=

APAEA

Peer-reviewed research

Lin, X.-L., & Yin, H.-T. (2023). The Impact of Gender Equality on Green Innovation. Energy
RESEARCH LETTERS, 4(3). https://doi.org/10.46557/001¢.36536

The Impact of Gender Equality on Green Innovation

Xi-Li Lin', Hua-Tang Yin'

1 School of Economics and Finance, Xi'an Jiaotong University, China
Keywords: Gender Equality, Green Innovation, Violence, JEL: Q55 )16
https://doi.org/10.46557/001¢.36536

Energy RESEARCH LETTERS
Vol. 4, Issue 3, 2023

Employing a panel of 166 economies covering 1996 — 2018, we investigate the impact of
gender equality on green innovation. Our findings indicate that an improvement in
gender equality improves green innovation performance. This result is supported by a
series of robustness tests. Additionally, we also find that this positive effect tends to be

higher in economies with violent conflicts.

I. Introduction

In recent decades, harmful disasters owing to extreme
high-frequency weather have caused extensive concern for
how to balance economic development and climate change
alleviation (Antal & Van Den Bergh, 2014; Bowen et al.,
2011). Green innovation plays a crucial role in doing both
(Cooke, 2013; Kunapatarawong & Martinez-Ros, 2016). The
impact of green innovation on environmental-friendly de-
velopment has been explored and confirmed by previous
studies, from corporate decisions to the macro-economic
course (Schiederig et al., 2012; Singh et al., 2020). Zheng et
al. (2021) summarize comprehensively previous documents
involving the driving factors of green activities, in which
cultural and institutional foundation (Chen et al., 2018; Qi
et al., 2021) are emphasized as an essential determinant
of green innovation activities." Gender equality, however,
as an aspect of the cultural environment or institutional
arrangement, may have the potential to significantly influ-
ence green innovation performance of an economy through
its considerable impact on the labor market (Kyld-Laaso et
al., 2021; Marija Sikiri¢, 2021; Nguyen, 2021), educational
attainment (Campbell, 2021; Dogan & Kirikkaleli, 2021;
Iranzo-Cabrera & Gozélvez Pérez, 2021) and human capi-
tal (Giron & Kazemikhasragh, 2021; Greer & Carden, 2021).
While there is very little study focusing on the role of gen-
der equality in green innovation activities, we look to fill
this gap by an empirical investigation.

Since the prominent work by Galor and Weil (1996), gen-
der equality, as an important aspect of socio-economic op-
eration, has generated numerous studies regarding its eco-
nomic consequences. Cuberes and Teignier (2013) conduct
a splendid review of previous literature with respect to the
relationship between gender equality and economic devel-

opment. Further empirical research on the aggregate effect
of the gender gap (and its moderator) are conducted by Cu-
beres and Teignier (2016) and Doepke and Tertilt (2019).
Drawing lessons from their research, we find that there are
some potential mechanisms through which gender equal-
ity may affect green innovation performance significantly.
Lagerlof (2003) argues that a “gender-equal” equilibrium
results in a shift from quality to quantity in family spending
on children., facilitating the accumulation of human capi-
tal. Esteve-Volart (2004) and Wiswall and Zafar (2017) also
emphasize that narrowing the gender gap helps alleviate
distortion of talent. Moreover, Bloom and Williamson
(1998) and Azmat and Petrongolo (2014) find that an im-
provement in gender equality not only reduces the number
of children born to a family (and hence public saving rear-
ing cost) but also increases the available labor force. Sub-
sequent studies (such as Cuberes and Teignier (2012), Cu-
beres and Teignier (2016), Thrane (2008), Brixiova et al.
(2020), etc.) also reiterate the importance of the role that
gender equality plays in enhancing human capital intensity
and expanding labor supply. A higher level of human capital
as a result of gender equality increases innovation capacity
(Dakhli & De Clercq, 2004; Danquah & Amankwah-Amoah,
2017) and environmental awareness (Constant & Davin,
2018; Zivin & Neidell, 2013) of an economy, which may
promote green innovation performance (Zhou et al., 2021).
The more sufficient labor supply resulting from a reduction
in sexual discrimination also favors the diffusion and up-
grade process of environmental-related technologies
(Dawid et al., 2013; Greenhill et al., 2009), thus facilitating
green innovation activities (Hall & Helmers, 2013). Hence,
an improvement in gender equality may have the potential
to boost green innovation.
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1 Readers can also refer to Takalo et al. (2021) for a more systematic literature review of green innovation.
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In this study, we first use a panel of 166 economies cov-
ering 1996 - 2018 and employ a fixed effect model to inves-
tigate the influence running from gender equality to green
innovation. A series of tests are then performed to ver-
ify the robustness of our baseline conclusion. We find that
gender equality does have a significantly positive effect on
green innovation. Additionally, our heterogeneity analysis
shows that this impact is found to be more profound in
those economies associated with higher levels of violent
conflicts.

