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Abstract
It is estimated that by 2001 20 milliongue had died from AIDS, which is now
the world’s fourth biggest cause of deatVhile the highest prevalence and death
rates and number of infected persors rported for sub-Saharan Africa, where
life expectancies at birth are declining rapidly and infant mortality rates are
increasing, there is evidence that the epitt is accelerating in Asia and Eastern
Europe. While the human and social soef the HIV/AIDS epidemic are the
major causes for concern, the econometriulte reported in this paper indicate
that the macroeconomic affects of the HNDS epidemic have been substantial,
especially in Africa where the averagerginal negative impact on income per
capita of a one percent inceeain HIV prevalence ratis 0.59 percent. Even in
countries where the HIV prevalence rates are lower the marginal impacts are non
trivial.
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1. Introduction
“Twenty years after the first clinicatvidence of acquick immunodeficiency
syndrome was reported, AIDS has bmeo the most devastating disease
humankind has ever faced. Since the epidemic began, more than 60 million people
have been infected with the virus. HIVIA$ is now the leading cause of death in
sub-Saharan Africa. Worldwide it iseHfourth-biggest killer.” (UNAIDS/WHO,
2001)

It is estimated that in 2003 about 5 million mg@eople acquired the HIV virus and that more
3 million people died from AIDSbringing total deaths from the epidemic to more than 25
million (UNAIDS, 2003). While the highest pralence and death rates and number of
infected persons are reported for sub-Saharaitafthere is evidence that the epidemic is
accelerating in Asia and Eastern Europe arat ttomplacency is causing an upturn in
prevalence in North America and Western Eurdffderever the epidemic strikes it imposes
severe human and social consequences. Falifglyis severely disrupted as adults are
rendered less able and/or unable to work,ltheeare costs rise and children are forced
prematurely onto the labour market andferade orphans. These human and social
consequences of the epidemic, especiallgub-Saharan Africa, aiecreasingly visible as
the media devotes resources to covering theeapid Over and above these consequences are
the economic costs of the epidemic. These irecindmediate costs, such as increased health
care expenditures and reduced lalymoductivity, and long term costs, such as reduced levels
of education, health, physical and social capital.

Since few economists would doubt the poténté the AIDS epidemic to create
substantial economic costs, itgarprising that there have bessfatively few studies into the
economic, especially the macroeconomicplications of the epidemic (see belown part
this is probably a reflection of the limited recognition given to the impact of health upon
macroeconomic performance and the relativedgent availability of data that allow
systematic econometric evaluations of the epict. The results reported in this paper are
based upon an augmented Solow model that pacates both health and education capital.
Importantly, the model is estimated as a systdrarein health capital is partially determined
by health status, in particuldine prevalence of HIV infean, using panel data. The next
section briefly reviews the literature on HAMMDS and development. Section 3 summarises

1 Of the 37.8 million people estimated to be living with HIV at the end of 2003 17 million were women and
2.1 million were children under 15 (UNAIDS, 2004). The proportions of women and children infected in
sub-Saharan Africa are greater.

2 The UK Parliament’s House of Commons Inte¢ior@al Development Commée recently commented on
the lack of information about ¢hmacroeconomic impact of HIV/AIDS (International Development
Committee, 2001).



the derivation of the growthnd health capital equationspcdacomments on the panel data
methods. Section 4 starts with a discussiothefavailable data and how they influence the
specification of the estimating equations, and then reports the results. The results are
discussed in section 5 and the fisattion contains concluding comments.

2. HIV/AIDS and Development

Empirical analyses of the macroeconomic impafcthe epidemic have been based largely
upon standard neoclassical growth models. Irctmext of these models the epidemic would

be expected to reduce productive efficiencyd hence output per worker, reduce the rate of
growth of the labour force and lowerethsavings rate. Cuddington (1993, pp 178-1)
demonstrates that in a simple neoclassical growth model the epidemic may cause per capita
income and the capital-labouttitato either increase or de@se because the labour force and
savings rate effects operateapposite directions. Hee it is arguable #t the net impact of

the epidemic upon economic growshan empirical question.

Quantitative estimates in the early 1990s were compromised by a lack of appropriate data,
and hence to a greater or lessetent calibrated growth modelgere used to derive estimates
of the macroeconomic effects tife epidemic. All known studies of this type have examined
the impact of HIV/AIDS on indiidual countries. Over (1998stimated that between 1990
and 2025 the 10 countries with the most advamgedemics would see a reduction in growth
per capita of around a third & percentage point comear to a non-AIDS scenario.
Similarly, Cuddington and Hancock (1994)ggest that between 1985 and 2010 Malawi
could experience average real GDP growth up to 1.5 percentage points lower, while
Cuddington (1993) estimates that in Tanzgrea capita GDP could bep to 10% smaller.
More recently two studies have focused Botswana (BIDPA, 2000; and MacFarlan and
Sgherri, 2001), with both using variants ofilmeated neoclassical gratv models. MacFarlan
and Sgherri concluded that GDP growttBiotswana would decline from around 5.5 percent
to between 1.5 and 2.5 percent panum as a result of the epidemic, and would have ‘non-
negligible’ impacts across prodign sectors, householdsa labour types while placing
substantial burdens on the government budget.

However there have been very few crosastry statistical studies. Bloom and Mahal
(1997) concluded, “there is more flash thsmbstance to the claim that AIDS impedes
national economic (income) growth.” (p 12@)hile acknowledging that the negative impact
on life expectancy may affect development. Ehare reasons relatedttee data to doubt the
robustness of Bloom and Mahal’s results. The empirical estimatesoased on data for the
period 1980-92, when prevalence estimates wgedlly one seventh tone fifth of those
now produced. Furthermore, the AIDS epidemias still in its early stages and hence its



impacts upon morbidity and mortality wergillsrelatively restraied. Given the data
limitations it is not surprising that Bloorand Mahal's sample was constrained to 51
countries, although it is worrying that countries whiigh infection ratesvere not included,
e.g., South Africa, Botswan&wanda, Namibia and Swaziladd here are also theoretical
and statistical reasons iteevaluate Bloom and Mal's results (see below).

More recently, Bonnel (2000) concluded, frentross-country study using African data,
that HIV/AIDS on average reduced Africa’srpeapita growth rate by 0.7 percent points,
which is substantial given an average growth rate in thelsawh.4 percent per annum per
capita. Furthermore, if the countries wersocahffected by malarigdhe growth rate was
lowered by a further 0.3 percent points.e$b results were obtained using a cross-
section/cross-country growth equation estedain a system withequations for policy
variables and HIV. It would therefore sedimat Bonnel's work using more recent and
comprehensive data are sufficient to amibt upon Bloom and Nial's earlier study.

