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Human capital is the key factor of economic development where government expenditure on health care is the 
dominant variable by which GDP per capita, human development, emission per capita, education expenditure 
and other prime factors of health economics depend upon. The paper explores the short run and long run 
causalities among them through cointegration and vector error correction analysis in India during 1990-2017. 
The paper also finds out the behavior of India's health expenditure percent of GDP during 1990-2017 using 
polynomial regression, structural breaks, H.P. filter and ARIMA models. The paper concludes that the health 
expenditure of India is polynomial in character during 1990-2017 which have two upward and downward 
structural breaks. Health expenditure has long run association with HDI, GDP per capita, CO  emissions per 2

capita, energy use, life expectancy at birth and education expenditure as per cent of GDP during the same 
period. Health expenditure has long run causalities from CO  emission per capita, energy use, life expectancy 2

at birth and education expenditure in India respectively but has short run causalities from HDI, life expectancy 
and education expenditure. Even there is short run causality from health expenditure to education expenditure 
as percent of GDP. Two significant cointegrating equations converge to equilibrium. VECM states that the 
change of health expenditure percent of GDP was positively associated with previous year change of GDP per 
capita and life expectancy at birth significantly and negatively related with previous year changes of HDI and 
education expenditure percent of GDP in India during 1990-2017. The VECM is unstable and non-stationary 
and suffers from autocorrelation problem. The impulse response functions conclude that the responses of 
health expenditure percent of GDP to energy use, life expectancy at birth and education expenditure percent of 
GDP move to equilibrium.
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INTRODUCTION

Health is the important determinant of economic 
development. A healthy population indicates higher 
productivity, thus higher income per head. Uzawa 
(1965), Lucas (1988) and Romer (1990) emphasized 
that human capital development which is the key factor 
of economic plan is positively associated with 
economic growth. Thus, investment in human capital 
education, health, and training play an important role as 
an incentive for them to increase their earnings in future 
(Becker, 1994). Investment in health can lead to an 
increase in productivity which imply increase in 
income and this incentive develops new skill and 
knowledge to higher level. A higher expenditure in 
health leads to reduce in infant mortality rate which 
implies to hike literacy rate and per capita GDP and 
leads to higher human development index.

There is much consideration that health care facility 
plays an important role in the stability of climate change. 

Concern for health has traditionally undertaken much of 
the political priority compared to environmental issues 
across the world. Poor environmental quality is   
responsible for many health damages and air, water, and 
soil pollution can increase the risks of illness. The share 
of government spending on health is constantly 
increasing and is met by an almost immediate increase 
in the demand for health care. The increasing 
determination in emission quality across the world is 
posing serious challenges to healthy living through the 
increasing threat of global warming.

The green logistic activities are well-associated with 
trade and economic growth while polluted logistical 
operations will lead to increase in carbon emissions and 
health expenditure. The global logistics operations and 
vehicles are mainly dependent on fossil fuels. Hence 
the analysts require comprehensive knowledge of 
biofuels and green energy sources which would 
considerably mitigate negative impacts of logistic 
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capita income and health expenditure in Ethiopia, 
Kenya, Rwanda, Tanzania, and Uganda. Mirahsani 
(2016) examined the relationship between human 
development index and health expenditure as a ratio of 
GDP in 25 South West Asian countries during 2000-
2009 through OLS method with F test and found that 
the relationship is positive and significant. Razmi, 
Abbasian & Mohammadi (2012) examined in Iran from 
1990 to 2009 by OLS method and found that there was a 
significant positive relation between government 
health expenditure and human development index.

