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Facing the new form and situation of the Huaihe Economic Zone, it is of great significance to analyze the sources of growth and the
intrinsic mechanism of the green total factor productivity of its economic-ecological system, to grasp the spatial and temporal
characteristics of green total factor productivity, and to study the influence of each factor on green total factor productivity to
achieve sustainable economic development in the Huaihe Economic Zone. Based on the clarification of economic growth theory,
green economy theory, carbon cycle theory, and green total factor productivity theory, this paper identifies and discusses the
limitation that the existing research literature often ignores the endogenous role of carbon sinks when measuring green total factor
productivity. Then, the green total factor productivity of Huaihe Economic Zone based on carbon cycle from 2004 to 2017 is
measured using the superefficient nonradial SBM model. Combined with the GML productivity index, it is decomposed into
technical progress and technical efficiency and analyzed in comparison with the green total factor productivity without con-
sidering ecological purification capacity (carbon sink) from the perspective of time and space. Finally, the spatial Durbin model is
used to analyze the effects of seven variables, including the level of economic development, environmental regulation, R&D level,
and openness to the outside world, on green total factor productivity in the Huaihe Economic Zone, and to analyze the direct and
indirect effects of each variable on green total factor productivity. TFP based on expected output carbon sink and GDP overall
outperforms TFP based on expected output GDP only, mainly because the growth of technical efficiency is underestimated when
carbon sink is not considered. Technical efficiency and technological progress are equally important for the growth of TFP in an
eco-economic perspective. It is of great practical significance for both the comprehensive understanding of the green total factor
productivity level and the improvement path of the ecosystem and the coordinated and sustainable development of the Huaihe
Economic Zone.

1. Introduction

In today’s world, global warming induced by greenhouse gas
emissions is threatening the survival and development of
human beings, which makes people pay attention to the
resource and environmental problems caused by rapid
economic development, and economic development has
changed from simply pursuing capital and labor efficiency to
pursuing resource and environmental efficiency, and green
and low-carbon development has become an inevitable
option for all countries in the world [1]. As a responsible

world power, China has clearly proposed in its national
independent contribution document that, by 2030, carbon
dioxide emissions per unit of GDP will drop by 60%-65%
compared to 2005, nonfossil energy will account for about
20% of primary energy consumption, forest stock will in-
crease by 4.5 billion cubic meters compared to 2005, and
carbon dioxide emissions will peak around 2030 and strive
to reach the peak as early as possible. Emissions will peak by
2030 and reach the peak as soon as possible [2]. The eco-
nomic development and the resources and environment are
in intense contradiction, and the rough industrial growth
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model is causing great damage and pollution to the eco-
logical environment, and the green and sustainable eco-
nomic development and social progress will be seriously
affected [3]. Therefore, attention has to be paid to the issue of
coordinated sustainable development between economy and
resources and environment [4]. Both the current environ-
mental pollution problems brought by the rapid economic
development of Huaihe Economic Zone and the importance
of the government of Huaihe Economic Zone to the issue of
green sustainable development show the importance of
coordinated economic-resource-environment sustainable
development [5].

