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A B S T R A C T

This paper builds a two-sector, two-factor environmental model in which agents optimally choose the clean and
dirty goods in order to display their social status. In contrast to the conventional notion, we show that greater
social aspirations in consumption regardless of either clean or dirty goods have an ambiguous impact on growth,
depending on whether the production of conspicuous goods is relatively labor- or capital-intensive, whether
the production of conspicuous goods generates more or fewer emissions, and whether labor supply is or is not
responsive to social status seeking. By connecting two conflicting aspects of consumer preference involving social
aspirations and environmental concerns, our analysis offers a novel explanation for the environmental Kuznets
curve and a theoretical support for the empirical possibility of a negative employment-growth relationship and
the so-called Green New Deal. Our welfare analysis shows that social comparisons in consumption may increase,
rather than decrease, social welfare. The Pigovian tax may only be socially sub-optimal in the two-sector economy
because it is unable to completely correct the distortion caused by consumption externalities.

1. Introduction

This paper analyzes the impact of the desire to keep up with the
Joneses on growth. There has been strong empirical evidence that
interpersonal comparisons deeply influence human behavior and have
crucial consequences for economic development. Frank (1985, 1997)
explores the biological and psychological basis of preferences and
shows that human behavior is irreducibly driven by the subjective
perception of social status on the basis of interpersonal comparisons.
Households are motivated in part by attempts to establish enhanced
social rank through conspicuous consumption (Veblen, 1899). Status
seeking represents an additional motive for acquiring goods beyond
the purely physical benefit that consumption actually provides (Cole
et al., 1992; Bakshi and Chen, 1996). In the macroeconomics litera-
ture, this concept of interpersonal comparisons refers to the keeping-up-
with-the-Joneses preference, indicating that households derive utility
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(J.-j. Chang).
1 Recent studies (e.g., Luttmer, 2005) have empirically shown that individual utility crucially depends on others’ consumption.
2 Consumption externalities have provided a possible explanation for the equity premium puzzle (Abel, 1990; Galí, 1994; Campbell and Cochrane, 1999), and

have included explorations of the patterns of growth (Carroll et al., 1997, 2000; Alonso-Carrera et al., 2004; Turnovsky and Monteiro, 2007), the properties of the
business cycle (Lettau and Uhlig, 2000), and the effects of optimal tax policies (Ljungqvist and Uhlig, 2000; Chang et al., 2012), as well as the consequences of
inefficient allocation (Fisher and Hof, 2000, Dupor and Liu, 2003, and Alonso-Carrera et al., 2004, 2005).

from the comparison between current own consumption and the aver-
age per capita consumption level.1 The importance of status-motivated
consumption (or consumption externalities) has not only been repeat-
edly emphasized, but the implications have also been widely studied in
many contexts.2

This paper make a subtle theoretical connection regarding (i) two
conflicting aspects of consumer preference involving social aspirations
and environmental concerns and (ii) the relative magnitude of the cap-
ital intensity in the production technology for the good that pollutes
the environment (the dirty good) and the good that does not (the
clean good). As for point (i), Brekke and Howarth (2000), Brekke et
al. (2003), and Wendner (2003) have pointed out that consumption-
based social status seeking induces not only excessive consumption, but
also environmental degradation that calls for the Pigovian tax. As for
point (ii), technology evolution shows that those who survive over time
discover a more capital intensive technology to produce cleaner goods.
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Based on the model features, we show that, in sharp contrast to the
conventional wisdom, keeping up with the Joneses can decrease, rather
than increase, growth as consumer preference is involved social aspi-
rations and environmental concerns. Of importance, our results poten-
tially offer a novel explanation for the environmental Kuznets curve and
provide a theoretical support for the so-called Green New Deal that has
been proposed after the 2008 financial crisis.

The conventional wisdom indicates that conspicuous consumption
is subject to status seeking via interpersonal competition, resulting in
equilibrium overconsumption. In order to keep up with others’ con-
sumption levels, households work harder which enhances economic
growth (see Carroll et al., 1997; Liu and Turnovsky, 2005). Tourne-
maine and Tsoukis (2008) show that greater social aspirations in con-
sumption make people more impatient, which is unfavorable to cap-
ital accumulation. The intertemporal preferences effect may decrease,
rather than increase, growth. In an overlapping-generations model with
AK technology and gradual retirement, Wendner (2010) also indicates
that keeping up with the Joneses may decrease growth, if the retirement
rate is low and wealth increases with age. This paper raises a different
mechanism which leads to a negative relationship between economic
growth and the desire to keep up with the Joneses. A tendency toward
conspicuous consumption may be unfavorable to economic growth, if
the public is concerned with environmental quality and has access to
both dirty and clean goods. Most studies on consumption externali-
ties ignore the possible interaction between status-directed consump-
tion and environmental issues.

The model we build allows households to optimally choose the
clean- and dirty-goods in order to balance the concern for social status
and environmental quality. Distinguishing between two goods enables
us to differentiate the consequences of commodity-specific consumption
externalities. In the balanced-growth path (BGP) equilibrium, this opti-
mal choice gives rise to a “sectoral allocation effect,” which may lead
growth to negatively respond to social aspirations in consumption. In
this paper, we deal with a generalized scenario. Conspicuous goods can
be dirty goods produced by either a relatively capital-intensive technol-
ogy, e.g., luxury cars, diamonds, and gold jewelry, or a relatively labor-
intensive technology, e.g., leather products, wood except furniture, and
bio-based plastics. Conspicuous goods can also be clean goods produced
by either a relatively capital-intensive technology, e.g.,tobacco, food,
and beverages, or a relatively labor-intensive one, e.g., fashion designer
clothes, wristwatches, China pottery, and works of art. Given that the
consumption of both the dirty and clean goods is subject to interper-
sonal influences, we find that consumption-based social comparisons
have quite different impacts on the economy, being crucially related
to the factor intensity ranking between the dirty and clean sectors.
The impacts of greater social aspirations in the consumption of clean
goods are also very different from those in the consumption of dirty
goods.

Our analysis suggests that greater social aspirations in consumption
regardless of either clean or dirty goods can lead to a deterioration in
economic growth, provided that the conspicuous goods are relatively
labor-intensive. This result is in contrast to the conventional notion,
such as in Dupor and Liu (2003) and Turnovsky and Monteiro (2007).
More interestingly, we find that if the production of dirty goods (such
as petrol-powered cars and plastic bag) is more capital intensive than
their cleaner substitutes (such as electric cars and biodegradable bags),
a greater aspiration for those dirty goods increases both growth and pol-
lution. In contrast, if the production of their cleaner substitutes is more
capital intensive, a greater aspiration for those cleaner goods increases
growth but decreases pollution. Causal evidence shows that through
the process of economic development, technology and culture evolves
in a way such that those who survive over time discover a more capital
intensive technology to produce cleaner goods and the natural selec-
tion leads to a greater social desire toward cleaner goods in the culture
that survives. With the observations, our results potentially offer a new
explanation for the environmental Kuznets curve which refers to an

inverted-U relationship between pollution and economic development
(see Section 3 for more details).

In addition, due to the sectoral allocation effect, the equilibrium
employment may negatively respond to more intensive social com-
parisons, if households display their social status by purchasing dirty
goods, which are labor-intensive. In this case, our results provide the-
oretical support to the empirical findings of Saint-Paul (1991), Aghion
and Howitt (1992) and Gordon (1997), who refer to an empirical pos-
sibility of a negative employment-growth relationship.

Moreover, we find that a pollution tax does not necessarily harm
economic growth. A pollution tax may favor economic growth if the
production of the clean good is relatively capital-intensive and social
comparisons in the clean-good consumption are more intensive. In
response to a higher tax on the production of the dirty good, the eco-
nomic resources will shift from the dirty sector to the clean sector. If the
production of clean goods is more capital-intensive, the sectoral reallo-
cation from the dirty sector to the clean sector will increase the aggre-
gate capital stock. Once this sectoral reallocation becomes substan-
tially strong, a pollution tax can enhance, rather than retard, economic
growth. This positive growth effect is more likely to be true when agents
more aggressively exhibit their social status by the clean-good consump-
tion. Social comparisons in the clean-good consumption increase the
demand for clean goods and hence the induced capital demand in the
clean-good sector. This amplifies the sectoral reallocation effect, and as
a result, raises the balanced-growth rate. This result somehow echoes
the Green New Deal. The Green New Deal attempts to not only revive
the economy but also promote sustainable growth and reduce ecosys-
tem degradation. As indicated by the London Summit – Leaders’ State-
ment in 2009, “we will make the transition towards clean, innovative,
resource efficient, low carbon technologies and infrastructure.” Many
countries (e.g., China, the United States, and the European Union) have
proposed a low carbon strategy, including environmental tax reform in
removing environmentally perverse subsidies. It is expected that can-
celling the subsidies would on their own reduce greenhouse gas emis-
sions globally by as much as 6% and add 0.1% to world GDP (see Bar-
bier, 2009, p. 10).

2. The model

The economy consists of households, firms and a government.
Households maximize their lifetime utility, firms maximize their prof-
its, and the government levies the pollution (emission) tax and balances
its budget by lump-sum transfers.

2.1. Households

There are two types of commodities. One is the dirty good, y1, which
may be either consumed or accumulated as capital stock. The other is
the clean good, y2, which is consumed only.3 In practice, clean goods
are usually consumption goods, while dirty goods are more likely to
be kinds of investment goods which create more pollution in their pro-
duction process (Comolli, 1977). The household is not only concerned
with its own consumption (c1 for the dirty-good consumption and c2
for the clean-good consumption), but also cares about its consumption
relative to the benchmark level, measured by the contemporaneous
level of aggregate consumption ( c1 for the dirty good and c2 for the
clean good). In addition to the utility from consumption, the household
incurs disutility from work h and the damage from pollution Z gener-
ated from the production of dirty goods. Both consumption comparisons

3 Such a model setting of commodity asymmetry is not only common in the
literature, but is also more realistic. For a similar model setting, one can refer
to the literature on economic development (e.g., Echevarria, 1997; Cao and
Birchenall, 2013), real business cycles (e.g., Barsky et al., 2007; Sudo, 2012),
and international economics (e.g., Razin, 1984; van Wincoop, 1993).
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(c1 and c2) and pollution are externalities, which are taken as given by
all households. Nonetheless, the intra-household externality and envi-
ronmental pollution are endogenously determined in the model; both
influence an individual household’s behavior.

