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Abstract

Empirical evidence suggests that women, on average, have stronger preferences for
green consumption, and are employed in less carbon-intensive sectors, when compared
with men. The present paper exploits this heterogeneity to study the distributive effects
of climate policy between men and women. The analyses rely on numerical experiments
within an environmental dynamic stochastic general equilibrium (E-DSGE) model in
which men and women differ in their preferences over carbon-intense goods, and in their
comparative advantage across sectors. Calibrating the model to the French economy, we
find that climate policies, such as a carbon tax, or a subsidy for the labor cost of green
firms, can reduce gender-indexed income inequality. Productivity improvements in the
green sector can also reduce this inequality.
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1 Introduction

By ratifying the Paris agreement!, nations commit to structurally transform their economic
activity from carbon-dependent to carbon-neutral in a global effort to combat climate change.
A central issue faced by policymakers concerns the distributive effects of policies that promote
such a transformation. For example, carbon taxation, which is broadly accepted as the most
efficient policy to reduce emissions, can have direct heterogeneous effects on the purchasing
power of households (e.g., Fremstad and Paul (2019)), but also indirect distributive effects
through employment and investment channels as factor inputs are re-allocated between sec-
tors following changes in demand and costs (e.g., Arrow et al. (1996)). Indeed, climate policy
will place a larger burden on individuals with strong preferences for a carbon-intense lifestyle
and on those who face large costs of switching employment from polluting to non-polluting
industries. It is evident from current debates and policy documents that opinions on the
actual and perceived fairness of climate policy are strong and have a real impact on policy

design and implementation (Douenne and Fabre, 2020).

Without taking a normative stance in the equity—efficiency debate, nor studying the polit-
ical economy of climate policy, the present paper explores the potential distributive effects of
climate policy when accounting for gender heterogeneity. This consideration is motivated by
studies showing that women, on average, are more concerned about climate change and envi-
ronmental issues (see, e.g., Bord and O’Connor, 1997; Stern et al., 1999; Xiao and McCright,
2015), have stronger preferences for green consumption and recycling (see, e.g., Urena et al.,
2008; Bravo et al., 2013; Séanchez et al., 2016; Li et al., 2019; OECD, 2021; Migheli, 2021), and,
at current wages, work in less carbon-intensive sectors, when compared to men. Furthermore,
women have been found to be more supportive of climate policy in general (Rhodes et al.,
2017), and display more pro-environmental behavior than men (Casalé and Escario, 2018).

Consequently, climate policy will likely have distributive effects on costs and benefits between

!The Paris Agreement is a landmark agreement under the United Nations Framework Convention on
Climate Change (UNFCCC). It aims to limit global warming to well below 2 degrees Celsius above pre-
industrial levels, with efforts to limit the increase to 1.5 degrees Celsius. The agreement includes commitments
by all countries to reduce emissions and work towards a low-carbon future, to adapt to the impacts of climate
change, and to align financial flows with a low greenhouse gas and climate-resilient development pathway.



men and women. As the female share of economic activity is increasing globally, especially in
developing economies, we argue that these differences will only grow in importance. Yet, this

source of heterogeneity remains largely overlooked in the environmental economics literature.

To this end, we build an environmental dynamic stochastic general equilibrium (E-DSGE)
model with polluting and non-polluting sectors, hereafter referred to as ”green” and “brown”
sectors. The economy is populated by male and female consumers/workers who make indepen-
dent economic decisions over consumption and employment. Our main modeling contribution
is that we explicitly account for both these channels as potential policy propagation channels

that can affect gender inequality, both in terms of income and welfare.

We calibrate the model to match French data on gender differences in employment and
consumption patterns, and then numerically explore the effects of climate policy and produc-
tivity shocks on these differences. Our main findings show that climate policies targeting the
productivity of the green sector or imposing carbon taxes tend to favor women, effectively
reducing the gender income gap. This bias stems from women’s stronger preference for green
goods and their comparative advantage in less carbon-intensive sectors. Women experience
smaller declines in both consumption and income under these policies, highlighting the im-
portance of their role in the green economy and their preferences for green products. The
labor demand shifts from brown to green sectors, driven by increased green productivity and
demand, disproportionately benefit women. This shift, coupled with a decline in the relative
price of green goods, allows female consumers to benefit more, emphasizing the link between
climate policy and gender differences. Ultimately, men are found to face larger welfare costs
of both carbon taxation and subsidies for green firms. Overall, the results suggest that green
fiscal policy can reduce gender income inequality as a smaller burden is placed on women’s
consumption and employment choices. This underscores the importance of accounting for
gender effects when designing and implementing climate policy if equity and inclusiveness are

prioritized outcomes.

The rest of the paper is organized as follows. We review the literature in Section 2. The



model is introduced in Section 3. We calibrate the model in Section 4, and section 5 contains

the numerical experiments. Section 6 concludes.

2 Related literature

Regarding the overall distributional effects of green fiscal policy, Fullerton (2011) finds that
environmental taxes can cause a decline in wages relative to capital returns. This could be
particularly harmful for low-income households as they typically rely more extensively on
labor income. Studying the impacts of a carbon tax across different income groups in the
US, Goulder et al. (2019) find that environmental taxes have regressive direct effects if low-
income households are not compensated through redistributive transfers. However, general
equilibrium effects on wage, capital, and transfer incomes can potentially offset the regres-
sive impacts. Cremer et al. (2003) shows that, if environmental taxes serve a redistributive
purpose, the optimal pollution tax rate is substantially lower than the marginal social dam-
age of the pollutant. If the tax rate is set as equal to the Pigouvian rate, the high-income
groups benefits at the expense of low-income groups. Williams IIT et al. (2015) find that
carbon taxes are regressive, but that the incidence ultimately depends on how tax revenue is
ultimately used. Cutting capital taxes is efficient but exacerbates inequality, while lump-sum
compensations are less efficient but more progressive. Douenne et al. (2022) study whether
environmental policies should be less stringent in the presence of heterogeneity in earnings-
ability, initial wealth, energy demand, and sensitivity to environmental damages. The optimal
carbon tax is found to be close to Pigouvian when distortive taxes are used for redistribution.
However, the presence of low-income households increases the opportunity cost of abatement
efforts following a higher marginal value of consumption. Kénzig (2023) finds that the re-
duced economic activity that follows from carbon pricing in the European Union’s emissions
trading system is mainly harmful for low-income households because of their higher energy
share, while high-income households are less affected. Li et al. (2019) use a nationwide survey
on consumption behavior in China to study the impact of gender inequality on households’
consumption decisions. They find that households that display a higher degree of gender

inequality also make less environmentally friendly consumption decisions.



