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Abstract

Recent literature on the health impacts of CO, emissions suggests a variety of fac-
tors that may establish a more robust link. However, no previous study has explored
the role of research and development (R&D) in explaining the nexus between CO,
emissions and health outcomes. Using data for Saudi Arabia over the period 2000—
2018, this paper investigates the ability of R&D (expenditures and environmentally
related R&D) to reduce the incidence of emissions on population health outcomes,
particularly infant mortality and life expectancy. We find (i) negative impacts of CO,
emissions on health outcomes; (ii) R&D expenditures have a weak positive impact
on health outcomes; (iii) additionally to their direct effects on health outcomes, R&D
expenditures remarkably enhanced health outcomes through reducing per capita CO,
emissions; (iv) R&D expenditures interact with CO, from electricity and heat produc-
tion and from electricity and heat production to negatively influence health outcomes.
Similarly, environmentally related R&D, measured by patents environmental-related
technologies, interacts with per capita CO, emissions to negatively influence health
outcomes. To address these negative impacts, we calculated the corresponding R&D
thresholds. Policymakers in Saudi Arabia are therefore called to give more and more
incentives for R&D to reduce emissions and then improve population health outcomes.
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Introduction

Carbon dioxide (CO,) emissions are the principal origin of human-induced global
warming and associated climate change, which is widely seen to be one of the most
serious worldwide dangers to human health (Costello et al., 2009). In general, it may
influence population health in the following manners. First, inhaling high concentra-
tions of emissions directly harms the respiratory system of people, inducing headaches,
shortness of breath, and even delirium (Sechzer et al., 1960). Second, emissions may
indirectly influence population health through climate change, which will lead to around
250,000 deaths each year over the period 2030-2050, according to the World Health
Organization.' On the one hand, increasing CO, emissions leads to global warming that
changes the pattern and amount of precipitation and rising the intensity and frequency
of extreme weather. On the other hand, by increasing air pollution and facilitating the
propagation of climate-sensitive diseases, global warming will affect population health
(Dong et al., 2021). For this reason, Watts et al. (2018) argue that effective solutions to
address these issues are the current biggest word’s health opportunity.

However, in many developing economies, the costs of environmental pollution
are inevitable as the energy and industrial sectors are vital sectors that generate
the fundamental drivers of economic growth and development. So, the problem of
linking human health to environmental pollution and economic progress is crucial
for developing economies, especially those that have weak environmental policies
(Wesseler & Zhao, 2019; Rodriguez-Alvarez, 2021), weak governance infrastructure
(Ahmed et al., 2020; Omri & Mabrouk, 2020), unsuitable health infrastructure (Kiross
et al., 2020), and weak share of renewable energy in the total energy mix (Martins
et al., 2018; Omri & Belaid, 2021). As an oil-producing country, this study focuses
on Saudi’s economy which still depends on fossil fuel production and consumption
due to the cheapest and availability of energy resources, resulting in higher eco-
nomic growth that increases carbon emissions causing negative impacts on health
outcomes (Ahmed et al., 2020). Within this context, Omri et al. (2019) argue that
since Saudi Arabia is the world’s top oil producer and is among the top world’s 10
largest emitters, reducing emissions is becoming an increasingly difficult task in the
country, as the economic growth is primarily depending on fossil fuels. To deal with
this issue, in its vision 2030, the Saudi government targets low environmental pol-
lution (including air, soil, water, and sound) in the areas of the strategic goals of
national industrial development and the national transformation agenda, designed
to provide a healthy and satisfying life (Kingdom of Saudi Arabia, 2019). In this
direction, this study attempts to investigate the ability of research and development
(R&D) to reduce the effects of environmental degradation, specifically carbon emis-
sions, on population health in Saudi Arabia.

! https://www.who.int/mediacentre/commentaries/climate-change/en/
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Two large shortcomings are broadly shared by previous literature. The first gap con-
cerns the nature of the linkage between CO, emissions, health outcomes, and R&D.
Most of previous studies have focused either on the health impacts of environmental
degradation (Cao et al., 2011; Erdogan et al., 2019; Guo & Luo, 2021; Liu et al., 2018;
Majeed & Ozturk, 2020; Seppénen et al., 1999; Shobande, 2020; Sirag et al., 2017,
Urhie et al., 2020), health impacts of R&D (Wald et al., 2007; Lucas, 2008; Blaya
et al., 2010; Tsai et al., 2018; Majeed & Khan, 2019; Callaghan et al., 2019; Faria
et al., 2021), or environmental impacts of R&D (Garrone & Grilli, 2010; Petrovic &
Lobanov, 2020; Abid et al., 2022); however, to our knowledge, no empirical study
took account the three variables in one framework. The second gap concerns a com-
mon failure to consider a policy variable that reduces CO, emissions, which, in turn,
enhance population health outcomes. Therefore, this study uses R&D as a possible
channel that improves health outcomes by reducing CO, emissions. To validate this
assumption, R&D has interacted with CO, emissions, and the net impacts on health
outcomes are then processed from conditional and unconditional impacts.

To fill these shortcomings, this study contributes in the following ways. First,
instead of looking for the mechanisms or tools that may lessen the incidences of
CO, emissions on population health, most of the previous studies have only focused
on the direct relationship between the two phenomena. As already stated, we investi-
gate the effectiveness of R&D in moderating the negative impacts of CO, emissions
on population health outcomes in Saudi Arabia over the period 2000-2018 using the
dynamic ordinary least square (DOLS) method, which is suggested to deal with finite
sample bias of OLS caused by endogeneity issue when estimating regression models
based on cointegrated variables. To our knowledge, no previous study has examined
the joint effects of CO, emissions and R&D on health outcomes, especially in Saudi
Arabia. Saudi Arabia is an important context for examining such interaction as it
is currently ranked 8th among the world’s top emitter countries and the mitigating
of carbon emissions to provide a healthy and satisfying life is a strategic goal of its
2030 vision. Different measures of R&D (R&D expenditures and environmentally
related R&D), CO, emissions (CO, emissions per capita, CO, emissions from elec-
tricity and heat production, CO, from liquid fuel consumption, CO, intensity), and
health outcomes (infant mortality and life expectancy) are included in the analysis.
Second, empirically, it extends the existing literature by computing and discussing
the R&D thresholds under which the overall net negative effects become positive
on population health outcomes. Third, in terms of results and policy implications,
we find that, in most cases, the level of R&D in Saudi Arabia is not sufficient to
moderate the effects of carbon emissions on health outcomes. For this reason, this
study call policymakers in Saudi Arabia to give more and more incentives for R&D
to reduce emissions and then improve health outcomes. In the same direction, cor-
porates and firms’ decision-makers must integrate environmental sustainability into
firms’ decision-making, which opens up new opportunities leading to better environ-
mental and financial performance. Thus, more investments in green R&D can result
in a reduction in CO, emissions and positive financial performance.

