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Abstract

Research background: The sustainable development and innovation economics theory and
related literature place a lot of emphasis on the relationship between environment, society,
and governance (ESG) and green innovation.

Purpose of the article: The purpose of this paper is to understand what the factors are that
influence green innovation and why there is a big disparity in green innovation capabilities
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between nations. In addition, this paper aims to investigate the impact of ESG performance of
green innovation by using unbalanced panel data covering 118 sample countries during the
period of 1999-2019.

Methods: Panel fixed effect model; Instrumental variable (IV) method; First-differencing (FD)
method; Kinky least-squares (KLS) approach.

Findings & value added: ESG performance provides evidence for its positive and significant
impact on such innovation. Among the ESG factors, governance seems to have the most im-
portant influence on green innovation. Moreover, the positive influence of ESG performance is
more evident in higher income and wealthy nations. Furthermore, we also conclude that ESG
performance can affect green innovation through FDI, human capital, financial development
and trade openness. These conclusions hold up after a number of robustness tests and taking
into account any potential endogenous issues. Overall, policymakers should pay close atten-
tion to the findings.

Introduction

The ecosystem has been significantly harmed in recent years by an increase
in accidents involving environmental contamination. The increasing envi-
ronmental expenses brought on by economic development are putting
greater pressure than ever on environmental pollution control. It is crucial
to figure out how to enhance environmental excellence while fostering
enduring economic expansion (Wu & Flynn, 1999; Hao et al., 2021). Alt-
hough environmental degradation is a side effect of economic develop-
ment, it is not a good idea to prioritize environmental protection at the
expense of other benefits. Focusing on environmental advantages while
advancing the economy is fraught with challenges. Long-term green eco-
nomic development can be attained primarily through the innovation of
green technologies, even while some actions can reduce pollutant emis-
sions in the near term and accomplish the goal of environmental protection
(Feng et al., 2021; Du et al., 2021; Hsu et al., 2021). Therefore, it is crucial to
understand what the factors are that influence green innovation and why
there is a big disparity in green innovation capabilities between nations.
The key enterprise elements influencing green innovation, according to
the literature currently available, are R&D investment, trade openness, and
human capital (Wen ef al., 2022). Environment, society, and governance
(ESG) performance, as a comprehensive index for multi-dimensional eval-
uation of enterprise management sustainability, plays an important role in
green innovation that cannot be ignored (Wang et al., 2023). ESG is a signif-
icant standard that the global society uses to assess how sustainable an
organization is. The core conceptual framework of ESG includes three ma-
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jor issues: corporate governance, social responsibility, and environmental
performance. The subsequent levels have different dimensions and specific
indicators depending on the attribute and field of the enterprise. The re-
search related to ESG performance mainly focuses on its relationship with
market characteristics, firm leadership characteristics, firm ownership
characteristics, firm risk, and firm performance and value. Long et al. (2023)
has pioneered the use of quantile regression to analyze the impact of na-
tional ESG performance on green innovation. However, the sample size in
their study was only 37 countries. Under the current global trend of sus-
tainable development, countries are beginning to pay great attention to
green innovation technologies. Green innovation should not only be well
developed in a few countries, but should be widely applied in all countries
of the world, so as to contribute to the improvement of global environmen-
tal quality and the realization of green development goals. Thus, the rela-
tionship between ESG and green innovation of more countries deserves
discussion and consideration, as well as the influence mechanism. With the
help of our research, this paper fills the gap in the literature.

According to our deduction, ESG performance may affect green innova-
tion in the following ways. First of all, research and development (R&D)
investment has a strong positive link with green innovation activities (Shi
& Yang, 2022), while nations with good ESG scores will draw more funding
for R&D investment. The level of green innovation will be improved due to
the technology spillover effect caused by domestic scientific and technolog-
ical progress due to the multidimensional R&D investment; Second, coun-
tries with better political environment have higher ESG scores due to the
low corruption and more willing to disclose ESG information (Hoang,
2022). Meanwhile, the occurrence of internal and external political risks
such as corruption and international sanctions will reduce their green in-
novation activities because of loose environmental regulations, weak re-
sponse of government environmental policies to citizens’ preferences and
negative environmental awareness (Fu et al., 2022). Third, financial markets
are experiencing a significant trend toward sustainable development, and
ESG investment is a key component of this movement (Hastalona &
Sadalia, 2021). The financial market will receive signals from strong ESG
performance to encourage additional ESG investment, and this will posi-
tively affect the expansion of green innovation. A robust financial market
will also create a favorable business climate, and businesses will have easi-
er access to finance and information, which is also helpful for the growth of
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green innovation; Finally, democracy could improve economic freedom
and protection of property rights, promote the establishment of technologi-
cal innovation and Intellectual property rights protection institution, which
is essential for the emergence and application of new technologies.

In the following ways, our work adds to the body of knowledge already
available. First, to the best of our understanding, it is a pioneer in testing
the influence of ESG performance on green innovation using large sample
data. Using unbalanced panel data covering 118 countries from 1999 to
2019, we analyze the influence of ESG performance on green innovations
from a macro-level perspective. Second, we apply the panel fixed-effects
model to test the effects of ESG performance on green innovation and find
that ESG performance could improve green innovation capability. We fur-
ther conduct some robustness tests to verify this conclusion, including al-
ternative dependent variables, adding omitted variables, and other meth-
ods, which provide policy implications for government policies that en-
hance green technology capability from the perspective of ESG. Third,
based on the results of the nexus between ESG and green innovation, we
continued to conduct the subsequent investigation of the potential mecha-
nisms of how ESG affects green innovation. Empirical evidence was used to
confirm the existence of these four potential channels of influence paths,
including R&D investment, political risk, financial development, and de-
mocracy.

This paper’s remainder is organized as follows. The prior research on
green innovation and ESG performance is arranged in Section 2 first by
covering green innovation and then by discussing ESG performance. The
variables are discussed in Section 3 along with the methods for doing the
empirical research. Section 4 displays the empirical findings of econometric
models and runs tests for robustness to verify consistency. The main con-
clusions of this research are outlined in Section 5.

Literature review and hypotheses development

Most studies about ESG analyzed its influencing factors, and we find some
related literature from a macro perspective. According to Cai et al. (2016)
and Liang and Renneboog (2017), national characteristics appear to be cru-
cial in explaining a company’s ESG/CSR activities. Their findings demon-
strate that any cross-national variance is more strongly related to country
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factors than business features, and that economic development, legislation,
and culture all contribute to these variations. Liang and Renneboog (2017)
contend that legal origin is the best indicator of a company’s adoption and
performance of ESG factors. Market characteristic variation within coun-
tries is another macro-level factor. Di Giuli and Kostovetsky (2014) provide
proof that political slant of the state where its headquarters are located has
an effect on a company’s ESG performance. ESG scores relate to social capi-
tal as well, which is an index that contains three components: vote totals in
presidential elections, the percentage of mail-in census responses, and the
proportion of associations and non-profits per 10,000 inhabitants are all
examples (Jha & Cox, 2015). As the dependent variable of this paper, green
innovation has also been found to be one of the factors influencing ESG
(Zheng et al., 2022). In a word, macro-level characteristics are also signifi-
cant in determining ESG performance.