In terms of labor market effects, Arrow et al. (1996) suggest that environmental regula-
tions would re-allocate employment across sectors, rather than reduce total employment. For
example, environmental policy has been found to disproportionally affect manufacturing em-
ployment negatively (Kahn and Mansur, 2013). Then, heterogeneity in the ability to switch
jobs can have important distributional consequences. Indeed, Ngai and Petrongolo (2017)
find that the post-second World War marketization of services, which also constitutes a large-
scale structural transformation of economic activity, has contributed to narrowing the gender
wage and hours gap in the US, as women have a comparative advantage in service occupa-
tions.? Since women, on average, work in less carbon-intensive sectors, the green structural
transformation could also contribute to reducing the effects on the gender income differential.
Studying the relationship between female labor participation and C02 emissions in 16 Euro-
pean countries between 2000-2016, Wang (2022) finds that an increase in the ratio of female
to male labor participation rates is associated with a decrease in CO2 emission per capita.
However, Aragén et al. (2018) find that the closure of coal mines disproportionately affects
women negatively following an inflow of mainly male workers in the local labor market. Yip
(2018) studies the labor market effects of a revenue-neutral carbon tax in British Columbia.
He finds that the policy mainly reduced the number of jobs available for low-educated males,
resulting in persistent unemployment, while layoffs for medium-educated males were more

likely temporary.

Perhaps most closely related to our paper, Somuncu (2023) studies the effects of environ-
mental regulations on gender inequality, focusing on the employment channel when women
are less mobile in the labor market compared to men. She builds a structural model on the
empirical observations that women have a comparative advantage in less carbon-intensive sec-
tors, such as services, while facing higher job switching costs. In the event of an energy tax,
the gender differences in mobility costs are found to drive the distributional effects in the

long run. She concludes that policies aiming to increase labor mobility have the potential to

2Dinkelman and Ngai (2022) finds that patterns of time use among women in African countries closely
resemble historical time use in the US documented by Ruggles (2015). As such, this transformation is likely
to take place in developing economies as well.



eliminate gender differences in the long run.

Our contribution is that we study the effects of climate taxes and green technological
advancements in gender income and welfare inequality, accounting for both heterogeneous
preferences over green and brown goods and differences in comparative advantage in carbon-

intensive sectors.

3 The model

Time is discrete and denoted ¢. In our proposed model, we consider a closed economy pop-
ulated by dynastic female and male individual types, two firm types that either produce a
carbon-intensive good, or a carbon-neutral good. Following a standard in the literature, we
use the labels green and brown to aggregate various sectors of the economy based on differences
in carbon-intensiveness as measured by greenhouse gas emission per activity. For example, in
the case of France, which serves as the target country for the calibration, sectors that are rela-
tively carbon-intensive, and therefor fall under the brown category, are transport, agriculture,
manufacturing and construction. Meanwhile, accommodation and catering, education, public

and private services, and social action are examples of industries included in the green sector.?

Productivity is stochastic in both sectors. We follow Ngai and Petrongolo (2017) and
assume that capital markets are completely missing to focus on labor market effects, where

gender heterogeneity is better documented empirically.

There is also a government in charge of fiscal policy. In terms of climate policy, the

government can tax carbon emissions or subsidize employment in the green sector.

3.1 Female & Male individuals

For simplicity, we follow e.g., Kitao and Mikoshiba (2020), Somuncu (2023), and Lee et al.

(2024), and abstract from modeling the risk-sharing arrangements between spouses and instead

3Numbers for carbon-intensiveness are lifted from the INSEE database https://www.insee.fr/fr/
statistiques/2015759.
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consider male and female workers as independent economic agents. As such, the consumption
and labor supply responses to changes in environmental policy will not be the outcome of
within-household bargains. Ultimately, the quantitative effects documented in the calibration
section are likely in the upper bound of those that would arise within a model framework with

risk-sharing.

Let ¢ = {f, m} denote female and male individual types respectively. Each type derives
utility from total consumption C;; and leisure (1 — H;;) where H;; represents the total hours

worked. Each household’s objective function is given by:

Ey» B U(Cig, Hiy), (3.1)
=0
where § denotes the subjective discount factor (0 < 5 < 1). The instantaneous utility func-

tion, U (.), is specified by:

1—v 140
Cit —1 Hi,t

— X 2
1—7v Xl—f—a (32)

where v > 0, is the inverse of the elasticity of inter-temporal substitution of consumption,
and o > 0 denotes the inverse of the wage elasticity of labor supply. The total consumption
Ci+ is defined as a composite good of green and brown goods C; ., j = {g, b}, specified as a
constant elasticity of substitution (CES) integration:

Cz't — <M,}7/C€i,co(€ivc*1)/€i,c + (1 - l/[/i’c)I/Eiﬂcoi(;)i;tCil)/Gi’c

) 1,9,t

6i,c/(€i,c_1)
) , (3.3)

where the parameter p;.,i = {f, m} represents the weight of green goods in the house-
hold’s consumption basket at the steady state and therefore captures the household’s prefer-
ence for brown goods relative to green goods. The parameter ¢;,i = {f, m} is the standard
constant elasticity of substitution between different types of consumption goods. Under the
assumption that female consumers are more ecological-oriented, we should have . > iy,

and we will discuss the different scenarios depending on the values of €, .,7 = {f, m}.



The hours of female and male workers are the sum of their hours worked in green and
brown sectors:

Hiy=H; g+ Hipy, (3.4)

where i = {f, m} and H, 4, the hours worked in the green sector, H;;, the hours worked in the
brown sector by female and male workers, respectively. Here we assume that when a worker
changes her/his allocation of working hours in different sectors, she/he will face a quadratic

mobility cost

¢i Hi,g,t Hi,g,t—l 2 .
2\ Hipy Hipi i=Afm}

The household’s budget constraint in turn is defined by:

i Hige Higi1\’
Cipvt +Py1Cigt < (L—w)W,giHi g + (L —w)Wip e Hipy + 15 — ﬂ ( 9l Lo 1) (3.5)
2\ Hipr Hipr

where T;; denotes lump-sum transfer, W; ;i = {f,m},j = {g,b} wages of female and
male workers in green and brown sectors, respectively. Py, is the relative price of green goods,

w is the pay-roll tax rates in green and brown sectors.

The representative consumer chooses {C; .}, i = {f,m},j = {g,b} and H;;, i = {f, m}
to maximize its lifetime utility function subject to the capital accumulation equation and the
budget constraint. The solution to this optimization problem gives the following first order

conditions:

Pachia = i G000 (3.6)
Aig = (1—Mz’,c)1/6“Ci{q’c_wcijbl,t/ei’c (3.7)

Hig: Higi Higiv1  Hige, 1
AL =w)Wige = Xl + di[M(5 — 75—) = BA S
3 Wigs ! | t(Hi,b,t Hi,b,t—l) H—l(Hi,b,t—i-l H;py Hi,b,t(
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2
Hip: Hipi1 Hippy1  Hipe Hiy,

Aig(L—=w)Wipe = xil7, — il A(

) = BAuia( (3.9)



The consumption of green and brown goods are thus:

ngt = C’f,gyt + Cm,g,ta (310)
Cot = Crpr + Crpr- (3.11)

3.2 Sectors

In this section we describe the behavior of firms within the green and brown sectors, respec-
tively. For firms, female and male labor are not perfectly substitutable, and labor in different

sectors j = {g,b} are CES integrations of female and male workers:

YNV GV
(<5 1)/“”) (3.12)

1/e;, €,n—1)/€j, €
ijt = (:uf,j,thHJE,j],th ) " + (1 - Mﬂjﬁ)l/ LhHm,j,t

where p5 ;5 is the proportion of female workers in sector j, and €;, is the elasticity of substi-

tution between female and male workers.