After the introduction, the “Literature Review” section reviews the existing stud-
ies on the relationships among CO2 emissions, health, and R&D. The “Methodol-
ogy and Data” section presents the used methodology and data. The “Results and
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discussions” section discusses the main findings. The “Conclusions and Implica-
tions” section concludes and offers some policy and practical recommendations.

Literature Review
Environmental Quality and Health

Over the past few decades, human activities have dramatically augmented carbon emis-
sions and other types of greenhouse gases that affect human health. According to Majeed
and Ozturk (2020), environmental degradation may influence human health by augment-
ing the concentration of outdoor air pollutants, creating negative variations in food pro-
duction, creating heat stress, causing diseases of origin water, and spreading diseases,
such as malaria, dengue fever, and aeroallergens. Additionally, environmental degrada-
tion appears to have various adverse health impacts in early human life, such as cardio-
vascular, respiratory, and perinatal disorders (USGCRP, 2009), leading to chronic dis-
eases in adulthood or infant mortality (Hashim & Boffetta, 2014). Dar¢in (2017) argues
that about 3.3 million people die annually in the world due to environmental degrada-
tion, particularly air pollution in the atmosphere. According to OECD forecasts, this later
is “responsible for the premature mortality in the world.” There are many types of air
pollutants, including CO,, SOx (sulfur oxides), and NOx (nitrogen oxides), which cause
many diseases related particularly to respiration and increase health expenditures.
Empirically, a large number of scholars have examined the health impacts of envi-
ronmental quality (Cao et al., 2011; Erdogan et al., 2019; Liu et al., 2018; Magazzino
et al., 2021a, 2021b; Majeed & Ozturk, 2020; Mele et al., 2021; Seppénen et al., 1999;
Shobande, 2020; Sirag et al., 2017; Urhie et al., 2020). For example, Cao et al. (2011)
explore the relationship between air pollution and mortality in China, and their findings
show a positive effect of air pollution rising on mortality rates. For a sample of 35 Afri-
can countries from 1995 to 2012, Sirag et al. (2017) apply the FMOLS and DOLS meth-
ods to investigate the association between health financing, CO, emissions, and health
outcomes. Their findings show a negative effect of emissions on health outcomes. The
authors also highlight the significance of some socioeconomic variables, education,
and health, in enhancing health outcomes. In the same direction, Erdogan et al. (2019)
analyze CO, emissions’ effect on mortality rates and life expectancy in Turkey over the
1971-2016 period, and they find that CO, emissions have a negative long-run effect on
both health outcome indicators. The authors call to invest more and more in renewable
energy to reduce CO, emissions and their negative effect on Turkey’s health outcomes.
Using data for 180 countries over the period 1990-2016, Majeed and Ozturk (2020) make
a global study focused on carbon dioxide emissions’ effect on mortality and life expec-
tancy as measures of population health outcomes. The empirical results confirm the nega-
tive effect of CO, emissions on health outcomes. It reveals that countries with aloft CO,
emission levels suffer from elevated infant mortality rates and depressed life expectancy.
The paper suggests taking some health reforms compatible with reducing CO, emissions.
Based on a sample of twenty-three African economies during 1999-2014, Shobande
(2020) checks the energy use impact on infant mortality rate. This study’s findings show
that energy use stimulates pollution and increases significantly infant mortality rates. The
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study also shows that relying on natural energy sources will reduce infant mortality. Based
on these results, the researcher recommends rapid intervention by the African countries’
governments to save the region from the repercussions and dangers of the high use of pol-
luted energy. Urhie et al. (2020) also display that economic growth increases air pollution,
affecting Nigerians’ health. They show that public health expenditures can moderate this
effect, but on the other hand, that does not decrease air pollution. The authors argue that
the Nigerian government’s efforts must be focused on the use of environmentally friendly
technologies that reduce CO, emissions and enhance health outcomes, especially life
expectancy. More recently, Magazzino et al. (2021a) examine the relationship between
economic growth, air pollution, and COVID-19 using deep machine learning, and they
find that PM, s and NO, are the most significant pollutant agents responsible for facilitat-
ing COVID-19-attributed death rates.

Previous studies have only shown that CO, emissions burden economies’ budg-
ets because of their negative effect on health outcomes. Among the solutions pro-
posed by some studies is to rely more on R&D to reduce CO, emissions and develop
healthcare services. In the following sub-section, we will highlight the importance
of R&D in improving environmental quality and the general state of healthcare.

The Role of R&D

An increasing number of studies have focused on analyzing the nexus among environ-
ment, health, and R&D. We can split these studies into two strands of literature. The first
strand focuses on reviewing the empirical association between R&D and environmental
quality, particularly CO, emissions (Dinda, 2004; Garrone & Grilli, 2010; Petrovic &
Lobanov, 2020; Abid et al., 2022). Endogenous growth theory postulates that progress
in technologies resulting from investments in R&D leads to higher efficiency in the
consumption of energy and natural resources and in production. As income increases,
economies are better able to invest in R&D and are, therefore, better able to adopt and
use more effective technologies, which lower the dependence on natural resources as
well as decrease emissions (Dinda, 2004). Therefore, more R&D investments are likely
to improve environmental quality in circumstances where efficacious environmental
management systems are in place to assure appropriate waste management (Arora &
Cason, 1996). In the same direction, using data for 30 high-income economies, Garrone
and Grilli (2010) investigate the empirical association between energy R&D and CO,
emissions, and they confirm that R&D reduces CO, emissions. The paper recommends
governments allocate a sufficient R&D budget to boost the energy innovation process.
Similarly, using data from Japanese firms, Lee and Min (2015) investigate the linkage
between green R&D and emissions, and they prove that investments in green R&D
reduce CO, emissions and improve companies’ financial performance. To boost this
positive effect on the environment and firm performance, authors suggest firms develop
some distinctive capabilities and resources. Using data for 95 countries, Li and Wang
(2017) also investigate the impact of R&D on CO, emissions, and they find that R&D
has, on average, a negative effect on CO, emissions. However, the authors support the
idea that investments in R&D boost economic growth, which, in turn, increases emis-
sions. For China, Zhang et al. (2017) use the system GMM method to study the effects
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of some environmental innovation measures on CO, emissions. Their findings show
that most of these measures, including R&D, reduce CO, emissions. They recommend
the policymakers in China create a favorable environment to reduce CO, emissions,
encourage companies to invest more and more in innovative activities, and build a crea-
tive network between them. Fernandez et al. (2018) also confirm the positive effect of
R&D in reducing emissions for the United States, China, and the European Union (15).
The authors recommend R&D expenditures as an engine of sustainable development
because that makes it possible to reconcile between growth and decreasing CO, emis-
sions. For France, Shahbaz et al. (2018) show that R&D has a strong negative impact on
CO, emissions, and they advise to invest more and more in energy innovation because
that improves significantly environmental quality and “will help French to address the
environmental challenges and honor its commitments.” For G7 countries, Churchill
et al. (2019) use a nonparametric data model to study the relationship between R&D
and CO, emissions. They show a varied relationship between R&D and CO, emissions
over time. By applying long-run regression models on the data of 16 OECD countries
for the period 1981-2014, Petrovic and Lobanov (2020) find, on average, that R&D
expenditures negatively affect CO, emissions but cannot confirm this relation to 40%
of the sample of countries. In addition, for the short-run level, the results of this study
show that the impact of R&D on CO, emissions can be negative, positive, or insig-
nificant for many years. Based on these results, the authors argue that the association
between R&D and CO, emissions cannot be defined in advance and must be empiri-
cally estimated. They recommend following the US and German R&D programs that
concentrate on dropping CO, emissions.

