
Indirect and direct lobbying on international trade in waste*

Miao Dai,† Guillaume Cheikbossian‡

October 16, 2025

Abstract

This paper proposes a micro-founded model to investigate the effects of en-

vironmental lobbying on international trade in waste. We first develop a direct

lobbying framework à la Grossman and Helpman (1994) that emphasizes the poten-

tial impact of green lobbies on the environmental policy and how North-to-South

waste flows are affected through this policy channel. We show that the politically

chosen policy is ambiguous relative to the socially optimal level, depending on the

heterogeneity of environmental preferences and the degree of pollution damages

from waste. This in turn leads to ambiguous effects of environmental lobbying on

the North-to-South waste trade. Further, we build an indirect lobbying model based

on Yu (2005) to analyze the impact of indirect lobbying through public persuasion

by interest groups on environmental policy stringency, political contributions and

waste exports. We show that strengthening green lobbying induces a complemen-

tarity between direct and indirect competition, causing both the environmental

and industrial lobby groups to behave less aggressively in their two means of

influence. Consequently, this results in a more stringent environmental policy and

more waste to be exported. Finally, we demonstrate that an increase in the foreign

waste absorption fee intensifies the competition between lobbies in both the indirect

and direct lobbying games, ultimately leading to lower volumes of waste exports.
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1 Introduction

Growing waste generation coupled with a highly globalized economy has led to in-
creased volumes of waste being shipped across borders. The global South, in need of
employment and foreign exchange offered by the waste trade, has often been targeted
by the North as a dumping haven to absorb their excessive waste. However, developing
countries are typically ill-equipped to handle the recycling and recovery of material
that is often highly toxic. Consequently, much of the waste is dumped or discarded
directly into the environment, causing a further escalation of environmental degra-
dation (Kellenberg, 2012; Shi and Zhang, 2023). With the shocking sight of towering
waste piles in the neighbourhoods of developing countries and giant garbage patches
floating on the ocean, there is widely documented evidence of adverse environmental
and public health problems caused by waste.1

Galvanized by the growing pace and scale of climate change, environmental lobby
groups have increased significantly both in size and strength over the past few decades.2

Their rising impacts are shaping the political landscape (Wapner, 1995; Fredriksson
et al., 2005; Longhofer and Schofer, 2010) and steering government policies towards
better environmental outcomes (Kalt and Zupan, 1984; Cropper et al., 1992; Riddel,
2003; Binder and Neumayer, 2005; Fredriksson et al., 2005).

This paper investigates the role of green lobbies in the international waste trade and
seeks to understand whether strengthening environmental lobby groups can represent
an important strategy to reduce the North-to-South waste trade. To address this
question, we first develop a political economy model à la Grossman and Helpman (1994).
Using this model, we investigate how green lobbies might affect the determination
of environmental policy and how waste trade flows are affected through this policy
channel. We focus on a representative small open economy in the North, where waste
is modelled as an environmentally harmful byproduct generated during the production
process. This byproduct is tolerated at some level and subjected to a pollution tax, and
it can be exported to a developing country for disposal but with a fee. Two organized
lobby groups – environmentalists and capitalists – with heterogeneous environmental
preferences confront the incumbent government with contribution schedules contingent

1For example, Trafigura, a Dutch oil trading company with additional offices in Great
Britain, dumped hundreds of tons of waste at Abidjan, Côte d’Ivoire (Ivory Coast) in 2006,
and caused nausea, headaches, vomiting, violent rashes, and even death among thousands of
people living near the dump sites. See https://www.business-humanrights.org/en/latest-news/
trafigura-lawsuit-re-hazardous-waste-disposal-in-cÃt’te-divoire-filed-in-the-netherlands/. More re-
cently in 2019, the dragging Canada-Philippines garbage dispute finally came to an end after Canada
agreed to take back its trash sent to the Philippines 6 years ago, which was falsely labelled as re-
cyclable scrap but instead contained household waste. Tonnes of rotting refuse have sat fester-
ing on the docks of Manila, causing port congestion and posing a health hazard risk. See https:
//www.nytimes.com/2019/05/23/world/asia/philippines-canada-trash.html.

2For instance, up to date, the Environmental Defense Fund has an active membership of 2.5 million
with operations in 28 countries and operating expenses reaching a record $216 million in 2020. See
https://www.edf.org/about. The other leading environmental NGO, Greenpeace, has also expanded
massively with national and regional organizations across the world.
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on its waste policy. The government then tries to balance the competing interests of
these lobby groups and chooses the policy that maximizes a weighted sum of the social
welfare and campaign contributions received from them.

We show that the tax set by the government is ambiguous relative to the socially
optimal level, depending on the heterogeneity of environmental preferences and the
degree of pollution damages from waste. This political distortion arises from two
facts: one is that lobby groups offer campaign contributions to an electorally moti-
vated government in exchange for particular political favours (Aidt, 1998); the other
is that lobby groups with heterogeneous environmental attitudes respond differently
to various degrees of waste-induced environmental damage. Because of the relatively
lower environmental valuations and the additional incentive to reduce the negative
policy effect on profits that do not accrue to environmentalists, capitalists will typically
lobby more aggressively for a less stringent policy, which eventually dominates any
countervailing efforts from environmentalists. The resulting equilibrium policy level
will be lower than the socially optimal one. However, if environmental damage caused
by waste is significant enough, it will play an increasing role in both lobby groups’
welfare calculations, inducing capitalists to diminish their lobbying efforts while trig-
gering a more aggressive response from environmentalists. Consequently, the political
equilibrium policy may equal or even overshoot the social optimum.

We then investigate how strengthening green lobbies – as measured by an increase
in the number of environmentalists and the joining members’ environmental valuation –
might affect the policy stringency and by extension firms’ decisions on waste trade. This
can be interpreted as an environmental movement in which growing environmental
awareness has arguably enabled environmentalists to mobilize more ordinary people to
join forces and exert pressure on governments to take more action. Our model generates
ambiguous predictions about the effects of environmental lobbying on trade in waste.

We show that when capitalists have a dominating lobbying power, which leads to
a downward distorted policy that is inefficiently weak, strengthening environmental
lobbies will lead to a higher tax and therefore result in more waste being exported.
Indeed, as more people become environmentally concerned and join the green lobbying
while the number of capitalists is fixed, this translates into more power exercised by the
environmental lobby group. As a result, the government will respond to this boosted
political pressure by increasing regulations on the externality. This in turn leads to a
higher tax in the North, which increases the domestic waste disposal costs and thereby
induces firms to export more waste out of the country for disposal. Using a different
model, McAusland (2008) draws a similar conclusion, demonstrating that when facing
increased political pressure from lobby groups, regulators have an incentive to increase
regulation on pollution that is a by-product of consumption activities and thereby
induce firms to export waste to locations with lower environmental regulations.

However, in the case of environmentalists lobbying more aggressively while capital-
ists diminish their lobbying efforts, which leads to an inefficiently strict and upward
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distorted policy, strengthening green lobbying may unexpectedly lead to a lower tax
and result in less North-to-South waste exports. While environmentalists strive to pro-
tect the country from environmental damage caused by waste, they also benefit from
consumption. When the extra savings from environmental damages cannot compensate
for their utility loss from consumption, they would like to exchange some environ-
mental protection for more consumption, which relaxes the policy stringency. As the
number of environmental lobbyists increases, the desire for the tradeoff also increases,
which further reduces the tax. As the pollution tax decreases, the cost of disposing
of waste domestically goes down and therefore less waste will be exported abroad.
Eventually, when all workers become environmentalists, the equilibrium will equal
the socially optimal level, leading to a political internalization of the environmental
externality (Aidt, 1998).

So far, we have focused on the direct political contribution mechanisms of environ-
mental lobbying on the waste trade. However, as demonstrated in Yu (2005), Connelly
et al. (2012) and Bentata and Faure (2015), political contributions from environmental
lobby groups are typically much smaller compared to those from industrial ones. The
success of green lobbying can thus be largely attributed to its greater effectiveness in
public persuasion and the resulting higher public environmental awareness. We thus
follow Yu (2005) and model a policy game at the first stage where lobbies engage in
indirect political competition by sending messages to workers to influence their subjec-
tive beliefs regarding waste-induced environmental damages. In contrast to Yu (2005)
where the messages sent by environmental and industrial lobby groups are always
strategic substitutes, we show that they can also be strategic complements, depending
on the size of the group distribution.

Further, we analyze how strengthening green lobbying – measured by an increase
in the general public’s initial environmental awareness – could indirectly and directly
affect trade in waste. Using some simple functional forms of the model to demonstrate
the mechanism at work, we find that strengthening green lobbies reduces the number of
messages sent by both the green and industrial lobby groups, while also decreasing both
groups’ direct political contributions, leading to a higher tax and more waste exports.
That is, the two channels of policy influence are complementary to each other – a major
departure from the results obtained in Yu (2005) where an increase in the initial public
environmental awareness induces the substitution of direct and indirect competition
from both lobby groups. This occurs because when the public is already very sensitive
to waste-induced environmental damages, there is less room for lobbies to shape their
perception, leading them to be less active in indirect lobbying. Nevertheless, this
leads to an increase in the posterior public environmental awareness, which boosts
the environmental lobby group’s bargaining position with the government and thus
reduces its direct political contributions. At the same time, facing less opposition from
the green lobbies in the political game while receiving a tax refund for every unit of
waste that is being exported, the industrial lobby group can afford to be less aggressive
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in direct competition, making fewer political contributions as well.
Finally, we investigate how an increase in the foreign waste absorption fee could

affect the political outcome. Similar to the complementarity between indirect and direct
competition as in the earlier case, we find that higher foreign waste-treatment costs
induce lobbies to be more aggressive in their two means of influence, increasing both
the number of messages they send and their direct political contributions, ultimately
leading to lower waste exports. This is because a higher waste absorption fee makes
the domestic environmental policy more decisive both for producers’ profits and for
the environmental damage to which the green lobby is more sensitive than the rest of
the population, thereby intensifying the competition between the two.

Our paper contributes to several strands of literature. The first is to the large liter-
ature on the political economy approach of endogenous trade policy3 that has been
later extended to endogenous environmental policy-making (Fredriksson, 1997; Aidt,
1998; Schleich, 1999; Conconi, 2003; Fredriksson et al., 2005; Fünfgelt and Schulze, 2016).
However, these studies generally assume that only environmentalists are concerned
about the environment or that all individuals have identical environmental preferences
while neglecting the fact that people with the same income may also have heteroge-
neous preferences for environmental quality. The strength of such feelings toward the
environment is not correlated with income levels and the diversity of such attitudes is
largely considered as a source of social conflict (Cassing and Long, 2021). We add to the
literature by incorporating heterogeneous environmental preferences and providing
some new insights into the politically distorted equilibrium.