3.2.1 The Green sector

The green sector uses CES production function using female and male labor as inputs:

You = AgiHgy, (3.13)

where the labor H,; is used by firms to produce green goods. The technology A, ; is specific

to the green sector and is assumed to follow a stochastic process.

IOg(Ag,t) =(1- pAg) IOg(Ag) + pa, lOg<Ag,tfl) T €Ay,

In this part, we choose not to add damage function in the productivity of the green sector for

the sake of simplicity.
The green firm maximizes its profit:

max Pg,t}/g,t - (Wf,g,t - 6lcs,t)]_-lf,g,t - (Wm,g,t - elcs,t>Hm,g,t (314)
Hf,g,tyHm,g,t



where €5, represents the labor cost subsidy from the government for green firms.

The first order condition of the maximization problem is:

1 1 1

Wigt — €lesp = Pg,tAg,tN;?g’?hH;,i’h Hf,g?tﬁ (3.15)
1 A A
Wingt = €lest = PgiAge(1— pipgn)or Hg?h Hm;’f (3.16)

3.2.2 The Brown sector

The output produced in the brown sector follows the CES production function using female

and male labor as inputs:

Yoi = A Hyy, (3.17)

where the labor H;, is used by firms to produce brown goods.

The variable A, is a technology specific to the brown sector and is defined as:

Ab,t = (1 - d<xt71))ab,t7

where x, represents the emission stock. The productivity shock as, follows a stochastic process

that is given by:

log(ap:) = (1 — pa,)log(ay) + pa, log(ase—1) + €, (3.18)

As in Heutel (2012), we assume that the pollution caused by firms affects negatively the

output through the following damage function:

d(zy) = do + dyxy + d2$t2,

The damage function captures the reduction in productivity caused by pollution* with x;

4For the reason of simplicity, we assume that there is no damage function in the green sector, as in
Benkhodja et al. (2023).



the emission stock. The latter evolves according to the last period level of pollution stock z;_1,
the current period domestic emission e;, and the rest of the world emission ™", as described

in the following equation:

rp = (1 —0,)xi1 + € + €

where J, is the pollution decay rate. The level of domestic emissions e; depends on the output

and of the abatement effort n,

[ gﬁ(l — ’r]t)}/b’t, (3].9)

The variable ej°" is the emission in the rest of the world and is assumed to follow an AR

process. That is,

log(e;™) = (1 = pegou) log(€™) + peyow log(€%7) + ecgou. (3.20)

In the absence of abatement efforts, the parameter ¢ > 0 measures the level of emissions
per unit of production. As in Annicchiarico and Di Dio (2015), we assume that the abatement

costs Z; are a function of the abatement effort and output. It takes the following form:

Zy =Y UthYb,t,

with ¢¥; > 0 and ¥y > 1.

Polluting firms are taxed by the government depending on the level of domestic emissions
Te+€¢ Where 7., represents the so-called carbon tax. Therefore, the polluting firm maximizes

its profit:

max Yb,t — 7 — (Te,t + €Te,t)€t - Wf,b,tHf,b,t - Wm,b,th,b,t (3'21)
Hf,b,tyHm,b,tvnt

where €._; is the carbon tax policy on the polluting sectors.

The first-order conditions of this maximization problem are given by:

10



1 1 1

Wine = Apall =" — (e + e a)o(1 — no)lp s Hyy" Hp " (3.22)

1 1

L an i
Winpe = Apall = 010" — (Te + €na)o(1 = n)](1 = pugpn) o Hyy" H Y7 (3.23)

1
(Tet + €r. t)SO:| Y21
—_— 3.24
& { bits (3:24)
3.3 Public sector
The budget constraint of the public sector is given by:
Ty + €est Z Higr= (Teq + €ra)er +w Z WijaHiju. (3.25)
i=fm i=f,m;j=g,b
For government transfer, the total transfer equals to:
Ty =T+ Tong (3.26)

We also assume that the lump-sum transfers to female and male consumers are identical
, l.e.

3.4 Market Clearing and Resource Constraint

In equilibrium, we have market clearing in the green goods market:
Yor=Cgr (3.28)

and the total resource constraint :

,q,t 2,g,t—1\2
+

Hiv:e Hipp

ByiYgu +Yor = PyuCos+ Coy + Z + Z %(

i=f,m

(3.29)
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4 Calibration

In this section, we calibrate the model using the standard values of the structural parameters
related to the business cycle literature, the steady state values of our key variables, and the
French quarterly data. France has been particularly active over the last 20 years in the fight
against global warming and in promoting the transition to a green economy. Indeed, especially
since the organization of COP21, the promulgation of the law on energy transition for green
growth in 2015, up to the very recent law on energy and climate adopted in 2019, the French

economy is one of the most promising in the development of the organic market.

Also, given our research topic on the effects of the ecological transition on female’s par-
ticipation in the labor market, France represents an interesting case for two main reasons:
female’s participation in the labor market is increasing and the gap with males is narrowing
even if there is no parity yet. Indeed, according to INSEE, in 2018, female’s participation
reached 68.2% against 75.8% for men (data valid for the age group 15 — 64). Also, females
now have more higher education qualifications than men: in 2018, 51.2% of females aged 30
to 34 are in this category compared to only 41.0% of males in this age group. This last point
may be relevant as the green labor market requires new skills and would probably be a source

of future recruitment for females.

Table 1 lists the values of the 21 parameters of the baseline model. The subjective discount
factor [ is set at 0.997 which implies an annual steady-state deposit interest rate of about 1.2,
consistent with the historical average from 2008 to 2022 according to data from the World
Bank and the Banque de France. The inverse of the elasticity of intertemporal substitution
of consumption 7 is set to 0.5, following Gruber (2013). The inverse of the elasticity of
the intertemporal substitution of labor o is set at 2 (Chetty et al., 2011). We calibrate the
parameter y so that the total labor H, = 1/3. According to AgenceBio, we set the weight of
green goods in the female’s consumption basket s, at 0.2 and the weight of green goods in

the male’s consumption basket p, . = 0.1°.

5We have approximated here the percentage of the total female and male consumed organic products every
day as a proportion of the total basket of both.

