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Abstract: The green economy has gained worldwide attention, especially in the urban agglomerations 7 

where population and economic activities are highly concentrated. However, what kind of urban 8 

agglomeration spatial structure is more conducive to promoting the green economy? No clear 9 

conclusions have been made. Here, we study the impact of urban agglomeration spatial structure on 10 

the green economy, and also reveal how urban agglomeration spatial structure influences the three 11 

subsystems of green economy. We find that: (1) urban agglomeration spatial structural evolution is 12 

closely related to green economy, while in the research period, most urban agglomerations are not 13 

located in the optimal range of the spatial structure that drives the green economy. (2) Towards 14 

polycentric spatial structure is contributive to green economic growth, however, the excessively 15 

polycentric could not benefit green economy. (3) The evolution of urban agglomeration spatial structure 16 

exerts heterogenous impacts on the three subsystems when green economy is decomposed into 17 

economic subsystem, resources subsystem, and environmental subsystem. Towards polycentric is more 18 

conducive to the improvement of economic subsystem and resource subsystem, while, the tendency to 19 

monocentric drives the environmental subsystem development. (4) Lastly, our conclusions enlighten 20 

the urban agglomeration development planning and spatial mode for approaching a better 21 

performance in green economy. 22 

Keywords: green economy; urban agglomeration; spatial structure; monocentric; threshold effect 23 

1. Introduction 24 

Urban agglomerations (The term urban agglomeration is closely linked to the term of urban cluster. 25 

It means the built-up zones of different cities are connected by continuous development. One prevailing 26 
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viewpoint is that, a typical urban agglomeration usually consists of at least 3 cities), accounting for over 27 

75% of total domestic economic outputs, have become the most dynamic and promising areas for 28 

China’s economic development now and in the future (Fang, 2015). However, the urban agglomerations 29 

also produce over 75% of the total pollution outputs, which consequently overload the ecological 30 

environment of the urban agglomerations (Fang et al., 2017). Compared with city individual, material 31 

and energy exchanges between urban agglomerations and other places (i.e., areas that do not belong to 32 

urban agglomerations) are more extensive and deeper, posing difficulties for urban agglomerations to 33 

solve increasingly severe resources and environmental constraints (Huang et al., 2021; Miao et al., 2021), 34 

and making green economy of urban agglomerations more complicated than ever before. 35 

On the one hand, urban agglomerations are the most developed economic regions. On the other 36 

hand, urban agglomerations are also facing serious resource and environmental risks. Then, could we 37 

achieve a “multi-win” situation (i.e., economic growth, resources saving and environmental protection 38 

are obtained simultaneously)? In other words, could we achieve the green economy in the urban 39 

agglomerations? In fact, the Chinese government has been pursuing the construction of a 40 

resource-saving and environment-friendly society for many years, and has set up a “two-oriented 41 

society experimental zone” in the Chang-Zhu-Tan urban agglomeration (one of the urban 42 

agglomerations in China). Nevertheless, the problem of green development in China’s urban 43 

agglomerations has not yet been fundamentally resolved. Presently, China is in the stage of accelerating 44 

the development of urbanization, and its city size distribution is also undergoing dynamic adjustment. 45 

Therefore, the following two issues emerge. How should the problem of green development of urban 46 

agglomerations be solved? Can the three aspects of economic growth, resource conservation and 47 

environmental protection be achieved through an appropriate urbanization development mode? 48 

To address the aforementioned issues effectively, more and more scholars are focusing on urban 49 

spatial structure (e.g., the spatial distribution of population and employment) and are endeavoring to 50 

explore what kind of urban spatial structure can be beneficial to the urban development, i.e., exploring 51 

the growth effect caused by the urban spatial structure evolution. The two main research fields are as 52 

follows: first, a prevailing field about the economic growth effect, that is, the researches on whether and 53 

how urban spatial structure affect the economic efficiency and economic growth gap (Meijers and 54 

Burger, 2010; Garcia-López and Muñiz, 2013; Liu et al., 2017a; Zhang et al., 2017; Li et al., 2018; Li et al., 55 

2019; Nijman and Wei, 2020). Second, a research field concerning the resources and environmental 56 
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effect caused by the evolution of urban spatial structure, that is, how does the urban spatial structure 57 

affect the resources utilization and pollution emissions (Clark et al., 2011; Burgalassi and Luzzati, 2015; 58 

Hankey and Marshall, 2017; Muñiz and Sánchez, 2018; Muñiz and Garcia-López, 2019; Han et al., 2020; 59 

Lee and Lee, 2020; Liu et al., 2020). 60 

After a review of the existing papers, we find that, when they analyze the growth effects of urban 61 

spatial structure (e.g., the relationship between urban spatial structure and economic performance, 62 

urban spatial structure and growth efficiency, urban spatial structure and environmental governance, 63 

etc.), most of the papers focus on the growth effect in a single perspective, e.g., “how does the evolution 64 

of urban spatial structure affect the economy” and “how does the evolution of urban spatial structure 65 

affect the environment” are researched separately. Although a single research objective is necessary for 66 

a deeper cognition in its own field, an integrated objective is still needed, because ignoring or 67 

weakening any aspects is not conducive to the green economy. 68 

Admittedly, the existing findings enlighten this article theoretically and empirically. However, as of 69 

now, the integrated effects caused by the spatial structural evolution has not attracted sufficient 70 

attention. The topic about what impact the rapid spatial structure evolution of urban agglomerations 71 

have on the development of green economy are still not effectively revealed or addressed. Although a 72 

bit of literature has paid attention to similar topic (Liu et al., 2020; Miao et al., 2021), the evidence is still 73 

few. It is obvious that bridging this gap is necessary for China, in which many urban agglomerations 74 

are being constructed and green development is urgently required. It helps to reveal the relationship 75 

between the spatial structural evolution of urban agglomerations and the green economy. 76 