The remainder of this paper is organized as follows. Sec-
tion II presents the model specification and data. Section
III provides the results. Section IV concludes the paper.

I1. Model specification and Data

We adopt a two-way fixed-effect model to investigate the
impact of gender equality on green innovation. The model
specification is as follows:

GIi,t = oo + alGen_EQi,t + ')’Zi,t 1
+,ui+vt+5i,t ()
where GI denotes the number of environmental-related
patents that measures green innovation performance,
Gen_EQ represents the degree of gender equality, Z re-
gards a vector of control variables [including GDP (eco-
nomic development), GOV_GE (government efficiency),
POP (population size), Common (common-good supply), Ju-
dicial (judicial quality) and Democracy (the level of democ-
racy)],2 u; and v, signify the country- and time-fixed effect,
and ¢;; refers to the error term. All the data for the above-
selected variables are obtained from World Bank Open
Data, OECD Statistics and V-Dem dataset.

II1. Results
A. Baseline result

Column (1) of Table 1 presents the baseline model es-
timated by the fixed-effect approach. When adding all co-
variates, Gen_EQ is shown to be significantly positive at the
level of 5%. This reveals that an improvement in gender
equality promotes green innovation performance of an
economy.

B. Robustness checks
B.I. Alternative core indictors

To confirm whether our baseline result is sensitive to
specific indicators, we replace Gen EQ with an inverse in-
dex of gender equality (Gen IEQ, released by Quality of
Government Dataset) and re-estimate the baseline model.
Column (2) gives the result, in which Gen_IEQ enters neg-
atively at the level of 1%, supporting our baseline result.

Similarly, columns (3)-(4) keep the key explanatory vari-
able unchanged but replace the green innovation indicator
(GI) with GI EM (environment-monitoring patent) and
GI_CCM (climate-change mitigation patent) respectively,
which also provide supporting evidence for the baseline re-
sult.

BL.II. Fungible model specification

Since the generation of GI can be regarded as a series of
events that randomly occur over time, a Poisson, or Nega-
tive Binomial (NB) model may be more suited to capturing
its variation. We hence perform the estimation adopting
these two specifications respectively. Columns (5)-6) pre-
sent the result. The coefficient of Gen_EQ remains signif-
icantly positive regardless of whether the Poisson or NB
model is adopted, which again confirms the baseline result.

C. Heterogeneity

To explore whether the positive impact of gender quality
on green innovation varies across the level of violence, we
interact Gen_EQ and Violence (a measure of violent con-
flicts) and re-estimate our model. It is found that the cross-
product term is positively significant, showing that the pos-
itive impact generated by gender-equality enhancement is
higher in those economies with more violent conflicts.

IV. Conclusion

This paper fills the research gap about the relationship
between gender equality and green innovation. Our find-
ings indicate that an enhancement in gender equality ben-
efits green innovation activities of an economy, and this
positive impact is more profound in economies with more
violent conflicts.

According to our findings, policy decision-makers may
need to consider improving gender equality that facilitates
green innovation to realize their sustainable development
targets. For economies with relatively lower levels of gen-
der inequality, policy decision-makers could prescribe
proper punitive measures for discriminatory behaviors in
the job market and carry out schemes with more fair educa-
tion resource allocation to correct the distortion of the el-
ement usage that do harm to sustainable development by
weakening green innovation activities. In economies with
severe gender inequality, the culture of discrimination
among different sexes has widely permeated various as-
pects of their existing institutions and systems. Authorities
of economies with high levels of gender inequality should
be more prudent about measures to rectify social instability
by proposing radical policy reforms, especially in develop-
ing countries where systems for controlling violence are