3. Growth and Human Capital

The analyses reported in this paper are devies of the empiricatesearch into economic
growth that has developed sinthe late 1980s. The contritan of human capital to the
growth process has been central in this research (Mankiw, 1992; Barro and Lee, 1993;
Benhabib and Spiegel, 19%inong many others). Mankiw «l., (1992, p 408) augmented a
neoclassical growth model with a human-capreiiable to countethe misspecification bias
that will arise if both physical and human calpézists and human capital is omitted from the
estimating equation. But it hasnlg been recognised the literature thahuman capital is a
complex input that consists of more than eduoadiod productive skills. Peof thisliterature
has emphasised the importance of health ahpis a dimension of human capital, e.g.,
Schultz, (1961); Mushkin, (1962); Dasgupt®43). Hence any misspecification bias will
only be partially addressed ibther dimensions of humacapital are not included in
estimating equations. Nevertheless estimateth@feffects of health on growth are limited,
e.g., Hicks (1979), Wheeler (1980)n#wles and Owen (1995), Bhargaaraa/. (2002) and
McDonald and Roberts (2002). The lattereth studies have confirmed the empirical
significance of health gétal as a determinant of economic growth.

It is still common in the empirical growthterature for estimating equations to be
specified using the cross-country crosst®n method, despite éhwell known potential
weaknesses of this method. Inrfaular, the need to imposeettassumptions that there are
common initial technologies, rates of technipabgress and preferegs across countries.
Moreover the method discards potentially intpat information by collapsing dynamics.

3 Namibia is also excluded from the sample used in this study.



These issues can be addressed by adopting gatzemethods and thereby explicitly testing
the critical assumptions dhe cross-section method by madsiuse of information arising
from variation across countries and over tirMost panel data studies relating to cross
country economic growth haveditated that the results @ioss-section studies may be
suspect (Islam, 1995; Lee al., 1997; Miller, 1996; Cellini, 1997; McDonald and Roberts,
1996; 1999; 2002).

An Augmented Solow Modél

Define the aggregate production function ttee augmented Solow model as a Cobb-Douglas
function with constant returns to scale anidolar augmenting technical progress, and three
types of capital as

Y, = [AitLit ]La_ﬂ_w Ki{:Ei,tBHin/ (1)
where Y is output,4 is technology,L is labour,K, E and H are respectively physical,
education and health capitat, # and i are the elasticities adutput with respect to the
various types of capital, andetlsubscripts dete country#) and time 4). Equation (1) can be
re-written in intensive form as

v, =kielh! (2)

it it "Uit
whereyy is output per ‘effective’ labour unit4, L, ) in country; at timez, and &, , e, and &,

it it i

are respectively physical, education and headthital per ‘effectie’ labour unit.

Assuming that the labour forces groat country specific constant rates, and
technologies advance at pmtispecific constant ratgg and that the physical, education and
human capital stocks depreciate at the same constantsfatben it can be shown (see
Appendix V) that the augmentedeatly state output per capitg, ( is

- __a+tf+y
Iny, =In4,+ gt (1—05—,3—1//)In(ni +g,+0) -
+ & In sk + p Ins’ + 4 Ins;”
Q-a-B-y) (1l-a-B-y) Q-a-p-y)

and wheres',s” ands”’ are the savings ratedevoted to physicakducation and health

capitals. Equation 3 is equivalent, except for itedusion of a term for health capital, to
Mankiw et al.’s equation 11 (p 417).

4 This model was ‘developed’ in McDonald and Roberts (2002), which was itself a development of
Knowles and Owen'’s (1995) model. Both misdellow a lead established by Mankéwal., (1992).

S The use of a constant uniform depreciation rate follows Mankiw et al., (1992), who based their
assumption upon estimates by Romer (1989); there remains inadequate data to estimate country specific
rates.



Empirically (3) is difficult toimplement because of an absence of disaggregated savings
data. In general the available savings, or stwent, data refer to physical capital, and
estimates for education and health capitali&edy to be missing. However underlying (3) is
a steady-state condition in levels, which Mankiwal., exploited to deve alternative
formulations of the estimating equation acting to whether the augmenting capital terms
are recorded as rates of accumulatamin equation 3, or as levels, e.g.,

Ins® +—2—In#’

o
l-) ' (-a) ' (@d-a) "
(4)

where the asterisk indicatesatithe quantity of health cagitper effective labour unity ) is

Iny; :InAjoJrgtt—L)ln(ni +g,+5)+

l-«

a steady state level. While (3) is implicitly derived from a steady state expression in terms of
levels, the derivation of (4) does require firesumption of a steady state. The choice of
whether an estimating equation is based on (Hoane variant of (4) will depend typically
upon the available data, and consequently éktent to which the presumption of an
underlying steady state is restive is largey determined by the available dé&ta.

Linearising (4) around the steady-state leselncome per effective unit of labouy;, ,
following the method used by Mankiwv a!., produces

1- ! 1-
Iny, —Iny, = (l— exp“) In4,, +gtt—% In(n, + g, + 5)+% Ins/
(1-exp')p , (Fext)y . N
+W|nsi +Wln hit —(1— eXpi ) |ny[0
(5)

One substantive empirical advage of the method used by Mankinal., is that it allows for

the mixing of stock and saving/investment data for the capital components of the estimating
equation. Solving (5) forny,, and using standard panel data notation, gives a general

specification of the econometric growth model for which estimates are reported in this paper

4
* * s 1
Z, =Yz + D, OX] 1,4y + v, (6)
J=1
where
6 For instance McDonald and Roberts (2002) had estimates of the stock of education capital and therefore

estimated a version of (4) where education capital expressed in terms of the steady state levels.



z =Iny, ) (1-exg)

y = exp’ " (1-a)
zo=Inyi x. =Ins” or Ine,
1-ex)a I
0,=-0,=~— ")~ P
(1-a) (1-a)
x, =In(n, + g, + ) x=Ins" or Ink;
x> =Ins! n =gt

p, = (1-exg’) In4,
and thev; is the standard error term.