The Huaihe Economic Zone includes 11 provinces and
cities in Shanghai, Jiangsu, and Zhejiang, spanning the
three regions of east, west, and central China, with the 21st
Century Maritime Silk Road in the east and the Silk Road
Economic Zone in the west [6]. It is a coordinated de-
velopment zone of east-west interaction and cooperation,
an inland economic zone with global influence, and an
internal and external opening zone for coastal cities along
the border and rivers and is called the “backbone of
China’s economy” in the future. As a typical represen-
tative of the river basin economy, major projects such as
automobiles, petrochemicals, and electromechanics are
laid out to contribute to economic growth [7]. The Huaihe
Economic Zone supports more than 45% of the country’s
economic output with about 20% of its land area. In 2014,
the State Council made it clear, for the first time, that the
strategic positioning of the Huaihe Economic Zone is “a
pioneering demonstration zone for ecological civilization
construction.” The report of the 19th Party Congress also
clearly put forward the concept of “grasping big protec-
tion and not big development” to promote the green and
sustainable development of the Huaihe Economic Zone
with minimum resource consumption and active envi-
ronmental protection [8]. At the same time, General
Secretary Xi Jinping, when inspecting the development of
the Huaihe Economic Zone, clearly proposed that the
Huaihe Economic Zone must take the path of ecological
priority and green development and that all economic
activities should not be based on the premise of damaging
the ecological environment, so as to correctly grasp the
relationship between ecological environmental protection
and coordinated economic development and build a
pioneering demonstration zone for green economic de-
velopment [9]. This means that the high-speed economic
growth model, which consumes a lot of resources and
energy and leads to environmental pollution, needs to be
transformed into a green sustainable development model,
in which economic growth, resource conservation, and
environmental protection are coordinated in parallel. In
the current context of emphasizing the coexistence of
efficient economic growth and environmental protection,
there is an urgent need to solve the problem of coordi-
nated and parallel economic growth, resource conserva-
tion, and environmental protection in the Huaihe
Economic Zone in order to achieve green economic de-
velopment [10]. Among them, green total factor pro-
ductivity comprehensively reflects the actual level of
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coordinated development among economic growth, re-
source conservation, and environmental protection. It is
also necessary to further explore the impact of factors such
as the level of economic development, environmental
regulation, openness to the outside world, R&D level,
industrial structure, and urbanization on the issues of
resource allocation, energy consumption, and environ-
mental protection [11]. Therefore, under the reality that
economic development has brought about massive con-
sumption of resources and energy and environmental
pollution, an in-depth study on the measurement and
mechanism of the role of green total factor productivity is
of great practical significance for the green and sustainable
development of the economic-resource-environment
system [12].

Therefore, this paper discusses the role of carbon sink as
an endogenous variable of green total factor productivity
and the influence of each factor on green total factor based
on a comprehensive measurement of green total produc-
tivity in the Huaihe Economic Zone provinces considering
the carbon cycle capacity of ecosystems, which enriches the
theoretical system of China’s economic growth and makes
up for the deficiency of neglecting carbon sink on green total
productivity measurement, thus improving the theoretical
system of sustainable development. The endogenous role of
carbon sinks on green total factor productivity in each re-
gion is revealed, and the source of green total factor pro-
ductivity growth in the Huaihe Economic Zone is studied,
which helps realize the green economic growth with the
coordination of economy, resources, and environment in the
Huaihe Economic Zone.

(1) By incorporating economic development level, en-
vironmental regulation, scientific research level,
industrial structure, openness to the outside world,
urbanization, and infrastructure into the framework
of influencing factor research, and then exploring
how each factor affects green total factor productivity
by what mechanism.

(2) Besides, we also reveal the similarities and differ-
ences of green economic development in each region
of the Huaihe Economic Zone and provide relevant
policy recommendations.

(3) Finally, we proposed a comprehensive understand-
ing of the economic-ecological system’s green total
factor productivity level.

2. Related Work

Growth rate is an indicator of the speed of a country’s
development, while productivity is an indicator of the
quality of development. Earlier studies of productivity
mainly reflected single factor productivity, that is, the
growth of output caused by a particular factor of production,
for example, labor productivity and capital productivity.
Labor productivity is the productivity of workers, which is
the ratio of output created by workers in a certain period to
the amount of labor consumed in that period. Capital
productivity is the productivity of capital, which is the ratio
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of the output created by capital in a certain period to the
stock of capital in that period. However, no matter what the
kind of single factor productivity is, they only reflect the
impact of a certain factor of production on output, which
reflects a more one-sided issue. Moreover, there are inter-
actions between different single-factor productivity rates.
Therefore, it is difficult to make a scientific judgment on the
overall economic development based on a single factor
productivity [13]. In his 1957 book “Technical Progress and
the Aggregate Production Function,” Solow called the re-
sidual value of the rate of technical progress after deducting
the rate of growth of each input factor from the rate of
growth of total factor productivity. According to Cai Fang of
the Chinese Academy of Social Sciences, the total factor
productivity is the fraction of productivity that exceeds a
given level of production efficiency, given that all factor
inputs remain constant [14].

