
Introduction

With rapid population and economic growth, 
tremendous changes have occurred in the spatial and 

material relationships between humans and nature, 
and the contradiction between ecosystem health and 
social welfare of the population continues to intensify 
[1, 2]. Serious environmental problems have led to 
the realization that the environment and economy are 
both in opposition and united. To avoid environmental 
problems, the pressure of human economic activities 
on the natural environment must be limited  
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to the carrying capacity of the Earth’s ecosystem. 
Recently, international demand for low-carbon 
development has increased. Recently, international 
demand for low-carbon development has increased. 
The united nation have suggested Carbon peaking 
and neutrality, and hope to reach the stage of steady 
decline in carbon emissions. With through tree planting, 
afforestation, energy saving, and emission reduction, 
the generated carbon dioxide emissions can be offset 
and “zero emission” carbon dioxide can be achieved.  
The carbon peak stage, requires all countries to 
undertake coordinated development of the economy and 
ecological environment, and strive to achieve regional 
sustainable development [3, 4].

Evaluating sustainable development is a complicated 
component of system engineering [5]. In ecological 
economics, the stability of capital stock is the basis for 
evaluating sustainability [6, 7]. Ecologists who have 
supported strong sustainable theory have stated that 
natural resources increasingly act as constraints [8, 9]. 
Economists who support weak sustainable theory state 
that only accelerated technical progress can offset the 
reduction of natural resources available per capita, 
making the output per capita increase [10, 11]. However, 
studies on natural capital have shown that the theory 
of natural capital contains the concepts of sustainable 
development and ecology, and it is necessary to support 
the combination of economy and economy to play the 
role of natural capital [12, 13]. Further research on the 
utilization of natural capital is required based on the 
findings of dynamic models of world resources [14], 
human appropriation of net primary production [15], 
human bearing capacity [16], and energy analysis 
theory [17]. Rees [18] first proposed the concept of 
the ecological footprint in 1992, and developed this 
into the classic ecological footprint model together 
with Wackernagel et al. [19]. In China, Fang Kai [20] 
first introduced the three-dimensional ecological 
footprint and improved it, applying this improved 
three-dimensional model to research the spatial pattern 
of different scale natural capital utilization [21-23]. 
The application of the three-dimensional ecological 
footprint model included the categorical measure of 
capital stock and flow, breaking through the limitation 
of domestic natural capital research, which is limited to 
a two-dimensional perspective. An increasing number 
of scholars have started to research the fundamentals of 
three-dimensional models. Zhu Dajian [13] proposed the 
need to initiate a “revolution of ecological efficiency” or 
a “revolution of resource productivity.” Jin Xueru [24] 
used nighttime light data to calculate the ecological 
footprint of China. Zhang Xixi [25] researched the 
ecological efficiency of marine ranches in China. 
Humaira Yasmeen [26] discovered that technological 
innovation influenced natural capital utilization 
efficiency. 

Although scholars have conducted extensive 
research on ecological efficiency, there is still a lack 
of research on natural capital utilization efficiency and  

the evolution of time and space. Under the current 
trend of carbon peaking, we must improve the 
natural resource use efficiency to minimize the use of 
resources and the amount of waste generated during the 
production system and maximize carbon neutrality [12]. 

The Yangtze River Delta region was used as a case 
study in the present study. We used a three-dimensional 
model to calculate the urban stock and flow capital 
from 2000 to 2019. We calculated the utilization 
efficiency. Finally, the spatial error model was used to 
determine the influencing factors. The present study 
comprehensively analyze the efficiency and intensity 
of natural capital utilization, reducing the errors and 
shortcomings caused by only one method used in 
previous studies, and derived a development model of 
the Yangtze River Delta from 2000 to 2019. The study 
determined the relevant measures and suggestions for 
improving regional sustainable development, which is 
conducive to promoting relevant research in the Yangtze 
River Delta region and provides a theoretical basis for 
realizing carbon peaks and neutrality.

