
Abstract

Increasing air pollution and the consequent degradation 
of environmental quality across the world are posing 
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The smaller particles remain suspended for long periods 

in the air. Carbon monoxide (CO2) combines with the 
haemoglobin of blood and impairs its oxygen-carrying 
capacity. Sulphur dioxide (SO2) combines with water 
in the air to form sulphurous acid (H2SO3), which is the 

cause of acid rain and causes irritation to the eyes and 

injury to the respiratory tract. It results in discolouration 
and deterioration of buildings, sculptures, painted 
surfaces, fabrics, paper, leather, and so on. Nitrogen 
dioxide (NO2 ) act on unsaturated hydrocarbons giving 

rise to photochemical smog that causes eye irritation, 

respiratory troubles, blood congestion, and dilation of 
arteries. Chlorofluorocarbons from jet plane emissions 
and refrigerators and carbon tetrachloride react with  
ozone layers of the stratosphere, depleting the same. 
Aerosols that are widely used as disinfectants and 
photochemical oxidants are harmful to humans and plants.

While large-scale industrialisation increases the produc-
tion of material goods, and urbanisation creates megacities, 
the ill effects of these activities are the overwhelming 

concentration of vehicles and transportations that 

emit gases, which is reflected in the form of various 
environmental and health issues. The major causes of  
air pollution are automobile exhaust and industrial 
emissions; automobiles that inefficiently burn petroleum 

release 75 per cent of noise and 80 per cent of air pollutants. 

Carbon monoxide (CO2) accounts for 50 per cent of the 
total atmospheric pollutants. Epidemiological studies 
show that there is a significant association between the 
concentration of air pollutants and adverse health impacts. 
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in the air on 

respiratory and cardiovascular diseases is quite severe, 
causing illnesses like eye irritation, asthma, bronchitis, 
and so on, which invariably reduce efficiency and labour 
productivity, thus having negative repercussions on 

national output and affecting the growth of firms and the 

economy.

It is shocking to know that out of the top 30 most polluted 
cities in the world in 2019, 21 are in India. The Indian 
cities of Allahabad, Agra, Lucknow, Kanpur, Amritsar, 

and so on are among the list of top 20 most polluted cities 

in the world. Delhi has been found to have the highest 
concentration of ‘respiratory suspended particulate  
matter ’ in the air among the metro cities of India. An 
interesting point to note is that with the increasing 

industrial development and pace of output (GDP), carbon 

emissions, air pollution, and environmental degradation are 

also increasing, and so does the public health expenditure 

in India. Studies in various countries have shown that air 
pollution is one of the most fundamental management 
challenges and has a significant positive impact on health 
expenditure in developed and developing countries all 

around the world (Boachie et al., 2014; Fattahi, 2015; 

Fattahi et al., 2013; Jie, 2008; Mohammadzadeh et al., 
2015; Balan, 2016).

In an attempt to understand the impact of environmental 
degradation on health expenditure, this paper examines 

the effects of air pollution and environmental quality, 

and economic growth on public health expenditure in 
India . This paper uses the secondary data on Air Quality 
Index from the Central Board of Pollution and other data 
from the Reserve Bank of India during the period 2007 

to 2021. The outcome variable in this paper is the public 

health expenditure, and the independent variables are 
SO2, NO2, PM10, and GSDP. Since the outcome variable 
is influenced by the independent variables with a lag over 
time, the econometric estimation followed is the panel 
autoregressive distributed lag (ARDL) model.
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Haseeb et al. (2019) examine the short-term, as well as 
the long-term impact of economic growth, environmental 
pollution, and energy consumption on health and R&D 
expenditures in ASEAN countries uslng data from 2009 to 
2018, applylng the autoregressive distributed lag model. 
�7�K�H�� �¿�Q�G�L�Q�J�V�� �U�H�Y�H�D�O�� �W�K�D�W�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �S�R�O�O�X�W�L�R�Q���� �H�Q�H�U�J�\��
�F�R�Q�V�X�P�S�W�L�R�Q���� �D�Q�G�� �H�F�R�Q�R�P�L�F�� �J�U�R�Z�W�K�� �K�D�Y�H�� �D�� �V�L�J�Q�L�¿�F�D�Q�W��
long-run positive impact on health expenditure, as well 
as on the R&D expenditure of ASEAN countries. Further, 
environmental pollution and economic growth have a 
�V�L�J�Q�L�¿�F�D�Q�W�� �L�P�S�D�F�W�� �R�Q�� �5�	�'�� �H�[�S�H�Q�G�L�W�X�U�H�� �L�Q�� �W�K�H�� �V�K�R�U�W�� �U�X�Q����
�K�R�Z�H�Y�H�U�����H�Q�H�U�J�\���F�R�Q�V�X�P�S�W�L�R�Q���L�V���Q�R�W���D���V�L�J�Q�L�¿�F�D�Q�W���I�D�F�W�R�U���L�Q��
the R&D expenditure.

