
RESEARCH ARTICLE

The impact of carbon emission and forest activities on
health outcomes: empirical evidence from China

Muhammad Umar Farooq1,2
& Umer Shahzad3

& Suleman Sarwar4,3 & Li ZaiJun5

Received: 4 August 2018 /Accepted: 4 March 2019 /Published online: 19 March 2019
# Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract
The higher economic growth of China intensifies the consumption of fossil fuel, such as coal and oil, for electricity generation,
transportation etc., which is responsible for environmental degradation through the emissions of carbon, sulfur, and nitrogen etc.
The objectives of this study are to investigate the impact of greenhouse gas emission on health issues and provide the effective
solution to overcome health-related issues, caused by carbon, sulfur, and nitrogen emission. For this purpose, we propose that
higher afforestation activities can help to mitigate the carbon emission and can help to reduce the health diseases. The findings of
quantile regressions reported that an increase in carbon emission causes significantly higher health issues. On the contrary,
afforestation activities reported a negative coefficient, suggesting that growth of forests can be useful measure in control of
health issues. The findings of the current study can be utilized in policy making and to explore the nexus between greenhouse gas
emission, afforestation, and health issues.
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Introduction

Carbon emission (CO2) is the major culprit for environmental
degradation which adversely affects human health in various

ways such as inhalation, skin contact, and eye contact inges-
tion, resulting to even carcinogenic effects through long-term
exposure (Tox Town 2017; CCOHS 2017; Fernandoa and Lin
Hor 2017; Dong et al. 2018a). In global CO2 emission, China

Highlights
1. Carbon emission induces increase in health issues in China.
2. Greenhouse gases such as nitrogen, sulfur, and carbon are the major
contributor of air pollution and harmful diseases.
3. Afforestation activities and stop deforestation can help to minimize
health issues and to save health-related expenditures.
4. By increasing investments on forests can help to reduce greenhouse
gases and carbon emission, which further lowers health issues.
5. The government should provide better living conditions to the urban
and rural population, through planting green belts, parks, and better
sewerage systems.

Responsible editor: Muhammad Shahbaz

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s11356-019-04779-x) contains supplementary
material, which is available to authorized users.

* Umer Shahzad
Shehzad-umer@hotmail.com

Muhammad Umar Farooq
umarfarooqgcuf@yahoo.com

Suleman Sarwar
ch.sulemansarwar@gmail.com

Li ZaiJun
junzailiny@gmail.com

Extended author information available on the last page of the article

Environmental Science and Pollution Research (2019) 26:12894–12906
https://doi.org/10.1007/s11356-019-04779-x

http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-019-04779-x&domain=pdf
http://orcid.org/0000-0002-7010-4054
https://doi.org/10.1007/s11356-019-04779-x
mailto:Shehzad-umer@hotmail.com


stands at the first position with 28% total emissions. In fact,
the country submitted its Intended National Determined
Contribution (INDC) in Paris climate conference stating that
the country has to reduce its CO2 emission by 2030 from its
level in the year 2005 (Shao et al. 2018). Besides, the country
has also witnessed a tremendous increase in health issues
which have consequently increased the health expenditures.
Figure 1a demonstrates the CO2 emission, Fig. 1b total popu-
lation, and Fig. 1c health expenditures patterns of China from
2000 to 2015, showing that CO2 emission, population, and
health expenditures have increased over the last few years.
The health expenditure in China to be precise has to be ex-
panded to cater for the health issues related to environmental
degradation, population growth, and lack of facilities. To suc-
cessfully manage the issue, China needs massive environmen-
tal reforms (e.g., China’s new environmental protection law
2016) to mitigate carbon level to protect human development
and to minimize the funds spent on health treatment plans. In
the study, we consider CO2, NO2, and SO2 gases on the inves-
tigation of the impact of human health in China as a whole and
as regional analysis (Zhang, 2017).