2 The consistency of the estimator with respect to the causality impact running from gender equality to green innovation could be inter-
rupted by some confounding factors. Following insights from the work of Wang et al. (2019) and Wen et al. (2021), we incorporate this
suite of control variables (GDP, GOV_GE, POP, Common, Judicial and Democracy) to account for the bias generated from economic condi-

tion, institutional quality and population size.
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Table 1. The empirical results of the impact of gender equality on green innovation

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

Gl Gl GI_EM GI_.CCM Gl Gl Gl
Gen_EQ 0.2214" 0.1690 0.2370" 0.1184™" 0.3438™" -0.0182
(2.40) (1.69) (2.54) (11.73) (9.28) (-0.12)
Gen_IEQ -2.6474™
(-5.24)
GDP -0.1583 -0.1776 -0.1795 -0.2015 -0.1864™" 0.1428™ -0.1469
(-1.09) (-1.24) (-1.36) (-1.32) (-19.72) (2.52) (-1.01)
GOV_GE 0.2910™" 0.1219 0.2236" 0.2600” 0.3361" 0.4782" 0.2914™
(2.61) (1.35) (2.36) (2.28) (44.04) (10.16) (2.67)
POP -0.0152 -0.3192 0.1084 -0.3735 24216™ 0.1247™" 0.0254
(-0.04) (-1.12) (0.40) (-1.09) (49.31) (4.05) (0.07)
Common -0.0421 -0.0779° 0.0043 -0.0678 0.0596™ -0.1151™" -0.0338
(-0.89) (-1.73) (0.10) (-1.51) (12.35) (-3.59) (-0.71)
Judicial -0.0205 -0.0591 -0.0077 -0.0284 0.0407™" -0.0421 -0.0231
(-0.37) (-1.23) (-0.15) (-0.51) (6.30) (-1.48) (-0.42)
Democracy -0.5401 -0.2968 -0.5062" -0.5678" -1.1659™" 0.3254" -0.6148"
(-1.65) (-1.02) (-1.68) (-1.80) (-49.73) (2.16) (-1.73)
Gen_EQ*Violence 0.3780°
(1.95)
Violence -0.2698
(-1.12)
N 3246 1473 3246 3246 3145 3145 3246
R2 0.2961 0.2590 0.1531 0.3178 0.2996
Notes: This table shows the regression results of the impact of gender equality on green innovation. t-statistics are in parentheses; * p<0.1, ** p<0.05, *** p<0.01.

relatively weak. Although our findings suggest that an im- acting harsh punitive measures regarding sexual discrimi-
provement in gender equality yields more in promoting nation, a recommended course of action would be encour-
green innovation, it would be useful to keep in mind that aging equal treatment in economic activities [for example,
an ‘impertinent’ reform may bring about huge social costs by offering a tax credit for employing women] that gradu-
that offset the anticipated benefits of green activities. This ally transforms the long-standing status quo of gender in-
is because a sudden break in cultural factors and accepted equality.

norms could cut off numerous social linkages. Thus, the

shifting path to a gender-equality development pattern

should be carefully designed. For instance, instead of en-

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-SA-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-sa/4.0 and legal code at https://cre-
ativecommons.org/licenses/by-sa/4.0/legalcode for more information.

Energy RESEARCH LETTERS 3



The Impact of Gender Equality on Green Innovation

References

Antal, M., & Van Den Bergh, J. C. J. M. (2014). Green
growth and climate change: Conceptual and
empirical considerations. Climate Policy, 16(2),
165-177. https://doi.org/10.1080/14693062.2014.992
003

Azmat, G., & Petrongolo, B. (2014). Gender and the
labor market: What have we learned from field and
lab experiments? Labour Economics, 30, 32-40. http
s://doi.org/10.1016/j.1abeco.2014.06.005

Bloom, D. E., & Williamson, J. G. (1998). Demographic
Transitions and Economic Miracles in Emerging Asia.
The World Bank Economic Review, 12(3), 419-455. htt
ps://doi.org/10.1093/wber/12.3.419

Bowen, A., Cochrane, S., & Fankhauser, S. (2011).
Climate change, adaptation and economic growth.
Climatic Change, 113(2), 95-106. https://doi.org/10.10