Specifically, we assume that the household’s instantaneous utility is
additively separable and follows the following function:

U = ln(c1 − 𝜙1c1) + Λc ln(c2 − 𝜙2c2) − ΛZ ln Z −Λh
h1+𝜃

1 + 𝜃
;

𝜙1, 𝜙2,Λc,ΛZ ,Λh, 𝜃 > 0. (1)

Per the taxonomy of Dupor and Liu (2003, p. 424), the utility function
(1) possesses the feature of “keeping up with the Joneses.” The strength
of consumption-based social comparisons is bounded by the restrictions
𝜙1 < 1 and 𝜙2 < 1 such that the household’s utility is monotonically
increasing with consumption in a symmetric equilibrium. By normaliz-
ing the preference weight of the dirty-good consumption to unity, Λc
is defined as the preference weight of the clean-good consumption, ΛZ
is that of the environment (pollution), and Λh is that of leisure (labor),
relative to the dirty-good consumption. The term 𝜃 is the inverse Frisch
elasticity of labor supply. The utility function (1) is logarithmic with
respect to consumption and pollution, which yields a BGP equilibrium
and is isoelastic with respect to labor hours, which allows us to high-
light the importance of the employment effect of keeping up with the
Joneses.4

Define p(= p2
p1
) as the relative price of the clean good to the dirty

good, where p1 and p2 are the prices of the dirty and clean goods,
respectively. By taking the market prices (the capital rental rate r, the
real wage rate w, and the relative price p) and externalities (c1, c2,
and Z) as given, the household chooses consumption (c1 and c2), hours
worked (h), and capital (k), so as to maximize its discounted sum of
future utilities. Given a fixed time preference rate 𝜌, the household’s
optimization problem can be expressed as:

max ∫
∞

0
U · e−𝜌tdt,

s.t. k̇ = wh + rk + T − (c1 + pc2). (2)

Equation (2) is the budget constraint linking capital accumulation (k̇)
to the difference between disposable income (capital and labor incomes
wh + rk and lump sum transfers from the government T) and expendi-
ture (consumption c1 + pc2). Accordingly, the first-order conditions of
this optimization problem are satisfied by:

Λc
c2−𝜙2c2

1
c1−𝜙1c1

= p, (3)

Λhh𝜃(c1 − 𝜙1c1) = w, (4)

𝜆̇
𝜆
= 𝜌 − r, (5)

where 𝜆 is the shadow value of capital. Equation (3) indicates that the
marginal rate of substitution (MRS) between the clean and dirty goods
is equal to its relative price. This implies that given the relative price
p, greater social aspirations in the dirty-good (clean-good) consumption
𝜙1 (𝜙2) increase (decrease) the MRS between the clean and dirty goods,
inducing the household to demand more dirty (clean) goods. Equation
(4) indicates that the MRS between consumption and leisure is equal to
the wage rate. This implies that, given the wage rate w, greater social
aspirations in the dirty-good consumption 𝜙1 increase the marginal util-
ity of c1, which leads the household to substitute more consumption (in
c1) for leisure and results in a higher labor supply h. Equation (5) is the
standard Euler equation of capital.

4 This utility function with a separable lnZ, on the one hand, leads the utility
to be bounded and, on the other hand, yields the common growth rate for
consumption and pollution.

2.2. Firms

In the dirty and clean industries, goods are produced according to
the following Cobb-Douglas technologies, respectively:

y1 = Ã1(uk)𝛼1 (sh)1−𝛼1 ; 0 < 𝛼1 < 1, (6)

y2 = Ã2
[
(1 − u)k

]𝛼2 [(1 − s)h
]1−𝛼2 ; 0 < 𝛼2 < 1, (7)

where k is the capital stock, h is the labor input, u (1 − u) is the frac-
tion of capital used in the dirty- (clean-) good sector, and s (1 − s)
is the fraction of labor used in the dirty- (clean-) good sector. In each
sector, Ã1 (Ã2) is knowledge externalities in the production, measured
by the average stock of capital k, and is available to all producers
(firms). In line with Romer (1986), production is implicitly augmented
by the accumulation of human capital which is formulated as a pro-
cess of learning by doing. Accordingly, knowledge grows proportionally
to, and as a by-product of, cumulative private investments in capital.
Thus, to ensure sustained growth, we specify the production external-
ities Ã1 = A1k1−𝛼1 for the dirty-good sector and Ã2 = A2k1−𝛼2 for the
clean-good sector. The existence and importance of the economy-wide
production externalities have been highlighted by the theoretical stud-
ies of Benhabib and Farmer (1994) and by the empirical studies of Basu
and Fernald (1997).

There is a by-product – pollution, denoted by Z – in the production
process of the dirty good. For simplicity, the pollution quantity (emis-
sion) is assumed to be proportional to the output level of the dirty good
y1, i.e.,5

Z = 𝛽y1; 0 < 𝛽 < 1, (8)

where 𝛽 is a constant unit emission coefficient (emissions per unit of
output).6 Z is subject to a pollution tax at the rate 𝜏e. For simplicity, we
assume that clean goods do not generate any pollution, as in Bovenberg
and de Mooij (1994). Nonetheless, in Appendix A we have shown that
our main results still hold even though the production of clean goods
generates pollution but the pollution parameter is substantially lower
than that of dirty goods.

There is a continuum of identical firms that operate in a perfectly
competitive market. By taking the market prices (r, w, and p) and taxa-
tion (the emission tax rate 𝜏e) as given, the firm’s optimization problem
is to choose capital k and labor h so as to maximize its profits. The
corresponding first-order conditions for this maximization problem are:

r = (1 − 𝜏e𝛽)𝛼1Ã1(uk)𝛼1−1(sh)1−𝛼1

= p𝛼2Ã2
[
(1 − u)k

]𝛼2−1[(1 − s)h
]1−𝛼2 , (9)

w = (1 − 𝜏e𝛽)(1 − 𝛼1)Ã1(uk)𝛼1 (sh)−𝛼1

= p(1 − 𝛼2)Ã2
[
(1 − u)k

]𝛼2 [(1 − s)h
]−𝛼2 . (10)

The “factor price equalization” theorem indicates that given that capital
and labor are perfectly mobile across the two sectors, the factor prices
(the rental and wage rates) must be the same in equilibrium. Thus, (16)
and (17), as we will see later, allow us to determine the endogenous
capital u and labor allocation s between the dirty-good and clean-good
sectors.

5 In our model, emissions are modeled as a by-product of output, rather than a
polluting input. Copeland and Taylor (2003) show that these two model settings
are very similar under reasonable conditions. We are grateful to an anonymous
referee for bringing this point to our attention.

6 To focus on our point, we introduce pollution into the model in a simple
way, while the specification of (8) is common in the literature (see, for example,
Xepapadeas, 2005). Our main results still hold if pollution accumulates in the
law of motion: Ż = 𝛽y1 − 𝛿Z, where 𝛿 is the natural decay rate of pollution.
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2.3. The government

The government budget constraint is simplified as:

T = 𝜏eZ = 𝜏e𝛽y1. (11)

Equation (11) shows that the emission tax revenues are rebated to
households in a lump-sum manner, which allows us to isolate the effect
of the consumption externality from the government’s tax revenues.
Accordingly, the government balances its budget by adjusting the lump-
sum transfer.

2.4. Symmetric competitive equilibrium

The symmetric competitive equilibrium is defined as a set of mar-
ket clearing prices (p, r,w), sectoral fractions (u, s), and quantities
(c1, c2, k, h, y1, y2,Z) such that: (i) households maximize their lifetime
utility, i.e., (2)–(5); (ii) firms in the dirty- and clean-good sectors
maximize their profits, i.e., (9) and (10); (iii) the government budget
constraint is balanced, i.e., (11); (iv) the factor resource constraints
k = k1 + k2 = uk + (1 − u)k and h = h1 + h2 = sh + (1 − s)h
are met; and (v) all markets are clear under a symmetric equilibrium,
i.e., c1 = c1, c2 = c2 and k = k. Assume that the dirty good y1 can either
be consumed or accumulated as capital stock, while the clean good y2
is a pure consumption good. Thus, from (2), (9), (10), and (11) we have
the market-clearing conditions of the dirty and clean goods as follows:

c1 + k̇ = y1 = A1u𝛼1 k(sh)1−𝛼1 , (12)

c2 = y2 = A2(1 − u)𝛼2 k
[
(1 − s)h

]1−𝛼2 . (13)

Note that our main results still hold if both dirty and clean goods can
be consumed and accumulated as capital stock (see Section 4 for the
detailed Proof). It is clear from (12) and (13) that the dirty good y1 can
either be consumed or accumulated as capital stock, while the clean
good y2 is a pure consumption good. In line with a common specifi-
cation in the literature, the economy-wide real gross domestic product
(gdp) is defined as a simple linear aggregation of the dirty and clean
goods, i.e., gdp = y1 +

p2
p1

y2 = y1 + py2, measured in units of the dirty
good.7

Let us define the transformed variable as x = c1∕k. Thus, (3) and
(13) allow us to obtain the relative price of the clean to dirty good:

p = (1 − 𝜙1)Λcx
(1 − 𝜙2)A2(1 − u)𝛼2

[
(1 − s)h

]1−𝛼2
. (14)

From (3), (4), (9), (10), and (14), we have three instantaneous relation-
ships as follows:

