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CONTRIBUTION OF HEALTH IN ECONOMIC GROWTH:
An application of VECM approach for Pakistan

Uzma IRAM, Ambreen FATIMA
and Muhammad Sabihuddin BUTT*

Health is an important form of human capital. Microeconomic analyses suggest that health
of the labour force makes an important contribution to productivity and income. Following
the argument of Weil (2001), this study analyzes the possible links between economic
growth and health for Pakistan. Thus the main goal of the study is to empirically investi-
gate the importance of health as a direct and indirect cause of Pakistan’s economic growth
during 1960 - 2000. This is achieved by using VECM approach. The findings indicate that
although growth tends to significantly improve health status in Pakistan but health is not
Granger causing economic growth direct] y- There is, however, an indirect causal effect of
health on the economic variables that could affect the process of economic growth in
Pakistan (labour force, physical capital stock and human capital stock). Therefore, the
study concludes that health is an important determinant of higher growth and a key tool
| available to policy-makers. These results would have important practical implications for
public policy in Pakistan by providing policy-makers with a better technical understand-

ing of development-related factors that are derived from the long-term changes in the health
of the population.

L. Introduction

In recent years, there has been a burgeoning of empirical research into the
factors affecting economPic growth in both the developed and the developing coun-
tries. This research interest was initiated by developments in the ‘endogenous growth
theory,’ which emphasizes the role of technological progress, innovations and hu-
man resource development (in the form of education enhancement) in the growth
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process [Temple (1999), and Barro (1997)]. Several studies analyzed the impact of
factors such as education levels, and showed, for example, that the more educated
a population, the higher is its income. Surprisingly, perhaps, they have until recently
paid less attention to the effects of health improvements. However, it is becoming
increasingly clear that, a real relationship exists between a nation’s burden of dis-
ease and its income [World Bank (1998), and WHO (1999)].

One key indicator of a population’s health status is life expectancy.! Recent
studies have shown that life expectancy, or survival rate, is a powerful predictor of
income levels and of economic growth [Alesina et al., (1996)]. Researchers who
performed this analysis suggest that three broad mechanisms are responsible for
this effect: (a) improvement in productivity due to a healthier workforce and less
absenteeism; (b) the increased incentives that both individuals and firms have to
invest in human and physical capital, as life expectancy increases; and (c) the
increase in saving rates, as workers have an incentive to save for retirement [Bloom
and Williamson (1998)].

Although, labour productivity in the form of human capital, clearly contributes
significantly to economic growth, most cross-country empirical studies identify hu-
man capital narrowly with education. This ignores the consideration of health asa
crucial ingredient of economic growth [Schultz (1999), Strauss and Thomas (1998),
Bhargava (1997)]. On economic growth, neither classical nor neoclassical authors
gave much attention to the role of human capital, accumulated through education
and health as sources of growth. Mankiw et al., (1992), later postulated that there
is a significant relationship between investment in human capital and economi¢
growth. While, at the world level, there is substantial empirical evidence that accu-
mulation of capital is an important determinant of economic growth Barro [(1991)
and (1997)], and Leveine and Renelt (1992) show that the rate of output growth s
strongly related to the initial quantity of human capital.

Strong cross-country correlations between measures of aggregate health such
as life expectancy or child mortality and the per capita income are well established
[Schultz and Tansel (1992), Bloomet et al., (2000), Strauss and Thomas (1998).
Preston (1976), and the World Bank (1993)]. In the developing countries, there are
numerous micro studies in the biological and social sciences showing benefits of
better health on productivity [Basta et al., (1979), Spurr (1983), Bhargava et al,
(1997), and Strauss and Thomas (1998)]. But quantifying the relationship between
health indicators and economic productivity is more subtle in the developed coun-
tries. Stronks et al., (1997), Barro [(1991) and (1997)] and Sach and Warner (1997);
also noted that a rapid increase in human capital development would result in rapid
transitional growth. :

I'The age at which a newborn baby is expected lo survive.
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The study follows the argument of Weil (2001) to analyse possible links be-
tween economic growth and health. The present study involves an empirical appli-
cation to the economy of Pakistan during the period 1960-2000. The main goal of
the study is to empirically test the importance of health as a direct or indirect cause
of Pakistan’s economic growth since 1960. This is achieved by using VECM tech-
niques. We will investigate the effects of a health indicator, adult survival rates
(ASR) on economic growth.’