For example, if all factors of production such as labor
and capital in a factory remain unchanged, but output grows
by 5%, then this 5% is what we call total factor productivity.
In recent years, we can clearly feel that, with the develop-
ment of economy, the problem of overexploitation of re-
sources and environmental pollution is becoming more and
more serious; therefore, scholars began to introduce the
problem of resources and environment into the study of total
factor productivity and called this research to the study of
green total factor productivity. Using a stochastic Frontier
analysis model beyond the log production function, re-
searchers measured the green total factor productivity and
growth trajectory of industrial industries in the Huaihe
Economic Zone since the reform and opening up, using
labor, capital stock, and energy consumption variables
reflecting resource and environmental conditions and car-
bon dioxide emission variables as input variables and total
output value as output variables [15]. The researchers used a
combination of SBM directional distance function and
Luenberger productivity index, with capital stock, labor, and
energy inputs as input variables, total industrial output value
as desired output, and pollution emission-related variables
as nondesired output and included energy consumption and
environmental pollution into the total factor productivity
accounting system to measure the green total factor pro-
ductivity of 39 medium-sized industries in China from 1998
to 2008 [16].

Based on the DEA-Malmquist index method, the re-
searchers measured and compared the traditional total
factor productivity without resource and environmental
constraints and the green total factor productivity with
resource and environmental constraints in China’s
manufacturing industry, using labor, capital stock, and
energy as inputs, total industrial output as desired output,
and industrial waste as undesired output. The researcher first
uses principal component analysis to select 20 basic indi-
cators from three aspects, environmental pollution, eco-
logical resources, and natural disasters, and then uses them
to adjust the traditional GDP to obtain the green GDP [17].
We then use capital stock and labor input as input variables,
green GDP as output variables, and nine indicators in five
aspects, including economic openness, economic and social

structure, and policy system, as external environment var-
iables, and adopt a three-stage DEA model and Malmquist
index to analyze the traditional and green total factor
productivity of provinces and cities, regions, and time trends
in the Huaihe Economic Zone from 2002 to 2009.

The results show that both total factor productivity and
green total factor productivity in China’s manufacturing
industry show a fluctuating upward trend, and their growth
is mainly driven by technological progress. Green TFP is
relatively high in high-tech and monopolistic industries. In
the short run, the increase in the intensity of environmental
regulations is beneficial to the increase of green TFP, which
also verifies the existence of the “Porter’s hypothesis” in
China and suggests an environmental regulation path to
improve green TFP in manufacturing [18]. The results of the
study show that the traditional efficiency evaluation without
considering energy, environment, and human capital is
significantly distorted, and the green total factor produc-
tivity of industry in most provinces is significantly improved
by the rate of technological progress, but the change of
technical efficiency is not significant, and the difference
between different provinces is large [19]. The analysis of the
factors influencing the measurement results reveals that
there is a significant positive linear correlation between the
intensity of environmental regulations and green total factor
productivity. The results show that the average growth of
green total factor in Huaihe Economic Zone from 1998 to
2011 is 2.07%, and the technological progress is its core
driver [20]. The results also indicate that COD emission
reduction performance and labor effect contribute to green
total factor productivity improvement by the path of
technological progress and scale intensity; SO2 emission
reduction performance and economic growth effect con-
tribute to green total factor productivity improvement by the
path of promoting technological progress; and capital
deepening contributes to green total factor productivity
improvement by the path of enhancing scale effect and
promoting technical efficiency improvement [21].

3. Green TFP Theory of Huaihe Economic
Zone under Big Data

3.1. Analysis of TFP Formation and Regulatory Mechanisms.
In order to grasp green total factor productivity funda-
mentally, this part analyzes green total factor productivity
from the perspectives of formation mechanism, influencing
factors, and regulation mechanism, in order to lay the
foundation for the later research. This part includes the
definition of green total factor productivity, the analysis of
green total factor productivity formation mechanism, the
analysis of green total factor productivity influencing factors,
and the analysis of green total factor productivity regulation
mechanism. Before analyzing the formation and regulation
mechanism of green total factor productivity, we should first
figure out what green total factor productivity is, that is, the
definition of green total factor productivity. To this end, we
start from the most basic productivity and define produc-
tivity, total factor productivity, and green total factor pro-
ductivity in turn. Productivity, the ratio of output to input,



measures the amount of output per unit of input. According
to Marx, productivity is “the efficiency of productive activity
in a given period of time.” It reflects the quality of economic
growth of a country or region. Based on the quantity of
production factors reflected, we can divide it into single
factor productivity and total factor productivity. Single
factor productivity is the ratio of output to the input of a
certain input factor, such as capital productivity and labor
productivity. Labor productivity reflects the ratio of the
output created by workers to the amount of labor consumed
in a certain period of time. However, since single factor
productivity reflects a single content, and there is a rela-
tionship between different single factor productivity, one
single factor productivity alone cannot accurately evaluate
the quality of economic growth. It is necessary to use total
factor productivity to reflect the economic growth.