Equation (6) differs from aypical cross-section estimatirgjuation in several important
ways: it allows for cross-time variations the rates of gmwth of technologyg; country
specific initial staés of technology, Wi, and uses the time series information by being
estimated as a dynamic data panel with two-viragd effects. In paitular it facilitates
testing of the identifying assumption for OLS estimation of the cross-section model, i.e.,

N4, =a+¢ @)
wherea is a constant, invariant a@®countries, that all country differences are accounted for
by the random termg, and that the stochastic termimglependent of all other explanatory
variables. Panel estimates (@) using data for 1960 to 19§McDonald and Roberts, 2002)
indicate that health capitdnas a positive, and often significant, impact upon economic
growth. But these results weobtained using a model that takiéne health capital terms as
being exogenously determined, and use datafperiod that overwhelmingly precedes the
substantive onset of the HIV/AIDS epidemidoreover, the estimation technique did not
account for the presence of gdgd dependent variable on thghti hand side of the growth
equation (6), which may lead to bias in the OLS estimates.

The model in (6) differs appreciably frothe estimating equations specified by Bloom
and Mahal (1997) and Bonnel (2000). The vdeahbncluded in the econometric growth
equation are determined by the theoreticalvdgion of the model, which also provides the
basis for a clear theoretical interpretation of the model that may be lost if additional
explanatory variables are introduced. Mosparantly, HIV/AIDS does not enter directly
into the model. Rather, it is deemed preferdbledentify relationships between the model’s
explanatory variables and tpeevalence or incidence of HIV/AIDS. Hence it is hypothesised
that the impacts of diseasesaninto the determination of gwth indirectly through their
impact upon both the population growth terms #r health capital terms. This requires a
model wherein health capital is explained.



Health Capital

Much of the researclon the determinants of healtapital stems from the household
production function approach of Grossman7@® which is a microeconomic formulation
that is not readily applicable within aaeroeconomic framework. Genberg (1992) has
surveyed the literature on macroeconomexsd health and conales that “detailed
relationships between macroeconomic chaage health outcomes are not clearcut ... and
one is left with a set of associations relatimg two sets of phenomena but no strong evidence
of causality” (p.13).

Given the primary aim of estimating the exfts of HIV/AIDS on economic growth via a
theoretically supported macraemmic growth model and thebsence of any settled body of
theory on the determinants ofdith capital that can be appliatithe macro level, the second-
best approach is to define a reduced foradel for health capital. This reduced form
postulates health capital as function of acfe¢éxogenous (or predeteined) variables; the
variables included are informed by the literatbe do not representstructural relationship
between the chosen determinants and health capital.

Grossman’s (1972) notion of health asapital good suggests thecinsion of a lagged
dependent variable, which requires a dynaspecification for the i@uced form. There is
evidence from both cross sectional studies (Preston, 1986; Hobcrdft 1984) and long
time series (United Nations 1988; Hill 1987) thdicate that higher levels of income are
associated with better health, and hencggdal per capita income is included as an
explanatory variablé.Education capital and tritional status are also included, since there
are reasons to believe that these are importaetrdmants of health, especially in developing
countries. HIV prevalence andetiproportion of the population ask of malaria are included
to account for the major diseasssd are considered to beogenous health shocks since the
presence of malaria is definpdmarily by climate and topograpl8yTo account for possible
lags and non-linearities in thelagonship the following are also included: lagged values of
the variables, interactions of each varialith per capita income, and squared terms on each
explanatory variable.

Hence the reduced form health equation is:

Xi=oxi +pP+E+ o+ (8)

7 A formulation that included current income, theredpecifying a simultaneous model with the growth
equation, was examined. However current income was never significant in the empirical estimation of the
health equation, hence this variable was omitted and consequently the system of growth and health
equations are not simultaneously determined.

8 It is arguable whether HIV and malaria are exogerarterminants of the overall health outcome. Hence
the choice of instruments for the inghental variables estimation is &stin the empirical section of the
paper; the test results suggest that we can have confidence in the overall set of instruments used.



where

xi=Inh,, the log of health capital per 'effective’ labour unit;
P = vector of exogenous variables (set text above.);

& = time effects;

o, = country specific fixed effects; and

vZ = standard error term.

As with the macroeconomic growth model, the equation for health capital does not
encompass potentially important distributiogalestions. Simple national average measures
of the explanatory variables snaot be appropriaten circumstances where there are wide
differences in the standard of living, acces$iaalth care systems and incidences of disease
within countries. While these questions alevant they are beyond the scope of this sfudy.

4. Analysis
Data

The main source of data was the World B&h®99). The income data are real GDP per
capita adjusted for purchasing power parityjohare an update d¢he Penn World Tables
(PWT) (see Summers and Heston, 1988 and 188%®loped using data from the Global
Development Finance & World Developmdnidicators databases. The population (POP)
data are those reported World Development Indicators (World Bank, 2001). The PWT
series for real GDP per workand number of workers ses were not updated beyond 1990,
and hence it was not possibleuge such series. The data fovestment rates were calculated
from current price data on GDP and domesiiestment reported in World Development
Indicators (World Bank, 2001). Rates of gtbwor GDP and population were estimated by
log linear regression of the GDP and populatsmmies. There are four education series,
primary school enrolment ratesecondary school enrolmerdtes and tertrg enrolment
rates, which were from World Developmenticators (World Bank, 2001), and estimates of
the average years of sching (Barro and Lee, 2006¥.

Data for the health capitatjgation are limited in terms dfoth coverage of countries and
length of time series. Two alternative variables aged as a proxy foehlth capitalThe first
is life expectancy at birth, which is definedthe mean age at death of a fictitious generation
subject to the mortality conditions of the perimzhsidered; this is expressed as the shortfall
of life expectancy relative to a nominal benérhky i.e., LE = - In(80 — life expectancy) . This

9 Arndt and Lewis (2001) and Arndt (2002) are studies that emphasise distributional issues

10 Barro and Lee's (2000) series of average years of schooling made no substantive difference to the
empirical results and consequently the results usiegnore commonly used elment data are reported.



proxy has been defended by Sen (1998), but carritieised for making “no allowance for
the quality of health beyondurvival’ (Knowles and Owen]995, p 102). In the present
context it would be expected that changedifen expectancy wouldinderstate changes in
health capital resulting frorIV/AIDS by not registering thenorbidity affects. The second
health capital proxy ithe infant mortality rate, defined &g number of infant deaths before
one year of age per 1,000 live births. This proayn be defended on tigeounds that it offers
an indicator of the current hkth status of the populationrtiugh those most susceptible to
deterioration in the general ldwa health withn the population. As suci partially captures
the ‘quality of health’ dimenen, but it may overstate changeshealth capital since it is
arguable that a mother’s health may haveeatgr impact upon infant mortality and there is
evidence of a greater pmaence rate among women gountries with higher overall
prevalence rates. Neither proxy is ideahcsi both are likely tohave involved some
interpolation and hence may not fully reflect euntr health status and to a greater or lesser
extent fail to capture ‘quality’ effects. Onlhace the preferred data set is infant mortality,
but both were used in the estimation procef®wagh only the results for infant mortality are
reported in detail. Both data series wereaoted from World Develament Indicators (World
Bank, 2001).