Yahaya et al., (2016) verified in 125 developing 
countries from 1995 to 2012 among per capita 
expenditure, carbon mono-oxide, nitrogen oxide, 
sulphur oxide and found that they are cointegrated and 
they have short run and long run impacts on per capita 
health expenditure which are increasing over time. 
Apergis, Jebli & Youssef (2015) examined in 42 Sub-
Saharan countries during 1995-2011 and showed long 
run causalities among renewable energy consumption 
and health expenditure and found unidirectional 
causality from real GDP to health expenditure. Polat & 
Ergun (2018) empirically verified one-way causality 
from health expenditure to economic growth and CO  2

emission in Turkey during 1980-2016. Yazdi & 
Khanalizadeh (2017) verified that the health 
expenditure, income, carbon dioxide and PM10 
emissions are cointegrated and they have positive 
impact on health expenditure in the Middle East and 
North African countries during 1995-2014. Abdullah, 
Azam & Zakariya (2016) verified that there is long run 
relationship of health expenditure with GDP, CO , NO , 2 2

SO  emissions, mortality rate, fertility rate, and infant 2

mortality rate in Malaysia from 1970 to 2014. The 
impact is negative in the long run but positive in the 
short run. Khan, Thomas & Senga (2019) studied 
empirically in ASEAN using SEM during 2007-2017. 
He found that public health expenditure and 
environmental performance is negatively correlated 
which implies that greater environmental sustainability 
with lower CO  emissions and GHGs will improve 2

human health and economic growth.

Oni (2014) explained that a country's total health 
expenditure, labor force productivity and gross capital 
formation are significant indicators of the country's 
economic development in the context of Nigeria, but 
poor health of workers and life expectancy rate are 
negatively affected on economic growth. 

Objectives of the paper

The paper seeks to explore the short run and long run 
causalities among the health expenditure percent of 

operations on environmental beauty and human health. 

United Nations (2012) rightly emphasized that action of 
health both for poor and for the entire population is 
important to create inclusive, equitable, economically 
productive, and healthy societies. WHO (2016) 
formulated the objectives for linking between 
investments in health workforce and improvements in 
health outcomes, social welfare, employment creation 
and economic growth and argued that investment in 
human resources for health can deliver a triple return of 
improved health outcomes, global health security and 
economic development. UNCTAD also provided 
technical assistance to developing countries to sanction 
investment in domestic public health systems to ensure 
sustainable development goal 3 through its investment 
and public health programme. 

LITERATURE REVIEW

The role of health in influencing economic activities at 
micro level has been explained by Strauss & Thomas 
(1998) and Shultz (1999). The human capital theory 
based on Grossman (1972) gave light on both 
endogenous and exogeneous variables which have an 
impact on health. The demand function approach found 
a strong and positive relationship between national 
income and health care expenditure (Kleiman, 1974; 
Leu, 1986; Hitiris & Posnett,1992, Filmer & Pritchett, 
1999). Gerdtham et al., (1992) found the income 
elasticity of per capita health expenditure was greater 
than one implying that health care is a luxury good 
rather than a necessity. Duraisamy & Mahal (2005) 
examined the determinants of economic growth and 
health using panel data of 14 major Indian states for the 
period 1970-71-2000-01 and found two-way 
causalities between economic growth and health status. 
Bhowmik (2019) verified econometrically in ASEAN-
7 during 1990-2016 in panel data and found that there 
are long run causalities from GDP, HDI and 
unemployment rate to health expenditure as percent of 
GDP and there is short run causality from health 
expenditure to GDP of ASEAN-7.

Wang (2015) verified that when the ratio of health 
spending to GDP is less than the optimal level of 7.55%, 
an increase in health spending effectively lead to better 
economic performance by applying GMM in OECD 
countries during 1990-2009. Wilson (1995) examined 
the relationship between medical care expenditure and 
GDP growth in OECD countries and found a 
bidirectional causality between them. Tekabe (2012) 
studied 47 African South of Saharan countries during 
1970-2009 using panel data in Granger causality test 
and found that there is a causal relationship between per 
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Figure 1: The Estimated Trend of Health 
Expenditure

GDP, Human Development Index, GDP per capita at 
current price in US Dollar, CO  emission per capita in 2

metric tons, energy use in Kg of oil equivalent per 
capita, Life expectancy at birth, and the education 
expenditure percent of GDP respectively in India from 
1990 to 2017. It also searched the cointegrating 
relationships and vector error correction analysis 
among them where Wald test for short run causality, 
Hansen-Doornik normality test and stability and 
stationery of the VECM were verified. The paper tried 
to examine the nature and the characteristics of the 
series through semi-log regression, Bai-Perron model 
and H.P. Filter model. 

