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Abstract 

This article assesses the level of high-quality economic development of provinces and 
cities from 2011-2019 in five major aspects: innovation, coordination, green, openness 
and sharing. and research on the spatial impact of green investment on China's high-
quality economic development based on Durbin model. The results are as follows: (1) 
The high quality development level of China's economy is on the rise, however, 
considerable differences exist in the level of high quality economic development among 
provinces and municipalities; (2) The high-quality development level of economy among 
regions has the spatial spillover effect of green investment in geographical proximity, 
and it presents spatial aggregation. (3) The influence of green investment on quality 
economic development is spatially correlated, but this relevance varies depending on 
the spatial weighting matrix. Lastly, countermeasures are suggested on how green 
investment can contribute to high-quality economic development. 

Keywords  

Green Investment; High Quality Development; Principal Component Analysis; Durbin 
Model. 

1. Introduction 

The report of the 19th National Congress proposed that China's economy has transformed from 
high-speed development to a period of high-quality development, which is a professional 
conclusion on China's economic development in the context of the new era. Therefore, it is an 
important research topic in the new era to correctly understand the mechanism and effect of 
green investment on high-quality economic development. Scholars at home and abroad have 
extensively researched and conducted studies on green investment and its impact on quality 
economic development. The research results focus on three main aspect as follows: 

On the measurement of the high quality level of the economy. According to the connotation 
of economic growth quality, Chao , et al. (2009) and Chao , et al. (2011) use four perspectives of 
economic growth: structure of economic growth, distribution of results, material use of 
resources and environmental ecology[1][2]. Ren, et al. (2018) believe that high quality growth 
is assessed by the validity, harmony, creativity, consistency and profitability of economic 
development [3].  

On the definition and direction of green investment. Martin (2016) states that green 
investment is investment that focuses on social benefits [4]. According to Guo (2019), green 
investment mainly refers to investment in pollution control, ecological restoration and 
conservation development [5].  

On the impact of green investment on high volume economic development. Toshiyuki 
(2014) derived that green investment has a positive effect on realizing quality economic 
development by using the DEA approach to efficiency assessment [6]. Edwin (2015) states that 
when transaction costs are excessive, green building investment will negatively affect the 
quality of economic development [7].  
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A review of the relevant literature shows that the measurement of economic development by 
scholars focuses on the examination of the improvement of economic efficiency and the 
improvement of the ecological environment. But the majority of research has concentrated on 
the estimate of economic development or the understanding of what green investment entails, 
and less on the spatial links that exist between the two, that is, green investment's spatial 
influence effect on economic quality development. 

Therefore, this paper first refers to the methods of Liu (2019)[8] and other scholars, Scholars 
build an assessment index framework for high-quality economic development in five 
perspectives  and takes advantage of the panel data of 30 provinces and cities in China from 
2011 to 2019. Afterwards, on the basis of the outcomes of the spatial relevance and spatial 
dependence tests, an empirical analysis of the impact effect of green investment on economic 
quality development in China under the 0-1 spatial weight matrix and the economic distance 
spatial weight matrix and its spatial decomposition effect is conducted using the spatial Durbin 
model. 

 

Table 1. Indicator system for quality economic development based on the five development 
concepts 

First level 
indicators 

Secondary 
indicators 

Tertiary indicators Indicator Description 
Indicator 
attributes 

High 
quality 

economic 
developm

ent 

Innovative 
development

s 

R & D expenditure intensity 
R&D funds/regional fiscal 

expenditure 
+ 

Full-time equivalent of R&D 
personnel 

statistical data + 

Number of patent 
applications authorized 

statistical data + 

Technical transaction 
activity 

Trade in technology/regional 
GDP 

+ 

Coordinated 
development 

Ratio of per capita spending 
between city and country 

populations 

Town per capita spending / 
country per capita spending 

- 

Industrial structure 
III. Output/ GDP of tertiary 

industry 
+ 

Urbanization rate Urban/total population + 

Green 
development 

Emissions per unit GDP solid 
waste 

Solid waste production/ GDP - 

Wastewater discharge per 
unit of GDP 

Total wastewater output/GDP - 

Forest coverage statistical data + 

Household waste treatment 
rate 

Household waste treatment 
volume / household waste 

production volume 
+ 

Open 
Development 

Foreign trade dependence 
Total value of imports and 
exports by region/regional 

GDP 
+ 

FDI share Foreign investment/ GDP + 
Number of international 

tourists admitted 
statistical data + 

Shared 
Development 

Agricultural products per 
capita 

Education funds/total 
population at year end 

+ 

Number of physicians per 
1,000 

Number of doctors/total 
population at year end 

+ 

Gross public transport 
passenger traffic per capita 

Public transport passenger 
traffic / total population at the 

end of the year 
+ 
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2. Measurement of high quality economic development 

2.1. Construction of a system of indicators for measuring high-quality 
economic development  

Referring to He (2018) [9], Fang (2019) [10] and other scholars, taking high-quality economic 
development as the primary indicator, on the basis of which, high-quality economic 
development is divided into five secondary coordination, green, openness and sharing, and 
further select research expense intensity, the percentage of city and countryside per capita 
consumption level, forest coverage, foreign trade dependency, and the quantity of agricultural 
products per capita. The specific indicators were selected as follows. 