There are also some studies in the literature covering the impacts of ESG
practices. Tan and Zhu (2022) analyzed how ESG rating at the enterprise
level affects green innovation. They proved that ESG rating significantly
promotes the quantity and quality of corporate green innovation by easing
financial constraints and improving managers’ environmental awareness.
In addition, stricter environmental regulations and increasingly fierce mar-
ket competition strengthen the link between ESG rating and green innova-
tion, and the relationship between the two is even closer for companies in
the growth stage. Since governance is an important aspect of ESG evalua-
tion, the impact of environmental regulation on green innovation should
not be ignored. Of course, we think of Porter's hypothesis that appropriate
environmental regulation will stimulate technological innovation, which
has also been tested in the literature. Bu et al. (2020) proved that 1SO14000
environmental management standards will increase innovation input and
output, which supports the Porter hypothesis and contributes to green
innovation studies. Meanwhile, the Porter hypothesis has also been tested
in the relationship between urban environmental legislation and the num-
ber of green patents (Zhang et al., 2022).

Other factors that could be affected by an ESG rating event are R&D in-
vestment, political risk, financial development, and democracy. The re-
search and development of green innovation needs substantial capital in-
vestment, as financial support plays a crucial role in it. Companies with
high ESG ratings can receive financial support and external capital by dis-
closing high-quality information, because stakeholders understand corpo-
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rate social responsibility and long-term sustainable development in addi-
tion to corporate governance, management ability, and financial status and
are more willing to provide green funds to enterprises (Ahmed et al., 2018).
Investors tend to show a clear preference for companies with high ESG
performance to avoid adverse selection risks and meet their risk-aversion
needs (Cornell, 2020; Drempetic et al., 2019). Excellent ESG performance
can establish a positive social image and enhance a company’s reputation,
thus increasing the confidence of capital providers in the company and
attracting even more R&D investment.

Political volatility may also affect the relationship between ESG and
green innovation. Generally, countries or regions with better political envi-
ronment have higher ESG scores, because high-polluting enterprises have
no way to benefit from it, and enterprises are more willing to disclose ESG
information (Hoang, 2022). The occurrence of political risks, such as cor-
ruption, weakens the responsiveness of government environmental policies
to citizens' preferences, generates negative environmental attitudes, and
reduces the stringency of environmental regulations (Fu et al., 2020). There-
fore, in the absence of policy incentives and legal constraints, firms will
reduce their green innovation activities. In addition, due to the current
tense international situation, external political risks such as international
sanctions will also have a negative impact on green innovation (Fu et al.,
2022).

ESG investment is another key component of the sustainable develop-
ment trend in financial markets (Hastalona & Sadalia, 2021). ESG ratings
are important at correcting the information asymmetry between stakehold-
ers and companies. Good ESG performance can improve the quality of
information disclosure, ease the market’s concerns about information
asymmetry, and help financial institutions better understand corporate
information in credit evaluation. The beneficial result is providing green
funds for enterprises (Ahmed et al., 2018). A well-developed financial mar-
ket can also enable enterprises to obtain more investment from the capital
market and financial institutions, so as to reduce the risk of green innova-
tion caused by the imbalance of capital allocation. The relaxation of financ-
ing restrictions provides companies with sufficient funds to carry out tech-
nological improvements, energy conservation programs, and other envi-
ronmental measures to create a virtuous cycle of development (Tan & Zhu,
2022).
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It is generally accepted that institutions play an important role in
a country's innovation. Democracy tends to promote innovation by respect-
ing individual freedoms, protecting individual rights, and establishing
institutions that facilitate technological innovation and protect intellectual
property (Wang ef al., 2021). Mooneeapen et al. (2022) provide evidence of
the relationship between democracy and ESG. They found that higher cor-
porate ESG performance occurs in countries with lower levels of democra-
cy.

We have also found factors in the literature that can be used as control
variables. Open economic markets may attract more foreign investment.
The results of Guloglu and Tekin (2012) showed that FDI is significantly
positively correlated with green innovation activities, and the improvement
of the degree of market opening is beneficial for the flow of green innova-
tion resources, causes fierce competition for green innovation, stimulates
the vitality of green innovation, and helps to realize the two-way progress
of technological innovation and environmental protection. Scientific re-
searchers are the main implementation subjects of green innovation. The
inflow and gathering of scientific research personnel can bring the basic
innovation knowledge reserve to the green innovation of enterprises, so as
to improve the level of green innovation (Huang et al., 2020).

According to the evidence of the relationship between ESG performance
and green innovations from the studies noted above, we develop the fol-
lowing hypotheses.

H1: Strong ESG performance of a country significantly improves green innova-
tion.

Hla: National ESG performance promotes green innovation by increasing re-
search and development (R&D) investment.

H1b: National ESG performance promotes green innovation by controlling politi-
cal risk.

Hlc: National ESG performance promotes green innovation by promoting finan-
cial development.

H1d: National ESG performance promotes green innovation by improving democ-
racy.
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The common methods in the previous literature used to study the influ-
encing factors of green innovation are Data Envelopment Analysis (DEA)
or other related models based on it, such as SBM-DEA and DEA-Tobit (Liu
et al., 2020; Tang ef al., 2020; Chen et al., 2022). DEA model will not affect the
final evaluation results due to the difference of measurement units, and the
weight in DEA method is not affected by subjective factors, which is rela-
tively fair. However, DEA can neither measure the negative output nor
evaluate the absolute efficiency. DEA is also sensitive to outliers, improper
selection of input and output items will affect the accuracy of efficiency
evaluation. In addition, it is difficult to make decision suggestions on how
to improve inefficiency when using DEA.

In this paper, we will use panel data analysis method, which could solve
the problem of missing variables that do not change over time, and provide
more information about individual dynamic behavior. In addition, panel
data with larger sample size has both cross-section and time dimension,
which can improve the accuracy of estimation.

Variables and method
Data source and Variables
Data source

We use annual data for unbalanced panel of 118 nations to examine the
influence of ESG on green innovations throughout the years 1999-2019,
while taking the availability and integrity of the data into account. Organi-
zation for Economic Co-operation and Development (OECD) Statistics are
used to compile the data on energy innovation. The World Bank database is
where the ESG data is sourced. World Development Indicators provides
the data for the other elements, including control variables and potential
channel variables (WDI).