07/s10584-011-0346-8

Brixiova, Z., Kangoye, T., & Said, M. (2020). Training,
human capital, and gender gaps in entrepreneurial
performance. Economic Modelling, 85, 367-380. http
s://doi.org/10.1016/j.econmod.2019.11.006

Campbell, J. A. (2021). The Moderating Effect of Gender
Equality and Other Factors on PISA and Education
Policy. Education Sciences, 11(1), 10. https://doi.org/1
0.3390/educscil1010010

Chen, X., Yi, N., Zhang, L., & Li, D. (2018). Does
institutional pressure foster corporate green
innovation? Evidence from China’s top 100
companies. Journal of Cleaner Production, 188,
304-311. https://doi.org/10.1016/j.jclepro.2018.03.25
7

Constant, K., & Davin, M. (2018). Environmental policy
and growth when environmental awareness is
endogenous. Macroeconomic Dynamics, 23(3),
1102-1136. https://doi.org/10.1017/s13651005170001
89

Cooke, P. (2013). Transition Regions: Green Innovation
and Economic Development. Springer Berlin
Heidelberg. https://doi.org/10.1007/978-3-642-3319
476

Cuberes, D., & Teignier, M. (2012). Gender gaps in the
labor market and aggregate productivity. Sheffield
Economic Research Paper Series.

Cuberes, D., & Teignier, M. (2013). Gender inequality
and economic growth: A critical review. Journal of
International Development, 26(2), 260-276. https://do
i.org/10.1002/jid.2983

Cuberes, D., & Teignier, M. (2016). Aggregate effects of
gender gaps in the labor market: A quantitative
estimate. Journal of Human Capital, 10(1), 1-32. http
s://doi.org/10.1086/683847

Dakhli, M., & De Clercq, D. (2004). Human capital,
social capital, and innovation: A multi-country study.
Entrepreneurship & Regional Development, 16(2),
107-128. https://doi.org/10.1080/0898562041000167
7835

Energy RESEARCH LETTERS

Danquah, M., & Amankwah-Amoah, J. (2017).
Assessing the relationships between human capital,
innovation and technology adoption: Evidence from
sub-Saharan Africa. Technological Forecasting and
Social Change, 122, 24-33. https://doi.org/10.1016/j.t
echfore.2017.04.021

Dawid, H., Gemkow, S., Harting, P., & Neugart, M.
(2013). Labor market integration policies and the
convergence of regions: The role of skills and
technology diffusion. In The Two Sides of Innovation
(pp. 167-186). Springer International Publishing. htt
ps://doi.org/10.1007/978-3-319-01496-8 9

Doepke, M., & Tertilt, M. (2019). Does female
empowerment promote economic development?
Journal of Economic Growth, 24(4), 309-343. https://d
0i.0rg/10.1007/s10887-019-09172-4

Dogan, N., & Kirikkaleli, D. (2021). Does gender
equality in education matter for environmental
sustainability in sub-Saharan Africa? Environmental
Science and Pollution Research, 28(29), 39853-39865.
https://doi.org/10.1007/s11356-021-13452-1

Esteve-Volart. (2004). Gender discrimination and
growth: Theory and evidence from India. DEDPS, 42.

Girdn, A., & Kazemikhasragh, A. (2021). Gender
Equality and Economic Growth in Asia and Africa:
Empirical Analysis of Developing and Least
Developed Countries. Journal of the Knowledge
Economy, 13(2), 1433-1443. https://doi.org/10.1007/s
13132-021-00782-1

Greenhill, B., Mosley, L., & Prakash, A. (2009). Trade-
based Diffusion of Labor Rights: A Panel Study,
1986-2002. American Political Science Review, 103(4),
669-690. https://doi.org/10.1017/s0003055409990116

Greer, T. W., & Carden, L. L. (2021). Exploring the
gender wage gap among project managers: A multi-
national analysis of human capital and national
policies. International Journal of Project Management,
39(1), 21-31. https://doi.org/10.1016/j.ijproman.202
0.09.004

Hall, B. H., & Helmers, C. (2013). Innovation and
diffusion of clean/green technology: Can patent
commons help? Journal of Environmental Economics
and Management, 66(1), 33-51. https://doi.org/10.101
6/i.jeem.2012.12.008