Particularly, in recent years, polycentric spatial structure (one of the evolutionary stages of urban 77 

spatial structure) has drawn scholars’ attention. After the Copenhagen Climate Conference in 2009, 78 

more and more attention has been paid to environmental problems, and the polycentric has been 79 

regarded as an efficient urban form to promote sustainable development (Vandermotten et al., 2008) 80 

than ever before. However, whether spatial structure, especially polycentric, can truly improve regional 81 

competitiveness, promote regional balanced development and environmentally sustainable 82 

development, still lack empirical evidence. 83 

This is a research topic worth discussing, because different cities may adopt completely 84 

inconsistent or differentiated strategies when facing the economic and environmental problems. For 85 

example, due to the existence of “promotion tournaments” (e.g., pursuing political promotion for one 86 
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governor by means of achieving better economic performance than other governors, in other words, the 87 

better the economic performance one governor has, the higher possibility of promotion in political 88 

areas he/she has), neighboring cities may adopt mutually competitive strategies to develop the 89 

economy (Zhou, 2007). Thus, urban agglomeration may have a positive effect on the economy, and the 90 

economic growth of individual cities in turn affects the development of urban agglomeration. This 91 

forms a positive interaction between the spatial structural evolution of urban agglomeration and 92 

economic growth. However, the competition pattern (promotion tournaments) does not seem to be 93 

suitable for the environmental aspect, especially environmental policy. The extant literature has pointed 94 

out that there are “externalities” in environmental pollution and environmental governance, and the 95 

externalities may trigger the “free-riding” behavior in environmental governance (Sigman, 2005; 96 

Konisky and Woods, 2010). Therefore, the development of urban agglomerations and the evolution of 97 

their spatial structure may have different effects on the three dimensions of economy, resources, and 98 

environment. Such guess requires an effective empirical evidence, through which how urban 99 

agglomeration spatial structure affects green economy can be clearly shown. 100 

The main contribution of our paper is threefold. First, we try our best to explore the impact of 101 

urban agglomeration spatial structure on green economy, such research until now only has received a 102 

bit of evidence from the existing papers. By doing this, we probably can reveal which spatial structure 103 

better is, polycentric or monocentric? This is essential in determining better strategies that are for future 104 

planning in terms of urban agglomerations. Second, we divide the green economy into three 105 

subsystems and show how the urban agglomeration spatial structure affects them. This helps to have a 106 

clearer picture of whether urban agglomeration can achieve economic growth, resource conservation 107 

and environmental protection together. It is also a supplement to existing research about the growth 108 

effect of urban spatial structure. Third, we make another contribution to the existing papers by 109 

simultaneously using the linear model and panel threshold model in an empirical framework, through 110 

which some new findings are found compared with the traditional empirical cases. Previous studies 111 

usually asserted spatial structure influence on economic growth or pollution emissions from linear 112 

perspective. However, the linear perspective might not be the best case for exploring the growth effects 113 

stem from the spatial structure of urban agglomerations. Actually, a threshold may be triggered and 114 

occur when the spatial structural evolution goes on. Using a panel threshold model allows us to obtain 115 

more clear insights in the growth effect caused by spatial structural evolution of urban agglomerations. 116 
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To fulfill the above contribution in this study, we investigate the following research questions: Is 117 

there evidence of spatial structure’s influence on green economy in the urban agglomerations over the 118 

sample period? If so, further, we want to know when the green economy is subdivided into three 119 

different subsystems, whether the impacts on three subsystems show heterogeneities? Moreover, after 120 

the threshold model is conducted, what new findings can we get? Could the empirical findings confirm 121 

the superiority of the threshold model compared to the linear model? 122 

The rest of this paper is organized as follows. Section 2 describes the study areas, key variables, 123 

and empirical methodologies. Section 3 explores the empirical results. Finally, concluding remarks are 124 

shown in Section 4. The specific research framework of this paper is shown in a graphical way (Fig. 1). 125 

 126 

Fig. 1. Research framework 127 

2. Study areas, key variables and econometric strategies 128 

2.1. Study areas 129 

Since the implementation of economic reform and urban agglomerations development planning, 130 

the urban agglomerations in China have experienced rapid economic growth and rapid urbanization, 131 
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resulting in a continuous change in the city size and ranking, the extensive resources utility, the 132 

high-speed increase in energy consumptions and pollution emissions. China now is trying its best to 133 

make a high-quality development, therefore, to provide scientific support for the urban agglomerations 134 

is imperative. In existing references, number for the urban agglomerations in China varies across 135 

scenarios, for instance, 20 urban agglomerations asserted in existing papers (Fang, 2015; Fang et al., 136 

2017) and 19 urban agglomerations mentioned in the 13th Five-Year plan of Chinese government. We 137 

follow the former one to proceed our research, the 20 urban agglomerations are mapped in Fig.2. It 138 

should be noted that, in this paper, we exclude four urban agglomerations, i.e., Northern Tianshan 139 

Mountain, Ningxia Yellow River, Lan-Xi and Qianzhong that are labelled in Fig. 2, because of limited 140 

statistical period for data. Thus, we obtain the remaining 16 urban agglomerations as the study areas. 141 

 142 

Fig. 2. The main urban agglomerations in China 143 

2.2. Two key variables and corresponding data processing 144 

2.2.1. Key variable 1: spatial structure of urban agglomerations 145 

Evaluating the spatial structure of urban agglomerations is the basic work. Methods for assessing 146 

spatial structure (i.e., monocentric/polycentric) differs in previous papers. Following the paper (Meijers, 147 

2008), we employ one of the prevailing indices, i.e., Pareto exponent, to calculate the spatial structure of 148 

urban agglomerations, which measures how quickly size declines when ordering cities from largest to 149 

smallest (i.e., measuring the overall degree of disparity in the size distribution), and show it as below: 150 

ln( ) ln( )Citysize Rankα β= −                                 (1) 151 
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where Rank  represents the urban population rank of each city that belongs to each urban 152 

agglomeration. Citysize  is the total urban population of each city. Coefficient β  is the monocentric 153 

index: 1β >  represents the monocentric spatial structure; 1β <  means the polycentric one; =1β  154 

denotes that the spatial structure is in line with Pareto distribution. 155 

Admittedly, the Pareto exponent have some flaws for different fitting degree (R2) in different 156 

prefecture regions and may not comparable for a disparate number of sub-cities (Meijers and Burger, 157 