Dependent variable
Patent: Existing studies mostly use two criteria to assess the extent of
technological innovation: innovation input and innovation output. R&D

investment has typically been used by scholars to gauge a nation’s contri-
bution to innovation (Van Beveren & Vandenbussche, 2010). However, the
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two issues below cannot be avoided when using innovation input to meas-
ure innovation. First, not all businesses have straightforward motivations
for innovation, as seen by the presence of fake research funds that prevent
R&D funding from being used exclusively for innovation. The second prob-
lem is that production is not always the result of investment, which makes
it impossible to assess the true effectiveness of innovation. The underlying
bias of the original data is a common factor in each of these issues. As
aresult, this study measures the level of innovation using the innovation
output indicator of patents (Wen et al., 2021). To measure green innovation,
we follow Sun et al. (2019) and employ patent applications for environmen-
tal technology (represented by Patent). Climate change mitigation and envi-
ronmental management technologies can be used to further categorize
technologies that are relevant to the environment.

Explanatory variables

ESG: As an abbreviation for environmental,! social,? and governance,?
ESG is an investment concept that creates enterprise evaluation standards
that place more emphasis on these factors than only financial performance:
corporate environment, social relations, and governance performance. Sov-
ereign ESG is based on the country, a macroeconomic entity that integrates
sustainable development policies and goals to improve the efficiency of
global investors in the decision-making process. The sovereign ESG data
framework constructed by the World Bank covers three categories of in-
formation, environmental, social, and governance, and fully measures the
diversity of different countries in terms of environment, policy, and so on.
This has helped to improve the quality of sovereign ESG data and to ex-
pand the scope and transparency of available data. In addition, the World

1 Based on a nation's natural resource endowments, management, and replenishment, as
well as its resistance to climate change and other natural calamities, environmental categories
reflect the sustainability of economic performance. Internalization of environmental externali-
ties brought on by economic activity, access to sustainable energy sources, and food security
are all included in this category.

2 Social categories show how a nation manages basic requirements and poverty reduction,
deals with social equality issues, and invests in human capital and productivity to show how
sustainable its economic performance is. Indicators of long-term, steady economic growth fall
under this category.

3 Governance category provides sustainability for a country to support long-term stable
growth in response to environmental and social risks. This category includes indicators that
reflect the power of the nation's judicial, financial, and political systems.
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Bank has published continuous ESG data, providing investors with a re-
search basis and practical possibilities.

In order to calculate the generated sovereign ESG index as much as pos-
sible, this article refers to the calculation method of Thomson Reuters ESG
rating index system to generate the sovereign ESG index of each country.
All the 16 themes use percentage rankings to calculate the current year’s
score,* minimizing the impact of country size and disclosure bias, and
higher scores indicate a higher level of ESG performance. The weight of the
topic is established by dividing the total number of indicators by the num-
ber of indicators that make up each theme. For example, the Emissions &
Pollution theme contains 5 indicators, the proportion of the indicators is
5/63, and the weight is 7.9%. Finally, the score of ESG is obtained (proxied
by ESG). Based on the sovereign ESG indicator system given by the World
Bank and combined with the importance and availability of indicators,
a sovereign ESG indicator system is established in this work, composed of 3
categories, 16 themes, and 63 indicators to comprehensively and objectively
measure the level of ESG sovereignty of each country.® This appears in
Table 1A in the Appendix section.

Other driving factors must to be taken into account in order to conduct
a thorough analysis of the growth of the green innovation market. Our
study offers a number of control variables that are demonstrated to have an
impact on the market for green innovation. The way we measure them is as
follows.

(1) Population: Population growth and innovation have always interact-
ed over the course of history. It is also true that population expansion has
an impact on green innovation. Utilizing each nation’s final annual popula-
tion allows for the control of the population’s effect on green innovation,
abbreviated as Population in this paper.

(2) Per capita GDP: A nation’s strong economy provides resources for
the advancement of technologies relevant to the environment. Economic
development is often gauged using gross domestic product per capita. As
a result, we adopt the methodology in Wang et al. (2019) and use per capita

4 In order to facilitate the subsequent analysis and validity of the results, the missing val-
ues of the indicators are supplemented by the linear interpolation method during data pro-
cessing.

5 Based on the principle of variable availability, this paper excludes sample countries with
many missing values.
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GDP, calculated in constant 2010 US dollars, to reflect the degree of eco-
nomic growth for the sample countries (proxied by Per capita GDP).

(3) Trade openness: Trade openness mainly affects green technology in-
novation through technology spillover effects, competition effects, and
innovation cost reduction effects. Therefore, we use the percentage of im-
port and export trade to GDP to represent the trade openness of a country
(proxied by Trade openness).

(4) Industry: In order to support the growth, evolution, and invention of
technology, the change in industrial structure will undoubtedly necessitate
new technological requirements (Wen et al., 2021). Hence, we utilize the
ratio of industry added value to GDP to depict industrial structure (proxied
by Industry).

(5) Foreign direct investment: On the one hand, foreign direct investment
can reduce the financial limitations faced by a nation’s domestic businesses
and encourage technical innovation through technology spillovers (Song et
al., 2015). On the other hand, because of the reliance on multinational cor-
porations for technology, foreign direct investment may potentially limit
the pace of domestic technological progress. Therefore, following Zheng et
al. (2020), the Foreign direct investment variable used in this study is calculat-
ed as net inflows of foreign direct investment divided by GDP.

(6) Education level: It is important to combine education and the devel-
opment of inventive skills. To support and train more R&D experts for
environmental innovation, governments can spend more money overall on
education. Additionally, increased educational capacity increases under-
standing of environmental protection (Fu et al., 2020). In our research we
thus control for education and utilize the gross secondary enrollment rate
as a proxy for education level (proxied by Education level). We anticipate
this variable to be as positive as possible.

(7) Population aging: Population aging has a non-linear effect on green
innovation. Before reaching the inflection point, population aging has
a positive labor production effect. When the threshold is exceeded, the
aging of the population will inhibit the improvement of labor productivity
and hinder a nation’s level of green innovation. This paper uses population
aged 65 and over (% of total population) to measure population aging
(proxied by Population aging).
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Empirical methodology

The panel fixed effect model is what we use for the fundamental empir-
ical study. The fixed effects model is widely used in economics to analyze
the behavior of economic entities such as firms and countries. It can control
the possible influence of individual heterogeneity and the bias caused by
possible unobserved variables on the results. In addition, the fixed effects
model is also suitable for panel data with relatively large sample size. Thus,
we incorporate year-invariant country effects as well as year-invariant
country effects into our benchmark model, which is defined as follows:

log(Green innovation;;) = @y + a; ESGy + yX;e + 0, +u; + & (1)

The dependent variable (Patent) is used to measure green innovation; in
the empirical analysis, we use Patent’s logarithm.; ESG is the main inde-
pendent variable for ESG performance, including environmental, social,
and governance; Z is a vector of control variables that include Population,
Per capita GDP, Trade openness, Industry, Foreign direct investment, Education
level, and Population aging; p; is a country’s fixed effect variable; 0, is the
year’s fixed effect variable; and ¢;, represents the error term in the regres-
sion model. Standard errors are clustered by country pair. The coefficient
of should be noticeably positive, as expected, whereby higher ESG perfor-
mance means more advanced green innovation.