12



Male and female constant elasticity of substitution between different types of consumption
goods €, ¢, and €y, are set to 10 and 15, respectively, to capture the stylized fact that women
are more responsive to purchasing green goods®. The payroll tax rates in all sectors, w, is

equal to 0.3.

Regarding the labor market, we set the value of the proportion of female workers in the
brown sector iy, at 0.24. As for the work of females in the green sector, the proportion

s gn is equal to 0.63 7.

Based on French data, the steady state value of the carbon tax 7. is set at 0.009 repre-

senting a level equivalent to 44.6 euros for one metric ton of CO2 emissions.

The environmental parameters are calibrated following the related literature. As in Heutel
(2012), damage function parameters d0, d1 and d2 are set respectively at 1.3950 x 1073,
—6.6722 x 107% and 1.4647 x 1078, The decay rate of pollution J, is set at 0.0035 as in Carat-
tini et al. (2021). The second technological parameter of abatement cost is set at ¥y = 2.8
following Annicchiarico and Di Dio (2015). We adjust the value of ¢; and the emission/output
intensity parameter ¢, so that the sectorial labor supply for female and male workers is close

to the French data.

https://www.agencebio.org/wp-content /uploads/2022/03 /Barometre-de-consommation-et-de-perception-

des-produits-bio-Edition-2022_VF.pdf

6Report and statistics from AgenceBio, 2022. https : //www.agencebio.org/wp —
content /uploads/2022/03/ Barometre — de — consommation — et — de — perception — des — produits — bio —
Edition — 2022y F.pdf

"We calibrated the share of females in the brown and green sectors at 0.24 and 0.63 respectively. To do
this, we used INSEE database, selecting the share of females’ work in the high-polluting and low-polluting
sectors in France. For the brown sector, we calculated the average share of females in the sectors con-
sidered to be the most polluting, namely Transport 25.8%, Agriculture 29.7%, Industry 28.5%, and Con-
struction 11.1%, (sources: https://www.insee.fr/fr/statistiques/2015759, for the most polluting sectors and
https://www.insee.fr/fr /statistiques/2015759, for the share of work in the brown sector). As for the low-
polluting sectors, we have calculated the share of females’ work in the sectors considered to be the cleanest,
i.e. Accommodation and catering 49.3%, Education 68.5%, Public administration 53.6%, Services mainly to
businesses 47.7%, Health 74.7%, Medical-social accommodation and social action 82.7%).

13



Table 1. Calibration of structural parameters

Description Parameters Values Source

The subjective discount factor 8 0.997 steady state interest rate of 1.2%
The inverse of the elasticity of intertemporal substitution of consumption 5y 0.5 Gruber (2013)

The inverse of the wage elasticity of labor supply o 2 Chetty et al. (2011)

The weight of labor in households’ utility function X 61.67 steady state labor supply intensity of 0.33
The weight of green goods in the female’s consumption basket ffe 0.2 French data

The weight of green goods in the male’s consumption basket Hime 0.1 French data

Male elasticity of substitution between different types of consumption goods €m,e 10 Author’s assumption

Female elasticity of substitution between different types of consumption goods €y, 15 Author’s assumption

The payroll tax rates in green and brown sectors w 0.3 French data

Carbon tax rate Te 0.009 Benkhodja et al. (2023)

The proportion of female workers in the green sector f.g.h 0.63 French data

The proportion of female workers in the brown sector s 0.24 French data

Constant elasticity of substitution between female/male labor in green sector ¢4 100 Author’s assumption

Constant elasticity of substitution between female/male labor in brown sector €, 100 Author’s assumption

The level of emissions per unit of production © 0.002 Author’s calibration

First technological parameter of abatement cost U 0.002 Author’s calibration

Second technological parameters of abatement cost g 2.8 Annicchiarico and Di Dio (2015)
Constant in damage function do 1.3950 x 107%  Heutel (2012)

Linear term in damage function dy —6.6722 x 107 Heutel (2012)

Quadratic term in damage function dy 1.4647 x 1078 Heutel (2012)

The pollution depreciation rate 0z 0.0035 Carattini et al. (2021)

Labor mobility costs for females [ons 0.01 Author’s assumption

Labor mobility costs for males bm 0.01 Author’s assumption

5 Simulation

We proceed to simulate the effects of the technological and policy shocks to evaluate whether
they can impact gender income inequality. To this end, we assume that each scenario is
characterized by quasi-permanent shocks. This is motivated by (i) that green technological
shocks, such as climate-friendly innovations, are likely to be permanent. (ii) The policy
amendments that follow from the Paris agreement require that green policies are in place for
a long time. (iii) The persistence of shocks matter for the substitution vs. wealth effects
of green policies. Specifically, we study the following four different shocks to the calibrated

economy:

1. A 4+0.01% quasi-permanent shock on the productivity in green sector
2. A +0.01% quasi-permanent shock on the productivity in conventional brown sector

3. A +0.01% quasi-permanent shock on the carbon tax
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4. A 40.01% quasi-permanent shock on the subsidy for labor cost in green sector

To capture quasi-permanent shocks, for each scenario, we set the shock persistence pa-
rameter to 0.999. In our calibration, we recall that the differences between female and male

are:

1. The percentage of green goods is higher in female consumer’s consumption basket

2. By the authors’ assumption, female consumer is more motivated and flexible to try a
new green product, captured by a higher elasticity of substitution between green and

brown goods ®

3. In the French labor market, by the authors’ estimation, there are more women working

in the non-polluting sector, and more men in the conventionally polluting sector

4. We assume that female and male workers have the same elacticity of substitution between

a green and a brown job.

Figure 1 - 8 show the simulation results. All variables in the IRF's represent the percentage

(%) deviation from their steady-state values.

First, Figure 1 and 2 show the simulation results of +0.01% quasi-permanent shock on
the productivity in green sector. In Figure 2, we see that under green productivity shock, the
production in green sector increases by 1%, which is highly due to the increase of labor force
in the green sector. The IRFs related to the green sector is more sensitive than that of the
brown sector, because in our calibration, the total production, i.e. GDP, is mainly composed
by the conventional brown sector!’. Because the basis of green sector is small, when there is

a shock, the changes on percentage is relatively large compared to the brown sector.

With positive green TFP shock, the green sector produces more. Therefore, there is more

supply of green goods in the market, and the relative price of green goods falls. Consumers thus

8For this point, we will do sensitivity analysis in the following session.

9We will do sensitivity analysis in the following session.

10For example, in the calibration, from the French data, in the market, the consumption of green goods
is about 15% of the total consumption of consumers. In our calculated steady-state, the labor force in green
sector is also 15% of the total labor force.
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consume more green goods and less brown goods than before. As a result, the production of
brown goods declines. Naturally, the brown sector recrutes less and labor in the brown sector
falls. The green sector produces more thus recrutes more, therefore labor in the green sector

increases. Since the brown sector produces less, the C'O, emission falls.