2010; Li et al., 2018). Therefore, in this paper, the method of previous papers (Meijers and Burger, 2010; 158 

Liu et al., 2017b) is used to calculate the monocentric index β , that is, according to equation (1), the 159 

top two, top three and top four cities in each urban agglomeration are regressed respectively (i.e., 160 

calculate the slope of the regression line of city rank-size distribution in each urban agglomeration) and 161 

then the three values are averaged to get the monocentric index β . 162 

Fig. 3 highlights the differences and changes of the monocentric index of 16 urban agglomerations 163 

according to the equation (1), and the value 1 means the Pareto distribution line. Main findings are as 164 

follows: (1) Overall, average scores for urban agglomeration monocentric index decreases from 1.1067 165 

in 2003 to 1.0409 in 2017. (2) Monocentric urban agglomerations account for nearly a half (right hand in 166 

the figure); some urban agglomerations experience a decreasing monocentric score, i.e., towards the 167 

polycentricity, (e.g., Yangtze River Delta urban agglomeration); while some other urban agglomerations 168 

that were initially polycentric became monocentric (e.g., Beibu-Gulf urban agglomeration). 169 

 170 

Fig. 3. Monocentric index value for 16 urban agglomerations in 2003 and 2017 171 
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2.2.2. Key variable 2: Green economy development level of urban agglomerations 172 

Now, we set a comprehensive evaluation indicator system to calculate the green economy 173 

development level of the 16 urban agglomerations. Since the green economy first proposed by Pearce et 174 

al. in 1989, its connotation has gradually enriched, and papers related to the evaluation approaches, 175 

assessing tools and research perspectives of green economy are substantial. For example, if scholars 176 

want to evaluate the development of green economy, they can choose methodology such as 177 

comprehensive evaluation (Huang and Li, 2017; Wang et al., 2019; Wu et al., 2021; Abid et al., 2021), 178 

efficiency measurement (Ringel et al., 2016; Miao et al., 2019; Pan et al., 2019; Wang et al., 2019), 179 

cost-benefit analysis (Söderqvist et al., 2015; Zhang et al., 2017; Carroll and Couzo, 2021; Owsianiak, et 180 

al., 2021; Li et al., 2021), and life cycle assessment (Finnveden et al., 2009; Hoogmartens et al., 2014; Röck 181 

et al., 2020; Gupta et al., 2020). In a paper, titled Green economy and related concepts: An overview, 182 

published by Loiseau et al. (2016), the authors concluded that over half of the keywords related to 183 

“green economy” belong to the semantic fields of economy, environment, resources (e.g., issues named 184 

economic development, growth, cost, climate change, renewable resources, energy consumption). 185 

Actually, it is difficult to get a comprehensive and systematic indicator system to measure the 186 

development of green economy because of abundant connotations of green economy itself (Gregorio et 187 

al., 2018). In our paper, we follow the conclusion made by Loiseau et al. (2016), and also refer to the 188 

findings recently made by D'Amato et al. (2017, 2019a, 2019b) to deal with the connotation of green 189 

economy. That is, the following three subsystems economy, resource, and environment are used to 190 

evaluate the green economy of Chinese urban agglomerations. 191 

Selecting indicators used for evaluating the green economy is the primary procedure. However, 192 

due to the lack of statistical data, constructing a database for cities is always not easy. Based on the 193 

existing papers (Xie et al., 2016; Haider et al., 2018; Tian and Sun, 2018; Merino-Saum et al., 2018; Verma 194 

and Raghubanshi, 2018; Zhang et al., 2018; Wang et al., 2019; Wu et al., 2021), we construct evaluation 195 

indicator system (Table 1) containing three levels: the first one is the target level, which represents 196 

green economy; the second one is standard level, including the three subsystems economy, resources 197 

and environment; the third one is the indicator level, containing a total of 19 indicators. 198 

Table 1. Comprehensive evaluation indicator system for green economy 199 

Target Standard Indicator Indicator 
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level level level attribute 

Green economy 

Economic subsystem 

Per capita GDP + 

Fiscal revenue + 

Total fixed assets investment + 

Proportion of tertiary industry to GDP + 

Secondary industry labor productivity + 

Tertiary industry labor productivity + 

Resources subsystem 

Public green area per capita + 

Green coverage rate of built-up areas + 

Water possession per capita + 

Electricity consumption per GDP - 

Water usage per GDP - 

Growing rate of built-up land + 

Environmental subsystem 

Urban wastewater treatment rate + 

Hazard-free treatment rate of household garbage + 

Comprehensive utilization rate of industrial solid waste + 

Industrial sulfur dioxide emissions - 

Industrial dust emissions - 

Industrial waste water discharges - 

Carbon dioxide emissions - 

Notes: we divide the selected indicators into “+” (rising) and “-” (constrained) based on their attributes. Among them, 200 

the “+” means an indicator that positively drives the green economy, a higher value usually means a stronger ability for 201 

green economy; and the “-” indicates the environmental and resources cost paid for the economic growth, i.e., a lower 202 

value implies a better performance of green economy. 203 

Next, we proceed with the method for calculating the indicator system. In the extant literature, 204 

several comprehensive evaluation methods are commonly used. Such as principal component analysis 205 

method, factor analysis method, entropy weight method and TOPSIS method. In this paper, we use the 206 

projection pursuit model (PPM) to evaluate the green economy development level based on the 207 

indicator system (Espezua, et al., 2014). The PPM can avoid the loss of useful indicator information, 208 



10 

 

resulting in a relatively full reflection of things that are evaluated (Wei et al., 2016). Especially, when 209 

managing data characterized by high-dimensional nonlinear and non-normal, the PPM is a highly 210 

accurate statistical method (Wei et al., 2016). Steps for modeling are shown below. 211 

First, we standardize the indicators contained in the evaluation system (Table 1). 212 

'
( min ) / (max min ),  is rising indicator

(max ) / (max min ),  is constrained indicator

i i i i i

i

i i i i i

x x x x x
x

x x x x x

− −
=  − −

                (2) 213 

Second, we construct a projection indicator function. Suppose that { }1 2, , , na a a a=   is 214 

n-dimensional unit vector, and iZ  denotes the projected characteristic value of 
ijZ , i.e., 1, 2,i m=  , 215 