Our paper is closely related to Cassing and Long (2021), but extends their work in
a number of dimensions. First, we supplement their model by including an indirect
competition game where lobby groups compete in public persuasion. Second, we
relax some of their restrictive assumptions on the ranking of environmental attitudes
among lobby groups, which allows us to provide some new findings about the political
economy equilibrium. That is, the politically chosen policy can be even tighter than the
socially optimal one if waste-induced environmental damages are large enough. Third,
our model enables us to investigate and demonstrate explicitly how lobby groups might
affect waste trade both directly and indirectly.4

Our research also contributes to the studies that investigate various factors in waste
trade. Previous studies have estimated the effects of various economic factors on trans-
boundary waste shipments, including income and capital-labour ratio (Baggs, 2009),
recycling cost (Kellenberg, 2012), environmental regulation (Baggs, 2009; Kellenberg,
2012), wage and population (Higashida and Managi, 2014) and Basel Convention (Kel-
lenberg and Levinson, 2014). However, these econometric analyses are built upon the

3See Grossman and Helpman (2020) for a review of the literature.
4While Cassing and Long (2021) assume that individuals have heterogeneous environmental prefer-

ences within and across different groups, we consider the situation where environmental preference only
differs across groups but remains the same within the group. One reason for doing so is that it allows us
to analytically investigate the effect of the environmental movement.
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conventional economic line that governments are benevolent in always maximizing
social welfare while ignoring other factors such as lobby groups and political contri-
butions (Goldberg and Maggi, 1999; Gawande and Bandyopadhyay, 2000; Pacca et al.,
2021). We contribute to this literature by taking the political economy approach and
investigating the role of environmental lobby groups in the international waste trade.

Finally, our findings contribute to the policy discussions that aim to reduce trans-
boundary waste shipments. The existing policy approach includes international treaties
such as the Basel Convention, Rotterdam Convention and Stockholm Convention as
well as individual countries’ own restrictions and environmental regulations.5 How-
ever, ample evidence suggests that these approaches are falling short. Like any other
international environmental agreements (IEAs), the above-mentioned treaties also suf-
fer the free-riding problem and some of them are merely seen as an attempt by countries
to bolster their international image without active ratification or enforcement. The US,
one of the largest waste exporters, has yet to sign any of the agreements. Even though
many jurisdictions such as Australia, Canada, the UK and the European Union have
ratified them, millions of tonnes of waste are still heading their way to developing
countries each year. Using annual bilateral waste shipments among countries before
and after one of the trading partners ratifies the Basel Convention, Kellenberg and
Levinson (2014) find no evidence that the Convention has resulted in less waste being
traded. Note that unlike most of the other transboundary pollution problems such as
climate change that need global cooperation, the waste problem arises from the fact
that the externality is intentionally and consciously packed and shipped anywhere
in the world that is willing to accept it. The deliberate and voluntary nature of these
actions raises hope for a possible solution.6 Our paper contributes to the literature by
highlighting the role of political lobbying in the waste trade.

The remainder of the paper is structured as follows. Section 2 presents the theoretical
framework of direct lobbying. Section 3 derives the political economy equilibrium
tax and analyzes the direct effects of environmental lobbying on tax and by extension
trade in waste. Section 4 characterizes the equilibrium political contributions. Section 5
extends the model to include indirect competition and investigates how strengthening
green lobbying affects environmental policy stringency, political contributions and
waste exports. Finally, Section 6 concludes.

2 The model: Direct lobbying

A small open competitive economy in the North has two sectors. The first one is a clean
sector, which produces a numeraire good using labour only with constant returns to

5For example, both Canada and the European Union have introduced the extended producer re-
sponsibility program, which makes producers accountable for waste disposal costs and responsible for
establishing recycling and reuse objectives (Bernard, 2015).

6Recently, several papers have looked at the impact of the Chinese waste ban; see, for example, Shi
and Zhang (2023); Guo, Walls and Zheng (2023); Sommer (2024); Zhang, Yu and Li (2025).
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scale and a one-to-one input-output ratio. The other is a polluting sector that uses capital
and labour to produce a manufacturing output according to the production function
Y = F(K, L) that exhibits constant returns to scale with positive and diminishing
marginal products and convex isoquants. During the manufacturing process, a negative
externality or by-product called “waste” is generated.7 For simplicity, each unit of
output is accompanied by a unit of waste, denoted by E = Y. The North can ship Q ≤ Y
units of its waste to the South for disposal at a constant unit price µ > 0. For Q units
of waste exported, firms incur a cost η(Q) in collecting, sorting as well as packaging
and transportation of waste, where η is strictly convex with η(0) = 0, η′(Q) > 0 and
η′′(Q) > 0.8 Suppose that the North is endowed with a fixed supply of capital and
labour, denoted by K̄ and L̄, respectively, and that labour is perfectly mobile across
sectors and full employment prevails. The domestic and world price of the numeraire
good is set equal to one, then the economy-wide wage rate is fixed at w = 1. Let p
denote the domestic and world price of the manufacturing good, and we assume that
free trade prevails in both markets.

The economy is populated by n heterogeneous citizens, each endowed with l̄ units
of labour, where L̄ = nl̄. Each individual i derives satisfaction from the consumption
of both goods, represented by a quasi-linear utility function: Ui = xi + u(yi), where
xi, yi denote the consumption of numeraire and manufactured goods, respectively, with
u′(·) > 0, u′′(·) < 0. Each individual i also suffers from the pollution caused by waste
remaining in the country. The welfare of individual i is thus given by

Wi(xi, yi, Z) = xi + u(yi)− βiD(Z),

where Z = Y − Q is the amount of waste or pollution that remains in the country, D(Z)
is the damage function with D(0) = 0, D′(Z) > 0, D′′(Z) ≥ 0, D′′′(Z) ≤ 0, and βi

denotes individual i’s preference for environmental quality. By denoting β̄ = 1
n ∑n

i=1 βi

as the society’s average environmental preference, the social marginal cost of a unit of
waste is ∂ ∑n

i=1 Wi
∂Z = nβ̄D′(Z).

Suppose the n individuals in this economy can be categorized into 3 groups. Group
1 consists of nC individuals who own capital, referred to as capitalists. For simplicity,
all the capitalists are assumed to have the same environmental preference, denoted
by βC ∈ [0, β̄], and each of them has an equal endowment of capital, K̄/nC. Group 2
consists of nE non-capitalists who share the same strong preference for environmental
quality, referred to as environmentalists, with βE ≥ β̄. Environmentalists are assumed
to only care about local pollution and are not concerned with global issues – referred to
as NIMBYs (not in my backyard). Finally, the remaining nW non-capitalists, referred to
as workers, constitute Group 3 with the same moderate preference for environmental
quality at βW ∈ [βC, βE] (without needing to specify whether βW is greater or less than

7Alternatively, waste can be modelled as a consumption externality, see e.g., McAusland (2008), but
the results do not change qualitatively.

8One can also interpret η(Q) as the amount of labour that is required for these activities.
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β̄).
Suppose individuals with similar interests can overcome the free-riding problem

(Olson, 1965), and are formed as organized lobby groups to further their interests by
taking collective action to influence government policies. In this paper, we only consider
two organized lobby groups – capitalists and environmentalists – while workers are
not organized.9 We first adopt the structure of the two-stage common agency game
developed by Bernheim and Whinston (1986) and later employed by Grossman and
Helpman (1994) to analyze the politics of environmental policy. In the first stage
of the game, each organized group simultaneously and non-cooperatively offers to
the incumbent government a campaign contribution contingent on the pollution tax
selected by the government to correct for the externality. By definition, individuals in
an unorganized group do not have enough stake in the policy outcome and thus make
no campaign contributions. In the second stage of the game, the government takes the
“announced contribution schedules" as given and chooses an environmental tax t on
the manufacturing output to maximize a weighted sum of social welfare and campaign
contributions:

max
t

G(t) = δJ(t) + ∑
h∈Λ

ψh(t),

where J(t) = ∑n
i=1 Ji(t) is the aggregate social welfare, ψh(t) is the campaign contribu-

tion made by the organized lobby group h ∈ Λ = {C, E}, and δ > 0 is an exogenously
given weight that the government attributes to social welfare relative to political contri-
butions.

Finally, the domestic firms will receive a tax refund t for every unit of waste that is
being exported, i.e., the government will only tax the pollution that remains within the
country. This can be seen as a form of border tax adjustment (Keen and Kotsogiannis,
2014; Cosbey et al., 2020). Another way to interpret this tax refund is that firms will
save an equivalent per unit cost of t in administering those exported waste. As for the
remaining tax revenue, the government will distribute it as a lump-sum tax transfer
to all the individuals in the economy. Refunding environmental charges back to the
polluting industry and consumers is quite often and typically reduces resistance from
the polluters, making the policy more politically acceptable than a standard tax. See,
for example, the refunded emission payment scheme in Sweden (Sterner and Isaksson,
2006), the carbon tax rebate programs in Canada, and other examples in Aidt (2010).

In the following, we solve the problems of firms, consumers, lobby groups and the
government, respectively. First, taking as given the world price of the manufactured
good p, the unit waste absorption fee µ, and the environmental tax t on manufacturing
output, which is also the refund per unit of waste exported, each competitive manufac-
turing firm chooses the input levels (Kj, Lj) and waste export level (Qj) to maximize

9When all groups are organized, the political economy equilibrium tax is efficient and identical to
the Pigouvian tax, see e.g., Aidt (1998), Cassing and Long (2021), etc.
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its profit:

max
Kj,Lj,Qj

πj = (p − t)F(Kj, Lj)− wLj − rKj + (t − µ)Qj − η(Qj),

where w = 1 is the wage rate and r is the rental rate. With the constant returns to scale
assumption and ∑j Kj = K̄, we know that for the manufacturing industry as a whole,
the industry’s employment of labor L and waste exports Q must be determined by
maximizing the aggregate return to the capital stock. Thus, the firms’ problem can be
reformulated as

max
L,Q

Π = (p − t)F(K̄, L)− L + (t − µ)Q − η(Q).

Assuming an interior solution, the first order conditions with respect to Q and L are
respectively

t − µ = η′(Q), (1)

and
(p − t)FL(K̄, L) = 1, (2)

where FL denotes the marginal product of labour in manufacturing. Equation (1) says
that at the optimal waste export level Q̂, the marginal benefit must be equal to the
marginal cost of exporting waste. As long as t > µ, firms would want to export waste
abroad. Equation (2) says that at the optimal labour allocation L̂, the value of the
marginal product of labour is equated to the wage rate. Given Q̂ and L̂, the maximized
aggregate return to capital is

Π̂ = (p − t)Ŷ − L̂ + (t − µ)Q̂ − η(Q̂), where Ŷ = F(K̄, L̂).