The second strand of studies focuses on the linkage between health and R&D. In
general, R&D, particularly in health, has a positive impact on society and addresses
many significant health issues (clinical trials, patterns of care, disease trends, health-
care costs, public health interventions, risk factors, etc.). R&D plays a vital role in
highlighting best practices, ensuring high-quality healthcare, and being an influent
socioeconomic factor across countries. Many existing studies investigate the health
R&D and its impact on health outcomes with different manners (Wald et al., 2007;
Lucas, 2008; Blaya et al., 2010; Tsai et al., 2018; Majeed & Khan, 2019). For instance,
Paruk et al. (2014) examine the adequacy of funds allocated by the Ministry of Health
for R&D in South Africa health. This study affirmed that the greater R&D expendi-
ture on health, the better the chance of achieving general goals in the field of health
and supporting the improvement of the country’s health outcomes. The paper calls
decision-makers to set realistic and transparent health goals where its achievement
depends on R&D expenditures on health. The research carried out by Callaghan et al.
(2019) indicates that the differences in R&D investments enhance healthcare inequal-
ity between countries. This inequality is clearer between developed and developing
countries, and this is due to many reasons. The most important of these is the ability of
developed countries to provide large financial allocations for R&D compared to devel-
oping countries. In addition to that, outcomes of R&D reached by developed countries
do not necessarily serve the specific healthcare needs of developing countries. In the
paper results, the researchers highlight the need for developing countries to enhance
R&D expenditure to improve their health outcome indicators. The study of Faria et al.

@ Springer



Journal of the Knowledge Economy (2023) 14:4119-4144 4125

(2021) shows the importance of R&D in medical schools and its positive effect on
R&D in hospitals, thus improving the general healthcare status in the country.

Most of the above-discussed studies have focused either on the health impacts of
environmental degradation, the health impacts of R&D, or environmental impacts of
R&D; however, to our knowledge, no empirical study took into account the three vari-
ables in one framework. They also show that stronger R&D would evidently have better
health policies that can protect countries against the unwanted negative impacts of envi-
ronmental degradation and thus profit the health outcomes of the population. Therefore,
this paper argues the feasibility of R&D in mitigating the impacts of CO, emissions on
health outcomes. With this background, the objective of this study is to investigate the
impacts of emissions on population health outcomes in the presence of R&D.

Methodology and Data
Model Specifications

Our empirical strategy is based on the health production model proposed by Grossman
(1972). This model suggests that health outcomes depend on health inputs, including
health constraints, medical facilities, and individual behavior. We start from the fol-
lowing health production function:

H = f(HI) (1)

where H is the individual’s health outcomes and HI is the required individual’s
health inputs. This function only analyses the micro-level health outcomes. Since
the objective of this work is to analyze the macro-level health outcomes, we fol-
low the study of Fayissa and Gutema (2005) who structured HI into environmental,
social, and economic factors. Then, we have.

H=f(P,S,E) 2)

where P, S, and E are the vectors of environmental, social, and economic indica-
tors, respectively. Since the main objective of this paper is to assess the relationship
between CO, emissions and health outcomes, the vectors of social and economic
indicators are included in the model as control variables. The vector of environmen-
tal indicators includes four types of CO, emissions (CO); the vector of social indi-
cators included urbanization, education, and public health expenditure, and finally,
the vector of economic indicators is limited to economic growth. Two broader prox-
ies of health outcomes are used, namely infant mortality and life expectancy. The
extended health production function can be specified as follows:

InH, = ay + o,InCO, + a,InZ + ¢, 3)

where ¢ (t=1...n) is the time period (1990-2018), In denotes the natural loga-
rithm, H is the health outcomes defined by infant mortality and life expectancy,
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CO indicates the proxies of CO, emissions, and Z is the vector of control variables,
including economic growth, education, and public health expenditures.

To investigate the ability of R&D in modulating the negative incidences of envi-
ronmental degradation, particularly CO2 emissions, on health outcomes we rewrite
Eq. (3) as follows:

InH, = ay + a,CO, + &,R&D+a;CO,  R&D, + T\ | AZ; + £, 4)

where R&D is the research and development, which is measured by two proxies,
namely R&D expenditures and environmentally related R&D—patents environmental-
related technologies. CO * R&D is the interplay among the proxies of CO, emissions and
the two proxies of R&D. Therefore, we expect that the indicators of R&D would positively
affect health outcomes (Paruk et al., 2014; Callaghan et al., 2019; Faria et al., 2021); how-
ever, the indicators of CO, emissions have a negative effect (Farooq et al., 2019; Shobande,
2020; Urhie et al., 2020). Regarding the interaction between CO, emissions and R&D, we
expect that this later modulates the negative impacts of CO, emissions on health outcomes.

Before estimating Eq. (4), we need first to verify the stationarity of the following vari-
ables. We then run the long-run equilibrium links among our series of variables. Finally,
we use the DOLS estimator to estimate our model. This estimator takes lags and leads of
the first-difference regressors to deal with the possible endogeneity bias (Omri et al., 2019).