Research Methods

 Regional Overview and Data Sources

As China’s largest economic circle and one of the 
world’s sixth largest metropolitan circles, the city 
agglomeration in the Yangtze River Delta comprises 
China’s most highly urbanized, densely distributed, 
and economically developed area. The Yangtze River 
Delta is the largest globalizing city region in China. 
The development of the Yangtze River Delta can serve 
as a model for other regions. The economic aggregate 
in the Yangtze River Delta has been higher than that 
of the Pearl River Delta and Beijing-Tianjin-Tangshan 
regions since 2004, and is the economic center with 
the greatest comprehensive strength in China [27, 28]. 
In the first half of 2015, the gross domestic product 
(GDP) of Shanghai was equal to, and the total GDP of 
Suzhou and Zhejiang exceeded, the national average. 
However, due to the rapid growth of industrialization 
and urbanization in recent years, cultivated land 
resources have been used for non-agricultural purposes, 
accelerated environmental pollution has aggravated 
the shortage of ecological resources in the Yangtze 
River Delta region, and resources and the environment 
have increasingly restrained social and economic 
development, making it increasingly difficult to achieve 
sustainable development. 

First, we referenced related research [29] and 
evaluated the current situation of natural capital in the 
Yangtze River Delta urban agglomeration. Regarding 
data availability, reliability, and uniformity, the study 
established natural capital accounts and analyzed 
the impact factors based on data from provincial and 
municipal statistical yearbooks, the China Energy 
Statistical Yearbook, statistical bulletins of national 
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economic development, and the official websites of the 
Department of Land and Resources of each province 
and municipality (Table 1).

Methods

Three-Dimensional Ecological Footprint Model

The improved three-dimensional footprint was 
calculated as [30-32]:

                    (1)

            (2)

where, EFi refers to the two-dimensional ecological 
footprint per capita of the ith type of land (hm2/
capita), BCi refers to the ecological capacity per capita 
(hm2/capita), EFsize,I refers to the footprint size of the ith 
type of land, and EFdepth,I refers to the footprint depth of 
the ith type of land.

Then, the three-dimensional footprint of a region 
was calculated as:

(3)

Natural Capital Flow Utilization

The size of the ecological footprint cannot accurately 
reflect the extent to which stress is exerted on the 
ecological environment. In relation to a region, despite 
its large ecological footprint, a virtual circle will form 
in the ecosystem if natural capital flow is consumed 
entirely. Despite the small ecological footprint, great 
stress will be exerted on the ecosystem if employing 
capital stocks can maintain the normal economic 
and social operation of such regions. Therefore, the 
sustainability of development cannot fully depend 
on the size of the ecological footprint. To clarify the 
actual use of capital flows, the index of flow utilization 
efficiency was introduced and the natural capital flow 
utilization was calculated as:

    (4)

Table 1. Data Sources.

Items Data details and sources

Account of biological 
resources 

(t)

Cultivated land
Wheat, rice, potato, maize, soybean, 

cotton, oil, hemp, sugars, tea, vegetable, 
honey, fresh egg

Shanghai Statistical Yearbook

Prefectural and municipal statistical 
yearbooks, including Nanjing 

Statistical Yearbook

Prefectural and municipal statistical 
yearbooks, including Hangzhou 

Statistical Yearbook
China City Statistical Yearbook

China Energy Statistical Yearbook

Grassland Pork, beef, mutton, poultry, milk

Forest products
Forest fruits, camellia seed, dried 

bamboo shoot, Chinese chestnut, gingko, 
log

Aquatic products Sea water and freshwater products

Account of energy resources 
(10 kt)

Energy 
consumption

Raw coal, coal, coke, crude oil, 
gasoline, diesel, fuel oil, LPG, kerosene, 

electricity, heat

Land use area
(km2)

Official websites of Shanghai Municipal Administration of Planning and Land Resources, 
Department of Land and Resources of Nanjing and Hangzhou; 

China City Statistical Yearbook
1995–2005 Ecological Footprint Analysis of Longitudinal Time Series of Shanghai, Chen Wei et al. 

2008

Population Shanghai Statistical Yearbook, Jiangsu Statistical Yearbook, Zhejiang Statistical Yearbook and 
prefectural and municipal statistical yearbooks 

Global average yield (t) Food and Agriculture Organization of the United Nations (FAO). FAOSTAT Domains [EB/OL]. 
http://www.faostat3.fao.org/download/Q/QC/E.