Iranzo-Cabrera, M., & Gozalvez Pérez, V. (2021).
Professional activism in journalism and education in
gender equality through Twitter. Feminist Media
Studies, 1-18. https://doi.org/10.1080/14680777.202
0.1847158

Kunapatarawong, R., & Martinez-Ros, E. (2016).
Towards green growth: How does green innovation
affect employment? Research Policy, 45(6),
1218-1232. https://doi.org/10.1016/j.respol.2016.03.0
13



https://doi.org/10.1080/14693062.2014.992003
https://doi.org/10.1080/14693062.2014.992003
https://doi.org/10.1016/j.labeco.2014.06.005
https://doi.org/10.1016/j.labeco.2014.06.005
https://doi.org/10.1093/wber/12.3.419
https://doi.org/10.1093/wber/12.3.419
https://doi.org/10.1007/s10584-011-0346-8
https://doi.org/10.1007/s10584-011-0346-8
https://doi.org/10.1016/j.econmod.2019.11.006
https://doi.org/10.1016/j.econmod.2019.11.006
https://doi.org/10.3390/educsci11010010
https://doi.org/10.3390/educsci11010010
https://doi.org/10.1016/j.jclepro.2018.03.257
https://doi.org/10.1016/j.jclepro.2018.03.257
https://doi.org/10.1017/s1365100517000189
https://doi.org/10.1017/s1365100517000189
https://doi.org/10.1007/978-3-642-33194-7_6
https://doi.org/10.1007/978-3-642-33194-7_6
https://doi.org/10.1002/jid.2983
https://doi.org/10.1002/jid.2983
https://doi.org/10.1086/683847
https://doi.org/10.1086/683847
https://doi.org/10.1080/08985620410001677835
https://doi.org/10.1080/08985620410001677835
https://doi.org/10.1016/j.techfore.2017.04.021
https://doi.org/10.1016/j.techfore.2017.04.021
https://doi.org/10.1007/978-3-319-01496-8_9
https://doi.org/10.1007/978-3-319-01496-8_9
https://doi.org/10.1007/s10887-019-09172-4
https://doi.org/10.1007/s10887-019-09172-4
https://doi.org/10.1007/s11356-021-13452-1
https://doi.org/10.1007/s13132-021-00782-1
https://doi.org/10.1007/s13132-021-00782-1
https://doi.org/10.1017/s0003055409990116
https://doi.org/10.1016/j.ijproman.2020.09.004
https://doi.org/10.1016/j.ijproman.2020.09.004
https://doi.org/10.1016/j.jeem.2012.12.008
https://doi.org/10.1016/j.jeem.2012.12.008
https://doi.org/10.1080/14680777.2020.1847158
https://doi.org/10.1080/14680777.2020.1847158
https://doi.org/10.1016/j.respol.2016.03.013
https://doi.org/10.1016/j.respol.2016.03.013

The Impact of Gender Equality on Green Innovation

Kyld-Laaso, M., Koskinen Sandberg, P., & Hokkanen, J.
(2021). Gender equality and the feminized public
sector in the affective struggles over the Finnish
Competitiveness Pact. Gender, Work & Organization,
28(4), 1507-1523. https://doi.org/10.1111/gwao.1269
3

Lagerlof. (2003). Gender Equality and Long-Run
Growth. Journal of Economic Growth (Boston, Mass.),
8(4), 403-426.

Marija Sikiri¢, A. (2021). The Effect of Childcare Use on
Gender Equality in European Labor Markets. Feminist
Economics, 27(4), 90-113. https://doi.org/10.1080/135

45701.2021.1933560

Nguyen, C. P. (2021). Gender equality and economic
complexity. Economic Systems, 45(4), 100921. http
s://doi.org/10.1016/j.ecosys.2021.100921

Qi, G., Jia, Y., & Zou, H. (2021). Is institutional pressure
the mother of green innovation? Examining the
moderating effect of absorptive capacity. Journal of
Cleaner Production, 278, 123957. https://doi.org/10.10
16/j.jclepro.2020.123957

Schiederig, T., Tietze, F., & Herstatt, C. (2012). Green
innovation in technology and innovation
management - an exploratory literature review. R&D