The rest of the paper is structured as follows. In Section II we briefly portray,
in theoretical terms, the relationship between health, human capital, TFP and eco-
nomic growth. Information about the data is given in Section III. The empirical
analysis of a long-run stable relationship between human capital, health, physical
capital, TFP, labour and economic growth is presented in Section IV. Finally Section
V summarizes the results of the study for the Pakistan economy during the period
1960-2000, and also presents possible policy implications emerging from the study.

II. Conceptual Framework

The basic neoclassical Solow (1956) model of economic growth, assumes that
disembodied technological progress is exogenous to the model. New theories of
economic growth [Lucas (1988)] went beyond the limitations of exogenous techno-
logical innovation underlying the work of Solow, by considering accumulation of
human capital with health as a crucial source of economic growth. Health proxied
by life expectancy (or the adult survival rate) in a country is a broad measure of
population’s health, though it need not accurately reflect the productivity of the
labor force. For example, due to poor childhood nutrition, ability of individuals to
perform productive tasks diminishes at an early age. But, if there is an easy access
to medical care, life expectancy leads to enhancing the productive ability of indi-
viduals [IIPS, (1995)]. The productivity loss will be underestimated if life expect-
ancy was used as the sole indicator of health [Murray and Lopez (1996)]. At a
general level, capital formation requires that a high proportion of skilled labor force
remains active for a number of years; as experience is important for technical
innovations that take years of investments in research and development. Because
detailed information on such variables are mostly not available we have based our
analysis on the adult survival rate as an indicator of health. Moreover, in particular,
asinvestments in education critically depend on survival probabilities, expenditure

on children’s education is influenced by parents’ subjective probabilities of survival,

ASR incorporates all these issues, and are potentially important for explaining eco-
ﬁomlc growth.

& ‘Data on health indicators at the national level typically comprise of variables such as life expectancy,
child mortality, adult survival rates. etc.
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This study provides an opportunity to disentangle the effects of health and
economic variables on growth because the country is at the stage of economic and
social development. When poor health is likely to lead to reduced physical work
capacity. The dependence of economic growth on life expectancy until a certain
threshold suggests that it would be useful to model the GDP or growth rates using
a production function [Christensen et al. (1973), Sargan, (1971), and Boskin and
Lau (1992)]. It is also likely that the impact of health indicators such as the adult
survival rate (ASR) on growth rates would depend on the level of GDP. This study
tries to explore these issues. We expect that health, in the form of adult survival
rates, makes a positive and statistically significant contribution to aggregate output.
Considering the above arguments we formulate our theoretical model taking into
account both economic and health variables to explain economic growth. The study
includes variables such as productivity (proxied by Total Factor Productivity growth)
human capital, physical capital, output growth-GDP, economically active population
(labour force) of Pakistan and the ASR (indicator of health).

We start this formulation first by explaining how the TFP measure is being
derived within the context of neoclassical growth model. The method used for
calculation is adopted from Kim and Lau (1994), Sargent and Rodriguez (2001),
Eichengreen (2002) and Fatima et al. (2003).

Considering a simple Cobb-Douglas production function of the form:

Y = AK* L™ )

By dividing equation (1) by the labour input
Y = A+ ok Q)
where:
y is labour productivity or output per labour.
k is capital intensity or the capital labour ratio.
A is the rate of growth of TFP.
o 1s the rate of growth of capital intensity.

The dots () on the variables represent the rate of change in each variable. TFP'
is being measured by the use of equation (2), which is obtained by substracting the
contribution of growth in the capital labour ratio from labour productivity growth.’

TFP = LP + Gk ().

) In the neo-classical framework, capital stock is not an exogenous determinant of growth. Rather, it
is an endogenous variable which depends on TFP growth. In a long run steady state a situation wher:
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Where, LP is labour productivity and & is the marginal productivity of capital
(under the assumption of perfect competition and constant return to scale this pa-
rameter is equal to the capital share in output). Variables used in the calculation of
TFP are taken from the Penn World Table compiled by Summer and Heston (1991).

After calculation of TFP, theoretical framework for the study based on the
following equation is formulated:

¥ = {TFP, HE, H.,.1, L) (4)

where Y, is GDP representing economic growth, HC, is the secondary school en-
rollment used to represent human capital ,* I, represent physical capital stock se-
ries,* L, represent the economically active population (labour force), TFP, repre-
sent total factor productivity growth, and H, represent a proxy for health as dis-
cussed before.