After solving the firms’ problem, we now turn to the consumers’ problem. Each
consumer i is maximizing her utility subject to her budget constraint:

max
xi,yi

[xi + u(yi)], s.t. xi + pyi = Mi,

where Mi is the income of consumer i. Every consumer in the economy receives
income from two sources: first, she supplies her endowment of labour inelastically
to the competitive labour market and thus earns the wage income wl̄; second, she
receives 1/n of the government’s net tax revenue t(Ŷ − Q̂) as a lump sum transfer.
However, a capitalist has one additional income source from her endowment of capital,
which claims Π̂/nC. Therefore, the income of a representative non-capitalist, i.e.,
environmentalist or worker, is given by

Mj = l̄ + t(Ŷ − Q̂)/n, (3)
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while that of a representative capitalist is

MC = Π̂/nC + l̄ + t(Ŷ − Q̂)/n. (4)

Utility maximization yields the first order condition:

u′(yi) = p. (5)

Thus, the demand for the manufactured good and numeraire good is respectively:

ŷi = (u′)−1(p) ≡ ŷ(p), x̂i = Mi − pŷi,

and the indirect utility function of consumer i is

Vi = Mi − pŷ(p) + u(ŷ(p)) = Mi + CS(ŷ(p)),

where CS(ŷ(p)) = u(ŷ(p))− pŷ(p) is the consumer surplus with dCS(ŷ(p))
dp = −ŷ(p).

The resulting total welfare level of consumer i is

Wi = Mi + CS(ŷ(p))− βiD(Ẑ),

where Ẑ = Ŷ − Q̂ and Mi is given by equation (3) for a non-capitalist and equation (4)
for a capitalist. Therefore, the aggregate welfare of each group can be expressed as

JC(t) = nC

[
Π̂(t)/nC + l̄ + t(Ŷ(t)− Q̂(t))/n + CS(p)

]
− nCβCD(Ŷ(t)− Q̂(t)),

JE(t) = nE

[
l̄ + t(Ŷ(t)− Q̂(t))/n + CS(p)

]
− nEβED(Ŷ(t)− Q̂(t)),

JW(t) = nW

[
l̄ + t(Ŷ(t)− Q̂(t))/n + CS(p)

]
− nW βW D(Ŷ(t)− Q̂(t)).

and the aggregate social welfare is

J(t) = n
[

l̄ + t(Ŷ(t)− Q̂(t))/n + CS(p)
]
+ Π̂(t)− nβ̄D(Ŷ(t)− Q̂(t)), (6)

where by definition, nβ̄ = nCβC + nEβE + nW βW .

3 The equilibrium tax

In this section, we characterize the political economy equilibrium tax. But before we
proceed to do so, it is useful to derive the socially optimal environmental tax so that we
have a benchmark to compare with. It will also be helpful to compute the comparative
statics of L̂, Ŷ, Q̂, Ẑ, Π̂ with respect to t, which constitute a building block to determine
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the magnitude of the political equilibrium tax with respect to the socially optimal one
and analyze the effects of environmental lobbying on tax and by extension trade in
waste.

3.1 Pigouvian tax

The equilibrium demand for labour in the manufacturing sector, L̂, is implicitly given
by equation (2): (p − t)FL(K̄, L) = 1. It follows that

dL̂
dt

=
FL

(p − t)FLL
< 0,

dŶ
dt

= FL
dL̂
dt

=
F2

L
(p − t)FLL

< 0.

The equilibrium waste exports, Q̂, can be implicitly obtained from equation (1): t − µ =

η′(Q) as a function of t. Totally differentiate (1) with respect to Q̂ and t yields

dQ̂
dt

=
1

η′′(Q)
> 0.

Therefore, the equilibrium pollution level is Ẑ(t) = Ŷ(t)− Q̂(t) with

dẐ
dt

=
dŶ
dt

− dQ̂
dt

< 0.

Finally, using the envelope theorem, we can get

dΠ̂
dt

= −Ŷ + Q̂ = −Ẑ < 0. (7)

Notice that

dJC

dt
=

dΠ̂
dt

+
nC

n

[
Ŷ − Q̂ + t

(
dŶ
dt

− dQ̂
dt

)]
− nCβCD′(Ẑ)

(
dŶ
dt

− dQ̂
dt

)
= −Ŷ + Q̂ +

nC

n

[
Ŷ − Q̂ + t

(
dŶ
dt

− dQ̂
dt

)]
− nCβCD′(Ẑ)

(
dŶ
dt

− dQ̂
dt

)
,

dJE

dt
=

nE

n

[
Ŷ − Q̂ + t

(
dŶ
dt

− dQ̂
dt

)]
− nEβED′(Ẑ)

(
dŶ
dt

− dQ̂
dt

)
,

dJW

dt
=

nW

n

[
Ŷ − Q̂ + t

(
dŶ
dt

− dQ̂
dt

)]
− nW βW D′(Ẑ)

(
dŶ
dt

− dQ̂
dt

)
,

and thus

dJ
dt

= t
(

dŶ
dt

− dQ̂
dt

)
− nβ̄D′(Ẑ)

(
dŶ
dt

− dQ̂
dt

)
=

(
t − nβ̄D′(Ẑ)

)(
dŶ
dt

− dQ̂
dt

)
.

Without any political considerations, a benevolent government only cares about
the aggregate welfare level of its country. Maximizing (6) with respect to t yields the
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socially optimal environmental tax, i.e.,

dJ
dt

=

(
t − nβ̄D′(Ẑ)

)(
dŶ
dt

− dQ̂
dt

)
= 0 ⇒ tSO = nβ̄D′(Ẑ).

That is, the socially optimal or Pigouvian tax is equal to the social marginal cost of
waste.

3.2 Political equilibrium tax

We now investigate how the pressure exercised by an environmental and industry
lobby group could result in a political economy equilibrium and characterize the
government’s optimal choice of environmental tax. The incumbent government’s
action is the unit pollution tax, and the lobby groups’ actions are contribution schedules
that map each tax policy into a contribution level. The political equilibrium thus
consists of a set of feasible contribution functions ({ψh(t∗)}h∈Λ) and the environmental
tax policy (t∗). Following Bernheim and Whinston (1986), we focus on the interior
equilibrium contribution schedules that truthfully reflect the gains expected by the
pressure groups such that ψh(t) = Jh(t)− Bh, where Bh > 0 is a constant. Then, t∗ must
be the solution to the problem

max
t

Ĝ(t) = (1 + δ)

[
JC(t)− BC + JE(t)− BE

]
+ δJW(t),

or equivalently

max
t

Ĝ(t) =
[

JC(t) + JE(t)
]
+ δJ(t). (8)

We can thus establish the following result:

Proposition 1. The political economy equilibrium tax t∗ is implicitly defined as the solution to

Ω(t) ≡
(

t − nβ̄D′(Ẑ)
)
+

1 − λ0

δ + λ0

[
(nβW − nβ̄)D′(Ẑ) +

dΠ̂
dẐ

]
= 0, (C1)

where tSO = nβ̄D′(Ẑ) denotes the socially optimal or Pigouvian tax, λ0 is the fraction of the
population that belongs to the organized lobby groups, and dΠ̂

dẐ
= dΠ̂/dt

dẐ/dt
> 0 with

dẐ
dt

=
dŶ
dt

− dQ̂
dt

< 0,
dΠ̂
dt

= Q̂ − Ŷ < 0.

Proof. See Appendix A.

A direct comparison of this political equilibrium defined in condition (C1) with the
benchmark outcome under a benevolent social planner yields:
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Corollary 1. If βW ≥ β̄, or βW < β̄ with D′(Ẑ) being small enough, then t∗ < tSO. However,
if βW < β̄ and D′(Ẑ) is large enough, t∗ ≥ tSO.

Proposition 1 and Corollary 1 demonstrate that the politically chosen tax on the
externality is ambiguous relative to the Pigouvian one, depending on the preference
distribution of environmental awareness among groups and the degree of pollution
damages caused by waste. When βW ≥ β̄ (i.e., βC ≤ β̄ ≤ βW ≤ βE), this indicates that
the society has a disproportionally large number of capitalists or capitalists have an
extremely low environmental valuation. In this case, since D′(Ẑ) > 0 and dΠ̂

dẐ
> 0, we

must have t∗ < tSO = nβ̄D′(Ẑ). That is, the pressure exercised by the lobby groups
creates a politically downward distortion of environmental policy that is inefficiently
weak. While environmentalists always push for a higher environmental tax, capital-
ists typically lobby in the opposite direction for a less stringent one. Because of the
additional incentive to reduce the negative effect of a higher tax on its profits that do
not accrue to environmentalists and the relatively lower valuation of environmental
damages, the capitalists will lobby more aggressively for the tax that moves in favor of
its direction. As a result, the politically determined tax, when balancing the opposing
effects of an organized environmental lobby group and an industry lobby group, will
be lower than the Pigouvian one.

However, if instead βC ≤ βW < β̄ ≤ βE, this means that environmentalists are
relatively numerous or have a relatively large environmental awareness. In this case,
(nβW − nβ̄)D′(Ẑ) < 0 and the political equilibrium tax can be lower or higher than the
Pigouvian level. Denote A ≡ (nβW − nβ̄)D′(Ẑ) + dΠ̂

dẐ
, then we can rewrite

A
dẐ
dt︸︷︷︸
<0

≡ (nβW − nβ̄)D′(Ẑ)
dẐ
dt︸ ︷︷ ︸

>0

+
dΠ̂
dt︸︷︷︸
<0

,

where the first term captures the positive effect of tax on social environmental valuations
(i.e., savings from environmental damages), and the second term is the negative effect
of tax on industry profits. If D′(Ẑ) is small enough, then A > 0 and thus t∗ <

tSO = nβ̄D′(Ẑ). The same intuition as earlier applies here. However, if D′(Ẑ) is large
enough, then we may have a situation where the two effects are cancelled out or even
the former effect dominates, i.e., A ≤ 0. In this case, we would have t∗ ≥ tSO =

nβ̄D′(Ẑ). This is because the significant environmental damage caused by waste plays
an increasing role in both lobby groups’ welfare calculations. From the capitalists’
perspective, the loss from environmental damages caused by waste can be severe
enough to dominate any profit gains due to a lower tax. As a result, capitalists will
diminish their lobbying efforts. Meanwhile, in response to the significant environmental
damage, environmentalists will lobby more aggressively. Consequently, the political
tax may overshoot the Pigouvian level.
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3.3 The effects of green movement

In this section, we analyze how strengthening green lobbying – measured by an increase
in the number of environmentalists and the joining members’ associated environmental
valuation – might impact the environmental tax and by extension firms’ decision
to export waste. This can be interpreted as an environmental movement in which
increased environmental awareness has arguably enabled environmentalists to mobilize
more ordinary people to join forces and exert pressure on governments to take more
action.