(1 − 𝜙1) xΛhh𝛼1+𝜃 = (1 − 𝜏e𝛽) (1 − 𝛼1)A1u𝛼1 s−𝛼1 , (15)

(1 − 𝜙2) (1 − 𝜏e𝛽)𝛼1A1 (1 − u) u𝛼1−1(sh)1−𝛼1 = 𝛼2 (1 −𝜙1)Λcx, (16)

(1 − 𝜙2) (1 − 𝜏e𝛽) (1 − 𝛼1)A1 (1 − s)u𝛼1 s−𝛼1 h1−𝛼1

= (1 − 𝛼2) (1 − 𝜙1)Λcx. (17)

Equation (15) refers to the tradeoff between consumption (in terms of
c1) and leisure. Specifically, greater social aspirations in the dirty-good
consumption 𝜙1, as noted above, lead the household to substitute more
consumption in c1 for leisure, resulting in higher labor supply h. Equa-
tions (16) and (17) indicate that perfect mobility across sectors leads
to the factor price (the interest rate and the wage rate) equalization in
the capital and labor markets. Greater social aspirations in the dirty-
good (clean-good) consumption 𝜙1 (𝜙2) induce stronger demand for

Our findings remain unchanged regardless of the selection of the numéraire.

dirty (clean) goods that lowers (raises) the relative price of clean to
dirty goods p, as shown in (14). Thus, economic resources in terms of
capital and labor shift from the clean-good sector to the dirty-good sec-
tor. Therefore, (16) and (17) show that a higher 𝜙1 (𝜙2), ceteris paribus,
increases (decreases) the fractions of capital u and labor s devoted to
the dirty-good sector. Moreover, from (16) and (17), we have:

u (1 − s)
s (1 − u)

= 𝛼1 (1 − 𝛼2)
𝛼2 (1 − 𝛼1)

. (18)

Obviously, 𝛼1 > 𝛼2 (𝛼1 < 𝛼2) implies that u∗ > s∗ (u∗ < s∗) so that
if 𝛼1 > 𝛼2 the dirty good is capital-intensive relative to the clean good,
while if 𝛼1 < 𝛼2 the dirty good is labor-intensive relative to the clean
good. Given the transformed variable x, (15), (16), and (17) allow us to
pin down h, u, and s. Because these three equations are too non-linear
to be solved explicitly, we use the implicit function theorem to obtain
their implicit functions:

h = h( x
(−)

, 𝜙1
(+)

, 𝜙2
(±)

, 𝜏e
(−)

), u = u( x
(−)

, 𝜙1
(+)

, 𝜙2
(−)

, 𝜏e
(−)

), and

s = s( x
(−)

, 𝜙1
(+)

, 𝜙2
(−)

, 𝜏e
(−)

), (19)

We shall restrict the working time (with a unitary time endowment) and
the two factor fractions at (0,1). The exact derivatives are relegated to
Appendix A.

By using (3), (5), (9), and (12), we derive the aggregate resource
constraint and the Euler equation for optimal consumption as follows:

k̇
k
= A1u𝛼1 (sh)1−𝛼1 − x, (20)

ċ1
c1

= (1 − 𝜏e𝛽)𝛼1A1u𝛼1−1(sh)1−𝛼1 − 𝜌, (21)

Based on (20) and (21), we further obtain the following evolution of
the transformed variable x:
ẋ
x
= x + A1u𝛼1−1(sh)1−𝛼1

[
(1 − 𝜏e𝛽)𝛼1 − u

]
− 𝜌. (22)

By substituting (19) into (22), our dynamic system can be reduced to
one differential equation in terms of x. Intuitively, (22) indicates that
the ratio of consumption (c1) to capital (k) increases over time if the
interest rate is higher than the time preference rate (which increases
consumption, as shown in the Euler equation) but it decreases over time
if output is larger than consumption (which increases capital accumu-
lation, as shown in the aggregate resource constraint). Because both c1
and k grow forever, the transformation variable x = c1∕k is constant
in the steady-state BGP. To be more specific, we establish:

Theorem 1. There exists a unique competitive equilibrium, which is locally
determinate.

Proof. See Appendix A.

Let the superscript “∗” denote the stationary values of relevant vari-
ables in the steady state in which ẋ = 0 holds. Define the growth rate
as 𝛾 . Thus, under the BGP equilibrium, (i) each of the quantity vari-
ables, c1, c2, k, y1, y2, and Z, grows at a positive constant rate (from
(6)–(8), (13), and (22)), i.e.,

𝛾∗ =
(

ċ1
c1

)∗
=

(
ċ2
c2

)∗
=

(
k̇
k

)∗
=

(
ẏ1
y1

)∗
=

(
ẏ2
y2

)∗
=

(
Ż
Z

)∗
;

(ii) the relative price, p, and hours worked, h, are positive constant
values (from (14) and (19)); and (iii) the sectoral allocation variables,
u and s, fall in the unit interval (0,1) (from (16) and (17)). Once the
steady-state x∗ is determined by (22) with ẋ = 0, we can solve (15),
(16), and (17) for the steady-state working time h∗, fraction of capital
u∗ and labor allocation s∗. With h∗, u∗, and s∗, it is easy from (21) to
derive the balanced-growth rate 𝛾∗ as follows:

𝛾∗ = (1 − 𝜏e𝛽)𝛼1A1(u∗)𝛼1−1(s∗h∗)1−𝛼1 − 𝜌. (23)

257



J.-h. Chen et al. Economic Modelling 87 (2020) 254–266

In the two-sector model, the balanced-growth rate 𝛾∗ crucially depends
on the steady-state allocation of capital u∗ and labor s∗ between the
clean- and dirty-good sectors.

3. Social comparisons and environmental considerations

In this section, we examine the effects of social comparisons on
growth, employment, and the allocation between dirty- and clean-good
consumption. Specifically, under various factor intensity rankings, we
examine the effects of commodity-specific social comparisons in the
dirty-good consumption (𝜙1) and clean-good consumption (𝜙2).

Proposition 1. If the dirty good is capital-intensive relative to the clean
good (𝛼1 > α2 ),

(i) greater social aspirations in the dirty-good consumption (a higher 𝜙1)
increase the steady-state dirty-good consumption to capital ratio x∗,
labor hours h∗, the fraction of capital u∗ and labor s∗ used in the
dirty-good sector, and the balanced-growth rate 𝛾∗;

(ii) greater social aspirations in the clean-good consumption (a higher
𝜙2) decrease the steady-state dirty-good consumption to capital ratio
x∗, the fraction of capital u∗ and labor s∗ used in the dirty-good
sector, but increase labor hours h∗. In particular, social compar-
isons in the clean-good consumption have an ambiguous effect on
the balanced-growth rate 𝛾∗.

Proof. See Appendix A.

Intuitively, more intensive social comparisons in the dirty-good con-
sumption induce households to consume more dirty goods and hence
the steady-state dirty-good consumption to capital ratio (x∗) rises. An
increase in the demand for the dirty good shifts the economic resources
from the clean-good sector to the dirty-good sector and, therefore, the
steady-state fractions of capital (u∗) and labor (s∗) used in the dirty
sector rise as well.

The impacts on labor hours and growth are attributed to two chan-
nels: the demand-side and supply-side factors. The supply-side channel
for factors stems from the trade-off between consumption and leisure. It
indicates that as agents more aggressively exhibit their social status by
increasing the dirty-good consumption, the marginal utility of the dirty-
good consumption becomes higher. Thus, the dirty-good consumption
substitutes leisure and hence labor supply increases, giving rise to a pos-
itive impact on the equilibrium employment. The demand-side channel
for factors stems from the sectoral reallocation. When greater social
aspirations in the dirty-good consumption shift resources from the
clean-good to the dirty-good sector, the demand for factors increases
in the dirty sector, but decreases in the clean sector. Given that the
dirty sector is capital-intensive relative to the clean one (𝛼1 > 𝛼2), the
aggregate capital stock increases, but the total labor hours decrease.
Since the resources shift from the clean-good sector to the dirty-good
sector, the output of the dirty good increases, which stimulates more
rapid capital accumulation.8 This weakens the negative demand-side
effect, and therefore the supply-side effect becomes dominant, referring
to a positive impact on the equilibrium employment (h∗). This positive
employment effect, together with a positive sectoral allocation effect
on the aggregate capital stock, gives rise to a positive impact on the
balanced-growth rate (𝛾∗). Since pollution Z increases proportionately
with the output of the dirty good, high growth goes side by side with
high pollution in the BGP equilibrium. Thus, the desire to keep up with
the Joneses leads to over production and consumption which contribute
to environmental degradation.

Greater aspirations in the clean-good consumption have quite differ-
ent impacts on the economy. In contrast to 𝜙1, 𝜙2 increases the demand
for the clean good, which draws resources away from the dirty sector

8 Recall that, unlike the clean good, the dirty good can be accumulated as
capital stock.

to the clean sector. Thus, the equilibrium dirty-good consumption to
capital ratio (x∗) and fraction of capital (u∗) and labor (s∗) used in the
dirty-good sector fall. In terms of the employment effect, a higher 𝜙2
leads households to consume more clean goods and increase their labor
supply. In the meantime, given that the dirty sector is relatively capital-
intensive, the sectoral allocation effect gives rise to a positive impact on
employment, but a negative impact on capital. Since both the supply
and demand for labor increase, greater aspirations in the clean-good
consumption unambiguously raise the equilibrium level of employment
(h∗). However, the balanced-growth rate ambiguously responds to this
kind of conspicuous consumption. While employment rises, the sectoral
allocation effect leads to a deterioration in the aggregate capital stock.
Thus, the balanced-growth rate (𝛾∗) could either increase or decrease.

