
Introduction

With resource depletion, environmental pollution, and persistent ecosystem deterioration 
becoming increasingly serious, environmental challenges have emerged as a fundamental 
barrier to sustainable economic development (Warner et al., 2010; Wei et al., 2015; Chen et al., 
2021a). Human-induced climate change, especially temperature warming, has caused massive 
harm and lasting losses in terrestrial, freshwater, coastal, and pelagic marine ecosystems, ac-
cording to the Intergovernmental Panel on Climate Change’s (IPCC) Sixth Assessment Report. 
Under the current environmental crisis, it is critical to reduce carbon emissions on both the 
production and consumption sides. (Zhao et al., 2023; Zheng et al., 2023a, 2023b; Wang et al., 
2022; Yang et al., 2022; Long et al., 2022; Zou et al., 2023; Yin et al., 2022a).
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Green innovation (GI) refers to any improvement made to an existing product, process, 
service, or management that aims to add value to customers and organizations while sig-
nificantly decreasing negative environmental impacts (Hojnik & Ruzzier, 2016; Zheng et al., 
2021; Chai et al., 2022; Hao et al., 2023; Luo et al., 2022; Ren et al., 2023; Xue et al., 2022). 
According to the World Intellectual Property Organization (WIPO), the widest scope of GI 
includes technologies connected to the disposal of environmentally relevant contaminants 
as well as those linked to climate change mitigation. Stakeholders have widely recognized GI 
as a significant method for attaining the goals of energy conservation and environmentally 
friendly development (Huang & Li, 2017; Fernando et al., 2019). In contrast to traditional tech-
nological innovation, which seeks only economic benefits at the expense of the environment 
and resources, GI seeks to strike a balance between more efficient resource utilization, fewer 
pollutant emissions, and better economic performance (Wang & Li, 2019; Yin et al., 2023; Li 
et al., 2023a, 2023b; Mgomezulu et al., 2023; Raihan, 2023; Zhongzheng, 2023). Therefore, 
it is imperative to study further what external environmental factors influence a country’s GI 
capacity.

Existing studies have identified a set of factors, such as government governance, natural 
disasters, ideology, and stakeholders, as the primary determinants of GI (Fu et al., 2023; Peng 
et al., 2023). For instance, empirical research demonstrates that the impact of environmental 
regulation on GI differs according to the kind of environmental regulation (Song et al., 2020; 
Luo et al., 2021). There is also a favorable relationship between governmental efficiency 
and the production of GI, as well as a significant threshold impact between corruption and 
innovative activities (Wen et al., 2020a, 2021). Chen et al. (2021b) and Zhao et al. (2022) 
argue that natural disasters have a devastating effect on technological progress. According 
to Wang et al. (2019), government ideology affects innovation significantly, and right-wing 
ruling parties promote the emergence of innovative technologies. Moreover, by employing a 
panel GMM estimation, Wang et al. (2021) demonstrate strong evidence that democracy has 
a beneficial influence on innovation performance. There is a favorable link from companies’ 
social responsibility and environmental ethics to their capacity for GI (Chang, 2011; Kraus 
et al., 2020; Shahzad et al., 2020). Furthermore, research shows that stakeholder legitimacy 
pressure can promote GI in general, whereas the impacts of suppliers, consumers, and com-
petitors are multifaceted (Lin et al., 2014; Li et al., 2017). The aforementioned research has 
investigated the influencing factors from various aspects of environmental regulation, gov-
ernmental efficiency, natural disaster, etc., but few have focused on income inequality, which 
is also an important influencing factor (Vona & Patriarca, 2011; Zecca & Nicolli, 2021). Our 
research addresses this vacuum in the literature on the topic.

There are two theoretical hypotheses concerning the sources of innovation in previ-
ous research. One is the “technology-push” hypothesis, which suggests that innovation is 
determined by technological and cost factors influencing supply (Dosi, 1998). The other is 
the “demand-pull” hypothesis, which argues that countries’ per capita income level and the 
demand size and payment capacity of the middle and upper-income classes are the most 
fundamental factors influencing firm innovation decisions (Schmookler, 1966). GI, as a part 
of innovation, is also driven by these sources. However, because of the long-standing as-
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sumption of homothetic preference, income distribution’s effects on innovation and GI have 
not been further explored.

The assumption of homothetic preference is too idealistic, because the preferences of 
people with different characteristics are bound to be different, and so the hypothesis of 
hierarchic preferences is proposed. Earlier studies of income inequality on innovation start 
with Murphy et al. (1989), who claim that the adoption of advanced technologies requires a 
relatively large product market size, and wealth concentration can be a barrier to the wide-
spread adoption of cutting-edge technologies. After categorizing consumers as poor or rich, 
Zweimüller (2000) explores the ways through which income inequality influences the structure 
of product prices and consequently innovation. Foellmi and Zweimüller (2006) further extend 
the research by examining the price effect and scale effect. They declare that as the popula-
tion share of the rich increases relative to the poor, it is beneficial for innovative firms to 
charge high prices and that the price effect is positive; however, it impedes the market scale 
of new products, and the scale effect is negative. The consumption structure effect is another 
channel via which income inequality can impede innovation. As Croix and Doepke (2004) 
note, increasing income inequality can concentrate social wealth towards a few high-income 
groups while decreasing the share of middle-income groups, thus discouraging innovation 
capacity. The ways that income inequality influences GI are shown in Figure 1. To conclude, 
the ultimate direction of the impact of income distribution on GI is determined by the com-
bination of the three effects, and there is evidence that income inequality has a non-linear 
correlation with GI (Vona & Patriarca, 2011; Bai et al., 2020).