Assume that the number of capitalists (nC) and the total population (n) are fixed. As
more workers (nW) become environmentalists (nE) and their associated environmental
valuation βW also increases to βE, it follows that

Proposition 2. The effects of strengthening environmental lobbying on the tax can be charac-
terized by

dt∗

dnE
=

1+δ
δ+λ0

1
nW

[
nW(βE − βW)D′(Ẑ)−

(
t∗ − nβ̄D′(Ẑ)

)]
dΩ
dt

.

If t∗ < nβ̄D′(Ẑ), then
dt∗

dnE
> 0,

dQ̂
dnE

=
dQ̂
dt

dt
dnE

> 0 ;

and if t∗ > nβ̄D′(Ẑ) and nW(βE − βW)D′(Ẑ) <
(
t∗ − nβ̄D′(Ẑ)

)
, then

dt∗

dnE
< 0,

dQ̂
dnE

=
dQ̂
dt

dt
dnE

< 0.

Proof. See Appendix B.

Since dΩ
dt > 0, the sign of dt∗

dnE
is determined by the two terms in the square bracket:

nW(βE − βW)D′(Ẑ) and
(
t∗ − nβ̄D′(Ẑ)

)
. Note that (βE − βW) > 0 measures the

increase in environmental valuation when one worker becomes an environmentalist.
Therefore, the first term nW(βE − βW)D′(Ẑ) > 0 captures the social marginal benefit
of this environmental movement, whereas the second term

(
t∗ − nβ̄D′(Ẑ)

)
reflects

the political distortion of the pollution tax relative to the socially optimal level, thus
representing the marginal social loss from lobbying. If the politically chosen tax is
inefficiently weak, then an increase in the size of the green lobby will lead to a higher
tax and more waste to be exported. However, if the pollution tax is inefficiently strict
and the marginal benefit of the environmental movement is less than the marginal loss
from lobbying, then an increase in the size of the green lobby results in a lower tax and
less waste to be exported.

Starting with a situation where t∗ < nβ̄D′(Ẑ)) when the capitalists have a dominant
lobbying power (i.e., when βW ≥ β̄, or βW < β̄ with D′(Ẑ) being small enough). In this
case, dt∗

dnE
> 0, and by extension, dQ̂

dnE
= dQ̂

dt
dt

dnE
> 0. This result is highly intuitive. As
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more people become environmentally concerned and join the environmental lobbying,
while the number of capitalists is fixed, this translates into more power exercised by the
environmental lobby group. As a result, the government will respond to this boosted
political pressure by increasing environmental policy stringency. This ultimately pushes
up the cost of disposing of waste domestically, thereby resulting in more waste being
exported to other countries. This conclusion is similar to McAusland (2008), which
demonstrates that when facing increased political pressure exercised by the organized
interest groups, regulators have an incentive to increase regulation on pollution that
is a by-product of consumption activities and thereby induce firms to export waste to
lower environmental regulation locations. Eventually, when environmentalists are able
to mobilize all the workers to join forces, the resulting equilibrium tax will equate to
the social optimum.

However, when the environmentalists have a dominant lobbying power (i.e., when
βW < β̄ with D′(Ẑ) being large enough), the political economy equilibrium tax is
higher than the socially optimal level (t∗− nβ̄D′(Ẑ) > 0). Now both the terms nW(βE −
βW)D′(Ẑ(t)) and t∗ − nβ̄D′(Ẑ) are positive. If the former exceeds the latter, then we
still have dt∗

dnE
> 0, dQ̂

dnE
= dQ̂

dt
dt

dnE
> 0. However, if the former is less than the latter, i.e.,

nW(βE − βW)D′(Ẑ) <
(
t∗ − nβ̄D′(Ẑ)

)
, then we would have

dt∗

dnE
< 0,

dQ̂
dnE

=
dQ̂
dt

dt
dnE

< 0.

This is quite surprising, as one would expect that a stronger environmental lobby
(due to a larger size) should always lead to a higher tax. Although this result may
seem counterintuitive, the main intuition behind it is that we are starting with a
situation where the tax is already very high, which means that the marginal benefit
of any additional effort to strengthen environmental policy would be very small, but
the marginal loss associated with it could be significant. While environmentalists
enjoy protecting the country from suffering too much waste-induced environmental
damage, they also derive part of their income from the lump-sum tax revenues and
thus the consumption of the numeraire good. When the additional benefits of lower
environmental damage cannot exceed their loss of income, they would like to trade
off the two and exchange part of the environmental protection for additional income,
which lowers the tax. As the number of environmental lobbyists increases, the desire for
the tradeoff also increases, which further reduces the tax. As the pollution tax decreases,
the cost of disposing of waste domestically goes down, and thereby less waste will be
exported to other countries. Eventually, when all workers become environmentalists,
the equilibrium tax will equate to the socially optimum level. This result is similar to
Aidt (1998), which demonstrates that the competitive political process and the fact that
lobby groups adjust their economic objectives to reflect environmental concerns will
lead to the political internalization of environmental externalities.
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4 Direct political competition

Before we model the indirect political competition game, it is necessary to characterize
the equilibrium political contributions of each organized lobby group. Let tC denote the
equilibrium tax that maximizes the joint welfare of the government and the industrial
lobby group. Then, tC must be the solution to the problem

max
t

ĜC(t) =
[

JC(t)− BC + δJ(t)
]

,

or equivalently
max

t
ĜC(t) = JC(t) + δJ(t). (9)

Similarly, let tE denote the equilibrium tax that maximizes the joint welfare of the
government and the environmental lobby group, i.e., tE is the solution to the problem

max
t

ĜE(t) =
[

JE(t)− BE

]
+ δJ(t),

or equivalently
max

t
ĜE(t) = JE(t) + δJ(t). (10)

Lemma 1. The equilibrium tax tC is implicitly defined as the solution to

ΩC(t) ≡
(

t − nβ̄D′(Ẑ)
)
+

λC

λC + δ

[
(nβ̄ − nβC)D′(Ẑ) +

1 − λC

λC

dΠ̂
dẐ

]
= 0, (C2)

while the equilibrium tax tE is implicitly defined as the solution to

ΩE(t) ≡
(

t − nβ̄D′(Ẑ)
)
− λE

λE + δ

[
(nβE − nβ̄)D′(Ẑ) +

dΠ̂
dẐ

]
= 0, (C3)

where λC = nC
n and λE = nE

n denote the fractions of the population that belong to the organized
industrial and environmental lobby group, respectively.

Proof. See Appendix C.

Since βE ≥ β̄ ≥ βC and dΠ̂
dẐ

= dΠ̂/dt
dẐ/dt

> 0, we must have

tC < tSO = nβ̄D′(Ẑ) < tE.

That is, the equilibrium tax will pivot in favour of the lobby group when the other one
is absent or unorganized. Further, we can establish the following result:

Proposition 3. The equilibrium political contributions for the industrial and environmental
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lobby group are given by

ψC(t∗, tE) =

[
JE(tE) + δJ(tE)

]
−

[
JE(t∗) + δJ(t∗)

]
, (11)

and

ψE(t∗, tC) =

[
JC(tC) + δJ(tC)

]
−

[
JC(t∗) + δJ(t∗)

]
, (12)

respectively, where tC and tE are implicitly defined as the solution to (C2) and (C3).

Proposition 3 demonstrates that lobbies will contribute up to the point where
the change in the economic policy is exactly compensated by the marginal cost of
contribution. Take the equilibrium contribution of the environmental lobby group as
an example. This group takes the political contribution of the other group as given
and knows that, if it does not enter into the political game, the government will choose
the tax tC that maximizes the sum of aggregate social welfare and the industrial lobby
group’s net benefits. Therefore, if the environmental lobbies intend to affect the policy
outcome with environmental tax given by t∗, it must offer a contribution that gives the
government at least what it could achieve by ignoring their preferences. That is, one
must have ψE(t∗) + ψC(t∗) + δJ(t∗) ≥ ψC(tC) + δJ(tC). The green lobby group does
not contribute more than necessary to induce the equilibrium environmental tax t∗.
Consequently, the equilibrium contribution of the green lobbies is exactly equal to the
difference between what the government and the industrial lobby group could jointly
achieve when the green lobbies’ interest is ignored (ψC(tC) + δJ(tC)) and when it is
considered (ψC(t∗) + δJ(t∗)). The same reasoning applies to the political contribution
of the industrial lobby group.

5 Indirect political competition

In the previous section, we have focused on the direct political contribution mechanisms
of environmental lobbying on the waste trade. However, as demonstrated in Yu (2005),
political contributions from environmental lobby groups are typically much smaller
compared to those from industrial ones. The success of green lobbying can thus be
largely attributed to its greater effectiveness in public persuasion and the growing
public environmental awareness. Furthermore, as identified by Connelly et al. (2012),
ENGOs can engage in various activities such as producing scientific research and
reports, organizing protests, staging public stunts and more to influence policymakers’
perceived political support. Additionally, ENGOs often use environmental litigation
and courts to achieve their goals (Bentata and Faure, 2015). All these strategies aim to
influence public perception of waste-induced environmental issues.

In this section, we follow Yu (2005) and model a policy game at the first stage where
lobbies engage in indirect political competition by sending messages to workers to
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influence their subjective beliefs regarding waste-induced environmental damages. We
first characterize the political equilibrium outcome, and then analyze how an increase
in the general public’s initial environmental awareness and waste absorption fee could
indirectly and directly affect trade in waste. The former can be seen as a measure of
strengthening green lobbying, as one main objectives of the public campaigns launched
by environmental lobby groups is to increase general public awareness about envi-
ronmental damage. The latter can be viewed as a response by the South to increase
domestic environmental regulation or impose some forms of trade restrictions to avoid
the country becoming a waste haven.

5.1 Public persuasion

We now move to model the first-stage indirect lobbying game. Let mE and mC denote
the number of messages sent by environmental and industrial lobby groups, respec-
tively, and denote by β0 the prior belief of workers about the scale of waste-induced
environmental damage. Workers then update their beliefs based on the messages
they receive from the lobbies and thus the posterior belief of workers’ valuation for
environmental quality βW can be expressed as a function of mE and mC:

βW = Γ(mE, mC).

