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Abstract: The lower price of energy leads to higher coal consumption in China. The idea of
an “environment-for-trade policy” could be used to achieve an international competitive advantage,
which, in turn, has important implications. To address the issue, we develop properties to examine
the link between the low price of energy and strategic environmental policy in China and investigate
the choice of policy instruments in a strategic environmental policy model with vertical contracts. In
addition, to contribute to the literature on strategic environmental policy, this paper also develops
properties to investigate different choices of instruments for the environmental policy and includes
the degree of energy marketization for the wholesale price in the study. To do so, we assume that
the wholesale price of the polluting input increases with the market price. By using this assumption,
this paper analyzes the effects of two instruments of the environmental policy on social welfare and
concludes that there is no reason to expect both downstream and upstream firms to establish a high
wholesale price. Due to the low level of marketization, when the government selects an emission
tax as the policy instrument, the optimal tax rates should be higher than the marginal damage of
emissions. However, the optimal resource tax is uncertain when its effect on environmental damage
is taken into account. In other words, the resource tax is ineffective as a policy instrument. Our
results can be used to draw some practical policies for countries to use their energy effectively. To
promote energy sustainability, governments should liberate resource prices and reform the system to
get efficient environmental policies.

Keywords: strategic environmental policy; marketization degree; vertical structure

1. Introduction

China is the world’s largest producer and consumer of coal, accounting for approx-
imately 47.5% of global coal production and 50.2% of global consumption (according to
the BP Statistical Review of World Energy, updated 2020). Since China introduced reforms
and opening-up, coal consumption has increased annually by 6.82%, while China’s GDP
has increased at a 9.5% annual pace, confronted by energy shortages and environmental
pollution. China intends to reach a carbon peak by 2030 and become carbon neutral by
2060 which means giant coal reduction. Though China’s coal power policy has alleviated
the overcapacity problem of coal power generation [1], it is difficult for China to announce

Energies 2022, 15, 4509. https:/ /doi.org/10.3390/en15134509

https:/ /www.mdpi.com/journal/energies


https://doi.org/10.3390/en15134509
https://doi.org/10.3390/en15134509
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/energies
https://www.mdpi.com
https://orcid.org/0000-0001-6755-572X
https://orcid.org/0000-0002-1495-2710
https://orcid.org/0000-0002-1365-8472
https://doi.org/10.3390/en15134509
https://www.mdpi.com/journal/energies
https://www.mdpi.com/article/10.3390/en15134509?type=check_update&version=2

Energies 2022, 15, 4509

20f12

a “coal phase-out” at present [2]. Therefore, it is necessary to conduct further research on
the effectiveness of energy policy in the context of carbon neutrality.

One explanation for China’s high coal consumption is the low price of coal. Stavropou-
los et al. [3] demonstrated a U-shaped relationship between China’s environmental regula-
tions and industrial competitiveness. Wu et al. [4] also showed that there was a U-shaped
relationship between environmental regulation and green total factor energy efficiency
in China. At the industry level, Wu and Lin [5] demonstrated a U-shaped relationship
between environmental regulation and efficiency in China’s iron and steel industry. From
the above empirical results, it can be seen that the government has compromised envi-
ronmental regulations to gain a competitive advantage. The low price of coal reduces the
incentive to eliminate outdated industrial capacity and suppresses the input of R&D, which
in turn is a key factor (along with the low cycling deadlock) responsible for the insufficiency
of innovation dynamics and the weak industrial upgrading. The low price of coal drives an
economy powered by coal consumption and environmental damage. The above literature
provides the background for the present study of “environment-for-trade policy” which is
based on the strategic environmental policy model.

In this paper, we extend the literature on strategic environmental policy to investigate
the choice of environmental policy instruments when the energy marketization degree of
the wholesale price is included. Some relevant studies, see, for example, Liu et al. [6], Dai
and Cheng [7], Ouyang et al. [8], Li et al. [9], Tan and Lin [10], and Sha et al. [11], have
shown that the marketization level of energy prices in China is low, implying that the
energy prices in China have been distorted seriously. For example, Liu et al. [6] showed
that all the energy price distortion indexes in China are greater than one every year between
2003 and 2017, reflecting that the energy prices have been subsidized heavily in general in
China. Thus, the marketization level of energy prices in China is a very important problem.
To bridge a gap in the literature, we contribute to the literature to address the issue by
including the energy marketization degree of the wholesale price in this study. The main
questions to be addressed are the following: Is there a low energy price and large energy
consumption when vertical contracts of upstream and downstream firms are allowed?
Which kind of environmental policy instrument should be implemented?