This study offers the following contributions. Using multi-national data from 1991 to 
2018, this research establishes a non-linear relationship between income inequality and GI, 
thus contributing to the literature on income inequality, political economics, and innova-
tion economics. In addition, the panel fixed effect model is used as the benchmark model, 
and the difference and system GMM estimations are employed to address any endogenous 
issues. The U-shaped link between income inequality and GI persists following robustness 
and endogeneity analyses. Moreover, this research analyzes how income inequality affects 
GI in various countries. The regression results indicate that the non-linear patterns differ be-
tween samples with the U-shaped relationship being more significant in countries with lower 
income, higher corruption, and weaker government effectiveness. Finally, we compute the 
model inflection point values for the entire sample and each subsample. The findings suggest 
that the inflection point values of the Gini coefficient vary between samples, and as a result, 
we make specific policy recommendations.

Figure 1. The mechanisms by which income inequality affects green innovation
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The remaining portion of this work is presented here. Section 1 is the literature review and 
hypotheses. In Section 2, variable definitions and empirical methodologies are given. Section 
3 contains the regression results, robustness tests, and analysis of heterogeneity. There are a 
conclusion and policy implications at the end.

1. Literature review and hypotheses

Many scholars have employed a range of techniques to further the scientific investigation of 
the connection between income inequality and residents’ health, social stability, economic 
development, and environmental pollution (Lee et al., 2020; Soava et al., 2020). Some early 
research reports that income inequality plays a significant role in worsening health and well-
being, including physical, mental, and public health issues (Pickett & Wilkinson, 2015; Nies-
sen et al., 2018). Dickman et al. (2017) investigate the correlation between inequality and the 
healthcare system in the United States, claiming that the difference in life expectancy between 
the wealthy and the poor is growing. Furthermore, insufficient insurance coverage leaves 
many poor people uninsured, and widespread medical debt frequently leads to bankruptcy. 
Patel et al. (2018) claim that there is a convincing quantitative connection between income 
inequality and depression, implying that mental health professionals should advocate for a 
fairer and more equitable allocation of wealth. According to Owens et al. (2016), increased 
income inequality may lead to unequal access to educational resources for students, affect-
ing academic performance. Additionally, Berg et al. (2018) argue that redistribution promotes 
growth, with lower income inequality strongly associated with faster and more sustained 
growth achieved through human capital accumulation and fertility channels. Employing a 
novel non-linear autoregressive distributed lag (ARDL) approach, Zhao et al. (2021) propose 
that rising income inequality in BRICS economies promotes carbon emissions and undermines 
environmental sustainability. As stated by Jorgenson et al. (2017), the wealthy prefer to pol-
lute more, and there is a positive link between the top 10% income share and state-level 
emissions.

Although income inequality has been examined extensively for many years, the litera-
ture on how income inequality influences GI in the context of the prevalence of sustainable 
development theory is still relatively limited and no consensus results have been reached. 
Recently, several distinct perspectives on the impact of income inequality on GI have been 
presented. The first viewpoint claims that economic inequality and GI are positively related. 
Using the European Community Household Panel Dataset from 1995 to 2000, Tselios (2011) 
argues at the current level of income inequality in the European Union that increasing in-
come inequality in a region is favorable to GI. Furthermore, geographic space and location 
are recognized as important aspects in determining the heterogeneity of this relationship, 
since knowledge spillovers are intra-regional in scope. The second viewpoint believes that 
rising income inequality hinders GI. Zecca and Nicolli (2021) empirically test the correlation 
between income inequality and green technological change through a counting regression 
model, discovering that reducing inequality can stimulate GI in rich and democratic countries. 
The last viewpoint demonstrates a non-linear correlation between income inequality and 
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GI. Vona and Patriarca (2011) construct a dynamic model to investigate the role of income 
inequality in the diffusion of environmental technologies, concluding that inequality hinders 
innovation diffusion in rich regions while per capita income is the most influential factor in 
poorer regions. The findings are contradictory, with varying conclusions for diverse country 
groups, time periods, and modeling approaches. This is not surprising given that income 
inequality can influence GI through a variety of channels, with the outcomes depending on 
the interaction of multiple effects such as, but not limited to, price effects, scale effects, and 
consumption structure effects.

From the viewpoint of effective demand, income inequality has a substantial effect on 
market demand size and consumption structure, which further influences GI behavior (Foellmi 
& Zweimüller, 2017). According to Schmookler (1966), market demand determines the di-
rection and quantity of innovative activities. When there is sufficient and effective market 
demand, firms’ research and development (R&D) investments can be transformed into inno-
vation revenues through the market, stimulating their incentives to innovate and improving 
the country’s GI capacity.

The impact of income inequality on the size of market demand for innovative green 
products is determined by the “price effect” and “scale effect”. On the one side, the widening 
income gap leads to a greater concentration of wealthy individuals prepared to pay higher 
prices for innovative items due to the higher marginal utility of innovative products for them, 
expanding market demand for green products and stimulating firm innovation (Foellmi et al., 
2014). On the other side, as income inequality grows, most low- and middle-income people 
will be excluded from purchasing new products, narrowing the market scale for green prod-
ucts and discouraging GI (Edler & Georghiou, 2007; Chu et al., 2016; Ahuja et al., 2023; Yang 
& Chen, 2023; Awan & Yaqoob, 2023; Yolcan, 2023). Therefore, whether income inequality 
promotes or inhibits GI through the size of market demand is highly dependent on the re-
lationship between the price effect and the scale effect: if the price effect dominates, then 
widening the income gap will facilitate GI; however, if the scale effect dominates, then in-
creasing income inequality will impede GI. Moreover, income inequality has a “consumption 
structure effect”, which may weaken the role of effective demand in increasing innovation 
capacity, undermining the development of GI activities. As income inequality rises, social 
wealth becomes more concentrated in a few high-income groups, while the share of middle-
income groups falls (Croix & Doepke, 2004). However, the low-income class cannot afford 
non-essential goods, whereas the high-income class prefers customized products. Only the 
middle-income class consumes the majority of standardized industrial innovation products. 
Thus, rising income inequality has an adverse influence on the upgrading of the consumption 
structure, inhibits the consumption-ability of the middle-income class, and is detrimental to 
the country’s GI capacity (Greewood & Mukoyama, 2001).