We make the following assumptions:

(i) ∀(mE, mC) ∈ R2
+,

ΓE =
∂Γ(mE, mC)

∂mE
> 0, ΓC =

∂Γ(mE, mC)

∂mC
< 0,

i.e., workers’ belief in the scale of environmental damage is increasing (or decreas-
ing) in the number of messages sent by the environmental (or industrial) lobby
group;

(ii) ∀(mE, mI) ∈ R2
+,

ΓEE =
∂2Γ(mE, mC)

∂m2
E

≤ 0, ΓCC =
∂2Γ(mE, mC)

∂m2
C

≥ 0,

ΓEC =
∂2Γ(mE, mC)

∂mE∂mC
= ΓCE =

∂2Γ(mE, mC)

∂mC∂mE
⪌ 0,

i.e., there are decreasing returns to scale for sending messages and the messages
sent by the two lobby groups can be complements, substitutes or independent.

(iii) If mE = mI ,
Γ(mE, mC) = β0 > 0,
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i.e., workers’ posterior and prior beliefs are the same when the two lobbies send
the same number of messages.

Assumption (ii) sharply contrasts with that formulated by Yu (2005), who sets the
partial cross-derivative equal to 0, implying that no interactions exist between the
messages sent by environmental and industrial lobby groups. However, there is no
strong rationale to believe that messages from one lobby group would not affect the
public’s perception or the effectiveness of the messages from the opposing group. As
argued in Cheikbossian and Hafidi (2022), the interplay between competing messages
is highly likely to influence public beliefs. For instance, if the number of messages sent
by one lobby group is sufficiently large, it could dominate the messages sent by the
other group. Meanwhile, if the message is excessive, it could be counter-productive
and backfire. The excessive green self-promotion by producers is one such example
when getting spotted by consumers and activists (Lyon and Montgomery, 2013).

Let the cost of sending messages be cj(mj), with c′(mj) > 0, c′′(mj) ≥ 0 and c(0) = 0
for j = E, C. The environmental lobby group chooses mE to maximize

LE(mC, mE) = JE(t∗)− ψE(t∗, tC)− cE(mE),

while the industrial lobby group chooses mC to maximize

LC(mC, mE) = JC(t∗)− ψC(t∗, tE)− cC(mC).

Using Proposition 3 to replace the political contributions, the objective functions of the
lobby groups become

max
mE

LE(mC, mE) = JE(t∗) + JC(t∗) + δJ(t∗)−
[

JC(tC) + δJ(tC)

]
− cE(mE),

max
mC

LC(mC, mE) = JC(t∗) + JE(t∗) + δJ(t∗)−
[

JE(tE) + δJ(tE)

]
− cC(mC).

Using the envelope theorem, the first-order conditions with respect to messages yield

∂LE(mC, mE)

∂mE
= ΓE(mC, mE)δnW

(
D(Ẑ(tC))− D(Ẑ(t∗))

)
− c′E(mE) = 0, (13)

∂LC(mC, mE)

∂mC
= ΓC(mC, mE)δnW

(
D(Ẑ(tE))− D(Ẑ(t∗))

)
− c′C(mC) = 0. (14)

The system of equations (13) and (14) admits a pair of interior solutions for the equilib-
rium number of messages (m∗

E, m∗
C), provided that the respective second-order condi-

tions are negative.
It would be ideal to explicitly derive the equilibrium levels of messages, political

contributions and environmental policy as a function of parameters of the model, but
as shown earlier, there are only implicit solutions. To gain further insights into how
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strengthening environmental lobbying and increasing foreign policy stringency could
affect trade in waste both indirectly and directly, we propose some simple functional
forms in the following subsection for illustration.

5.2 Strategic interaction in messages

Suppose the production function, utility function, damage function, cost function,
and worker’s posterior environmental valuation function take the following forms,
respectively:

Y = F(K, L) = 2K
1
2 L

1
2 , u(y) = Ay − 1

2
y2, D(Z) = Z,

η(Q) =
1
2

Q2, c(mj) =
1
2

m2
j , ∀j ∈ E, C,

βW = Γ(mE, mC) = β0 + mE − mC, (15)

which will allow us to obtain an analytical solution. Without loss of generality, we
normalize n = 1, and thus λC = nC, λE = nE and λW = nW . For simplicity, let K̄ = 1,
βE = 1, βC = 0. We make the following assumptions:

Assumption 1. The set of parameter values of the model must satisfy:

0 < µ < p = 1 < A, (A1)

δ − 1 + 2nC > 0, (A2)

(δ + 2nE)(δ − 1 + 2nC + 2nE) + 3(δnW)2(2nC − 1) > 0. (A3)

Assumption (A1) states that if the exogenous world price of the manufactured good
is normalized to 1 (implying that the market size A is greater than 1), then µ < 1
guarantees that the optimal consumption and production of the manufactured good,
exported waste and pollution are strictly positive. (A2) and (A3) ensure the existence of
the optimal political taxes and number of messages. Under (A1)-(A3), the best response
functions of messages are given by

mE(mC) =

δnW

[
3nE

(
δ(1 − 2nE)− 1 + 2nC

)
+ (2 + µ)(1 + δ)nE − 6nEδnW(β0 − mC)

]
(δ − 1 + 2nC) (δ − 1 + 2nC + 2nE) + 6nE(δnW)2 ,

(16)

and

mC(mE) =

δnW

[
3
(
(1 + δ)nE + δnW(β0 + mE)

)
(2nC − 1) + (2 + µ)(δ + nE − δnC)

]
(δ + 2nE) (δ − 1 + 2nC + 2nE) + 3(δnW)2(2nC − 1)

,

(17)
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We can first establish the following result:

Lemma 2. If 1
2 −

1
2

(δ+2nE)
2

(δ+2nE)+3(δnW)2 < nC < 1
2 , then

dmE(mC)

dmC
> 0,

dmC(mE)

dmE
< 0.

However, if nC > 1
2 , then

dmE(mC)

dmC
> 0,

dmC(mE)

dmE
> 0.

Proof. See Appendix D.

Lemma 2 shows that the nature of strategic interactions between policy actors
crucially depends on the size of the lobby groups. If the fraction of the population that
belongs to the industrial lobby group is less than 1

2 , then the best response function of
the environmental lobby group in the indirect lobbying game is upward sloping while
that of the industrial lobby group is downward sloping. In this case, the messages sent
by the two lobby groups are strategic substitutes. However, if the number of capitalists
in the population is very large (i.e., nC > 1

2), then both the best response functions in
the indirect lobbying game are upward sloping, indicating that the messages sent by
the two lobby groups are strategic complements.

Using (16) and (17), we can solve the equilibrium number of messages (m∗
E, m∗

C),
which further allows us to derive the equilibrium posterior environmental valuation of
the general public, the political taxes and contributions. More specifically,

Proposition 4. Suppose (A1)-(A3) hold, and that the set of parameter values of the model also
satisfies (A4), given by

χ∗ > 0, ϕ∗ > 0, (A4)

where χ∗ and ϕ∗ are given below. Then, there exists a unique interior solution for the pair of
equilibrium number of messages (m∗

E, m∗
C) defined by

m∗
E =

χ∗

ξ∗
, m∗

C =
ϕ∗

ξ∗
, (18)

where

ξ∗ =

[
(δ − 1 + 2nC)(δ + 2nE) (δ − 1 + 2nC + 2nE)

]
+ 3(δnW)2

[
2nE(2nE + δ) + (2nC − 1)(δ − 1 + 2nC)

]
,

χ∗ =

[
δnWnE

(
3(δnW)2 + (1 + δ)(δ + 2nE)

)]
(2 + µ)−

[
6(δnW)2nE(δ + 2nE)

]
β0

+

[
3δnW

(
3(δnW)2(2nC − 1)− (δ + 2nE)

(
1 − 2nC + δ(2nE − 1)

))]
nE,

ϕ∗ =

[
δnW

(
δ(1 − nC)(δ − 1 + 2nC) + nE(δ − 1 + 2nC + 3(δnW)2)

)]
(2 + µ)
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+

[
3(δnW)2 (2nC − 1) (δ − 1 + 2nC)

]
β0 +

[
3δnW (2nC − 1)

(
2nC − 1 + δ

(
2nC + δ + 3δn2

W
) )]

nE.

The equilibrium posterior valuation of the environmental damage by workers is given by

β∗
W = β0 + m∗

E − m∗
C,

and the equilibrium taxes are

t∗eq =
3
(
(1 + δ)nE + δnW β∗

W
)
− (1 − nC − nE)(2 + µ)

3 (δ − 1 + 2nC + 2nE)
,

tC
eq =

3
(
δnE + δnW β∗

W
)
− (1 − nC) (2 + µ)

3(δ − 1 + 2nC)
,

tE
eq =

3
(
(1 + δ)nE + δnW β∗

W
)
+ nE(2 + µ)

3(δ + 2nE)
,

with the equilibrium political contributions to the environmental and industrial lobby groups
defined by

ψ∗
E(t

∗
eq, tC

eq) =

[
JC(tC

eq) + δJ(tC
eq)

]
−

[
JC(t∗eq) + δJ(t∗eq)

]
,

ψ∗
C(t

∗
eq, tE

eq) =

[
JE(tE

eq) + δJ(tE
eq)

]
−

[
JE(t∗eq) + δJ(t∗eq)

]
.

Proof. See Appendix D.

5.3 Comparative statistics

As shown in Proposition 4, the political equilibrium outcome depends on many param-
eters of the model: nC, nE, nW , δ, µ, β0. To obtain further insights into how a change in
the initial environmental awareness β0 and the waste absorption fee µ might affect the
political equilibrium, we consider a specific group size distribution. That is, we consider
a polar case where the industrial lobby group size is approximated to be negligible in
the population, i.e., nC = 0, while the size of the green lobby is as large as that of the
general population, i.e., nE = nW = 1

2 . This case is not prohibitively restrictive, as it is
reasonable to assume that the firms are owned by a very few capitalists. Meanwhile, a
considerable portion of the population is becoming more environmentally conscious,
and they are active green lobbyists.

With nC = 0 and nE = nW = 1
2 , the equilibrium number of messages becomes

m∗
E =

δ2(5 − 12β0 + 7µ) + 4δ(1 − 3β0 + 2µ)− 4(1 − µ)

8(2 + δ)(2δ − 1)
,

m∗
C =

δ2(1 − 12β0 + 11µ) + 4δ(−2 + 3β0 − µ) + 4(1 − µ)

8(2 + δ)(2δ − 1)
,
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and the equilibrium posterior environmental valuation, as well as the equilibrium
political contributions, are given by

β∗
W = β0 + m∗

E − m∗
C, ψ∗

E =
2(δ − 1)(m∗

E)
2

3δ2 , ψ∗
C =

(δ + 1)(m∗
C)

2

3δ2 ,

with the equilibrium political tax and waste exports defined by

t∗eq =
β0 + m∗

E − m∗
C

2
+

3δ − µ + 1
6δ

, Q∗ =
β0 + m∗

E − m∗
C

2
+

3δ(1 − 2µ)− µ + 1
6δ

.