The remainder of the paper is organized as follows. In Section 2, we present the
model. In Section 3, we analyze the optimal marketization degree of the wholesale price. In
Sections 4 and 5, we discuss the optimal resource tax and the environmental tax, respectively,
when the energy marketization degree is included. Section 6 concludes.

2. Literature Review

Strategic environmental policy is an extension of strategic trade policy in the field of
energy and the environment. Strategic trade policy holds that the government may use
export subsidies or R&D subsidies to lower product costs for domestic manufacturers, so as
to occupy a larger share in the international market and make domestic manufacturers get
monopoly profits, which exceed the amount of government subsidies. That is, the benefits
of manufacturers exceed the losses of taxpayers (Brander and Spencer [12]). However, un-
der international trade rules, direct subsidies for products are prohibited, so scholars turn to
the study of more subtle environmental subsidies. Barrett [13] and Ulph [14] first proposed
the concept of strategic environmental policy, which is similar to strategic trade policy. Their
concern is whether the government has the motivation to obtain a competitive advantage
in international trade by lowering environmental standards, and what impact this will have
on the overall welfare of the country. Barrett [13] believes that the government has the mo-
tivation to lower environmental standards to gain competitive advantages in international
trade, but the marginal cost of emission reduction brought by loose environmental policies
is less than the marginal damage of pollution (ecological dumping), which will damage the
overall welfare. As a result, he thinks strong government environmental standards may
be the best option. Greaker [15] believes that strategic environmental policies are different
from ecological dumping, which is based on the premise that strict environmental policies
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will hamper competitiveness. However, according to the Porter hypothesis (Porter and
Van der Linde [16]), strong environmental policies best serve the interests of a country’s
export sector. Rather than simply increasing costs, strict environmental policies can lead
to green technology innovations that reduce compliance costs and enhance companies’
competitiveness. At present, most articles on ecological dumping do not explicitly address
how environmental policies affect costs, but instead, assume that both total and marginal
costs increase in the rigor of environmental policies (Barrett [13]). The article of Greaker [15]
shows that although total cost increases, this is not necessarily the case for marginal cost
increases. When existing technologies to reduce emissions have economies of scale, strong
environmental policies stimulate competitiveness. Therefore, governments should take
advantage of this by instituting strict emission quotas or higher emission taxes. Lapan and
Sikdar [17] compare the impact of different environmental policy instruments on overall
welfare. In a noncooperative equilibrium, the price of emission permits (both nontradable
and tradable) always exceeds the domestic marginal damage caused by pollution. Among
them, international tradable permits produce the lowest pollution and the highest welfare.
To sum up, we can find that strategic environmental policies are different from loose en-
vironmental policies and more different from ecological dumping. The government can
maximize welfare by implementing relatively strict environmental policies.

There is a close link between vertical market structures and international environ-
mental policies. Bonanno and Vickers [18] believed that environmental policies would
cause downstream exporters to tend to adopt vertical relationships to establish connections
with upstream suppliers. Governments set environmental policies to balance pollution
control with a competitive advantage, while companies responded by forming vertical
relationships. Therefore, vertical contracts can be regarded as the vertical relationship
between downstream exporters and upstream suppliers to improve their strategic position
in the international market.

In a framework of strategic environmental policy and vertical contracts, Hamilton and
Stiegert [19] investigated vertical contracts between downstream and upstream firms and
found that international competition will cement a price union between the two. In an
empirical analysis of EU-28 countries, Cadoret et al. [20] found that European governments
use environmental taxes in a Pigouvian way by doing what Hamilton and Requate [21]
demonstrated, that is, given vertical contracts, the Pigouvian tax is the optimal policy to
levy on a polluting input under global output and price competition. Huang and Chen [22]
utilized Hamilton and Requate [21]’s vertical market model to analyze competitive choice
and found that the optimal strategic noncooperative environmental trade policy will co-
incide with Pigouvian taxes under both output and price competition, and there will be
a noncooperative environmental policy between governments. Xing and He [23] framed
a vertical structure market model to show that trade liberalization of the intermediate input
between two countries reduces the environmental tax, causing each country’s environ-
mental standard to race to the bottom. However, the above phenomenon occurs when the
environmental pollution effect is moderate. While the environmental pollution effect is
preponderant, free trade increases the environmental tax in each country.