Table 1 HIV Prevalence Data (unweighted percentagetea for populations 15-49)
About Here

Time series estimates for number of ad(l#s-49) who were HIV positive were obtained
from UNAIDS (Walker, 2000). Tése figures for prevalence lésavere derived using an
epidemiological model (EPIMODEL, Chin and bwga, 1991); the key daimed to calibrate
the model for each country include: poineyalence estimates for 1994 and 1997; the year
‘extensive spread’ of infean started; the most likely apes of the country specific
epidemiological curves for the HIV prevalenmeer time; progression rates and age structure
of the HIV-infected populatin. The method used and its strengths and weaknesses are
discussed extensively in Schwartlanderal., (1999, pp 2455-2457) he HIV prevalence
rates have been a subject of considerable t@esaarch and are ince#agly based on robust
epidemiological data, e.g., blood samples takeantg-natal clinics; indal the “HIV sentinel
surveillance systems are generally rather ektenshen compared with surveillance systems
for other communicable diseases” (Swartlander/., 1999, p 2455). Consequently it is
claimed that the current estimates of HIVeyalence are superior to estimates for the
prevalence of other diseases (see Gamwrett., 2001), although clearlthere are general
issues about the quality of information about the prevalence of all communicable diseases.
The data series were for all years from the start of the epidemic in each country up to 1999,
and are expressed as prevalence rates ameragtlit population for use in the econometric



estimations. Summary statistics for the HIV @ence data are reported in Table 1; these
confirm the extent to which the epidemicn®st pronounced in Africa and Latin America
and the Caribbean, with all thoseuntries in the latter sampléth prevalence rates greater
than one percent in 1999 being in the Caribbean basin.

The malaria data record the proportionstlod population at riskrom malaria (MAL)
because they live in areas of the countryesghmalaria is present (Hamoudi and Sachs,
1999). Data are only availabfor 4 points in time (1946,966, 1982 and 1994): hence the
proportions of population at riskuring the interveing years were interpolated and the
interpolated series was usedderive 5 yearly aerages. Protein suppdigoer capita, a proxy
for nutritional status, were compiled usingalfrom the FAO’s FAOSTAT database (FAO,
2000). All the variables are in logarithms.

The database consists of time series @@td 12 countries over the period 1960 to 1998,
although for a number of variables the data arg awhilable at 5 yearly intervals. There are
five sub-samples; an 80-country developing world sangp,-country OECD sample, a 16-
country Asia sample, a 39-country Africangale and a 24-country Latin America and
Caribbean sample. This last sample is arguabé least convincing ofhe five since it
encompasses South America, Central America and the Caribbean islands, regions that contain
countries that may be geographically proxiendout are arguable @comically diverse.
Alternative samples were explored, althougmaancases were countries added to or dropped
from samples on the basis of the economettimases. The most notebomissions from the
sub-samples are the formernmmunist block eastarand central European countries and a
few middle eastern economies. In both casess#mple sizes were too small to generate
meaningful result$! The countries and the sub-samples are detailed in Appendix Il.

Econometric Method

As explained in section 3 above, the modetasnprised of a system of two equations, a

structural growth equation based on thigraented Solow model (6) and a reduced form
health equation (8) used to estimate the eff€étlV on the chosen measure of health capital.

There are three main econometric issues dmsitieration. First, the health capital te('vzrj)

is an endogenous variable in the growghuation (6) and thus is contemporaneously
correlated with the errorsévl.lt), resulting in biased and inconsistent estimates via OLS.
Second, the health (8) and growth (6) equatemesboth dynamic models containing lagged

dependent variables. The presence of a laggpdndient variable also results in biased and
inconsistent parameter estimates via OLS. Amdd, given the panel nature of the data,

individual country heterogeneitymust be dealt with in the @®ation procedure; failure to

11 Consideration was given to a European sample but it was concluded that this was more a geographic than
an economic construct.
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account for unobservable heterogeneity impose&lid restrictionson the coefficient
estimates. These three issuesiaterdependent; the approach adopted has the primary aim of
producing consistent estimates of theeeff of HIV/AIDS on growth, while avoiding
unnecessary complexity in estimation and algaimeng the theoretical interpretation of the
parameters of the augmented Solow growth model.

Instrumental variables estimati is used in two stages deal with both the endogeneity
of the health variable in the growth eqoatiand the presence ofjiged dependent variables
in both the growth and healthweions. In the first stage a reduced form health equation (8)
with health capital as a fution of exogenous variables andagged dependent variable is
used to obtain predicted values for the health capital var(a};il)a. Instrumental variable
regression is also employed at this stage to overcome the problems with the lagged dependent
variable in the health equation. Here the ladependent variable isstrumented using the
exogenous variables in the moaeld further lags on the healérm. In the second stage the
predicted values of the health capital variabté from equation 8) are used to replace the
health term(xl.‘}) in the growth equation (6), thusaling with the endogeneity of health
capital in this model. The growth equationailso estimated via the instrumental variable
approach in order to deal withe lagged dependent variable.

Breusch-Pagan (BP) (Breusch and Pag@80) and Hausman (H) (Hausman, 1978) tests
are used to assess the need for country spediécts. If the Breusch-Pagan test is rejected
time invariant country specific effects are unbéd to account for unobservable heterogeneity.
The Hausman tests confirm that fixed effects e appropriate specification in each case.
Where country specific effectge required the dynamic panetalanodel is estimated using
the technique proposed by Arellano and B¢h891). First differencing removes the time
invariant country specific effegtproducing an equation thatastimable using instrumental
variables. The Arellano and Bond generalisggthod of moments estimator employs lagged
levels of the dependent variable and thedptermined variables and differences of the
strictly exogenous variables tostrument the lagged depenteariable. This estimator has
been shown to perform well imacro panels of this typ@dudson and Owen, 1999). Where
country specific effects are deemed unnecessarthe BP test, the data are pooled and the
models are estimated by a standard instrumesaighble approach. Again, lagged levels of
the dependent variable andegetermined variables, as well as the strictly exogenous
variables, are used as instrumehbtsthe lagged dependent variable.