Management, 42(2), 180-192. https://doi.org/10.1111
j.1467-9310.2011.00672.x

Singh, S. K., Giudice, M. D., Chierici, R., & Graziano, D.
(2020). Green innovation and environmental
performance: The role of green transformational
leadership and green human resource management.
Technological Forecasting and Social Change, 150,
119762. https://doi.org/10.1016/j.techfore.2019.1197
62

Takalo, S. K., Tooranloo, H. S., & Parizi, Z. S. (2021).
Green innovation: A systematic literature review.
Journal of Cleaner Production, 279, 122474. https://do
i.org/10.1016/j.jclepro.2020.122474

Energy RESEARCH LETTERS

Thrane, C. (2008). Earnings differentiation in the
tourism industry: Gender, human capital and socio-
demographic effects. Tourism Management, 29(3),
514-524. https://doi.org/10.1016/j.tourman.2007.05.0
17

Wang, Q.-]., Feng, G.-F., Chen, Y. E., Wen, J., & Chang,
C.-P. (2019). The impacts of government ideology on
innovation: What are the main implications?
Research Policy, 48(5), 1232-1247. https://doi.org/1
0.1016/j.respol.2018.12.009

Weil. (1996). The Gender Gap, Fertility And Growth.
American Economic Review, 3(85), 374-387.

Wen, J., Deng, P., Zhang, Q., & Chang, C.-P. (2021). Is
higher government efficiency bringing about higher
innovation? Technological and Economic Development
of Economy, 27(3), 626—655. https://doi.org/10.3846/t
ede.2021.14269

Wiswall, M., & Zafar, B. (2017). Preference for the
Workplace, Investment in Human Capital, and
Gender. Quarterly Journal of Economics, 133(1),
457-507. https://doi.org/10.1093/gje/qjx035

Zheng, M., Feng, G.-F., Jang, C.-L., & Chang, C.-P.
(2021). Terrorism and green innovation in renewable
energy. Energy Economics, 104, 105695. https://doi.or
€/10.1016/j.eneco.2021.105695

Zhou, M., Govindan, K., Xie, X., & Yan, L. (2021). How
to drive green innovation in China’s mining
enterprises? Under the perspective of environmental
legitimacy and green absorptive capacity. Resources
Policy, 72, 102038. https://doi.org/10.1016/j.resourpo
1.2021.102038

Zivin, J. G., & Neidell, M. (2013). Environment, health,
and human capital. Journal of Economic Literature,
51(3), 689-730. https://doi.org/10.1257/jel.51.3.689



https://doi.org/10.1111/gwao.12693
https://doi.org/10.1111/gwao.12693
https://doi.org/10.1080/13545701.2021.1933560
https://doi.org/10.1080/13545701.2021.1933560
https://doi.org/10.1016/j.ecosys.2021.100921
https://doi.org/10.1016/j.ecosys.2021.100921
https://doi.org/10.1016/j.jclepro.2020.123957
https://doi.org/10.1016/j.jclepro.2020.123957
https://doi.org/10.1111/j.1467-9310.2011.00672.x
https://doi.org/10.1111/j.1467-9310.2011.00672.x
https://doi.org/10.1016/j.techfore.2019.119762
https://doi.org/10.1016/j.techfore.2019.119762
https://doi.org/10.1016/j.jclepro.2020.122474
https://doi.org/10.1016/j.jclepro.2020.122474
https://doi.org/10.1016/j.tourman.2007.05.017
https://doi.org/10.1016/j.tourman.2007.05.017
https://doi.org/10.1016/j.respol.2018.12.009
https://doi.org/10.1016/j.respol.2018.12.009
https://doi.org/10.3846/tede.2021.14269
https://doi.org/10.3846/tede.2021.14269
https://doi.org/10.1093/qje/qjx035
https://doi.org/10.1016/j.eneco.2021.105695
https://doi.org/10.1016/j.eneco.2021.105695
https://doi.org/10.1016/j.resourpol.2021.102038
https://doi.org/10.1016/j.resourpol.2021.102038
https://doi.org/10.1257/jel.51.3.689

	I. Introduction
	II. Model specification and Data
	III. Results
	A. Baseline result
	B. Robustness checks
	B.I. Alternative core indictors
	B.II. Fungible model specification

	C. Heterogeneity

	IV. Conclusion
	References