Data

Using a time-series data for Saudi Arabia over the 2000-2018 period, this study
examines the joint effects of R&D and CO, emissions on health outcomes (Fig. 1).
The study’s period has been chosen based on the accessibility of data on the two indi-
cators of R&D. The definition and sources of the used variables are given as follows.

R&D

Health
outcomes

co,
emissions

Fig. 1 Conceptual model of the study
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Dependent Variable

Two broad measures of the health outcomes’ dependent variable are used, namely
infant mortality (/mo) and life expectancy (LE). Imo is expressed as infant mortality
rates in per thousand live births. LE is defined as total life expectancy at birth in years.
The data on Imo and LE are collected from the World Bank (WDI) online database.

Key Explanatory Variables

As stressed previously, the objective of this study is to examine the complementa-
rity between R&D and CO, emissions on health outcomes. Therefore, the core inde-
pendent variables are:

e Environmental Quality (P)

This study uses CO, emissions as a measure of environmental degradation.
Previous studies, such as Sileem (2016), Magazzino (2017a, b, 2019), Omri et al.
(2021) and Omri and Saidi, (2022), among others, argue that CO, emissions
are the more reliable and valid indicator to measure environmental degradation.
As mentioned in the first section, four proxies of CO, emissions are included in
the analysis to show which types of emissions influence health outcomes. Their
relative data are collected from the World Bank (WDI) database. We expect that
these indicators have positive and negative impacts on infant mortality rate and
life expectancy, respectively.

e Research and Development (R&D)

The R&D variable is included in the model as a policy instrument that may
moderate the incidences of CO, emissions on health outcomes. Two indica-
tors of R&D are considered in the analysis, namely, research and development
expenditures (RD,,,) in the percentage of GDP and the number of patents
environmental-related technologies (PET)—environmentally related R&D.
The data on R&D expenditures is sourced from the World Bank (WDI) online
database, while the data on PET is sourced from the OECD Statistics online
database. The two indicators are expected to reduce CO, emissions, which, in
turn, reduce the rate of infant mortality and increase life expectancy.

Control Variables

In addition to these explanatory variables and following the study of Fayissa and
Gutema (2005), other social and economic factors are included as inputs in the
health outcomes function, namely public health expenditures, education, urbani-
zation, and economic growth.

e Public Health Expenditures (PHE)

The harmful impacts of environmental degradation on population health
have increased the amount of public healthcare expenditure (Nasreen, 2021). A
significant number of studies investigate the link between this latter and health
outcomes and show that an increase in public health expenditure enhances
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health outcomes through improving health awareness and health facilities (see,
e.g., Gupta et al., 2002; Arthur & Oaikhenan, 2017). The indicator of public
health expenditure is expressed as domestic general government health expend-
iture in the percentage of GDP. The data on public health expenditure is col-
lected from the World Bank (WDI) online database. Public health expenditures
are expected to increase life expectancy and reduce infant mortality.

e Education (Edu)

Health and education are two important characteristics of human capital. There
is an abundance of empirical studies, mainly from social science scholars, on the
link between education level and population health. A large part of these studies
shows that education improves health outcomes, regardless of whether the focus
is on individuals or country levels (Grossman, 2006; Dursun et al., 2018). Fur-
thermore, some other scholars, such as Ross and Wu (1995) and Grossman
(2006), argue that a high educational level improves health outcomes, directly
or indirectly, through economic conditions, work, sociopsychological resources,
and a healthy lifestyle. This study uses the gross enrollment rate in tertiary edu-
cation as a measure of education. The data on this indicator is obtained from the
World Bank (WDI) online database. It is expected that the impacts of investment
in higher education on life expectancy and infant mortality are positive and nega-
tive, respectively.

e Economic Growth (Y)

Historically, enhancing health outcomes has been linked to economic growth
via three main mechanisms: improvements in public health infrastructure, better
nutrition, and more efficient medical technologies, such as vaccines and antibi-
otics. The results of many studies, such as Majeed and Gilani (2017) and Majeed
and Ozturk (2020), confirm that an increase in economic growth increases an
individual’s income, which allows them a better diet, education, housing, and
health facilities that conduct to enhance health outcomes. This study uses GDP
per capita in constant 2010 US$ as a measure of economic growth. The data on
GDP per capita is obtained from. The data on this indicator is sourced from the
World Bank (WDI) online database. We expect that economic growth has nega-
tive and positive impacts on infant mortality and life expectancy.

Descriptive Statistics

Table 1 reports the descriptive statistics and the pairwise correlations among the dif-
ferent variables.

From the information reported in this table, we can see that, over the sample
time, the variation of the infant mortality rate is between 6 and 18.7 deaths per 1000
live births; per capita GDP varies between 72.561 and 74.998 years; the indicators
of CO, emissions are between 11.724 and 17.691 metric tons per capita for CO,,,
between 47.139 and 50.486 percent of total fuel consumption for CO,, between
57.924 and 89.531 percent of total emissions for COy., and between 2.367 and
2.598 kg of oil equivalent energy use for CO;,,;; the R&D indicators range from 0.042

nt?

to 0.897% for the RD,,,, and from O to 233 patents for PET. Furthermore, pairwise
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Table 1 Summary statistics and correlations (2000-2018)

1 Imo LE COpc COchp | COlfc COint RDexp | PET PHE Edu Y
Mean 11447 | 73808 | 14748 | 48810 | 78269 2469 0.349 5 0.08 40961 | 19648.79
Standard 4035 | 0761 2039 1153 7.086 0.063 0412 79.757 0.09 16630 | 1356811
deviation
Min 6 72561 | 11724 | 47139 | 57.924 2367 0.042 0 015 2321 3355
Max - o o - -
187 | 74998 | 17691 | 50486 | 89.531 2,598 0.897 233 0.33 69.608 | 213991
Median 11.00
73750 | 15006 | 49158 | 78.032 2.476 0073 10.000 2879 31560 | 1938186
Skewness
0200 | 00319 | 0118 | 0254 | 0955 0021 0.115 0.941 0534 0,615 0462
Kurtosis
1840 | 1735 1,544 1.966 3,043 2544 1.029 2,616 2397 1.837 2285
Jarque-Bera 1.315 1.268 1.721 1.050 2.890 0.165 3.115 2.924 1.191 2.268 1.082
(Probabiliy) | ©517) | 0530) | 0422 | 0591 | 0239 0.920) 0210) 0231) 0551 | ©321 | 0582
CV
0.352 0.010 0.138 0.023 0.090 0.025 1.180 1.227 1.125 0.405 0.069
Imo 1
LE 0998 | 1
COpe 0780 | 0775 1
COchp 0603 | 0567 | 0824 1
COlfe 0688 | 0.666 | 0856 0.798 1
COint 0281 | 0303 | 0803 0.812 0.801 1
RDexp 0552 | 0.673 0311 0277 | 0328 0173 1
PET 0211 | 0485 0246 | 0005 | 0228 0.100 0.827 1
PHE 0589 | 0.448 0.524 0349 0432 0.247 0114 | 052 1
Edu 0731 | 0751 0318 | 0188 | 0218 | 0.157 0,553 0.626 0233 1
Y 0779 | 05793 | 0741 0788 0.616 0433 0.684 0330 0702 0614 |1