It is not possible to test empirically whet the instruments are exogenous. However,
given that we have more instruments than are needed to identify each equation we employ the
Sargan (1958) test for over-wldying restrictions to testhe conditional validity of the
additional instruments. Failure to rejeitte null hypothesis means we can have ‘some

11



confidence’ in the overall set of instrumented (Wooldridge, 2002: p123). In addition, for

the standard instrumental variables regressions a generalised Hausman test is used to test for
inconsistency of OLS estimates and thus iconfthe need for the instrumental variable
approach.

Given the strong theoretical basis underlyithg growth model, variables have been
retained in the growth equations even whiwe empirical results reveal them to be
insignificant or where signs are contrary to tietical expectations. Since the health equation
is a reduced form the results reported hereevderived using a genéta specific approach
to find the most parsimonious model that explains the chosen health capital variable in each
sample, with variables retained only if the caséints were significant at 5%. The full set of
variables initially included lagged health (the lagged dependent variabM; |n), HIV
prevalence KIV), current income (IHC), lagged income (IC.;), the proportion of the
population at risk of malaria (MAL), protein intake (IRRO), the secondary school
enrollment rate (IB£N); in addition interactions of HI\prevalence, protein intake, risk of
malaria, school enrollment rate with income and squared terms on each explanatory variable
were also included. The health equations vestimated using both infant mortality and life
expectancy as the dependent variable.

All the estimates were derived using Stata W8able of variable definitions and data
sources is given in Appendix I.

Results

The models are estimated using five yearlgrage panel data forxssamples for the period
1960-1998 (eight time points). The results are reported in Table 2. The upper part of the table
reports the results for the growth equation (@ere the dependent variable is the level of
income per capita at the end of each five-year periag) (Iihe lower half shows the results

for the reduced form health equation; the dependanable in this case is the log of infant
mortality (I/NF). The predicted values from the headttpuation are then used as the health
variable term in the growth equatigmnéd InINF).

Table 2 Results from growth models (using infant mortality)
About Here

Country specific fixed effects are included in the health and growth equations for the
World and Developing World samples, as siguifi®y the results of the BP and H tests. They
are also included in the growth equation fa& Asia sample; all other equations are estimated
using pooled data. All equations include timeafic effects where these were significant at
5 percent, but they are not reported heré.efjuations except the growth equation for the
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World sample pass the Sargan test for over-iti@ngj restrictions (although the result for the
health equation for Latin America is marginatpr all of the pooled equations a generalised
Hausman test shows that OLS is an inconsigstitator in this coekt, which supports the
use of the instrumental variable appro&ch

Consider first the reduced form health equationthe lower half of the table. The lagged
dependent variable (INF.;) is strongly significant in &lcases. For the World, Asia and
Africa samples lagged income ¥@..1) is also negatively related with infant mortality. In the
Africa sample the proportion of th@opulation at risk of malaria (M4L) exerts a positive
influence on infant mortality while protein intake #lRO) has a negative influence. HIV
prevalence is found to have a significant pesiteffect on infant mortality in the World,
Developing World, Africa and Lati America; although the coeffamt in this latter sample
seems unfeasibly large.

The growth equation resultstuen the expected positivena significant coefficients for
the savings/investment variable fjinn all samples except fdratin America & Caribbean,
where it is insignificant. All the samples retysasitive and strongly significant coefficients
on the lagged income term, which indicathat convergence is taking place, with the
convergence rates given by the parametédr, The coefficient for ‘capital
widening’/‘workforce growth’ (Ing+g+0)) is positive and significant for the World and
OECD samples, which is contrary to exp#otas, but negative and significant in the Asia
sample; elsewhere it is insignificant. T¢wefficient on the edwation capital proxy (ISEN) is
insignificantly different from zero in all cases.i§Hinding is robust to the omission of the
health capital term.

The effects of health capital on growth, through the predicted infant mortality pesdh (
InINF), are uniformly negative, and are stronglyngiicant for the Woid, Developing World,
Africa and Latin America samples. These resatlts robust to the omission of the education
capital term, except for Latin America, where ltfeaapital is not significant when education
capital is omitted from the growth equation.alhcases where health capital has a significant
effect on growth the correspondireffects of HIV on infanimortality are significant and
positive.

The marginal impact of HIV prevalence anwhlaria on growth can be estimated from the
coefficients; in all cases the signs are consistatht expectations. Thesmpact estimates are
reported as the rowsilV Impact’ and ‘Malaria Impact’ in Table 2; the interpretation is that
the impact estimates are the gartage change in income papita for a one percent change
in the HIV prevalence rate d¢ne proportion of the population gtk to malaria. Since HIV

12 No equivalent test is available for the dynamic panel models estimated using the Arellanondnd B
procedure.
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and malaria have no statistically significaneefts on infant mortality for the OECD and Asia
samples the impacts on growth are also ZElgewhere the HIV impacts are negative, with
Africa recording an average reduction of 0.59 percent in income per capita for one percent
increase in HIV prevalence, while the WorliddaDeveloping World sample indicate negative
impacts of 0.05 and 0.08 percent. The viamge impact of HIV prevalence in the Latin
American sample is overwhelmingly a consequence of the large coefficient on HIV in the
infant mortality equation, whose reliability weve statistical reaa to doubt. The malaria
impact is also negative for Africa, whereoae percent increase in the proportion of the
population at risk has a marginal impa€0.37 percent on income per capita.

The results using life expectan¢E) as the health variable are not shown here. This
alternative formulation resulted in no substamtiifferences to the results reported in Table
2. In patrticular, for the growth equations the estimated coefficients@fLE are almost
equal and opposite to those reportedadIn/NF, hence the estimated marginal impacts of
HIV prevalence are also very similar.