In the endogenous economic growth model, total factor
productivity is the growth rate of output resulting from
factor inputs other than labor and capital factor inputs.
Generally speaking, total factor productivity, also known as
the rate of technological progress, refers to the increase in
production efficiency brought about by technological
progress, organizational innovation, specialization, and
production innovation, which is also the productivity of
intangible factor inputs. If expanding reproduction is di-
vided into external and internal expanding reproduction, the
production efficiency of internal expanding reproduction is
total factor productivity. The sustainable development of
economy and the improvement of national wealth level are
ultimately based on the improvement of total factor pro-
ductivity. Due to the increasingly serious problems of re-
sources and environment, scholars gradually put forward the
concept of green total factor productivity from total factor
productivity. Green total factor productivity is a measure of
economic development from the perspective of good and
fast economic development and sustainable development by
adding the components of resources and environment on
the basis of total factor productivity. From the connotation
of total factor productivity, we can define green total factor
productivity from two perspectives: firstly, from the per-
spective of green input, we can define green total factor
productivity as the production efficiency of green technol-
ogy; secondly, from the perspective of green output, we can
define green total factor productivity as the green output
efficiency of intangible production factor input. Considering
the availability of relevant index data, the relevant research
in this paper will be based on the output perspective.

The growth rate of green total factor productivity is often
considered as an indicator of scientific and technological
progress after considering environmental factors, which
mainly comes from technological progress, specialization,
organizational innovation, and production innovation.
However, these input factors are usually intangible and
cannot be directly expressed by specific variables and values,
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so this paper analyzes the formation mechanism of green
total factor productivity from the perspective of green
output. From the perspective of green output, the im-
provement of green output comes from the expansion of
tangible factors of production inputs and the increase of
intangible factors of production inputs, but intangible fac-
tors of production do not directly affect green output and
thus have an impact on economic growth and green total
factor productivity changes. Knowledge, technology, ad-
vanced management, and other factors that affect total factor
productivity cannot bypass input factors and act directly on
economic growth, nor can advanced technology that exists
only in the laboratory or advanced management experience
that exists in the classroom directly affect economic growth
and total factor productivity changes. Therefore, this paper
argues that intangible factors of production can only form
productivity if they are parasitic on tangible factors of
production, so green total factor productivity will also be
formed on the input and use of tangible factors of pro-
duction, and its parasitic tangible factors of production are
labor and capital, and the specific formation mechanism is
shown in Figure 1.

3.2. Data Collection of Green TFP Based on Big Data.
Output is the variety of useful goods and services created in
the production process, usually expressed as gross domestic
product (GDP), which is the value of all final goods or
services produced by a country or region in a certain period
of time [22-24]. The disadvantage is that the GDP indicator
does not take into account the factors of resources and
environment in the accounting process. Therefore, this
paper believes that it is more appropriate to use the green
GDP indicator in the process of green total factor pro-
ductivity measurement and adjustment. The green GDP
indicator greens the current GDP indicator, and he deducts
the cost of environmental resources and the service cost of
environmental resource protection from the current GDP to
represent the net positive effect of national economic
growth, which is expressed as “GY” in this paper. Since only
a few years of green GDP data have been published by official
authorities in the Huaihe Economic Zone, measurement is
required to obtain the full green GDP data for the study
period of this paper. The academic community has not yet
reached a consistent result on the measurement method of
green GDP, and most of them adopt the physical quantity-
value quantity measurement path; however, there are still
more controversies because of the valuation method in-
volved in this path. In this paper, in order to avoid possible
bias due to valuation issues, we adopt the method of sub-
tracting the total investment in environmental pollution
control from the GDP and consider the difference between
the two as green GDP, with the following formula:

Green GDP = gross domestic product — total investment in environmental pollution control. (1)
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To avoid the effect of price factors, the relevant variables
are converted to constant 1986 prices. Among them, the
GDP data are converted by the GDP index, and the total
investment in environmental pollution control is converted
by the industrial producer ex-factory price index. The capital
input in Solow’s residual value method is an indicator of
capital stock, which refers to the sum of all types of capital
that has been invested in the enterprise during the pro-
duction process. The capital stock plays an important role in
economic development, but since the current statistics do
not provide data on the capital stock of the whole society, it
needs to be measured in order to use this indicator. The
commonly accepted measurement method in existing
studies is the perpetual inventory method. The basic idea is
to take the sum of the residual value of the capital stock
remaining after the current period’s investment and the
previous period’s depreciation as the current period’s capital
stock. tx is the capital stock in year, t K- is the capital stock in
year t—1, and t; is the investment in year t.