We first characterize how strengthening environmental lobbying – measured by an
increase in β0 – could affect the equilibrium messages, political contributions, policy
stringency and waste trade.

Proposition 5. Suppose nC = 0 and nE = nW = 1
2 . An increase in the initial environmental

awareness β0: (i) decreases both m∗
E and m∗

C, but increases β∗
W ; (ii) decreases both ψ∗

E and ψ∗
C;

(iii) increases both t∗eq and Q∗.

Proof. See Appendix E.

An increase in the initial public environmental awareness reduces the number of
messages sent by both the green and industrial lobby groups. As β0 increases, the
relative change in the posterior environmental awareness β∗

W due to additional mes-
sages sent by either group is lower (because of the additive specification of βW), while
the cost of sending messages is not affected by β0. As a result, both the lobbies send
fewer messages. In other words, if the public is already very sensitive to environmental
damage, there is less room for lobbies to shape their perception of damage, leading
them to be less active in indirect lobbying.

In addition, the overall effect of an increase in β0 on the post-environmental public
awareness equilibrium is always positive, leading to an increase in β∗

W . This helps
the environmental pressure group by improving its negotiating position with the
government and thus reduces its direct political contributions. Capitalists thus face
less opposition from the green lobby in the game of influence with the government.
While an increase in the tax always decreases the profit, it does so at a decreasing rate
because of the tax refund for every unit of waste that is being exported. For these two
reasons, the industrial lobby group can afford to be less aggressive in direct competition,
making fewer direct political contributions as well. Consequently, as β0 increases, the
equilibrium political tax rises, ultimately leading to more waste being exported.

It is worth noting that the results of Proposition 5 sharply contrast with those of Yu
(2005) insofar as the two channels of policy influence are complementary to each other
with a change in the general population’s initial environmental awareness. Both lobbies
are less active in direct and indirect lobbying, while in Yu (2005), both lobbies are more
aggressive in one dimension (but not the same for both lobbies) and less aggressive in
the other.
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Next, we evaluate how an increase in the waste absorption fee µ could affect the
equilibrium outcome. We obtain the following result:

Proposition 6. Suppose nC = 0 and nE = nW = 1
2 . An increase in the waste absorption fee µ:

(i) increases both m∗
E and m∗

C, and increases (respectively decreases) β∗
W for 1 < δ ≤ δ̄ ≡ 3+

√
17

2

(respectively δ > δ̄); (ii) increases both ψ∗
E and ψ∗

C; (iii) decreases Q∗ and increases (decreases)
t∗eq when δ ∈ (1, 2] (when δ > 2).

Proof. See Appendix E.

The effect of an increase in the waste absorption fee intensifies the competition
between lobbies in both the indirect and direct lobbying games. These results are quite
intuitive, since a higher waste absorption fee makes the domestic environmental policy
more decisive both for producers’ profits and for the environmental damage to which
the green lobby is more sensitive than the rest of the population. So, as in the case
of an increase in the general population’s initial environmental awareness, the two
channels that lobbies can use to influence environmental policy are complementary
to each other, except that an increase in the waste absorption fee induces lobbies to
be more aggressive, not less, in their two means of influence. One can also observe
that the equilibrium posterior belief β∗

W of the environmental damage is increased with
a higher waste absorption fee, except when the government puts a large weight on
total welfare (i.e. δ > δ̄ ≈ 3.56). In other words, the green lobby group reacts more
strongly through indirect lobbying to an increase in the tax on waste disposal when
direct political contributions are not too small relative to the general welfare in the
objective function of the government; otherwise, it is the producer lobby that reacts
more strongly in indirect lobbying.

Naturally, a higher waste absorption fee in the South decreases waste exports
from the North. It can also decrease the equilibrium environmental tax, provided
that the government gives sufficient weight to total welfare relative to the political
contributions in its objective function (i.e. δ > 2). However, if the government values
political contributions and total welfare in a more balanced way (i.e. δ ∈ (1, 2]), the
equilibrium tax increases. The explanation is as follows. The general welfare includes
the producer’s profits, the labour income (constant), the consumer surplus of all agents
– whether members are of an organized lobby group or not – and tax revenues equally
redistributed among all agents, minus the total environmental damage. The consumer
surplus of the manufactured good is constant (due to the exogenous world price
imposed on this small open economy), but tax revenues on the production of this good
are endogenous, which depends on the quantity produced, and so is the consumption
of the numeraire good. A higher waste absorption fee discourages the production of the
manufactured good, thus reducing environmental damage. If the government strongly
values total welfare, it must also ensure sufficient tax revenues, thereby maintaining
the quantity of manufactured goods produced domestically. This consideration will
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prompt the government to offset higher foreign waste-treatment costs by reducing the
tax on domestic production.

6 Conclusion

In this paper, we propose a micro-founded model to investigate the effects of environ-
mental lobbying on international trade in waste. We first develop a direct lobbying
framework à la Grossman and Helpman (1994) that emphasizes the potential impact
of green lobbies on the environmental policy and how North-to-South waste flows
are affected through this policy channel. We show that the politically chosen policies
are ambiguous relative to the socially optimal levels, depending on the heterogeneity
of environmental preferences and the degree of pollution damages from waste. This
in turn leads to ambiguous effects of environmental lobbying on the North-to-South
waste trade. Further, we build an indirect lobbying model based on Yu (2005) to an-
alyze the impact of indirect lobbying through public persuasion by interest groups
on environmental policy stringency, political contributions and waste exports. We
show that a stronger initial environmental awareness of the general public induces a
complementarity between direct and indirect competition, causing both the environ-
mental and industrial lobby groups to behave less aggressively in their two means of
influence. This results in a more stringent environmental policy and more waste to be
exported. Finally, we demonstrate that an increase in the foreign waste absorption fee
intensifies the competition between lobbies in both the indirect and direct lobbying
games, ultimately leading to lower volumes of waste exports.
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Appendices

A Proof of Proposition 1

Proof. The first-order condition of (8) with respect to t yields

dĜ(t)
dt

=
dJC

dt
+

dJE

dt
+ δ

dJ
dt

= 0.

That is,

−Ŷ + Q̂ +
nC + nE

n

[
Ŷ − Q̂ + t

(
dŶ
dt

− dQ̂
dt

)]
− (nCβC + nEβE)D′(Ẑ)

(
dŶ
dt

− dQ̂
dt

)

+δ

(
t − nβ̄D′(Ẑ)

)(
dŶ
dt

− dQ̂
dt

)
= 0.

This equation reduces to

−nW

n
Ẑ +

(
nC + nE

n
t − (nCβC + nEβE)D′(Ẑ)

)
dẐ
dt

+ δ

(
t − nβ̄D′(Ẑ)

)
dẐ
dt

= 0.

Substitute with equation (7): dΠ̂
dt = −Ẑ and use the result

nCβC +nEβE = nβ̄−nW βW =
nC + nE + nW

n
nβ̄−nW βW =

nC + nE

n
nβ̄− nW

n
(nβW −nβ̄),

the equation becomes

nW

n
dΠ̂
dt

+

[
nC + nE

n
t−

(
nC + nE

n
nβ̄− nW

n
(nβW −nβ̄)

)
D′(Ẑ)

]
dẐ
dt

+ δ

(
t−nβ̄D′(Ẑ)

)
dẐ
dt

= 0.

Define nC
n = λC and nE

n = λE and let λ0 = λC + λE. Then,

(1−λ0)
dΠ̂
dt

+

[
λ0

(
t−nβ̄D′(Ẑ)

)
+(1−λ0)(nβW −nβ̄)D′(Ẑ)

]
dẐ
dt

+ δ

(
t−nβ̄D′(Ẑ)

)
dẐ
dt

= 0.

Combine terms, we have

dĜ(t)
dt

= (λ0 + δ)

(
t − nβ̄D′(Ẑ)

)
dẐ
dt

+ (1 − λ0)

[
(nβW − nβ̄)D′(Ẑ)

dẐ
dt

+
dΠ̂
dt

]
= 0.

Thus, when both environmentalists and capitalists are organized, the political economy
equilibrium tax t∗ is characterized by the following equation:

dĜ(t)
dt

(λ0 + δ) dẐ
dt

= Ω ≡
(

t − nβ̄D′(Ẑ(t))
)
+

1 − λ0

δ + λ0

[
(nβW − nβ̄)D′(Ẑ(t)) +

dΠ̂
dẐ

]
= 0,

(19)
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where

λ0 =
nC + nE

n
= λC + λE,

dΠ̂
dẐ

=
dΠ̂/dt
dẐ/dt

> 0.

Note that for t∗ to be a maximum, we need to ensure that the second-order condition of
the government’s maximization with respect to t is negative, i.e.,

d2Ĝ(t)
dt2 = (λ0 + δ)

d2Ẑ
dt2 Ω + (λ0 + δ)

dẐ
dt

dΩ
dt

< 0.

Since Ω = 0 and dẐ
dt < 0, we must have

dΩ
dt

= 1 − nβ̄D′′(Ẑ)
dẐ
dt

+
1 − λ0

δ + λ0

(
(nβW − nβ̄)D′′(Ẑ)

dẐ
dt

+
d2Π̂
dt2

dẐ
dt − dΠ̂

dt
d2Ẑ
dt2

( dẐ
dt )

2

)
> 0.

B Proof of Proposition 2

Proof. Given n = nC + nE + nW , we must have

dnC

dnE
=

dn
dnE

= 0,
dnW

dnE
= −1,

dλ0

dnE
=

1
n

,

d 1−λ0
δ+λ0

dnE
=

− 1
n (δ + λ0)− 1

n (1 − λ0)

(δ + λ0)2 =
− 1

n (δ + 1)
(δ + λ0)2 < 0,

dβC

dnE
=

dβW

dnE
=

dβE

dnE
= 0,

dnβ̄

dnE
=

d(nCβC + nEβE + nW βW)

dnE
= βE − βM > 0.

Rewrite equation (C1) as

t∗ = nβ̄D′(Ẑ(t∗))− 1 − λ0

δ + λ0

[
(nβW − nβ̄)D′(Ẑ(t∗)) +

dΠ̂/dt
dẐ/dt

]
,

then

dt∗

dnE
= (βE − βW)D′(Ẑ(t∗))+nβ̄D′′(Ẑ(t∗))

dẐ
dt

dt
dnE

+
1
n (δ + 1)
(δ + λ0)2

[
(nβW −nβ̄)D′(Ẑ(t∗))+

dΠ̂/dt
dẐ/dt

]

−1 − λ0

δ + λ0

[
− (βE − βW)D′(Ẑ(t∗))+ (nβW −nβ̄)D′′(Ẑ(t∗))

dẐ
dt

dt
dnE

+
d2Π̂
dt

dt
dnE

dẐ
dt − dΠ̂

dt
dt

dnE
d2Ẑ
dt2

( dẐ
dt )

2

]
.