In addition, by using the mediation effect model, we further conduct the
mechanism tests based on the theoretical analysis and hypothesis devel-
opment. The regression models are as follows:

log(Green innovation;;) = @g + aESG; + v Xy + 0 + i + ¢ (2)

log( Green innovation;;) = @y + YESG;; + SMED;; + yX;y + 0, + u; + €t (4)
MED: is the mechanism variable. From equation (1), the estimator al
represents the impact of ESG on the green innovation. Equations (2), (3)
and (4) are the test procedures for the mediation effect testing procedures,

which can be tested according to the steps of Sobel (1982), Baron and Ken-
ny (1986) and Cole and Maxwell (2003).
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First, we test the coefficient a. If  is not significant, the mediation effect
analysis is terminated. Second, we test the coefficients  and 0. If both coef-
ficients are significant, we continue to test x. If x is significant, the media-
tion effect is significant; if at least one of § and 6 is not significant, it is nec-
essary to conduct the Sobel test must be performed. If the test is significant,
the mediating effect is significant. If the test is not significant, the mediating
effect is not significant.

Empirical results and discussion
Basic results of the impact of ESG performance on green innovation

The fundamental findings of the effect of ESG performance on green inno-
vation are shown in Table 1. With no other control variables, we just look
into the link between ESG and Patent in column (1). After that, we continue
to include more and more control variables from the second column until
all of them are included (5), including Population, Per capita GDP, Trade
openness, Industry, Foreign direct investment, Education level, and Population
aging. As a result, we just describe the column’s findings (5). At the 1% lev-
el, the predicted ESG coefficient, which is 5.0533, is significantly positive,
demonstrating that ESG performance influences green innovation in a fa-
vorable way. However, the P-values of the heteroskedasticity and auto-
regressive tests are less than 0.1 in each column, indicating that the null
hypothesis is rejected. Thus, the current results have heteroscedasticity and
autoregressivity problems even though they are significantly positive.

We can use the robust standard error to solve the heteroscedasticity and
autocorrelation problems in the regression. In Table 2, we obtain the new
results of the fixed effect model with robust standard error. The results
show that the coefficients of ESG in all columns remain significantly posi-
tive in all columns. The empirical results still prove that ESG performance
has a positive impact on green innovation after solving the heteroskedastic-
ity and autocorrelation problems.

This effect is consistent with the results of Long et al. (2023), who exam-
ine the impact of ESG on green innovation using a sample of 37 countries,
implying that the positive impact of ESG performance on green innovation
is broadly applicable to most countries in the world.
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Results on how Environment, Society, and Governance have influenced green
innovation

Other than looking into how the overall ESG performance affects green
innovation in the fundamental findings, this paper also presents the impact
of environmental (proxied by Environment), social (proxied by Society), and
governance (proxied by Governance) respectively and also which one has
the most positive effects on green innovation. The empirical findings when
Environment is the most independent variable are listed in Column (1) of
Table 3. The empirical findings when Society is the most independent varia-
ble are listed in Column (2) of Table 3. The empirical findings when Govern-
ance is the most independent variable are listed in Column 3 of Table 3. This
paper adds environmental (proxied by Environment), social (proxied by
Society), and governance (proxied by Governance) in one equation to further
compare which one has the highest effect on green innovation, which is
listed in column (4) in Table 3. In this column, we find that among the
above three specific indicators related to ESG performance, green innova-
tion is most positively impacted by governance, whereas social factors have
little bearing on it. The effect of environmental on green innovation lies in
the middle. The results of the three sub-indicators E, S, and G are also mu-
tually supportive with the results of Long et al. (2023), indicating that envi-
ronment and governance are the main factors affecting green innovation in
ESG scores.

Results of different income countries

After investigating the impact of environmental (proxied by Environ-
ment), social (proxied by Society), and governance (proxied by Governance)
respectively, this study additionally investigates if there are any variations
in how ESG performance affects green innovation across nations with di-
verse income levels. Thus, we generate the cross-item of income and ESG
performance (proxied by ESG*Income) to check whether the effect of ESG
performance on green innovation varies under different income countries.6
The results are mainly listed in Table 4. We discover that the ESG*Income
coefficient is favorable and significant at the 1% level, indicating the impact
of ESG performance on green innovation is more pronounced in higher-
income countries. In contrast, Long ef al. (2023) believed that in non-high-

6 The data and classification of income come from the World Bank.
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income countries, the effect of ESG performance on green innovation is
more pronounced when innovation capacity is strong. The inconsistency in
this result may be due to the difference in sample size.

Robustness tests

To ensure the accuracy of our findings, we do a variety of robustness
tests. (i) We use alternative dependent variables to further conduct the em-
pirical analysis. (ii) We also add possible omitted variables and use the
panel interactive fixed effect model and IV method to address the endoge-
nous issues with the basic regression model.

To start, we use different dependent variables to make sure the main
finding still holds true after changing how the variables are measured. En-
vironmental management technologies and climate change mitigation
technologies are the two main categories of environment-related technolo-
gies. Therefore, we first employ those patent applications related to envi-
ronmental management technologies to measure green innovation (proxied
by Patent1) and then use patent applications related to climate change miti-
gation technologies to measure green innovation (proxied by Patent2). The
OECD’s database of environmental statistics is where the data for these
two variables is found. Columns (1) and (2) in Table 5 list the results. When
the dependent variables are Patentl and Patent2, respectively, we find that
ESG scores continue to have a large negative impact on green innovation.

Endogeneity issues due to omitted factors may arise in the regression
analysis for the impact of ESG performance on green innovation discussed
above. More specifically, additional factors, such as financial development
and urbanization, may impact green innovation in addition to those that
are included in the fundamental trends that affect it. Endogenous issues
arise due to leaving these variables out (Feng et al., 2021). It is possible to
greatly lessen as thoroughly as possible the detrimental effects of omitted
variable bias in the empirical analysis by controlling other factors that in-
fluence a nation’s green innovation. Therefore, for each country we further
add GDP growth (proxied by GDP growth), finance development (proxied
by Finance), government size (proxied by Size), urbanization level (proxied
by Urbanization), and research and development situation (proxied by
R&D). To further alleviate the endogeneity issue brought on by the factors
that were left out, we which are shown in Table 6. After including a few
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neglected variables that might impact green innovation, we see that the
outcomes support the main conclusions.

The panel interactive fixed-effects model has an advantage over the
conventional panel fixed-effects model in that it can more accurately repre-
sent reality in particular problems. Additionally, it can completely account
for an economy’s actual multidimensional shocks and the heterogeneity of
how various people react to these shocks (Bai, 2009). Therefore, in order to
further test the basic regression’s findings, the panel interactive fixed-effect
model is also used. The results are shown in column (1) of Table 7, where
we find that they again support the main conclusions.