(1) Innovation development indicators. The innovation capability of a region is mainly 
reflected in the input and output of technology R&D. 

(2) Coordinated development indicators. The coordinated development of districts is 
primarily embodied in the balance of development. 

(3) Green development indicators. The green development level of a region is mainly 
reflected in the control of pollution and expansion of greening. 

(4) Openness development indicators. The degree of openness of a region is mainly reflected 
in the active degree of external economic and trade activities. 

(5) Shared development indicators. The level of sharing reveals the equity and justness of a 
area' s economic progress and the accessibility of social well-being. 

See table 1 for the meaning and description of the indicators of high quality economic growth. 

2.2. Data sources 

The indicator data in this article is obtained from the China Statistical Yearbook, provincial and 
municipal statistical yearbooks, EPS Global Statistics, and the WIEGO database. 

2.3. Measurement results and analysis 

In this paper, the principal component analysis is used to obtain the index value of all aspects, 
and then the index value of each aspect can be accumulated to obtain the provincial economic 
high quality development index. Get the 2011-2019 30 provinces economic high-quality 
development index and ranking (omit index and ranking table for space reasons). 

The results show that the average time dimension, the average value of the high-quality 
economic development index the provinces in China from 2011 to 2019 is gradually increasing, 
from 0.44 in 2011 to 0.62 in 2019, an increase of 40.1%, and the economy of our country has 
maintained high growth between 2011 and 2015, In terms of space , Beijing's high - quality 
economic development index (1.36) is far higher than the last Qinghai economic quality 
development index (0.19), and the two index ratio is 7.04:1 , the second - ranked Guangdong 
(1.26) and the second - bottom Xinjiang (0.20) is the difference of the two index is 5.3:1 , a 
significant gap still exists .This shows that the significant gap between the level of high - quality 
economic development in China is prominent. 

3. Building a spatial econometric model and empirical analysis 

3.1. Construction of the spatial econometric model 

The spatial Doberman model in the spatial measurement model can take into account the 
spatial correlation of the explained variables, the explanatory variables and the error 
disturbance terms simultaneously.hence, this paper introduces the spatial dobin model (SDM), 
which can effectively investigate the spatial effect of green investment on high-quality 
economic development. Its general expression is: 

𝑌 = 𝜌WY + 𝜙WX + 𝛽𝑋 + 𝜇 + 𝛾 + 𝜀                                                   (1) 
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W is a spatial weight matrix of order N*N depicting the spatial association or distribution of the 
sample figures.This paper considers the 0-1 spatial weight matrix and the economic distance 
matrix to be the core matrices for parameter evaluation. 

Here are two ways to set the matrix: 

(1) 0-1 spatial weight matrix 𝑊1. When province I is adjacent to province J, 𝑊ij = 1, if it is not, 

𝑊ij = 0. 

(2) Economic geography matrix 𝑊2.The way it is set is as the reciprocal of the absolute value of 
the difference in the level of economic development between the two provinces. 

𝑊2𝑖𝑗
= 1/|𝑌𝑖 − 𝑌𝑗|, 𝑖 ≠ 𝑗; 𝑊2 𝑖𝑗 = 0, 𝑖 = 𝑗. 

Here, 𝑌𝑖   indicates the mean value of GDP per capita for the ith province and city during the 
period of the sample (2011-2019). 

Two kinds of spatial weight matrices are selected and in relation to the theme of this article, 
building a spatial Durbin model for group data. 

𝑌𝑖𝑡 = 𝛼0 + 𝜌𝑊𝑛𝑦𝑖𝑡 + 𝛼1𝑋𝑖𝑡 + 𝛼2𝑊𝑛𝑋𝑖𝑡 + 𝛽1𝑍𝑖𝑡 + 𝛽2𝑊𝑛𝑍𝑖𝑡 + 𝜀𝑖𝑡                   (2) 

3.2. Variant selection 

The selection of explanatory, explanatory and control variables is described and emphasised. 

(1) Explained variable. High quality economic development level (EQD) was taken as the 
explained variable.Composite scores of China's provinces and municipalities on the level of 
quality economic developmentand cities from 2011 to 2019 has been obtained by principal 
component analysis in Section 2.3. 

(2) Explanatory variables. Take green investment (GI) as explanatory variable. The total 
amount of forestry investment is selected as the explanatory variable from the perspective of 
industry development. 