As the prior research has demonstrated, the influence of income inequality on GI is ex-
tensive and dependent on a complicated interaction between three effects: the price effect, 
the scale effect, and the consumption structure effect. Yet, there is limited consensus on the 
correlation between income inequality and GI (Bernardino & Araújot, 2013; Bai et al., 2020; 
Zecca & Nicolli, 2021). With the ongoing deterioration of the global environment and the 
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widening of global income disparity1, the significance of income inequality in achieving a 
low-carbon economy through GI warrants additional research and analysis. The following is 
our study’s hypothesis:

Hypothesis: Income inequality has a big influence on GI. When the income gap is small, 
the price effect dominates, and income inequality can promote GI; as the income gap in-
creases, the scale effect and consumption structure effect will inhibit GI.

2. Data and methodology

2.1. Data and variables
(1) Dependent variable

Patent: Grilliches (1990) points out that patent statistics can be a good proxy of innovation 
performance since patents can directly reveal the outputs of R&D and innovation activities. 
Some academics argue that openly available patent databases can provide a real-time reflec-
tion of the dynamics of the innovation system, and that patent applications can be used to 
quantify the intermediate products of the innovation process (Acs et al., 2002; Jalles, 2010). 
Thus, in this study, we chose to use the number of green patent applications as our GI indica-
tor (Zheng et al., 2020; Wen et al., 2022). Specifically, we use the Green List of International 
Patent Classification compiled by the World Intellectual Property Organization to choose our 
green patents. In accordance with He et al. (2020), we compute the natural logarithm of the 
number of green patent applications in a country to determine its GI (proxied by Patent).

(2) Independent variable

Gini: This study’s explanatory variable is income inequality, and the Gini coefficient is the most 
popular international indicator of income inequality. The bigger the Gini coefficient, the more 
unequal the income, and the threshold for a country’s income inequality are typically set at 
0.4. We obtain the Gini coefficient (proxied by Gini) from the UNU-WIDER World Income 
Inequality Database (WIID), which compiles sufficient income inequality statistics (Zecca & 
Nicolli, 2021). We also incorporate the square term of the Gini coefficient (proxied by Gini2) 
into the model to examine the non-linear influence of income inequality on GI.

(3) Control variables

Aside from income inequality, Gross Domestic Product (GDP) per capita, population size, 
R&D investments, urbanization, literacy, and monetary policy all affect the GI of countries 
(Yin et al., 2022b; Qin et al., 2023; Wen et al., 2023a, 2023b). To strengthen the validity of 
the regression model, our research includes a number of these variables as control variables.

GDP: There is a strong tie between economic growth and innovation performance, since a 
higher level of economic development tends to generate greater financial resources for R&D 

1 Inequality in wealth and income distribution has been steadily increasing over the last few decades, reaching alarming 
proportions in recent years. According to the World Inequality Database, the top 10% of the world’s population ac-
counts for 52% of global income, while the bottom 50% of the population earns only 8% of global income, indicating 
that income and wealth inequality are massive in the current era.
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and innovation activities (Kogan et al., 2017). This study employs GDP per capita to assess 
economic progress (proxied by GDP) (Arin et al., 2011).

Pop: Some researchers believe that population growth has a non-linear influence on 
technological innovation (Dong et al., 2016), however, other studies demonstrate that as 
a population grows, the likelihood of applying new ideas increases, hence promoting the 
development and widespread use of innovative technologies (Kremer, 1993). This analysis 
accounts for the effect of population size on GI using the total population (proxied by Pop).

R&D: As noted by Pradhan et al. (2018), more expenditures are likely to result in more 
trademark and patent applications, and the amount of innovation is highly correlated with 
expenditures on research and development. In this paper, we choose R&D spending to reflect 
a country’s commitment to innovation (proxied by R&D).

Urban: Urbanization promotes the generation of GI (Cheng, 2010; Chen et al., 2020). First, 
urbanization generates an agglomeration effect and promotes the concentration of compo-
nents and economic activities. Second, urbanization hastens the diffusion and spillover of 
technological innovation, since regions with a high level of urbanization have more frequent 
mobility of people and more convenient information exchange. The ratio of urban residents 
to the overall population is used in this study to express the level of urbanization (proxied 
by Urban).

Literacy: General education, according to Roper et al. (2017), can facilitate technical 
growth. On the one side, higher levels of education raise public concern for the environment 
to a degree (Brasington & Hite, 2005). On the other side, higher literacy rates imply higher 
levels of information acquisition and higher environmental quality standards. This paper uses 
literacy to assess national educational attainment (proxied by Literacy).

M2: Moran and Queralto (2018) claim that monetary policy can influence a firm’s innova-
tion and total factor productivity. The broad money supply and the borrowing rate are the 
primary intermediate objectives of monetary policy, and in this study, the broad money sup-
ply will stand in for monetary policy (proxied by M2).

(4) Data description

The data statistics utilized in the investigation are obtained from the UNU-WIDER World 
Income Inequality Database (WIID) (2021), the World Development Indicators (World Bank, 
2020), the OECD environmental statistics database, the World Intellectual Property Organiza-
tion (WDI), and the Worldwide Government Indicator (WGI). After combining all variables, 
we compile multi-national data from 1991 to 2018 for 97 countries2. Table 1 contains the 
variables’ definitions, symbols, and data sources.