CV refers to the coefficient of variation

correlations show, that, on the one hand, the infant mortality rate is positively con-
nected to the four indicators of CO, emissions and negatively to life expectancy, the
two indicators of R&D, public health expenditure, education, and per capita GDP.
On the other hand, life expectancy is negatively connected to the four indicators of
CO, emissions and positively connected to the two indicators of R&D, public health
expenditure, education, and per capita GDP. Table 1 also shows that the correlation
among the indicators of CO, emissions as well as between the two proxies of R&D
is positive and high. For this reason and to avoid the multicollinearity problem, the
indicators of emissions and R&D are included separately in the estimated model.

Estimation Method

Before estimating our empirical model, we need first to verify the stationary properties of
our variables using several unit root tests: Philippe and Perron (Philips & Perron, 1988;
PP), Augmented Dickey-Fuller (Dickey & Fuller, 1981; ADF), Elliott et al., (1996; ERS),
and Kwiatkowski et al., (1992; KPSS).

The results of these tests in level and first difference are reported in Table 2, which
clearly shows that all of the variables, except CO, intensity, are nonstationary at their
level forms; however, they become stationary at the first difference. This means that
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Table 3 Johansen’s cointegration test

Models Model A: Infant mortality (Imo) Model B: Life expectancy (LE)
Model 1: RDexp Model 2: PET Model 3: RDeXp Model 4: PET
Rank=0* Tracetest Critical Trace test  Critical Trace test  Critical Trace test  Critical
value value value value
(5%) (5%) (5%) (5%)
Co,. 0 173.700  94.15 194900 94.15 245.036  94.15 156.400  94.15
COq, 0 206.081 94.15 215998  94.15 268.183 94.15 226.613  94.15
COy. O 189.234  94.15 210216 94.15 232.187  94.15 282.022  94.15
CO;, 0O 194.201 94.15 213.668  94.15 211399  94.15 194470  94.15

" denotes rejection of the null hypothesis at 5% significance level. Model A: Imo=f(P, R&D, PHE,
Edu, Y). Model B: LE=f(P, R&D, PHE, Edu, Y). Model 1: Imo=f(P, RDCXP, PHE, Edu, Y). Model 2:
Imo=f(P, PET, PHE, Edu, Y). Model 3: LE=f(P, RDexp, PHE, Edu, Y). Model 4: LE=f(P, PET, PHE,
Edu, Y). P indicates the four indicators of CO, emissions

our considered variables are integrated of order one, i.e., I(1), allowing us, therefore,
to check the long-run equilibrium links between variables using the cointegration test
of Johansen (1988). Table 3 reports the results of this test and shows that the trace
statistics are higher than critical values at rank =0, indicating that all models do not
reject the hypothesis of cointegration. After confirming the cointegration between
variables, we can run the long-term parameters in the next step using the DOLS
method. The benefit of applying this method is that the endogeneity problems in
serial correlations in error and regressors are often removed in a very successful man-
ner (Omri et al., 2021). The specification for the DOLS method is identified as such:

p
Y,=B+pX+ ) dAX,  +uy, 5)

J==q

where Y,, X, ﬁ, P, q are the dependent variable, the vector of explanatory variables,
the cointegrating vector (the long-term impact of a fluctuation in X on Y), lag length,
and lead length, respectively. The lag and lead terms used in the DOLS method are
structured to distinguish its stochastic error term from all previous innovations in
stochastic regressors. Tables 4 and 5 report the results of this method.

Results and Discussions

The long-run estimates among the CO, emissions, R&D, and health outcomes are
reported in Tables 4 and 5. Table 4 provides the findings on the impacts of the prox-
ies of CO, emissions and R&D on the rate of infant mortality.

The following are the main results obtained from this table. First, regarding the
impacts of the indicators of R&D on infant mortality rate, only model 1, pertain-
ing to CO, emissions per capita, shows that R&D expenditures have a negative and
significant impact on infant mortality. This impact is significant at the 5% level.
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Table 4 Long-run estimates for infant mortality model using DOLS method

Models Model A: Infant mortality (Imo)
Research & development expenditures (RD,,) Patents environmental-related technologies (PET)
Model Al Model A2
1 2 3 4 5 6 7 8
RD,,, —0.098**  —0.078 —-0.077 —-0.092
(0.041) (0.110) (0.131) 0.121)
PET —0.098 —-0.087 —-0.055 —-0.084
(0.100) (0.120) (0.144) (0.109)
CO,. 0.117%* 0.299*
(0.011) (0.000)
COpyp 0.180% 0.277*
(0.000) (0.000)
COy, 0.112%* 0.250°%*
(0.024) (0.000)
COyy 0.133%#* 0.183%#*
(0.052) (0.070)
RD., —0.390%
CO,,. (0.000)
RD,y- —-0.310%
COy,, (0.000)
RD,y- —0.193*
COy. (0.000)
RD,, —0.080
COyy (0.103)
PET. CO,, —-0.029
(0.275)
PET. COy, 0.097
(0.128)
PET. COy, 0.100
(0.147)
PET. COy, 0.072
(0.119)
Net impacts  —0.017 0.071 0.044 n.a n.a n.a n.a n.a
Public —0.298* —0.286**  —0.360*  —0.270* —0.346%  —0.259*  —0.297* —0.329%
health (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
exp
Education ~ —0.076**  —0.082**  —0.070 —0.089* —0.068 —0.100%  —0.090**  —0.058
(0.028) (0.014) (0.131) (0.000) (0.108) (0.000) (0.120) (0.204)
Economic ~ —0.218* —0.229% -0.301*  —0.192%* —0.337*  —0.094*  —0.214* —0.299%
growth (0.000) (0.000) (0.000) (0.031) (0.000) (0.002) (0.000) (0.000)
Constant 3.855 1.973 2.692 3.761 3.740 2.668 3.615 3.584
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

n.a means not applicable because at least one estimated coefficient required for the calculation of net

impacts is insignificant. The mean values of RD,

exp

*#* show the significance at 1%, 5%, and 10% levels, respectively

and PET are 0.349 and 65, respectively. *, **, and

However, models 5 to 8 show an insignificant negative impact of patents environ-
mental-related technologies on infant mortality. The magnitude of —0.098 indi-
cates that a 1%-point rise in R&D expenditures lessens the infant mortality rate by
0.098%. This is because R&D has invariably enabled the development of disease
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Table 5 Long-run estimates for life expectancy model using DOLS method