(3)A number of control variables were chosen to indicate provincial and municipal features 
that have an impact on the quality of economic development.The following control variables 
are selected: 

Government spending (Gov), using the amount of ordinary public budget expenses. 

Human resource capital levels (Hr), in terms of total number of students on campus at higher 
education institutions. 

Water resources per capita (Wat), measured using the ratio of the total regional water 
resources to the resident population at year end. 

The industrialization level (Il), using the value addition of the secondary sector as a proportion 
of GDP. 

The descriptions of the variables and their symbols are shown in Table 2. 

Table 2. Variables and symbols 
variable symbol computational method 

explained 
variable 

High-quality economic 
development 

EQD Composite index of principal component analysis 

Core 
explanatory 

variables 
Green investment GI Total forestry investment (10,000 yuan) 

controlled 
variable 

government 
expenditures 

Gov General public budget expenditure ($100 million) 

 Human capital level Hr 
Total number of students on campus at higher 

education institutions. 

 
Water resources per 

capita 
Wat 

The ratio of the total regional water resources to the 
resident population at year end. 

 
Level of 

industrialization 
Il 

The value addition of the secondary sector as a 
proportion of GDP. 
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4. Empirical analysis of space 

4.1. Spatial correlation test 

When using the spatial measurement method, we first examine whether the data has spatial 
correlation and spatial dependence.There are many methods to test spatial autocorrelation, 
and Moran's I index method is the most widely used.This article adopts the Moran's I index 
method to examine the spatial relevance of the level of quality growth of the Chinese economy. 

The results of the global Moran index test for China's high-quality economic development level 
in 2011-2019 are shown in Table 3. 

 

Table 3. Global Moran Index Test Results for High Quality Economic Development 2011-2019 
 0-1 spatial weight matrix(W1) Economic Distance Spatial Weight Matrix(W2) 

2011 
 

0271** 
(2.526) 

0.341*** 
(3.746) 

2012 
 

0.371*** 
(3.339) 

0.339*** 
(3.708) 

2013 
0.439*** 
(3.886) 

0.380*** 
(4.107) 

2014 
0.317*** 
(2.896) 

0.369*** 
(4.022) 

2015 
0.390*** 
(3.466) 

0.371*** 
(3.996) 

2016 
0.391*** 
(3.487) 

0.339*** 
(3.695) 

2017 
0.343*** 
(3.112) 

0.369*** 
(4.015) 

2018 
0.332*** 
(3.013) 

0.339*** 
(3.703) 

2019 
0.313*** 
(3.032) 

0.370*** 
(3.986) 

Note: ***, **, * denote statistically significant at the 1%, 5% and 10% levels of significance 
respectively, with standard errors within "()". 

 

It can be seen from Table 3 that the spatial autocorrelation test of the global Moran index to the 
high quality development level of regional economy has passed the significance test under two 
weights. It shows that there is a spatial spillover effect of green investment in the high quality 
development level of regional economy. 

4.2. Spatial dependence test 

Before establishing the spatial panel model, the spatial dependence of the sample data is 
investigated to check for the convergence of the inter regional economic development. 

The LM test results are shown in Table 4. 

 

Table 4. Test results LM spatial models 
 0-1 spatial weight matrix(W1) Economic Distance Spatial Weight Matrix(W2) 

Moran’s I 
1.987 

(0.047) 
450.873 
(0.000) 

LMerror 
62.143 
(0.000) 

13.077 
(0.000) 

R-LMerror 
58.047 
(0.000) 

6.393 
(0.011) 

LMlag 
11.539 
(0.001) 

6.855 
(0.009) 

R-Mlag 
7.471 

(0.006) 
0.171 

(0.679) 

Note: P values in parentheses 
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It can be seen from table 4 that LMlag, R-Mlag, LMerror and R-LMerror of 0-1 spatial weight 
matrix all pass the 5% significance test, indicating that the residuals have significant spatial 
correlation. Therefore, the conventional panel OLS model cannot fully explain the interaction 
between green investment and quality economic development at the spatial level, and spatial 
factors ought to be incorporated into the econometric model for examination.At the same time, 
the 0-1 spatial weight matrix with p-values for both the spatial error model and the spatial lag 
model are significant at the 5% level, also indicating the choice to follow up with the SEM and 
SAR models. 

Since these two models are special forms of SDM, it is necessary to further test whether SDM 
can degenerate into SAR and SEM.The applicability test of SDM is shown in Table 5. 