Table 2 displays the model’s major variables’ descriptive statistics and correlation matrix. 
The average value of Gini is 4.0053, which has already exceeded the international alert value 
for the income distribution gap, indicating that income inequality is widespread. Furthermore, 
the standard deviation of Gini is 0.961, suggesting that income inequality varies greatly be-

2 Due to data availability constraints, several countries’ green patent applications and Gini coefficients are only available 
until 2018.

3 The actual Gini coefficient value = Gini/10, as a result of data processing, indicating that the mean value has exceeded 
0.4.
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Table 1. Variable definitions and data sources

Variable Symbol Definition Data source

Green patent 
applications

Patent Total number of green patent 
applications

OECD environmental statistics 
database

Gini coefficient Gini Gini coefficient World Income Inequality 
Database (WIID)

Square term of Gini 
coefficient

Gini2 (Gini coefficient)2 World Income Inequality 
Database (WIID)

Per capita GDP GDP GDP divided by population World Intellectual Property 
Organization (WDI)

Population size Pop Total population World Intellectual Property 
Organization (WDI)

R&D expenditure R&D Research and development 
expenditure (% of GDP)

World Intellectual Property 
Organization (WDI)

Urbanization Urban Urban population  
(% of total population)

World Intellectual Property 
Organization (WDI)

Literacy rate Literacy Literacy rate, adult total  
(% of people ages 15 and above)

World Intellectual Property 
Organization (WDI)

Monetary policy M2 Broad money (% of GDP) World Intellectual Property 
Organization (WDI)

Table 2. Data descriptive statistics and correlation matrix

Panel A: Data descriptive statistics

Variable Mean Std. Dev. Min Median Max
Patent 2.719 2.145 0.157 2.048 9.244
Gini 4.005 0.961 1.518 3.797 7.429
GDP 1.980 2.493  0.016 0.865  19.606
Pop 4.140 12.301  0.002 0.997  135.264
R&D 1.066 0.953  0.015 0.712  4.953
Urban 6.469 2.096  0.918 6.719  10.000
Literacy 8.810 1.616  2.573 9.438  9.999
M2 6.067 3.957  0.682 5.147  26.006

Panel B: Correlation matrix

GDP Pop R&D Urban Literacy M2 VIF Tolerance

GDP 1 2.76 0.362
Pop –0.089 1 1.43 0.699
R&D 0.719 0.034 1 2.66 0.376
Urban 0.603 –0.290 0.516 1 2.12 0.472
Literacy 0.192 –0.398 0.099 0.349 1 1.58 0.631
M2 0.464 0.095 0.525 0.291 –0.058 1 1.48 0.676

Notes: The table reports the data descriptive statistics and correlation matrix. Patent is the natural log of 
the total number of green patent applications. Tolerance value greater than 0.1 and VIF value less than 
5 indicate no multicollinearity.
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tween countries. According to the World Inequality Report 2022 (Chancel et al., 2022), in-
equality differs markedly between the world’s most egalitarian area (Europe) and the world’s 
most unequal region (the Middle East and North Africa, or MENA)4. Similarly, the Patent’s 
value ranges from a low of 0.157 to a high of 9.244, illustrating the wide variation in GI that 
exists across both countries and time periods.

To assess potential multicollinearity issues in the primary variables, Panel B of Table 2 of-
fers correlation coefficients and variance inflating factors (VIF) for important control variables. 
The VIF value must be less than 5 and the tolerance value must be larger than 0.1, as stated 
by Craney and Surles (2002), for a system to be considered independent. Panel B’s findings 
lend support to our contention that there is no major multicollinearity problem with our 
model because all variables are truly independent and do not significantly correlate with one 
another (Abban et al., 2020).

2.2. Estimation method

To investigate how income inequality influences GI, we use a panel model with two-way fixed 
effects in this research. This method helps us deal with endogeneity difficulties caused by 
missing data, controls for unobservable effects that vary by country and year, and reduces 
the likelihood of multicollinearity (Wen et al., 2016; Fu et al., 2020; Wen et al., 2020b).

The following is a description of our standard model:

 
2ln( 1)    it it it it i t itPatent Gini Gini X u    + = + + + + + , (1)

where, Patentit denotes green innovation,5 Giniit is the Gini coefficient, 2
itGini  is the square 

term of the Gini coefficient, Xit denotes other control variables, mi stands for country-specific 
effects, ut stands for year-specific effects, and eit is a random disturbance term.

3. Empirical results

3.1. Baseline results

Table 3 shows the estimated effects of how income inequality influences GI capacity in 97 
countries from 1991 to 2018. To investigate the non-linear relationship, the Gini coefficient 
(proxied by Gini) and the square term of the Gini coefficient (proxied by Gini2) are introduced 
into the model first. When we include per capita GDP and monetary policy in column (1), 
the Gini’s coefficient is found to be 0.850 at a 10% level of significance. Column (2) extends 
column (1) by introducing a country’s population size, and the estimated effects of Gini and 
Gini2 both become significant at the level of 10%. Additionally, we add R&D investments and 
urbanization in column (3) and include literacy in column (4). The Gini and Gini2 coefficients, 
respectively, are 0.929 and –0.127 at the significant level of 5% when all control variables are 
included. Therefore, we conclude that the correlation between the Gini coefficient and green 

4 The richest 10% of earners account for about 36% of total European income, but 58% of all MENA earnings.
5 We utilize the natural logarithm of the variables to maintain the series stationary and reduce the probability of covari-

ance and heteroscedasticity. Moreover, we add one to the patents before taking the logarithm, since the number of 
patent applications in a particular year may be zero in certain countries.
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patent applications follows an inverted U-shape and that countries’ GI capacity shows an 
upward and then downward trend as income inequality increases. Additionally, the empirical 
results show that the model’s inflection point is 3.666, implying that the Gini coefficient is 
0.366. In other words, when the Gini coefficient is less than 0.366, the price effect dominates, 
and an increase in income inequality significantly contributes to a rise in GI level, but this 
promotion effect will gradually weaken; when the Gini coefficient exceeds 0.366, the scale 
and consumption structure effects dominate, and a rise in income inequality inhibits GI, and 
this inhibiting effect will gradually increase. This result supports our previous hypothesis.