More healthcare problems add to the health care financing
both in developing and developed countries with a goal of
improving the population’s health outcomes (Sirag et al.
2016). The high healthcare-related issues place a lot of pres-
sure on the government which has to squeeze the budget to
cater for them and provide better treatment facilities (Yazdi
and Khanalizadeh 2017). The increase in healthcare spending
suggests that environmental conditions affect human health.
The primary source of environmental degradation is air pollu-
tion sourcing mainly from greenhouse gas emission including
carbon dioxide, nitrogen dioxide, and sulfur dioxide emis-
sions (Gerdtham and Jonsson 1992; Jerrett et al. 2003; Yazdi
and Khanalizadeh 2017). There is clear evidence that these
greenhouse gas emissions threaten human health both directly
and indirectly, and it is bound to cause adverse effects to
human development in future (Field et al. 2014; Ebi et al.
2017; Gao et al. 2018). Climate change also affects human
health through various ways such as extreme weather events,
air pollution, ultraviolet radiation, and increased temperatures
rising above sea level (Stanley and Farrant 2015; Field, 2009;
Field et al. 2014; Gao et al. 2018). The present study only
discusses the adverse effects on human health from air pollu-
tion and greenhouse emissions. The Kyoto protocol divides
greenhouse emissions into carbon dioxide (CO2), methane
(CH4), nitrous oxide (NO2), sulfur oxide (SO2), and halocar-
bons. In order to control global warming to 2 °C and to protect
human health, it has become an urgent need to reduce green-
house emissions. Among all greenhouse emissions, the carbon
emission share in the atmosphere is 76%, methane accounts
for 16%, while nitrous oxide accounts for 6% and F-gases
(such as hydrofluorocarbons, perfluorocarbons, sulfur
hexafluoride, and sulfur oxide, etc.) 2% (IPCC 2014).

Recently, in growing literature of human activities to counter
air pollution and environmental degradation, the role of the
forest has been neglected in environment and health studies.
Planting of new forests can help to reduce the amount of CO2

emission in the atmosphere, through combining with sun’s en-
ergy via the process of photosynthesis and subsequently
resulting to its conversion into trunks, branches, leaves, and
roots and remains stored as biomass until it is degraded back
to the environment (Palmer 2012). Minnemeyer et al. (2017)
argued that stopping deforestation in the world could reduce 7
billion CO2 dioxide emissions annually, and 42% of total emis-
sion reductions could be achieved through reforestation of all
grazing land in forested eco-regions. In addition, forests are
carbon sinks and hence afforestation, reforestation,1 and forest
restoration (ARR) activities effectively remove carbon emission
from the atmosphere (Ahmad 2017). Human activities like de-
forestation are among the major causes for the increased level
of carbon in the atmosphere (The Guardian 2011;Waheed et al.
2018). The increasing pace of greenhouse gas emissions (spe-
cifically the CO2 emission) has been implicated in a number of
health problems and issues in different countries (Looi and
Chua, 2007; Morin et al, 2013; Beatty and Shimshack 2014;
Chaabouni et al. 2016). The effect of air pollution on human
beings affects the labor productivity, which subsequently has an
impact on industrial production, domestic output, and econom-
ic growth (Yazdi and Khanalizadeh 2017). This narrative high-
lights the idea that if air pollution throughCO2 emissions can be
controlled by planting more forests then health issues can also
be minimized. When afforestation and investments on forests
are encouraged, the CO2 level could be decreased in atmo-
sphere which can father help to minimize health issues and
health expenditures.

Over the last two decades, China has been taking necessary
measures to reduce deforestation while promoting reforesta-
tion and afforestation. As a result, China stands at fifth posi-
tion in the world with 207million hectares of forest land (FAO
2010). China has allocated 725 billion Yuan (US$113 billion)
into 20 new programs for afforesting of 56 million hectares of
land. China intends to afforest half of its available land in less
than one decade (Wolosin 2017). Figure 2 highlights the
change in forest area and afforestation for China from 1980
to 2012, which reports the continuous increase in forest area.

The present study aims to investigate the role of afforesta-
tion to reduce the health problems caused byCO2 emissions in
different Chinese provinces. As China is continuously facing
exaggerating pace in health issues and health expenditures, it
has become more than urgent need for China to identify the
factors that contribute in inducing health issues and to make
counter policies and reforms to protect human development.
The present study adds in multifold directions to the existing

1 Reforestation specifies to plant new trees in existing forest land.
Afforestation indicates to form new forests on non-forest land.
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Fig. 1 Carbon emission of China,
total population of China, health
expenditures of China Source:
World Bank, (2015)
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literature through the following: firstly, this is the pioneer
study that examines the role of CO2 emission on health issues
for the case of China. Recently, some of the studies have
shown that CO2 emission is posing a risk to human health
which increases health expenditures and minimizes economic
growth (Narayan and Narayan 2008; Janke et al. 2009; Beatty
and Shimshack 2014; Chaabouni and Zghidi 2016; Yazdi and
Khanalizadeh 2017). These studies investigated the health ex-
penditures and CO2 unidirectional and bidirectional aspects
and have reported the various routes through whichCO2 emis-
sion affects human health (Tox Town 2017; CCOHS 2017;
Fernandoa and Lin Hor 2017; Dong and et al., 2018). Another
study reported on how health issues and diseases lower eco-
nomic growth and industrial growth (Chaabouni and Zghidi
2016).It is definite that the increase in health issues and ill-
nesses compels the government to spend on human health
treatment plans to protect human development and economic
development of the country. Therefore, health issues and the
factors that contribute to the health issues must be dealt with if
significant economic growth is to be witnessed in China.