In Figure 1, the IRFs illustrate gender differences. On the consumption side, when the
relative price of green goods falls, because female consumers are more flexible and willing to
shift to green products, the green consumption of women increases more than that of men.
Then we come to the labor market, which is the most interesting dynamic and interaction
between female and male agents. Due to the positive green TFP shock, wages for both men
and women in the green sector increase. From our calibration, female labor is the majority in
the green/non-polluting sector, therefore the marginal wage increase for women is higher than
that of men (equation 3.16). This implies that there is a more important income effect for
women than for men. In economic theory, when the wage increases, worker can purchase/enjoy
more consumption and leisure, thus the working hours decrease. This is the income/wealth
effect. On the other hand, when wage increases, leisure becomes more expensive, thus worker
tends to reduce the time of leisure, i.e. to increase working hours. This is the substitution
effect. In this scenario with positive green TFP shock, both female and male working hours
increase in the green sector, indicating that substitution effect is dominant. In the green
sector, our simulation also shows that the substitution effect is more prominent for men than
for women, as men’s working hours increase more than that of women. This is because that
the income effect is more prominent for women, which neutralizes a part of the substitution

effect.
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Figure 1: IRF's of +0.01% quasi-permanent green TFP shock - 1
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In the brown sector, female labor decreases more than that of male labor, because more
female labor force leave the brown sector to work in the green sector. Since there is a lack
of female labor in the brown sector, this labor supply effect becomes dominant, thus wage
for female worker increases instead of decreasing. For male worker, the labor demand effect
is dominant, i.e. since the brown sector is shrinking, firms recrute less and the wage of male
worker decreases. In general, both female and male labor force increase, with female labor
force increases more than that of male worker. The general female income level increases more
that the male income level. Then we can come back to Figure 2, the income ratio between
male and female falls. The wage gap (wage ratio) between male and female decreases in both

green and brown sectors. To conclude, the income ratio between men and women decreases
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Figure 2: IRF's of +0.01% quasi-permanent green TFP shock - 2
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when there is positive green productivity shock.

Then, Figure 3 and 4 show the simulation results of +0.01% quasi-permanent shock on
the productivity in brown sector. In Figure 4, we see that under brown productivity shock,
the production in brown sector increases by 0.3%, which is highly due to the increase of labor
force in the brown sector. With positive brown TFP shock, the brown sector produces more.
Therefore, there is more supply of brown goods in the market, and the relative price of green
goods rises. Consumers thus consume more brown goods and less green goods than before. As
a result, the production of green goods declines. Naturally, the green sector recrutes less and
labor in the green sector falls. The brown sector produces more thus recrutes more, therefore
labor in the brown sector increases. Since the brown sector produces more, the C'Oy emission

increases.

In Figure 3, the IRF's illustrate gender differences. On the consumption side, when the
relative price of green goods increases, in our assumption, female is more flexible to substitute
between green and brown goods!!, the green consumption of women decreases more than that
of men. Then we come to the labor market, due to the positive brown TFP shock, wages
for both men and women in the brown sector increase. From our calibration, male labor
is the majority in the brown/polluting sector, therefore the marginal wage increase for men
is higher than that of women (equation 3.24). This implies that there is a more important
income effect for men than for women. In this scenario with positive brown TFP shock,
both female and male working hours increase in the brown sector, indicating that substitution
effect is dominant. Our simulation also shows that the substitution effect is more prominent
for women than for men, as women’s working hours increase more than that of men. This
is because that the income effect is more prominent for men, which neutralizes a part of the

substitution effect.

HFor this assumption, we will do sensitivity test in the coming session.
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Figure 3: IRFs of +0.01% quasi-permanent brown TFP shock - 1
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In the green sector, male labor decreases more than that of female labor, because more
male labor force leave the green sector to work in the brown sector. Since there is a lack
of male labor in the green sector, this labor supply effect becomes dominant, thus wage for
male worker increases instead of decreasing. For female worker, the labor supply effect is also
dominant, i.e. the wage of female worker increases, but slightly less than that of male worker.
In general, both female and male labor force increase, with male labor force increases more
than that of female worker. The general male income level increases slightly more that the
female income level. Then we can come back to Figure 4, the income ratio between male and
female rises. The wage gap (wage ratio) between male and female increases in both green and

brown sectors. To conclude, the income ratio between men and women increases when there
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Figure 4: IRFs of 4+0.01% quasi-permanent brown TFP shock - 2

21




is positive brown productivity shock.

Next, Figure 5 and 6 show the simulation results of +0.01% quasi-permanent shock on
the carbon tax in the brown sector. In Figure 6, we see that under the carbon tax shock, the
production of brown sector decreases by 0.2%, which is highly due to the decrease of labor

force in the brown sector.

With positive carbon tax shock, the brown sector produces less. Therefore, there is less
supply of brown goods in the market, brown goods become more expensive and the relative
price of green goods falls. There is relatively more demand for green goods from the consumers,
and the green production increases. The brown sector recrutes less and labor in the brown
sector falls. The green sector produces more thus recrutes more, therefore labor in the green

sector increases. Since the brown sector produces less, the C'Oy emission falls.

In Figure 5, the IRFs illustrate gender differences. On the consumption side, when the
relative price of green goods falls, because female consumers are more flexible and willing to
shift to green products, the green consumption of women increases more than that of men.
For the labor market, because green firms produce more, there is more demand of labor
from green firms. Therefore, wages for both men and women in the green sector increase.
In our simulation, men and women move from brown sector to green sector, and the labor
supply effect for male worker is more prominent than that of female worker. This is why the
marginal wage increase for men is smaller than that of women. This implies that there is a
more important income effect for women than for men. In this scenario with positive green
carbon tax shock, both female and male working hours increase in the green sector, indicating
that substitution effect is dominant. Our simulation also shows that the substitution effect is
more important for men than for women, as men’s working hours increase more than that of
women. This is because that the income effect is more prominent for women, which neutralizes

a part of the substitution effect.
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Figure 5: IRFs of +0.01% quasi-permanent carbon tax shock- 1
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Figure 6: IRFs of +0.01% quasi-permanent carbon tax shock - 2

In the brown sector, female labor decreases more than that of male labor, because more
female labor force leave the brown sector to work in the green sector. Since there is a relative
lack of female labor in the brown sector, wage of female worker decreases less than that of
male worker. In general, both female and male labor force increase, with female labor force
increases more than that of male worker. The general female income level decreases less than
the male income level. Then we can come back to Figure 6, the income ratio between male
and female falls. The wage gap (wage ratio) between male and female decreases in both green
and brown sectors. To conclude, the income ratio between men and women decreases when

there is positive carbon tax shock.
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Lastly, Figure 7 and 8 show the simulation results of +0.01% quasi-permanent shock on
labor cost subsidy in the green sector. In other words, government subsidize green firms’ labor
cost. In Figure 8, we see that under the labor cost subsidy shock, the production of green

sector increases by 1%, which is highly due to the increase of labor force in the green sector.

