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Abstract

Market-based environmental policy has many forms, including carbon trade and carbon taxes. The
choice of market-based environmental policy instruments needs careful consideration of the ef-
fect on economy growth and structure. In the analytical framework of Ramsey model, carbon
emissions are added into the instantaneous utility function and the problem of maximization of
enterprise profits. Based on this hypothesis, the balance growth path and dynamitic changes of
consumption and investment could be compared under different market-based environmental
policy instruments. The conclusion shows that market-based environmental policy instruments
have a negative effect on economic growth in the short run. However, in the long run, these in-
struments can promote economic growth and optimize economic structure by giving enterprises
motivation to improve emission reduction technology. The distinction of these two environmental
policy instruments lies in the difference between the price of carbon emission permit and the rate
of carbon taxes. Moreover, by derivation, it is obvious that saving rate is inversely linked to carbon
tax rate (or the price of carbon emission permit). Therefore, according to the current situation in
China’s economic development, in order to improve consumption’s contribution on economic
growth, we can choose the instrument which has higher price to reduce saving rate. In this way,
consumption can be promoted and the structure of economics can be optimized.
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1. Introduction

It is common seen in developed countries that governments control carbon emission by carbon polices under the
background of international climate negotiation. Generally speaking, the regulation polices include direct ad-
ministrative intervention and indirect market-based environmental policies. Many scholars’ researches have
shown that market-based environmental policies are superior to direct administrative intervention from both the
economic effect and reduce emissions result. Market-based environmental policy instruments achieve the pur-
pose of emission reduction by using market-oriented means which can effect the main market players’ behavior
by changing price and supply-demand relationship. Broadly speaking, market-based environmental policy tools
include Coase approaches and Pigou means. The former internalizes the externality by the definition of property
rights, which is typical representative by tradable emission rights while the latter uses taxes, subsidies and other
ways to make the social costs and private costs of carbon emissions behavior to be the same, which is typical
representative by carbon tax. For our country, as economy growth and the balance of “troika” are hot topics for
government, it needs careful consideration when choosing suitable environmental policy tools as different tools
have different effects on the economy growth and economy structure both in the short run and long run. From
this aspect, this paper examines the balanced growth paths of carbon taxes and tradable emission rights by
Ramsey model and ascertains the optimal environmental policies according to the conclusions and China’s ac-
tual situation.

Among the researches about the effect of environmental policy instruments on economic growth and eco-
nomic structure, using basic macroeconomic models to analyze is common seen. Most of them join environ-
mental policy factor into the model and analyze the effect of environmental pollution, environmental policy on
economic growth and economic structure. In this area, early studies mainly rely on the framework of neoclassic-
al growth model, which are typical representative by Keeler, Spence, Zeckhauser [1] and Stiglitz [2], who con-
sidered the economic growth under the restriction of resources and environment problems by using Ramsey
model. As P. Romer put forward endogenous economic growth model, more and more scholars endogenized
technology progress. On this basis, they used endogenous economic growth model to consider the relationship
between environmental pollution, environmental policy and economic growth. Bovenberg and Smulders [3] in-
troduced environmental pollution and resources’ endowment simultaneously into production function and con-
sumption’s utility function. This assumption is more practical than former researches. By introducing technolo-
gical advances into economic growth model, their studies found that environmental policies would be detrimen-
tal to economic growth when treating environment as public consumption goods. However, when treating envi-
ronment as public investment goods, environmental policies would promote long-term economic growth. Gri-
maud and Rouge [4] introduced resources and environment into economic growth model and found that the op-
timal environment tax can make economy achieve optimal growth path. Larsen and Nesbakken [5] simulated the
influence of carbon tax on energy consumption and CO, emissions in Norway and found that the influences of
carbon tax for different departments are different. Lee [6] further analyzed the different environmental policy
instruments. He held the view that simple carbon tax would have negative impacts on GDP, while simulta-
neously using carbon tax and emission trading would promote economic growth.

