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Abstract: From the economic perspective, China has made remarkable progress, yet environmental
concerns represent an alarm to the country’s long-term prosperity. The associated relationship
between green investment and the green economy has important implications for the environment.
Whether there is an interactive relationship between green investment and green ecology, current
views seem to be at odds with each other. This paper employs a panel vector autoregressive model
to construct an empirical analysis of China’s provincial panel data from 2005 to 2019. Specifically,
generalized moment estimation, impulse response function, variance decomposition, and other
measurement methods were applied to study the interaction between green investment and green
ecological development. The research results show the following: (1) the inertial development of the
green investment system seriously restricts the progress of green investment levels, and the long-term
development of green ecology has a significant self-reinforcing trend; (2) the two-way interaction
between green investment and green ecology shows a positive spillover effect in the short term,
but the positive effect gradually weakens in the long run; (3) the impact of green ecology on green
investment is most significant in the interactive relationship, and the positive effect of green ecology
on green investment in the western region is the most prominent. Therefore, the government should
standardize green investment standards and use policy guidance to promote the regional transfer of
green investment and green ecological resources. Financial institutions should appropriately lower
the financing threshold for polluting enterprises and municipal construction and leverage more
social funds to flow into long-term green technologies and green industries. Companies should raise
awareness of environmental disclosure, ban outdated production capacity, and transition to cleaner
production models to secure green funding.

Keywords: green investment; green ecology; panel vector autoregressive model; impulse response
function; variance decomposition

1. Introduction

In recent years, the world economy has continued to grow, but extensive production
methods and harsh environmental conditions have emerged at the same time [1]. More than
4 billion tons of solid waste are generated every year [2], and China’s solid waste fluctuates
and rises [3]. The Lancet Commission on Pollution and Health reported that pollution was
responsible for 9 million premature deaths every year from 2015 to 2019, corresponding
to one in six deaths worldwide. Little real progress against pollution can be identified
overall, particularly in low-income and middle-income countries, where pollution is the
most severe. [4]. For instance, China’s death toll ranks second in the world [5]. Despite
the unwavering commitments of the international community in the form of the Kyoto
Protocol in 1997, the Paris Climate Change Agreement in 2015, and the 2030 Agenda for
Sustainable Development, green ecology targets remain far from realization [6]. Therefore,
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to achieve sustainable economic, social, and environmental development, advocating green
ecological development has gradually become a hot issue [7]. China’s 14th Five-Year
Plan and Goals released in March 2021 set green ecology as a major economic and social
development indicator. Green ecology is a national economic and social development goal
integrating ecological civilization and its realization methods [8]. To achieve the goal of
green ecology, we must integrate green economy (GE), green welfare (GW), and resources
and environment (RE).

However, both the short-term rapid restoration of green ecology and the sustainable
long-term improvement require the green financial system as an engine to provide power.
As an important model of the green financial system [9], green investment is widely
involved in the fields of emerging energy [10], promoting economic colocalization [11],
and social welfare [12], providing an economic foundation for the realization of green
ecology. Moreover, green investment in China remains static or develops at a constant
rate, which is unchangeable inertia [13,14]. Inertia thinking is a natural complement to
theories of external influence, such as ecological responsiveness, demand-side research, and
stakeholder theory [15]. How does green investment affect green ecological development?
Can green ecological development break through the inertia of existing green investment
policies and improve the level of green investment? Some scholars are optimistic about
these issues [10,13], but some scholars believe that there is a negative impact mechanism
between green investment and green ecology [14]. In addition, there are still gaps in
quantitative research on the interaction between green investment and green ecology.
In the critical period of China’s in-depth promotion of green development and green
financial development strategies, clarifying such an interaction mechanism will have
practical significance. Therefore, we try to systematically explore the interaction between
green investment and green ecological development and provide ideas for the coordinated
development of green investment and green ecology.

As governments around the world increasingly prioritize green development, new
experiences and data on green investments and green environments are continuously
accumulating. Currently, research on green ecology and green investments has yet to focus
on the relationship between the two, and new analysis models have yet to be introduced.
This paper fills the gap in research on green development in the following aspects. On the
one hand, it is found that the inertial development of China’s green investment seriously
restricts the progress of green investment. It reflects the emergence of green investment
policies that are not suitable for the long-term development of China’s green investment
system. On the other hand, it is found that the impact of green ecology on green investment
is greater than that of green investment on green ecology and found that the positive
spillover effect of green ecology on green investment in the western region is the most
obvious, reflecting significant regional heterogeneity. Furthermore, a comprehensive index
is formed by combining various factors of the green ecosystem. In comparison to the
existing academic discourse, this paper comprehensively reflects the interactive mechanism
between green investment and green ecology.

The arrangement of this study is as follows. Section 2 summarizes the existing liter-
ature and refines the research content. Section 3 clarifies the construction of indicators,
research models, and data sources. Section 4 carries out empirical analysis and math-
ematical analysis of regression results. In Section 5, the empirical analysis results are
discussed. Section 6 summarizes the conclusions of this article and provides relevant policy
recommendations based on the results of the discussion.

2. Literature Review

Although green investment and green ecology are both important topics in academic
research, few studies have examined both green investment and green ecology at the same
time, especially the interactive mechanism between them. To that end, this paper expounds
on the research status of green investment and green ecology from two aspects of green
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investment promotes green ecological development and green ecological development
attracts green investment.

2.1. Green Investment Promotes Green Ecological Development

Regarding green investment, some scholars creatively interpret it as “investment
in environmental protection”. Academic circles have different views on the mechanism
of economic development in the RE, GE, and GW under green ecology. As far as the
resources and environment are concerned, Shen et al. [16] found that green investment
is negatively related to carbon emissions, so there is an urgent need to strengthen the
national natural tax law. Li et al. [10] also believed that green investment can reduce short-
term and long-term carbon emissions and that carbon emissions from green investment in
different sectors are significantly different. These results suggest that fiscal decentralization
improves environmental sustainability through green investment and a renewable energy
transition [17]. However, some scholars have also found that the coupling effect of financial
support on the ecological environment is not obvious or even has a negative effect. With the
increasing inadaptability among the three subsystems of finance, innovation, and ecological
efficiency, the contradictions in the process of sustainable economic development of some
cities are also increasing [18].