With positive labor cost subsidy shock, the green sector recrutes and produces more.
Therefore, there is more supply of green goods in the market, green goods become cheaper
and the relative price of green goods falls. There is relatively less demand for brown goods
from the consumers, and the brown production falls. The brown sector recrutes less and labor
in the brown sector falls. The green sector produces more thus recrutes more, therefore labor

in the green sector increases. Since the brown sector produces less, the C'Oy emission falls.

In Figure 7, the IRF's illustrate gender differences. On the consumption side, when the
relative price of green goods falls, because female consumers are more flexible and willing to
shift to green products, the green consumption of women increases more than that of men.
For the labor market, because green firms produce more, there is more demand of labor
from green firms. Therefore, wages for both men and women in the green sector increase.
In our simulation, men and women move from brown sector to green sector, and the labor
supply effect for male worker is more prominent than that of female worker. This is why the
marginal wage increase for men is smaller than that of women. This implies that there is a
more important income effect for women than for men. In this scenario with positive labor cost
subsidy shock, both female and male working hours increase in the green sector, indicating
that substitution effect is dominant. Our simulation also shows that the substitution effect is
more important for men than for women, as men’s working hours increase more than that of
women. This is because that the income effect is more prominent for women, which neutralizes

a part of the substitution effect.
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Figure 7: IRFs of +0.01% quasi-permanent labor cost subsidy for green firms - 1
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Figure 8: IRFs of +0.01% quasi-permanent labor cost subsidy for green firms - 2

In the brown sector, female labor decreases more than that of male labor, because more
female labor force leave the brown sector to work in the green sector. Since there is a relative
lack of female labor in the brown sector, wage of female worker increases instead of decreasing.
Wage of male worker decreases because there is less labor demand from the brown firms. In
general, both female and male labor force increase, with female labor force increases more than
that of male worker. The general female income level decreases less than the male income level.
Then we can come back to Figure 8, the income ratio between male and female falls. The
wage gap (wage ratio) between male and female decreases in both green and brown sectors.

To conclude, the income ratio between men and women decreases when there is positive labor

cost subsidy shock.
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All in all, we see that under green productivity shock, and environmental policies, income

ratio between male and female workers fall.

5.1 Welfare Analysis

In this section, we simulate the welfare effects of sectoral productivity shocks, and environ-
mental policies on female and male consumers. First, we propose a Business-As-Usual scenario
(BAU), by assuming that the TFP growth in both green and brown sector is around 0.36%.
This number comes from the average quarterly GDP growth in France from 1991 to 2024.

We calculate the welfare by the following equation:

WE,, =UT; + WEF,11,i={f,m}
where UT;; is the utility function of female and male consumers:

1=y 1+o
Uﬂt _ UZ () _ Ci,t 1 o XHZ',t
’ 1—7v l+o

Table 2 shows the results of the welfare analysis compared to BAU. We see that under
positive TFP shock in green sector, a female consumer has more welfare gain than a male
consumer. Under positive TFP shock in brown sector, a male consumer has more welfare
gain than a female consumer. Under environmental fiscal policy shocks, i.e. carbon tax or
labor cost subsidy for green firms, a female consumer also has slight welfare gain, while a male

consumer has welfare loss.

Table 2: Welfare analysis with quasi-permanent shocks, % deviation from BAU

TFP shocks welfare effects on female consumers,% welfare effects on male consumers,%
+0.01% green TFP shock +2.43 +1.05
+0.01% brown TFP shock +7.61 +8.34
environmental policies welfare effects on female consumers,% welfare effects on male consumers,%
+0.01% carbon tax +0.48 —1.27
+0.01% labor cost subsidy for green firms +0.58 —0.81

Following a green TFP shock, female consumers record a 2.43% increase in welfare, in-
dicating a substantial benefit from improved productivity in the green sector. In line with
IRF results, this is explained by women’s strong preference for green goods and their greater

involvement in the green sector. Male consumers also benefit from a 1.05% increase in welfare,
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albeit less than that of women, which may be explained by the fact that, although positive,

men’s participation in the green sector is less than that of women.

After a brown TFP shock, female consumers see their welfare increase by 7.61%, suggesting
that productivity gains in the brown sector are also significantly benefiting women, partly due
to their involvement in the brown sector but also to their consumption habits related to this
sector. Male consumers experience an 8.34% increase in welfare, which is higher than that for
women, indicating beneficial effects but different impacts according to gender. The welfare
effects of brown TFP shock is more influential than the green TFP shock, this is because

brown sector is still the dominant sector in the economy.

The simulation of a carbon tax shock shows that the effects on a female consumer’s welfare
present a slight gain of 0.48%, and for male consumers, there is a welfare loss of -1.27%.
Implementing a labor cost subsidy for green firms shows that female consumers experience a
slight welfare gain of 0.58%, and male consumers face a welfare loss of -0.81%. This is because
that fiscal policies, such as carbon tax and green labor subsidy, stimulate the growth of green
sector, and reduce the production in brown sector. Female consumers have more preference
to consumer green goods and has a larger proportion working in the green sector according
to our calibration, therefore they benefit more from the environmental policy which offset the

contractive effects in the brown sector.

Overall, from the welfare perspective, we see that green TFP shock and environmental

policies benefit more female consumers than male consumers.

5.2 Sensitivity Analysis

Our simulation shows that ecological transition, remarked by green productivity growh or
climate policies can reduce the income gap between male and female consumers/workers.
How much of this result is due to different consumption preferences between women and
men, i.e. women are more pro-green consumption ?7 How much of this result is due to the
occupational preferences, i.e. there are more women working in the green/non-polluting sector
in our calibration ? In this section, we try to do sensitivity test based on the consumption

preference parameters, and labor parameters of female and male.
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5.2.1 Sensitivity test on consumption preferences

In this part, we fix the labor parameters, and do the sensitivity test on consumption preference
parameters, i.e. the weight of green goods in women’s consumption basket 17, and elasticity
of substitution between green and brown goods €;. In this part, we fix the labor parameters,
and do the sensitivity test on consumption preference parameters, i.e. the weight of green
goods in women’s consumption basket py., and elasticity of substitution between green and

brown goods for women €.