Model At life expectancy (LE)
Research & development expenditure (RDexp) Patents environmental-related technologies (PET)
Model 1 Model 2
COpc COehp COlfc COint COpc COchp COlfc COint
RDexp 0.101 0.088 0.074 0.801
0.110) (0.106) (0.122) (0.108)
PET 0.102 0.097 0.083 0.054
(0.114) (0.110) (0.119) 0.121)
COpc -0.133* -0.598*
(0.001) (0.000)
COchp -0.196** -0.304*
(0.042) (0.000)
COlfc -0.104%* -0.145%*%*
(0.034) (0.060)
COint -0.290%* -0.487*
0.013) (0.000)
RDexp . COpc 0.410*
(0.000)
RDexp . COehp 0.326*
(0.000)
RDexp . COlfc 0.174*
(0.000)
RDexp . COint 0.151
(0.124)
PET . COpc 0,006
(0.059)
PET . COchp 0.002
(0.322)
PET . COlfc 0.008
(0.118)
PET . COint 0.001
(0.185)
Net impacts 0.010 -0.072 -0.043 n.a -0.023 n.a n.a na
Public health exp. | 0.207* 0.186** 0.287* 0.305* 0.195%* 0.190* 0.210* 0.222*
(0.001) (0.000) (0.000) (0.000) (0.033) (0.000) (0.000) (0.000)
Education 0.096 0.102%* 0.088*** 0.137* 0.095 0.121%** 0.079 0.143**
(0.111) (0.023) (0.054) (0.005) (0.114) (0.036) (0.148) (0.027)
Economic growth | 0.182* 0.179** 0.210* 0.228* 0.154* 0.150* 0.193* 0.208*
(0.000) (0.036) (0.000) (0.001) (0.000) (0.000) (0.000) (0.000)
Constant 1.138 0.590 0.607 0.581 0.812 0.844 0.649 0.772
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

n.a means not applicable because at least one estimated coefficient required for the calculation of net
impacts is insignificant. The mean values of RDexp and PET are 0.349 and 65, respectively. *, **, and
*##% show the significance at 1%, 5%, and 10% levels, respectively

control protocols, sophisticated health equipment, and elimination, treatment meth-
ods that have synergistically decreased the rates of infant mortality (Tang, 2019).
The author recommends that the increase in R&D activities help stimulate innova-
tions in care and treatment as well as the progress of advanced medical equipment
and tools that will improve the supervising of the present therapeutic procedures
and intervention measures. Second, it is clear from all the estimated models that, as
expected, CO, emissions have a positive impact on the infant mortality rates, rang-
ing from 0.112 to 0.180% for the models pertaining to the R&D expenditures and
from 0.183 to 0.299% for the models pertaining to patents environmental-related
technologies. These results indicate that environmental degradation increases the
rates of infant mortality. In this context, Bressler (2021) argues that adding 4434
metric tons of carbon dioxide in 2020 causes one more death worldwide in expec-
tations between 2020 and 2100. Indeed, the negative influence of CO, emissions
on the mortality rates confirms the findings of Ahmed et al. (2020) who find that
air pollution increases the mortality rates for 72 developing countries and the gov-
ernments of these countries can moderate this positive impact by improving gov-
ernance infrastructure. In the same vein, Majeed and Ozturk (2020) investigate the
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relationship between CO, emissions and infant mortality for 180 countries, and they
argue that countries with high levels of emissions experience high rates of infant
mortality. They suggest that health-related reforms should be aligned with policies
that guarantee fewer emissions and these health policies should be designed in a way
that moderates the negative impacts of environmental degradation on population
health. For this reason, this study seeks to examine the ability of R&D to moderate
these negative impacts.

Third, we emphasize one of the central contributions of this work, i.e., examining
the moderating role of R&D on the linkage between the indicators of CO, emissions
and infant mortality rates. Following the studies of Tchamyou et al. (2019), Omri
(2020), and Omri et al. (2021), among others, net impacts are calculated to analyze
the overall impact of the interaction between CO, emissions and infant mortality. For
each estimated model, a negative net impact means that the complementarity between
CO, emissions and R&D reduces the rates of infant mortality; however, a positive net
impact implies that R&D cannot reduce the incidence of emissions on infant mortal-
ity. Among all the estimated models, it is only in model 1(CO,,) pertaining to the
R&D expenditures that the net impact on infant mortality from the complementarity
between R&D expenditures and per capita CO, emissions is negative, i.e.,—0.017
[(—=0.390%0.349)+0.117]. In this formula, 0.349 is the mean value of R&D expen-
ditures, —0.390 is the marginal impact from increasing R&D expenditures, and 0.117
is the unconditional impact of per capita CO, emissions. It is clear that when adding
R&D expenditures in the estimated model, the overall impact becomes negative in
affecting infant mortality. This suggests that when promoting the R&D initiatives, the
positive impact of per capita CO, emissions can be moderated. Accordingly, we can
say that the expenditures on R&D influence population health outcomes more effec-
tively when it is directly targeted towards environmental degradation. On the other
hand, we can see that models 2 and 3 pertaining to R&D expenditures show that the
net impacts on the rates of infant mortality are positive from the interactions between
R&D expenditures and (i) CO, emissions from electricity and heat production (0.071)
and (ii) CO, from liquid fuel consumption (0.044). Fourth, for these net positive
impacts, the corresponding marginal effects are negative and significant, meaning that
at a given threshold of R&D expenditures, the net positive impacts on infant mortality
can be transformed from positive to negative. The corresponding threshold of R&D
expenditures that reduce infant mortality rate is 0.58% of GDP for both CO, emis-
sions from electricity and heat production (0.180/0.310) and CO, from liquid fuel
consumption (0.112/0.193). Since R&D expenditures range from 0.042 to 0.897%,
the computed thresholds of R&D expenditures make economic sense and have policy
significance (Omri & Belaid, 2021). Thus, increasing R&D expenditures to above
0.58% would reduce CO, emissions from electricity and heat production and CO,
from liquid fuel consumption and then reduce the rates of infant mortality.