3. The Model

Because there are some similarities between the environment-for-export hypothesis
and the subsidy-for-export hypothesis, we adopt the basic settings regarding enterprises
used by Brander and Spencer [12] in this paper. We modify the Brander-Spencer model
(Brander and Spencer [12]) with two countries to be the production-marketing model with
two different markets: domestic (d) and foreign (f) markets, by framing the model around
a decentralized vertical market structure that supports a traded good in both domestic and
foreign markets in which there are upstream and downstream firms in the domestic market
(home country). The upstream firm is competitive and produces a polluting input (E;) that
will be used by a downstream firm to produce a finished good (x;) to, subsequently, be sold
in the international market. We assume that both upstream and downstream firms produce
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only for the international market; that is, there is no consumption in the producing countries.
The terms of the contract written by the downstream firm in country i specify a wholesale
price for the polluting input, @;, and fixed transfer payment, F;, to be exchanged between
the downstream and upstream firms. We use the signed vertical contract introduced by
Hamilton and Requate (2004), who argued that the polluting input’s wholesale price is
independent of the market price. However, we question this argument: when downstream
and upstream firms sign a vertical contract, the market price is an important reference.

China has changed its price system, including the price system for energy, from a dual-
track system to a market-oriented system since 1978. However, the marketization process of
the prices of many products, including the prices of different energy, is still relatively slow,
and the prices of many products, including energy, are still seriously distorted (Liu et al. [6],
Dai and Cheng [7], Ouyang et al. [8], Li et al. [9], Tan and Lin [10], and Sha et al. [11]). The
distortion results in suppressing the prices of natural resources, including energy, leading
to unnecessary overuse of energy and damaging the environment in China further (Lin
and Du [24]). So, we assume that both the wholesale and market prices have a positive
correlation 0 with 6 = % (6 > 0). If w is the market price of the polluting input organized
by the upstream firm, then 6 represents the marketization degree; on the other hand, if
the downstream firm in country i does not contract with the upstream firm, perhaps due
to antitrust laws in country i, then @; = w; and F; = 0. We assume that F/(#) < 0 in our
model. We model the nonmarket behaviors for Chinese enterprises by using the nonmarket
transactions under vertical contracts such that the larger the value of 6, the more market-
oriented the energy price. When 6 is equal to 1, the energy price is fully marketized, and
the transfer payment between enterprises is 0.

3.1. The Demand Function

We assume that the following utility function of the consumer in the international
market is linear such that
U(xg, xf,m) = u(xg,x5) +m,

where u(xg,x¢) = a(xg+xf) — 1(Bx%+ 2xgxf + ﬁx}%), and m is the size of the fixed transfer
specified in the contract. At the same time, we assume that # > 0 and § > 1 and assume
that the inverse demand function for the downstream international market consumption
good produced in the home country to be p; = a — fx; — xf; produced in the foreign
country tobe py = a — fxy — x4

3.2. Technology

As mentioned above, the upstream firm produces a polluting input (E;) which is
consumed by the downstream firm to produce a finished good (x;). We assume that the
production of x; requires the use of two inputs: a polluting-energy input E; and a “clean”
input L;. Following the Cobb-Douglas production function, and, for simplicity, we assume

12 1

equal exponents for both inputs, i.e., x; = L; Ei/z, where i = d, f. Then, the cost function is

C = 2((Dili)1/zx1-. The wholesale price of the energy input is @;, and the price of the clean
inputis l;, wherei=4d, f.

3.3. Policy Instruments

We will investigate two policy instruments: a tax on input f and a tax on emissions
7. For each policy instrument, each unit of energy input generates a 6 amount of the
by-product emissions. The value of J is determined by the abatement technology chosen
by the downstream firm. Thus, after generating J emissions per unit, the cost of energy
input should be A(8), with A(5) = 0, in which A’ < 0 and A” > 0. Thus, the market price
of the energy input is w; = wjp + t; + A(d) + 7;6, and the government receives revenue
by getting the environmental policy instruments T = (7;6 + t;) E; in which the emission E

creates environmental damage D = D(JE;), where i =4, f.
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This is a two-stage game. In the first stage, the governments of the domestic (d) and
foreign (f) countries choose the value of their environmental instrument simultaneously.
Thereafter, in the second stage, after observing the policy choices in the first stage, each
country’s upstream and downstream firms decide on the wholesale price of energy, and
thereafter, the downstream firm selects its output for the international market.

4. The Optimal Marketization Degree
4.1. The Profit Maximization Problem

First, we solve the profit maximization problem for the downstream firms given the
policies chosen by the two governments. We then solve the profit maximization of the
downstream firms with the existence of vertical contracts. Finally, we investigate a tax on
emissions and a tax on input. For identical countries, we focus mainly on the home firm
and home government.

4.2. Output Game of Downstream Firms

Similarly, in the output game, downstream firms producing the consumption goods
will offer their output to the international market simultaneously. In this stage, the whole-

sale price of the energy input (@0, @) and the taxes (73, Tf) or ( tg,ts) are already given.