The potential causes of these regression outcomes are as follows. First, the existence of a 
wealthy class is a prerequisite for promoting GI, since they are prepared to pay for innovative 
products and technologies (Foellmi et al., 2014). In addition, residents in high-income regions 
are more concerned about the environment and more inclined to take part in conserva-
tion initiatives (Liu et al., 2020). As Tselios (2011) states, the dynamic price effect outweighs 
the scale effect when inequality is low (as in Europe), and a rise in income inequality leads 

6 2 ,ln( 1) 0.929 0.127    it it it it i t itPatent Gini Gini X u  + = − + + + +  ( ) ( )0.929 / 0.127 * 2 3.66.V inflection = − − =

Table 3. Baseline results

Variable (1) (2) (3) (4)

Gini 0.850*

(1.75)
0.902*

(1.91)
0.934**

(2.04)
0.929**

(2.00)

Gini2 –0.091
(–1.29)

–0.112*

(–1.73)
–0.128**

(–2.10)
–0.127**

(–2.06)

GDP 0.010
(0.07)

0.096
(0.61)

0.213
(1.16)

0.217
(1.15)

M2 0.025
(1.07)

0.030
(1.30)

–0.012
(–0.56)

–0.013
(–0.58)

Pop 0.089***

(12.14)
0.086***

(11.74)
0.086***

(8.49)

R&D 0.571***

(4.69)
0.573***

(4.63)

Urban –0.029
(–0.13)

–0.032
(–0.14)

Literacy 0.013
(0.10)

Constant –0.642
(–0.78)

–1.005
(–1.18)

–0.585
(–0.34)

–0.682
(–0.33)

Country Yes Yes Yes Yes

Year Yes Yes Yes Yes

R2 0.525 0.582 0.596 0.596

F 7.913 72.731 98.364 100.226

Notes: Values in parentheses indicate t-statistics. *, **, and *** indicate significance at the 10%, 5%, and 
1% levels, respectively. 
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to an expansion of wealthy consumers, thus encouraging enterprises to innovate. Second, 
as the income gap widens further, the size of the market will shrink, as low- and middle-
income groups will find it increasingly difficult to afford expensive green products (Edler & 
Georghiou, 2007). Finally, excessive income inequality expands the demand hierarchy, which 
is detrimental to upgrading the consumption structure and improving GI capacity (Greewood 
& Mukoyama, 2001).

When it comes to control variables, Pop’s coefficients are significantly positive at a level 
of 1% in columns (2) to (4), implying that as population size increases, so do green patent 
applications. The economic significance is then determined by dividing the standard devia-
tion of Patent by Pop’s coefficient multiplied by Pop’s standard deviation. In other words, 
there is a 49.32% standard deviation increase in green patent applications for every standard 
deviation rise in population size [(0.086*12.301)/2.145]. This regression result is in line with 
Tselios (2011), who demonstrates the significance of including this control variable in the cor-
relation analysis of inequality and innovation, and the population is conducive to innovation. 
Moreover, estimation findings in columns (3) and (4) show that the R&D coefficients are 0.57, 
which is statistically significant at the 1% level and indicates that for every standard deviation 
rise in R&D, Patent increases by 25.46% of the standard deviation [(0.573*0.953)/2.145]. Our 
findings confirm the conclusion of prior research that there is a positive link between R&D 
expenditure and innovation (Choi & Yi, 2018; Pradhan et al., 2018). In Table 3, there is no 
statistically significant relationship between any of the other control variables and GI.

3.2. Time lag effects

Many studies have demonstrated that income inequality has long-term effects on economic 
development and environmental quality, implying that income inequality shocks persist into 
the future (Koh et al., 2020; Wu & Xie, 2020). Hence, the effect of income inequality on GI 
may be persistent, and this non-linear relationship may be significant not only in the current 
year but also for some time in the future, with no idea of the year. In other words, it requires 
time for the market to respond when income inequality influences GI development through 
price, scale, and consumption structure effects (Zweimüller, 2000; Croix & Doepke, 2004; 
Foellmi & Zweimüller, 2006). Therefore, we assume that there should be a time lag effect to 
go along with the significant impact that income inequality has on GI. To test the hypothesis, 
this study explores the lagged effects of income inequality on GI by delaying the number of 
green patent applications by 1–10 years.

Table 4 presents the empirical findings. The main explanatory variables’ coefficients and 
levels of significance in columns (1) through (5) fall within the predicted range, suggesting 
that the impact of income inequality on GI will last over the next 1–9 years. Column (6) shows 
after the tenth year of the green patent applications lag that the coefficient of Gini, while 
still positive, is no longer significant. Therefore, the non-linear relationship between income 
inequality and GI, as depicted by the inverted U-shape, is not only significant this year but 
also persists for 9 years, as shown by the regression findings of the lagged effects model.
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3.3. Robustness tests
3.3.1. Alternative explanatory variables

To better measure income inequality, we use the variable of “share of the fifth quintile group 
in total income (proxied by Fifthtile)” in the test to replace the previous Gini coefficient met-
ric. The fifth quintile is the income share of the richest 20% group, which is reported as a 
percentage in WIID. After replacing the measure of income inequality, the signs of Fifthtile 
and Fifthtile2 are consistent with the basic model. According to the regression results in 
column (1) of Table 5, Fifthtile and Fifthtile2 have statistically significant coefficients of 1.529 
and –0.182, respectively, at the 5% level. Moreover, the sign and significance of the other 
variables are generally consistent with the basic regression, demonstrating the model’s ro-
bustness.