P(X,Y)/q(X)

P, X) = k+P(Y)

(2)

Total social fixed asset investment is a unique statistical
accounting indicator in China, which is not consistent with
the SNA statistical system. Compared with the amount of
social fixed asset investment, total fixed capital formation is
broader in the definition of the scope of project investment,
which includes not only tangible fixed assets, but also the
increase of intangible fixed assets, which is closer to the
purpose of this paper and is consistent with the international
common fixed asset investment index.

{ai,ay,a5...a,} (3)

Vimap = :
Map = X P(X,Y)

Therefore, the total fixed capital formation is chosen as
the indicator of investment #; in year ¢ in this paper. To avoid
the influence caused by price factors, the relevant variables
are still converted to 1986 constant prices. Since the country
only started to publish the price index of fixed asset in-
vestment from 1990, its quantity differs a lot from the data of

the sample period studied in this paper, and there are dif-
ferent opinions about the selection of the price index before
1990, and no scientific and uniform standard has been
formed.

_argvi{a;,a5,a;...a,}
np [P(X,Y)

(4)

Therefore, this paper believes that it is more reasonable
to maintain consistency with the selection of investment
indicators and choose the index of gross fixed capital for-
mation in total capital formation as the price index variable
in this paper.

Output elasticity is the relative change in output cor-
responding to a relative change in the input of a factor when
the level of technology, input prices, and other inputs are
held constant. This paper deals with output elasticities as the
input-output elasticity of capital and the input-output
elasticity of labor, respectively. In the green total factor
productivity measure, the coefficient of input-output elas-
ticity of capital is the relative change of green output caused
by the relative change of capital input when the technology
level, input price, and labor input are kept constant. The
input-output elasticity coeflicient of labor is the relative
change of green output caused by the relative change of labor
input when the technology level, input price, and capital
input are kept constant. The input-output elasticity coeffi-
cient of capital is generally expressed as “X”. The input-
output elasticity coeflicient of labor is generally denoted by

NYL XY

P, ==l o
8% ST (X+Y) (5)

Based on the previous analysis, this paper uses interest
rates and wages as the entry points for the causal and
moderating analysis of green total factor productivity.

_P(X,Y)
Q(Y, X) P (6)

Therefore, the causal and moderating data definitions
include interest rate data definition and wage data defi-
nition, input-output elasticity coefficient of output per
unit of deposit interest rate to total output, and input-
output elasticity coefficient of output per unit of wage to
total output data definition. Among them, both interest
rate data and wage data are involved in the analysis of the
causes and regulation of green total factor productivity.
The interest rate is the ratio of the amount of interest to
the principal in a certain period of time, and he indicates
the level of interest per unit of money per unit of time, and
the interest rate calculated on an annual basis is the
annual interest rate. Interest rates can be divided into
deposit rates and loan rates, depending on the banking
business. The so-called deposit rate is the ratio of the
interest earned on a deposit with a financial institution to
the principal. The interest rate on a loan is the ratio of the
interest paid on a loan at a financial institution to the
principal. Interest rates can be divided into nominal and



real interest rates depending on the relationship with
inflation. The nominal interest rate is the interest rate that
includes the inflation factor, while the real interest rate is
the interest rate that excludes the inflation factor. Interest
rate is one of the most important tools for macroeco-
nomic regulation in each country, which can regulate
monetary policy and also control investment, unem-
ployment rate, etc. Therefore, it plays an important role in
the analysis of the causes and regulation of green total
factor productivity. In the selection of indicators, in this
paper, on the one hand, we study the overall green total
factor productivity of the country, and on the other hand,
in order to avoid the influence of more negative values in
the real interest rate, the one-year nominal deposit rate
variable is chosen as the interest rate indicator of this
paper, denoted by “R”.