To make the intuition clearer, we write out the derivatives of the
growth effect of greater social aspirations in the dirty- and clean-good
consumption (see Appendix A):

𝜕𝛾∗

𝜕𝜙1
= (1 − 𝛼1)𝛼1𝜃𝜉Ξ

(1 − 𝜙1)Δu∗

[
u∗
𝜃

+ (u∗ − s∗)
]
, (24)

𝜕𝛾∗

𝜕𝜙2
= (1 − 𝛼1)𝛼1𝜃𝜉Ξ

(1 − 𝜙2)Δu∗

[(
1 − u∗
𝜃x∗

)
𝜉 −

(
u∗ − s∗

)]
, (25)

where Δ = 𝜌Ω+(1+𝜃)𝜉(1−𝛼1Ξ)
x∗ > 0, 𝜉 = A1u∗𝛼1 (s∗h∗)1−𝛼1 , and

Ξ = 1 − 𝜏e𝛽. Note that 𝛼1 > 𝛼2 (𝛼1 < 𝛼2) implies that u∗ > s∗
(u∗ < s∗) in the sense that the dirty good is capital-intensive (labor-
intensive) relative to the clean good. Accordingly, (24) and (25) shows
that the balanced growth 𝛾∗ ambiguously responds to conspicuous con-
sumption, regardless of whether in dirty goods 𝜙1 or clean goods 𝜙2.
Two channels, as noted previously, govern the growth effect. First, in
terms of the dirty-good (resp. the clean-good) consumption externality
𝜙1 (resp. 𝜙2), the supply-side channel captured by the term u∗

𝜃
(resp.

( 1−u∗
𝜃x∗ )𝜉) gives rise to an unambiguously positive effect on growth

via an increase in labor supply. If the inverse Frisch labor-supply
elasticity is less elastic (a higher 𝜃), the supply-side effect becomes less
pronounced. If the labor-leisure choice is exogenous (𝜃 → ∞), the labor
supply channel turns out to be absent, as shown in (24). Second, the
demand-side channel captured by the term (u∗ − s∗) indicates that the
sectoral reallocation effect affects the balanced growth via the relative
factor intensiveness. Of particular importance, distinct consumption
externalities (𝜙1 or 𝜙2) have different sectoral reallocation effects and
hence different growth consequences.

In response to a higher 𝜙1, the sectoral reallocation effect on growth
is positive. Greater social aspirations in the dirty-good consumption (a
higher 𝜙1) induce more dirty-good consumption that shifts economic
resources from the clean-good sector to the dirty-good sector. As the
dirty good is capital-intensive relative to the clean good (𝛼1 > 𝛼2)
(hence, u∗ > s∗), such a shifting can efficiently allocate capital towards
the dirty-good sector whose marginal product of capital is higher so that
a higher 𝜙1 is favorable to capital accumulation and economic growth.
By contrast, in response to a higher 𝜙2, the sectoral reallocation effect
is negative. Greater social aspirations in the clean-good consumption (a
higher 𝜙2) induce more clean-good consumption that shifts economic
resources from the dirty-good sector to the clean-good sector. Because
the dirty good is capital-intensive relative to the clean good, this shift-
ing is unfavorable to capital accumulation and economic growth. In
addition to the factor intensity, the sectoral reallocation effect is gov-
erned by the pollution issue. From (25), we can further show that the
consumption externality leads the balanced growth to fall, instead of
rise, provided that this relative factor intensiveness is substantially
high, i.e., u∗

s∗ > Θ(= 𝛼1𝜃(1−𝜙2)Ξ
𝛼1𝜃(1−𝜙2)Ξ−𝛼2(1−𝜙1)

) (see Appendix A for more

details). Specifically, we have: 𝜕Θ
𝜕𝛽

> 0, implying that greater social aspi-
rations in the clean-good consumption 𝜙2 are more likely to reduce
growth if the pollution problem is less serious (a smaller 𝜙2 so that the
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production process generates fewer emissions).9 If the pollution prob-
lem, however, is more serious (a bigger 𝛽), it is more likely to have the
condition of u∗

s∗ < Θ, instead of u∗
s∗ > Θ. In this case, greater social aspi-

rations in the clean-good consumption 𝜙2 are more likely to increase
the balanced growth 𝛾∗. The intuition is that if the production process
requires less (more) emissions, the after-tax marginal product of fac-
tors (both capital and labor) becomes lower (as shown in Eqns. (9) and
(10)), amplifying (weakening) the magnitude of the negative sectoral
reallocation effect, resulting in a fall (rise) in the balanced growth 𝛾∗.

What would happen if dirty goods were produced by a relatively
labor-intensive sector? Typical examples are that woods (except for fur-
niture), leather products, and bio-based plastics, which are often used
to produce conspicuous goods as a decoration, are obviously labor-
intensive, while firms generate a lot of pollution in the production pro-
cess for leather goods (see, e.g., Hettige et al., 1995 and Xu, 2003).
Based on such a case, we then establish:

Proposition 2. If the dirty good is labor-intensive relative to the clean
good (𝛼1 < α2 ),

(i) greater social aspirations in the dirty-good consumption (a higher
𝜙1) increase the steady-state dirty-good consumption to capital ratio
x∗, labor hours h∗, fraction of capital u∗ and labor s∗ used in the
dirty-good sector, while giving rise to an ambiguous effect on the
balanced-growth rate 𝛾∗;

(ii) greater social aspirations in the clean-good consumption (a higher
𝜙2) decrease the steady-state dirty-good consumption to capital ratio
x∗, fraction of capital u∗ and labor s∗ used in the dirty-good sector.
While the balanced-growth rate 𝛾∗ increases, the equilibrium labor
hours h∗ have an ambiguous response.

Proof. See Appendix A.

As for Proposition 1, if households display their social status by con-
spicuous consumption of dirty goods, the equilibrium dirty-good con-
sumption to capital ratio (x∗) rises. Since economic resources shift from
the clean sector to the dirty sector, the steady-state fractions of cap-
ital (u∗) and labor (s∗) used in the dirty sector rise in response. On
the contrary, if households display their social status by conspicuous
consumption of clean goods, there are opposite consequences for these
variables. These consequences are independent of the factor intensity
ranking between the dirty and clean industries.

However, factor intensity rankings play a decisive role in terms of
governing the effects of social comparisons on the steady-state employ-
ment and growth. Regardless of greater social aspirations in the dirty-
or clean-good consumption (𝜙1 or 𝜙2), the supply-side channel moti-
vates households to work harder, giving rise to a positive employ-
ment effect. Nevertheless, through the sectoral reallocation, a higher
𝜙1 (𝜙2) increases (decreases) employment, but decreases (increases) the
aggregate capital stock, if the dirty good is relatively labor-intensive. It
turns out that in response to a higher 𝜙1, the equilibrium employment
unambiguously increases (h∗), while the balanced-growth rate (𝛾∗) may
either rise or fall, depending on the relative magnitude of the positive
employment effect and the negative sectoral allocation effect on cap-
ital. As shown in (24), the balanced-growth rate falls, provided that
the dirty good is labor-intensive relative to the clean good (𝛼1 < 𝛼2
and hence u∗ < s∗) and the relative factor intensiveness is substan-
tially high ( s∗

u∗ > 1+𝜃
𝜃
(> 1)). By contrast, in response to a higher 𝜙2,

the resources are drawn away from the dirty sector to the clean sec-
tor. Therefore, the balanced-growth rate (𝛾∗) unambiguously increases
(both the supply-side and demand-side channels refer to a consistently
positive impact, as shown in (24)), while the equilibrium employment
(h∗) could either rise or fall (the supply-side and demand-side channels
are the opposite of each other).

9 See Appendix A for the detailed deduction concerning this necessary and
sufficient condition.

Based on Propositions 1 and 2, we immediately have the following
two corollaries:

Corollary 1. In an economy with social status and environmental con-
cerns, the balanced-growth rate can be reduced by conspicuous consump-
tion regardless of whether households display their social status by consum-
ing either clean goods or dirty goods, provided that they are more labor-
intensive.

This negative growth effect is in sharp contrast to the conven-
tional notion (e.g., Carroll et al., 1997; Dupor and Liu, 2003; Liu and
Turnovsky, 2005; Turnovsky and Monteiro, 2007), which refers to a
positive relationship between social comparisons in consumption and
growth (or output).

By summarizing the effects of the status-motivated consumption on
employment and growth, we next establish:

Corollary 2. In an economy with social status and environmental con-
cerns, in response to greater social aspirations in consumption, a lower level
of employment can coexist with a higher balanced-growth rate.

Bean and Pissarides (1993) find that there is little evidence of a
robust bivariate relationship, either positive or negative, over a long
time period (1950s-1980s). Moreover, Saint-Paul (1991) and Gordon
(1997) show that there may exist a negative correlation between
employment and growth. In Corollary 2, we provide theoretical support
to the empirical possibility of a negative employment-growth relation-
ship.

In addition, Propositions 1 and 2 could be integrated to offer a novel
explanation for the environmental Kuznets curve which refers to an
inverted-U relationship between pollution and economic development
(income). Our results potentially point out that if the production of
dirty goods (such as petrol-powered cars and plastic bag) is more cap-
ital intensive than their cleaner substitutes (such as electric cars and
biodegradable bags), a greater aspiration for those dirty goods increases
both growth and pollution (see Proposition 1(i)). In contrast, if the pro-
duction of their cleaner substitutes is more capital intensive, a greater
aspiration for those cleaner goods increases growth but decreases pol-
lution (see Proposition 2(ii)).10 Causal evidence shows that through the
process of economic development, technology and culture evolves in a
way such that (a) those who survive over time discover a more capital
intensive technology to produce cleaner goods and (b) the natural selec-
tion leads to a greater social desire toward cleaner goods in the culture
that survives. In our model, the consequence of Proposition 2(ii) can be
referred to a more developed economy with higher income (conform-
ing with the observations (a) and (b)) in which low pollution and higher
income coexist (the downward-sloping part of the Kuznets curve). How-
ever, as for a less developed economy with lower income, the produc-
tion of dirty goods is relatively capital intensive and a greater social
desire favors dirty goods. Under such a situation, Proposition 1(i) pre-
dicts that the economy develops at the cost of polluting the environment
(the upward-sloping part of the Kuznets curve).11

In our model, social status and environmental concern interact and
jointly govern macroeconomic consequences. Thus, it is worthwhile dis-
cussing the effects of an emission tax on employment and growth.