RESEARCH METHODOLOGY 

Assume, Y= health expenditure percent of GDP, x = 1

Human Development Index, x =GDP per capita at 2

current price in US Dollar, x = CO  emission per capita 3 2

in Mt, x =energy use in Kg of oil equivalent per capita, 4

x = Life expectancy at birth, x = education expenditure 5 6

percent of GDP. The data on x , x , x , x , have been 2 3 4 5

collected from the World Bank. The data on y were 
available from WHO and the world Bank. The data on 

 
x  were collected from CSO and the World Bank.6

The trend line was calculated by using semi-log linear 
regression equation. Structural breaks of the series 
were found from the Bai-Perron model (2003). The 
cyclical trends were normalised by applying H.P. Filter 
model (Hodrick & Prescott, 1997). Double-log 
multiple regression model was used to show economic 
relationships among the variables. Johansen model 
(1988) was applied to find out cointegration and vector 
error correction analysis. Doornik-Hansen (2008) 
model was utilised to check the normality. Short run 
causalities among the variables were verified through 
the Wald test (1943).

Econometric Observations

The health expenditure as percent of GDP in India from 
1990 to 2017 has not been increasing steadily over time 
but it is increasing followed by declining and again it is 
rising which implies that it is a polynomial in shape and 
is estimated below:

3 2Log(y)=0.9612+0.000197t -0.00921t +0.1198t

              (31.67)*   (12.26)*  (-13.03)*  (13.46)*

2R =0.0.88, F=61.36*, DW=1.49

This estimated equation is plotted below where the 
health expenditure of India is inverse S- shaped which 
satisfied the estimated equation (refer to figure 1).

Source- Plotted by Author

The health expenditure as percent of GDP in India 
during 1990-2017 has four structural breaks in 1994, 
2005, 2009 and 2013, respectively. The first break is 
upward, second and third breaks are downward, and the 
fourth break is upward. All are significant at 5% level, 

2
R =0.802, F=23.407* and DW=1.68. The breaks have 
been seen in the figure 2 distinctly.

Figure 2: Structural Breaks

Source- Plotted by Author

H.P. Filter model (where lamda=100, and HAC 
standard) verified that the fitted cycle of the estimated 
function of health expenditure is upward and then 
downward followed by upward shape which is plotted 
in figure 3.

Figure 3: HP Filter Model of Health Expenditure

Source- Plotted by Author



Hypothesized  

No. of CE(s)  

Eigenvalue  Trace 

Statistic 

0.05 

Critical Value 

Prob.** 

None *  0.994734  349.4178 139.2753 0.0000 

At most 1 *  0.965817  213.0074 107.3466 0.0000 

At most 2 *  0.889674  125.2305 79.34145 0.0000 

At most 3 *  0.669177  67.91816 55.24578 0.0026 
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ARIMA (1,1,1) model states that the health expenditure 
percent of GDP in India during 1990-2017 has 
significant autoregressive convergence (z value 
significant) and insignificant moving average 
convergence (z value insignificant), so that the 
convergence of the model is insignificant whose 
estimated equation is given below. It is also non-
stationery and unstable since roots are greater than one.

Log(y )=1.2909+0.8679log(y - )+ε  +0.19678ε -t t 1 t t 1

                 (18.83)* (7.96)*                   (1.107)

AR root=1.1521, MA root=-5.2416, SC=-76.24, AIC=-
61.57  

But the forecast model of ARIMA (1,1,1) for 2030 has 
been converging which is significant at 5% level and is 
seen by downward green line up to 2030 in figure 4 
below. 

