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Abstract: In this paper, we mainly discuss the relationship between the growth rate of pollution intensity and
economic growth rate. We consider the production function under environmental constraints. The economy
that we analyze includes three departments: the final goods sector, the intermidate goods sector and the R&D
department. For the aggregate production function of the final goods sector, we use the extended D-S model
to consider the amount of human capital, the number of domestic intermediate goods, and the quantity of
intermediate goods provided by foreign enterprises in the output of the final goods. After that, we mainly
discuss the quantity of domestic intermediate goods. We consider the environmental quality, labor, capital
and pollution intensity in the production function of intermediate goods. For R&D department, its R&D output depends on the input of human capital and the stock of technical knowledge. According to the first-order
conditions obtained in the intermediate goods sector, we find that the output level of the goods rises with a
better natural environment and a higher technical level also makes a higher tax rate of production technology.
Then, we consider the representative household utility related to the level of consumption and environmental
quality by constructing Hamilton function in order to solve the dynamic optimization problem of the representative family decision-making problem. It is found that the economic growth rate is inversely related to
the growth rate of pollution intensity.
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1

Introduction

In 1940, Harrod and Domar gave a model of long-term economic growth. Harrod [1] and Domar [2] assume that the input
factor capital and labor are irreplaceable. Solow [3] relaxed the hypothesis and put forward neoclassical economic growth
model. In 1980, Romer [4] and Lucas [5] created the new growing theory. Subsequently, many scholars put forward more
models to supply and consummate the new growing theory.
The production function model is a powerful tool for economic growth analysis. The production function can be
divided into four types in form: the Cobb-Douglas production function model, variable elasticity of substitution VES production function model, variable elasticity of substitution CES production function model and Translog production function model. Benhabib and Farmer [6] considered capital and labor into production function based on the Cobb-Douglas
production function, Farmer and Guo [7] also considered the interference of productivity. Bovenberg and Smulders [8]
considered the capital stock, the private capital stock created by the people, and the environmental resources harvested by
the consumer goods sector into production function. Basu and Fernald [9] considered the capital, labor, the purchase of
intermediate goods, energy and materials as well as the level of technology into production function. Moretti [10] also
considered capital and labor, but divided labor into two parts: skilled labor and unskilled labor. Peng and Bao [11] considered the number of unskilled labor, human capital, the level of innovation or technical knowledge, natural resources into
the production function, but the human capital is divided into two parts: put into the final good sector and put into the R&D
department. In the production function, only the human capital invested into the final good sector is considered. Zhang
and Zuo [12] considered energy input, environmental quality, capital stock and effective labor into production function.
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Manash and Trishita [13] considered the stock of physical capital, the congestion effect adjust effective benefit derived
from the public infrastructural input, the stock of health capital into production function. Hsun and Lai [14] considered
capital, labor, emission inputs and environmental quality into production function. Simon, Hallonsten and Ziesemer [15]
considered level parameter, private physical capital, human capital and unskilledlabour inputs into production function.
On the basis of previous papers, this paper mainly discusses the relationship between the growth rate of pollution intensity and economic growth rate. This paper considers human capital and intermediate goods in the production function
of final goods sector, and we divide the intermediate goods into two parts: domestic intermediate goods and foreign intermediate goods. In addition to the environmental quality, labor and capital stock, the production function of intermediate
goods in China also consider the pollution intensity. According to the first-order conditions obtained in the intermediate
goods sector in this paper, we find that the output level of the goods rises with a better natural environment and a higher
technical level also makes a higher tax rate of production technology. Then, we consider the representative household utility related to the level of consumption and environmental quality by constructing Hamilton function in order to solve the
dynamic optimization problem of the representative family decision-making problem. Finally, we find that the economic
growth rate is inversely related to the growth rate of pollution intensity.

2

Model

We analyze the economy which consists of three sectors: the final goods sector, the intermediate goods sector and the
R&D department.

2.1

Final goods sector

Following Romer [16], the total production function of the final goods sector can be written as an extended D-S function
form
∫
∫ M∗
[ M β
]
α
Y = AHY
xi di +
x∗β
(1)
i di , α, β > 0, α + β = 1,
0

0

where Y is the output of the final goods, A > 0 is the technical level parameter, HY is the human capital invested into the
production sector of the final goods, M is the types of domestic intermediate goods, xi is the number of the ith domestic
intermediate goods, M ∗ is the types of foreign intermediate goods, x∗i is the number of the i∗ th foreign intermediate
goods, α and β are the output elasticity of human capital and intermediate products in the final goods sector, respectively.
Let πY denote the profit of the final goods sector, pY be the price of the final good, pxi be the price of the ith domestic
intermediate goods, px∗i be the price of the i∗ th foreign intermediate goods, and pHY be the price of the human capital.
The maximization problem of the final goods can be expressed as
∫ M
∫ M∗
M ax ∗ πY = pY Y −
pxi xi di −
px∗i x∗i di∗ − pHY HY .
(2)
HY ,xi ,xi