Proposition 3. In an economy with social status and environmental con-
cerns, pollution tax 𝜏e can favor economic growth 𝛾∗, provided that the pro-

10 Proposition 1(i) shows that if the production of dirty goods is relatively capi-
tal intensive, a greater social aspiration in the dirty-good consumption increases
the fractions of capital u∗ and labor s∗ used in the dirty-good sector, resulting
in higher dirty-good output and hence pollution. Proposition 2(ii) shows that
if the production of clean goods is relatively capital intensive, a greater social
aspiration in the clean-good consumption decreases the fractions of capital u∗

and labor s∗ used in the dirty-good sector, resulting in lower dirty-good output
and pollution.

11 We are grateful to an anonymous referee for bringing this point to our atten-
tion.
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duction of the clean good is relatively capital-intensive. The positive growth
effect is more likely to be true in the presence of more intensive social com-
parisons in the clean-good consumption 𝜙2 or less intensive social compar-
isons in the dirty-good consumption 𝜙1.

Proof. See Appendix A.

Intuitively, the emission tax raises the production cost of the dirty
good, which leads the dirty firms to decrease their demand for labor
and capital. A decrease in the labor demand reduces the equilibrium
hours worked (h∗) and a decrease in the capital demand slows down
capital accumulation and retards economic growth. Nevertheless, rais-
ing the pollution tax also creates a sectoral reallocation effect, which
may favor economic growth (even the equilibrium employment unam-
biguously decreases). In response to a higher tax on the production of
the dirty good, the economic resources will shift from the dirty sec-
tor to the clean sector and the equilibrium fraction of capital (u∗) and
labor (s∗) used in the dirty sector will fall accordingly. If the clean good
is more capital-intensive (or the dirty good is more labor-intensive),
the sectoral reallocation from the dirty sector to the clean sector will
increase the aggregate capital stock. Once the sectoral reallocation is
substantially strong, the pollution tax can enhance, rather than retard,
economic growth. Such a case is particularly true if 𝜙2 is higher or
𝜙1 is lower. Since more intensive social comparisons in the clean-good
consumption (𝜙2) increase the demand for clean goods and hence the
induced capital demand in the clean-good sector. The sectoral realloca-
tion effect is thereby aggravated. Similarly, less intensive social compar-
isons in the dirty-good consumption (𝜙1) also amplify the capital real-
location from the dirty sector to the clean sector. Thus, the aggregate
capital stock increases and the balanced-growth rises, if the production
of the clean good is relatively capital-intensive.

The result of Proposition 3 somehow echoes the so-called Green New
Deal. The Green New Deal have been proposed after the 2008 financial
crisis. The object of this new policy is not only to revive the econ-
omy but also tries to promote sustainable growth and reduce ecosys-
tem degradation. As indicated by the London Summit – Leaders’ State-
ment in 2009, “we will make the transition towards clean, innovative,
resource efficient, low carbon technologies and infrastructure.” Many
countries (e.g., China, the United States, and the European Union) have
proposed a low carbon strategy, including environmental tax reform in
removing environmentally perverse subsidies. It is expected that can-
celling the subsidies would on their own reduce greenhouse gas emis-
sions globally by as much as 6% and add 0.1% to world GDP (see Bar-
bier, 2009, p. 10).

4. Discussion

In this section, we perform a welfare analysis that examines the
effects of two distinct consumption externalities on welfare and reeval-
uate the validity of the Pigovian tax in the model with not only pollu-
tion externalities but also consumption and production externalities. In
the baseline model above, capital is accumulated from dirty goods and
the production functions are characterized by aggregate externalities.
To perform a robustness examination, we further develop an alterna-
tive model in which capital can be accumulated from both dirty and
clean goods and the production functions are characterized by sectoral
externalities.

4.1. Welfare analysis

Along the BGP, given the initial capital stock k(0), consumption
c1(0) and c2(0), and pollution Z(0), the time paths of consumption
and pollution can be expressed as: c1 = c1(0)e𝛾

∗ t , c2 = c2(0)e𝛾
∗ t , and

Z = Z(0)e𝛾∗ t . Using (6), (8), (12), and (13), we can further have:
c1(0) =

[
A1u𝛼1 (sh)1−𝛼1 − 𝛾∗

]
k0, c2(0) = A2(1 − u)𝛼2

[
(1 − s) h

]1−𝛼2 k0,

and Z(0) = 𝛽1A1u𝛼1 (sh)1−𝛼1 k0. Thus, social welfare, denoted by W, is

the utility obtained by the representative household, i.e.,

W = ∫
∞

0

[
ln (1 − 𝜙1) c1(0) + Λc ln (1 − 𝜙2) c2(0) − ΛZ ln Z(0)

− Λh
h1+𝜃

1 + 𝜃
+ (1 +Λc −ΛZ) 𝛾∗t

]
e−𝜌tdt.

Accordingly, we derive the welfare effects of 𝜙1 and 𝜙2 as follows:

𝜕W
𝜕𝜙1

= 1
𝜌

{
−1

1 − 𝜙1
+ 1

c1(0)
𝜕c1(0)
𝜕𝜙1

+ Λc
c2(0)

𝜕c2(0)
𝜕𝜙1

− ΛZ
Z(0)

𝜕Z(0)
𝜕𝜙1

−Λhh𝜃 𝜕h∗
𝜕𝜙1

+ 1 +Λc −ΛZ
𝜌

𝜕𝛾∗

𝜕𝜙1

}
≷ 0,

𝜕W
𝜕𝜙2

= 1
𝜌

{
−1

1 − 𝜙2
+ 1

c1(0)
𝜕c1(0)
𝜕𝜙2

+ Λc
c2(0)

𝜕c2(0)
𝜕𝜙2

− ΛZ
Z(0)

𝜕Z(0)
𝜕𝜙2

−Λhh𝜃 𝜕h∗
𝜕𝜙2

+ 1 +Λc −ΛZ
𝜌

𝜕𝛾∗

𝜕𝜙2

}
≷ 0.

As is evident from these two equations, the welfare effects are very com-
plicated, depending on the direct relative utility effect (the first term)
and induced consumption, leisure, pollution, and growth effects (the
second term to the fifth term). In a pure social comparisons, a one-sector
model without flexible labor supply (Λh = 0 and 𝜃 → ∞) and environ-
mental concerns (ΛZ = 0 and 𝛽 = 0), higher social comparisons in
consumption unambiguously decrease the level of welfare. For the sake
of comparison with the traditional social comparisons model, we focus
on social comparisons in the clean-good consumption 𝜙2 because the
production of clean goods does not generate pollution. By focusing on
the clean-good sector, if the labor-leisure choice is exogenous (𝜃 → ∞)
the labor supply channel is shut down, and consequently, social com-
parisons in consumption have no effect on growth. Thus, we can infer
that higher social comparisons to others, say, 𝜙2, decreases the level
of social welfare, i.e., 𝜕W

𝜕𝜙2
< 0 (see Appendix B for the detailed deriva-

tions). In our two-sector model with environmental concerns, the wel-
fare, however, ambiguously responds to higher social comparisons in
consumption 𝜙2 because (mainly) the growth effect ( 𝜕𝛾∗

𝜕𝜙2
) is ambiguous,

depending on factor intensity, labor supply elasticity, and the emission
parameter, as shown in Propositions 1 and 2. In other words, unlike
the pure social comparison model, our model may predict a positive
welfare effect of social comparisons in consumption.

It is also interesting to reevaluate the validity of the Pigovian tax
given that in our model there exist not only pollution externalities but
also consumption and production externalities, all making the compet-
itive equilibrium inefficient. To achieve the Pareto optimum, the social
planner will internalize all the externalities in order to remedy this inef-
ficiency. Thus, we compare the competitive equilibrium with the Pareto
optimum and derive the optimal environmental taxation.

In the Pareto optimum, the social planner, subject to the market-
clearing conditions of the dirty and clean goods, (12) and (13), and the
evolution of pollution (8), maximizes the welfare function (1).

max ∫
∞

0

[
ln(1 − 𝜙1)c1 +Λc ln(1 − 𝜙2)c2 −ΛZ ln Z −Λh

h1+𝜃

1 + 𝜃

]
· e−𝜌tdt,

s.t. c1 + k̇ = y1 = A1u𝛼1 k(sh)1−𝛼1 ,

c2 = A2(1 − u)𝛼2 k
[
(1 − s)h

]1−𝛼2 ,

Z = 𝛽y1.