In terms of GE, Ekeh, Wara, and Orovwode [11] indicated that green finance is effective
for economic greening and low-carbon development. Labatt [19] indicated that green
finance provides the foundation for the development of the GE and provides the possibility
for sustainable development; Wang and Wang [20] argued that green finance has different
effects on inclusive economic growth in different regions and has a great impact on the
central and western regions.

In terms of green welfare, John and Anderson [21] both agreed that finance has a
supporting role in real estate and infrastructure construction. Leung et al. [12] also believed
that the rent subsidy policy had a significant effect on improving the living conditions
of families. However, some scholars have objections. Vernon et al. [22] examined the
impact of financial support on urban and found that investment in infrastructure has no
impact on urbanization. GE, GW, and RE construct a green ecological system, so this paper
preliminarily judges that green investment has a positive impact on green ecology.

2.2. Green Ecological Development Attracts Green Investment

As an important development method of social progress, green ecology also has
a certain effect on the efficiency of green investment, but the existing literature mainly
focuses on the impact of environmental regulations on economic growth. Leiter et al. [23],
Testa [24], and Zhu [13] stated that the government’s management of enterprises such
as environmental control, financial subsidies, and collection of pollution charges can
significantly optimize the production methods of enterprises, which will strengthen the
level of green investment of enterprises. Sun et al. [14] also found that market-incentive
environmental regulations have significantly inhibited high-quality economic growth.

In summary, academic circles have different views on the impact mechanism of
green investment and green ecology. Scholars, including Shen et al. [16], Ekeh, Wara, and
Orovwode [11], Ebru et al. [25], Zhu [13], and others, argued that there is a positive spillover
effect between green ecology and green investment efficiency. The results of the EU and
the USA experience that the most effective way to attract additional financing to the green
goals implementation is to develop and activate the green investment market [26]. The
concept of green ecology has attracted increasing attention, and governments have played
an important role in encouraging enterprises to make green investments [27]. However,
Vernon et al. [22] and Gray and Shadbegian [28] considered that the role of green investment
and green ecology was not clearly noticeable or even negative. The above studies have
the following shortcomings. First of all, for econometrics, most authors have adopted
only one specific indicator to represent the level of green ecological development, ignoring
other factors of the green ecosystem. Secondly, the mechanism of green investment is
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mostly initiated from the perspective of corporate environmental regulation. Moreover,
the existing academic discussions have mainly focused on the one-way impact of green
investment and green ecological development, which cannot fully reflect the interaction
mechanism between the two.

Therefore, this research selects the general indicators of green investment and green
ecosystems in 30 provinces in China and employs the projection pursuit method to obtain
green investment and green ecological scores to eliminate the influence of subjective factors.
In addition, an autoregressive panel vector model was constructed to study the interaction
between China’s green investment and green ecological development from 2005 to 2019
for the first time. Specifically, this study uses generalized moment estimation, impulse
response function, and variance prediction decomposition methods to deeply explore the
dynamic relationship, influence mechanism, and regional heterogeneity of the two. Finally,
this research also compares the research conclusions with current academic viewpoints
and provides theoretical ideas for the virtuous development of green investment and green
ecology in China.

3. Research Model and Index Construction
3.1. Study Area

China is located in the eastern part of the Eurasian continent and on the west coast
of the Pacific Ocean. Except for Tibet, Hong Kong, Macau, and Taiwan, where data is
incomplete or unavailable, the study area has 30 provinces (Figure 1). As the world’s
largest developing country, China has different green investments in various provinces and
different green ecological development policies. It has significant spatial differentiation
and typical characteristics of the combination of green investment and green ecology in
developing countries.

s

Eastern Region

D Central Region

Western Region

The data is unavailable
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Figure 1. Study area.

The data comes from the 2005-2019 ‘China Environmental Statistical Yearbook’, ‘China
Water Conservancy Yearbook’, ‘China Forestry Yearbook’, and provincial statistical year-
books. The selected index data are both scientific and readily available. The vector
map of China used to visualize the conclusion is derived after scanning the adminis-
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trative boundaries of the region, and individual missing values are filled in with linear
regression interpolation.

3.2. Model Construction

The traditional value at risk (VAR) model is limited by the form of data and the
amount of data. When the period of the research data is short, the accuracy of the results
may be affected. To reduce the stringent requirements of the VAR model on the amount
of sample data, Holtz et al. [29] deepened the research conclusions of Chamberlain [30],
introduced cross-sectional data to expand the amount of sample data, and constructed
a panel vector autoregressive model (PVAR) for the first time. Scholars of Pesaran et al.,
Canova et al. [31], and Love et al. [32] successively improved the model, making the panel
vector autoregressive model (PVAR) more widely used. Therefore, this study establishes
a PVAR model based on the research results of the above-mentioned scholars to study
the response relationship and influence mechanism of China’s green investment and

green ecology.
k

Yie = Bo+ Y BjYie—j + i + @1 + €iy @
j=1
where i represents the provinces in China, ¢ denotes the year, k stands for the lag order
corresponding to the variable, Yj;_; is the explanatory variable of lag j in year ¢ in i
provinces, and f; is the regression coefficient. Here, the intercept term vector is given, 7;
and ¢ are the individual effect and time effect vector, respectively, and ¢;; is the random
disturbance term.