1, 2,j n=  , which can be depicted as follows: 216 

1

n

i j ijj
Z a x

=
=∑                                    (3) 217 

Next, we construct the projected objective function of green economy, which contains more 218 

information compared with iZ : 219 

( ) ( ) ( )Q a S a D a= ×                                  (4) 220 

where ( )S a  is the standard deviation of iZ , and ( )D a  is the local density of iZ , formulas are as 221 

follows: 222 

2( ) ( ) ( 1)
m

i

i

S a Z E m= − −∑                                (5) 223 

1 1

( ) ( ) ( )
m n

ij ij

i j

D a R r u R r
= =

= − × −∑∑                               (6) 224 

where E is the mean value of iZ ; R is the window radium of the local density usually taken as 0.01; 225 

=ij i jr Z Z− is the distance between a certain-two projected characteristic values; ( )u t  is unit step 226 

function (indicator function), and 
1, 0

( )
0, 0

t
u t

t

≥
=  <

. Finally, according to the constraints: 227 

2

1

max ( ) ( ) ( )

( ) 1
n

Q a S a D a

a j

=

 =
∑

                                 (7) 228 

The optimal projection direction 
ja  will be calculated, which refers to the weight of each indicator. 229 
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Thus, the comprehensive evaluation value iZ  of green economy for each city and the urban 230 

agglomerations can be obtained by putting 
ja  into formula (3). We can also calculate scores of the 231 

three subsystems economy, resource and environment based on formula (3). 232 

Fig. 4 presents the score of green economy and its three subsystems in 16 urban agglomerations 233 

from 2003 to 2017 calculated by the PPM. As can be seen, first, the average value of green economy rises 234 

from 0.4269 in 2003 to 1.0733 in 2017, indicating an improvement in green economy. Second, the values 235 

of three subsystems of green economy differ a lot. The economic subsystem and resources subsystem 236 

witness a continuous rise, and the environmental subsystem shows only slight increasement, the 237 

rankings of resources subsystem exceeds the environmental subsystem in the second half. 238 

 239 

Fig. 4. Average scores for green economy and three subsystems across years in 16 urban agglomerations 240 

2.3. Econometric strategies 241 

2.3.1. Baseline linear model 242 

To empirically check the effect of urban agglomeration spatial structure on green economy, we start 243 

our econometric models with a baseline panel regression model shown below. 244 

0 1it it j jit i t itGE Mono Controlβ β β θ δ ε= + + + + +∑                    (8) 245 

where itGE  means the green economy, itMono  represents the monocentric index, subscripts i and 246 

t  denote urban agglomeration and time, respectively. 
jitControl  is the control variables, including 247 
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the foreign direct investment (FDI), research and development investment (R&D) and urbanization rate 248 

(Urban), all of which are closely related to the green economy development level, because of their 249 

influences on the economic growth, resources utility and pollution emissions (Glaeser and Kahn, 2010; 250 

Huang et al., 2018; Lau et al., 2014; Omri et al., 2014; Zhang et al., 2017). 
jβ  represents the coefficients 251 

of control variables. 1β  is coefficient to be checked, 0β  is the constant. iθ  is individual effect, tδ  is 252 

time effect, and itε  is random error. 253 

As mentioned in previous papers (Meijers and Burger, 2010), there are probably endogeneity 254 

problems when analyzing the impact of spatial structure on economic productivity, therefore, we set up 255 

another two models to address the endogeneity problems in empirical test. We employ an empirical 256 

model with a time lag for the all the explanatory variables based on equation (8), and show it as below. 257 

0 1 1 -1it it j jit i t itGE Mono Controlβ β β θ δ ε−= + + + + +∑                    (9) 258 

Further, as is known, a dynamic panel model improved by previous papers (Arellano and Bond, 259 

1991; Blundell and Bond, 1998) is another effective and convincing way to alleviate the endogeneity 260 

problems in regression analysis. Therefore, based on equation (8), a dynamic panel model, in which one 261 

period lagged of the green economy development level ( -1itGE ) is captured, is set to check the effects of 262 

spatial structure on green economy, corresponding model is shown below. 263 

0 , -1 1+it i t it j jit i t itGE GE Mono Controlβ β β θ δ ε= + + + + +∑                 (10) 264 

2.3.2. Dynamic panel threshold model 265 

The effects of urban agglomeration spatial structure on green economy may vary across the 266 

monocentric index (the proxy of spatial structure used in this paper), and show different characteristics. 267 

In other words, different monocentric index range may bring various green economic growth effects, 268 

and there is probably a nonlinear relationship between spatial structure and green economy. To verify 269 

such hypothesis, a panel threshold model originally proposed by Hansen (1999) and Hansen (2000) 270 

could be used. First, we have the threshold model with one threshold value described as follows: 271 

0 1 21( ) 1( )it it it it it j jit itGE Mono Mono Mono Mono Controlβ β γ β γ β ε= + ⋅ ≤ + ⋅ > + +∑      (11) 272 

where ( )1 ⋅  represents the indicator function. When the expression in parentheses is false, the value is 273 
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0; otherwise, the value is 1. itMono  is the threshold variable, γ  is the threshold value, 1β  is the 274 

threshold coefficient when itMono  is lower than γ , and 2β  is the threshold coefficient when 275 

itMono  is higher than γ . Control variables are same as those in equation (8). 
jβ  represents the 276 

coefficients of control variables. 277 

It should be noted that there may be endogeneity problems in empirical test as we assert in 278 

previous context of this paper. Thus, the empirical tests based on equation (11), the static threshold 279 

model, maybe biased. To solve this, we apply the dynamic panel threshold model developed by the 280 

existing papers (Kremer et al., 2013; Seo and Shin; 2016) that extend Hansen’s (1999) static model for 281 

endogenous regressors. The dynamic model with single threshold is below: 282 

0 1 -1 2 31( ) 1( )it it it it it it j jit itGE GE Mono Mono Mono Mono Controlβ β β γ β γ β ε= + + ⋅ ≤ + ⋅ > + +∑  (12) 283 