5. Discussion

The health capital and growth estimating e confirm the importance of investigating
heterogeneity across countries in macro econometric analyses. The results obtained during
this analysis for the health capital equationtaeadly consistent witkxpectations. The lack

of any significant determinants of infant nedity other than lagged infant mortality in the
OECD sample is consistent with an argum#rat above a certain income level the less
important are the other/general economy wide factors for infant mo#tlity.the other
samples, where incomes per capita are lowergtl'esome evidence that income levels in
previous periods do have positive effects updarinmortality, which is also consistent with
expectations, but this is made less clearlyuthe lack of significant coefficients for the
Developing World sample. This conclusiorfusther reinforced by the results for the poorest
region — Africa — where the effect of nutrition upon infant mortality is strongly negative,
which is again consistent with expectations. Somewhat less satisfying is the fact that the
interaction terms between nutrition levedsidd malaria with HIV prevalence were not
significant, which may be contrary to expeaias. The literature indicates that susceptibility

to HIV infection increases as the general health status declines but that the onset of full blown
AIDS is faster the less good is the generalestdthealth; these result® not disprove this

since we would expect these téeatures of the relationship between general health states and
HIV to produce counteractingfects upon infant mortality.

13 One dimension that would have been useful to include in the health equations is irstamgtidn, but
adequate data are not available. If the incomeilgliston effects are timenvariant country-specific
effects they are removed by a fikeffects specification, this is only relevant for the World and Dev
eloping World samples (and growth for Asia).
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The impact of HIV upon infant mortality is ptge and strongly significant in the World,
Developing World and Africa samples but does hate significant eéfcts in Asia or the
OECD sample. It is expectedaththe infant mortality is nre closely related to the HIV
prevalence rate among women than the gemmpllation. Since the ahnacteristics of the
HIV epidemic are different in hhOECD and Asia where the @diof women to men infected
are very much lower than in Africa, these resalte consistent with expectations. The impact
of malaria is also positive and strongly sfgrant for the Africa, but for no other sample.
This is consistent with expectations given ¢fneater proportions of ¢hpopulation at risk to
malarial infection and the lower income levels.

The weakest results are those for the L&imerica and Caribbean sample. Neither the
health capital nor the growth equation for tsesnple perform well compared to the equations
for the other samples, and these results predan unrealistic estimate for the marginal
impact of HIV of 3.58. The origins of thigpparently overlarge estimate are in the health
capital equation where the lagged infant mortality effect is not ameliorated by the lagged
income term and hence the impact of thgdacoefficient on HIV isnot damped down as
much as for the other samplesislisuspected that this is arappropriate sample wherein the
objective of grouping similar countries has teten achieved; indeed there are reasons to
believe that this might be the case in the Hita where all those couias with prevalence
rates greater than 1 percent are in the Caribbean basin while rates in South America peak at
0.67 percent (Argentina). Moreover the fact that this sample only marginally passes the
Sargan test suggests that the instruments magenmteal. So as to check that this sample of
countries did not have any adverse impilmas for the results from the World and
Developing World samples, of which they aebsets, the equations for a second pair of
World and Developing World samples that extdd Latin America and the Caribbean were
also estimated. These are reported in Table Alll in Appendix Ill. The only notable effect is
that the coefficient on the predicted infant mortality term in the growth equations for the
second World sample (World 2) is not qusignificant. Because of doubts about the Latin
America and the Caribbean sample the subsequent discussion does not refer explicitly to the
results for that sample.

The performance of the growth equation is interesting. In all cases, except for the Latin
America and Caribbean sample, investmeft i physical capitahas a positive and
significant effect that is roughly inversely related to income levels, which is in accordance
with expectations and fully consistent withethvidence of convergence that is recorded by
the positive signs oM. The conditional convergence evidence is also consistent with
expectations and the lagged income terngs al positive and significant. The degree of
convergence is greater in the World and Dewielg World samples than in the OECD, Asia
and Africa samples, which reflects the wider (tigk variations in incomes per capita in the
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first two samples than in the latter threamples. However there is no evidence that
investment in education cagit through secondary schoeinrollment has the expected
positive effect on growth, although this is a typiegult for this variable in this type of cross
country study (Bhargave al. 2002; McDonald and Roberts 2002; Knowles and Owen, 1995;
Islam, 1995). Despite this being a commomsuit it is disturbing sice it so strongly
contradicts expectations; howevieris a variable for which it is difficult to obtain truly
satisfying data. Clearly education is not a eerfmeasure of the skill component of human
capital and hence any education based medsugeestionable, but it is very difficult to
define precisely other measures of skills. It may also be argued that it is the skill stock of the
current workforce that is relevant since tkisould directly influence the flow of skilled
labour services currently available, whereas megsaf investment in the skills of a future
workforce, for which school enrolment rates prexies, may be misleading. However use of

a stock measuté in this case made no substantive difference to the results and hence the
coefficients for the secondary school rates were reported.

The impact of predicted infant mortality orcome is always negative, which is consistent
with expectations that increases in healtpital have positive implications for income,
although the coefficients are insignificant fine OECD and Asia samples. But, there are
reasons to believe that health capital may be less important in relatively wealthy economies
and this is supported by the evidence that the lagged infant mortality and income variables
returned significant coefficients in the Ktbacapital equations for the OECD and Asia
samples while the coefficients on the incoweriables for the Asia sample were also
significant. For the World, Developing Wdrland Africa samples the negative infant
mortality coefficients are alktrongly significant, and, since the HIV variable returned
significant effects in the health equations, ans that for these samples it is possible to
estimate the marginal impactidfV on incomes. Given the sigms the coefficients these are
all negative effects. Moreover it is interegfito note that in all samples where HIV had a
significant impact on life expectancy in the hialapital equation, préxted infant mortality
had negative and significant effects iomome in the growth equatiod. priori it would be
expected given the HIV prevalence rates thatrtbgative impact of M would be greater in
Africa than the Developing World samples agkater in the Developing World than the
World samples; these expectations are fulfilled by the results. Furthermore the estimated
impact effects suggest that the marginapact of HIV on incomes may increase with
prevalence rates, which is anuitively reasonable conclusion.

14 The stock measure was average yehsghooling (Barro and Lee, 2000).
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6. Concluding Comments

The pronounced impact of HIV/AIDS prevalerme health capital/infant mortality, and hence

on incomes, suggests that the epidemic may lb@wntering a stage where the loss of life is
starting to impact appreadly upon both sociadnd economic interactions. These results
suggest that the seemingly comforting cosin that excess labowupplies in many
developing countries would be sufficient to ensure that the macroeconomic impacts of the
HIV/AIDS epidemic might be relatively muted does not appear to be holding. However, there
are difficulties with this type of broad bruahalyses; especially the dependence of the model
specification upon the presumption of steadyestatiationships. In particular the results
indicate that there are substantial differerfmetsveen regions, which points to the importance

of a careful consideratioof samples and sub-samples in oridegain a fuller picture of the
relationship between HIV/AIDS and econonperformance. Among the least satisfactory
aspects of the results is the absence of sagmifi coefficients on the education capital terms

in the growth equations; while this is commonthe literature it continues to be unsettling.
The results also indicate the need for furtivgplorations of how the epidemic impacts upon
economic relationships, so as to direct policgkers’ attention to the economic implications

of AIDS. In the longer term it is argued that #nés a need for research that provides a greater
understanding of the mechanisms by which sustained epidemics impact upon economic
performance. Such a research agenda weitlessitate the development of forward looking
models that provide insights into howier alia, the large numbers of AIDS orphans will
impact upon the accumulatiai education capital (Bell al., 2003, may provide a start for

this type of research).