3.3. Indicator Construction and Variable Selection
3.3.1. Construction of Green Investment and Green Ecological Development Index System

As an important part of the green financial system, green investment is a sustainable
development investment that promotes the harmonious coexistence of the economy, society,
and ecology. This article draws on the indicator system of Wu et al. [33] to construct
a green investment indicator system from three aspects: investment in environmental
pollution control, water conservancy construction investment, and forestry investment.
Green ecological construction is a complex project, and it involves factors such as economy,
resources, population, and environment. This article draws on the indicator system of
Cheng et al. [34], Peng et al. [35], and Fei, Cui, and Qin [36] from the three aspects of
green economy, green welfare, and RE construct a green ecological index system. Among
them, the GE includes three levels: economic growth, ecological economy, and output level.
Green welfare includes two aspects: living standards and public services. RE includes
three aspects: environmental consumption, environmental pressure, and ecological quality
(Table 1). The indicator attribute indicates that the indicator is a positive”+” (negative ”—")
indicator for the set measurement, with larger (smaller) values indicating better results.

3.3.2. Variable Selection and Processing

(1) Green Ecology

Because the measurement of the GE, GW, and RE in the green ecosystem involves the
process of a multi-factor comprehensive evaluation, to avoid evaluation errors caused by
human subjective factors, this article refers to the research of Huber [37] and Tang et al. [38]
and adopts the projection pursuit evaluation model (PPM). The model can scientifically
process nonlinear, non-normal, and high-dimensional data through the projection opti-
mization function so that high-dimensional data can be converted into low-dimensional
data. It further simulates and analyzes the projection vectors of high-dimensional data
structures or features in low-dimensional space, thus solving complex multi-dimensional
and comprehensive data problems. Specific calculation steps are as follows:

(@® Data standardization processing. The set of regional indicators is
{xx(i,j)li=12,...,m,j=1,2,...,q}, where x x (i,]) is the j-th indicator of the region i,
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and m and q are the number of regions and the number of indicators, respectively. Below,
x(i,) is the normalized value of the index, and xpin (j) and xmax(j), respectively, represent
the minimum and maximum values of the j-th index as follows:

Positive index : x(i,j) = i (Z’,]? — *min (]) 2)
Xmax (%, ]) = Xmin(f)
Xmax (i, ) — x * (f)
- : ®)
Xmax (4, ]) — Xmin(])
@ The construction of the projection objective function. Let n = {n(1),n(2),...n(q)}
be the projection direction vector, and the one-dimensional projection value of the area i in
this direction is as follows:

Negative index : x(i,j) =

q
Z(i) =Y n()x@,j),i=12,...,m 4)
=1

The projection objective function expression is as follows:
Q(m) =S;-D; ®)

In Formulas (6) and (7), S is the standard deviation of Z(i); D, is the local density of
Z(i). The formula is expressed as follows:

5. = \/ Y:(2(0) ~ E)? Vi1 ©)

m m
D, = ZZ(R—r(i,s))Uf(R—r(i,s)) 7)

i=1j=1
E(z) is the average value of the sequence; R is the window radius of the local density
D,; r(i,s) represents the distance between regions i and s, which is equal to the absolute
value of the subtraction of the projection values of the two regions; f(R —r(i,s)) is the unit
order jump function. When R > (i, s) is the function value is 1; otherwise, the function

value is 0.

(® Optimization of the projection objective function. Using an accelerated genetic
algorithm to optimize the maximum value, the constraint formula is expressed as follows:

f n*(j) =1 ®)

i=1

(® Calculate the projection value. Multiply the best projection direction nx* by the
normalized index value x(i, j), and add up to get the projection value X(7), which is the
evaluation of GE, GW, and RE in the green ecosystem Score. The larger the projection value,
the higher the score.

q
X(i) =Y n*-x(i,j) 9
j=1

(2) Green Investment

To unify the data format and to avoid the influence of subjective factors on variables,
this paper draws on the research ideas of Tang et al. [38] and adopts the projection pur-
suit model to obtain green investment (GI) scores via environmental pollution control
investment, water conservancy construction investment, and forestry investment data.
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Table 1. Green investment and construction of green ecosystem indicators.

System Element Indicator Layer Unit Indicator
Layer Layer (Indicator Code) Attributes
. GDP per capita (X1) CNY +
Economic Growth Per capita local fiscal revenue (X3) CNY +
Tons of
Energy consumption per CNY standard
10,000 GDP (X3) coal/CNY ten
thousand
Ecological Economy CNY 10,000 GDP SO, emissions kg/CNY ten B
(Xq) thousand
Wastewater discharge per ten kg/CNY ten B
Green thousand CNY GDP (X5) thousand
th . . .
grow gzlr)nary industry labor productivity CNY/person N
6
Labor productivity in the secondary
Output level industry (X) CNY/person +
(T)f(}:;lary industry labor productivity CNY/person N
Green Proportion of the added value of o N
ecology the tertiary industry (Xo) °
Per capita disposable income of CNY N
Standard of living urban residents (X1o)
Net income of rural residents (X;7) CNY +
Green Housing area per capita (X12) m? +
welfare Park green area per capita (X;3) m?2/ person +
Green coverage rate in built-up area y N
Public Service (X14)
Harmless treatment rate of o +
municipal solid waste (X;5) ?
Comprehensive utilization rate of o N
industrial solid waste (X14) ¢
Per capita domestic water L/person .
Resource consumption  consumption (Xi7) p
Energy consumption per capita kg standard B
(X18) coal/person
Resourcesand ~ Environmental (SXO 2 )emlSSIOIlS per unit land area t/km? —
Envi t 19
nvironmen pressure Wastewater discharge per unit land 5
t/km —
area (Xpq)
. . Forest cover rate (Xp1) Y% +
Ecological quality The ratio of the area occupied by o N
nature reserves (Xp;) °
Environmental Industrial Pollution co.ntrol investment (Y1) o +
pollution Urban environmental infrastructure construction investment +
control 9{2) . . . .
investment Th.ree S%mu.ltanemes project environmental protection N
Green engineering investment (Y3) CNY ten
. Water
investment thousand
conservancy Investment in water conservancy construction (Yy) +
construction
investment
Forestry .
investment Forestry investment (Y5) +

4. Empirical Analysis

The VAR model has strict data length requirements, while the PVAR model has rela-
tively loose requirements, so the PVAR model is more suitable for exploring the relationship
between green investment and green ecology, which makes the empirical results more
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scientific and effective [39]. The PVAR model is analyzed through the process of stationarity
and cointegration testing, selection of optimal lag order, generalized moment estimation
(GMM), impulse response analysis (IRF), and variance decomposition.