Because firms minimize their unit costs of production by choosing the optimal factor
combination, the profit functions can be written as:

ma(xq,xp) = (& — Bxg — x5)xg — Cqg — Fy ¢))
and
me(xa,xf) = (& — Bxy — x4)x5 — C¢ — Fy. 2)
By using the first-order condition for the downstream firm, the equilibrium quantities
become: 26( ) ( )
X—Cg)— (& — Cf
e 2pla—ep) (e
. a—cf)—(v—cyg
¥j@a®) = = @

where ¢; = 2[0;(wgo +tg + A() + Td(S)ld)]l/z, cr= 2[9f(60f0 +ir+ A(d) + Tf&)lf)]l/z are
the marginal costs of the downstream firms in the home and foreign countries, respectively.
Thus, the equilibrium profit of the downstream home firm becomes:

—Cq) —(x—=¢C 2
3 (04(6)) = Py — F = B2 4;§_§ Dy, ©

Under the model setup as discussed above, we first obtain the following lemma:
Lemma 1. In a Cournot manner, equilibrium quantities are decreasing in their own tax rates,
regardless of the tax type, because quantities are strategic substitutes. Thus, regardless of the tax
type, if the home country government increases the tax rate, the profit of the downstream firms will

decrease.

Proof. First, emission tax is selected as the policy instrument. Differentiating (5) with

respect to 7;:
oy, 970X dc 2B [ 146
d d “ta 9td * dvd
= £ _2=2 - 225 <0.
0Ty 0xj dcg 97y Bra 4B2 — 1> wy <0
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Then, we consider the input tax. Differentiating (5) with respect to t;:

an{j . aﬂ’; ax:; aCd . % 2‘3 lde
oy axgacga P a1\ <O

Hence, if the home country government increases the tax rate, the profit of the down-
stream firms will decrease. [J

4.3. Output Game Given a Vertical Contract

Now, we consider the profit maximization problems of the downstream firms given
the existence of vertical contracts. In the contract stage of the subgame, the upstream and
downstream firms sign contracts on the marketization degrees of the polluting inputs’
wholesale prices. Thereafter, the downstream firms can produce the consumption goods
and compete in the international market. To make the contracts, the upstream firms must
commit to earning positive profits. Hence, in this subgame, downstream firms will choose
the terms (6, F;) to maximize their profit, which is subject to a positive profit constraint in
the upstream market as shown in the following;:

2B(a—cqg) — (x—cf) ?
o F; 4’[32 -1 ] —F, (6)

such that
(@0g —wg)Eg —F; > 0. )

In this stage, the taxes 7T;, t; are already given, and the energy input’s market price
is certain, where i = d, f. Substituting (7) into (6), we can model the profit maximization
problem of the downstream firms constrained by the assumption that the upstream firms
earn a nonnegative profit:

max 71* = B(x5)" + (@4 — wg) E}. ®)
@4(6a)
Using Shephard’s lemma (i.e., g%'; = E;) and differentiating (8) with respect to 6, the

first-order necessary condition is obtained as follows:

o 8(7r§+Pd) 09X} Ay

a0 = —oxawy o0+ 2(@a —wa),
. 9
5 9 oy | A ) P a0y _ ©)
L dw; 00 ax; dwy; 00 — ¢
Substituting 3::5 = 0 into (9), we obtain:
d
Lg
0, =1— <1 10
d 2By (10)

If the foreign downstream firm also adopts a contract, the terms of the profit-maximizing
contract for the foreign firm are identical to that implied by (10). We summarize the results
in the following lemma:

Lemma 2. Regardless of the tax type, the effect of taxes on the sum profit of upstream and
downstream firms is uncertain.
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Proof. First, we select the emission tax as the policy instrument. Differentiating (5) with

respect to 7;:
oT* aT* ax;; acd X;z Tdé 2,8 lded
= —dd _s5Td ooy AT ACPS
aTd ax; aCd aTd Ld + *d Ld ( 4‘32 — 1) wy

Then, we consider the tax on input. Differentiating (5) with respect to t;:

8T*_8T*8x2%_x§2+ﬁt(_ 26y |l
Ly N apr =1\ wy

Thus, regardless of the type of tax, its effect on the sum profit of upstream and
downstream firms in the home country is uncertain. [

dty - 8x2 TQatd N Ly

We summarize the results in the following proposition:

Proposition 1. When the marketization degree of the equilibrium wholesale price for the downstream
firm in country i is not enough (8 < 1), the vertical contract price below the regulated price of the
polluting input—energy; that is, @; < wy, and a positive lump-sum payment to the upstream firm;
that is, F; > 0.