Combining terms on the right-hand side, we have

dt∗

dnE
=

1 + δ

δ + λ0
(βE − βW)D′(Ẑ(t∗)) +

(1 + δ)nβ̄ − (1 − λ0)nβW

δ + λ0
D′′(Ẑ(t∗))

dẐ
dt

dt
dnE
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+
1
n (δ + 1)
(δ + λ0)2

[
(nβW − nβ̄)D′(Ẑ(t∗)) +

dΠ̂/dt
dẐ/dt

]
− 1 − λ0

δ + λ0

d2Π̂
dt

dẐ
dt − dΠ̂

dt
d2Ẑ
dt2

( dẐ
dt )

2

dt∗

dnE
.

Now, combining the term dt∗/dnE yields

[
1 − (1 + δ)nβ̄ − (1 − λ0)nβW

δ + λ0
D′′(Ẑ(t∗))

dẐ
dt

+
1 − λ0

δ + λ0

d2Π̂
dt

dẐ
dt − dΠ̂

dt
d2Ẑ
dt2

( dẐ
dt )

2

]
dt∗

dnE

=
1 + δ

δ + λ0
(βE − βW)D′(Ẑ(t∗)) +

1
n (δ + 1)
(δ + λ0)2

[
(nβW − nβ̄)D′(Ẑ(t∗)) +

dΠ̂/dt
dẐ/dt

]
.

That is,

dt∗

dnE
=

1+δ
δ+λ0

(βE − βW)D′(Ẑ(t∗)) +
1
n (δ+1)
(δ+λ0)2

[
(nβW − nβ̄)D′(Ẑ(t∗)) + dΠ̂/dt

dẐ/dt

]
1 − (1+δ)nβ̄−(1−λ0)nβW

δ+λ0
D′′(Ẑ(t∗)) dẐ

dt + 1−λ0
δ+λ0

d2Π̂
dt

dẐ
dt −

dΠ̂
dt

d2Ẑ
dt2

( dẐ
dt )

2

.

Note that the denominator is exactly dΩ
dt as we derived earlier:

dΩ
dt

≡ 1 − nβ̄D′′(Ẑ)
dẐ
dt

+
1 − λ0

δ + λ0

(
(nβW − nβ̄)D′′(Ẑ)

dẐ
dt

+
d2Π̂
dt2

dẐ
dt − dΠ̂

dt
d2Ẑ
dt2

( dẐ
dt )

2

)
> 0,

and the second term in the numerator can be rewritten from equation (C1) as[
(nβW − nβ̄)D′(Ẑ) +

dΠ̂
dẐ

]
= −δ + λ0

1 − λ0

[
t − nβ̄D′(Ẑ)

]
= − n

nW
(δ + λ0)

[
t − nβ̄D′(Ẑ)

]
.

Therefore,

dt∗

dnE
=

1+δ
δ+λ0

(βE − βW)D′(Ẑ)− 1+δ
(δ+λ0)

1
nW

[
t − nβ̄D′(Ẑ)

]
dΩ
dt

,

or

dt∗

dnE
=

1+δ
δ+λ0

1
nW

[
nW(βE − βW)D′(Ẑ)−

(
t − nβ̄D′(Ẑ)

)]
dΩ
dt

.

C Proof of Lemma 1

Proof. The first-order condition of (9) with respect to t yields

dĜC(t)
dt

=
dJC

dt
+ δ

dJ
dt

= 0.
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That is,

−Ŷ + Q̂ +
nC

n

[
Ŷ − Q̂ + t

dẐ
dt

]
− nCβCD′(Ẑ)

dẐ
dt

+ δ

(
t − nβ̄D′(Ẑ)

)
dẐ
dt

= 0,

which can be further simplified to

nC

n

[(
t−nβ̄D′(Ẑ)

)
dẐ
dt

+

(
n

nC
− 1

)
dΠ̂
dt

+(nβ̄−nβC)D′(Ẑ)
dẐ
dt

]
+ δ

(
t−nβ̄D′(Ẑ)

)
dẐ
dt

= 0.

Define λC = nC
n as the fraction of the population that belongs to the organized industrial

lobby group, then we have

dĜC(t)
dt

= (λC + δ)

(
t − nβ̄D′(Ẑ)

)
dẐ
dt

+ λC

[
1 − λC

λC

dΠ̂
dt

+ (nβ̄ − nβC)D′(Ẑ)
dẐ
dt

]
= 0,

or

dĜC(t)
dt

(λC + δ) dẐ
dt

= ΩC ≡
(

t − nβ̄D′(Ẑ)
)
+

λC

λC + δ

[
(nβ̄ − nβC)D′(Ẑ) +

1 − λC

λC

dΠ̂
dẐ

]
= 0.

Note that for tC to be a maximum, we need to ensure that the second-order condition is
negative, i.e.,

d2ĜC(t)
dt2 = (λC + δ)

d2Ẑ
dt2 ΩC + (λC + δ)

dẐ
dt

dΩC

dt
< 0.

Since ΩC = 0 and dẐ
dt < 0, we must have

dΩC

dt
= 1 − nβ̄D′′(Ẑ)

dẐ
dt

+
λC

δ + λC

(
(nβ̄ − nβC)D′′(Ẑ)

dẐ
dt

+
1 − λC

λC

d2Π̂
dt2

dẐ
dt − dΠ̂

dt
d2Ẑ
dt2

( dẐ
dt )

2

)
> 0.

Similarly, the first-order condition of (10) with respect to t yields

dĜE(t)
dt

=
dJE

dt
+ δ

dJ
dt

= 0.

That is,

nE

n

[
Ŷ− Q̂+ t

(
dŶ
dt

− dQ̂
dt

)]
−nEβED′(Ẑ)

(
dŶ
dt

− dQ̂
dt

)
+ δ

(
t−nβ̄D′(Ẑ)

)(
dŶ
dt

− dQ̂
dt

)
= 0.

Define λE = nE
n as the fraction of the population that belongs to the organized environ-

mental lobby group, then

λE

[
− dΠ̂

dt
+

(
t − nβ̄D′(Ẑ)

)
dẐ
dt

+ (nβ̄ − nβE)D′(Ẑ)
dẐ
dt

]
+ δ

(
t − nβ̄D′(Ẑ)

)
dẐ
dt

= 0,
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or

dĜE(t)
dt

= (λE + δ)

(
t − nβ̄D′(Ẑ)

)
dẐ
dt

− λE

(
dΠ̂
dt

+ (nβE − nβ̄)D′(Ẑ)
dẐ
dt

)
= 0,

which implies that

dĜE(t)
dt

(λE + δ) dẐ
dt

= ΩE ≡
(

t − nβ̄D′(Ẑ)
)
− λE

λE + δ

[
(nβE − nβ̄)D′(Ẑ) +

dΠ̂
dẐ

]
= 0.

Note that for tE to be a maximum, we need to ensure that the second-order condition is
negative, i.e.,

d2ĜE(t)
dt2 = (λE + δ)

d2Ẑ
dt2 ΩE + (λE + δ)

dẐ
dt

dΩE

dt
< 0.

Since ΩE = 0 and dẐ
dt < 0, we must have

dΩE

dt
= 1 − nβ̄D′′(Ẑ)

dẐ
dt

− λE

λE + δ

(
(nβE − nβ̄)D′′(Ẑ)

dẐ
dt

+
d2Π̂
dt2

dẐ
dt − dΠ̂

dt
d2Ẑ
dt2

( dẐ
dt )

2

)
> 0.

D Proof of Lemma 2 and Proposition 4

Proof. Given the specific functional forms and parameter values, we have

Y = F(K̄, L) = 2L
1
2 , FL(K̄, L) = L− 1

2 , FLL(K̄, L) = −1
2

L− 3
2 ,

FLL

F3
L

= −1
2

,

and thus
u′(y) = A − y, η′(Q) = Q, D′(Z) = 1, D′′(Z) = 0,

ΓE(mC, mE) = 1 > 0, ΓC(mC, mE) = −1 < 0,

ΓEE(mC, mE) = ΓCC(mC, mE) = ΓEC(mC, mE) = 0,

c′E(mE) = mE, c′C(mC) = mC, c′′E(mE) = c′′C(mC) = 1.

From equation (1), the optimal exported waste can be expressed as

Q̂(t) = t − µ.

From equation (2): (1 − t)L− 1
2 = 1, we can obtain the optimal labour and thereby

output in the manufacturing sector as

L̂(t) = (1 − t)2, Ŷ(t) = 2(1 − t).
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Therefore, the optimal pollution is given by

Ẑ(t) = Ŷ(t)− Q̂(t) = 2(1 − t)− (t − µ) = 2 + µ − 3t.

From equation (5): u′(y) = A − y = 1, the optimal consumption of manufactured good
can be derived as

ŷ = A − 1.

To ensure Ŷ, Q̂, Ẑ, ŷ > 0, we would need Assumption (A1):

0 < µ < t <
2 + µ

3
< 1 < A.

Then, the aggregate profits and consumer surplus are given by

Π̂(t) = (1 − t) 2(1 − t)− (1 − t)2 + (t − µ)(t − µ)− 1
2
(t − µ)2,

= (1 − t)2 +
1
2
(t − µ)2,

CS = (A − 1)ŷ − 1
2

ŷ2 = (A − 1)2 − 1
2
(A − 1)2 =

1
2
(A − 1)2.

Clearly,

dŶ(t)
dt

= −2 < 0,
dQ̂(t)

dt
= 1 > 0,

dẐ(t)
dt

= −3 < 0,

dΠ̂(t)
dt

= Q̂ − Ŷ = t − µ − 2(1 − t) = 3t − µ − 2 < 0,

dΠ̂
dẐ

=
dΠ̂/dt
dẐ/dt

=
3t − µ − 2

−3
=

2 + µ

3
− t > 0,

with

d2Π̂
dt2 = 3 > 0,

d2Ẑ
dt2 = 0,

d2Π̂
dt2

dẐ
dt − dΠ̂

dt
d2Ẑ
dt2

( dẐ
dt )

2
=

3 × (−3)− 0
(−3)2 = −1 < 0.