4.1. Unit Root Test and Cointegration Test

As panel data may have a certain heteroscedasticity problem, the GE, GW, RE, and
green investment indicators in the green ecology are first processed in logarithm. At the
same time, considering the possibility of pseudo-regression in the regression process, LLC
and IPS unit root test methods are adopted to test the stationarity of panel data. Among
them, InGE means GE index, InGW means GW index, InRE means resource environment
index, and InRE means green investment index. The test results reveal (Table 2) that InGE,
InGW, InRE, and InRE all reject the hypothesis of non-stationary variables in the LLC test.
However, most of them cannot reject the original hypothesis of IPS, which means that the
original variable sequence cannot pass the stationarity test of IPS. Therefore, this article
performs first-order differential processing (dInGE, dInGW, dInRE, and dInRE) on the
original variable sequence. The results show that the variable series after the first-order
differential processing has passed the stationarity test, indicating that the first-order single
integer series can participate in the subsequent panel vector autoregressive process.

Table 2. Unit root test of green investment and green ecological development.

. All Regions Eastern Region Central Region Western Region
Variable LLC Ps LLC IPS LLC Ps LLC IPs
In(GE) —11.341 **  —4.786 *** —7.174 *** —3.369 *** —5.231 *** 0.209 —8.466 *** —4.395 ***
(0.000) (0.000) (0.000) (0.0004) (0.000) (0.583) (0.000) (0.000)
In(GW) —14.446**  —3.904 *** —8.143 *** —0.786 —5.290 *** —3.662 **  —11.279 **  —2.889 ***
(0.000) (0.000) (0.000) (0.216) (0.000) (0.000) (0.000) (0.002)
In(RE) —16.150 *** 0.228 —15.942 *** 0.4778 —1.970 ** 0.913 —1.952 ** —0.818
(0.000) (0.590) (0.000) (0.684) (0.024) (0.819) (0.026) (0.207)
In(GI) —7.178 *** —1.723 ** —3.100 *** —0.337 —2.366 *** 0.025 —6.374 *** —2.497 ***
(0.000) (0.042) (0.000) (0.368) (0.009) (0.510) (0.000) (0.006)
din(GE) —8.032 *** —6.237 *** —6.414 *** —4.121 *** —3.752 *** —3.885 *** —4.041 *** —2.951 ***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.001)
din(GW) —11.674 *** —7.935 *** —5.548 *** —5.251 *** —7.130 *** —4.225 *** —7.460 *** —4.276 ***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
dIn(RE) —26.086 ***  —9.312**  —25456** = —6.283 *** —4.181 *** —4.335 *** —3.909 *** —5.347 ***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
din(GI) —9.652**  —10.180 *** = —6.626 *** —6.636 *** —4.706 *** —4.551 *** —5.352 *** —6.237 ***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

**, ** represent significant at 5%, 1% confidence levels, respectively.

To examine whether there is a long-term equilibrium relationship between variables,
a co-integration test is further conducted. Because the research variables are of the same
order and the number of variables is 4, the Kao test, Westerlund test, and Pedroni test are
used. As seen in the test results (Table 3), the statistical values of the three test methods are
all significant at the level of 1%. Obviously, tests reject the null hypothesis. Therefore, there
is a stable and balanced relationship between green investment and green ecology.

4.2. Selection of the Optimal Lag Period for the PVAR Model

Given the lag between the effects of variables, it is necessary to establish the optimal
lag order before developing the regression model. If the lag order is too small, it may cause
a serious loss of research data; if the lag order is too large, the regression results will lack
reliability. According to the PVAR model principle, Akaike Information Criterion (AIC),
Bayes Information Criterion (BIC), and Hannan—-Quleen Information Criterion (HQIC) are
adopted to select the optimal lag order. To select the optimal lag order of the variable and,
at the same time, facilitate comparison between regions, the lag order of each region should
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also be as consistent as possible. From the test results (Table 4), the optimal lag order of
the sample variables in the national, central, and western regions are all set to 3, but the
optimal lag order in the eastern region is a second-order lag. Considering that the statistical
values of the second-order lag and the third-order lag in the eastern region are relatively
close, this paper sets the optimal lag order in the eastern region as the third-order lag.

Table 3. Co-integration test of green investment and green ecological development.

Testing Method Statistic Name Statistics p Value
Kao Dickey-Fuller t —2.330 *** 0.0099
westerlund Variance ratio —2.875 *** 0.0020
Modified 2.549 *** 0.0054

Pedroni Phillips-Perron t
edront Phillips-Perron t —7.261 ** 0.0000
Augmented 7,369 0.0000

Dickey-Fuller t

*** represents significant at 1% confidence level.

Table 4. Selection results of the optimal lag order.

Hysteresis All Regions Eastern Region Central Region Western Region
Order AIC BIC HQIC AIC BIC HQIC AIC BIC HQIC AIC BIC HQIC
1 —8.49 —7.02 —7.90 —10.52 —9.19* —9.98 —12.29 —11.03 * —-11.79 —6.69 —5.38 —6.16
2 —8.97 —7.22 —8.27 —10.76 * —9.02 —10.05* —12.68 —10.83 —11.95 —7.02 —5.27 —6.31
3 —9.42 —7.35* —8.59* —10.43 —8.23 —9.53 —13.13* —10.62 —12.15* —7.64 —5.38* —6.73*
4 —9.46* -7.01 —8.47 —-10.17 —7.44 —9.06 11.11 14.36 12.36 —7.84% —5.01 —6.70

* represents significant at 10% confidence level.