Proof. The proof can be obtained by applying Equation (7). [

By committing to pay an input price at a lower marketization degree, the home
downstream firm shifts its reaction function to the right. That is, even though a lump-
sum transfer offsets the increasing downstream firm’s profit, the input price at a lower
marketization degree permits output to expand, to alter the set of credible actions from the
rivalry firm, and to increase the oligopoly rent in the international market.

Vertical contracts may not exist in many developing countries, but the government
often sets a low energy price, for example, the contract coal price in China. The marketi-
zation degree of the control price decreases with the level of government administration.
As a result, many developing countries entice their firms to expand output by artificially
controlling low energy prices.

5. Policy Instrument: An Emission Tax

In stage one of the environmental policy game, the home and foreign governments
select the policy instruments such as environmental tax rates to maximize their respective
net benefits. In this section, we discuss the theory when our policy instrument tax becomes
the emission tax.

For simplicity, we assume that governments do not impose input taxes at the same
time. Thus, the welfare consists of profits of the two firms, tax revenues, and disutility from
pollution. In this situation, the home government will choose 7; to maximize

W(ty) = mtu(ty) + ma(ta) + 140Es — D(SEg), (11)
and the foreign government will choose 7y to maximize
W(t¢) = mtu(T¢) + ma(Ts) + T40Ef — D(OEy). (12)
Under this model setup, we obtain the following proposition:

Proposition 2. If firms in country i employ vertical contracts and if the policy instrument is
an emission tax, the optimal noncooperative tax rates under competition will be higher than the
marginal damage of emissions.
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Proof. Consider the problem of the home country regulator (government). The first-order
condition for the home regulator is:

97y 90X ¢ oD 0E;
@Tw+95Ed+(9wd7wd+5Td* E)Trd = (13)
For simplicity, we first consider 80E; = 0. First, we rewrite (13) as:
a7y 0xf oD 0E;
§H+(9wd*wd+(s‘[dféﬁ)ﬁ—o (14)
f
. BXf(Td,Tf)/aTd - ax}(wd,wf)/awd -
Since T2 [ — nj(g,0p) 0y we obtain:
oD o o7ty axf JdE, o
5(@‘%)—(Wﬁ)/ﬁ‘f‘(wd—wd)—a (15)
f
When 06E; > 0, we obtain:
oD o7, axf JdE, JoE,
O(=—= — =(=—==—+00E;)/=— — =00E;/ — 1
(aEd ) (axf o, T d)/ard + (@04 — wy) d/aTd <0, (16)

and thus, the assertions of Proposition 2 hold. [J

As noted in Proposition 1, output competition in the international market induces the
upstream and downstream firms to form a price alliance in which the marketization degree
of the wholesale price is low. Then, the downstream firms can boost competitiveness in
the international market. However, the external costs of environmental damage are not
included in the firm'’s costs. If governments do not include such damage, overconsumption
of resources and environmental pollution are inevitable. The rapid growth of developing
countries is a cause of ecological dumping. In turn, if the government imposes a severe
environmental tax, the market price of the polluting inputs will include the external costs.
Since the market price is the preponderant reference of the wholesale price, social welfare
will be maximized.

6. Policy Instrument: An Input Tax

We now investigate the policy instrument of an input tax to maximize the welfare of
the home country. Here, we assume that governments do not impose emission taxes at
the same time. The welfare consists of the profit of upstream and downstream firms in the
home country, the tax revenues of polluting input, and the environmental damage. Hence,
under coordination, the welfare is:

W(t;) = my(t;) + my(t;) + t;E; — D(SE;). (17)
Under this model setup, we obtain the following proposition:

Proposition 3. When the policy instrument is a tax on the polluting input, the optimal noncooper-
ative environmental policy under competition could be higher or lower than the Pigouvian tax.

Proof. The first-order condition for the home regulator is:

aﬂ'd axf oD BE,,, .

@E +9Ed+(9wd—wd+td—5@)a—td— (18)
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To simplify, we first consider 0E; = 0. First, we rewrite (11) as:

g;ﬁlaazv%()wd—wd—ktd— E?IZ)?"EI: (19)
Since A0/ _ U0 i
ot =t = (GRS 5+ @) =0 20
When 0E; > 0, we obtain:
(sgé)d—td_(3;3(1882‘+9Ed)/221+(9—1)wd<o. 1)

However, since 0 < § < 1, we cannot ascertain which variable is bigger between the
resource tax and the Pigouvian tax. Thus, the optimal noncooperative environmental policy
under competition could be higher or lower than the Pigouvian tax and the assertions of
Proposition 3 are proven. [

Given a tax on the polluting input as the policy instrument, determining the optimal
noncooperative environmental policy is difficult. We offer two reasons.