Substituting c2 and Z into the objective function and letting 𝜁 be the
costate variable associated with the capital stock, the conditions neces-
sary for this optimization problem are given by:

1
c1

= 𝜁, (26)
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𝛼2Λc
1 − u

+ 𝛼1ΛZ
u

= 𝛼1A1u𝛼1−1k(sh)1−𝛼1𝜁, (27)

(1 − 𝛼2)Λc
1 − s

+ (1 − 𝛼1)ΛZ
s

= (1 − 𝛼1)A1u𝛼1 s−1k(sh)1−𝛼1𝜁, (28)

(1 − 𝛼2)Λc − (1 − 𝛼1)ΛZ
h

−Λhh𝜃 = −(1 − 𝛼1)A1u𝛼1 h−1k(sh)1−𝛼1𝜁, (29)

𝜁̇

𝜁
= 𝜌 − A1u𝛼1 (sh)1−𝛼1 − Λc −ΛZ

𝜁k
, (30)

Let superscript “o” be the first-best tax rate associated with the rele-
vant variables. Based on the steady-state BGP equilibrium, we compare
the above equations with those of the competitive equilibrium (equa-
tions (3), (5), (9), (26), and (30)) and obtain the following (sub-)optimal
pollution tax (see Appendix B for a detailed Proof):

𝜏o
e =

MRSc1Z

1 − 𝜙2
− 𝜙2

(1 − 𝜙2)𝛽
−

[
(𝛼2Λc − 𝛼1)u2 + 𝛼1(1 − 𝛼2Λc)

]
u

𝛼1(1 − 𝜙2)
[
𝛼2uΛc + 𝛼1(1 − u)ΛZ

] , (31)

where MRSc1Z = −MUc1
MUZ

= ΛZc1
Z . Note again that there are not only pol-

lution externalities but also consumption and production externalities
in the model. If the production externality and consumption external-
ities are absent (the production parameters are independent of capi-
tal (Ã1 = A1 and Ã2 = A2) and the consumption social comparisons
parameters are zero (𝜙1 = 𝜙2 = 0), (31) reduces to:

𝜏o
e = MRSc1Z , (32)

which recovers the conventional Pigovian tax in the sense that the
socially optimal pollution tax reflects the marginal damage caused
by pollution. This implies that the conventional Pigovian tax is still
valid even in a two-sector model without consumption and produc-
tion externalities. If production externalities are present and consump-
tion externalities are still absent (Ã1 = A1k1−𝛼1 and Ã2 = A2k1−𝛼2 and
𝜙1 = 𝜙2 = 0), (31) reduces to:

𝜏o
e = MRSc1Z −

[
(𝛼2Λc − 𝛼1)u2 + 𝛼1(1 − 𝛼2Λc)

]
u

𝛼1
[
𝛼2uΛc + 𝛼1(1 − u)ΛZ

] . (33)

To account for production externalities, the modified Pigovian tax
is lower than the conventional one.12 To eliminate the distortion
caused by pollution externalities, the conventional Pigovian tax aims
to decrease firms’ output, which lowers their emissions. Production
externalities, however, give rise to a positive impact on the produc-
tion of firms and hence social welfare. Thus, the modified Pigovian tax
becomes lower in order to account for these positive production exter-

nalities. One may emphasize that (31) is only a sub-optimal solution that
is unable to correct all externalities, once we also take consumption
externalities (𝜙1 > 0 and 𝜙2 > 0) into account. Intuitively, the pres-
ence of consumption externalities distorts the labor allocation between

12 Note that (𝛼2Λc − 𝛼1)u2 + 𝛼1(1 − 𝛼2Λc) > (𝛼2Λc − 𝛼1)u2 + 𝛼1(1 −
𝛼2Λc)u2 > 0.

the dirty-good and clean-good sectors via the labor supply channel,
as noted in Propositions 1 and 2. This distortion leads to a distinc-
tion in the fraction of labor devoted to the dirty-good sector between
the social optimum s = (1−𝛼1)𝛼2u

𝛼1(1−𝛼2)+(𝛼2−𝛼1)u
and the competitive equilib-

rium s = (1−𝛼1)𝛼2u
(1−𝜙2)[𝛼1(1−𝛼2)+(𝛼2−𝛼1)u]

under the environmental Pigovian tax
of (31). In Appendix B, we show that, in addition to the pollution tax, a
positive income tax is necessary for the society in order to achieve the
Pareto optimum.

4.2. Capital accumulation and production externalities

In addition to the baseline model, we develop an alternative model
in which capital can be accumulated from both dirty and clean goods
and the production functions are characterized by sectoral externalities.
By following Cassou and Hamilton (2004), the production functions are
specified as:

y1 = Ã1k𝛼1
1 (sh)1−𝛼1 and y2 = Ã2k𝛼2

2
[
(1 − s) h

]1−𝛼2 , (34)

where Ã1 = A1k1−𝛼1
1 and Ã2 = A2k1−𝛼2

2 . Notice that (34) shows that the
production functions are characterized by sectoral externalities, instead
of aggregate externalities. The importance of sector-specific production
externalities has been highlighted by the theoretical studies of Benhabib
and Farmer (1994) and Benhabib et al. (2000). Empirically, Harrison
(1997) identifies the existence of sector-specific production externali-
ties.

Moreover, we rewrite the market-clearing conditions of the two
goods as:

c1 + k̇1 = A1(sh)1−𝛼1 k1,

c2 + k̇2 = A2
[
(1 − s)h

]1−𝛼2 k2.

This implies that both dirty and clean goods can be consumed and
accumulated as capital. Based on these modifications, we rederive the
effects of consumption externalities 𝜙1 and 𝜙2 on the growth rate of
dirty goods, denoted by 𝛾1, and that of clean goods, denoted by 𝛾2, as
follows:

𝜕𝛾∗1
𝜕𝜙1

=
(1 − 𝛼1)𝛼1𝜗1Ξ

(
c1
k1

)∗ {[
𝛼2 + 𝜃 (1 − s∗)

] ( c2
k2

)∗
+ (1 − 𝛼2) {1 − 𝛼2𝜗2}

}
ΔΩ(1 − 𝜙1)

> 0, (35)

𝜕𝛾∗2
𝜕𝜙1

=
−𝛼2𝜃s∗ (1 − 𝛼2)𝜗2

(
c1
k1

)∗( c2
k2

)∗
Δ Ω (1 − 𝜙1)

< 0, (36)

𝜕𝛾∗1
𝜕𝜙2

= −𝜃 (1 − s∗) (1 − 𝛼1)𝛼1𝜗1Ξ
Δ Ω (1 −𝜙2)

< 0, (37)

𝜕𝛾∗2
𝜕𝜙2

=
(1 − 𝛼2)𝛼2𝜗2

(
c2
k2

)∗ {
(𝛼1 + 𝜃s∗)

(
c1
k1

)∗
+ (1 − 𝛼1)

[
1 − 𝛼1Ξ

]
𝜗1

(
c2
k2

)∗}
Δ Ω (1 − 𝜙2)

> 0. (38)

where 𝜗1 = A1(s∗h∗)1−𝛼1 , 𝜗2 = A2
[
(1 − s∗) h∗

]1−𝛼2 , Ω = 𝛼1𝛼2 + 𝛼2s∗𝜃
+ 𝛼1𝜃(1− s∗), and Δ ={
(1+𝜃)

( c1
k1

)∗( c2
k2

)∗
−𝜌

{
(1−𝛼2)(1+𝜃s∗)

( c1
k1

)∗
+(1−𝛼1)[1+𝜃(1−s∗)]

( c2
k2

)∗}
+𝜌2(1−𝛼1)(1−𝛼2)

}
Ω

> 0.
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Similar to the baseline model, greater aspirations in the dirty-good
consumption 𝜙1 lead households to substitute the dirty-good consump-
tion c1 for leisure, resulting in an increase in labor supply. An increase
in the equilibrium employment h∗ gives rise to a favorable employment
effect on the growth rates of the dirty-good and clean-good sectors. An
increase in the dirty-good consumption shifts economic resources (cap-
ital and labor) from the clean-good sector to the dirty-good sector. The
sectoral reallocation effect is favorable to the growth rate of the dirty-
good sector but unfavorable to the growth rate of the clean-good sec-
tor. It turns out that greater aspirations in the dirty-good consumption
increase the growth rate of the dirty-good sector 𝛾∗1 because both the
employment effect and the sectoral reallocation effect have an unam-
biguously positive impact on the dirty-good sector, a shown in (35). By
contrast, (36) shows that greater aspirations in the dirty-good consump-
tion decrease the growth rate of the clean-good sector 𝛾∗2 because the
sectoral reallocation effect dominates the employment effect. A simi-
lar logic can apply to the growth impacts of social comparisons in the
clean-good consumption 𝜙2. The mixed impacts of consumption aspira-
tions stated in (35)–(38) shows that our main results still hold if both
dirty and clean good can be consumed and accumulated as capital stock.

5. Concluding remarks

In this paper, we have developed a two-sector, two factor, environ-
mental model in which agents optimally choose the clean- and dirty-
goods in order to balance the concern for social status and environmen-
tal quality. In particular, we have made a subtle theoretical connection
regarding (i) two conflicting aspects of consumer preference involving
social aspirations and environmental concerns and (ii) the relative mag-
nitude of the capital intensity in the production technology for the good
that pollutes the environment (the dirty good) and the good that does

not (the clean good).
Based on the model features, we have shown that, in sharp contrast

to the conventional wisdom, keeping up with the Joneses can decrease
growth as consumer preference is involved social aspirations and envi-
ronmental concerns. Greater social aspirations in consumption regard-
less of either clean goods or dirty goods may lead to a deterioration in
economic growth, provided that conspicuous goods are relatively labor-
intensive. Besides, due to the sectoral allocation effect, the equilibrium
employment may negatively respond to more intensive social compar-
isons if households display their social status by consuming dirty goods,
which are labor-intensive. Interestingly, employment and growth may
be negatively correlated, which provides a theoretical support to an
empirical possibility of a negative employment-growth relationship.