The welfare functions of lobby groups are denoted by

JC(t) = (1 − t)2 +
1
2
(t − µ)2 + nC

[
l̄ + t(2 − 3t + µ) +

1
2
(A − 1)2

]
,

JE(t) = nE

[
l̄ + t(2 − 3t + µ) +

1
2
(A − 1)2 − (2 − 3t + µ)

]
,

JW(t) = nW

[
l̄ + t(2 − 3t + µ) +

1
2
(A − 1)2 − βW(2 − 3t + µ)

]
,

and the social welfare is given by

J(t) = (1 − t)2 +
1
2
(t − µ)2 + L̄ + t(2 − 3t + µ) +

1
2
(A − 1)2 − (nE + nW βW)(2 − 3t + µ).
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Given these functional forms and parameter values, the political taxes defined by
(C1), (C2) and (C3) can be solved as

t∗ =
3
(
(1 + δ)nE + δnW βW

)
− (1 − nC − nE)(2 + µ)

3 (δ − 1 + 2nC + 2nE)
, (20)

tC =
3
(
δnE + δnW βW

)
− (1 − nC) (2 + µ)

3(δ − 1 + 2nC)
, (21)

tE =
3
(
(1 + δ)nE + δnW βW

)
+ nE(2 + µ)

3(δ + 2nE)
. (22)

It follows that

dt∗

dβW
=

δnW

δ − 1 + 2nC + 2nE
,

dtC

dβW
=

δnW

δ − 1 + 2nC
,

dtE

dβW
=

δnW

δ + 2nE
.

To ensure the existence of these optimal taxes, we need the second-order conditions of
Ĝ(t), ĜC(t) and ĜE(t) with respect to t are negative, or equivalently

dΩ
dt

> 0,
dΩE

dt
> 0,

dΩC

dt
> 0.

That is, we need to ensure

dΩ
dt

= 1 − 1 − nC − nE

δ + nC + nE
=

δ − 1 + 2nC + 2nE

δ + nC + nE
> 0,

dΩE

dt
= 1 +

nE

nE + δ
> 0,

dΩC

dt
= 1 − 1 − nC

δ + nC
=

δ − 1 + 2nC

δ + nC
> 0.

Since δ − 1 + 2nC + 2nE > δ − 1 + 2nC, it is sufficient to ensure the positivity of the
above conditions if δ − 1 + 2nC > 0, or Assumption (A2):

δ > 1 − 2nC.

From the first-order conditions of lobby groups’ problem with respect to messages
in (13) and (14), we have

∂LE(mC, mE)

∂mE
= δnW

(
Ẑ(tC)− Ẑ(t∗)

)
− mE

= 3δnW(t∗ − tC)− mE = 0, (23)

∂LC(mC, mE)

∂mC
= −δnW

(
Ẑ(tE)− Ẑ(t∗)

)
− mC

= 3δnW(tE − t∗)− mC = 0. (24)
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Equations (23) and (24) indicate that

tE > t∗ > tC.

Substituting (20), (21) and (15) into (23) yields mE as a function of mC:

mE(mC) =

δnW

[
3nE

(
δ(1 − 2nE)− 1 + 2nC

)
+ (2 + µ)(1 + δ)nE − 6nEδnW(β0 − mC)

]
(δ − 1 + 2nC) (δ − 1 + 2nC + 2nE) + 6nE(δnW)2 ,

(25)

with
dmE(mC)

dmC
=

6nE(δnW)2

(δ − 1 + 2nC) (δ − 1 + 2nC + 2nE) + 6nE(δnW)2 > 0,

i.e., as mC increases, mE also goes up. Similarly, substituting (20), (22) and (15) into (24)
yields mC as a function of mE:

mC(mE) =

δnW

[
3
(
(1 + δ)nE + δnW(β0 + mE)

)
(2nC − 1) + (2 + µ)(δ + nE − δnC)

]
(δ + 2nE) (δ − 1 + 2nC + 2nE) + 3(δnW)2(2nC − 1)

,

(26)

with
dmC(mE)

dmE
=

3(δnW)2(2nC − 1)
(δ + 2nE) (δ − 1 + 2nC + 2nE) + 3(δnW)2(2nC − 1)

.

Note that for (m∗
E, m∗

C) to be the maximum solutions, we need to ensure that the
respective second-order conditions are negative. Notice that

∂2LE(mC, mE)

∂m2
E

= −1 + δnW(−3)
[

δnW

δ − 1 + 2nC
− δnW

δ − 1 + 2nC + 2nE

]
= −1 − 3(δnW)2 2nE

(δ − 1 + 2nC)(δ − 1 + 2nC + 2nE)
< 0,

which is automatically satisfied. But for

∂2LC(mC, mE)

∂m2
C

= −1 + δnW(−3)
[

δnW

δ + 2nE
− δnW

δ − 1 + 2nC + 2nE

]
= −1 − 3(δnW)2 −1 + 2nC

(δ + 2nE)(δ − 1 + 2nC + 2nE)
< 0,

we would need Assumption (A3):

(δ + 2nE)(δ − 1 + 2nC + 2nE) + 3(δnW)2(2nC − 1) > 0.

Therefore,
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(a) If nC > 1
2 , then (A3) is automatically satisfied. In this case,

dmC(mE)

dmE
> 0,

i.e., as mE increases, mC also increases.

(b) However, if nC < 1
2 , then we have

dmC(mE)

dmE
< 0,

i.e., as mE goes up, mC decreases. But (A3) further indicates that

nC >
1
2
− 1

2
(δ + 2nE)

2

(δ + 2nE) + 3(δnW)2 .

That is, we need
1
2
− 1

2
(δ + 2nE)

2

(δ + 2nE) + 3(δnW)2 < nC <
1
2

.

Using (25) and (26), we can solve the pair of the equilibrium number of messages
(m∗

E, m∗
C) as

m∗
E =

χ∗

ξ∗
, m∗

C =
ϕ∗

ξ∗
,

where

ξ∗ =

[
(δ − 1 + 2nC)(δ + 2nE) (δ − 1 + 2nC + 2nE)

]
+ 3(δnW)2

[
2nE(2nE + δ) + (2nC − 1)(δ − 1 + 2nC)

]
,

χ∗ =

[
δnWnE

(
3(δnW)2 + (1 + δ)(δ + 2nE)

)]
(2 + µ)−

[
6(δnW)2nE(δ + 2nE)

]
β0

+

[
3δnW

(
3(δnW)2(2nC − 1)− (δ + 2nE)

(
1 − 2nC + δ(2nE − 1)

))]
nE,

ϕ∗ =

[
δnW

(
δ(1 − nC)(δ − 1 + 2nC) + nE(δ − 1 + 2nC + 3(δnW)2)

)]
(2 + µ)

+

[
3(δnW)2 (2nC − 1) (δ − 1 + 2nC)

]
β0 +

[
3δnW (2nC − 1)

(
2nC − 1 + δ

(
2nC + δ + 3δn2

W
) )]

nE.

Since by Assumption (A3),

(δ + 2nE)(δ − 1 + 2nC + 2nE) + 3(δnW)2(2nC − 1) > 0,

and by Assumption (A2),
δ − 1 + 2nC > 0,

it follows that

(δ − 1 + 2nC)(δ + 2nE) (δ − 1 + 2nC + 2nE) + 3(δnW)2(2nC − 1)(δ − 1 + 2nC) > 0,
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and thus ξ∗ > 0. To ensure the optimal number of messages is positive, we need to
make Assumption (A4):

χ∗ > 0, ϕ∗ > 0.

Then, the equilibrium posterior environmental valuation by workers is given by

β∗
W = β0 + m∗

E − m∗
C =

β0ξ∗ + χ∗ − ϕ∗

ξ∗

and thus the equilibrium taxes are

t∗eq =
3
(
(1 + δ)nE + δnW β∗

W
)
− (1 − nC − nE)(2 + µ)

3 (δ − 1 + 2nC + 2nE)
,

tC
eq =

3
(
δnE + δnW β∗

W
)
− (1 − nC) (2 + µ)

3(δ − 1 + 2nC)
,

tE
eq =

3
(
(1 + δ)nE + δnW β∗

W
)
+ nE(2 + µ)

3(δ + 2nE)
.

Therefore, the equilibrium political contributions to the environmental and industrial
lobby groups are given by

ψ∗
E(t

∗
eq, tC

eq) =

[
JC(tC

eq) + δJ(tC
eq)

]
−

[
JC(t∗eq) + δJ(t∗eq)

]
,

ψ∗
C(t

∗
eq, tE

eq) =

[
JE(tE

eq) + δJ(tE
eq)

]
−

[
JE(t∗eq) + δJ(t∗eq)

]
.

E Proof of Propositions 5 and 6

Proof. Given the set of parameter values, (A1)–(A4) implies that

0 < µ < 1, δ > 1, m∗
E > 0, m∗

C > 0.

The derivatives of m∗
E, m∗

C, β∗
W , ψ∗

E, ψ∗
C, t∗eq and Q∗ with respect to β0 are respectively

given by:

∂m∗
E

∂β0
= − 3δ(1 + δ)

2(2 + δ)(2δ − 1)
< 0,

∂m∗
C

∂β0
= − 3δ(δ − 1)

2(2 + δ)(2δ − 1)
< 0,

∂ψ∗
E

∂β0
= −2(δ + 1)(δ − 1)m∗

E
δ(2 + δ)(2δ − 1)

< 0,
∂ψ∗

C
∂β0

= −
2(δ + 1)(δ − 1)m∗

C
δ(2 + δ)(2δ − 1)

< 0.

∂β∗
W

∂β0
=

2(δ + 1)(δ − 1)
(2 + δ)(2δ − 1)

> 0,
∂t∗eq

∂β0
=

∂Q∗

∂β0
=

(δ + 1)(δ − 1)
(2 + δ)(2δ − 1)

> 0.
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Similarly, we have

∂m∗
E

∂µ
=

7δ2 + 8δ + 4
8(2 + δ)(2δ − 1)

> 0,
∂m∗

C
∂µ

=
11δ2 − 4δ − 4

8(2 + δ)(2δ − 1)
> 0,

∂ψ∗
E

∂µ
=

(δ − 1)(7δ2 + 8δ + 4)m∗
E

6δ2(2 + δ)(2δ − 1)
> 0,

∂ψ∗
C

∂µ
=

(1 + δ)(11δ2 − 4δ − 4)m∗
C

6δ2(2 + δ)(2δ − 1)
> 0,

∂β∗
W

∂µ
=

−δ2 + 3δ + 2
(2 + δ)(2δ − 1)

,
∂t∗eq

∂µ
=

(2 − δ)(3δ2 + δ + 2)
12δ(2 + δ)(2δ − 1)

,

∂Q∗

∂µ
= −27δ3 + 31δ2 − 24δ − 4

12δ(2 + δ)(2δ − 1)
< 0,

where ∂β∗W
∂µ is positive for 1 < δ ≤ δ̄ ≡ 3+

√
17

2 and negative for δ > δ̄, and
∂t∗eq
∂µ is positive

for 1 < δ < 2 and negative for δ > 2.
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