Balance factor, yield factor 
and conversion coefficient

Analysis on Balance between Supply and Demand in China’s Ecological Capacity based on 
Ecological Footprint, Liu Dong et al. 2012
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Natural Capital Stock Utilization

When the ecological footprint of a region is larger 
than its ecological capacity, capital stocks are employed. 
To clarify the actual use of capital stocks, the index of 
stock flow utilization efficiency was introduced and the 
natural capital stock utilization was calculated as:

      (5)

Natural Capital Utilization Efficiency 

Referring to the connotation of ecological efficiency, 
the maximum efficiency of the ecological environment 
of natural resources and energy meeting human 
production and living needs, i.e., the ratio of the 
output of resources and the environment to the input, 
the present study defined natural capital utilization 
efficiency as the GDP of a region created due to the 
ecological footprint, highlighting the unity of economic 
value and environmental efficiency, i.e., the maximum 
economic value achieved with minimum capital 
consumption.

With this index, the natural resources consumed 
in the entire system were converted into biologically 
productive lands. With improvement in resource 
utilization efficiency, more technical elements are 
involved in economic production activities. Therefore, 
the higher the index, the lower the resource utilization 
efficiency.

Using the corrected DEA model, based on the GDP 
of the region as a variable output and the ecological 
footprint as a variable input, the natural capital 
utilization efficiency of the Yangtze River Delta region 
was calculated as:

                       (6)

where, λj refers to the variable weight and θ refers to 
the overall efficiency (result measured with the DEA 
model), i.e., the extent to which a technology yields 
productive efficiency during stable use, by which the 
ability to obtain a maximum economic output with 
existing technologies is measured [23].

 
The Space Model

The spatial measurement model used in this article 
includes the spatial error model and the spatial Dubin 

model. Spatial error model (SEM) describes spatial 
disturbance correlation and spatial overall correlation. 
The Spatial Durbin Model (SDM) assumes that the 
value of the dependent variable is not only affected 
by the local independent variable, but also by the 
independent variable of the neighboring area.

Calculation and Result Visualization

Evaluation of Three-Dimensional Ecological 
Footprint

The three-dimensional ecological footprint of 
the Yangtze River Delta urban from 2000 to 2019 
is calculated using standardized land element data 
(Table 2). Its actual meaning is the three-dimensional 
natural capital utilization value based on land use in 
the Yangtze River Delta. The table shows that the 
ecological footprint per capita has increased by 20% 
in 20 years. An increase of 1.26 from 1.01 from 2000 
to 2014 indicates that during the period, economic and 
social development consumes a lot of natural capital 
in the surrounding areas. The decline from 1.26 to 
1.05 from 2015 to 2019 indicates that the economic 
and social development has shifted to sustainable 
development. Among them, the consumption of arable 
land has always been at a relatively fixed level, the 
consumption of green land has gradually decreased, and 
the demand for water, garden land, and construction 
land has increased, indicating that the people's demand 
for resource utilization has changed.

Evaluation of Natural Capital Flow 
Utilization 

Evaluate the utilization of natural capital flows 
(Table 3). From 2000 to 2014, the natural capital flow 
utilization in the Yangtze River Delta was relatively 
stable, and from 2014 to 2019, the utilization decreased 
almost 30%. The decrease does not mean a weakening 
of the economic level, but a reduction in flow resource 
consumption. Among them, Shanghai has always 
maintained a low utilization rate, which may be related 
to the lack of its own natural resources. Meanwhile 
the fast reduction of natural capital flow utilization in 
Suzhou, Wuxi, Hangzhou and other cities indicate the 
less dependent on flow resource. Domestic scholars 
have reached similar conclusions by researching on land 
use and ecological environment [33].

Evaluation of Natural Capital Stock 
Utilization 

From 2000 to 2009, the capital stock utilization in 
the Yangtze River Delta increased rapidly. This shows 
that before 2010, the resource consumption in the 
Yangtze River Delta was dominated by the consumption 
of stock capital, which severely restricted ecological 
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deficit. After 2010, the growth rate of stock capital 
utilization slowed down, indicating that the effect 
of sustainable use of ecological resources has begun  
to appear.