4.3. Basic Regression of PVAR Model

Based on the selection results of the unit root test, cointegration test, and optimal lag
order, this research takes the green investment index, GE, GW, and resource environment
index, as endogenous variables of the PVAR model and uses the GMM method to obtain
regression parameters. As seen in the test results (Tables 5 and 6), when the explained
variable is the GE, the regression coefficient of the three-phase GE on itself is 0.273, which
is significant at the level of 1% statistical value. From a regional perspective, the regression
coefficients for the second and third stages of the lagging GE in the eastern region are 0.149
and 0.197, respectively, and both have passed the 5% significance test. The three-phase
lagging GE in the western region has an impact of 0.301 on itself and has passed the 1% level
of a significance test. This means that the development of China’s GE is more dependent
on itself.

When the explained variable is GW, the regression coefficient of the three GW lags
on itself is 0.104, and it has passed the 1% significance test. From a regional perspective,
the regression coefficients of the second and third phases of the GE in the eastern region
on GW are 0.244 and 0.209, respectively, and they have passed the significance tests of 5%
and 10%, respectively. The impact of the delayed second phase of green investment on the
development of GW is 0.027, which is significant at the 1% statistical level. The regression
coefficient for second-period lagging GW in the central region is 0.203, and it passed the
5% significance test. This means that China’s GW also has obvious self-reliance, but the
influencing factors in the eastern region are more diverse.

When the explanatory variable is the RE, the regression coefficient of the second-stage
resource environment on its own is —0.307, which has a significant negative characteristic.
At the regional level, the RE of the eastern region lags behind the first stage and the second
stage also has a significant negative relationship with its development. However, the
impact of the lagging three-phase green investment on resources and the environment
is 0.009, and it passed the 5% significance test. This indicates that the inertia of RE has
significantly inhibited the development of China’s RE. From the perspective of time, since
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the environmental effect is caused by RE having a time lag, RE has an inertia effect. If the
index of current RE is high, then the RE of next year is likely to be high.

Table 5. GMM estimation results where the explained variables are GE and GW.

. All Regions Eastern Region Central Region Western Region
Variable T WMGE hWGW  WWGE W nGW W mGE W InGW  hIGE  hInGW
L.h_InGE 0.063 0.092 0.040 0.211 —0.319 0.439 0.080 0.022

(0.378) (0.570) (0.789) (0.113) (0.201) (0.171) (0.336) (0.933)
Lh_InGW —0.004 0.003 0.094 0.063 0.047 0.142 —0.021 —0.038
(0.891) (0.964) (0.124) (0.562) (0.418) (0.287) (0.531) (0.649)

L.h_InRE 0.022 0.052 —0.179 —0.129 —0.014 0.197 0.050 0.090
(0.665) (0.492) (0.280) (0.431) (0.889) (0.246) (0.271) (0.343)
L.h_InGI 0.002 —0.011 0.006 0.015 0.010 0.023 * —0.008 —0.045
(0.769) (0.417) (0.550) (0.107) (0.248) (0.065) (0.469) (0.145)

L2.h_InGE 0.099 0.179 0.149 ** 0.244 ** —0.143 0.178 0.0488 0.221
(0.131) (0.212) (0.035) (0.028) (0.469) (0.484) (0.636) (0.362)
L2.h_InGW 0.013 0.044 0.052 0.008 0.057 0.203 ** 0.013 —0.003
(0.583) (0.564) (0.485) (0.949) (0.225) (0.033) (0.668) (0.974)
L2.h_InRE —0.029 —0.074 —0.027 0.052 —0.156 0.067 —0.007 —0.081
(0.385) (0.343) (0.752) (0.670) (0.263) (0.673) (0.874) (0.337)

L2.h_InGI 0.007 0.020 —0.001 0.027 *** 0.006 —0.003 0.012 0.019
(0.157) (0.131) (0.979) (0.014) (0.496) (0.767) (0.219) (0.548)

L3.h_InGE 0.273 *** 0.133 0.197 ** 0.209 * 0.059 0.266 0.301 *** 0.102
(0.000) (0.329) (0.022) (0.099) (0.639) (0.142) (0.000) (0.590)

L3.h_InGW 0.002 0.104 *** 0.007 —0.005 0.002 0.032 —0.004 0.106
(0.895) (0.000) (0.838) (0.926) (0.924) (0.458) (0.853) (0.041)
L3.h_InRE —0.028 —0.017 0.010 0.059 —0.208 * —0.252* —0.028 —0.003
(0.454) (0.776) (0.924) (0.630) (0.057) (0.062) (0.569) (0.971)
L3.h_InGI 0.003 —0.003 —0.007 0.005 0.004 0.006 0.016 —0.014
(0.499) (0.756) (0.191) (0.485) (0.599) (0.514) (0.157) (0.587)

*, ** % represent significant at 10%, 5%, and 1% confidence levels, respectively.

When the explained variable is a green investment, the regression coefficient of one-
period green investment lag on itself is —0.311, and it passes the 1% significance test. At
the regional level, the regression coefficients of lagging green investment in the eastern
and western regions are —0.329 and —0.310, respectively, which are also significant at the
statistic level of 1%. In addition, the lagging second-stage GE has a significant positive
effect on green investment in the eastern region. The lagging GE in the first phase and
the lagging GW in the second and third phases have a significant positive effect on green
investment in the central region. The three-phase lag in GW has a significant positive effect
on green investment in the western region. Overall, the development of green ecology can
attract green investment.

4.4. Research on the Dynamic Relationship between Green Investment and Green Ecology

As a dynamic model, the PVAR model has complicated interactions among various
variables. Therefore, it is difficult to determine the impact of changes in variables on other
variables. For this reason, the impulse response function is used to study the dynamic
influence of the impact of a certain variable on other variables of the system [40]. The
first 500 Monte Carlo simulations were conducted to define the standard deviation of the
impulse response function of green investment and green ecology by region. The specific
impulse response relationship is shown in Figure 2. The abscissa is the number of prediction
periods, the ordinate is the degree of the impulse response, the middle curve represents
the impulse response estimate, and the upper and lower curves give 95% confidence
interval boundaries.
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Table 6. GMM estimation results where the explained variables are resources, environment, and
green investment.