5.2.1.1 Sensitivity test on weight of green consumption s,

We first fix the value of other parameters, and only vary the weight of green consumption
of the female consumer fif.. Figure 9 - 11 illustrate the results. They represent the gender
income ratio between men and women under positive green TFP shock, carbon tax shock,
and green labor subsidy, respectively. From the results, we see that the higher the proportion
of green goods in female consumers’ consumption basket, i.e. the value of parameter ps. in

our model, the more influence the green shock/environmental policies on gender income ratio.
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Income ratio m/f under green TFP shock, with different values of P ¢
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Figure 9: IRF of income ratio between male and female under +0.01% quasi-permanent green
TFP shock, with different values of py,.
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Income ratio m/f under carbon tax shock, with different values of P ¢
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Figure 10: IRF of income ratio between male and female under +0.01% quasi-permanent
carbon tax shock, with different values of py .
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Income ratio m/f under green labor subsidy, with different values of s ¢
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Figure 11: IRF of income ratio between male and female under +0.01% quasi-permanent
green labor subsidy shock, with different values of jiy

5.2.1.2 Sensitivity test on elasticity of substitution between green and brown goods
€fc

We then fix the value of other parameters, and only vary the elasticity of substitution
between green and brown goods €, for women. Figure 12 - 14 illustrate the results. They
represent the gender income ratio between men and women under positive green TFP shock,
carbon tax shock, and green labor subsidy, respectively. From the results, we see that the
higher the elasticity of substitution between green and brown goods for women, i.e. the value
of parameter €7, in our model, the more influence the green shock/environmental policies on
gender income ratio. In other words, the higher the elasticity of substitution, the more women
are willing to consume green goods when there is a green TFP shock, or an environmental

policy which makes the price of green goods relatively cheaper.
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Income ratio m/f under green TFP shock, with different values of € o
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Figure 12: IRF of income ratio between male
green TFP shock, with different values of €.
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Income ratio m/f under carbon tax shock, with different values of € o
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Figure 13: IRF of income ratio between male and female under +0.01% quasi-permanent
carbon tax shock, with different values of €.
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Income ratio m/f under green labor subsidy, with different values of € o
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Figure 14: IRF of income ratio between male and female under +0.01% quasi-permanent
green labor subsidy shock, with different values of €y

5.2.2 Sensitivity test on firm’s labor preferences

In this part, we fix the parameters on consumption, and do the sensitivity test on firm’s labor
preference parameters, i.e. the weight of female workers in green sector py 45, and elasticity

of substitution between female and male workers in green sector €.

5.2.2.1 Sensitivity test on weight of female labor in the green sector py

As in the previous section, we first fix the value of other parameters, and only vary the
proportion of female workers in green sector piy 4. Figure 15 - 17 illustrate the results. They
represent the gender income ratio between men and women under positive green TFP shock,
carbon tax shock, and green labor subsidy, respectively. From the results, we see that the
higher proportion of women workers in green sector, i.e. the value of parameter i, 5, the
more influence the green shock/environmental policies on gender income ratio. Intuitively, the

higher the proportion of women working in green sector, when there is a positive TFP /policy
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shock on the green sector, the wage in this sector increases, i.e. women’s average wage increases

more than men’s, thus reduces the income ratio between men and women.

Income ratio m/f under green TFP shock,
with different values of Fiegh
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Figure 15: IRF of income ratio between male and female under +0.01% quasi-permanent
green TFP shock, with different values of jiy 4,
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Income ratio m/f under carbon tax shock,
with different values of Fiegh
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Figure 16: IRF of income ratio between male and female under +0.01% quasi-permanent
carbon tax shock, with different values of ps 45
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Income ratio m/f under green labor subsidy,
with different values of Fiegh
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Figure 17: IRF of income ratio between male and female under +0.01% quasi-permanent
green labor subsidy shock, with different values of fif4 5

5.2.2.2 Sensitivity test on the elasticity of substitution between female and male
labors in the green sector ¢, ),

We then fix the value of other parameters, and only vary the elasticity of substitution
between men and women workers in green sector ¢, 5. Figure 18 - 20 illustrate the results.
They represent the gender income ratio between men and women under positive green TFP
shock, carbon tax shock, and green labor subsidy, respectively. From the results, we see that
the higher the elasticity of substitution between men and women labor in green sector, i.e.
the value of parameter €, in our model, the more influence the green shock/environmental
policies on gender income ratio. From equation 3.16, divide the second equation, F.O.C of

men’s wage in green sector by the first equation, we get :

1=pf.g.h

st et (L=t (et s = (o (5.1)
Wf,g,t - €lcs,t :uf,g,h Hf,g,t gr;t,;,tt

From equation 5.1, we see that in green sector, the wage ratio of men and women depends
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)
on the value of €, . If 222 > 1 then the higher the value of €, the lower the LHS,, i.e.
) m,g,t )
Hpg,t
the wage ratio between men and women in green sector. The reasoning is similar for wage

ratio in brown sector.
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Figure 18: IRF of income ratio between male and female under +0.01% quasi-permanent
green TEFP shock, with different values of €,
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Income ratio m/f under carbon tax shock,
with different values of ¢
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Figure 19: IRF of income ratio between male and female under +0.01% quasi-permanent
carbon tax shock, with different values of ¢, ,
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Income ratio m/f under green labor subsidy,
with different values of ¢
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Figure 20: IRF of income ratio between male and female under +0.01% quasi-permanent
green labor subsidy shock, with different values of €4,

6 Conclusion

It is well-known that climate policy can have distributive effects on the economy. While the
literature has studied these effects in models with income heterogeneity, we argue that gender
differences could also constitute a meaningful source of heterogeneity in this regard. One
reason is that women, on average, are more prone to consume less carbon-intense goods, and
also have a comparative advantage in the relatively less carbon-intense service sector, when
compared to men. These observations suggest that the burden of climate policies, such as
a carbon tax, is non-uniformly distributed between men and women. Consequently, gender

inequality and climate policies likely affect each other.

The present paper introduces gender heterogeneity to an environmental dynamics stochas-
tic general equilibrium (E-DSGE) model. In the model, men and women differ in their con-

sumer preferences over carbon-intense “brown” goods, and carbon-neutral “green goods”, as
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well as in their comparative advantage of working in these sectors.

We calibrate the model to the French economy and then carry out several numerical
experiments relating to the effects of climate policies on the income ratio of male over female
consumers. QOur results highlight the complex interactions between environmental policies,

sectoral shifts in the economy, and gender dynamics.

First, the positive TFP shock in the green sector illustrates how increasing productivity
and demand for green goods can lead to beneficial shifts in the labor market and consumption
patterns. This scenario highlights the importance of policies aimed at boosting green sector
productivity, such as investments in green technologies and innovation. Not only does this
benefit the environment, but it also has a significant positive impact on females’ labor force
participation, helping to reduce gender income inequality. Policies should therefore support
skill development and education tailored towards sectors where females can have a comparative

advantage, emphasizing the green economy.

Second, the implementation of a carbon tax effectively reduces CO2 emissions by shifting
production and consumption towards greener alternatives. However, this policy also has
different implications for the labor market and income levels. The reduction in demand
for brown goods and the subsequent shift in labor demand towards the green sector, where
females have a comparative advantage, suggests that carbon taxes can also contribute to
lessening gender income inequality. This outcome highlights the need for carefully designed
complementary policies, such as retraining programs for the brown sector workers and targeted
support for low-income households to mitigate potential negative impacts on overall income

levels.