Secondly, a significant contribution of this study is the
inclusion of afforestation in health studies literature.
Previously, forestry scientists and researchers have conducted
limited studies regarding environment and economy (e.g.,
Brown et al. 2004; Achard et al. 2004; Stern 2006; Routa
et al. 2011; Thuy et al. 2014; Waheed et al. 2018). This study
attempts to fill the gap by incorporating the role of forests in
controlling health issues and minimizing disease (Vittor et al,
2009). Plants including trees act as carbon sink and carbon
source; (i) plants utilize carbon in the atmosphere to produce
oxygen and carbohydrates during photosynthesis process, (ii)
while in the decomposition process, the carbohydrates are
again broken down into carbon and energy which is released

back into the environment (Thuy et al. 2014; Griggs, 2017;
Waheed et al. 2018). Deforestation activities also increase car-
bon in atmosphere especially when forests are set on fire on
purpose (e.g., people living near forests forced to leave homes,
or commercial purposes) (Beatty and Shimshack, 2014;
Chaabouni and Zghidi 2016; Griggs, 2017; Joyce, 2017;
Lathrop, 2017; Yazdi and Khanalizadeh 2017). Reforestation
and afforestation helps to mitigate CO2 emission from
atmosphere, which further assists in reducing health issues
in the country. Further, Appendix Figs. Fig. 4, Fig. 5, and
Fig. 6 present the disease per province, CO2 emission, and
afforestation for the years 2005, 2010, and 2015. These
figures demonstrate that higher CO2 emission tends to boost
the diseases, whereas higher afforestation activities cause a
decline in health issues which supports our argument. With
regard to all of these concerns, the study aims to examine the
role of forests in control of health issues.

Thirdly, this is the pioneer study to investigate the role of
other greenhouse gases, sulfur dioxide, and nitrogen dioxide,
on health. The World Health Orgnization (2018) has reported
that the greenhouse gas emissions and climate change affects
social and environmental aspects of health such as clean air,
safe drinking water, sufficient food, and secured shelter which
further leads to increase in health issues and mortality rates of
young people and children (Feldscher 2011; NIEHS 2017). In
addition, greenhouse gases affect the public health in a num-
ber of ways including causing a heat wave and other climate-
sensitive diseases, distorting the air quality, especially to the
vulnerable population (EPA 2018). The World Health
Organization (2018) has estimated that climate change is ex-
pected to cause 250,000 annual deaths from 2030 to 2050.
Given all these concerns, the study included sulfur dioxide
and nitrogen dioxide emission in an econometric model to

Fig. 2 Forest area and afforestation change. Source: Wolosin (2017)
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examine its impact on health issues in China. The study aims
to provide significant policy implications for government and
policymakers to make effective regulations regarding health
and environmental change.

Background literature

Recently, number of researchers have provided empirical
studies and policies regarding health expenditures and CO2

emission (Gerdtham and Jonsson 1992; Jerrett et al. 2003;
Field et al. 2014;Yazdi and Khanalizadeh 2017; Ebi et al.
2017; Gao et al. 2018), whereas some of the researches
(Stern 2006; Routa et al. 2011; Thuy et al. 2014; Zhou et al.
2017; Waheed et al. 2018 etc.) have dealt with forest and
carbon emission. In general, previous literature has mainly
focused on two strands; first strand explains the nexus be-
tween health expenditures and environment which reports that
climate change induces an increase in health issues and dis-
eases, which require higher spending on health treatment
plans. On the other side, health issues and diseases decrease
economic growth and industrial development (Yazdi and
Khanalizadeh 2017). The second strand demonstrates the role
of forest in mitigating CO2 emission and controlling global
warming. The forests can act as positive indicator in mitigat-
ing CO2 emission and producing forest biomass energy, if
forests are properly managed with sufficient investment
(Routa et al. 2011; Waheed et al. 2018). Wang (2007) applied
Granger causality method to determine the relationship of air
pollutants: nitrogen oxides (NOx), sulfur dioxide (SO2), car-
bon monoxide (CO), total suspended particulates (TSP), and
particulate matter smaller than 10 μm (PM10) on respiratory
diseases of residents in Beijing. The results indicated that ni-
trogen, sulfur, and CO2 emission act as main culprits for
respiratory diseases for the residents of Beijing. Chaabouni
and Zghidi (2016) conducted an empirical investigation be-
tween carbon emission, health expenditures, and economic
growth as income-wise classification of countries. The study
selected 51 countries as three groups such as low-income
group, middle-income group, and upper-income group over
the period of 1995–2013. The empirical findings reveal that
carbon emission leads to increase health expenditures for
middle-income and upper-income group countries, while hu-
man health plays important role for economic growth, and it
limits the impact on increasing deterioration of environmental
quality. Concerning the Middle East and North African
(MENA) countries, Yazdi and Khanalizadeh (2017) studied
the effects of air pollution on economic growth and healthcare
expenditures by employing Pedroni cointegration and
autoregressive distributed lag (ARDL) techniques over the
period from 1995 to 2014. The results argued that income,
CO2 emission, and PM10 (particulate matter smaller than
10 μm) induce an increase in health care expenditures for