3.3. Model Testing. To ensure that the constructed model is
economically realistic and valid, we use the data compiled
above to test the validity of the model. To facilitate the
variable description and the implementation of the testing
process, the relevant variables are first defined symboli-
cally, and then the validity tests are conducted for the
measurement model, the causal model, and the condi-
tioning model. If there is no stable cointegration rela-
tionship between a set of nonstationary time series, the
regression model constructed by this set of time series may
have pseudoregression. Therefore, the smoothness of the
time series in the model should be tested first. If the time
series are smooth, a stable cointegration relationship
exists between the variables; if they are not smooth, they
need to be differenced, and then the smoothness of the
model should be tested, as shown in Figure 2. The
smoothness test used in this paper is the ADF unit root
test. If the mean, variance, and self-covariance of the time
series do not depend on time ¢, but only on the length of
the interval between two observations, then we say that
this time series is a smooth time series. The results of the
unit root test show that the ADF unit root test statistics of
the green total factor productivity growth rate, green GDP
growth rate, capital stock growth rate, and employment
growth rate in the measurement model reject the original
hypothesis at the 5% test level, and there is no unit root,
which is a smooth time series. In the test, the correlation
coefficients of and are statistically significant, then it can
be said that “it is caused by Granger”; that is, it is the cause
of Granger. In this case, the model setup is reasonable and
can be used for analysis (Figure 2). The test procedure of
the moderated model is the same as that of the measured
model, including the ADF unit root-based stationarity test
and Granger causality test.

The results of the ADF unit root test of the relevant
variables of the measurement model show that the green
GDP growth rate, capital stock growth rate, and em-
ployment growth rate reject the original hypothesis that
they are not the Granger causes of the green total factor
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productivity growth rate, indicating that all three variables
are the Granger causes of the green total factor produc-
tivity growth rate. The measurement model is reasonably
constructed and can be used to measure the green total
factor productivity growth rate of Huaihe Economic Zone.
The causal model involves three variables: green total
factor productivity growth rate, deposit interest rate
growth rate, and average wage growth rate of urban units
of employment. Therefore, to avoid pseudoregression, we
still conduct the ADF unit root-based stationarity test on
the relevant variables, and the test results are shown in
Figure 3. The results of the study show that the traditional
efficiency evaluation without considering energy, envi-
ronment, and human capital is significantly distorted, and
the green total factor productivity of industry in most
provinces is significantly improved by the rate of tech-
nological progress.

The results of the ADF unit root test of the variables
related to the causal analysis show that the ADF unit root
test statistics of the growth rate of green total factor
productivity, the growth rate of deposit interest rate, and
the growth rate of the average wage of employed persons
in urban units in the causal analysis reject the original
hypothesis at the 5% test level, and there is no unit root,
which is a smooth time series. Therefore, we can construct
a general regression model for the analysis of the causes of
green total factor productivity. Therefore, we use EViews
8.0 software to test the green total factor productivity
growth rate as the dependent variable, and the growth rate
of deposit interest rate and the growth rate of average wage
of employed urban workers as the independent variables.
The results of the causal model and the related variables
show that the coefficients of the growth rate of deposit
interest rate and the growth rate of the average wage of
employed urban workers in the model are positive and
consistent with the actual situation. The p values of the
t-statistics of the growth rate of deposit interest rate and
the growth rate of the average wage of employed persons
in urban units can pass the test of 10% significance level.
In addition, the p value of the F-statistic of the model is
0.01, which can also pass the validity test. Therefore, the
model is reasonably set up and can analyze the causes of
green total factor productivity with the general regression
model constructed by using the green total factor pro-
ductivity growth rate as the dependent variable and the
growth rate of deposit interest rate and the growth rate of
average wage of employed urban workers as the inde-
pendent variables. Since the variables involved in the
conditioning model are the same as those involved in the
causality analysis, and the results of the ADF unit root test
of the variables involved in the causality analysis already
show that the growth rate of green TFP, the growth rate of
deposit interest rate, and the growth rate of average wage
per urban unit of employment are all stationary time
series, therefore, only the Granger causality of the relevant
variables in the model needs to be tested in the moderated
model test.
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variables, we present the green total factor productivity
growth rate, green GDP growth rate, capital stock growth
rate, and employment growth rate in the form of Figure 5. By
analyzing the overall situation of green total factor pro-
ductivity growth rate in the Huaihe Economic Zone from
1987 to 2015, we find that, overall, the green total factor
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F1GURE 3: Results of ADF unit root test for variables of interest in
the causal analysis.