 

Table 5. SDM Applicability tests 
 0-1 spatial weight matrix(W1) Economic Distance Spatial Weight Matrix(W2) 

Wald-spatial_lag 
180.0 

(0.0029) 
8.27 

(0.0141) 

LR_spatial_lag 
17.68 

(0.0014) 
8.13 

(0.0869) 

Wald-spatial_lag 
18.29 

(0.0000) 
8.17 

(0.0147) 

LR_spatial_lag 
25.38 

(0.0000) 
8.03 

(0.0904) 

Hausman 
0.06 

(0.9703) 
-0.90 

Note: the P value is in parentheses. 

 

It can be seen from table 5 that the Wald test and LR test of the two models all pass the 10% 
significance test, which significantly rejects the original hypothesis, indicating that all SDM will 
not degenerate into SAR and SEM, so the SDM model should be selected for subsequent analysis. 
The results of the Hausman test reveal positive but insignificant cardinality values under the 0-
1 spatial weight matrix and negative cardinality values under the economic distance spatial 
weight matrix. 

Under these conditions a fixed effects model can be chosen, where the two spatial weight 
matrices are applied for analysis using fixed effects. Consequently, the spatial effects model of 
green investment on high quality economic development uses the fixed effects spatial Durbin 
model. 

4.3. Empirical results of spatial Durbin model 

By building a spatial econometric model and adopting the great likelihood estimation approach, 
a fixed-effect regression result as well as a spatial lag term coefficient rho can be obtained. The 
SDM evaluation outcomes of green investment on quality economic development.(Index and 
ranking tables omitted for length reasons) 

Under the two spatial weight matrices, green investment has different effects on high-quality 
economic development. In the 0-1 spatial weight matrix 𝑊1 , the p value of the spatial 
autoregressive coefficient rho is 0.000, and the coefficient is positive, which is 0.4084. The 
regression coefficients of government expenditure and industrialization level are positive, 
which are 0.0023 and 0.0047 respectively, and pass the 5% significance test.The regression 
coefficients of human capital level and per capita water resources are negative, which are -
0.1030 and -0.0074 respectively, but they are not significant.I 

To sum up, there is a spatial correlation between the impact of green investment on high-quality 
economic development, however, this correlation varies depending on the spatial weighting 
matrix. 
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5. Conclusions and suggestions 

5.1. Conclusions 

This study aims to evaluate various provinces and municipalities' high quality economic 
development levels from 2011-2019 in five dimensions: innovation, coordination, green, 
openness and sharing, and to assess the spatial influence effect attained by green investment 
on China's high quality economic development based on the Durbin model,and now draws the 
following conclusions. 

(1) In general, it appears that the level of China's high quality economic development is 
gradually ascending, and there are large variations in terms of the level of high quality economic 
development among provinces and cities, as evidenced by the significant gap between the top-
ranked provinces and the last-ranked ones. The top five are all eastern provinces and 
municipalities, while the bottom five are all western provinces and municipalities, reflecting 
the obvious contradiction of unequal development between the two areas. 

(2) The level of quality economic development between regions in geographical proximity has 
a spatial spillover effect of green investment, and presents a situation of spatial aggregation. 

(3) There is some spatial relevance to the impact of green investment on high-quality economic 
development, but the spatial influence effect of green investment on high-quality economic 
development differs significantly under two spatial weights of 0-1 spatial weighting and 
economic distance spatial weighting. 

5.2. Countermeasures and suggestions 

On the basis of the above fundamental findings, the following countermeasures are given to 
sustain the quality development of our economy. 

First, local governments should formulate accurate strategies to ensure stable economic growth. 
To sustain the steady upward tendency of our economy, ocal governments ought to take into 
consideration the real economic development status of the locality and the development 
features of green investment, in making reasonable measures for high-quality economic 
development in accordance with local conditions, so as to reinforce the vitality of economic 
development and heighten the level of economic development. 

Second, bring into play the superiority of the eastern areas to promote the development of the 
western area. Making full use of the spatial spillover benefits of the eastern areas to spur high-
quality economic development in the surrounding areas,narrow the development differences 
between regions and alleviate the current situation of insufficient and uncoordinated 
development between provinces in China. The relatively high level of economic development is 
mainly in the eastern districts, which has a remarkable spatial spillover effect according to the 
Moran's I index in Table 3. Beijing, Guangdong, Zhejiang, Jiangsu and Shanghai, as the leading 
players in China's qualitative economic development, while improving their own high-quality 
economic development, should also make full use of their geographical advantages, resources 
and policies to spur the growth of the central and western regions and facilitate the mutual 
achievement of high-quality economic development in all areas of China. 

Third, improve the green development environment and green investment system. Provinces 
and municipalities should keep up with the development trend of green investment and 
strengthen partnership in green development and economic investment to achieve mutual 
benefits and wins.Continuously refine the green investment ideas, promote them in the 
province and city,through in-depth cooperation with green investment companies and 
institutions, a green industry network system will be formed to meet the demands of 
sustainable and quality economic development. 
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