MENA countries. The study proposed that policy makers
should focus on environment issues for better human devel-
opment in the region.

Schlamadinger and Marland (1999) empirically proved the
role of deforestation activities to increase the carbon emission.
The study recommended that forest harvesting and growing of
trees are the best alternatives to mitigate CO2 emission from
the atmosphere. In addition, recently, a number of studies have
documented that global warming and unbalanced environ-
ment is due to cutting down of trees and plants (e.g. Brown
et al. 2004; Achard et al. 2004; Stern 2006; Routa et al. 2011;
Thuy et al. 2014; Zhou et al. 2017; Waheed et al. 2018). Thuy
et al. (2014) econometrically documented the significance of
forests with regard to environment and climate change for
Indonesia and Vietnam. The empirical estimations
demonstrated that forests assist to mitigate the carbon. Zhou
et al. (2017) documented that forestry and carbon forest
projects play vital role in climate change. The study
highlighted that China has stimulated the investments on
carbon forest projects; however, the carbon forests of China
has reached 3.5 million hectare in 2016. With regard to
Pakistan, Waheed et al. (2018) empirically confirmed the neg-
ative association between forest area and carbon emission,
suggesting that Pakistan can control its carbon emission by
increasing investments on forest areas and by stopping
deforestation activities.

Niu et al. (2011) investigated the long run relationship be-
tween coal consumption, oil consumption, economic growth,
and carbon emission for eight Asian countries including four
developing countries (China, India, Thailand and Indonesia).
The empirical results argued that coal and oil consumption
significantly contribute in increasing CO2 emission in
atmosphere. Alkhathlan and Javid (2015) examined the em-
pirical nexus between oil consumption, economic growth, and
CO2 emission for Saudi Arabia; the empirical results
confirmed that oil consumption induces to increase CO2

emission. Dong et al. (2017, 2018b) identified specific factors
that contribute in mitigating CO2 emission for China. The
study used data from 1965 to 2016 and employed
autoregressive distributed lag (ARDL) and vector error cor-
rection model (VECM) for empirical estimations. The empir-
ical results confirmed that negative association of natural gas
consumption and renewable sources towards CO2 emission in
short-run and long-run estimations. The study further recom-
mended that gas consumption and renewable can act as better
alternative to fossil fuels and coal for the case of China.

The brief overview of literature depicts that only limited
studies have examined the role of forests in mitigating carbon
emission and carbon-health nexus. However, it is inconclusive
to fully consider the role of forests with carbon emission and
health issues. Forests act as carbon sink and play positive role
in mitigating carbon from atmosphere, which further help to
minimize health issues. The present study analyzes the role of
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forests in dampening the negative effects of carbon emission
on health issues for Chinese provinces. To the best of our
limited knowledge, this is the pioneer study to examine the
impact of afforestation and carbon emission to reduce health
issues and diseases.

Data and methodology

The study uses unbalanced panel data of 30 Chinese provinces
from 1996 to 2015. We have excluded the data stream of
Tibet, Macao, and Hong Kong due to the unavailability of
data. The provincial level data of all studied variables are
extracted from the National Bureau of Statistics of China
(http://data.stats.gov.cn/english/). The main motive is to
examine the role of CO2 emission and afforestation in health
issues. However, we have divided the data into five separate
models to check the robustness of CO2 emission and
afforestation. Model-1 is given below:

Healthit ¼ β0 þ β1CO2 it þ β2AFit þ εit ð1Þ
where Healthit is the health issues which uses the definition of
number of visits in health institutions (100 million person-
times) for province i at time t. CO2 it presents the carbon emis-
sion for province i at time t, which is calculated by Inter-
governmental Panel on Climate Change (IPCC, 2006) meth-
odology.2 AFit represents the afforestation that is the proxy of
total area of afforestation square kilometers (sq. km). εit is the
error term.