Nevertheless, these results produce useful additional information and indicate that the
macroeconomic affects of the HIV/AIDS epidenace substantial. In the countries of the
Africa sample, where HIV and malaria are hieglroblems on a scateat OECD countries
might regard as catastrophic, the level of the marginal impacts of HIV prevalence on income
pre capita are of orders of magnitude tkaggest that a substantial proportion of the
apparently poor economic performance of mahyhese economies over the past 10 to 20
years can be attributable toetIV epidemic; a characteristibat has been omitted from
many macroeconometric studies that haweghb to explain economic performance in many
developing countries. Moreover the marginal efeute sufficiently large to suggest that they
threaten macroeconomic stabilityhich is generally most fragil® the poorer countries that
are also those most prone to catastrophic escalations of the epidemic. If the legitimate
aspirations of the inhabitants of these coestrare to be achieved and poverty reduction
strategies, and similar policies, in these d¢oas are to be realised, the maintenance of
macroeconomic stability is likely to be a prerequisite. All of which indicates that over and
above the humanitarian case for supportingtheare provision and services in countries
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suffering from the HIV/AIDS pandemic, therg a strong case for providing more general
economic support.
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Table 1 HIV Prevalence Data (unweighted percentagetea for populations 15-49)
1984 1989 1994 1999

World Average 0.09 1.08 2.17 3.26
StdDeviation 0.39 2.16 4.32 6.49

Max 3.52 12.04 24.09 36.13

Developing World Average 0.13 151 3.03 4.56
StdDeviation 0.46 2.45 4.89 7.36

Max 3.52 12.04 24.09 36.13

OECD Average 0.03 0.09 0.15 0.22
StdDeviation 0.04 0.09 0.13 0.18

Max 0.13 0.29 0.45 0.61

Asia Average 0.00 0.08 0.18 0.28
StdDeviation 0.00 0.17 0.35 0.52

Max 0.00 0.70 1.40 2.10

Africa Average 0.21 2.83 5.73 8.63
StdDeviation 0.66 3.00 5.96 8.96

Max 3.52 12.04 24.09 36.13
Latin America Average 0.08 0.41 0.74 1.07
StdDeviation 0.09 0.45 0.82 1.20

Max 0.34 1.91 3.51 5.11

Source: Authors calculatiorisom Walker (2000)
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Table 2 Results from growth models (using infant mortality)

World Developing OECD Asia Africa Latin
i=112 World i=21 i=16 i=39 Am&
n = 684 i=80 n =109 n =107 n =259 Caribbean
n =518 i=24
n =164
Income (InYC)
In/ 0.219* 0.238* 0.091* 0.245* 0.168* -0.024
(0.035) (0.030) (0.044) (0.091) (0.022) (0.064)
In(n+g+d) 0.182* 0.004 0.153* -0.667* 0.001 0.180
(0.087) (0.094) (0.079) (0.254) (0.103) (0.170)
INSEN -0.012 -0.045 0.003 -0.147 0.016 0.073
(0.037) (0.024) (0.072) (0.098) (0.018) (0.051)
pred InNINF -0.130* -0.178* -0.056 -0.131 -0.092* -0.087*
(0.059) (0.059) (0.037) (0.094) (0.046) (0.043)
InYC,, 0.653* 0.631* 0.869* 0.829* 0.908* 0.966*
(0.064) (0.094) (0.029) (0.084) (0.027) (0.037)
A 0.053 0.058 0.018 0.023 0.012 0.004
HIV Impact -0.050 -0.082 0.000 0.000 -0.585 -3.582
Malaria Impact 0.000 0.000 0.000 0.000 -0.366 0.000
R’ N/A N/A 0.96 N/A 0.96 0.94
Sargan 39.64 27.72 2.247 11.37 0.174 5.44
[.023] [.148] [.523] [0.979] [.676] [.365]
BP 19.91 7.53 1.16 13.32 0.22 0.21
[.000] [.006] [.282] [.000] [.638] [.645]
H 65.04 60.49 200.40
[.000] (.000) [.000]
Infant Mortality (In/NF)
InINF,; 0.805* 0.888* 0.877* 0.998* 0.885* 0.920*
(0.043) (0.039) (0.032) (0.027) (0.038) (0.029)
InYC,, -0.044* -0.088* -0.074*
(0.25) (0.027) (0.014)
HIV 0.024* 0.019* 0.024* 0.112*
(.004) (.004) (.004) (.042)
InMAL 0.015*
(.006)
InPRO -0.119*
(0.037)
R’ 0.96 0.98 0.94 0.94
Sargan 49.56 36.26 3.555 4.242 6.638 10.92
[.333] [.847] [.615] [.236] [.084] [.053]
BP 15.14 10.15 1.17 0.21 2.01 0.26
.000] [.001] [.280] [.645] [.156] [.612]
H 69.12 174.42
[.000] (.000]

The variablepred in(INF) in the growth equation are the predicted values from the health equation shown in the
lower panel.

Where both Breusch-Pagan (BP) and Hausman (H) testsjacted, country specific fixed effects are included.
Where the BP test is not rejected dstimates are from simple pooled data.

Time specific effects are included if significant at 5%m@&ispecific and country specific effects are not reported
here.