Third, subsidizing labor costs for green firms is shown to effectively encourage sectoral
growth and labor mobility, particularly benefiting female labor participation. This policy leads
to increased green output and employment while shifting consumption towards greener goods.
However, the reduction in overall consumption due to reduced lump-sum transfers indicates a
trade-off between promoting green sector growth and maintaining overall consumption levels.
Policymakers should consider balancing these subsidies with measures that support overall

welfare, such as targeted income support or investment in public services that complement
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the green transition.

Fourth, the differential impacts of these policies on male and female labor participation
and income highlights the importance of gender-sensitive policy design. Recognizing and
leveraging the comparative advantage of female workers in the green sector can enhance the
effectiveness of environmental policies while advancing gender equality. Policies to support
females’ participation in the workforce, such as flexible work arrangements, childcare support,

would likely amplify the positive effects observed from our experiments.

Fifth, the interactions between environmental objectives, economic shifts, and gender
dynamics call for a comprehensive policy framework. Such a framework should integrate
environmental, economic, and social policies to maximize synergies and minimize trade-offs.
For example, combining carbon taxes with subsidies for green technology and targeted support
for displaced workers can help achieve environmental goals while promoting economic growth

and gender equality.

These policy implications highlight the potential for environmental policies to contribute
to sustainable development goals, including reducing emissions, fostering economic transfor-

mation towards green sectors, and advancing gender equality.

There are several avenues for future research. One would be to include capital markets to
account for any heterogeneity in risk and investment behavior. While we can draw conclusions
on the burden of climate policy based on the weight attached to different consumption goods,
the inclusion of savings would enrich the policy propagation mechanism. Another avenue is to
consider the role of heterogeneous labor mobility costs. How will climate policy affect income

inequality if women face relatively higher costs of switching occupations?
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A Key mechanisms

For the demand side, from the first order conditions of female and male consumption, we have:

C 1 e

~fet ( — 1) Pt (A.1)
Crpyt L= pige ’

Om g,t 1 —€

Zmgt (2 1) p e A2
C’m,b,t <1 — Mme ) 9t ( )

That is, the consumption of green goods relative to brown goods depends on the relative
price. The cheaper the relative price of green goods, the higher the relative demand for
green goods from both female and male consumers. Also, the green consumption of female
and male consumers depends on two parameters: the proportion of green goods in consumers’
consumption panel p; ., 7 = {f, m}; and the elasticity of substitution between green and brown

goods €;.,7 = {f,m}. From equation A.2 above, we derive the following theorems:

Theorem 1 The relative consumption of green goods is increasing with the proportion

of green goods at steady state p;.,i = {f, m}.

From this theorem, we can suppose that by the survey from OECD, if female consumers
are more ecological oriented, then we should have pif. > f ., which naturally lead to a higher

consumption of green goods from female consumers at time t.

Theorem 2 When the relative price of green goods F,; > 1, the relative consumption
of green goods is decreasing with the elasticity of substitution €;.,i = {f,m}. If the relative
price of green goods Py, < 1, the relative consumption of green goods is increasing with the

elasticity of substitution €; ., = {f,m}.

From theorem 2, we can get that today as ecological transition just starts, and the produc-
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tion of green goods is more costly as firms need to make more efforts to reduce pollution, green
goods are therefore relatively more expensive than the brown goods, i.e. F,; > 1. In this case,
we can assume that female consumers, compared to male consumers, are less attracted by the
less expensive brown goods. They prefer to pay more money to buy environment-friendly
goods rather the polluting goods, even they are cheaper. Therefore, for female consumers,

green goods are less substitutable by brown goods, i.e. €f. < €5.c.

The two parameters y; . and €;.,i = { f, m} capture the different preference of green goods

from female and male consumers.

It is true that the consumption of green goods also depends on income level. In general,
high-income consumers are more comfortable to buy green goods because they are not only
environment-friendly but also healthier. In this paper, we focus mainly on gender differences
and abstract the income heterogeneity.

In terms of the goods supply side, from first order conditions of green and brown firms, i.e.

equation (3.15) divided by (3.22), and (3.16) by (3.23), we can derive the following relation:

1

B Ab,t[l - wmﬂz - Te,t@p( )]M;bbhthei " Hf b?th (A.3)

Pg7t 1

Agapis, gh H thf,g,t

A 1_ wz—Te 1_ 1_ bthhH Ebh
Pt _ b,t[ wﬂlt ,t@( 770]( :uf»bh)l m,b,t (A4)

g7
Agt(1 = piggn) th thmgt

In a simplified case, in which we assume that the elasticities of substitution between female

and male workers are identical in green and brown sectors, i.e. €, = €, = €5, We get:

H‘ﬁg’t — P€h( Agt €n /"Lfvgvh Hgvt (A.S)
Hppy PN A i[L — a2 — Tosp(1 —00)]" ppin Hys

Hm,g,t — Peh( Agt €n 1 - ,uf,g,h Hg,t (AG)
Hp b Ape[1 = Pime2 — mes0(1 = ne)]” 1 — ppon Hog

from which we derive:
Hf7g7t Hmvgzt — Mf7g7h ]' B Nf7gah (A’?)
Hypi" Hppe o pppn' 1—firpn

Hy g Hm,g.t

Hf.g.h 1—pifg,n
> , and we get i

Hf bk 1—psbn

Theorem 3 If pif,, > s, then we have
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other words, if ps g, > pifpn, then female workers have a larger possibility to work in green

sector compared to male workers.

Theorem 4 In a simple case, if €, = e, = €, and Wy, = Wy, then we have:

Hyi Hyg  ppon <Ab[1 — P10 — Tep(1 — n)])e

= A8
Hb,t Hf,b Kfg.h PgAg ( )

If the RHS decreases with the productivity of green sector A,, then the structural change

toward green sector among female workers is more prominent than among the male workers.
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B FOCs

Endogeneous variables:

{Cs4,Crpy Hpgy Hop gt Hy gty Hp ot Hi gt Hinoots Crvts Conpits Crgits Cmngits Pyt
)\f,ta )\m,t7 Hg,ta Hbg:, Agﬂfa Qp t, Ab,t> 1;, Tf,t> Tm,ta Wf,g,t7 Wm,g,ta Wf,b,t; Wm,b,ta Y;;,t, YL,t, T, d(%ﬁ)»
ey, e, Zy, i}

Exogeneous shocks:

{Eag,ty €ab,ts €les,ts Ere,ty €25t ew,t}
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C Resource Constraint
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(B.34)
(B.35)

We first add the budget constraint of female and male consumers equation B.5 and B.6,

together with the government budget constraint equation B.33, we get:
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From the zero profit assumption in both the green and brown sectors, we have Y, =

(L = €es,t) D i pon WisgtHige and Yoo =30 Wip Hipy + Z; + (Te + €, 1)er. Replacing the
RHS of the equation C.1, we get :

2
(Conpt + Crnt) + Pt (Crage + Crot) + Ze + sy % (Iéijiji - —H)

which is the resource constraint.
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