Among domestic researches, Xu Shichun, He Zhengxia and Wei Xiaoping [7] used optimal control method to
research the sustainable optimal economic growth under steady state by endogenous economic growth model.
Their study found that the ratio of intertemporal substitution elasticity of consumption, human capital accumula-
tion efficiency and time discount rate should satisfy a certain relationship. This is an essential condition to
achieve optimum and sustainable economic growth path. On this basis, Xu Shichun [8] further compared the
balanced growth path and the optimal growth path. He found that using market-based environmental policy tools
could correct the balanced growth path, making economy development towards the optimum and sustainable
economic growth path. Wang Jinnan et al. [9] used CGE model to analyze the effect of carbon tax policy on
China’s economic growth, energy conservation and emissions reduction. The conclusions revealed that the
highest effect of carbon tax on economic growth is 0.5%, while the effect on promoting energy saving and emis-
sion reduction is increasing. Gao Pengfei, Chen Wenying, He Juhuang (Wu Zongxin, Chen Wenying, 2001; Gao
Pengfei, Chen Wenying, 2002; He Juhuang, Shen Keting, Xu Haoling, 2002) [10]-[12] respectively used
MARKAL and MARKAL-CGE model and CGE model to analyze the effect of carbon tax on our country’s
economic growth and carbon reduction. Wei Taoyuan [13] used CNAGE model which was evolved by CGE
model to research the influences of carbon taxes on economic growth. The study found that GDP would decline
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by about 0.4% in the short term and CO, emissions would fall by 8% when $5 tax on every ton of carbon was
imposed. In the long term GDP would decline by 0.1% and CO, emissions would fall by 2%. In the case of $10
tax on per ton of carbon, GDP in the short term would decline 0.85% while CO, emissions would fall by 14%.
In the long term GDP would decline by 0.07% while CO, emissions will fall by 4%. These data indicate that
carbon tax has more impact on the economy and CO, emissions in the short term than that in the long term. By
using the relevant industry data of 29 provinces, municipality directly under the central government and auto-
nomous regions, Zhang Zhixin and Li Ya [14] built panel data model and used generalized least squares method
to empirically test the impact of carbon taxes on economic growth. Their research focused on the effect of car-
bon taxes on economic growth in different areas in our country. The conclusions revealed that the difference of
effect for different areas indeed existed when carbon taxes were imposed. That is to say, carbon taxes would
widen the gap of economic development between developed and developing areas. So they suggested that China
should practice the discriminating carbon tax policies—the developed areas should implement high strength
carbon tax policy while less developed areas should implement lower intensity carbon tax policy. Zhang Jinghua
[15] used normative analysis method to analyze the economic effect of carbon taxes. He considered carbon tax
policy to be an important means to solve China’s environmental problem. He held the view that in the short term
carbon taxes may cause certain blow to enterprise production, thus causing a certain adverse effect on economic
growth. However, from the long-term perspective, he thought that imposing taxes on carbon emissions could
maintain the healthy development of economy by promoting enterprise to reduce emissions. He also put forward
that in order to reduce adverse effects of carbon taxes in the short term, governments could reduce other types of
taxes.

By researching the related literatures, we find that although there are many papers discussing the effect of
market-based environmental policy tools on economy growth, these literatures are mainly focused on carbon
taxes while other market-based environmental policy tools are paid little attention. The contrastive analysis of
different tools is also uncommon. Some researches involve different tools, but these researches just stay on the
level of empirical analysis while in-depth theoretical analysis is not concerned. What’s more, the existing litera-
tures research little on the dynamic change of consumption and investment under balanced growth path when
market-based environmental policy tools are used. Based on the shortcomings of existing researches, this paper
tries to introduce the environmental pollution into consumer’s utility function and simultaneously put the rela-
tionship between carbon emissions and capital introduction into producer’s constraints to make the model more
practical. On this basis, this paper studies the effect of different environmental policy instruments on long-term
economic growth, consumption-investment structure and conducts comparative analysis. Then according to the
conclusions, we put forward the corresponding policy recommendations.