First, by analyzing the comparative advantage of environmental policy instruments
for both upstream and downstream firms, we can attribute the uncertainty to the variable ¢.
The resource tax is levied on the polluting input, yet the environmental damage is caused
by the emissions as a by-product of the final product. Thus, in the welfare function, the
resource tax and the environmental damage are not equal. On the other hand, when the
environmental damage is the only deduction from the welfare function, the resource tax is
unable to effectively control pollution and the resource tax is levied on energy producers.
However, the market price of the polluting input increases with the resource tax rate. Thus,
it is important for countries to have a more efficient polluting input pricing mechanism. The
effect of the resource tax will be significantly reduced when the input price is controlled and
may also induce an uncertain relationship between the resource tax and the Pigouvian tax.

In fact, many resource-rich developing countries, which preponderantly focus on
rapid growth and have an imperfect legal system, still retain low energy prices, such
as China, India, and Brazil. Unfortunately, their rapid growth is always accompanied
by environmental damage and overconsumption of resources. China, for example, has
a low degree of energy pricing marketization (Dai and Cheng [7], Ouyang et al. [8], and
Li et al. [9]). The effectiveness of the resource tax is partly offset by environmental damage.
China’s economy has been developing rapidly, bringing many problems, such as excessive
consumption of nonrenewable energy and environmental damage. Hence, reasonably
raising the resource tax rate in China is urgently needed.

7. Conclusions and Policy Implications

With the growth of the international economy, more and more multinational corpora-
tions join the multinational production line based on their comparative advantage. The
different environmental policy instruments of governments play important roles as the
adjusted mechanism tools in each country for this purpose.

The price of coal is one of the main important factors that drive an economy that is
powered by both coal consumption and environmental damage. The low price of coal is
the main reason that reduces the incentive to eliminate the outdated industrial capacity
for innovation dynamics and suppresses the R&D of energy consumption. There are
many studies, for example, Brander and Spencer (1985), Hamilton and Stiegert (2010), and
Cadoret et al. (2020) that recommend governments make some environmental policies to
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reduce the damage caused by the emissions of CO,. Xing and He (2011) apply the model
for the vertical structure market to show that trade liberalization of the intermediate input
between two countries reduces the environmental tax, causing each country to reduce its
environmental protection standard.

The previous literature provides the background theory for the present study to adopt
the environment-for-trade policy which is based on the strategic environmental policy
model. Using the model of adopting the strategic environmental policy to incorporate the
marketization degree of the wholesale price and given the existence of vertical contracts,
in this paper, we assume that the wholesale price of the polluting input increases with
the market price. By using this assumption, we examine the effects of two instruments
of the environmental policy on social welfare and conclude that there is no reason to
expect both downstream and upstream firms to establish a high wholesale price. When the
government selects an emission tax as the policy instrument, we should expect a higher
tax rate. However, the optimal resource tax is uncertain when its effect on environmental
damage is taken into account.

The contributions of our paper include new findings in the applications of the trade
theory. We find that the main reason why trade contributes to the destruction of environ-
mental resources is that the cost of environmental resources is not reflected in the market
price. Our conclusion is consistent with the literature regarding pollution haven (Ji [25])
and carbon leakage (Zhang et al. [26]). Compared to Ji [25] and Zhang et al. [26], we all
conclude that unintended transfer payment causes competition distortion which leads to
environmental pollution and carbon leakage. The cost of exploitation of natural resources
and environmental damage is not adequately reflected in market prices of goods or services;
is one of the main reasons trade contributes to the destruction of environmental resources.
The model shows that improvement of the energy market price formation mechanism can
reduce the negative impact of strategic environmental policy. Our results can be used to
draw some practical policies for countries, especially developing countries, to use their
energy effectively. For example, given a low energy price, the output can be artificially ex-
panded, which will lead to overconsumption of resources and an increase in environmental
pollution. Hence, to promote sustainability, governments should liberate resource prices
and reform the system to get efficient environmental policies.

A limitation of the theory developed in our paper is that we assume there is no
international demand for the polluting input. Thus, an extension of the model developed
in this paper could include relaxing the assumption in the modeling. Another extension
could include developing a powerful model for some more general cases by including
the incentives we described in our model set-up to be important factors in the modeling.
In addition, this research only sets up a methodology background for the environment-
for-trade policy based on the marketization degree of getting vertical contracts. Thus,
another piece of extension of our paper is to apply the model developed in our paper to
real historical data with implementation in practical inference.