4. Empirical Analysis

To further investigate the level of green total factor pro-
ductivity in the Huaihe Economic Zone and the causes of
this level, and to regulate it more scientifically and rationally,
this chapter conducts an empirical analysis based on the
constructed model and the collated data. The empirical
analysis consists of four main parts, which are the mea-
surement of green total factor productivity, the evaluation of
rationality, the analysis of causes, and the analysis of reg-
ulation. We have constructed the measurement model of
green total factor productivity based on the relevant theories
and mechanism analysis and tested its validity, and the data
related to the model have been collated. The green GDP
growth rate, capital stock growth rate, labor force growth
rate, and input-output elasticity coefficient of capital and
input-output elasticity coefficient of labor collated above are
substituted into the measurement model, and the results of
green total factor productivity growth rate are shown in
Figure 4.

In order to visualize the level of green total factor
productivity growth rate in Huaihe Economic Zone from
1987 to 2015, its trend, and its relationship with other

productivity growth rate in the Huaihe Economic Zone is
still at a relatively low level, with negative growth rates in
1989, 1990, 1998, and 1999. The green TFP growth rate in the
rest of the years from 1987 to 2015 is below 5%, and the value
of green TFP growth rate in most years is between 0% and
1%. From the trend of change, the green TFP growth rate of
Huaihe Economic Zone from 1987-2015 shows fluctuations
of up and down, and the fluctuations vary in different time
periods. By analyzing its trend, we divide it into four stages,
namely, 1987-1995, 1996-2004, 2005-2010, and 2011-2015.
The green TFP growth rate starts to pick up in 1991 and
reaches its maximum in 1992 and then starts to fall in 1993
and gradually enters the next phase of green TFP fluctuation.
In the period of 1996-2004, the green TFP growth rate is
relatively stable and does not show large fluctuations.
However, the values are low, —0.51% and —0.23% in 1998 and
1999, respectively, and between 0% and 1% in 1996, 1997,
and 2000-2004. The green TFP growth rate gradually in-
creased in 2006 and reached the second largest value in the
study period, 5.79%, in 2007, and then declined in 2008, but
its value was still above 0. In general, the level of green TFP
growth rate in the Huaihe Economic Zone is more desirable
in this period (Figure 5).

Through the analysis of green total factor productivity in
general and at each stage, it is easy to find that the current
level of green total factor productivity in Huaihe Economic
Zone is low and fluctuates up and down. Moreover, the
growth rate of green total factor productivity in Huaihe
Economic Zone has been decreasing in recent years, which
means that the growth rate of green total factor productivity
in Huaijhe Economic Zone is slowing down in recent years
from another aspect. By analyzing and observing Figure 6,
we can find that green TFP and green GDP growth rate are
both interdependent and influence each other. The rela-
tionship between the two is divided into four stages. The
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green total factor productivity growth rate and the green
GDP growth rate both fluctuated significantly during this
period, reaching the lowest value in 1990, with the lowest
value of 2.40% for the green total factor productivity growth
rate and 3.91% for the green GDP growth rate. Both the
green TFP growth rate and the green GDP growth rate
reached their maximum values in 1992, at 6.77% and
14.28%, respectively. The average value of green total factor
productivity growth rate in this period is 1.76%, and the
average value of green GDP growth rate is 10.25% (Figure 6).