The first-order partial derivatives of each of the above equations are all ex-
pected to be positive. We expect 9Y/97TF, P, to be positive because economists
have recognized since long that Total Factor Productivity (TFP) is an important
factor in the process of economic growth [Adenikinju, et al., (2001); Abdelhak,
(2000); Nehru et al., (1994); and Edward (1997)]. However, there is a controversy
about its methodology and the assumptions on which it is based. Total Factor Pro-
ductivity measures the synergy and efficiency of the utilization of both capital and
human resources. It is also regarded as a measure of the degree of technological
advancement associated with economic growth. Higher TFP growth indicates effi-
cient utilization and management of resources, materials and inputs, necessary for
production of goods and services. TFP also refers to the additional output gener-
ated through enhancement in efficiency arising from advancement in worker edu-
cation, skills and expertise, acquisition of efficient management techniques and
know-how, improvements in an organization, gains from specialization, introduction
of new technology and innovation or upgrading of existing technology and enhance-
ment in Information Technology (IT).

all per capita variables are growing at a constant rate, the growth of capital intensity is the same as the
rate of growth of labour productivity. This argument is sometimes referred to as the Harrodian rate of
technical progress [see, Cas and Rymes (1991)] or the adjusted rate of growth. In the long run the
entire labour productivity growth is ultimately the result of TFP growth. In other words, in the long
run, if TFP were to stop growing, capital intensity would also stop growing, and there would be no
further labour productivity growth (Diminishing returns to capital are responsible for arriving at such
a conclusion).

4 In the absence of appropriate data human capital is proxied by secondary school enrollment. Mankiw,
Romer and Weil (1992) and Coe, et al., (1997) also used the same proxy for human capital measure-
ment.

5 Series on physical capital stock is derived by using Perpetual Inventory method.
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We expect 0Y/0HC, and 9Y/ 91, to be positive because Mankiw, et al,,
(1992), working on augmented Solow model considered human capital and physical
capital as crucial determinants of economic growth. In addition it has also been
found that education and economic growth have a positive correlation; hence, hu-
man capital attained through education enhances economic growth [Barro (1999),
(1991), Barro and Sala-i-Martin, (1995), Chuang, (2000), Kruger and Lindalil (1999),
Temple (2001), (1999), Freire-Seren (1999), Stores-Letten, et al., (2000), Bassanini
etal., (2001), and Aghion et al., (1998)]. Noneman, et al., (1996) further estimated
that the effect of the share of GDP invested in human capital on per capita income
levels is apposite. As far as physical capital stock is concerned all the studies indi-
cate a significant role of physical capital stock on economic growth.

Furthermore, economic growth also depends on the country’s economically
active population. As has been argued, productivity depends on the economically
active population (labour), quality of labour force (human capital), and its stock of
physical capital [Miller et al., (2000), Abdelhak (2000), Nehru et al., (1994), Ed-
ward (1997), Adenikinjui et al., (2001), Rao et al., (1995), Lucas (1993) and Coe, et
al., (1997)]. Here, it is worth considering that enhancement of productivity (which
leads to economic growth) depending on the country’s active population, and the
quality of that active population in turn depends on health. Health, as argued earlier,
improves the productive ability of the work force. Hence, §Y/3L, 18 expected to
positively effect economic growth.

111. The Data

For empirical estimation this study used the data on ASR, (representing the
health situation in Pakistan), economic growth is proxied by nominal GDP, and is
taken from the World Development Indicator (WDI), economically active popula-
tion (L) is taken from the Penn World Table, while TFP (representing productivity
level of the country) and physical capital stock (I) are derived by taking the relevant
variables from the Penn World Table [compiled by Summer and Heston (1991)].
Analysis is performed by using the annual data spanning the period from 1960 to
2000.

In the absence of a suitable measures of human capital especially for develop-
ing countries, it is very difficult to calculate a human capital series. Most of the
studies have used some proxy for human capital. In this study, data on secondary
school enrolment is used as a proxy for human capital. Mankiw et al., (1992), and
Coe et al., (1997) also used the same proxy for human capital. Data on secondary
school enrollment representing human capital is taken from the Economic Survey
of Pakistan.
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IV. Empirical Analysis

The preliminary step in our analysis is concerned with establishing the degree
of integration of each variable. For this purpose we have tested for the existence of
a unit root in the level and first difference of each of the variables in our sample,
using the well-known Augmented Dickey-Fuller procedure (ADF). ADF test sta-
tistic checks the stationarity of the series. The result presented in Table 1 reveals
that all variables are non-stationary in their level form. However, the stationarity
property is found in the first/second differencing level of the variables. A fter estab-
lishing that all individual series under consideration are stationary (that is all the
series are integrated of order one or two), we proceed to study the long run behav-
ioral relationships among these variables. This is done through VAR based multi-
variate co-integration test developed by Johansen and Juselius (J-J) in 1990,