3.3.2. Endogeneity concerns

Endogeneity can be caused by a variety of factors. The most fundamental is the bias that 
results from omitted explanatory variables and reverses causality (Acemoglu et al., 2019; Af-
esorgbor, 2019). For objective estimation findings, it is essential in empirical analysis to have 
a method for dealing with endogeneity.

Table 4. Time lag effects

Variable
Patent+1 Patent+3 Patent+5 Patent+7 Patent+9 Patent+10

(1) (2) (3) (4) (5) (6)

Gini 0.787*

(1.98)
0.847**

(2.12)
0.929*

(1.90)
0.743**

(2.44)
0.675*

(1.93)
0.711
(1.63)

Gini2 –0.110**

(–2.11)
–0.108**

(–2.05)
–0.111*

(–1.77)
–0.103**

(–2.54)
–0.099**

(–2.27)
–0.096*

(–1.72)

GDP 0.239
(1.53)

0.189
(1.41)

0.045
(0.30)

–0.132
(–1.01)

–0.084
(–0.70)

–0.045
(–0.42)

M2 –0.004
(–0.22)

–0.024
(–1.20)

–0.028
(–1.38)

–0.013
(–0.84)

–0.007
(–0.50)

–0.005
(–0.27)

Pop 0.083***

(8.62)
0.072***

(8.36)
0.066***

(8.50)
0.055***

(6.01)
0.055***

(4.84)
0.046***

(5.14)

R&D 0.500***

(3.72)
0.369**

(2.46)
0.362**

(2.07)
0.278*

(1.69)
0.199*

(1.77)
0.083
(0.71)

Urban 0.001
(0.00)

0.137
(0.62)

0.055
(0.29)

0.055
(0.35)

0.157
(0.91)

0.159
(1.02)

Literacy 0.026
(0.24)

0.080
(1.01)

–0.002
(–0.03)

–0.030
(–0.67)

–0.100***

(–3.44)
–0.060**

(–2.19)

Constant –0.701
(–0.38)

–1.797
(–0.98)

–0.412
(–0.25)

0.887
(0.74)

1.350
(0.97)

0.929
(0.70)

Country Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes
R2 0.571 0.514 0.409 0.333 0.198 0.124
F 38.288 46.720 34.709 15.875 7.818 6.679

Notes: Same as Table 3. 
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(1) Considering omitted variables 

The first possible cause of endogeneity issues is omitted variable bias. Since it is difficult to 
exhaust all of the elements that drive GI, this may result in explanatory and control variables 
that are concurrently correlated with random error terms. Controlling for other potential 
factors in the regression model as thoroughly as possible can greatly reduce estimation 
errors due to omitted variables bias. First, as stated by Frias et al. (2012), the association 
between industrial structure (proxied by Industry) and innovation capacity is positive, since a 
large proportion of the manufacturing industry provides better infrastructure for GI. Second, 
the degree of trade openness (proxied by Openness) of a country determines the rate of 
technology spillover, thus further influencing GI (Nasreen & Anwar, 2014; Sun et al., 2019). 
Third, employing the difference-in-difference (DID) model and the extended negative bino-
mial model, Zecca and Nicolli (2021) propose that democratization (proxied by Democracy) 
facilitates GI significantly. These factors are included in the model investigating the effect of 
income inequality on GI to ensure the validity of the empirical findings.

Columns (2) to (5) in Table 5 report the empirical findings of the regression model when 
potential omitted variables are included on a case-by-case basis. The basic regression out-
come is displayed in column (2). We introduce industrial structure in column (3), degree 
of trade openness in column (4), and democratization in column (5). Even if they fluctuate 
slightly, Gini and Gini2 coefficients are statistically significant positive and negative, respec-
tively, at the 10% and 5% statistical levels. Thus, the U-shaped association between income 
inequality and GI is confirmed to be strong.

(2) Difference and system GMM estimations

In addition to omitted variables, another underlying factor that can lead to endogeneity 
issues is reverse causality, which means that GI influences income inequality. It is widely 
known that income inequality not only affects innovation activities, but that innovation also 
affects income inequality by influencing corporate profits and economic growth (Breau et al., 
2014; Aghion et al., 2019). By using time-series panel-data methods, Law et al. (2020) argue 
that innovation can exacerbate income inequality as a result of globalization and financial 
development.

In order to overcome potential endogeneity issues in multi-national data, GMM estima-
tions are employed to examine the non-linear relationship between income inequality and 
GI. In this study, we perform both the difference GMM estimation (Arellano & Bond, 1991) 
and the system GMM estimation (Blundell & Bond, 1998) to improve the credibility of the 
regression findings. Columns (6) and (7) in Table 5 present the empirical outcomes of GMM 
estimations. L.Patent is the one-period lagged term of green patent applications, and the last 
four rows are the results of the test performed to determine the validity of the instrumental 
variables. The corresponding P-values for the AR(1) test are less than 0.05, whereas those for 
the AR(2) test are greater than 0.10, showing that serial correlation exists in the first order but 
not in the second. The findings suggest that the hypothesis that the residuals in the original 
model are not autocorrelated cannot be rejected. In addition, the P-values of the Sargan and 
Hansen tests are greater than 0.10, showing that the original hypothesis of the instrumental 
variables being jointly valid cannot be rejected. The empirical results demonstrate a strong 
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positive correlation between the lag period of Patent and the current level of GI, implying 
that GI does exhibit “sustainability”, which is consistent with our previous findings. Moreover, 
the coefficients of Gini and Gini2 remain positive and negative, respectively, with both reach-
ing a significant level of 10%. This outcome is consistent with prior panel fixed effect model 
estimates, lending credence to the conclusion that income inequality and GI have an inverted 
U-shaped relationship. 