Variable All Regions Eastern Region Central Region Western Region
h_InRE h_InGI h_InRE h_InGI h_InRE h_InGI h_InRE h_InGI
L.h_InGE 0.010 1.075 0.128* 0.643 0.323 9.603 *** —0.068 1.162
(0.943) (0.153) (0.058) (0.556) (0.349) (0.001) (0.791) (0.265)
L.h_InGW 0.034 0.157 —0.001 —0.412 0.047 —1.902 * 0.027 0.299
(0.113) (0.156) (0.994) (0.556) (0.660) (0.087) (0.392) (0.261)
L.h_InRE —0.115 0.408 —0.189 * 0.812 —0.105 -0.917 —0.083 0.542
(0.238) (0.478) (0.090) (0.650) (0.253) (0.504) (0.470) (0.409)
L.h_InGI —0.007 —0.311 *** —0.002 —0.329 *** 0.002 0.061 —0.007 —0.310 ***
(0.299) (0.000) (0.775) (0.003) (0.884) (0.495) (0.676) (0.003)
L2.h_InGE 0.045 0.362 0.128 * 1.702 ** 0.299 1.614 0.006 —0.215
(0.430) (0.454) (0.077) (0.036) (0.199) (0.554) (0.960) (0.676)
L2.h_InGW 0.007 0.224 —0.021 —0.142 —0.071 2.210 *** 0.002 0.230
(0.780) (0.305) (0.655) (0.821) (0.143) (0.000) (0.952) (0.429)
L2.h_InRE —0.307 * 0.500 —0.220 * 1.296 0.076 0.878 —0.326 0.357
(0.074) (0.184) (0.054) (0.318) (0.534) (0.650) (0.123) (0.335)
L2.h_InGI —0.001 —0.018 0.005 0.018 0.008 —0.133 —0.014 0.005
(0.876) (0.773) (0.440) (0.850) (0.325) (0.134) (0.425) (0.964)
L3.h_InGE 0.204 0.035 0.087 1.072 0.002 0.647 0.338 —0.205
(0.133) (0.937) (0.245) (0.291) (0.990) (0.664) (0.125) (0.724)
L3.h_InGW —0.026 0.382* —0.016 —0.332 0.015 —0.824 *** —0.042 0.699 ***
(0.127) (0.054) (0.539) (0.350) (0.661) (0.005) (0.163) (0.004)
L3.h_InRE —0.018 0.307 —0.046 2.056 * 0.008 —1.024 —0.003 0.238
(0.800) (0.456) (0.493) (0.066) (0.931) (0.572) (0.978) (0.610)
L3.h_InGI 0.001 0.004 0.009 ** 0.068 0.008 —0.215** —0.018 * —0.017
(0.987) (0.944) (0.011) (0.347) (0.439) (0.021) (0.097) (0.845)

*, ** % represent significant at 10%, 5%, and 1% confidence levels, respectively.

We conducted our analysis from the perspective of green ecology as the impacted
variable. () When green investment issues a standard deviation shock, the responses of GE,
GW, and RE in the eastern region all present a fluctuating trend that rises at the beginning
and then falls. Apart from the negative value of the resource environment at the initial
stage, the other response values are all positive and gradually tend to zero. It indicates that
the green investment in the eastern region has a positive effect on the green ecology, but it is
gradually weakening. The economic base in the eastern part of China has played a leading
role, so the implementation effect of green investment is remarkable. However, the RE of
GE and GW are limited in the long term. (2) The response process of the GE in the central
region only occurs in the initial stage of the green investment shock and has experienced a
process of “rising-declining” and eventually tending to zero. However, GW and RE are
affected by the impact of green investment, and they all have multiple periods of negative
response value fluctuations. This means that green investment has a staged impact on GW
and RE. Green investment policies in central China are poorly implemented, financing
channels are flawed, and the ecological environment is fragile. 3) The response process of
green ecology in western and eastern regions is similar. Except for the occasional decline
in the GW response to a negative value, the overall green ecological response generally
showed positive fluctuations converging to zero. This means that green investment has a
positive impact on the green ecological development of the eastern and western regions.

We conducted our analysis from the perspective of green investment as the impacted
variable. @) When the GE increases by one standard deviation unit, the response value
of green investment in the eastern region is positive and low. The response to green
investment in the central region peaked in the second phase and gradually tended to zero.
The initial response value of the green investment in the western region was negative,
but it gradually shifted to a positive effect and peaked in the second period, eventually
converging to zero. 2) When the GW is increased by one standard deviation unit, the green



Sustainability 2023, 15, 9313

12 0f 18

investment response in the eastern region reached its maximum value at the beginning of
the period, revealing a trend of declining fluctuations and tending to zero. The response
value of the green investment in the central region indicates a fluctuating downward
process of “rising-falling-rising-falling”, but the positive effect of GW on green investment
is weaker than that of the eastern region. The response value of green investment in the
western region declined from a negative value in the first period but turned to a positive
value in the second period and converged to zero in the third period. 3) When the RE
increase by one standard deviation unit, the response value of China’s green investment is
mainly positive, and there are large regional differences. Among them, the positive effect
of resources and the environment on green investment in the western region is the least
obvious. The positive effect in the eastern and central regions was more significant at the
beginning of the period but gradually tended to zero in the long-term development process.
The green ecological foundation in the central and eastern regions is relatively poor, so
the positive effect of green investment is more obvious. The specific impulse response
relationship is shown in Figure 3.

IRF of InGl to INGE
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a Eastern Region

a Eastern Region
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Figure 2. The impulse response of green ecology as a shock variable.

4.5. Research on the Contribution of Green Investment and Green Ecology

The variance prediction decomposition method is used to measure the contribution of
each unit shock to endogenous variables. This method is conducive to visually showing
the relative importance of unit shocks to endogenous variables and also helps to clarify the
link between green investment and green ecology. To briefly display the research results,
this paper sets the number of forecast periods to 1, 10, 15, and 20 and finds that the variance
decomposition results of 15 and 20 periods are similar. This means that after the 15th
period, the dynamic relationship between China’s green investment and green ecology
has reached equilibrium. Therefore, the 15th period of variance decomposition is used to
explain the degree of mutual influence between green investment and green ecology.