In this paper, we develop a model to examine the link between the low price of energy
and strategic environmental policy in China, examine the choice of policy instruments in
a strategic environmental policy model with vertical contracts, and investigate different
choices of instruments for the environmental policy. Extensions of our paper could include
applying our approach to develop models for oil [27], CO;, emissions [28], growth [29],
price [30], international trade [13], environmental policy [14-17], and other policies [18].

Author Contributions: Formal analysis, Y.L., M.].Y. and T.-T.N.; Funding acquisition, Y.-C.W.; Inves-
tigation, Y.-C.W.; Methodology, M.].Y.; Software, Y.L.; Validation, W.-K.W. and Y.-C.W.; Visualization,
W.-K.W.; Writing—review & editing, W.-K.W. All authors have read and agreed to the published
version of the manuscript.

Funding: This research has been supported by Shenzhen University, Asia University, China Medical
University Hospital, The Hang Seng University of Hong Kong, Feng Chia University, Nguyen
Tat Thanh University, General Program of China Postdoctoral Science Foundation: “Research on



Energies 2022, 15, 4509 11 of 12

the Correlation Risk of China’s Stock Market from the Perspective of Complex Networks” (Grant
No. 2018M633168), Research Grants Council (RGC) of Hong Kong (project numbers 12502814 and
12500915), and the Ministry of Science and Technology (MOST, Project Numbers 106-2410-H-468-002
and 107-2410-H-468-002-MY3), Taiwan.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: The second author would like to thank Robert B. Miller and Howard E. Thomp-
son for their continuous guidance and encouragement. Any remaining errors are solely ours.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Zhang, ], Li, X,; Pan, L. Policy Effect on Clean Coal-Fired Power Development in China. Energies 2022, 15, 897. [CrossRef]

2. Kou,J,; Sun, E; Li, W,; Jin, J. Could China Declare a “Coal Phase-Out”? An Evolutionary Game and Empirical Analysis Involving
the Government, Enterprises, and the Public. Energies 2022, 15, 531. [CrossRef]

3.  Stavropoulos, S.; Wall, R.; Xu, Y. Environmental regulations and industrial competitiveness: Evidence from China. Appl. Econ.
2017, 50, 1378-1394. [CrossRef]

4. Wu, H; Hao, Y;; Ren, S. How do environmental regulation and environmental decentralization affect green total factor energy
efficiency: Evidence from China. Energy Econ. 2020, 91, 104880. [CrossRef]

5. Wu, R;; Lin, B. Environmental regulation and its influence on energy-environmental performance: Evidence on the porter
hypothesis from China’s iron and steel industry. Resour. Conserv. Recycl. 2022, 176, 105954. [CrossRef]

6. Liu, Y; Liu, S;; Xu, X,; Failler, P. Does Energy Price Induce China’s Green Energy Innovation? Energies 2020, 13, 4034. [CrossRef]

7. Dai, X.; Cheng, L. Market distortions and aggregate productivity: Evidence from Chinese energy enterprises. Energy Policy 2016,
95, 304-313. [CrossRef]

8. Ouyang, X.; Wei, X; Sun, C.; Du, G. Impact of factor price distortions on energy efficiency: Evidence from provincial-level panel
data in China. Energy Policy 2018, 118, 573-583. [CrossRef]

9. Li, K; Fang, L.; He, L. How population and energy price affect China’s environmental pollution? Energy Policy 2019, 129,
386-396. [CrossRef]

10. Tan, R.; Lin, B.; Liu, X. Impacts of eliminating the factor distortions on energy efficiency—A focus on China’s secondary industry.
Energy 2019, 183, 693-701. [CrossRef]

11. Sha, R.; Li, J.; Ge, T. How do price distortions of fossil energy sources affect China’s green economic efficiency? Energy 2021, 232,
121017. [CrossRef]

12.  Brander, ]J.A.; Spencer, B.]. Export subsidies and international market share rivalry. J. Int. Econ. 1985, 18, 83-100. [CrossRef]

13. Barrett, S. Strategic environmental policy and international trade. J. Public Econ. 1994, 54, 325-338. [CrossRef]

14. Ulph, D. Strategic Innovation and Strategic Environmental Policy; Springer: Dordrecht, The Netherlands, 1994; pp. 205-228.