2. Model Building

Under the analysis framework of Ramsey model, this paper introduces the environmental pollution into con-
sumer’s utility function and producer’s production constraints. Firstly, the model should satisfy the basic re-
quirements of Ramsey Model:

1) The market is completely competitive, so there are many homogeneous firms and households;

2) The company’s production function is: Y =F (K, AL), and the function satisfies Inada Conditions. The
goal of the enterprises is in pursuit of maximization profit, and the profits shall be owned by the families;

3) The number of households is H, and households have infinite lifetime. The growth rate of population of
every household is n. households provide capital inelastically and the initial capital that households own is

K (0 o -
# >0 households pursue for maximization utility;

4) Exogenous technological progress rate are given as g and there are no capital depreciation.
On these bases, this paper assumes that lifetime utility expression of households is:

U= Itjoe‘ptu [c (t)]%dt

In this formula, L(t) is the quantity of labor force in the whole economic entity at t moment. u [c(t)] is
the instantaneous utility function of the family. Unlike the general Ramsey model, when we consider the envi-
ronmental quality, the utility level of families should not only be decided by consumption, but also environmen-
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1-0
tal pollution. So the form of instantaneous utility function is not u(C)= R It should be:
1-60 L+
ucE)=S _E
1-6 1+¢

where C is consumption of every household and E are the carbon emissions of the economic entity. 6 and ¢
respectively measure the influence degree of consumption and carbon emissions on utility.

In order to get the balanced growth path, we need to ascertain the state that the growth rate of each variable is
constant. In the framework of Ramsey model, our aim is effective capital per labor being constant. According to:

K=1=Y-CL
K Y
k=—, y=—=1(k
AL Y AL (k)
We can get:
k K Y -CL y—c
k kK "9k 9=7% J
So we have:

f(k)-c—(n+g)k=0

We can obviously see in the above formula that in order to get k, we also need get the state that the growth
rate of ¢ is zero. So, we need to solve optimization problems of representative households and enterprises.

3. Model Solution
3.1. The Solution of Household Utility Maximization

As consumer’s utility function is given, we consider household budget constraint. households budget constraint
is the sum of the discounted value of consumption during different period, which is not greater than the initial
wealth value plus the sum of income discounted value of life. We express w as wage rates and r as interest rate
while assume the capital stock at 0 moment is K (0). In this condition, the capital stock that each household

. . K(O . . .
owns at time zero is # At the same time, we define R(t) =It,0r(7)df and use e " to express dis-
. . . . e R L(t)
count factor, thus the sum of discounted income that a family owns in the whole life is Lfoe w (t)Tdt.

In the same way, the sum of discounted consumption that a family owns in the whole life is. j:o e e (t)#dt

So the household budget constraint can be expressed as follows:
[~ e (t)—L(t)dts—K(o)+j°° e "w (t)—L(t)dt
t=0 H H t=0 H

It is worth noting that as carbon emissions are public goods for consumers, the only factor that consumers
need to consider when making the choice of utility maximization is the amount of consumption (C(t)) of each
phase. In another word, the amount of emission of each phase ( E(t)), the only influence of which for consum-
ers is its negative effects on utility level, is not decided by consumers. So E(t) only exists in households’ util-
ity function, and does not exist in the budget constraint.

As we assume that the rate of technological progress is g and growth rate of population is n, there are
A(t)=A(0)e" and L(t)=L(0)e™. Because consumption per person is C(t)=A(t)c(t), so the lifetime
utility function of consumers can be expressed as:

c(t)” . e L E()TL(t)

U=8[" e/ —dt—["e” —Ldt
w07 1-9 =" 1+p H
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A(0)"L(0) : : -
where B = — and S =p-n-(1-6)g. Budget constraint of a family can be simplified as follows:

wo e " (t)e™dt <k (0)+ '[:0 e "w(t)e™dt

t=

The question of lifetime utility maximization for the household therefore is:

1-0 1+o
maxU =B " e’”‘&dt—fo en EM LM
=0 1-0 =0 1+¢ H

st :O e R (t)e(”*g)tdt <k (0) n ..Zo e—R(t)W(t)e(n+g)tdt

Building a Lagrange function, we can get:

1-0 1+
L=B[ e” LU dt—jw en EW U —L(t)dt+/1( “ e e (t)e™ Mt~k (0)~ [ e’R(‘)W(t)e(”*g)‘dt)
t=0 1_ 9 t=0 1+ w H t=0 t=0
The first order condition therefore is:
oL

- Be‘ﬂ‘c(t)'g — 26 RWglmol — g

ac(t)
Transposing the formula above and seeking partial derivative for t, we can get:

—ﬂ—@%:—r(t)+(n+g)

So the growth rate of consumption is:
¢(t) _ B+ r(t)-(n+g) —(p-n-g+60g9)+r(t)-(n+g9) r-p-6g

c(t) 0 0 0

3.2. The Solution of Enterprise Optimization Problem

3.2.1. The Condition that There Is No Policy Instruments

In the assumption of the model, the production function of an enterprise is Y = F (K, AL), which satisfies In-
ada Conditions. On these bases, we can firstly get the optimization problem of the enterprise under the state that
there is no policy instruments. That is:

max 7 =F (K, AL)—wAL—rK
Under this state, there is no constraint for the optimization problem above. So we have:
or
—=f'(k)-r=0
- (k)
That is to say, the optimal condition is:
r=1'(k)
This optimal condition means the marginal product of capital should be equal to the rate of return on capital,

which is the same as that in the basic Ramsey model. Substituting this formula into the utility maximization
problem of the household and we can get the growth rate of effective consumption per labor. That is:

¢(t) _ f'(k)-p—09

c(t) 0
So the balanced growth path can be get from the two formulas below:
¢(t) _ '(k)-p-0g _

c(t) 0

k="f(k)-c—(n+g)k=0

0
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3.2.2. The Condition that Policy Instruments Exist
The effects of market-based environmental policy instruments on the optimization problem of the enterprise are
mainly concentrated reflection in two points. Firstly, market-based environmental policy instruments effect ba-
lanced growth path by changing the return on capital. Secondly, under the condition that policy instruments exist,
we should consider the constraint: E = K, which means there is a certain proportion between carbon emis-
sions and capital investment. So enterprise’s optimization decision can indirectly determine the amount of car-
bon emissions, which means carbon emission is not an exogenous variable. The coefficient a reflects the emis-
sion reduction technology of the enterprise. A bigger « reflects that the enterprise has lower reduction technolo-
gy level while a smaller a reflects that the enterprise has higher reduction technology level.

1) Carbon tax

Assuming carbon tax rate is t, the optimization problem of the enterprise can be expressed:

max 7z = F (K, AL)-WAL - rK —tE
st.E=aK
Building a Lagrange function, we can get:
L, = F(K,AL) - WAL - rK —tE + 1(E - aK)

Seeking partial derivative for k and E, we can get the first order condition:

oL, : :
o= AL (k)-rAL—AaAL=AL[ f'(k)-r—-Aa]=0

o -t+4A=0
OE
So the optimization problem of the enterprise under the situation of carbon taxes is:

r=1t'(k)-at

The balanced growth path therefore is:

o.
—

) f'(k)-p-ta—6g 0

) 0
=f(k)-c—(n+g)k=0

—

(
(

. O

2) Tradable emission rights
Assuming the price of tradable emission rights is P, and the quotas governments give enterprises are E , the
optimization problem of enterprises under the situation of tradable emission rights can be expressed:

max 7 = F (K, AL)-WAL-rK - P(E - E)
st.E=aK
Building a Lagrange function, we can get:
L, =F(K,AL)-WAL-rK - P(E-E)+ A(E - aK)

Seeking partial derivative for k and E, we can get the first order condition:

oL , :
oAU (k)-rAL—AaAL=AL[ f'(k)-r—Aia]=0

Ay _ -P+4=0
oE
So the optimization problem of enterprises under the situation of tradable emission rights is:

r=f'(k)-aP

The balanced growth path therefore is:
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4. Model Conclusion and Suggestion
4.1. Model Conclusion

From the above analysis about the influence of carbon taxes and tradable emission rights on the balanced growth
path, we can get the following conclusions.