There are still certain unobservable elements that impact ESG perfor-
mance and the development of green technologies, even though the afore-
mentioned robustness test techniques address potential endogeneity issues
of the model to the best of their ability. Therefore, the instrumental variable
(IV) method is also used in this paper’s robustness testing. To produce in-
strumental variables utilizing exogenous variables and heteroscedasticity,
we specifically employ the method in Lewbel (2012). By integrating the
product of the exogenous variables less their own mean and the residual of
the endogenous variables’ regression on other exogenous variables in the
econometric model, the specialized approach develops the instrumental
variable. The estimated coefficient of ESG is compatible with the funda-
mental findings, as can be seen from column (2) in Table 7, indicating that
ESG performance does promote green innovation of the sample countries.

Clemens et al. (2012) believed that the first-order difference method can
aptly control the endogeneity caused by reverse causality, and it is more
transparent and effective than using weak instrumental variables. Hence,
we also use the first-order difference method to conduct the robustness
test. The results of the first-differencing (FD) method appear in column (1)
in Table 8. In addition, the measurement error is the third source of en-
dogeneity in our research. Sincy our main explanatory variable (proxied by
ESG) may not be perfectly measured, the kinky least-squares (KLS) ap-
proach (Kiviet, 2013; 2022) provides a tool for estimating the regression
consistently without external instruments for a given degree of endogenei-
ty. The results of KLS are listed in column (2) of Table 8. From the result,
we find after using the KLS method to deal with the possible endogeneity
problem caused by reverse causality and measurement error that the re-
sults are still robust.
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Last but not least, the cross-sectional dependence of panel data models
has also drawn significant attention as a result of the expanded use of panel
data. Another frequent occurrence is individual correlation brought on by
some sort of individual shock. There are relationships between the sample
countries in this research as well. The PCSE estimate approach, which Beck
and Katz (1995) proposed, successfully addresses the cross-sectional de-
pendence problem. In order to examine the issue of cross-sectional de-
pendence, we first run the panel PCSE model, and the empirical findings
are in column (1) of Table 9. We next employ the DK estimator, which ap-
plies a non-parametric strategy to achieve a consistent variance and to fur-
ther establish the validity of our result, because the PCSE estimators do not
account for the non-contemporaneous dependency of diverse data cross-
sections (Driscoll & Kraay, 1998). Column (2) of Table 9 features a list of
this model’s outcomes. The aforementioned findings demonstrate that even
when cross-sectional dependence is taken into account, our core findings
remain solid.

Potential mechanism

Even while we can’t rule out the possibility of alternative processes, we
base our subsequent investigation of the potential mechanisms on how
ESG performance may affect green innovation. We outline the four ways
that R&D expenditure, political risk, financial development, and democra-
cy are examples of ESG performance that may have an impact on green
innovation in the introduction section. This section will use empirical evi-
dence to confirm the existence of the four potential mechanisms and verify
our hypotheses Hla-H1d. This paper uses the share of a country's R&D
expenditure in GDP to measure the innovation input and is denoted by
R&D, uses the International Country Risk Guide's (ICRG) overall political
risk score to measure political risks (proxied by Risk), where the higher the
risk score, the lower the risk, uses total private credit extended by the bank-
ing sector as a share of GDP to measure financial development (proxied by
Finance), and uses the quantitative political regime dataset from Bjornskov
and Rode (2020) to measure the degree of democratization in a country
(proxied by Democracy).

Based on the theoretical study, columns (1) to (4) in Table 10 show the
effect of ESG performance on mechanical variables, and the coefficients in
all columns are significant, which means that the mediation effect analysis
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is not terminated and we can proceed to the next steps of mediation effect
tests. In Table 11, on the other hand, we can see that the coefficients of ESG
and mechanical variables are both significant after the inclusion of mechan-
ical variables, indicating that each mechanical variable has an intermediate
effect between ESG and green innovation. The estimation results in column
(1) confirm that the coefficients of ESG and R&D are positive and signifi-
cant at the 1% level. Thus, we conclude that R&D investment serves as an
important mechanism through which ESG performance influences green
innovation. The coefficient of ESG in column (2) is also positive and signifi-
cant at the 1% level, while Risk is the mechanical variable, indicating that
ESG improves green innovation by reducing political risk in the sample
countries. Similarly, we can also conclude that the finance and democracy
channels are also present. In summary, we can conclude that ESG perfor-
mance can affect green innovation through R&D, political risk, financial
development and democracy.

Conclusions

The sustainable development and innovation economics theory and related
literature place a great deal of emphasis on the relationship between envi-
ronment, society, and governance (ESG) and green innovation. Hence, the
influence of ESG performance on green innovation is examined in this
study utilizing unbalanced panel data spanning 118 nations from 1999 to
2019. The results show that the impact of ESG scores on green innovation is
both positive and significant, supporting our hypothesis 1. In addition, the
governance component appears to have the largest impact on green inno-
vation in the sample countries among the ESG elements. Furthermore, we
also conclude that ESG performance can affect green innovation through
R&D investment, political risk, financial development, and democracy,
which are consistent with the hypotheses 1a to 1d in our paper. The afore-
mentioned conclusions hold up following a number of robustness tests and
taking into account any potential endogenous issues. Moreover, the posi-
tive influence of ESG performance is more evident in higher income and
wealthy nations. This study, which examines the effect of ESG performance
on green innovation, advances previous research in the area of the innova-
tion economy. Overall, policymakers should pay close attention to the find-
ings.
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According to the significantly positive effects of ESG performance on
green innovation, ESG investment, which is an important factor in improv-
ing ESG scores and performance, should be taken seriously. Governments
and market participants should take the lead in educating more investors
about ESG investments and products and continue to boost the influence of
ESG investing and advocate for the resolution of issues related to environ-
ment, social and corporate governance.

Since the positive impact of governance is the most prominent among
three components, countries should step up efforts to improve governance
issues. First, governments can intensify reform efforts, improve work effi-
ciency, reduce the occurrence of corruption, and maintain the stability and
authority of the government and the law. Governments also need to im-
prove economic conditions, whether it is enterprises or governments, so
that they can have a good business environment, sufficient capital invest-
ment, and unimpeded access to information. In addition, governments can
provide more equal opportunities for women in education and employ-
ment, improve their social status and let women play their important and
irreplaceable roles in economic and social development.

ESG rating is not limited to one country or one organization, as green
economy and sustainable development is a global goal. Due to the different
effects of ESG performance on green innovation in different income coun-
tries, relatively developed countries and important inter-governmental
international economic organizations can help developing countries or low-
and middle-income and low-income countries improve their economic
conditions to accelerate the economic and social development, which will
contribute to the growth of world economy. Also, a new pattern of varied
participation should be developed to boost the synergy and coupling be-
tween nations and organizations throughout the world in order to improve
the ESG performance.