0

0

In our paper, we only consider the domestic intermediate goods. The first-order condition for this problem yields the
demand function of the domestic intermediate goods
xi = (

2.2

1
pxi
) β−1 .
pY AHYα β

(3)

Intermediate goods sector

The production function of the ith domestic intermediate goods is given by
xi = A(N )kiγ lxθ i z, γ, θ > 0, γ + θ = 1, z ∈ [0, 1], A′ (N ) > 0,

(4)

where A is an environment-productivity function, N is the environmental quality, ki and lxi are the capital and labor used
by the ith domestic intermediate goods, respectively, and z is the pollution intensity which is used to Measure the pollution
level of existing production technologies. To reflect the positive production externality arising from the environmental
quality, Eq.(5) specifies that the output level of the intermediate goods rises with a better natural environment. The profit
of the domestic intermediate goods sector πi can be expressed as
πi = pxi xi − rki − ωlxi − sti ,
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where r is the captial rental rate, ω is the real wage, s is the tax rate paid by production technology, ti is the pollution
input, and sti is the taxes on pollution control. Here, z = λti . The accumulation equation of physical capital is
k̇i = xi − C − δki ,

(6)

where δ is the depreciation of capital, C is the level of consumption. We regard the environmental quality N as a kind of
capital. With the increase of pollution, it will be exhausted, but it also has regeneration capacity. The regeneration rate
ψ > 0 is set up, and the pollution emission P is the increasing function of the output level and pollution intensity with the
form P (xi , z) = xi z ψ . We find that the greater ψ, the smaller actual pollution emission of qualitative technology. The
equation of motion of environmental quality is
Ṅ = −xi z ψ − υN.

(7)

The first-order conditions of intermediate goods sector are as follows
PY AHYα β 2 γ

xβi
= r,
ki

(8)

PY AHYα β 2 θ

xβi
= ω,
lxi

(9)

xβi
= s.
ti

(10)

PY AHYα β 2 λ

Eqs.(8)-(10) indicate that, given the environmental quality and the pollution intensity, immediate good sector equate
the marginal revenue of the capital, labor and pollution to their respective marginal cost. Of particular note, the higher
level of technology makes the higher tax rate.

2.3

R&D departments

Because of the development of new technology, we need to introduce foreign existing technology in addition to the needs
of the homeland existing technology. Therefore, on the basis of Lai at.el [17], we have further improvement of the
production function of R&D as follow
(11)
Ḣ = δHYχ [φH + (1 − φ)H ∗ ],
where Ḣ is the increment of the technical knowledge, H is the existing technical knowledge stock in China, H ∗ is the
The existing stock of the foreign technical knowledge, δ is the productivity parameters of R&D department, HY is the
human capital. χ is the productivity parameter of human capital in R&D department, and φ is the absorptive capacity of
Technology.
Here, our technological knowledge increment depends not only on the existing technical knowledge stock in China,
but also on the existing stock of the foreign technical knowledge. When the R&D departments develop new technologies,
only a part of the domestic technology knowledge increment is absorbed by the new technologies, while the remaining
part absorbs the foreign technical knowledge increment.

3

Preference

We set U as a general preference, which is related to the level of consumption C and environmental quality N . The
representative family utility is
∫ ∞
(CN η )1−σ −ρt
U=
e dt,
(12)
1−σ
0
where σ is the coefficient of relative risk aversion, ρ is the subjective time preference rate, and η denotes the weight in
terms of the utility attached to the environment.
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Solution

In view of the above, we find that the decision making problem of representative families based on the consumption level
C is a dynamic optimization problem, and the optimal growth problem is as follows
∫

∞

max
0

(CN η )1−σ −ρt
e dt
1−σ

s.t.
k̇i = xi − C − δki ,
Ḣ = δHYχ [φH + (1 − φ)H ∗ ],

(13)

Ṅ = −xi z ψ − υN.
Based on Eq.(13), we construct the Hamilton function
Ĥ =

(CN η )1−σ −ρt
e
+ λ1 (xi − C − δki ) + λ2 δHYχ [φH + (1 − φ)H ∗ ] + λ3 (−xi z ψ − υN ).
1−σ

(14)