Figure 4: Forecast for Log(y)

Source- Plotted by Author

Double log multiple regression analysis states that [i] 
one percent increase in human development index led 
to increase in health expenditure by 0.00108 percent 
per year, [ii] one percent rise in GDP per capita reduces 
0.5134 percent in health expenditure per year, [iii] one 
percent increase in CO  emission per capita led to 2

increase in health expenditure by 0.4027 percent per 
year, [iv] one percent hike in energy use per year would 
decrease in health expenditure by 0.4658 percent per 
year, [v] one percent rise in life expectancy per year 
leads to 0.0798 percent increase in health expenditure 

Source- Plotted by Author

Johansen Unrestricted Cointegration Rank test of the 
first difference series of log health expenditure, human 
development index, GDP per capita, CO  emission per 2

capita, energy use, life expectancy at birth and education 
expenditure of India during 1990-2017 assuming 
quadratic deterministic trend verified that they are 
cointegrated and have long run association among them 
because the Trace statistic contains five cointegrating 
equations and Max Eigen statistic contains three 
cointegrating equations which are significant at 5% 
level. Their values are given in the table 1.

Table 1: Johansen Cointegration Test

per year, and [vi] one percent increase in education 
expenditure per year will lead to 5.34 percent increase 
in health expenditure as per cent of GDP per year 
respectively during 1990-2017. The results are highly 

2
significant with high R , F and DW.

2R =0.825, F=16.51* DW=1.71, *=significant at 10% 
level

In figure 5, the diagrammatical representation explains 
that the fitted and actual lines crossed several times and 
move away from equilibrium.

Figure 5: Actual and Fitted Regression Lines
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At most 4 *  0.615186  39.15767 35.01090 0.0170 

At most 5  0.407224  14.32778 18.39771 0.1692 

At most 6  0.027738  0.731367 3.841466 0.3924 

Hypothesized  

No. of CE(s)  

Eigenvalue  Max Eigen Statistic 0.05 

Critical Value 

Prob.** 

None *  0.994734  136.4105 49.58633 0.0000 

At most 1 *  0.965817  87.77693 43.41977 0.0000 

At most 2 *  0.889674  57.31229 37.16359 0.0001 

At most 3  0.669177  28.76050 30.81507 0.0874 

At most 4 *  0.615186  24.82989 24.25202 0.0419 

At most 5  0.407224  13.59641 17.14769 0.1529 

At most 6  0.027738  0.731367 3.841466 0.3924 

Source-Calculated by Author

* denotes rejection of the hypothesis at the 0.05 level, 
**MacKinnon-Haug-Michelis (1999) p-values

The regression equations of Vector Error Correction 
Model have been tabulated below:

In the table 2, the estimated equation states that [i] The 
change of health expenditure percent of GDP was 
positively associated with previous year changes of 
GDP per capita and life expectancy at birth 
significantly and also negatively related with previous 
year changes of HDI and education expenditure percent 
of GDP in India during 1990-2017, [ii] The change of 
GDP per capita is positively associated with the change 
of education expenditure of earlier period significantly, 

[iii] The change of CO  emission per capita is 2

negatively related with previous year changes in GDP 
per capita and life expectancy at birth significantly, [iv] 
The change of energy use is affected negatively by the 
previous year changes in GDP per capita and life 
expectancy at birth significantly and affected positively 
by previous year change in education expenditure 
percent of GDP respectively, [v] The change of 
education expenditure percent of GDP is negatively 
associated with previous year changes in HDI, CO2 

emission per capita and life expectancy at birth and is 
positively related with previous year change of energy 
use respectively at 5% significant level in India during 
the specified period.

Error Correction:
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Table 2: VECM

Source- Calculated by Author

*= significant at 5% level
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The relationships in VECM-1 where health 
expenditure per cent of GDP was established have been 
marching towards equilibrium where the fitted and 
actual lines crossed several times which are seen in the 
figure 6.

Figure 6: VECM-1

Source- Plotted by Author

Similarly, the relationships in VECM-7 where the 
education expenditure percent of GDP was established 
have been moving towards equilibrium where actual 
and fitted lines crossed many times which was visible 
in the figure 7.