Table 2 reports the results of both trace and eigenvalue tests. The results of the
trace test support the existence of five co-integrating vectors for total factor pro-
ductivity (TFP,), physical capital (1), labour (L), human capital (HC,), health (H,)
and GDP,. A look at the maximal eigenvalues also indicates that the three co-
integrating vectors in the system are significance at the 5 per cent level. The re-
sults, therefore, provide strong evidence of a long run relationship among the vari-
ables under study. This implies that each of the coefficients associated with the
variables enter the long-run co-integrating vector at a statistically significant level.
The implication of these results is that, in general, all variables included in our
system adjust in a significant fashion to clear any short-run di sequilibrium.

Evidence of co-integration among these variables has several implications. First,
itrules out ‘spurious’ correlation and the possibility of Granger non causality which
in turn implies at least a unique channel for Granger causality to emerge (either
unidirectional or bidirectional). Second, the actual number of cointegrating (or equi-
librium) relationship(s) found will result in a corresponding number of residual se-
ries, and hence error-correction terms (ECTs) which we may embed as exogenous -
variables appearing in their lagged-levels as part of the Vector Error-Correction
Model (VECM).

Table 3 reports the results of VECM formulation. According to Engle and
Granger (1987), co-integrated variables must have ECM representation. Techni-
cally, the error correction term (ECT, ) measures the speed of adjustment back to
the co-integration relationship. The ECT,, posited to be a force causing the inte-
grated variables to return to their long run relationship when they deviate from it,
and thus the longer the deviations, the greater would be the force tending to correct
the deviation [Banerjee, Galbraith and Henry (1994)]. The coefficients on the lagged
values of ATFP,, AL,, AH,, AHC,, Al, and AGDP, are short run parameters measut-
ing the immediate impact of independent variables on the dependent variable.
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In the physical cap ital stock equation, the coefficients of lagged values of AHC,,
AH,, AL, and AGDP, are all found to be Granger causing Al in the short run. For
the human capital equation the coefficients of AH,, and AL, are found to be Granger
causing hu }an capital form!tion in Pakistan. In the health equation, Granger cau-
sality is found to be running from AGDP,, AHC,, AL, ATFP, and Al, towards AH,.
For TFP,, we found the lagged independent variable AH, Granger causing TFP
growth in the short-run. In the economic growth equation, the coefficients of lagged
values of Al,, are statistically significant, showing the impact of the variable on
AGDP, in the short run, while the coefficient of lagged value of AL,, AH, AHC, and
ATFP, are insignificant, thus indicating no immediate impact on AGDP, in the short
run. As far as the economically active population (labour force) is concerned, the
coefficients of lagged values of independent variable AGDP,, Al, and AH, are found
to be significantly impacting L,, while AHC, and ATFP, show no impact on AL, in
the short run.

Whereas, the value of ECT | (the error correction term in all the equations) are
also found to be statistically significant at the one per cent level except ECT , of
ATFP, which are found to be significant at the 5 per cent level suggesting exist-
ence of a powerful long run causality running from the independent variables to the
dependent variables in the entire system of equations. Hence, it can be concluded
that the model itself is converging towards long run equilibrium.

From Table 3 it is also evident that causation is bidirectional between economi-
cally active population of Pakistan and physical capital stock, physical capital stock
and economic growth, human capital stock and health, health and economically
active population, health and total factor productivity and health and physical stock.
While, unidirectional causality is also found running from human capital stock to
physical capital stock, from economically active population (labour force) to human
capital formation and from economic growth to stock of economically active popu-
lation and health. Health is also found to be Granger causing labour force, physical
capital stock and human capital in the short-run. So, our results support the hypoth-
esis that health Granger causes economic growth, although causation is indirect.
Health is indirectly Granger causing growth by affecting the variables that cause

economic growth in Pakistan (labour force, physical capital stock and human capi-
tal stock).

V. Conclusions and Policy Implications

In the light of a number of recent studies showing the adverse impact of poor
health on economic growth [Bhargava et al., (2001), Gallup and Sachs (2000),
McCarthy et al., (2000), Arcand, (2001)], this study provides a comprehensive re-
view of the theoretical underpinnings and empirical evidence of the health-produc-
tivity relationship. This health-productivity relationship goes well beyond the obvi-
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ous impact of health on the capacity to work both in terms of the energy level and
working time. The econometric analysis of this paper has shown that improved
health in Pakistan can account for the growth of total factor productivity, human
capital, economically active population (labour force) and physical capital stock.
Specifically, following results for the period 1960 to 2000 have been obtained: there
is a positive influence of health on GDP growth although it is not found to be caus-
ing economic growth. Human capital, physical capital stock, total factor productiv-
ity and labour are also positively correlated with health. Results of this paper has
also illustrated that a key mechanism through which health affects growth is via
TFP.