Healthit ¼ β0 þ β1CO2 it þ β2AFit þ β3NO2 it þ εit ð2Þ

Model-2 is the extension of model-1, which further incor-
porates the nitrogen dioxide emission (NO2 it) to analyze its
impact on health and to reconfirm the significance of carbon
emission and afforestation. Nitrogen oxide emission in waste
gas (ton) is used for the proxy of nitrogen emission:

Healthit ¼ β0 þ β1CO2 it þ β2AFit þ β3SO2 it þ εit ð3Þ

Model-3 adds the nitrogen emission (NO2 it) with sulfur
emission (SO2 it) and robust check the role of carbon emission
and afforestation. We use sulfur dioxide emission in waste gas
(ton) as a proxy of sulfur emission:

Healthit ¼ β0 þ β1CO2 it þ β2AFit þ β3NO2 it þ β4SO2 it þ εit

ð4Þ

In Model-4, we combine the carbon emission, nitrogen
emission, sulfur emission, and afforestation to empirically in-
vestigate their role in health issues.

Healthit ¼ β0 þ β1CO2 it þ β2AFit þ β3NO2 it

þ β4SO2 it þ β2Popit þ β2Oilit þ β2Gasit

þ εit ð5Þ

On the other hand, model-4 is extended by augmenting the
population (Popit), oil consumption (Oilit), and gas consump-
tion (Coalit). For provincial level data of population, we used
the data of resident population (10,000 persons). Oil con-
sumption is consumption of crude oil (10,000 tons), and gas
consumption is the consumption of natural gas (100 million
cubic meters). Following the Waheed et al. (2018), Sarwar
et al. (2017), Shahbaz et al. (2017), and Ozturk and
Acaravci (2010), we use log specification for all studied var-
iables to standardized the variables. The descriptive statistics
of all studied variables are reported in Table 1. The mean,
standard deviation, and minimum and maximum values con-
firm that there is no evidence of outlier in variables.

Health represents the health issues,CO2 is the carbon emis-
sion, AF presents the afforestation, andNO2 and SO2 show the
nitrogen emission and sulfur emission. Pop is the population,
Oil and Gasare oil consumption and gas consumption.

Result and discussion

Table 2 highlights the estimations of five quantile regression
models. These five models check the robustness to verify the
reliability of empirical analysis. In model 1,CO2 emission has
a consistent and positive relationship with health issues, im-
plying that health issues are increasing in China with higher
exposure to CO2 emission while the coefficient of afforesta-
tion is significantly negative, inferring that health issues tend
to decrease with higher afforestation rate while controlling
other confounding factors. In model 2, we have augmented
the nitrogen oxide in model 1. Empirical estimations of model
2 confirm the significant positive impact of CO2 emission and
significant negative relationship of afforestation, which vali-
dates the previous findings. The coefficient of nitrogen

2 CO2t ¼ ∑
i; j
CO2tij ¼ ∑

i; j
Et
ij � Oj � EF j, for further details, visit IPCC

(2006) report.

Table 1 Descriptive statistic

Variable Mean Std. Dev. Min Max

Health 0.561 0.827 − 1.661 2.094

CO2 30.565 0.918 27.063 32.545

AF 4.563 1.378 − 0.342 6.759

NO2 13.209 0.726 11.035 14.404

SO2 13.201 0.899 9.738 14.510

Pop 8.148 0.760 6.248 9.292

Oil 5.563 3.077 − 4.605 9.060

Gas 2.098 2.053 − 4.605 5.166
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emission is insignificant which shows that health issues are
not related to nitrogen emission. The estimations of model 3
confirm the findings of model 1 and model 2, where CO2

emission is statistically significant and positive, and afforesta-
tion is significant and negative. The results of nitrogen and
sulfur emission are insignificant in model 3, suggesting that
nitrogen and sulfur emission have no harm to human health in
China. The empirical estimations of model 4 have confirmed
the earlier responses of CO2 emission, nitrogen emission, and
sulfur emission. Surprisingly, afforestation turns out to be in-
significant, which implies that afforestation is not a useful
strategy to control the CO2 emission.