Firstly, market-based environmental policy instruments will have a certain impact on economic growth in the
short term. Under the condition of ignoring the environmental pollution, the prerequisites for balanced growth
path are:
¢( ): f'(k)-p-09 0
c(t) 0
k=f(k)-c-(n+g)k=0

When we consider the environmental pollution and conduct market-oriented environmental policy instru-
ments, the balanced growth path conditions under the state of imposing carbon tax are:

C(t): f'(k)-p—ta—6g 0
c(t) 0

k=f(k)-c—(n+g)k=0

The balanced growth path conditions under the state of tradable emission rights are as follows:

¢(t) _ f'(k)- p—Pa—-6g 0
c(t) 0

k=f(k)-c-(n+g)k=0

Contrasting the above three equations, we find that consumption growth rate condition of the balanced growth
path changes under the state of market-oriented environmental policy instruments. The original condition can be
converted into f'(k)=p+6g, while it changes to f'(k)=p+6g+ta and f'(k)=p+6g+Pa after the
implementation of market-oriented environmental policy instruments respectively. p+6g+ta and p+
09 +Pa are both larger than p+6g. As f"(k)<0 in Inada Conditions, market-oriented environmental
policy instruments will lead to the result that capital stock under steady-state level is lower than that of the orig-
inal state. As mentioned above, for consumers, what they can choose is just the amount of consumption. Al-
though the variable of environmental pollution is in the consumer’s utility function, the family consumer itself
cannot decide the carbon emissions. So using market-oriented environmental policy instruments cannot have
impact on family decisions directly, and the second condition of balanced growth path is not changed. Putting
the two equations together, we can get the dynamic effects of market-based environmental policy instruments on
balanced growth path. After the market-oriented environmental policy instruments are implemented, the capital
stock of balanced growth path drops, whose policy implication is that when governments implement an envi-
ronmental policy (whether it is a carbon tax policy or tradable emission rights), the rate of return on capital is
falling. Therefore, the capital stock of the balanced growth path declines. That is to say, investment drops. Due
to y= f(k), the use of environmental policy instruments will cause certain impact on economy. It means that
the implementation of environmental policy instruments will change the effective capital per labor under steady
state. When the economy adjusts and eventually restores the steady-state level with the impact of environmental
policy, effective capital per labor drops. Therefore, effective output per labor drops means that market-oriented
environmental policy instruments will produce certain impact on economic growth in the short term.

Secondly, when it comes to the effect of market-oriented environmental policy instruments on consumption
and investment, the dynamic adjustment mechanism of consumption and investment is different in the short
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term. Assuming that the effective capital per labor is k™ and effective consumption per labor is ¢ when it
achieves balanced growth path, after implementing the market-oriented environmental policy instruments, k”
and ¢ will change. However, the mechanism of change is different. Because the capital stock is decided by
the past investment decisions, the capital does not change at the moment when governments announce that they
begin to use market-based environmental policy instruments, and will still stay in the original balanced growth
path k. Then due to the decline of return on capital, capital stock decreases, eventually reaching a new equili-
brium. This is a continuous process. However the dynamic change mechanism of effective consumption per la-
bor is different. As environmental policy reduces the rate of return on savings and capital accumulation, families
will choose to save less and consume more. Then, in order to achieve a new equilibrium growth state, the
economy will move along the path of saddle point, and finally reach a new equilibrium. Compared with the
changing process of effective capital per labor, the process of the effective consumption per labor is not conti-
nuous. So we can get a two-sided conclusion about the impact of market-oriented environmental policy instru-
ments on production and consumption in the short term. On one hand, as mentioned above, under the new equi-
librium growth path, the balanced capital stock and effective consumption per labor are decreased, and the ef-
fective output per labor also falls. Therefore, the implementation of market-oriented environmental policy in-
struments has a certain impact on the economy. On the other hand, although the final effective consumption per
labor drops, this is not a continuous process, but a process of rising sharply and declining slowly and conti-
nuously. Because consumers pursue the utility maximization of lifetime, after the implementation of environ-
mental policy instruments, the sum of discounted consumption in each period may not be less than the original
level. When households pay more attention in the current consumption, the discount factor o is greater. Under
this situation, the leap growth of consumption caused by the use of environmental policy instruments will in-
crease the utility of household.

