.html

Subtropical Percentage of a country’s lankk above

area classified as sub-tropical
Malaria An ecologically-based spatiahttp://www.earth.columbia.ed
Ecology index of malaria transmission  u/about/director/malaria/index

.html

Lack of Safe
water

Percentage of population withoutorld Bank (2004)
access to safe water

Urban pop.
density

Urban population density World Bank (2004)
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Appendix B. Countries in our Sample Ranked by Ager&aFP 1990-95

Country Rank TFP Country Rank TFP
Luxembourg 1 1.46 Brazil 27 0.073
Belgium 2 1.28 Hungary 28 0.045
Switzerland 3 1.22 South Africa 29 0.0050
Japan 4 1.09 Malaysia 30 -0.092
France 5 1.067 Mexico 31 -0.14
Denmark 6 1.045 Colombia 32 -0.22
Netherlands 7 1.029 Peru 33 -0.24
Sweden 8 0.95 Tunisia 34 -0.29
United States 9 0.94 Paraguay 35 -0.32
Israel 10 0.93 Thailand 36 -0.46
Ireland 11 0.93 Ecuador 37 -0.47
Norway 12 0.92 China 38 -0.52
Italy 13 0.90 Morocco 39 -0.54
Finland 14 0.89 Philippines 40 -0.80
United Kingdom 15 0.89 Senegal 41 -0.82
Spain 16 0.79 Indonesia 42 -0.89
Australia 17 0.77 Cameroon 43 -0.94
New Zealand 18 0.75 Pakistan 44 -1.00
Canada 19 0.73 Zambia 45 -1.01
Grenada 20 0.67 Zimbabwe 46 -1.01
Portugal 21 0.55 Nigeria a7 -1.16
Argentina 22 0.51 Sri Lanka 48 -1.22
Uruguay 23 0.37 Kenya 49 -1.39
S. Korea 24 0.21 India 50 -1.45
Chile 25 0.10 Ghana 51 -1.46
Venezuela 26 0.093 Bangladesh 52 -1.49

Note: TFP is expressed as a natural logarithm serdssfrom model (1) in Table 2.
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Appendix C. Additional Results on TFP Determinants

Table C1. The Determinants of TFP, (X = Underndumgnt, RANDOM Effects)

Variable @ 2 (3) 4 (5) (6)
Dummy X  Africa Non-Africa Lagged X  2SLS IV
X -0.22%*%*  -0.83*** -0.03 -0.23*** -0.25%**  -0.33***
(0.028) (0.12) (0.050) (0.034) (0.031) (0.093)
TRAD 0.0096  0.11* -0.035 0.071 -0.0048 -0.0012
(0.051) (0.051) (0.12) (0.054) (0.049) (0.0012)
INFL 0.0029  -0.0080 0.084*** -0.014 0.016 0.0055
(0.015) (0.014) (0.029) (0.015) (0.023) (0.016)
AGR -0.43***  -0.39***  -0.40***  -0.39*** -0.49%**  -0.34***
(0.045)  (0.047) (0.10) (0.053) (0.045) (0.081)
R 0.89 0.82 0.53 0.86 0.83 0.88
n 152 152 23 123 100 152
Hausman 37.0 40.8 45.1 25.5 59.7 88.8

FEv.RE (0.00)  (0.00)  (0.00) (0.00) (0.00) (0.00)

Standard errors in parentheses.

*** and ** denote significance at 99%, and 95% ddehce levels, respectively.
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Table C2. The Determinants of TFP, (X = Malaria,NH#2OM Effects)

Variable Q) (2) 3) 4) (5) (6)
Dummy X  Africa Non-Africa Lagged X  2SLS IV
X -0.75%**  -0.54***  -0.99*** -0.84* - -1.06**
(0.23) (0.12) (0.27) (0.44) (0.27)
TRAD 0.45***  0.47** -1.82** 0.48*** - -0.035
(0.13) (0.12) (0.80) (0.15) (0.12)
INFL 0.057*  0.061** -0.052 0.061* - 0.037
(0.028) (0.027) (0.062) (0.033) (0.030)
AGR -0.52%+*  .0.46*** -0.15 -0.49%** - -0.40%***
(0.073) (0.073) (0.16) (0.091) (0.066)
R 0.80 0.81 0.85 0.74 0.81
n 97 97 19 81 97
Hausman 36.8 39.8 5.0 34.2 - 14.3
FEv.RE  (0.00) (0.00) (0.42) (0.00) (0.03)

Standard errors in parentheses.

** ** and * denote significance at 99%, 95% an@% confidence levels, respectively.

Random effects estimation of specification (5)a$ possible as the lagging of malaria leaves onky o
year of data in the sample.
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Table C3. The Determinants of TFP, (X =Access fe Béater, RANDOM Effects)

Variable Q) (2) 3) (4) (5) (6)
Dummy X  Africa Non-Africa Lagged X  2SLS IV
X -0.13***  -0.10* 0.018 -0.13*** -0.15***  -0.63***
(0.043) (0.056) (0.056) (0.049) (0.044) (0.17)
TRAD -0.043  -0.021 -0.14* -0.042 -0.034 -0.056
(0.033) (0.035) (0.087) (0.034) (0.037) (0.045)
INFL -0.019 -0.019  0.50*** -0.0099 -0.015 0.053
(0.052)  (0.056) (0.16) (0.052) (0.052) (0.067)
AGR -0.52***  -0.60***  -0.61***  -0.48*** -0.50***  -0.33***
(0.038) (0.037) (0.13) (0.042) (0.042) (0.075)
R 0.82 0.80 0.58 0.79 0.82 0.70
n 238 238 43 195 190 233
Hausman 259.5 281.69 14.2 133.3 110.8 2.4

FEv.RE (0.00) (0.00)  (0.08 (0.00) (0.00) (0.13)

Standard errors in parentheses.

** ** and * denote significance at 99%, 95% an@% confidence levels, respectively.
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