Lastly, model 4 is extended by incorporating population, oil
consumption, and gas consumption. Empirical results of CO2

emission are still statistically significant and positive, and affor-
estation is significant and negative, indicating that higher CO2

emission is responsible for health issues, but this unpromising
effect can be naturalized by increasing the afforestation activi-
ties. The coefficients of nitrogen emission, sulfur emission, oil
consumption, and gas consumption are insignificant in model
5. On the other hand, the population has a statistically signifi-
cant and positive relationship with health issues, mentioning
that higher population increases the health problems.
Furthermore, CO2 emission has a more significant positive ef-
fect on the 90th quantile of health issues. In this quantile, health
issues significantly rise by 0.29% with an increase of 1% CO2

emission. The linear regression coefficient also underscores this
influence. The quantile regression outcomes point out that af-
forestation rate has a significantly negative impact on the 90th
quantile of health issues while this association is relatively little
weak in the 10th and 75th quantiles. Health issues at 90th
quantile are diminishing by about 0.19% with 1% increase in
afforestation rate. Similar to CO2 emission estimate of ordinary
least square (OLS), afforestation coefficient is undermining in
ordinary least square estimation.

Surprisingly, ordinary least square and first three quantile
estimates of NO2 exert a negative connection with health is-
sues significantly. Similarly, SO2 has a significantly negative
association with health issues at 75th and 90th quantiles. The

coefficients of the population are significantly and nearly
equal to 1.1, presenting a more significant impact on health
issues at the 75th quantile where health issues are raised by
1.168%with 1% increased rate of population. This coefficient
at 50th and 75th quantile is almost similar to the ordinary least
square estimate. The effect of gas consumption on health is-
sues at 25th quantile is significantly reasonable where 0.12%
higher prevalence of health issues results from 1% increasing
use of natural gas while this effect remains inconsistent at 50th
and 75th quantile. The ordinary least square regression coef-
ficient of gas is significantly underestimated. The impact of oil
on health issues is insignificant at all quantile as well as in the
linear regression model. Further, Appendix Fig. Fig. 3 men-
tions the quantile regression in graphical form. The quantile
regression graph demonstrates the influence of CO2 emission,
afforestation, and other studied variables on health issues
which indicate the magnitude of coefficients varies across
quantile, and the size of the coefficients at various quantile
differs considerably from the coefficients of ordinary least
square even taking into account the confidence intervals
around all coefficients. All graphs are accurately validating
quantile regression outcomes shown in Table 3.

Discussion

Overall, long-run outcomes of quantile regressions confirm
afforestation, carbon emission, and population are significant
predictors of health issues in China. In the five quantile re-
gression models, the effectiveness of carbon emissions on
health issues ranges from 0.18 to 0.89, where the coefficients
of carbon emission are positive in all quantiles. Studies have
stated that CO2 depreciates environment quality by enhancing
air pollution, thus raising health issues (Wolfe et al, 2005;
Karine and Branco n.d.; Narayan et al. 2010; Young and
Norgard 2006). Other studies have also linked CO2 emission
to health issues due to the fact that health diseases, such as
lung cancer, heart disease, stroke, chronic bronchitis, lower
respiratory infections, and premature mortality among others,
are directly related with the exposure to the high

Table 2 Quantile regression
estimations Health Model 1 Model 2 Model 3 Model 4 Model 5

CO2 0.888*** 0.810*** 0.861*** 0.743*** 0.182**
AF − 0.076** − 0.082** − 0.081*** − 0.044 − 0.135***
NO2 0.104 0.342 − 0.219
SO2 0.035 − 0.175 − 0.012
Pop 1.162***
Oil − 0.002
Gas 0.029
Const − 26.608*** − 25.527*** − 26.205*** − 24.486*** − 10.927***

Health represents the health issues, CO2 is the carbon emission, AF presents the afforestation, and NO2 and SO2

show the nitrogen emission and sulfur emission. Pop is the population, Oil and Gas are oil consumption and gas
consumption. On the other hand, Const represents the constant term

***, ** represents the significance level at 1% and 5%, respectively
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concentrations of polluted air from emissions (Badamassi
et al. 2017; Kamila et al. 2014). This evidence suggests that
countries with severe environmental problems might face se-
vere public health issues; for example, cardiovascular prob-
lems and respiratory problems (Rodopoulou et al. 2014; Su
et al. 2011; Zhang and Batterman 2013). This relationship is
also aligned with past studies which reported that poor envi-
ronment quality had a significantly positive connection with
health outcomes concerning cardiovascular diseases (Abbade
2018). The estimations of Badamassi et al. (2017) also validate
our findings, showing that carbon emission increases health
problems with positive and significant signs. It implies that air
pollution adversely impacts human health through damaging
environment quality; this has a negative influence on labor
productivity. Quantile regression analysis also validates this
impact, revealing a positive and significant relationship be-
tween afforestation and health issues. Furthermore, this out-
come in quantile regression implies that health issues are rising
with the time asCO2 being emitted justifying our key objective.