Wang et al. (2019) examine the dynamic linkages among 
CO2 emissions, health expenditure, and economic growth 
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value chain. The absence of long-run causality between 
carbon emissions and economic growth implies that in 
the long run, focus should be on harnessing energy from 
clean sources to curb carbon emissions, which would not 
impair economic growth.

Mohapatra and Giri (2016), in an attempt to test the 
Environmental Kuznets Curve hypothesis at the state 
level in India, analyse the relationship between economic 
development and different air quality measures like SO2, 
NO2, and SPM emissions, in industrial and residential 
locations in 15 major states of India during 1991-2003. The 
study notes that several developmental factors like scale 
effect, composition effect, and pollution abatement effect 
contribute to the changing emissions of these air quality 
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Table 3:   Panel Cointegration Test

Statistic
Within-Dimension Between-Dimension

T-Statistic P-Value Weighted Statistic P-Value Statistic T-Statistic P-Value
Panel v-statistic −3.506 0.99 −2.55 0.99 Group ρ-statistic 6.073 1.00
Panel ρ-statistic 4.78 1.00 4.43 1.00 Group PP-statistic 1.687 0.95
Panel PP-statistic 4.345 1.00 2.58 0.99 Group ADF-statistic 3.362 0.99

Table 4:   Panel ARDL Estimates of Health Expenditure

Variable Short-Run
Variable

Long-Run
Coefficient T-Statistic Coefficient T-Statistic

D(lnGSDP) −3.353(7.477) 0.448[0.655] lnGSDP 1.889*(1.018) 5.320[0.000]
D(lnSO2) −5.102(9.629) 0.374[0.709] lnSO2 4.195*(2.649) 5.138[0.000]
D(lnNO2) −2.456(2.215) 1.109[0.270] lnNO2 4.487*(3.708) 3.009[0.003]
D(lnPM10) −1.496 0.134[0.894] lnPM10 3.459*(1.758) 4.832[0.000]
Constant 8.232(8.128) 1.215[0.227]
Cointegrating equation 0.0123(0.025) 0.502[0.617]

Note: D denotes first differences. Absolute t-values. Standard errors in parentheses. P-values in brackets.

The estimated panel ARDL results are presented in 
Table 4. In the short run, the coefficients of the first 
differenced variables are negative; however, none of 
them are statistically significant. Hence, there seems to 
be no immediate response of health expenditure, either 
to economic growth or to pollution, in the states of India. 
The effects of air pollution on healthcare are really felt 
only in the long run. In the long run, all the estimated 
coefficients are positive and statistically significant. The 
GDP has a positive long-run effect on health expenditure 
in the states of India, implying that an increase in real 
GDP increases the health expenditure of states by nearly 
2 per cent. The estimated coefficients of SO2, NO2, and 
PM10 show that pollution has the potential to spur the 
long-run public health spending in the states of India. An 
increase in the air pollution levels increases state health 
expenditure by 3-4 per cent in the long run.

C O N C L U S I O N

This paper focuses on examining the relationship between 
air pollution, health expenditure, and economic growth 
in the states of India for the period 2007-2021. The air 
pollutants considered are SO2, NO2, and PM10 emissions. 
In the estimation, the panel autoregressive distributed lag 
model is used, as the effects of air pollution on public 

health expenditure persist over time. The results of the 
panel ARDL model show that GSDP and air pollution 
have a significant positive long-run effect on public 
health expenditure in the states of India. The impact of 
carbon emissions on health expenditure is higher than the  
response to that of GSDP. With economic growth in the 
Indian states, the consumption of crude oil, gasoline, 
kerosene, diesel, and fuel oil increases pollution, thus 
degrading the environmental quality, causing health 
issues, and increasing state health expenditure. The 
much-desired economic growth comes at the cost of 
environmental degradation that increases the risk of 
pollution-induced health diseases including mortality, 
ultimately rising the healthcare expenditure.
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