where -1itGE  denotes the one period lagged of the green economy development level, γ  means 284 

the threshold value, and the generalized method of moments (GMM) estimation is used in order to 285 

allow for the endogeneity. 286 

Further, if the single threshold holds, we should test whether the multi-threshold could be 287 

observed, Then, the dynamic threshold model with a multi-threshold, such as double threshold model, 288 

can be shown below: 289 

0 1 -1 2 1 3 1 2

4 2

1( ) 1( )+

1( )

it it it it it it

it it j jit it

GE GE Mono Mono Mono Mono

Mono Mono Control

β β β γ β γ γ

β γ β ε

= + + ⋅ ≤ + ⋅ < ≤

⋅ > + +∑
       (13) 290 

2.4. Data sources 291 

Data used for assessing the green economy development level and spatial structure of urban 292 

agglomerations are collected from official sources including China City Statistical Yearbook (CCSY, 293 

2004-2018), and the EPS database (EPS-CHINA DATA, http://www.epsnet.com.cn/) is used for 294 

crosscheck. Data of control variables employed in the empirical tests are also obtained from the EPS 295 

database. Particularly, owing to the lack in official statistics, the carbon dioxide emissions labeled in the 296 

indicator system is an estimated data, based on the method presented in previous papers (Li and Wu, 297 

2017; Wang et al., 2019). Some missing data are supplemented by averaging method. 298 

3. Econometric results 299 
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This section presents the empirical findings of the baseline linear mode and dynamic threshold 300 

model to examine the influence of urban agglomeration spatial structure on green economy. 301 

3.1. Empirical results 1: how does spatial structure affect the green economy 302 

3.1.1. Baseline linear model results 303 

Table 2 presents the regression results. Column (1) shows the coefficients based on equation (8), in 304 

which both individual effect and time effect are controlled, it is evident that the monocentric index and 305 

green economy is negatively correlated, and shows statistical significance at the 5% level. A 1% increase 306 

in monocentric index induces a 0.3371% decrease in green economy, that is, towards the monocentric 307 

spatial structure constrains the improvement of green economy. Since the decrease in monocentric 308 

index means a polycentric trend; therefore, we assert that the evolution to polycentric of urban 309 

agglomeration spatial structure in China contributes to the green economy than that in monocentric 310 

one. 311 

To ensure a robust result, we make another three regressions, all of which also could alleviate the 312 

endogeneity to some degree. The first two regressions are: a one-order-lagged and two-order-lagged of 313 

explanatory variables based on the linear model (equation 9), respectively, and the results are shown in 314 

columns (2) and (3); the third regression is checked based on dynamic model (equation 10) with the 315 

prevailing SYS-GMM estimation; it is clearly that all the coefficients present expected results except 316 

minor fluctuations in significance and magnitude. Additionally, the three control variables are all 317 

significantly and robustly related to green economy, indicating their influence on green economy. 318 

Table 2. Linear regression results: test for green economy 319 

 (1) (2) (3) (4) 

 No lag in Mono One-order lag in Mono Two-order lag in Mono SYS-GMM 

GE (-1)    0.6791*** 

    (3.74) 

Mono -0.3371**   -0.5582** 

 (-2.05)   (-2.44) 

Mono (-1)  -0.4093***   

  (-3.57)   
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Mono (-2)   -0.3222*  

   (-1.91)  

FDI -0.2732*** -0.2411** -0.1715* -0.3321** 

 (-3.74) (-2.07) (-1.87) (-2.12) 

Urbanization 0.1011*** 0.1226*** 0.0820*** 0.1242*** 

 (2.77) (4.98) (3.94) (5.39) 

R&D 0.9141* 1.1793*** 1.0091* 1.0847*** 

 (1.91) (3.38) (1.77) (2.84) 

Constant 0.9812** 1.1012*** 0.7021* 1.2934*** 

 (1.99) (2.60) (1.71) (2.90) 

Individual FE Yes Yes YES  

Time FE Yes YES YES  

AR (2)-P    0.28 

Obs. 240 224 208 224 

Notes: t-statistics are in parentheses; *, **, *** stand for significance at 10%, 5%, 1%, respectively; P value of AR (2) 320 

indicates no second-order correlation. 321 

3.1.2. Dynamic threshold model results 322 

In this section, we proceed to estimate the threshold model to check the nonlinear effect of urban 323 

agglomeration spatial structural evolution on green economy, through which we can further examine 324 

the validation of spatial structure’s effect on green economy, and enable us to clearly understand 325 

whether the polycentric spatial structure or monocentric one performs better for the green economy. To 326 

check the threshold effect, we use the bootstrap-based testing procedure to obtain an approximation of 327 

the F-statistics and P-values. For each of the bootstrap tests, 500 bootstrap replications are used. As 328 

shown in Table 3, for the monocentric index, F statistics are significant at least 10% level for single 329 

threshold, double thresholds and triple thresholds, indicating that there are three thresholds, which 330 

probably brings structural breaks and different effects varies across scenarios. The results indicate that 331 

there are at least three thresholds in the relationship between monocentric index and green economy, 332 

implying that the green economy is sensitive to the urban agglomeration spatial structural evolution. In 333 

other words, different ranges of spatial structure matter significantly in affecting green economy. 334 
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Table 3. Test of threshold effect: number for threshold and threshold value 335 

Explained variable Threshold variable Number for threshold Threshold value F-value P-value 

Green economy Monocentric index 

1 0.9671 2.8959 0.0990 

2 0.8436, 0.9671 9.9130 0.0040 

3 0.8436, 0.9671, 1.5849 3.3797 0.0710 

Table 4 shows the coefficients for the monocentric index. As can be seen, when monocentric 336 

index≤0.8436, coefficient of monocentric index to green economy is -0.9206; when 0.8436＜monocentric 337 

index≤0.9671, coefficient value is -0.6322; when 0.9671＜monocentric index≤1.5849, coefficient value is 338 