However, the following limitations are found in the research process.
First, due to the difficulty of data collection and processing, this paper only
selects only the environment-related technology patents (further divided
into two subcategories: environmental management and climate change
mitigation) in the OECD statistical database of the OECD to represent
green innovation as the measurement index. However, there are some oth-
er broad categories of environmental technology domains in the OECD
statistics, including climate change adaptation technologies and sustainable
ocean economy, which can also be considered as the representative of
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green innovation. Patents in these domains are also of great importance for
green economy and sustainable development; Second, this paper has tested
the different effects of ESG on green innovation in different income coun-
tries, but only used the full sample to conduct the mechanism test. The 118
countries differ in important characteristics such as economic conditions
and environmental situation, which may lead to the different influence
paths for ESG and green innovation.

Therefore, further studies could consider more environmental technolo-
gy domains in measuring green innovation, such as climate change adapta-
tion technologies and sustainable ocean economy. The subcategories of
these environmental technology domains are also complex and diverse,
which could be used for quantitative analysis to help people obtain more
comprehensive findings on green innovation and to make suggestions on
how to improve green innovation in various fields. In addition, as for the
phenomenon that green innovation is affected differently in different in-
come countries is affected variously, 118 sample countries could be
grouped to conduct the empirical tests on the influence path of green inno-
vation and analyze the reasons leading to the different impacts based on
the mechanism test method and the analysis of different countries. Then we
can better judge the different paths of ESG’s influence on green innovation
in different countries, and make more reasonable policy suggestions on
how to develop green innovation in different countries according to the
empirical results of each sample mechanism.
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Annex

Table 1. Basic results of the impact of ESG performance on green innovation

Variable (1) (2) 3) ) (5)
ESG 6.0764™ 4.0687 5.5695™ 4.8532™ 5.0533"
(35.11) (19.24) (13.34) (4.72) (4.87)
Population -0.0948 0.2220™ 0.4590 0.4833°
(-1.51) (3.41) (1.86) (1.96)
Per capita GDP 0.0483™ 0.0564™ 0.0000 -0.0019
(14.87) (17.52) (0.00) (-0.16)
Trade openness -12.0735™ 1.0219 0.4511
(-10.57) (0.70) (0.30)
Industry 0.0276 -0.1928 -0.0627
(0.04) (-0.22) (-0.07)
Foreign direct investment -0.7153 -0.6248
(-0.78) (-0.68)
Education level 0.0015 -0.0015
(0.05) (-0.05)
. . 0.0425
Population aging
(1.45)
-0.8944™ -0.6649™ -0.6942™ -0.7366™ -0.6904™
Constant
(-5.57) (-4.45) (-5.00) (-7.73) (-6.87)
Country Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes
N 1197 1197 1197 1197 1197
Heteroskedasticity test 0.000 0.000 0.000 0.000 0.000
Autocorrelation test 0.0037 0.0352 0.0763 0.0489 0.0603
R? 0.5934 0.6536 0.6968 0.4248 0.4263

Notes: The t-statistics are represented by the values in parentheses. *, **, and *** indicate significance at the
10%, 5%, and 1% levels, respectively.



Table 2. Basic results of the impact of ESG performance on green innovation with
robust standard error

Variable (1) @) (3) ) (5)
ESG 3.4399™ 3.4748™ 3.6090" 3.7513™ 4.2798™
(2.79) (2.88) (3.04) (3.06) (3.31)
Population 0.4845™ 0.4666™ 0.4382" 0.5104™
(2.68) (2.57) (2.49) (2.89)
Per capita GDP 0.0072 0.0078 0.0065 0.0016
(0.47) (0.51) (0.44) (0.12)
Trade openness 0.4682 0.4808 -0.6070
(0.21) (0.21) (-0.26)
Industry -0.5014 -0.6562 -0.2407
(-0.57) (-0.73) (-0.27)
Foreign direct -0.7939 -0.6449
investment
(-0.48) (-0.36)
Education level -0.0287 -0.0283
(-0.71) (-0.70)
, , 0.0820
Population aging
(1.52)
-0.8347 -0.7995™ -0.7889™ -0.8056™ -0.7093™
Constant
(-8.59) (-6.68) (-6.47) (-6.61) (-5.29)
Country Yes Yes Yes Yes Yes
Y Yes Yes Yes Yes Yes
ear
N 1197 1197 1197 1197 1197
R? 0.3946 0.3977 0.3980 0.3990 0.4045

Notes: The t-statistics are represented by the values in parentheses. *, **, and *** indicate significance at the
10%, 5%, and 1% levels, respectively.



Table 3. Results of the impacts of Environment, Society, and Governance on green

innovation
Variable 1) ) (3) ()]
Environment 42783" 3.7861"
(2.39) (2.06)
Society 3.1411 2.4532
(1.05) (0.81)
Governance 6.8865™ 6.3790"
(2.62) (2.48)
Population 0.5972™ 0.6551" 0.5321™ 0.4816™
(3.10) (3.56) (2.97) (2.71)
Per capita GDP -0.0003 -0.0075 -0.0038 0.0020
(-0.02) (-0.52) (-0.28) (0.14)
Trade openness -0.7016 -0.8505 -0.7430 -0.5969
(-0.28) (-0.35) (-0.30) (-0.25)
Industry 0.0743 0.4043 -0.2194 -0.4071
(0.08) (0.43) (-0.24) (-0.45)
Foreign direct investment -0.6544 -0.6626 -0.4303 -0.5484
(-0.38) (-0.36) (-0.23) (-0.30)
Education level -0.0130 -0.0206 -0.0167 -0.0244
(-0.33) (-0.49) (-0.42) (-0.58)
Population aging 0.0803 0.0590 0.0640 0.0814
(1.55) (1.22) (1.37) (1.56)
-0.7324™ -0.7727" -0.7249™ -0.6980™
Constant
(-5.54) (-5.86) (-5.42) (-5.22)
Country Yes Yes Yes Yes
Year Yes Yes Yes Yes
N 1197 1197 1197 1197
R2 0.3980 0.3934 0.4003 0.4056

Notes: (1) This table presents the impact of environmental (proxied by Environmnet), social (proxied by
Society), and governance (proxied by Governance) respectively. The empirical findings when E is the most
independent variable are listed in Column 1. The empirical findings when S is the most independent
variable are listed in Column 2. The empirical findings when G is the most independent variable are listed
in Column 3. (2) The t-statistics are represented by the values in parenthesis. *, **, and *** denote
significance at the 10%, 5%, and 1% levels, respectively.



Table 4. Results of heterogeneity analysis

The results of different income countries

Variable
(¥))
ESG 10.7352™
(3.51)
ESG*Income 2.1996™
(2.22)
Population 0.4690
(1.62)
Per capita GDP 0.0644™
(5.36)
Trade openness 0.7139
(0.46)
Industry -0.9079
(-1.01)
Foreign direct investment 1.0462
(1.02)
Education level 0.0741"
(2.29)
. . 0.1607™
Population aging
(6.23)
0.2172
Constant
(0.45)
Country Yes
Year Yes
N 945
R? 0.2363

Notes: (1) This table lists the results when we generate the cross-item of income and ESG performance to
check whether the effect of ESG performance on green innovation varies under different income countries.
(2) The t-statistics are represented by the values in parenthesis. *, **, and *** denote significance at the 10%,
5%, and 1% levels, respectively.