In four out of five quantile regression estimations, the coef-
ficients of afforestation are statistically significant and negative,
ranging from 0.044 to 0.135. Furthermore, quantile regression
results reveal that an increasing trend in the magnitude of the
coefficients of afforestation across the quantile predicts that
with the passage of time, health issues are significantly
diminishing as afforestation rate in China is rising. This out-
come is justifying the key objective of our study. Thus, it is
confirmed that higher deforestation activities tend to increase
health issues, via direct effects such as rainfall reduction and
increased temperatures. The influence on rainfall happens be-
cause deforestation decreases the natural recycling round by

which plants absorb vapor from the ground and discharge it
into the atmosphere, where it returns in the form of rain. The
effect on temperature happens through the association between
deforestation and greenhouse gases. As forest areas play an
essential role in the absorption of pollutant gases, deforestation
reduces the natural ability of the forest to absorb CO2 through
photosynthesis which subsequently causes global warming. A
number of studies (Bernstein et al. 2008; Skoufias et al. 2011)
have confirmed that deforestation lowers rainfall and raises
temperature levels. It has also been reported that the survival
of mosquitoes is mostly determined by the levels of temperature
and humidity which in turn affects human health (Karine and
Branco n.d.). Generally, the higher level of air pollution causes
global warming, which directly results in chronic diseases such
as lung cancer, heart disease, stroke, chronic bronchitis, cata-
racts, lower respiratory infections, premature mortality, and low
birth weight, among others (Kamila et al. 2014; Badamassi
et al. 2017).

Models 2 and 4 depict an overall inconsistent relationship
between NO2 and health issues, but this relationship is signif-
icantly strange (negative) at the first three quantile. The coef-
ficient of sulfur emission appeared inconsistent in all models.
Moreover, sulfur emission has also inconsistent relation with
health issues at the first three lower quantiles while this con-
nection is surprising in the last two quantiles. The last two
results are widely contradicted to various past studies
(Narayan and Narayan 2008; Yazdi et al. 2014: Badamassi
et al. 2017) which elaborate a positive and significant relation-
ship between health problem and NO2 and SO2.

The coefficients of populations are significant and positive,
which suggest that higher population leads to higher health

Table 3 Quantile regression
extended in quantiles Health OLS Q10 Q25 Q50 Q75 Q90

CO2 0.152** 0.158 0.181 0.182*** 0.179** 0.289***
− 3.09 − 1.53 − 1.79 − 3.92 − 3.33 − 6.55

AF − 0.140*** − 0.121*** − 0.160*** − 0.135*** − 0.116*** − 0.189***
(− 12.22) (− 5.48) (− 7.70) (− 11.05) (− 8.65) (−17.12)

NO2 − 0.308** − 0.488** − 0.461* − 0.219** − 0.0455 − 0.0994
(− 3.32) (− 2.68) (− 2.58) (− 3.01) (− 0.48) (− 1.17)

SO2 0.0597 0.176 0.183 − 0.0124 − 0.201** − 0.237***
− 0.94 − 1.33 − 1.5 (− 0.25) (− 3.09) (− 4.28)

Pop 1.178*** 1.156*** 1.156*** 1.162*** 1.168*** 1.116***
− 32.48 − 21.23 −20.69 − 45.05 − 29.47 − 27.47

Oil 0.00081 − 0.00186 0.00196 − 0.00151 − 0.00253 − 0.011
− 0.16 (− 0.25) − 0.21 (− 0.31) (−0 .38) (− 1.61)

Gas 0.0719*** 0.112*** 0.119*** 0.029 0.0237 0.0407**
− 4.55 − 3.65 − 3.93 − 1.94 − 1.27 − 2.81

Const − 10.07*** − 9.716*** − 10.65*** − 10.93*** − 10.68*** − 12.02***
(− 10.64) (− 4.74) (− 5.32) (− 12.15) (− 10.39) (− 14.72)

Health represents the health issues,CO2 is the carbon emission, AF presents the afforestation, NO2 and SO2 show
the nitrogen emission and sulfur emission. Pop is the population, Oil and Gas are oil consumption and gas
consumption. On the other hand, Const represents the constant term. OLS is the ordinary least square estimation.
Q10, Q25, Q50, Q75, and Q90 are the quantile 10, quantile 25, quantile 50, quantile 75, and quantile 90,
respectively. t-statistics in parentheses