-0.8854, when monocentric index＞1.5849, coefficient value is -0.8037, meantime, such four coefficients 339 

are all statistically significant at the 1% level. Overall, for urban agglomerations, different monocentric 340 

index ranges exert different impacts on green economy, as the monocentric index value increases, its 341 

effects on green economy vary. When 0.8436＜monocentric index≤0.9671, the monocentric index exerts 342 

the best impact on green economy, indicating that a polycentric urban agglomeration (i.e., when the 343 

monocentric index is 0.8436~0.9671, an urban agglomeration can be regarded as polycentric according 344 

to the Pareto exponent) is more conducive to the green economic growth. 345 

Table 4. Threshold regression results: test for green economy 346 

Variables Coefficients 

GE (-1) 0.5106***（3.42） 

Mono·1(mono≤0.8436) -0.9206***（-3.26） 

Mono·1(0.8436＜mono≤0.9671) -0.6322***（-2.65） 

Mono·1(0.9671＜mono≤1.5849) -0.8854***（-4.24） 

Mono·1(mono＞1.5849) -0.8037***（-4.44） 

FDI -0.2632***（-3.39） 

Urbanization 0.1345***（11.13） 

R&D 4.5233***（6.71） 

Notes: t-statistics are in parentheses; *, **, *** stand for significance at 10%, 5%, 1%, respectively. 347 

From the above analysis, we can see that: there is a non-linear relationship between the spatial 348 

structure and the green economy of urban agglomerations; different stages of spatial structure 349 
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evolution have different effects on the green economy; on the whole, there is an optimal spatial 350 

structure to promote green economic growth in urban agglomerations. Then, from the perspective of 351 

promoting green economic growth, among the 16 urban agglomerations, which urban agglomerations 352 

have always been in the optimal spatial structure? which ones are gradually moving away from the 353 

optimal spatial structure? and which ones are gradually approaching the optimal spatial structure? To 354 

address these queries, we draw Fig. 5. In the figure, the dots are the trajectories of the monocentric 355 

index of 16 urban agglomerations from 2003 to 2017, and the two horizontal blue dotted lines are the 356 

optimal range for achieving green economy. The optimal range is obtained through the threshold 357 

regression model results (see section 3.1.2). From the Fig. 5, three main findings are shown below: (1) 358 

During 2003-2017, five urban agglomerations are very close to the optimal range, such as Pearl River 359 

Delta, Mid-southern Liaoning urban agglomerations; (2) Some urban agglomerations tend to be far 360 

from the optimal range. Such as Guanzhong and Beibu-Gulf urban agglomerations; (3) Some urban 361 

agglomerations are moving towards the optimal range, but there is still much room for improvement, 362 

such as Jinzhong, Cheng-yu and Hu-Bao-E-Yu urban agglomerations. In short, during the study period, 363 

the positive effect of the evolution of the spatial structure of Chinese urban agglomerations on green 364 

economy has not been fully stimulated. 365 

 366 

Fig. 5. Spatial structure evolution (distribution of monocentric index) for 16 urban agglomerations from 367 

2003 to 2017 and the optimal spatial structure range for green economy 368 
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3.2. Empirical results 2: How does spatial structure affect the three subsystems in green economy 369 

3.2.1. Baseline linear model results 370 

Now, we proceed with our paper for retailed research about the three subsystems. Resemble the 371 

full sample regression (section 3.1), we begin with the linear regression. 372 

To ensure a robust result, for each subsystem, we make three regressions, i.e., no-lagged 373 

independent variable, one-lagged independent variable and two-lagged independent variable based on 374 

the baseline linear model, respectively. Corresponding results are shown in Table 5. Specifically, as 375 

shown in columns (1)-(3), the variable monocentric index is negatively correlated with economic 376 

subsystem at least 5% level, indicating that the increase in monocentric index in urban agglomerations 377 

constrains the economic growth, which verifies that the tendency to monocentric will not contribute to 378 

the improvement in economic growth, such conclusion is in line with previous study (Hou and Sun, 379 

2016). Coefficients in columns (4)-(6) witness the negative relationship between monocentric index and 380 

resources subsystem, indicating that a 1% increase in monocentric index brings 0.0504%~0.0755% 381 

decrease in resources subsystem, which also implies that the trend to monocentric does not benefit the 382 

resource utilization. As for the effect of monocentric index on environmental subsystem, from the 383 

positive coefficients in columns (7)-(9), we argue that, unlike the other two declarations, increase in 384 

monocentric index is positively correlated with the environmental protection, implying that the 385 

increase in monocentric index may benefit the environmental protection in some degree. 386 

Table 5. Regression results for three subsystems: linear model 387 

 Economic subsystem  Resources subsystem  Environmental subsystem 

 (1) (2) (3)  (4) (5) (6)  (7) (8) (9) 

 No lag One-lag Two-lag  No lag One-lag Two-lag  No lag One-lag Two-lag 

Mono -0.7291***    -0.0755***    0.0059   

 (-3.69)    (-2.89)    (1.18)   

Mono (-1)  -0.5943***    -0.0504*    0.0061*  

  (-3.04)    (-1.91)    (1.75)  

Mono (-2)   -0.3991**    -0.0593**    0.0052 

   (-2.40)    (-2.01)    (1.01) 



19 

 

FDI -0.2580** -0.3144** -0.2802***  -0.0113* -0.0181** -0.0236*  0.0047** 0.0164 0.061** 

 (-2.45) (-2.42) (-4.06)  (-1.77) (-2.01) (-1.93)  (2.04) (0.77) (2.07) 

Urbanization 0.0964*** 0.1026*** -0.0232  0.0210*** -0.0026 -0.0036  0.0028 0.0027 0.0042* 

 (4.32) (4.93) (-0.62)  (6.79) (-0.45) (-0.52)  (0.97) (0.47) (1.66) 

R&D 3.0911*** 4.0462*** 1.2394  0.5658*** 0.2588* 0.2492*  0.5422*** 0.4501** 0.4947*** 

 (4.19) (5.06) (1.60)  (3.81) (1.76) (1.72)  (3.78) (2.24) (3.54) 

Constant -1.0112*** -1.2734*** 0.6320  -0.2042*** 0.1063 0.0871  0.2151*** 0.2612*** 0.1867*** 