Table 5. Robustness tests: Alternative dependent variables

Patent1 Patent2
Variable
1) )
ESG 4.0352" 3.4408"
(2.01) (2.34)
Population 0.9374™ 0.6249™
(6.31) (3.81)
Per capita GDP -0.0306" -0.0201"
(:2.14) (-1.77)
Trade openness 12177 -0.6548
(0.47) (-0.34)
Industry -0.2149 1.3311
(-0.13) (1.14)
Foreign direct investment 0.9122 -0.5780
(1.18) (-0.29)
Education level -0.0387 -0.0023
(-0.61) (-0.05)
o 0.0689 0.0079
Population aging
(0.94) (0.18)
1.7458™ 1.9456™
Constant
(10.32) (13.27)
Country Yes Yes
Year Yes Yes
N 944 944
R? 0.3080 0.5547

Notes: (1) This Table lists the results when the dependent variables are Patent1 and Patent2 in column 1 and
2 respectively. (2) The t-statistics are represented by the values in parenthesis. ¥, **, and *** denote
significance at the 10%, 5%, and 1% levels, respectively.



Table 6. Robustness tests: adding omitted variables

Variable (4] (2) 3) @ )
ESG 4.2781 4.1850™ 4.7434™ 4.5718™ 7.3036™
(3.31) (3.26) (3.48) (3.43) (4.11)
Population 0.5102™ 0.4341 0.4580" 0.4648" 0.5378"
(2.89) (2.43) (2.21) (2.26) (2.45)
Per capita GDP 0.0016 -0.0020 0.0006 0.0024 -0.0063
0.11) (-0.14) (0.04) (0.16) (-0.36)
Trade openness -0.6156 -1.0786 -1.3786 -1.1338 -0.0807
(-0.26) (-0.43) (-0.61) (-0.51) (-0.03)
Industry -0.2417 -1.3062 -1.5931 -1.6330 0.1644
(-0.27) (-1.15) (-1.30) (-1.33) (0.07)
Foreign direct investment -0.6524 -0.4606 -0.0188 -0.0238 -0.1637
(-0.36) (-0.24) (-0.01) (-0.02) (-0.13)
Education level -0.0283 -0.0202 -0.0015 0.0008 0.0271
(-0.70) (-0.50) (-0.04) (0.02) (0.58)
Population aging 0.0819 0.0843 0.0852 0.0796 0.0164
(1.52) (1.61) (1.47) (1.36) (0.29)
GDP growth 0.0005 0.0001 -0.0002 -0.0002 -0.0003
(0.41) (0.11) (-0.17) (-0.18) (-0.24)
Size -0.0115° -0.0119 -0.0122 -0.0108
(-1.67) (-1.53) (-1.56) (-0.68)
Finance -0.0008 -0.0006 -0.0014
(-0.35) (-0.29) (-0.75)
Urbanization 0.0101 0.0031
(0.50) (0.12)
R&D 0.3975™
(3.76)
Constant -0.7098™ 0.1933 0.2133 -0.4054 -0.6358
(-5.29) (0.35) (0.35) (-0.30) (-0.28)
Country Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes
N 1197 1196 1122 1122 820
R? 0.4045 0.4072 0.3957 0.3962 0.4673

Notes: (1) This table lists the results when we further add GDP growth (proxied by GDP growth),
government size (proxied by Size), finance development (proxied by Finance), urbanization level (proxied
by Urban), and research and development situation (proxied by R&D) to further alleviate the endogeneity
issue brought on by the factors that left out in columns 1-4 respectively. (2) The t-statistics are represented
by the values in parenthesis. *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively.



Table 7. Robustness tests: other methods

Panel interaction fixed

£f v
Variable effects
® @
ESG 4.0197 4.3084
(4.18) (4.38)
Population 0.1859 0.5026™
(0.46) (3.46)
Per capita GDP 0.0041 0.0021
(0.35) (0.24)
Trade openness -1.3233 -0.5466
(-0.84) (-0.34)
Industry -0.2377 -0.2463
(-0.29) (-0.31)
Foreign direct investment 0.0573 -0.6371
(0.05) (-0.38)
Education level 0.0771" -0.0282
(2.53) (-0.90)
o 0.0687" 0.0823*
Population aging
(2.15) (3.10)
Country Yes Yes
Year Yes Yes
N 1185 1197
R2 0.4043

Notes: (1) This table lists the results when we use different methods to deal with the potential endogeneity
problems. Column 1 lists the results when we use panel interaction fixed effects model, and column 2 lists
the results when we use the instrumental variable (IV) method in Lewbel (2012). (2) The t-statistics are

represented by the values in parenthesis.

respectively.

and *** denote significance at the 10%, 5%, and 1% levels,



Table 8. Robustness tests: other methods for endogeneity problem

First differencing (FD) KLS estimator

Variable estimator
(W) (2)
FD.ESG 3.2035°
(1.92)
ESG 19.6408™
(4.57)
FD.Population 0.0653
(0.16)
Population 0.2077
(0.64)
FD.Per capita GDP 0.0123
(0.62)
Per capita GDP 0.0824™
(7.00)
FD.Trade openness 0.0020
(0.57)
Trade openness 0.0015
(0.98)
FD.Industry 0.0040
(0.23)
Industry -0.0226™
(-2.21)
FD.Foreign direct investment 0.0029™
(2.82)
Foreign direct investment 0.0003
(0.30)
FD.Education 0.0143
(0.19)
Education -0.0084
(-0.24)
FD.Population aging 0.0779
(0.54)
Population aging 0.2577"
9.21)
Country Yes Yes
Year Yes Yes
N 931 1197
R? 0.8625

Notes: (1) This table lists the results when we further use different methods to deal with the potential
endogeneity problems. Column 1 lists the results when we use first-differencing estimator, and column 2
lists the results when we use the KLS method. (2) The t-statistics are represented by the values in
parenthesis. *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively.