From the test results, we observed the following: (D) From the decomposition of the
GE error term, the impact of green investment on the GE is 42.5%. This means that in the
process of long-term development, green investment is the main factor in the development
of GE. Results at the regional level show that the eastern, central, and western values are
44.4%, 38.5%, and 40.6%, respectively. This means that green investment at the regional



Sustainability 2023, 15, 9313

13 0f 18

level has a stronger impact on GE, with the eastern region having the strongest explanation,
followed by the western region. (2) From the perspective of the decomposition of the GW
error term, its interpretation strength is 6.2%. This means that the development of GW
relies on strong inertia, and the numerical display at the regional level also confirms this
point. Among them, the western region’s GW (9.6%) has the strongest dependence on itself.
() From the perspective of the decomposition of resource and environmental error terms,
the GE contributed 13.5% of the explanation. Therefore, the impact of the GE on RE is
stronger in the long-term development process. At the regional level, the western region’s
GE (23.3%) contributes the most to the RE. (®) From the perspective of the decomposition
of green investment error terms, the degree of impact of GW on green investment is 46%.
Hence, in the long-term development process, GW is the main reason for green investment
development. At the regional level, the central region’s GW (54.1%) contributed the most
to green investment. The variance prediction decomposition results of GE and GW as
the explained variables are shown in Table 7. The variance prediction and decomposition
results for the explained variables as resources, environment, and green investment are
shown in Table 8.
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Figure 3. The impulse response of green investment as an impact variable.

Table 7. Variance prediction decomposition results of GE and GW as the explained variables.

) Forecast All Regions Eastern Region Central Region Western Region
Variable " period InGE InGW InGE InGW InGE InGW InGE InGW
InGE 1 1.000 0.000 1.000 0.000 1.000 0.000 1.000 0.000
InGW 1 0.021 0.979 0.019 0.981 0.014 0.986 0.023 0.977
InRE 1 0.001 0.010 0.000 0.005 0.019 0.128 0.004 0.006
InGI 1 0.000 0.030 0.000 0.020 0.001 0.005 0.000 0.045
InGE 10 0.518 0.039 0.548 0.023 0.483 0.024 0.485 0.062
InGW 10 0.437 0.132 0.467 0.077 0.398 0.105 0.410 0.192
InRE 10 0.453 0.050 0.500 0.028 0.400 0.059 0.415 0.072
InGI 10 0.507 0.052 0.517 0.030 0.444 0.034 0.506 0.079
InGE 15 0.394 0.031 0.419 0.018 0.367 0.017 0.366 0.051
InGW 15 0.365 0.062 0.386 0.035 0.335 0.043 0.343 0.096
InRE 15 0.376 0.035 0.401 0.019 0.341 0.028 0.352 0.056
InGI 15 0.425 0.037 0.444 0.021 0.385 0.023 0.406 0.059
InGE 20 0.322 0.026 0.345 0.015 0.304 0.013 0.295 0.044
InGW 20 0.307 0.040 0.328 0.023 0.288 0.025 0.285 0.064
InRE 20 0.313 0.028 0.335 0.016 0.292 0.018 0.290 0.046
InGI 20 0.343 0.029 0.364 0.016 0.318 0.016 0.320 0.048




Sustainability 2023, 15, 9313

14 0f 18

Table 8. Variance prediction and decomposition results for the explained variables as resources,
environment, and green investment.

Forecast All Regions Eastern Region Central Region Western Region
Variable Period ]

nRE InGI InRE InGI InRE InGI InRE InGI
InGE 1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
InGW 1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
InRE 1 0.989 0.000 0.994 0.000 0.853 0.000 0.990 0.000
InGI 1 0.001 0.969 0.019 0.961 0.002 0.993 0.001 0.954
InGE 10 0.111 0.332 0.064 0.365 0.082 0.411 0.190 0.263
InGW 10 0.074 0.357 0.051 0.405 0.056 0.441 0.122 0.277
InRE 10 0.149 0.348 0.068 0.405 0.108 0.432 0.251 0.262
InGI 10 0.052 0.389 0.035 0.417 0.039 0.483 0.092 0.322
InGE 15 0.135 0.440 0.079 0.484 0.096 0.520 0.233 0.351
InGW 15 0.114 0.460 0.072 0.507 0.081 0.541 0.195 0.366
InRE 15 0.133 0.455 0.076 0.504 0.094 0.536 0.231 0.361
InGI 15 0.106 0.433 0.065 0.470 0.077 0.516 0.185 0.350
InGE 20 0.154 0.498 0.091 0.549 0.107 0.575 0.265 0.396
InGW 20 0.141 0.511 0.086 0.563 0.099 0.589 0.243 0.407
InRE 20 0.150 0.508 0.088 0.561 0.104 0.585 0.260 0.404
InGI 20 0.137 0.490 0.082 0.537 0.097 0.569 0.238 0.393

5. Discussion

(1) The results of the GMM show that the inertia of green investment in China severely
restricts its short-term progress. On the one hand, the path-dependence characteristics of
GE and GW are more obvious in the long run. Because green investment in China is in the
trial stage, and the financial performance brought about by investment has not reached
expectations [41]. The corresponding policy requirements do not apply to the long-term
development of China’s green investment system and need to develop in the direction of
green innovation [42]. On the other hand, the long-term development of green ecology has
a significant self-reinforcing trend. In recent years, green ecology has achieved long-term
development of social construction [43], natural environment maintenance [44], financial
development, and industrial structure optimization [45]. The long-term cumulative effect
has contributed to the self-enhancing mechanism of the green ecology, creating a positive
phenomenon of path dependence. The reform in the eastern region is more effective. The
eastern region demonstrates a better improvement effect in terms of factors such as the
harmless treatment rate of municipal solid waste and the comprehensive utilization rate
of industrial solid waste. The results show that only by optimizing green finance policies,
continuously improving green fiscal and tax policies, and strengthening green governance
capacity can we fully unleash the potential of green investment to support green ecology.