Through the analysis, it is found that the green total
factor productivity growth rate and the green GDP growth
rate in Huaihe Economic Zone from 1987 to 2015 have a
high degree of positive correlation. On the one hand, the
green GDP growth rate is also higher at the time points
where the green total factor productivity growth rate is
higher, and the green GDP growth rate is also lower at the
time points, where the green total factor productivity growth
rate is lower, and both reach the maximum and minimum
values in the same year. On the other hand, the mean values
of green TFP growth rate and green GDP growth rate also
show the same movement, and the mean values of green
GDP growth rate are also higher at the time points, where
the mean values of green TFP growth rate are higher, and the
rising and falling trends are the same. This shows that the
change of green total factor productivity will drive the
change of green GDP, and the change of green GDP will also
stimulate the enterprises to adjust their production and
management methods, which will affect the green total
factor productivity. The contribution of different production
factor growth rates to the green GDP growth rate directly
determines the economic development of the Huaihe
Economic Zone. If the green GDP growth rate relies more on
the factor growth rate, then the growth mode is sloppys; if the
green GDP growth rate relies more on the green total factor
productivity growth rate, then the growth mode is intensive.
So, what is the type of economic growth in the Huaihe
Economic Zone at present? This requires us to analyze the
contribution of different production factor growth rates to
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FiGure 7: TFP growth rate.

the green GDP growth rate. Figure 7 shows that, from 1987
to 2015, the green total factor productivity growth rate in the
Huaihe Economic Zone was much lower than the green
GDP growth rate, and the capital stock growth rate was
higher compared with the growth rate of employed persons.
The average growth rate of green GDP, the average growth
rate of capital stock, the average growth rate of employed
persons, and the average growth rate of green total factor
productivity in Huaihe Economic Zone in this period are
9.69%, 11.12%, 1.47%, and 1.47%, respectively. In terms of
the average growth rate, the growth rate of capital stock is
still much higher than the growth rate of green total factor
productivity and the growth rate of employed persons
(Figure 7).

Figure 8 shows that when the deposit rate growth rate
and the green TFP growth rate change simultaneously, the
average wage growth rate is generally smaller than when only
the green TFP growth rate changes. A cross-sectional look at
the data in Figure 8 shows that when the deposit rate is set to
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FiGure 8: Portfolio policy reconciliation data table.

a fixed value, the average wage growth rate still increases as
the green TFP growth rate increases. Longitudinally, as the
interest rate growth rate increases, the average wage growth
rate decreases at the same green TFP growth rate level. When
the growth rate of the deposit rate is 15%, the average wage
growth rate at the green TFP growth rate of 2% to 8% is
negative. Therefore, when using a combination of policy
adjustment, we should pay attention to the strength of in-
terest rate policy and wage policy (Figure 8).

5. Conclusion

In the theoretical analysis, the role of carbon cycle in the eco-
economic circle is discussed under the coordinated devel-
opment of the ecosystem and economic system of Huaihe
Economic Zone, and a theoretical analysis is carried out
from economic growth theory, green economy, circular
economy, low carbon economy theory, and total factor
productivity theory, and the relationship between carbon
sink and gross local growth value and green total factor
productivity is clarified through theory and empirical evi-
dence. In the empirical part, a more comprehensive carbon
sink and CO, emission measurement system is established
from the perspectives of energy consumption, industrial
production process, agricultural production process, forest,
etc. After measuring the traditional TFP based on the ex-
pected output gross local product through the superefficient
SBM-Global-Malmquist-Luenberger index model and the
ecological TFP that integrates the expected output carbon
sink and gross local product. The ecological TFP based on
the expected output of local GDP and the ecological TFP
based on the expected output of carbon sink and local GDP
were measured by the supereflicient SBM-Global-Malm-
quist-Luenberger index model and compared from the
perspective of time series and regional differences. After that,
the spatial Durbin model is used to analyze the direct and
indirect effects of each variable on TFP, using TFP measured
from an ecological perspective as the explanatory variable
and economic development level, environmental regulation,
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research level, industrial structure, and infrastructure as
explanatory variables. As the final chapter, this chapter
provides a comprehensive summary of the above analysis
results, and on this basis, it proposes specific countermea-
sures to improve the green total factor productivity based on
the carbon cycle and finally explains and makes an outlook
on the shortcomings of the content. The change trend of
both traditional TFP and ecological TFP is the same, with the
implementation of the scientific concept of development, the
economic development is faster, and the green total factor
productivity increases dramatically; after the shock, they
both decline rapidly, and the country invests capital to
stimulate the economy, which ushers in a short rebound.
Entering the “new normal” requires high-quality develop-
ment, and the ecological technological progress appears to
be a continuous growth phenomenon.

According to the research framework of this paper, the
model tests are divided into interest rate policy adjustment
model test, wage policy adjustment model test, and portfolio
policy adjustment model test.
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The data used to support the findings of this study are in-
cluded within the article.
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