Figure 7: VECM-7

Source- Plotted by Author

The VECM found three normalised cointegrating equations which have been shown in table 3.

Table 3: Normalised Cointegrating Equations

 Logy (-1) Logx1(-1) Logx2(-1) Logx3(-1) Logx4(-1)  Logx5(-1)  Logx6(-1)  @trend9

0  
c  

CointEq1 1.0 0.0 0.0 14.550 -62.981  2.7084  -223.98  2.570  1274.08  

    2.12* -7.45*  3.80*  -3.07*    

CointEq2 0.0 1.0 0.0 4.443 -19.188  0.810  -64.770  0.684  375.98  

    2.23* -7.80*  3.91*  -3.05*    

CointEq3 0.0 0.0 1.0 -4.318 -2.749  0.769  48.525    

    -4.62* -2.14*  7.91*  4.87*    

 Source- Calculated by Author

Based on the system equations in the VECM, the estimated cointegrating equations have been arranged below:

Table 4: Estimated Cointegrated Equations in the System Equation- 1

Source- Calculated by Author

Table 5: The Estimated Cointegrated Equations in the System Equation- 2

Source- Calculated by Author



Table 6: The Estimated Cointegrating Equations in the System Equation- 3

Source- Calculated by Author

Source- Calculated by Author

Table 7: The Estimated Cointegrating Equations in the System Equation- 4 

Table 8: The Estimated Cointegrating Equations in the System Equation- 5

Source- Calculated by Author

Table 9: The Estimated Cointegrating Equations in the System Equation- 6

Source- Calculated by Author

Table 10: The Estimated Cointegrating Equations in the System Equation- 7

Source- Calculated by Author

*=significant at 5% level (for Table 4-10)

The above estimated cointegrating equations of all the 
system equations explained that the cointegrating 
equations number one in system equations one and 
seven in table 4 to 10, have been approaching towards 
equilibrium significantly because t values of the 

coefficients logy(-1) are significant. Moreover, the 
cointegrating equation one of the system equation 2, 4, 
and 6 cointegrating equations no 2 of the system 
equations 3, and 5 and cointegrating equation 3 of the 
system equations 1, 3, and 7 have been moving towards 
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equilibrium insignificantly since all t values of the 
coefficients are not significant at 5% level. All these 
implied that there are long run causalities running from 
CO  emission per capita, energy use, life expectancy at 2

birth and education expenditure percent of GDP to the 
health expenditure percent of GDP in India during 
1990-2017. In addition to that the long run causalities 
were found from CO  emission per capita, energy use, 2

life expectancy at birth and education expenditure 
percent of GDP to the health expenditure percent of 
GDP and to the education expenditure percent GDP in 
India during 1990-2017.

In table 11, the Wald test has been checked on the 
coefficients of the system equations of VECM from 
which it is found that [i] There are short run causalities 

Table 11: Short Run Causality

from HDI, life expectancy at birth, and education 
expenditure percent of GDP to the health expenditure 
percent of GDP in India, [ii] Short run causalities were 
found from CO  emission per capita and education 2

expenditure percent of GDP to GDP per capita, [iii] 
There are short run causalities running from GDP per 
capita, life expectancy at birth, and education 
expenditure percent of GDP to the CO  emission per 2

capita, [iv] Short run causalities were seen from GDP 
per capita, life expectancy at birth and education 
expenditure percent GDP to the energy use, [v] There is 
short run causality from energy use to life expectancy at 
birth, [vi] There are short run causalities running from 
health expenditure percent of GDP, CO  emission per 2

capita, energy use and life expectancy at birth to 
education expenditure percent of GDP in India.

Source- Calculated by Author

The residual test for the problem of autocorrelation 
verified that the VECM contains autocorrelation since 
the figure 8 showed vertical lines having autocorrelation 
with 2SE bounds in each correlogram.