Thirdly, from a long-term perspective, the use of market-oriented environmental policy instruments has a
strong positive impact. For enterprises, as market-based environmental policy instruments change the return of
capital, they will have greater motivation to improve the technology of emission reduction for a higher return on
capital. So carbon emissions of capital stock per unit will be down. In another word, « will down. From a
long-term point of view, the effect of the reduction of « on the balanced growth path is making the balanced
capital stock rise, which promotes the output per labor increase. Although the implementation of market-
oriented environmental policy instruments will have a certain negative impact on the economy in the short run,
it will promote sustainable and healthy economy development by improving the enterprise's technology of emis-
sion reduction in the long run. Meanwhile, that enterprises improve the technology of emission reduction will
reduce carbon emissions. As carbon emissions have negative effects on household’s lifetime utility, enterprise
can improve the family utility of the lifetime by improving the technology of carbon emissions reduction. At the
same time, as we have analyzed before, we can get that investment and consumption will increase under steady
state as « declines. Therefore, it will improve the utility of household. To sum up, from the long-term pers-
pective, using market-based environmental policy instruments will promote the sustainable growth of economy,
and improve household’s lifetime utility.

In the end, we can conduct comparative analysis on the economic effect of carbon tax and tradable emission
rights. The difference of influence that two kinds of policy instruments have on balanced growth path lies in the
containing factors in the balanced growth path. That is to say, carbon tax include t and « , while tradable emis-
sion rights include P and « . So the essential difference is the carbon tax rate and the price of tradable emission
rights. When carbon tax rate is larger than the price of tradable emission rights, the capital stock under the situa-
tion of carbon tax is lower than that of tradable emission rights as the first prerequisite in balanced growth path
shows. Whereas, when carbon tax rate is smaller than the price of tradable emission rights, the capital stock un-
der the situation of carbon tax is higher than that of tradable emission rights. In a word, capital stock is inversely
proportional to tradable emission rights or carbon tax rate.

4.2. Suggestions

As we have analyzed before, market-based environmental policy instruments have corrective effect on economic
growth in the long run while have negative effect on investment and output in the short term. So when consider-
ing using environmental policy instrument, we should balance the long-term effects and short-term results to
reduce the adverse impacts environmental policy instruments brings. It’s of great value to conduct environmen-
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tal polices based on the thoughts of adjusting economic structure. As our country’s economy relies too much on
investment while consumption contributes less to economy, it’s of great importance to improve the level of
consumption for healthy development of the economy. Under the balanced growth path, we have:

f(k)-c=(n+g)k

And saving rate can be expressed as:

So there is the following equation:

:(n+g)k

f(k)

Taking derivative of carbon tax rate (the price of carbon emission rights) on both side of the equation, we can

get:

o _ (n+g)(ok/at) f (k)—(n+g)kf'(k)(ck/ot)
o (o

This equation can be rewritten as:

As

os  (n+ g)(ak/at)[l_ kf ’(k)}

a f(K) (k)
ok kf'(k) . . N
5< 0, W which represents the income share of the capital is greater than 0 and less than 1. For

this reason, saving rate is inversely proportional to carbon tax rate(the price of carbon emission rights). This
conclusion give us the following enlightenment: when choosing market-based environmental policy instruments,
in order to reduce the savings rate to promote consumption, we can choose the policy which has higher price.
Although the higher price policy will have a negative effect on the capital stock as above analysis has revealed,
the implementation of market-oriented environmental policy instruments will have a positive impact for long-
term economic growth. But high price policy in the short term will reduce consumers’ savings rate, so as to sti-
mulate consumption and improve consumers’ life utility. In practice, therefore, it should be to determine the
carbon tax rate policy of the government intends to make, and find the carbon price in the carbon exchange
market, and then compare them to determine the optimal environmental policy instruments.
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