3.4. Heterogeneity analysis 
3.4.1. The heterogeneity results of income level

Income levels vary considerably across countries, and existing research reveals that income 
levels can impact the relationship between income inequality and GI (Vona & Patriarca, 2011; 
Liu et al., 2020). Due to price effects, income inequality may contribute to a short-term in-
crease in GI in low- and middle-income regions (Foellmi et al., 2014). However, Vona and 
Patriarca (2011) argue that pioneer consumers’ externalities of green products only benefit 
the region as a whole if income inequality is relatively low. Long-term, as inequality increases, 
they will be unable to afford expensive green products, thereby hindering the development 
of local GI, as the primary desires of inhabitants in low-income countries are to meet funda-
mental necessities and increase income (Liu et al., 2020). In some high-income nations, such 
as the United States and Europe, that already have highly developed technological innovation 
capacities and are capable of manufacturing the most advanced green products, the income 
gap does not appear to have a substantial influence on GI ability (Napolitano et al., 2020).

To validate our hypothesis, we conduct separate regression analyses on low-/middle-
income and high-income sample countries7. Table 6 displays the estimation results for the 
two sub-samples. According to the data, the impact of income inequality on GI varies sig-
nificantly between samples with varying income levels. Column (1) reveals that the signs of 
Gini and Gini2 are consistent with those in the basic regression at a 5% significance level, 
and the inflection point of the Gini coefficient is 0.3758. The findings demonstrate in low- and 
middle-income regions that the income gap promotes GI up to a certain level of inequality, 
but impedes GI as inequality rises too high. The empirical results of column (2) show that the 
non-linear link between income inequality and GI is not significant in high-income regions, 
which is similar to earlier research. To sum up, income level is the most important issue for 
low-/middle-income countries, and a certain degree of income inequality promotes the de-
velopment of GI, but governments should take care to keep the Gini coefficient below 0.375.

3.4.2. The heterogeneity results of corruption degree

Employing a dynamic GMM model with multi-national data, Policardo and Carrera (2018) 
discover that income inequality has a positive impact on corruption and that corruption may 
be a reaction to perceived unequal income distribution. In the literature, there are two oppos-
ing academic perspectives on the influence of corruption on GI. Some academics argue that 
corruption encourages innovation since bribery allows firms to avoid government supervision, 

7 The WDI database is used to classify countries’ income criteria.
8 2 ,ln( 1) 0.997 0.133    it it it it i t itPatent Gini Gini X u  + = − + + + +  ( ) ( )0.997 / 0.133 * 2 3.75.V inflection = − − =
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save time, and obtain more financial subsidies (Chen et al., 2013; Fu & Jian, 2021). Other 
scholars suggest that corruption indirectly weakens firms’ incentives to innovate by distorting 
resource allocation, weakening governance systems, and encouraging rent-seeking activities 
(Murphy et al., 1993; Hao et al., 2020). Therefore, it is critical to explore whether countries with 
differing levels of corruption react differently to income inequality and GI. For this purpose, 
we divide the sample into two groups based on corruption levels, using the median as a cut-
off. The corruption data come from the database of International Country Risk Guide (ICRG)9.

The data is presented in Table 6. According to column (3), in countries with lower levels of 
corruption, the correlation between income inequality and GI is not significant. The inverted 
U-shape association between inequality and GI remains significant at a 10% level in countries 
with higher degrees of corruption, and the inflection point of the Gini coefficient is 0.39310, 
as shown in column (4). The findings show in regions with high levels of corruption that in-

9 The ICRG database can be consulted for additional information about the setting of this variable.
10 2 ,ln( 1) 0.755 0.096    it it it it i t itPatent Gini Gini X u  + = − + + + +  ( ) ( )0.755 / 0.096 * 2 3.93.V inflection = − − =

Table 6. Heterogeneity tests

Variable
Low

income
High

income
Low

corruption
High

corruption

Low
government 
effectiveness

High
government 
effectiveness

(1) (2) (3) (4) (5) (6)

Gini 0.997**

(2.53)
1.552
(1.08)

0.656
(0.78)

0.755*

(1.77)
1.229***

(3.33)
–0.118
(–0.13)

Gini2 –0.133**

(–2.38)
–0.228
(–1.18)

–0.100
(–1.00)

–0.096*

(–1.70)
–0.157***

(–3.15)
–0.075
(–0.67)

GDP 1.143
(1.37)

0.088
(0.54)

0.362
(1.19)

0.265
(0.47)

0.349
(1.54)

0.274
(1.12)

M2 0.001
(0.03)

–0.013
(–0.54)

–0.009
(–0.36)

0.040
(0.87)

0.075*

(1.81)
–0.034
(–1.60)

Pop 0.094***

(9.63)
0.054
(1.25)

0.068
(1.53)

0.065***

(9.24)
0.077***

(10.40)
0.075*

(1.80)

R&D 0.815***

(2.90)
0.486***

(3.19)
0.562***

(3.45)
0.861***

(3.73)
0.831***

(2.96)
0.539***

(4.62)

Urban 0.124
(0.49)

–0.570
(–1.69)

–0.169
(–0.48)

0.076
(0.32)

0.160
(0.65)

–0.202
(–0.75)

Literacy –0.036
(–0.33)

0.609
(1.35)

–0.105*

(–1.74)
0.208
(1.50)

0.021
(0.21)

–0.089
(–0.71)

Constant –2.578
(–1.45)

–1.618
(–0.25)

2.413
(0.61)

–3.731
(–1.65)

–3.885**

(–2.15)
5.538*

(1.75)

Country Yes Yes Yes Yes Yes Yes

Year Yes Yes Yes Yes Yes Yes

R2 0.614 0.657 0.586 0.653 0.573 0.665

F 21.771 21.564 16.383 23.791 18.340 23.558

Notes: Same as Table 3.
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come inequality encourages GI when the Gini coefficient is less than 0.393 but discourages 
GI when the Gini coefficient is greater than this threshold. As income inequality grows, wealth 
gradually accumulates in the hands of the rich, hastening corruption and, to some extent, 
promoting GI (Policardo et al., 2019). However, as inequality grows further, high corruption 
and excessive inequality will hinder GI (Ellis et al., 2020). This leads to the conclusion that 
GI is less tolerant of income inequality in countries with higher degrees of corruption, and 
governments should increase their efforts to reduce corruption generation and keep income 
inequality within healthy limits.