We then re-estimated the models in Table 4 by replacing the health outcome indi-
cator with life expectancy. Table 5 reports the main findings of these re-estimations.
First, regarding the impact of the two indicators of R&D on life expectancy at birth,
all the estimated models show that this impact is positive but insignificant, meaning
that, at present, the level of R&D in Saudi Arabia does not have a significant impact
on increasing life expectancy at birth. Second, as expected, all the estimated models
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show that CO, emissions reduce life expectancy, ranging from —0.104 to—0.290% for
the models pertaining to the R&D expenditures and from —0.145 to—0.598% for the
models pertaining to patents environmental-related technologies. The same result was
found by Rodriguez-Alvarez (2021) who examines the contribution of air pollution,
including CO, emissions, for 29 European countries, and he confirms that CO, emis-
sions reduce life expectancy at birth. The author calls these countries to more invest-
ments in renewable energy to reduce the incidence of air pollution on life expectancy.
Similarly, de Keijzer et al. (2017) conducted a global study focused on CO, emission
impacts on life expectancy, and they confirm the negative impact of CO, emissions
on life expectancy. They conclude that a country with a high level of emissions suf-
fers from depressed life expectancy, suggesting that health reforms compatible with a
reduction of CO, emissions should be a priority for public health. However, this result
is in contradiction with Bayati et al. (2013) who investigate the determinants of life
expectancy for 21 Eastern Mediterranean countries, and they show that the impact of
per capita CO, emissions was insignificant on life expectancy. Third, we emphasize
another contribution to previous literature, i.e., examining the role of R&D in modulat-
ing the link between the indicators of CO, emissions and life expectancy. Net impacts
are calculated to demonstrate the global impact of the interplay between CO, emis-
sions and life expectancy. For each estimated model, a positive net impact means that
R&D modulates the negative effect of CO, emissions on life expectancy; however, a
negative net impact means that R&D cannot lessen the negative effect of emissions on
life expectancy. Among all the estimated models, it is only in model 1(CO,,) pertain-
ing to the R&D expenditures that the net impact on life expectancy from the interac-
tion between R&D expenditures and per capita CO, emissions is positive, i.e., 0.010
[(0.410%0.349) + (—0.133)]. In this formula, 0.349 is the mean value of R&D expen-
ditures, 0.410 is the marginal effect from increasing R&D expenditures, and —0.133
is the unconditional impact of per capita CO, emissions. It is clear that when add-
ing R&D expenditures in the estimated model, the overall impact becomes positive
in influencing life expectancy, indicating when the R&D initiatives were increased,
the negative impact of per capita CO, emissions on life expectancy can be modulated.
Therefore, we can say that R&D increases population health outcomes more effec-
tively when it is directly targeted towards reducing environmental pollution. On the
other hand, we can see that models 2 and 3 pertaining to R&D expenditures and model
5 pertaining to patents environmental-related technologies show that the net impacts
on life expectancy are positive from the interplays between R&D expenditures and (i)
CO, emissions from electricity and heat production (—0.072) and (ii) CO, from lig-
uid fuel consumption (—0.043) and between patents environmental-related technolo-
gies and per capita CO, emissions. Fourth, for these net negative impacts, the cor-
responding marginal impacts are positive and significant, indicating that (i) at a given
threshold of R&D expenditures, the net negative impacts on life expectancy can be
transformed from negative to positive. The corresponding threshold of R&D expen-
ditures that increase life expectancy is 0.60% of GDP for both CO, emissions from
electricity and heat production (0.196/0.326) and CO, from liquid fuel consumption
(0.104/0.174). Since R&D expenditures range from 0.042 to 0.897%, the calculated
thresholds of R&D expenditures have policy significance and make economic sense
(Omri & Belaid, 2021). Thus, increasing R&D expenditures to above than 0.6% of
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GDP would reduce CO, emissions from electricity and heat production and CO, from
liquid fuel consumption and then increase life expectancy; (ii) at a certain threshold
level of environmentally related R&D, the net negative impact on life expectancy can
be changed from negative to positive. The corresponding threshold of patents environ-
mental-related technologies that increase life expectancy is 100 patents for the model
pertaining to per capita CO, emissions (0.598/0.006). Since the number of patents
environmental-related technologies ranges from 0 and 233, the calculated threshold of
this later makes economic sense and has policy significance.

In summary, to modulate the negative impacts of CO, emissions on health out-
comes, the findings found in Tables 4 and 5 show that the spending on R&D must be
more than 0.6% of GDP and the number of patents environmental-related technolo-
gies must be more than 100. These tables also show that, as expected, (i) public health
expenditures promote health outcomes, i.e., reducing infant mortality and increasing
life expectancy. This result is in line with those of Gupta et al. (2002) and Majeed and
Ozturk (2020); (ii) education level, particularly tertiary education, improves popula-
tion health as educated people can avoid unhealthy habits and diets (Khan & Majeed,
2019); (iii) economic growth also contributes positively to population health, mean-
ing that when the average level of income is high in a given country, the government
of that country has more resources to spend on improving the health of their resi-
dents, and these later, through increasing income, will have more resources to afford
better shelter, food, and healthcare facilities (Majeed & Ozturk, 2020).

For robustness purposes, we also estimate Eq. 4 using a fully modified ordinary least
squares (FMOLS) method to confirm the results of the DOLS method. The results of
the FMOLS method are reported in Tables 6 and 7. The followings are the main find-
ings found from the FMOLS estimates: First, as shown in the DOLS estimates, both
indicators of R&D have positive (negative) and an insignificant impact on life expec-
tancy (infant mortality), indicating that, at present, the level of R&D in Saudi Arabia
does not have a significant impact on increasing life expectancy at birth and reducing
infant mortality. Second, all the estimated models confirm that CO, emissions decrease
life expectancy and increase infant mortality. Third, R&D expenditures enhance health
outcomes by reducing per capita CO, emissions; i.e., R&D expenditures could mod-
ulate the negative impacts of CO, emissions on human health. Fourth, R&D expen-
ditures interact with CO,ehp and CO,lfc to negatively influence life expectancy and
to positively influence infant mortality. To modulate these negative impacts on health
outcomes, the corresponding R&D threshold was calculated and discussed. The cal-
culated thresholds also show that increasing R&D expenditures to above 0.6% of GDP
would reduce CO, emissions from electricity and heat production and CO, from liquid
fuel consumption and then increase life expectancy and reduce infant mortality. These
results confirm those obtained from the DOLS method.