Table 9. Robustness tests: considering the issue of cross-sectional dependence

Panel PCSE model DK estimator
Variabl
ariable D 2
ESG 4.6131" 4.2798™
(4.73) (&.11)
POP 0.5220™ 0.5104™
(3.64) (3.04)
GDP 0.0191" 0.0016
(2.54) (0.14)
Openness -0.4320 -0.6070
(-0.29) (-0.42)
Industry -0.4523 -0.2407
(-0.61) (-0.31)
FDI -0.3343 -0.6449
(-0.19) (-0.38)
Edu -0.0103 -0.0283
(-0.34) (-0.70)
. 0.1367 0.0820™
Aging
(5.95) (5.68)
-0.4793™ 0.2740™
Constant
(-5.48) (4.62)
Country Yes Yes
Year Yes Yes
N 1197 1197
R? 0.3770

Notes: (1) This table lists the results for dealing with the possible cross-sectional dependence problem.
Column 1 lists the results when we use the PCSE estimate approach proposed by Beck and Katz (1995), and
column 2 lists the results of DK estimator, which applies a non-parametric strategy to achieve a consistent
variance. (2) The t-statistics are represented by the values in parenthesis. ¥, **, and *** denote significance at
the 10%, 5%, and 1% levels, respectively.



Table 10. The results of ESG and mechanism variables

Variable R&D Risk Finance Democracy
1) (2) 3) )
ESG 0.3330" 10.1826™ 0.1932" 0.3330"
(2.13) (5.01) (2.09) (2.13)
Constant 0.8149™ 68.0568™ 0.5039™ 0.8149™
(23.40) (512.03) (17.90) (23.40)
Country Yes Yes Yes Yes
Year Yes Yes Yes Yes
vii;:; lq Yes Yes Yes Yes
R? 0.2274 0.0777 0.0261 0.7397
F 11.5953 15.5615 1.2731 52.1068

Notes: This table lists the results of the impact of ESG on mechanism variables. Column 1 lists the results of
the impact of ESG on the R&D channel, column 2 lists the results of the impact of ESG on the Risk channel,
column 3 lists the results of the impact of ESG on the Finance channel, and column 4 lists the results of the
impact of ESG on the Democracy channel. (2) The t-statistics are represented by the values in parentheses. *,
**, and *** indicate significance at the 10%, 5%, and 1% levels, respectively.

Table 11. The results of ESG, mechanical variables and green innovation

Variable R&D Risk Finance Democracy
(4] (2) (3) 4
ESG 4.1823™ 4.9341 4.6925™ 3.9025™
(4.02) (5.08) (6.55) (5.65)
R&D 0.4048™
(4.12)
Risk 0.0103
(1.78)
Finance 0.0068™
(8.25)
Democracy 0.2819™
(2.96)
Constant -1.3115™ -1.5796™ -1.0496™ -0.9198™

(-8.66) (-3.52) (-4.13) (-4.19)




Table 11. Continued

Variable R&D Risk Finance Democracy
1) (2) 3) 4)
Country Yes Yes Yes Yes
Year Yes Yes Yes Yes
Co‘ntrol Yes Yes Yes Yes
variables
R? 0.4535 0.4532 0.5496 0.5080
F 25.1195 27.2964 37.8487 38.4633

Notes: This table lists the possible channels through which ESG can have a significant impact on green
innovation. Column 1 lists the results when we add ESG and R&D channel together in the regression
model, column 2 lists the results when we add ESG and Risk channel together in the regression model,
column 3 lists the results when we add ESG and Finance channel together in the regression model. Column
4 lists the results when we add ESG and Democracy channels together in the regression model. (2) The t-
statistics are represented by the values in parentheses. *, **, and *** indicate significance at the 10%, 5%, and

1% levels, respectively.



Appendix

Table 1A. Sovereign ESG evaluation index system

Category Theme Series

CO2 emissions (metric tons per capita)

GHG net emissions/removal by LUCF (Mt of CO2 equivalent)

Emlss%ons & Methane emissions (metric tons of CO2 equivalent per capita)
pollution (5)
Nitrous oxide emissions (metric tons of CO2 equivalent per capita)
PM2.5 air pollution, mean annual exposure (micrograms per cubic

meter)

Adjusted savings: natural resources depletion (% of GNI)

Adjusted savings: net forest depletion (% of GNI)

Natural capital
endowment &
management (6) Forest area (% of land area)

Annual freshwater withdrawals, total (% of internal resources)

Mammal species, threatened

Terrestrial and marine protected areas (% of total territorial area)

Electricity production from coal sources (% of total)

Energy imports, net (% of energy use)

Environment

. Energy intensity level of primary energy (MJ/$2017 PPP GDP)
Pillar (27)

Energy use &

security (7) Energy use (kg of oil equivalent per capita)

Fossil fuel energy consumption (% of total)
Renewable electricity output (% of total electricity output)

Renewable energy consumption (% of total final energy consumption)

Cooling Degree Days (projected change in number of degree Celsius)

Droughts, floods, extreme temperatures (% of population, average 1990-
2009)

Environment/climate Heat Index 35 (projected change in days)
risk & resilience (6) ~Maximum 5-day Rainfall, 25-year Return Level (projected change in
mm)

Mean Drought Index (projected change, unitless)

Population density (people per sq. km of land area)

Agricultural land (% of land area)
Food security (3) Agriculture, forestry, and fishing, value added (% of GDP)

Food production index (2014-2016 = 100)




Table 1A. Continued

Category Theme Series
Government expenditure on education, total (% of government
Education & skills expenditure)
C) Literacy rate, adult total (% of people ages 15 and above)
School enrollment, primary (% gross)
Children in employment, total (% of children ages 7-14)
Labor force participation rate, total (% of total population ages 15-64)
Employment (3) (modeled ILO estimate)
Unemployment, total (% of total labor force) (modeled ILO estimate)
Fertility rate, total (births per woman)
Demography (3) Life expectancy at birth, total (years)
Social Pillar Population ages 65 and above (% of total population)
(18) Cause of death, by communicable diseases and maternal, prenatal and
nutrition conditions (% of total)
. Mortality rate, under-5 (per 1,000 live births)
Health & nutrition
5) Prevalence of overweight (% of adults)
Prevalence of undernourishment (% of population)
Hospital beds (per 1,000 people)
Access to clean fuels and technologies for cooking (% of population)
Access to electricity (% of population)
Access to services (4)
People using safely managed drinking water services (% of population)
People using safely managed sanitation services (% of population)
Strength of legal rights index (0 = weak to 12 = strong)
Human rights (2)
Voice and Accountability: Estimate
Government Government Effectiveness: Estimate
effectiveness (2) Regulatory Quality: Estimate
Control of Corruption: Estimate
Governance . .
Pillar (18)  Stability & rule of Net migration
law (4) Political Stability and Absence of Violence/Terrorism: Estimate
Rule of Law: Estimate
Ease of doing business rank (1 = most business-friendly regulations)
Economic

environment (3)

GDP growth (annual %)

Individuals using the Internet (% of population)




Table 1A. Continued

Category Theme Series
Proportion of seats held by women in national parliaments (%)
Ratio of female to male labor force participation rate (%) (modeled ILO
estimate)
Gender (4) School enrollment, primary and secondary (gross), gender parity index
Governance (GPI)
Pillar
(18) Unmet need for contraception (% of married women ages 15-49)

Innovation (3)

Patent applications, residents
Research and development expenditure (% of GDP)

Scientific and technical journal articles