3.4.3. The heterogeneity results of government effectiveness

The previous literature suggests that a country’s government effectiveness has considerable 
effects on economic development and innovation capacity (Wen et al., 2021). First, innova-
tion closely relates to the institutional system, and an effective government can promote GI 
through an innovation compensation mechanism, a property rights protection system, and 
other innovation-driven policies (Flanagan et al., 2011; Hudson & Minea, 2013; Bronzini & 
Piselli, 2016). Second, a more efficient government can encourage GI by streamlining pro-
cesses, improving resource allocation efficiency and fairness, and lowering transaction costs 
(Chen & Yoon, 2019). Finally, government support and intervention are two critical factors 
influencing GI (Lovett, 2011). On the one hand, government support can boost R&D spend-
ing through tax breaks and financial subsidies, thereby promoting GI (Zhu & Xu, 2003). On 
the other hand, excessive government intervention causes an investment crowding-out ef-
fect, increased rent-seeking costs, and corruption, all of which are barriers to developing GI 
(Murphy et al., 1993).

The data about government effectiveness are obtained from the Worldwide Government 
Indicator (WGI), whose value range is restricted to around –2.5 (weak) to 2.5 (strong). The 
sample is split in half based on the median level of government effectiveness. The regression 
findings for groups with lower and higher levels of government effectiveness are displayed 
in columns (5) and (6). In column (5), Gini and Gini2 coefficients are 1.229 and –0.157, re-
spectively, at a significant level of 1%. The inflection point of the Gini coefficient is 0.39111. 
It should be emphasized that the coefficients of Gini and Gini2 for low-effective government 
groups are larger than the outcomes in the panel fixed effect model. This could be attributed 
to the fact that a less effective government has less intervention in innovation, and thus GI is 
more significantly affected by external factors. Additionally, the statistical results in column 
(6) indicate that countries with more efficient governments do not have a significant inverted 
U-shape relationship between inequality and GI. To summarize, to protect GI, governments in 
countries with low government effectiveness should strive to improve their effectiveness and 
regulate the income gap through policy instruments such as redistribution.

11 2 ,ln( 1) 1.229 0.157    it it it it i t itPatent Gini Gini X u  + = − + + + +  ( ) ( )1.229 / 0.157 * 2 3.91.V inflection = − − =
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Conclusions and policy implications

Various governments have been compelled by the deterioration of the environment to take 
decisive action to combat the worsening environmental challenges, and green innovation has 
been highlighted as a viable solution (Chang et al., 2010). Employing the panel fixed effect 
model, this paper empirically investigates how income inequality affects GI using multi-na-
tional data from 1991 to 2018. The findings indicate an inverted U-shaped link between in-
come inequality and GI, with a Gini coefficient of 0.366 serving as the model’s inflection point. 
Income inequality can either promote a country’s GI through price effects or ultimately im-
pede a country’s ability to innovate through scale effects and consumption structure effects.

We further subdivide the sample into various sub-samples based on income, corrup-
tion, and government effectiveness, allowing us to investigate the heterogeneity of social 
development across countries. According to the empirical findings, the non-linear correla-
tion between income inequality and GI is significant only in the sample countries with lower 
income, higher corruption, and weaker government effectiveness. In addition, the inflection 
point values of the Gini coefficient differ in those sub-samples. The Gini coefficient at the 
inflection point is 0.375 in lower-income countries, 0.393 in higher corruption countries, and 
0.391 in weaker government effectiveness countries. In contrast to earlier studies, we investi-
gate the heterogeneity of the relationship between income inequality and GI at the country 
level and calculate the inflection point of the inverted U-shaped association to better inform 
policymakers. This study further extends the economics of innovation toward socioeconomics, 
which is critical for investigating income inequality and green growth. As a result, we propose 
the following policy implications.

The empirical results reveal that there exists an optimal level of income inequality that 
maximizes GI, and this Gini coefficient is 0.366 in our total sample of this paper. Finding 
the inflection point of income inequality provides government policymakers with a crucial 
benchmark for maximizing the significance of income distribution policies in stimulating GI 
and achieving sustainable development. Governments in countries where the Gini coefficient 
has not reached the inflection point need not be concerned that income inequality will harm 
GI. For countries where the Gini coefficient has surpassed the inflection point, governments 
should actively pursue effective measures to control income disparities and improve GI ca-
pacity. At the national level, the government can enact redistribution changes, such as dif-
ferential taxation for low- and high-income groups, to minimize the income gap between 
citizens. For the inequality caused by regional differences, the government can provide more 
policy support and financial subsidies to poor regions to assist them in achieving overall 
economic development and income growth. In terms of government governance, aside from 
strengthening GI by expanding R&D spending, the government can focus more on improving 
an innovation-friendly institutional system, reducing corruption opportunities, and improving 
government effectiveness.

Some limitations of this study merit investigation in future studies. For instance, the three 
effects of income inequality on GI (price effect, scale effect, and consumption structure effect) 
are not empirically tested. Additionally, the data in this paper only include a sample of 97 
countries from 1991 to 2018 due to current data availability. It is hoped that future studies 
will include more country samples and more recent data.
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