* denotes significance at 5%

Where individual effects are required the equatamesestimated using the XTABOND procedure in STATA

v.8. Pooled models are estimated using IVREG.
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Appendix 1

Variable Definitions and Data Sources

Variable Definition Source
YC Real GDP per capita WorlBlank Macroeconomic Series —
updated PWT data
I Share of real GP invested Global Development Finance & World
Development Indicators
(n+g+d) n=rate of growth of population World Bank Macroeconomic Series —
g = rate of growth of technology updated PWT data
d = depreciation rate of all capital stocks
SEN Secondary school enrollment rate (gross) World Data, (World Bank 2001)
INF Infant mortality World Data, (World Bank 2001)
LE Shortfall in life expectancy World Data, (World Bank 2001)
HIV HIV prevalence rate Derived from UNAIDS figures by Walker
(2000)
MAL Proportion of populatia living in areas where Data from Centre for International
malaria is prevalent Development (Hamoudi and Sachs, 1999).
PRO Protein per Capita per day (gms) FAO

23



Appendix II Samples

Country Groups Country Groups Country Groups
United Arab Emirates DW, AS | United Kingdom @] Namibia DW, AF
Argentina DW, LAC | Ghana DW, AF | Niger DW, AF
Australia (@] Gambia, The DW, AF| Nigeria DW, AF
Austria @) Guinea-Bissau DW, AF  |Nicaragua DWLAC
Burundi DW,AF |Greece O Netherlands (0]
Belgium @] Guatemala DW, LAC |Norway @]
Benin DW, AF | Guyana DW, LAG Nepal DW, AS
Burkina Faso DW, AF | Hong Kong, China DW,AS New Zealand (0]
Bangladesh DW, AS | Honduras DW, LAC Pakistan DW, AS
Bulgaria Haiti DW, LAC| Peru DW, LAC
Belize DW,LAC [Hungary Philippines DW, AS
Bolivia DW, LAC |Indonesia DW, AS | Papua New Guinea DW , AS
Brazil DW,LAC |[India DW,AS |Poland
Barbados DW, LAC| Iran, Islamic Rep. DW, AS Paraguay DW, LAC
Botswana DWAF (Iceland 0] Romania
Central African Republic DW, AF | Israel Rwanda DW, AF
Canada 0] Italy @] SaudiArabia
Switzerland @) Jamaica DWLAC [Sudan DWAF
Chile DW,LAC |Japan @] Senegal DWAF
China DW, AS | Kenya DW, AF | El Salvador DW, LAC
Cote d'lvoire DW, AF | Korea, Rep. DW, AS| Suriname DW, LAC
Cameroon DWAF  |Kuwait Sweden @]
Congo, Rep. DW, AF | SriLanka DW, AS| Swaziland DW, AF
Colombia DW, LAC | Lesotho DW, AF | Syrian Arab Republic
Costa Rica DW, LAC| Luxembourg @] Chad DW, AF
Cyprus Latvia Togo DW,AF
Czech Republic Morocco DWAF |Thailand DW, AS
Denmark @) Madagascar DW, AF| Trinidad and Tobago DW, LAC
Dominican Republic DW, LAC| Mexico DW, LAC Tunisia DW, AF
Algeria DW, AF | Mali DW, AF | Turkey
Ecuador DWLAC |Malta (@] Uganda DWAF
Egypt, Arab Rep. DW, AF | Myanmar DW Uruguay DW, LAC
Spain 0] Mozambique DW, AF |United States (0]
Finland 0] Mauritania DW, AF |Venezuela DWLAC
Fiji DW, AS |Mauritius DW, AF | South Africa DW, AF
France 0] Malawi DW, AF | Congo, Dem. Rep. DW, AF
Gabon DW, AF | Malaysia DW, AS| Zambia DW, AF

Zimbabwe DW, AF

DW — Developing World; O — OECD; AS — Asia; AF — Africa; LAC — Latin America and Caribbean.
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Appendix I

Table AIII Additional Results From Growth and Health Capital Models

World (2) Developing World (2) Developing
i=92 World (2) i=92 World (2)
n =532 i=56 n =532 i=56
n =518 n=>518
Income Infant
Mortality
In(l) 0.249* 0.252* In(INF),. 0.847* 0.977*
(0.041) (0.036) (0.045) (0.043)
In(n+g+d) 0.216* -0.016 In(YC),., -0.046*
(0.096) (0.107) (0.27)
In(SEN) -0.054 -0.060 HIV2 0.026* 0.020*
(.004) (.005)
(0.040) (0.036) In(MAL)
pred -0.117 -0.200* ZI’Z(PRO)
In(INF)
(0.068) (0.074)
In(YC),; 0.643* 0.667*
(0.068) (0.095)
A 0.055 0.051
HIV -0.062 -0.522
Impact
R’ R’
Sargan 34.58 22.86 Sargan 45.39 23.16
[.043] [.351] [.497] [-281]
BP 8.10 3.71 BP 25.24 9.07
[.004] [.054] [.000] [.003]
H 140.89 157.96 H 65.43 28.20
.000] (.000) .000] [.000]
Appendix IV

If the labour forces grow at the constant ratesnd technologies advee at period specific
constant rateg; i.e., the growth rates of labour atethnology are country- and time-period
specific, and the physical, education and humartalegiocks depreciate at the same constant
rate,d, then

Kit = ]i],i—l + (1_ §)Ki,t—1
E,=I1/,+Q1-0)E, . (A1.1)
H, = 15—1 +@- 5)Hi,t—l
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If savings are divided between physicalueation and human capital accumulation, i.e.,
education and health capital accumulationaatd as an investment activity, such that
S,

K E H
Sy =8y +8;, +8, = =
Y.

it

I, IX+1f+1"
Y_zt: it );t it (A12)
it it

then the rates of physical, edion and health capital growpler unit of labour are defined as

k, = S'If)’}it - (ni + & +§)kit
é't = Sf);[[ - (n[ +8 + 5)%{ (A13)

1

~

hit = S;‘It{j}it - (ni +g + 5)hz‘z

and the steady state values of physical, education and health, cagitated by asterisks, are

o T ey
- n+g +o0
r —a— L(-a-f-v)
G NG M)
¢ = P (Al.4)
() () () T
"= n+g +o

and therefore

. 1 i BV 1 ENB [ g\
Ik, =(1_a_ﬂ_w)_m((s,.) () (s) )= (o, + . +9)]
Ine = 1w —1ﬂ ) _In ((slk )a (SIE )H_W (SiH )V/) —In(n, +g, + 5)} . (A1.5)
g = jﬂ_w) _In((sj‘ ) (s (s) ) - in (o, + g, + 5)}

Incorporating physical, educati and health capital the augnmed steady state output per
capita is

. a+p+y
Iny, =In4,+g,t— In(n, +g, +0
’ A-a-p-vy) ( )
+ & Insf + p Ins® + i Ins”
(Q-a-F-y) (A-a-p-vy) (-a-F-y)
(A1.6)

which is equation 3 in the main text.
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