 (-2.81) (-3.13) (1.20)  (-3.53) (1.48) (1.14)  (6.37) (3.45) (6.15) 

Individual FE Yes Yes Yes  Yes Yes Yes  Yes Yes Yes 

Time FE Yes Yes Yes  Yes Yes Yes  Yes Yes Yes 

Obs. 240 224 208  240 224 208  240 224 208 

R-squared 0.8353 0.8490 0.9287  0.8976 0.9291 0.9255  0.9344 0.9413 0.9011 

Notes: t-statistics are in parentheses; *, **, *** stand for significance at 10%, 5%, 1%, respectively. 388 

3.2.2. Dynamic threshold model results 389 

Next, we explore the threshold regression to check the possible nonlinear effects for better insights 390 

in seeking the effects of spatial structural evolution on the three subsystems. 391 

Table 6 demonstrates the test of threshold effect, the F statistics are all significant for single 392 

threshold, double thresholds and triple thresholds. It is evident that the effects of spatial structure 393 

evolution on the three subsystems are sensitive to the changes in monocentric index. 394 

Table 6. Test of threshold effect: number for threshold and threshold value 395 

Dependent variable Threshold variable Number for threshold Threshold value F-value P-value 

Economic subsystem 

Monocentric index 

1 0.9671 5.3455 0.0170 

2 0.8436, 0.9671 10.7188 0.0010 

3 0.8436, 0.9671, 1.5849 7.4490 0.0030 

Resources subsystem 

1 0.8548 7.3440 0.0110 

2 0.8548, 0.9784 7.1175 0.0140 

3 0.8548, 0.9784, 1.4614 3.3601 0.0180 

Environmental subsystem 1 1.0907 14.3245 0.0121 



20 

 

2 0.5964, 1.0907 8.1854 0.0030 

3 0.5964, 1.0907, 1.2148 5.9842 0.0210 

 396 

Table 7 illustrates the estimated regression coefficients for the three subsystems one by one. First, 397 

for the economic subsystem, all the regression coefficients are statistically significant. Specifically, when 398 

monocentric index≤0.8436, coefficient of monocentric index to economic subsystem is -0.8759; when 399 

0.8436＜monocentric index≤0.9671, coefficient value is -0.5949; when 0.9671＜monocentric index≤1.5849, 400 

coefficient value is -0.8628; when monocentric index＞1.5849, coefficient value is -0.7574; Overall, for 401 

urban agglomerations, different monocentric index ranges exert different impacts on economic 402 

subsystem, as the monocentric index value increases, its effects on economic subsystem vary. When 403 

0.8436＜monocentric index≤0.9671, the monocentric index exerts the best impact on economic 404 

subsystem. It indicates that a polycentric urban agglomeration (the monocentric index 0.8436~0.9671) is 405 

more conducive to the economic growth. 406 

Second, for the resources subsystem, when monocentric index≤0.8548, coefficient of monocentric 407 

index to resource subsystem is -0.0726; when 0.8548＜monocentric index≤0.9784, coefficient value is 408 

-0.0621; when 0.9784＜monocentric index≤1.4614, coefficient value is -0.0803, when monocentric index409 

＞1.4614, coefficient value is 0.0209, but not statistically significant. When 0.8548＜monocentric 410 

index≤0.9784, the monocentric index exerts the best impact on resources subsystem, implying that a 411 

polycentric urban agglomeration (the monocentric index 0.8548~0.9784) is more conducive to the 412 

resources utility. 413 

Third, for the environmental subsystem, when monocentric index≤0.5964, coefficient of 414 

monocentric index to green economy is -0.076; after the monocentric index exceeds the threshold value 415 

0.5964, coefficient is insignificant any more, but vary from negative to positive, when monocentric 416 

index＞1.2143, coefficient value is 0.0288 at the 10% significance level, indicating a positive correlation 417 

between the monocentric index and the environmental subsystem. It also implies that a polycentric 418 

urban agglomeration spatial structure probably triggers the pollution emissions. Similar findings could 419 

be found in existing papers, such as polycentricity is significantly positively correlated with CO2, 420 

PM2.5 and PM10, polycentricity alone does not reduce pollution emissions (Burgalassi and Luzzati, 421 

2015; Liu et al., 2020). 422 
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Table 7. Test for threshold effect: regression results 423 

Economic subsystem  Resources subsystem  Environmental subsystem 

Threshold variable coefficients  Threshold variable coefficients  Threshold variable coefficients 

Mono·1(mono≤0.8436) 
-0.8759*** 

（-3.52） 

 
Mono·1(mono≤0.8548) 

-0.0726*

（-1.95） 

 
Mono·1(mono≤0.5964) 

-0.0076* 

（-1.73） 

Mono·1(0.8436＜

mono≤0.9671) 

-0.5949*** 

（-2.86） 

 Mono·1(0.8548＜

mono≤0. 9784) 

-0.0621** 

（-2.19） 

 Mono·1(0.5964＜

mono≤1.0907) 

-0.0143 

（-0.45） 

Mono·1(0.9671＜

mono≤1.5849) 

-0.8628*** 

（-4.76） 

 Mono·1(0.9784＜

mono≤1.4614) 

-0.0803** 

（-2.26） 

 Mono·1(1.0907＜

mono≤1.2143) 

0.0047 

（0.18） 

Mono·1(mono＞

1.5849) 

-0.7574*** 

（-4.97） 

 Mono·1(mono＞

1.4614) 

0.0209 

（0.66） 

 Mono·1(mono＞

1.2143) 

0.0288* 

（1.83） 

Notes: z-statistics are in parentheses; *, **, *** stand for significance at 10%, 5%, 1%, respectively; coefficients of control 424 

variables and one-lag of explained variables of the three subsystems are not shown, and available on request. 425 

In summary, based on the results of linear and nonlinear models, we get the following main 426 

findings: (1) Although the polycentric spatial structure shows better performance than the monocentric 427 

spatial structure in terms of promoting the green economy in urban agglomerations, polycentric spatial 428 

structure does not always boost the development of green economy. In other words, excessively 429 

polycentric spatial structure will constrain the green economy; (2) Promoting the green economy 430 

requires the coordinated improvement of the three subsystems of economy, resources, and environment. 431 