15.  Greaker, M. Strategic environmental policy; eco-dumping or a green strategy? J. Environ. Econ. Manag. 2003, 45, 692-707. [CrossRef]

16. Porter, M.E.; Van der Linde, C. Toward a new conception of the environment-competitiveness relationship. J. Econ. Perspect. 1995,
9, 97-118. [CrossRef]

17.  Lapan, H.E; Sikdar, S. Strategic environmental policy and international market share rivalry under differentiated Bertrand
oligopoly. Oxf. Econ. Pap. 2022, 74, 215-235. [CrossRef]

18. Bonanno, G.; Vickers, J. Vertical separation. J. Ind. Econ. 1988, 36, 257-265. [CrossRef]

19. Hamilton, S.F; Stiegert, K. Vertical coordination, antitrust law, and international trade. J. Law Econ. 2000, 43, 143-156. [CrossRef]

20. Cadoret, I; Galli, E.; Padovano, F. How do governments actually use environmental taxes? Appl. Econ. 2020, 52, 5263-5281. [CrossRef]

21. Hamilton, S.F; Requate, T. Vertical structure and strategic environmental trade policy. J. Environ. Econ. Manag. 2004, 47,
260-269. [CrossRef]

22. Huang, D.; Chen, ]. Vertical Contracts and Industrial Environmental Trade Policy—Domestic Environmental Cost and Strategic
Choice in China. China Ind. Econ. 2007, 7, 72-79.

23. Xing, F.; He, H. Trade Liberalization, Vertical Related Markets, and Strategic Environmental Policy. Econ. Res. J. 2011, 46, 111-125.

24. Lin, B.; Du, K. Energy and CO, emissions performance in China’s regional economies: Do market-oriented reforms matter?
Energy Policy 2015, 78, 113-124. [CrossRef]

25. Ji, Z. Does factor market distortion affect industrial pollution intensity? Evidence from China. J. Clean. Prod. 2020, 267,
122136. [CrossRef]

26. Zhang, P; Yin, G.; Duan, M. Distortion effects of emissions trading system on intra-sector competition and carbon leakage: A case
study of China. Energy Policy 2020, 137, 111126. [CrossRef]

27. Ma, C.; Wang, X. Strategic interactions and negative oil prices. Ann. Financ. Econ. 2021, 16, 2150013. [CrossRef]


http://doi.org/10.3390/en15030897
http://doi.org/10.3390/en15020531
http://doi.org/10.1080/00036846.2017.1363858
http://doi.org/10.1016/j.eneco.2020.104880
http://doi.org/10.1016/j.resconrec.2021.105954
http://doi.org/10.3390/en13154034
http://doi.org/10.1016/j.enpol.2016.05.009
http://doi.org/10.1016/j.enpol.2018.04.022
http://doi.org/10.1016/j.enpol.2019.02.020
http://doi.org/10.1016/j.energy.2019.06.155
http://doi.org/10.1016/j.energy.2021.121017
http://doi.org/10.1016/0022-1996(85)90006-6
http://doi.org/10.1016/0047-2727(94)90039-6
http://doi.org/10.1016/S0095-0696(02)00053-0
http://doi.org/10.1257/jep.9.4.97
http://doi.org/10.1093/oep/gpaa035
http://doi.org/10.2307/2098466
http://doi.org/10.1086/467450
http://doi.org/10.1080/00036846.2020.1761536
http://doi.org/10.1016/S0095-0696(03)00080-9
http://doi.org/10.1016/j.enpol.2014.12.025
http://doi.org/10.1016/j.jclepro.2020.122136
http://doi.org/10.1016/j.enpol.2019.111126
http://doi.org/10.1142/S2010495221500135

Energies 2022, 15, 4509 12 of 12

28. Li, F; Wu, Y.-C.,; Wang, M.-C.; Wong, W.-K.; Xing, Z. Empirical Study on CO, Emissions, Financial Development and Economic
Growth of the BRICS Countries. Energies 2021, 14, 7341. [CrossRef]

29. Chang, F-H.; Zhang, L. Revisiting Inflation-Growth Nexus: An Endogenous Growth Model with Financial Frictions. Ann. Financ.
Econ. 2022, 18, 2250001. [CrossRef]

30. TajMazinani, M.; Hassani, H.; Raei, R.; Rouhani, S. Modeling stock price movements prediction based on news sentiment analysis
and deep learning. Ann. Financ. Econ. 2022, 9, 2250003. [CrossRef]


http://doi.org/10.3390/en14217341
http://doi.org/10.1142/S2010495222500014
http://doi.org/10.1142/S2010495222500038

	Introduction 
	Literature Review 
	The Model 
	The Demand Function 
	Technology 
	Policy Instruments 

	The Optimal Marketization Degree 
	The Profit Maximization Problem 
	Output Game of Downstream Firms 
	Output Game Given a Vertical Contract 

	Policy Instrument: An Emission Tax 
	Policy Instrument: An Input Tax 
	Conclusions and Policy Implications 
	References