The results of this study suggest that poor health can indeed reduce aggregate
productivity by impacting on the growth,of labour force and human capital. This in
turn reduces the growth in physical capital stock and slows down the growth pro-
cess in the economy. We believe that the impact of health on TFP occurs largely
through the impact on labour productivity. The analysis also suggest that the effect
of health on human capital is also important. It is reasonable to believe that human
capital (labour force with knowledge and qualification) enhances technological
progress, which is important for physical capital formation in a country. At a gen-
eral level, capital formation requires that a high proportion of skilled labor force
remains active for a number of years. Health is that factor which remains indis-
pensable to maintain the number of this skilled labour force. So, health is indirectly
contributing to the process of economic growth in Pakistan by affecting growth of
physical capital stock, human capital, total factor productivity and economically
active population. Hence, from the above discussion we conclude that, health may
be considered a fundamental variable leading to economic growth in the long run.
These results may have important practical implications for public policy by provid-
ing policy-makers with a better technical understanding of development-related
factors. While the Government of Pakistan should remain determined to limit the
economic and social damage caused by poverty, the most important challenge fac-
ing Pakistan’s health system in the medium and longer term may be to consolidate
health improvements and expand coverage to rural and underdeveloped areas and
to adapt to the changing health profile of the population.

Applied Economics Research Centre,
University of Karachi, Pakistan.
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APPENDIX

Econometric Methodology

Following Johansen (1988) and Johansen and Juselins (1990) consider the fol-
lowing vector auto regressive (VAR) model.
Let X denote a vector of time series:'

‘Yr - (Xn’ er' e ‘Xm)’. n>2 (5)

in which all the X, are assumed to be I(1). This vector admits a representation as
an autoregressive VAR (p):

/Y:' = (DfX'-.f i S q)pX.f-p + Ju + e; (6)
with e, ~ LN(0, Q)

where ¢ represents a matrix of Parameters n x n, 4 a vector of constants and Q a

matrix of covariances. This system can be represented as a system of error cor-
rection (VECM):

p-1
AX = X I AX , +HX;.F + e, (7)
|

=

of, more generally, accepting the existence of a trend y and exogenous variable
1(0): Z may be

AX, = p+TAX ,+ .. +T Ax

p-1 r-p+i

+tILX,, + 9, + ¢ (8)

All the differenced .Y vectors will be made up of [(0) variables; hence the 5
linear combinations of the variables I AX = must also be /(0), even if the original
variables composing them were /(7). Given that X, is made up of » variables. the
dimension of I" is 7 x » and its rank equal to or less than 7. In fact, the rank of IT wil|
coincide with the number of linearly independent cointegration vectors which m ight
exist among the 7 variables of X If this number is assumed to be r(r<nm), it will be

possible to define a matrix B(n x r), such that its columns are the cointegration
vectors. That is-

BX,,~ I(0) 9)

"In our case X = (| TEP, L, HC, 1, GDP),
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It will also be possible to construct a matrix o(n x r), in which these will be
contained in rows, the ratios with which the different cointegration relationships of
the system enter in each equation. That is:

af’ =TI (10)
So, on the basis of these matrixes, the equation could be expressed as:

AX! N aﬁ,)‘}:—p - r!AX;-! F o F rg} IAX;;;H e, (11)
where AX, and X can be substituted by the residuals which may result from the
regression of each of them with regard to the AX , ..., AX _+p» denominated R and
R,. respectively. Thus, the last equation is left:

Ror - (Xﬁ Rpf - ¢ (1 2)

the Likelihood function of which is L (8, o, €). Once 3 is known, & and € can be
estimated, by means of an R, regression on 'R . Johansen shows the estimation
of 3 by finding certain auto values and their corresponding autovectors. Neverthe-
less, the parameters azand Bare not identified; and, in fact, any normalization of the
corresponding matrices will be equally valid, hence the chosen normalization must
be duly justified. Moreover, and in order to determine the number of cointegration
vectors, Johansen (1988) proposes a test based on a Likelihood ratio derived from
the Eigenvalue of the stochastic matrix and the trace of this matrix. Short-term
elasticities were estimated by calculating the residual

RX = AXI’]X (13)

MV

and regressing it on lagged differenced variables and the co-variables.