Here, λ1 , λ2 , λ3 is the Hamilton multiplier. The first order conditions of optimality can be obtained
C −σ = λ1 ,

(15)

λ1 = λ3 (ψ + 1)z ψ ,

(16)

γxi
γxi z ψ
− δ) = λ3
.
ki
ki

(17)

λ1 (

In our model, for long-run growth to be feasible and sustainable, the growth rate in the steady state is characterized by
g=

Ċ
Ẏ
= .
C
Y

(18)

According to Eqs.(15)-(18), we can get the rate of economic growth
g=−

ψ ż
.
σz

(19)

Here, żz is the growth rate of pollution intensity. So, we find that the economic growth rate is inversely related to the
growth rate of pollution intensity.

5

Conclusions

Environmental factors are endogenous factors that affect economic growth, and thus have a certain constraint on the
production function. In this paper, we mainly discuss the relationship between the growth rate of pollution intensity and
economic growth rate. This paper considers human capital and intermediate goods in the production function of final
goods sector, and we divide the intermediate goods into two parts: domestic intermediate goods and foreign intermediate
goods. In addition to the environmental quality, labor and capital stock, the production function of intermediate goods
in China also consider the pollution intensity. According to the first-order conditions obtained in the intermediate goods
sector in this paper, we find that the output level of the goods rises with a better natural environment and a higher technical
level also makes a higher tax rate of production technology. Then, we consider the representative household utility related
to the level of consumption and environmental quality by constructing Hamilton function in order to solve the dynamic
optimization problem of the representative family decision-making problem. Finally, we find that the economic growth
rate is inversely related to the growth rate of pollution intensity.

IJNS homepage: http://www.nonlinearscience.org.uk/

192

International Journal of Nonlinear Science, Vol.24(2017), No.3, pp. 188-192

Acknowledgments
This paper is supported by the National Natural Science Foundation of China (Grant Nos. 71690242, 91546118 and
11731014), and the Major Project of Natural Science Foundation of Jiangsu Province Colleges and Universities (Grant
No. 14KJA110001), and the Advantages of Jiangsu Province and the Innovation Project for Graduate Student Research
of Jiangsu Province (Grant No. KYLX16 0899).

References
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]

R. F. Harrod. An essay in dynamic theory. The Economic Journal, 49(1939): 14-33.
E. Domar. Capital expansopn, pate of growth, and employment. Econometrica, 14(1946): 137-147.
R. M. Solow. A contribution to the theory of economic growth. Quarterly Journal of Economics, 70(1965): 65-94.
P. M. Romer. Increasing returns and long-run growth. Journal of Political Economy, 94(1986): 1002-1037.
R. E. Lucas. Models of business cycles. Basil Blackwell, 1988.
J. Benhabib, R. E. A. Farmer. Indeterminacy and increasing returns. Journal of Economic Theory, 63(1994): 19-41.
R. E. A. Farmer, J. T. Guo. Real business cycles and the animal spirits hypothesis. Journal of Economic Theory,
63(1994): 42-71.
A. L. Bovenberg, S. Smulders. Environmental quality and pollution-augmenting technical change in a two-sector
endogenous growth model. Journal of Public Economics, 57(1995): 369-391.
S. Basu, J. G. Fernald. Returns to scale in U.S. production: estimates and implications. Journal of Political Economy,
105(1997): 249-283.
E. Moretti. Human capital spillovers in manufacturing: evidence from plant-level production functions. Social
Science Electronic Publishing, 12(2002).
S. J. Peng, H. Zuo. Dynamic mechanism of long term economic growth under resource constraints: a study based
on endogenous growth theory model. Journal of Finance and Economics, 6(2006).
B. Zhang, H. Zuo. Sustainable use of energy, environmental governance and endogenous economic growth. China
Population Resources and Environment, 17(2007).
R. G. Manash, R. B. Trishita. Public expenditure,environment,and economic growth. Journal of Public Economics,
16(2010): 1109-1134.
H. S. Chu, C. Lai. Abatement R&D, market imperfections, and environmental policy in an endogenous growth
model. Journal of Economic Theory, 41(2014): 20-37.
J. Simon, Hallonsten. A semi-endogenous growth model for developing countries with public factors, imported
capital goods, and limited export demand. Merit Working Papers, 2016.
P. Romer. Endogenous technological change. Journal of Political Economy, 98(1990): 71-102.
M. Y. Lai, Q. Bao. Foreign direct investment and technology spillover: based on the research of absorptive capacity.
Journal of Economic Research, 8(2005).

IJNS email for contribution: editor@nonlinearscience.org.uk