@ Springer



4139

Journal of the Knowledge Economy (2023) 14:4119-4144

s103e01pu] Juowdo[aAd(] PHIOAN SOIRIIPUT J(IM

Iam

Iam
sansiels dddo
Iam
Iam

$SN 0107 Jueisuod ul eyides 1od Jao
uoneoNpo AIe1I9) UT 9Jel JUAW[[OIUD SSOID)

(dao

J0 %) 2ImIpuadxa YI[EaY JUSWUIIA0S [BIOUST dNSAWO(
SOIS0[0UY09) PAIR[QI-[EIUSWUUOIIAUL Sjud)ed Jo JoquinN
(ddD Jo %) 2amipuadxa JUAWdO[oAIp PUE YOIBISIY
asn A310us jusreAanba 110 jo Y 1ad 3y ur Lisuoyur (9D

IAMm (1810 Jo %) uondwnsuod [ony pinbi woig suolssTwa ¢QD

(uonsnquiod [anj 8101 JO %)

IAMT®10) ‘wononpoid 189y pue AJIOINI9[ WOIJ SUOISSTD (O

() ymoi3 orwouodyq
(pz) uoneonpy

(FHd) seamypuadxd yireay d1qng

(IAd) A2 Pare[a1 A[[ejudwuoIIAUg

*qy) saIn)Ipuadxa Juowdo[oAIp pue YoIeasay
("00) Asusyur (0D

("00) 1oy pmbry woxy f0p

(**0)) vononpoid 1eay pue L1191M9[3 woij Y0

Iam (endes 1od suoy orowr) suorssTwe (O (*%0D) endes 1od suorssturo T0))
Iam s1eak ur y)aiq Je Koueyoadxa oJIf [e10], (77) Koueyoadxo o]
Iam SYIIIq QAT puesnoy) 1od ut sajer Ayrfe)iow juejuy (owy) Anpeyzow juejuy
901n0g uonIuya( SO[qeLIBA

BJEP Pasn aY) JO 90INOS pue uonIUYa(q / 3|qel

pringer

As



4140 Journal of the Knowledge Economy (2023) 14:4119-4144

Conclusions and Implications

This study extends the ongoing health economics literature by investigating the joint
effects of R&D (expenditures and environmentally related R&D) and CO, emissions
on population health outcomes (infant mortality and life expectancy). As discussed
above, the theoretical health production function of Grossman (1972) was extended
by including CO, emissions, R&D, their interaction terms, and other socioeconomic
indicators as inputs. In this study, R&D has been included as a policy variable that
modulates the negative incidences of CO, emissions on population health outcomes
for Saudi Arabia for the 2000-2018 period. Different indicators of CO, emissions
are included in the analysis. Required pre-estimations tests, such as unit root and
Johansen’s (1988) cointegration test, and the DOLS technique to run the long-run
estimates are used. Our empirical analysis shows that (i) there are negative uncondi-
tional effects of CO, emissions on health outcomes in all the estimated models; (ii)
R&D expenditures have a weak direct impact on health outcomes; (iii) in addition
to their direct effects on health outcomes, R&D expenditures remarkably enhanced
health outcomes through reducing per capita CO, emissions; and (iv) R&D expen-
ditures interact with CO2ehp and CO2Ifc to negatively influence health outcomes.
Similarly, environmentally related R&D, measured by patents environmental-related
technologies, interacts with per capita CO, emissions to negatively influence health
outcomes. To modulate these negative impacts, the corresponding R&D threshold
was calculated and discussed.

There are also important policy and practical implications to be drawn from this
work. From a policy viewpoint, policymakers in Saudi Arabia should give more and
more incentives for R&D to reduce emissions and then improve health outcomes.
As the healthcare sector is leading the way in Saudi Arabia in terms of innova-
tion, investments in R&D should be designed in a way that boosts relevant scien-
tific research related to health and the environment. It is substantial to note that the
design of R&D should be connected to national and international policies, particu-
larly policies related to environmental and health research, health manufacturing,
and health information and communication technologies. We also support the incen-
tive for R&D through tax exemptions, grants, subsidies, and other similar financial
measures that will boost R&D in healthcare, which, in turn, will produce procedures
and products that will improve population health outcomes. Since Saudi Arabia is
among the ten top emitters in the world, government efforts must be strictly focused
on supporting and promoting R&D programs directly linked to CO, emissions and
increasing their use. These programs should be oriented to attach green R&D poli-
cies with sustainable development goals and conduct a comprehensive shift from
fossil to renewable resources (Magazzino et al., 2021b). Policymakers should con-
sider the characteristics of the effect of different green R&D initiatives on CO,
emissions when preparing relevant policies. From a practical viewpoint, corporates
and firms’ decision-makers must integrate environmental sustainability into firms’
decision-making, which opens up new opportunities leading to better environmental
and financial performance. Thus, more investments in green R&D can result in a
reduction in CO2 emissions and positive financial performance (Lee et al., 2015).
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Moreover, we suggest the centralization of R&D in dedicated childcare institutions
in which private and governmental establishment can pool their expertise and finan-
cial resources to yield practical solutions aimed at reducing the rates of infant mor-
tality. Finally, effective R&D operations demand significant collaboration between
researchers from several domains. For example, to be maximally productive, invest-
ment in healthcare R&D fields requires to include investment in numerous other rel-
evant domains, such as biology, physical sciences, chemistry, economics, and ICT.
Furthermore, in light of the global objective of supporting investment in health-
care R&D, as reported in the national development plan, diverse related academic
domains need also to take further support.

Despite these interesting findings, policy, and practical implications, we are
cautious to indicate that our study suffers from some limits that should be pointed
out: First, this study has certain limitations. First, environmental quality is only meas-
ured using four indicators of CO, emissions; however, some other indicators, such
as PM, 5 and NO,, among others, could be included in future studies. Second, CO,
emissions also affect mental health, whereas this article only focuses only on physi-
cal health. Because of the data limitations, this study uses two broader measures of
health outcomes. Future studies can focus on other measures of health outcomes.
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