However, it can be seen from the findings that the impact of spatial structural evolution (i.e., the change 432 

of monocentric index) on the environmental subsystem is not like the economic and resources 433 

subsystems, i.e., to get a better performance of economic growth and efficient resources utility, the 434 

polycentric spatial structure of urban agglomeration is prior to the monocentric one; whereas, to 435 

achieve a better performance of environmental protection and pollution control, the monocentric 436 

spatial structure seems to be the first choice rather than the polycentric one. Therefore, to promote 437 

green economic growth through the construction of urban agglomerations, it is necessary to 438 

comprehensively consider multiple aspects. Urban agglomerations should not simply follow a 439 

monocentric spatial structure or a polycentric spatial structure. 440 
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4. Concluding remarks 441 

Understanding whether and how urban agglomeration spatial structure affect green economy is of 442 

great importance for exploring the growth effects of urban agglomeration. Exploring such issues could 443 

reveal whether urban agglomeration achieve economic growth, resources saving and environmental 444 

protection simultaneously? However, as of now, theoretical and empirical evidence regarding to this 445 

has not received strong supports. To bridge this gap, our paper conducts a comprehensive study to 446 

shed light on how the evolution of urban agglomeration spatial structure affects the green economy. 447 

The conclusions of the linear model compared with the dynamic threshold model that we employ 448 

in this paper reveal differences in assessing spatial structure’s effect on the green economy. This means 449 

that the linear model does not capture the nonlinear effects stemmed from the existence of the 450 

differentiated spatial structure ranges, therefore, the threshold model is probably the better 451 

econometric model to evaluate the spatial structure’s influence on the green economy. Specifically, our 452 

findings not only support the existing studies, but also have new discoveries, which are also further 453 

improvements to the existing papers. First of all, we use a general linear model to conclude that the 454 

tend to polycentric spatial structure of urban agglomerations are beneficial to green economic growth. 455 

Further, the non-linear regression model we adopt reveals that although it can be clearly known from 456 

the linear regression results that the polycentric trend is conducive to the development of green 457 

economy, there is an optimal range in polycentric spatial structure. In other words, higher polycentric 458 

value does not necessarily mean a better green economy performance. Thus, through the findings, our 459 

paper improves the conclusions in the existing linear regression literature. 460 

Some concluding remarks are given below. First, in general, towards polycentric is contributive to 461 

green economy, while the excessive polycentric could not benefit the green economic growth. From the 462 

perspective of economic growth and resource intensive utilization, a polycentric urban spatial 463 

distribution should be constructed so as to avoid the excessive concentration of resources and the 464 

reduction of resource efficiency caused by the dominance of one central/large city. However, excessive 465 

polycentricity may also lead to the loss of economic efficiency and resource utilization, and hinder the 466 

green economic growth. In particular, we also find that, from the perspective of achieving better 467 

environmental protection quality and urban pollution control, the urban agglomerations stylized by 468 

monocentric have comparative advantages than polycentric ones. Therefore, the construction of urban 469 
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agglomerations should not weaken the status and hierarchy of core cities. On the contrary, it is still very 470 

important to consolidate the status of existing core cities. In summary, for a certain urban 471 

agglomeration, its spatial structure is relatively stable, therefore, the policymakers should give enough 472 

considerations to this to avoid a policy bias. In other words, since the spatial structure of urban 473 

agglomerations is not easy to adjust in the short term, it is necessary to demonstrate as clearly as 474 

possible which choice the urban agglomerations prefer in next stage: economic growth, resource 475 

conservation or pollution control? For instance, for urban agglomerations with more developed 476 

economy but relatively serious pollution, the monocentric index can be appropriately increased to 477 

obtain better pollution abatement; while for urban agglomerations with relatively backward economy 478 

but higher environmental quality, the monocentric index can be moderately reduced (i.e., towards the 479 

polycentric spatial structure) to enhance the flow of factors of production and the market competition,  480 

and thereby to speed up the economic development and expand the economic size. These are probably 481 

conducive to driving the green economy of urban agglomerations. 482 

Second, most urban agglomerations in China are not currently in the optimal spatial structure 483 

ranges for green economic growth. The spatial structural evolution of urban agglomerations presents 484 

obvious heterogeneous characteristics, and the monocentric index of some urban agglomerations has 485 

experienced two different trajectories (far away or close to the optimal range). Therefore, it is necessary 486 

to formulate a reasonable urban agglomeration spatial pattern according to its own development level 487 

or stage, so as to towards the green economy. 488 

This paper leaves some unaddressed issues for future research. it only presents the relationship 489 

between urban agglomeration spatial structure and green economy. However, the mechanism behind 490 

the empirical results is still not fully clear and needs thorough examination in future study. Another 491 

limitation is in the miss of some useful indicators because of the inefficient data collection, just as 492 

asserted by Verma and Raghubanshi (2018), application of indicators and subsequent assessment of 493 

urban sustainability will be most influenced by data availability. For example, the green patent, which 494 

is probably treated as a valuable indicator for assessing green economy, is forced to dropped because of 495 

the missing data in official database. Lastly, evaluating the green economy performance is not easy 496 

owing to its dynamic and complicated feature, just as noted by Benson et al. (2021), “meanings of the 497 

green economy changes in a changing world”. Although in this paper we endeavor to overcome this to 498 

towards a better research, some unchecked or unobserved aspects are out of our sightseeing. 499 
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Figures

Figure 1

Research framework



Figure 2

The main urban agglomerations in China. Note: The designations employed and the presentation of the
material on this map do not imply the expression of any opinion whatsoever on the part of Research
Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. This map has been provided by the authors.



Figure 3

Monocentric index value for 16 urban agglomerations in 2003 and 2017



Figure 4

Average scores for green economy and three subsystems across years in 16 urban agglomerations



Figure 5

Spatial structure evolution (distribution of monocentric index) for 16 urban agglomerations from 2003 to
2017 and the optimal spatial structure range for green economy