We have also found that a pollution tax can favor economic growth
when the production of the clean good is capital-intensive. A tax on the
production of dirty goods generates the sectoral reallocation from the
dirty sector to the clean sector, which increases the aggregate capital
stock and hence growth when the clean good is more capital-intensive.
The positive growth effect is more likely to be true in the presence of
more intensive social comparisons in the clean-good consumption since
they amplify the sectoral reallocation effect. This echoes the Green New
Deal.
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Appendix A

The Derivatives of (19). From (3), (4), (9), (10), and (14), we obtain:

(1 − 𝜙1) xΛhh𝛼1+𝜃 = (1 − 𝜏e𝛽) (1 − 𝛼1)A1u𝛼1 s−𝛼1

(1 − 𝜙2) (1 − s) (1 − 𝜏e𝛽) (1 − 𝛼1)A1u𝛼1 s−𝛼1 h1−𝛼1 = (1 − 𝛼2) (1 − 𝜙1)Λcx

(1 − 𝜙2) (1 − u) (1 − 𝜏e𝛽)𝛼1A1u𝛼1−1(sh)1−𝛼1 = (1 − 𝜙1)𝛼2Λcx

Applying the implicit function theorem, we have:

𝜕h
𝜕x = − sh

xΩ < 0, 𝜕h
𝜕𝜙1

= sh
(1−𝜙1)Ω

> 0, 𝜕h
𝜕𝜙2

= 𝛼1h(u−s)
(1−𝜙2)Ω

≷ 0,
𝜕h
𝜕𝜏e

= − 𝛽sh
(1−𝜏e𝛽)Ω

< 0, 𝜕u
𝜕x

= − u(1−u)(1+𝜃)
Ωx

< 0, 𝜕u
𝜕𝜙1

= u(1−u)(1+𝜃)
(1−𝜙1)Ω

> 0,
𝜕u
𝜕𝜙2

= − u(1−u)(𝛼1+𝜃)
(1−𝜙2)Ω

< 0, 𝜕u
𝜕𝜏e

= − 𝛽u(1−u)(1+𝜃)
(1−𝜏e𝛽)Ω

< 0, 𝜕s
𝜕x

= − s(1−s)(1+𝜃)
Ωx

< 0,
𝜕s
𝜕𝜙1

= s(1−s)(1+𝜃)
(1−𝜙1)Ω

> 0, 𝜕s
𝜕𝜙2

= − s(1−s)(𝛼1+𝜃)
(1−𝜙2)Ω

< 0, 𝜕s
𝜕𝜏e

= − 𝛽s(1−s)(1+𝜃)
(1−𝜏e𝛽)Ω

< 0,

where Ω = 𝛼1u(1 + 𝜃) + (1 − 𝛼1)𝜃s > 0. ▪

Proof of Theorem 1. We apply the Brouwer Fixed Point Theorem to prove the existence of the BGP equilibrium. It follows from (22) with ẋ = 0
that the steady-state consumption-capital ratio is satisfied by the following equation:

x∗ = F(x∗) = 𝜌 − A1u∗𝛼1−1(s∗h∗)1−𝛼1 [(1 − 𝜏e𝛽)𝛼1 − u∗],

where h, u, s are reported in the instantaneous relationships (15)–(17), respectively. Accordingly, we can derive that the F function is downward
sloping, i.e.:

F′(x∗) = − 𝜉
Ωx∗

{
Ω
[
𝛼1Ξ − u∗

]
+ (1 + 𝜃)

[
1 − 𝛼1Ξ

]
u∗

}
< 0

where 𝜉 = A1u∗𝛼1 (s∗h∗)1−𝛼1 > 0. Note that 𝛼1(1 − 𝜏e𝛽) − u∗ > 0 and Ξ = 1 − 𝜏e𝛽 given that the aggregate production function is strictly
concave. Moreover, the F locus intersects the vertical coordinate at lim

x→0
F(x∗) = 𝜌 > 0. Because of the monotonicity of F, the Brouwer Fixed Point

Theorem indicates that the steady-state x∗ exists and is unique, as shown in the figure below.
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In addition, from (22), we have:

𝜕ẋ
𝜕x

=
𝜌Ω+ A1u𝛼1 (sh)1−𝛼1 (1 + 𝜃)

[
1 − 𝛼1(1 − 𝜏e𝛽)

]
Ω > 0.

Given that there is only one jump variable x in this dynamic system, this implies that this unique perfect-foresight equilibrium is locally determinate.
▪

Proof of Propositions 1–3. The steady-state equilibrium is characterized by ẋ = 0. Thus, (19) and (21)-(22) enable us to derive:

𝜕x∗
𝜕𝜙1

= 𝜉
(1 −𝜙1)Δu∗

{
(𝛼1Ξ − u∗)Ω + (1 + 𝜃) (1 − 𝛼1Ξ) u∗

}
≷ 0,

𝜕h∗
𝜕𝜙1

= s∗h∗
(1 −𝜙1)Δ

> 0,

𝜕u∗
𝜕𝜙1

= u∗(1 − u∗)(1 + 𝜃)
(1 − 𝜙1)Δ

> 0,

𝜕s∗
𝜕𝜙1

= s∗(1 − s∗)(1 + 𝜃)
(1 − 𝜙1)Δ

> 0,

𝜕𝛾∗

𝜕𝜙1
= (1 − 𝛼1)𝛼1𝜃Ξ𝜉

(1 − 𝜙1)Δu∗

[
u∗
𝜃

+ (u∗ − s∗)
]
≷ 0,

and
𝜕x∗
𝜕𝜙2

= 𝜉
(1 −𝜙2)Δu∗

{
𝛼1𝜃

[
(1 − 𝛼1) Ξ + u∗

]
(u∗ − s∗) −

[
𝛼1

(
1 − u∗

)
+ 𝜃

(
1 − s∗

)]
u∗

}
≷ 0,

𝜕h∗
𝜕𝜙2

= h∗
(1 −𝜙2)Δx∗

{
(u∗ − s∗)

[
x∗ − (1 − 𝛼1) 𝜌

]
+ (1 − u∗)𝜉

}
≷ 0,

𝜕u∗
𝜕𝜙2

= −u∗(1 − u∗)
(1 −𝜙2)Δx∗

[(
x∗ − 𝜌

)
+ 𝜃x∗ + 𝛼1𝜌

]
< 0,

𝜕s∗
𝜕𝜙2

= −s∗(1 − s∗)
(1 −𝜙2)Δx∗

[(
x∗ − 𝜌

)
+ 𝜃x∗ + 𝛼1𝜌

]
< 0,

𝜕𝛾∗

𝜕𝜙2
= (1 − 𝛼1)𝛼1𝜃𝜉Ξ

(1 − 𝜙2)Δu∗

[(
1 − u∗
𝜃x∗

)
𝜉 −

(
u∗ − s∗

)]
= −𝛼1𝜃(1 − 𝛼1)Ξ𝜉s∗

(1 − 𝜙2)ΔΘu∗

[
u∗
s∗

− Θ
]
≷ 0.

where Δ = 𝜌Ω+(1+𝜃)𝜉(1−𝛼1Ξ)
x∗ > 0, 𝜉 = A1u∗𝛼1 (s∗h∗)1−𝛼1 , and Θ = 𝛼1𝜃(1−𝜙2)Ξ

𝛼1𝜃(1−𝜙2)Ξ−𝛼2(1−𝜙1)Λc
. Note that it is easy from (16) and (17) to derive that s∗ ≶ u∗,

if 𝛼1 ≷ 𝛼2. Thus, by focusing on the growth effect of 𝜙1, it is easy to infer that 𝜕𝛾∗

𝜕𝜙1
≷ 0, if u∗

s∗ ≷ 𝜃
1+𝜃 . By substituting 𝜉 = A1u∗𝛼1 (s∗h∗)1−𝛼1 into the

growth effect of 𝜙2, we can obtain that 𝜕𝛾∗

𝜕𝜙2
≷ 0, if u∗

s∗ ≶ Θ. In particular, we can further obtain that 𝜕Θ
𝜕𝛽

= 𝛼1𝛼2𝜃(1−𝜙1)(1−𝜙2)𝜏e
[𝛼1𝜃(1−𝜙2)Ξ−𝛼2(1−𝜙1)Λc]2

> 0., implying

that the pollution parameter 𝛽 plays an important role in terms of affecting the growth effect of social comparisons in the clean-good consumption

𝜙2. To make our point more striking, we first assume that there is no pollution issue (by setting 𝛽 = 0) and
u∗0
s∗0

> 𝛼1𝜃(1−𝜙2)
𝛼1𝜃(1−𝜙2)−𝛼2(1−𝜙1)

such that the

negative sectoral reallocation effect is strong enough to result in a decrease in the balanced growth, i.e., 𝜕𝛾∗

𝜕𝜙2
< 0. Next, we introduce the pollution
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issue into the model (by setting 𝛽 > 0). Because 𝛼1𝜃(1−𝜙2)
𝛼1𝜃(1−𝜙2)−𝛼2(1−𝜙1)Λc

< Θ(= 𝛼1𝜃(1−𝜙2)Ξ
𝛼1𝜃(1−𝜙2)Ξ−𝛼2(1−𝜙1)Λc

) and 𝜕Θ
𝜕𝛽

> 0, we can easily find a critical value

of 𝛽, denoted by 𝛽, which is large enough where 𝛽 > 1
𝜏e

{
1 − ( u∗0

u∗0−s∗0
)( 𝛼2(1−𝜙1)Λc

𝛼1𝜃(1−𝜙2)
)
}

such that the negative demand-side sectoral reallocation effect is

dominated by the positive supply-side employment effect. Under such a situation, greater social aspirations in the clean-good consumption 𝜙2 turn
out to increase, rather than decrease, the balanced growth rate, i.e., 𝜕𝛾∗

𝜕𝜙2
> 0. This case clearly indicates the importance of environmental concern

in the growth effect of consumption externalities.