Figure 8: Problem of Autocorrelation

Source- Calculated by Author

Residual correlation of Doornik-Hansen VEC normality 
test showed that Chi-square values of each component 
of skewness and components 5, 6 and 7 of kurtosis and 
all components of Jarque Bera have been accepted for 
normality but others are rejected. Therefore, VECM is 
not normally distributed (refer to table 12).

Table 12: VEC Normality Test
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Source- Calculated by Author

If there is no unit root in the AR characteristic 
polynomial then VECM will be stable model but it 
contains 4 roots greater than unity, 4 roots are unity, one 
root is positive, and less than one and 3 roots are 
negative. Thus, VECM is unstable (refer to table 13).

Table 13: Roots of VECM

Source- Calculated by Author

These roots have been plotted in the unit circle where 4 
roots lie outside the unit circle and other roots lie on or 
inside the unit circle which means the model is 
nonstationary and unstable (refer to figure 9).

Figure 9: Unit Circle

Source- Plotted by Author

The impulse response functions of responses to 
Cholesky one standard deviation innovations examined 
that the responses of health expenditure percent of GDP 
to energy use, life expectancy at birth and education 
expenditure percent of GDP move to equilibrium. The 
responses of human development index to GDP per 
capita, CO  emission per capita, life expectancy at birth 2

and education expenditure tend to equilibrium. The 
responses of CO  emission per capita to life expectancy 2

at birth and education expenditure approach to 
equilibrium. And the responses of education expenditure 
percent of GDP to GDP per capita, CO  emission per 2

capita, energy use and life expectancy at birth tend to 
equilibrium (Figure 10).

Figure 10: Impulse Response Functions

Source- Plotted by Author
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VECM states that the change of health expenditure 
percent of GDP was positively associated with previous 
year changes of GDP per capita and life expectancy at 
birth significantly and negatively related with previous 
year changes of HDI and education expenditure percent 
of GDP in India during 1990-2017. The VECM is 
unstable and non-stationary and suffers from 
autocorrelation problem. The impulse response 
functions conclude that the responses of health 
expenditure percent of GDP to energy use, life 
expectancy at birth and education expenditure percent 
of GDP move to equilibrium.

Limitations and future scope of research

The paper excluded some crucial variables such as 
fertility rate, infant mortality rate, death rate and birth 
date which had important implications of health 
expenditure in India. There is a positive cointegration 
between labor productivity and health expenditure that 
might reduce unemployment rate, but the paper did not 
include such areas of explanations. The human 
development index of India during 1990-2017 is 
negatively related with health expenditure which is an 
exception because of polynomial character of the 
health expenditure in India. This relationship is the 
prime constraint here to get favorable empirical 
evidences in order to execute policy formulations. It is 
expected that the paper produces ample scope for 
forthcoming research and might overcome such 
limitations.

Important policy considerations

The basic criteria were to step up education and health 
expenditure steadily by which HDI and GDP per capita 
might increase constantly that could reduce emissions 
per capita, unemployment rate, but India had failed to 
do so. Secondly, private health care services in India 
have flourished more than government initiatives in 
medical care which reduced the government health 
expenditure percent of GDP. If India targets to achieve 
sustainable development goals, then it should plan to 
increase in productivity of labor and employment 
through the steady rise in health expenditure. The 
emission control board and good emission policies are 
needed to check adverse impact on human capital 
immediately. Government should provide health care 
as a public service which seems to commit to the 
citizens not emphasizing it as a corporate social 
responsibility.

CONCLUSION

The paper concludes that the health expenditure of 
India is polynomial in character during 1990-2017 
which have two upward and downward structural 
breaks. Health expenditure as percent of GDP in India 
has long run association with HDI, GDP per capita, CO  2

emissions per capita, energy use, life expectancy at 
birth and education expenditure as percent of GDP 
during the same period. Health expenditure has long 
run causalities from CO  emission per capita, energy 2

use, life expectancy at birth and education expenditure 
in India respectively but has short run causalities from 
HDI, life expectancy and education expenditure. Even 
there is short run causality from health expenditure to 
education expenditure as percent of GDP. Two 
significant cointegrating equations tend to equilibrium. 
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