(2) The two-way interaction between green investment and green ecology has a posi-
tive spillover effect, but the positive effect gradually diminishes in the long run. The results
of the impulse response reveal that the interaction between China’s green investment and
green ecology shows positive effects to varying degrees in the short term. However, in
the long term, the positive effect gradually decreases, and regional heterogeneity is more
obvious, confirming the conclusion of the GMM estimation. It appears that green invest-
ment has improved the production technology of enterprises and increased investment in
infrastructure, effectively reducing the emissions of pollutants represented by CO, [46].
However, the lack of continuous green innovation in the green investment process has
reduced the impact on pollutant emissions [47]. As a result, the positive spillover effect
is weakened. The trend of green investment policy resources has alleviated the green
ecological situation and improved the GE, social infrastructure, and ecological environment
in the short term. Green ecological transformation, including GE, GW, and RE, requires
targeted green investment to enhance the two-way interaction.
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(3) The impact of China’s green ecology on green investment is the most significant in
the interactive relationship, and the positive effect of green ecology on green investment in
the western region is the most significant. Among the two-way interactions between green
investment and green ecology, the impact of green ecology on green investment is better
than the impact of green investment on green ecology. The gradual improvement of the
green ecology with the participation of low-carbon energy has significantly promoted the
green investment system [48]. Therefore, stricter environmental management measures
are needed to promote enterprises to increase green investment [49]. Green investment
and renewable energy consumption significantly reduce carbon emissions [10], and they
will ultimately lead to sustainable growth [9]. However, environmental monitoring institu-
tions are not sound, so it is difficult to promote the long-term development of the green
investment system [50].

(4) Our findings can explain this phenomenon: green ecology varies in different regions
of China, resulting in regional differences in the implementation of green investment [51].
@ Green investment has a positive impact on the green ecology of the eastern and western
regions. One of the reasons is that green investment can deliver jobs [52]. In addition, the
marketization process in eastern China is higher than in other regions, which is conducive
to green ecology [53]. @ The response process of the GE in the central region only occurs in
the initial stage of the green investment shock. Additionally, green investment has a staged
impact on GW and RE. The Green Credit Policy has positive impacts in the eastern and
western regions, and the policy effect is not obvious in the central region [54]. The failure
to implement the relevant policies of green investment in the central region, so the fragile
ecology especially needs to be improved by green investment.

In summary, this research finds that China’s green investment and green ecology
have a significant positive interaction mechanism from the level of dynamic relationship,
influence mechanism, and regional heterogeneity. Our conclusion confirms the research
conclusions of Shen et al. [16], Ekeh, Wara, and Orovwode [11].

6. Conclusion and Policy Implications
6.1. Conclusions

Different from the research ideas and conclusions of scholars such as Verno et al. [22]
and Gray and Shadbegian [28]. We first use the panel vector autoregressive model to
explore the interaction between China’s green investment and green ecology. The conclu-
sions are as follows: (1) The inertial development of green investment in China severely
restricts the short-term progress of green investment. In the past time, the path-dependence
characteristics of the GE and GW are more obvious, and the green ecosystem indicates the
characteristics of relying on its development. There is a significant self-enhancing trend
in green ecology. Green ecology improves each component through green investment,
including GE, GW, and RE. (2) This paper expands the theory of ecological civilization [55],
and the results of this study show that the two-way interaction between green investment
and green ecology shows positive effects to varying degrees in the short term, but the
positive effect gradually weakens in the future. The maintenance of positive spillover
effects is worth exploring and practicing. (3) There is a two-way interaction between green
investment and green ecology. The impact of China’s green ecology on green investment
is more significant in interactive relationships. Among them, the positive effect of green
ecology on green investment in the western region is the most significant. The positive
spillover effect of green investment on green ecology in the central region is the most
significant. Green ecology varies greatly in different regions of China, resulting in regional
differences in the implementation of green investment. Hence, it is necessary to adjust the
policy of green investment in a targeted manner according to geographical differences. The
findings provide a new perspective and evidence on how to improve green investment and
green ecology.
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6.2. Policy Implications

In response to the above findings and in combination with the theoretical analysis,
this paper proposes the following policy implications. Firstly, the inertial development of
green investment in China severely restricts the short-term progress of green investment.
Therefore, the government should first regulate green investment standards and attach
importance to green technology and the green industry. In addition, the government should
expand financing channels and fully mobilize the vitality of social idle funds. Furthermore,
the government should thoroughly improve the overall coordination mechanism in ecolog-
ical civilization, especially the green investment mechanism. Considering the development
of different regions, the government should allocate green investment promptly according
to the financial efficiency of different periods and regions. Moreover, the government
should accelerate the regional transfer of green investment and green ecological resources
to provide a platform for the coordinated development of both.

Secondly, the inclination trend of green investment policy resources has alleviated the
green ecological situation region and improved the GE, GW, and environment. Therefore,
financial institutions should embed environmental assessment in the credit management
process, reducing investment in polluting enterprises and investing more funds in green
technologies and green industries. In addition, financial institutions should accelerate the
innovation efficiency of financial products and reduce the inertial effect of the existing
green investment system.

Finally, the impact of green ecology on green investment is greater than the impact of
green investment on green ecology. Therefore, the implementation of measures to promote
green ecology can attract green investment, such as using clean energy, expanding the
coverage of green infrastructure, and accelerating the cultivation of energy conservation
industries. In particular, enterprises should heighten awareness of environmental infor-
mation disclosure, eliminate backward production capacity, engage in green technology
innovation, and shift towards cleaner production models.

There are still some shortcomings and room for improvement. First, in terms of
variable measurement and selection, the PVAR model was studied and general indicator of
green investment and green ecology in provinces, but no detailed grouping was conducted
according to the level of economic development and population size for further research.
In the future, with the introduction of more dimensions of data, there will be new results
in cross-comparison. Secondly, the selection of regional size in this paper is only at the
provincial level. In the future, research at the national and municipal levels will be included
in the discussion.
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