In addition, the effects of the emission tax are given by:

𝜕h∗
𝜕𝜏e

= − 𝛽s∗h∗
ΔΞx∗

{𝜌 + 𝜉} < 0,

𝜕u∗
𝜕𝜏e

= −𝛽u∗ (1 − u∗) (1 + 𝜃) (𝜌 + 𝜉)
ΔΞx∗

< 0,

𝜕s∗
𝜕𝜏e

= − s∗(1 − s∗)(1 + 𝜃)𝛽 (𝜌 + 𝜉)
ΔΞx∗

< 0,

𝜕𝛾∗

𝜕𝜏e
=

𝜃𝛼2
2 (1−𝛼1) (1 − 𝜙1)2x∗u∗

𝛼1Δ
[
(1 − 𝜙2) (1 − u∗) Ξ

]2 (
s∗ − s

)
≷ 0, if s∗ ≷ s,

where s = (1+𝜃)[𝛼1(1−𝜙2)(1−u∗)Ξ+𝛼2(1−𝜙1)(1−𝛼1u∗)]
𝛼2𝜃(1−𝜙1)(1−𝛼1)

. Moreover, we can easily obtain 𝜕s
𝜕𝜙1

= 𝛼1(1+𝜃)(1−𝜙2)(1−u∗)Ξ
𝛼2𝜃(1−𝛼1)(1−𝜙1)2

> 0 and 𝜕s
𝜕𝜙2

= − 𝛼1(1+𝜃)Ξ(1−u∗)
𝛼2𝜃(1−𝜙1)(1−𝛼1)

< 0. This
implies that if s∗ is higher (i.e., the clean good is more capital-intensive or the dirty good is more labor-intensive), the growth effect of the pollution
tax is more likely to be positive. ▪

Robustness Examination of the Generalized Model Setting on Pollution

If the production processes of both dirty and clean goods generate pollution, the by-products of the two goods are given by:

Z1 = 𝛽1y1 and Z2 = 𝛽2y2; with 0 < 𝛽1, 𝛽2 < 1 and 𝛽1 > 𝛽2,

where 𝛽1 and 𝛽2 are the emission per unit of output associated with dirty and clean goods and 𝛽1 > 𝛽2 because the production of clean goods
generates fewer emissions. Thus, the total amount of pollution is:

Z = Z1 + Z2 = 𝛽1y1 + 𝛽2y2,

and, accordingly, the government budget constraint is T = 𝜏e (𝛽y1 + 𝛽2y2).
Based on this modification, the factor price equalization yields:

r = Ξ1𝛼1Ã1(uk)𝛼1−1(sh)1−𝛼1 = 𝛼2Ξ2PÃ2
[
(1 − u) k

]𝛼2−1[(1 − s) h
]1−𝛼2 ,

w = (1 − 𝛼1) Ξ1Ã1(uk)𝛼1 (sh)−𝛼1 = (1 − 𝛼2) Ξ2PÃ2
[
(1 − u) k

]𝛼2 [(1 − s) h
]−𝛼2 .

where Ξ1 = 1 − 𝜏e𝛽1 and Ξ2 = 1 − 𝜏e𝛽2 Thus, in the steady-state BGP equilibrium the competitive equilibrium is satisfied:

(1 − 𝜙1)xΛhh𝛼1+𝜃 = (1 − 𝛼1)Ξ1A1u𝛼1 s−𝛼1 ,

(1 − 𝜙2)(1 − s)(1− 𝛼1)Ξ1A1u𝛼1 s−𝛼1h1−𝛼1 = (1 − 𝛼2)Ξ2(1 − 𝜙1)x,

(1 − 𝜙2)(1 − u)𝛼1Ξ1A1u𝛼1−1(sh)1−𝛼1 = (1 − 𝜙1)𝛼2Ξ2x,

𝜌 − A1u𝛼1−1(sh)1−𝛼1 (𝛼1Ξ1 − u) = x,

which pin down h, u, s, and x. With these variables, we can obtain the effects of social comparisons in consumption 𝜙1 and 𝜙2:

𝜕𝛾∗

𝜕𝜙1
= x (1 − 𝛼1)𝛼1Ξ1𝜉 [(1 + 𝜃)u∗ − 𝜃s∗]

(1 − 𝜙1)Δ̃u∗
≷ 0

𝜕𝛾∗

𝜕𝜙2
= −(1 − 𝛼1)𝛼1Ξ1

(1 − 𝜙2)Δ̃u∗
[
𝜃
(
u∗ − s∗

)
x∗ −

(
1 − u∗

)
𝜉
]
≷ 0

𝜕h∗
𝜕𝜙1

= x∗s∗h∗

(1 −𝜙1) Δ̃
> 0

𝜕h∗
𝜕𝜙2

=
h∗

{
𝜌𝛼1 (u∗ − s∗) u∗ − 𝜉

[
𝛼1Ξ1 (u∗ − s∗) − u∗ (1 − s∗)

]}
(1 − 𝜙2) Δ̃Ωu∗

≷ 0

𝜕u∗
𝜕𝜙1

= x∗u∗ (1 − u∗) (1 + 𝜃)
(1 − 𝜙1) Δ̃

> 0

𝜕u∗
𝜕𝜙2

= − u∗(1 − u∗)
(1 − 𝜙2) Δ̃

[
x∗(1 + 𝜃) − 𝜌 (1 − 𝛼1)

]
≷ 0

𝜕s∗
𝜕𝜙1

= (1 + 𝜃) (1 − s∗) x∗s∗

(1 −𝜙1) Δ̃
> 0,

𝜕s∗
𝜕𝜙2

= − s∗(1 − s∗)
(1 − 𝜙2) Δ̃

[
x∗(1 + 𝜃) − 𝜌 (1 − 𝛼1)

]
≷ 0
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where Δ̃ = 𝜌Ω+ (1 + 𝜃)𝜉
[
1 − 𝛼1 (1 − 𝜏e𝛽1)

]
> 0. These comparative static results confirm those of the baseline model.

Appendix B

In the Appendix, we perform a welfare analysis. The welfare effects of social comparisons in consumption 𝜙1 and 𝜙2 can be derived as follows:

𝜕W
𝜕𝜙1

= 1
𝜌

{
−1

1 − 𝜙1
+ 1

c1(0)
𝜕c1(0)
𝜕𝜙1

+ Λc
c2(0)

𝜕c2(0)
𝜕𝜙1

− ΛZ
Z(0)

𝜕Z(0)
𝜕𝜙1

−Λhh𝜃 𝜕h∗
𝜕𝜙1

+ 1 +Λc −ΛZ
𝜌

𝜕𝛾∗

𝜕𝜙1

}

= 1
𝜌
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−1
1 − 𝜙1

+
(

1 +Λc −ΛZ
𝜌

− k(0)
c1(0)

)
𝜕𝛾∗

𝜕𝜙1

+
[

1 − 𝛼1
s

(
Z(0)
𝛽c1(0)

− ΛZ

)
− Λc(1 − 𝛼2)

1 − s

]
𝜕s∗
𝜕𝜙1

+
[
𝛼1
u

(
Z(0)
𝛽c1(0)

− ΛZ

)
− 𝛼2Λc

1 − u

]
𝜕u∗
𝜕𝜙1

+1
h

[
(1 − 𝛼1)

(
Z(0)
𝛽c1(0)

− ΛZ

)
+Λc(1 − 𝛼2) − Λhh1+𝜃

]
𝜕h∗
𝜕𝜙1

,

𝜕W
𝜕𝜙2

= 1
𝜌

{
−1

1 − 𝜙2
+ 1

c1(0)
𝜕c1(0)
𝜕𝜙2
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c2(0)

𝜕c2(0)
𝜕𝜙2

− ΛZ
Z(0)

𝜕Z(0)
𝜕𝜙2
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+ 1 +Λc −ΛZ
𝜌

𝜕𝛾∗

𝜕𝜙2

}

= 1
𝜌
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−1
1 − 𝜙2

+
(

1 +Λc −ΛZ
𝜌

− k(0)
c1(0)

)
𝜕𝛾∗

𝜕𝜙2

+
[

1 − 𝛼1
s

(
Z(0)
𝛽c1(0)

− ΛZ

)
− Λc(1 − 𝛼2)

1 − s

]
𝜕s∗
𝜕𝜙2

+
[
𝛼1
u

(
Z(0)
𝛽c1(0)

− ΛZ

)
− 𝛼2Λc

1 − u

]
𝜕u∗
𝜕𝜙2

+1
h

[
(1 − 𝛼1)

(
Z(0)
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− ΛZ
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𝜕h∗
𝜕𝜙2

.

Moreover, we can derive from the first and second terms that −1
1−𝜙2

+ 1
c2(0)

𝜕c2(0)
𝜕𝜙2

< 0 if labor supply is fixed (Λh = 0) and environmental concerns
are absent (ΛZ = 0 and 𝛽 = 0).

To derive the Pigovian tax, we compare the social optimum with the competitive equilibrium. From (3) and (26), we obtain 𝜆̇
𝜆
= 𝜍̇

𝜍
. Based on

this relation, from (9), (5), and (30), it is easy to derive

𝜏o
e =

MRSc1Z

1 − 𝜙2
− 𝜙2

(1 − 𝜙2)𝛽
−

[
(𝛼2Λc − 𝛼1)u2 + 𝛼1(1 − 𝛼2Λc)

]
u

𝛼1(1 − 𝜙2)
[
𝛼2uΛc + 𝛼1(1 − u)ΛZ

] ,
as shown in (31). This pollution tax is sub-optimal and unable to correct the distortion caused by the consumption externality in the clean good
(𝜙2 > 0). In the social optimum, from (28) and (29), we have the fraction of labor devoted to the dirty-good sector: s = (1−𝛼1)𝛼2u

𝛼1(1−𝛼2)+(𝛼2−𝛼1)u
. In

the competitive equilibrium under the environmental Pigovian tax, from (10), (3), (4), (27), and (29), we have the fraction of labor devoted
to the dirty-good sector: s = (1−𝛼1)𝛼2u

(1−𝜙2)[𝛼1(1−𝛼2)+(𝛼2−𝛼1)u]
. Due to the existence of the consumption externality in the clean good, the environmental

Pigovian tax cannot optimally allocate labor between the dirty-good and clean-good sector even under the environmental Pigovian tax 𝜏o
e . A

possible optimal solution is to introduce an income tax into the model. Specifically, if we impose a tax, denoted by 𝜏 i, on income (wh + rk) and
modify the household’s budget constraint as k̇ = 𝜏i(wh + rk) + T − (c1 + pc2), by applying a similar procedure, we can obtain the optimal taxation:
𝜏o

e = MRSc1Z −
[
(𝛼2−𝛼1)u2+𝛼1(1−𝛼2)

]
u

𝛼1[𝛼2u+𝛼1(1−u)ΛZ] and 𝜏o
i = 𝜙2. Given that 𝜙2 is positive, in addition to the environmental Pigovian tax, a positive income tax is

socially desirable for achieving the social optimum.
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