*p < 0.05; **p < 0.01; *** p < 0.001
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challenges. Similarly, results are observed at all quantiles with
almost same magnitude, because population growth exploits
nature to fulfill present needs. As a result, humans are
destroying natural resources including forests (Science
Daily, 2014). Most developing countries with a high popula-
tion growth rate need quick action to attain improved living
standards. This high population is at more risk of deteriorating
environmental resources such as soil, forests, water, and air
(Science Daily, 2014). It implies that sustainable development
warrants a lower population growth rate. It also implies that
human health is at a higher risk of airborne diseases especially
as the population becomes denser. An increase in population
growth rate is likely to cause urban crowding and environment
changes that result in infectious diseases such as tuberculosis,
malaria, dengue fever, and cholera (Health News n.d.) to men-
tion a few. Aligned with this outcome,Mittal and Mittal
(2013) has reported more health issues are related to higher
population rate because higher population raises the de-
mand for agricultural products. Consequently, expanding
agriculture sector reduces forests, and over-usage of pesti-
cides and fertilizers make the soil infertile thus harming the
human health indirectly. Moreover, the increase in popula-
tion demands more construction of houses, more transport
resources, and higher fossil fuel consumption, resulting in
more air, water, and land pollution. In concise, population
growth results in different kinds of pollution which destroy
the physical environment that subsequently produces more
health issues.

Gas and oil consumption have no significant relationship
with health issues in all models. This outcome is mainly
contradicted to various past studies which justify that partial
or full combustion of any fuel (oil, coal, and gas) cause mul-
tiple types of illnesses through CO2 emission in the air, like
Pneumonia, headache, and acute and chronic bronchitis (K
Saritha Rani 2014; Sirag et al. 2016; Badamassi et al. 2017).
However, higher gas consumption has significantly increased
health issues at 10th and 25th quantiles with a reasonable
magnitude. This conclusion is in line with K Saritha Rani
(2014) and Sirag et al. (2016).

Conclusion and policy implications

The present study empirically analyzes the consequences ofCO2

emission and afforestation on human health. For this purpose, the
yearly data of 30 Chinese provinces over the period of 1996–
2015 have been used. Our research aims to contribute to the
literature of environment and health economics that models the
determinants of health issues in the case of China. Notably, this
research introduces the role of forest to improve the environmen-
tal qualitywhich directly impacts the human health.We suggest a
model that analyzes the CO2 emission, afforestation, and health
issue gradient while controlling other confounding factors. The

study explains the quantile regression, on the five levels of
quantiles (such as, 10th quantile, 25th quantile, 50th quantile,
75th quantile, and 90th quantile), which permits comparing
how CO2 emission and afforestation may more influence health
issues in different quantiles. Among empirical findings, CO2

emission has a statistically consistent and positive impact on
health issues while afforestation has a negative effect on health
issues. The coefficients of CO2 emission and afforestation rate
for the 10th, 25th, 50th, 75th, and 95th quantile regression imply
that with higher CO2 emission, health issues are rising. On the
contrary, the significant increase in forest assists to control the
health issues in China. This empirical finding owes to the fact
that higher afforestation activities serve to upgrade the environ-
mental quality, which resultantly lessens the health problems. In
empirical results, the population is the most effective factor
influencing health issues, as confirmed by all quantile levels.

Increasing health expenditures is not an appropriate solu-
tion to decrease health issues because such expenditures are
potentially at the cost of (1) improving environmental value to
a certain standard and (2) expenses on other sectors, like ed-
ucation. It implies that if the significant share of health expen-
diture goes to resolving public health issues caused by envi-
ronmental quality deterioration, fewer funds will be available
to cater for scaling up environment quality and if such expen-
ditures continuously rise, it is likely to cause more burdens on
government budgets.

The empirical results urge economists and policymakers to
propose policy measures which will improve environmental
quality and reduces the health issue burden. To start with, the
local and provincial authorities in cooperation with the central
government should take quick actions to maintain and ade-
quately manage the forests regularly.CO2 emission can be con-
trolled through public investment in the forest sector, e.g., forest
management, reforestation, afforestation, and cleaning activi-
ties that involve the residents to look after the forest and provide
rewards and incentives to them for their services in forest man-
agement. Furthermore, the government should legislate strict
rules to deforestation and limited licenses to deforestation, if
necessary, should be issued on a condition to double planting
of trees relative to cutting them down.

Secondly, the most effective method to reduce CO2 emis-
sion is to bring a change in the energy mix by switching from
non-renewable to renewable energy sources. China should
take some immediate actions in transportation like the
Netherlands where coal or oil has been replaced with wind
energy as the fuel source that power the trains and ultimately
reduce air pollution. Furthermore, the government should en-
sure that all industries will use treatment plants to control air
and water pollution. Last but not the least, the government
should provide better living conditions to the urban and rural
population, through planting green belts, parks, and better
sewerage system to mention a few. This policy implication
will help to control the population-based health issues.
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Appendix

Fig. 3 Quantile regression plot

Fig. 4 Health issues, carbon emission, and afforestation of China in 2005
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