 
Evaluation of Natural Capital Utilization 

Efficiency

Natural capital utilization efficiency highlights the 
unity of economic value and environmental efficiency, 
that is, maximum economic value is achieved with 
minimum capital consumption. In the improved DEA 
model, profit and cost were taken as output and input 
indexes, respectively. In the present study, natural 
capital utilization was measured using an ecological 
footprint. To comprehensively reflect the natural capital 
utilization efficiency of the Yangtze River Delta region 
and its changes, an index system of natural capital 
utilization efficiency was constructed based on the 
ecological footprint of cultivated lands, green lands, 
garden lands, water, and land for construction per capita 
as an input index and GDP per capita as an output index 
(Table 5).

According to the improved DEA model, referenced 
related practices [34], with software DEAP 2.1,  
the natural capital utilization efficiencies of the 25 cities 
in the Yangtze River Delta region were obtained from 
2000 to 2019, as shown in Table 6 . 

Malmquist indexes fluctuate roughly between  
0.8-1.2. Taking total factor productivity (tfpch) as an 
example, total factor productivity in 2006-2011 was 
low, about 0.8-0.9, and the rest were above 0.95. 

From 2000 to 2019, the spatial distribution trend 
of natural capital utilization efficiency in the Yangtze 
River Delta urban has undergone significant changes. 
The natural capital utilization efficiency of urban 
agglomerations has gradually spread from high-value 
areas with Suzhou, Shanghai, and Hangzhou as the core 
to northern Jiangsu and southeastern Zhejiang. Shows  
a core-periphery structure.

Clustering and stratification are carried out according 
to the utilization rate of natural resources (Table 7). 
On the whole, the natural capital utilization efficiency 

Table 5. Index System of Natural Capital Utilization efficiency.

Index

Input index

Ecological footprint of cultivated lands per 
capita

Ecological footprint of green lands per capita

Ecological footprint of garden lands per capita

Ecological footprint of waters per capita

Ecological footprint of lands for construction 
per capita

Output 
index GDP per capita
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of cities in southern Zhejiang is slightly higher than that  
of cities in northern Jiangsu.

Shanghai ranks first and has the highest utilization 
efficiency of natural capital [35]. The second-tier 
cities include developed areas in southern Jiangsu 
and Zhejiang, such as Nanjing, Suzhou, Hangzhou, 
and Zhoushan. The relevant ecological footprint is 
maintained at a high level, and the utilization rate 
of natural capital is relatively high. These city’s 
natural capital were effectively used and development 
sustainability was the best. The ecological footprint of 
such cities has increased with the development of the 
social economy, and ecological deviation has gradually 
expanded. However, the development model reflected 
the rationality of its economic structure and is worthy 
of attention [36].

Tier 3 and Tier 4 cities, including Lianyungang, 
Suqian, Yancheng, Jinhua, etc.. They are overloaded 
from the perspective of relative resource carrying 
capacity, and the per capita ecological footprint is 
increasing year by year. Their unreasonable industrial 
structure leads to low utilization of natural resources. 
Cities seek economic development at the expense of 
resource consumption. If cities continue to adopt this 
development model, a vicious circle will be formed. 
Combined with the above analysis, the industrial 
structure of these cities is unreasonable compared to 
economically developed regions [37].

From the perspective of time series, the natural 
capital utilization efficiency in cities shows four trends: 
"rapid growth," "steady growth," "steady decline," and 
"rapid decline." 

Cities such as Suzhou, Xuzhou, Jinhua, Lishui are 
showing a rapid growth pattern. This is because these 
cities have better resource reserves and sufficient 
development momentum. The development foundation 
of these cities is relatively weak. In the early 20 years, 
these cities developed with relatively low natural capital 

utilization efficiency. However, with the support of 
the local government and the change in development 
concepts, the capital utilization efficiency has increased. 
Take Lishui as an example. As a 70% mountainous 
city, the transportation level is low. However, it has 
played the tourism function of ecological resources and 
increased the local GDP.

Cities such as Wuxi, Hangzhou, and Ningbo 
are showing a steady growth pattern. This is due 
to insufficient development of its urban hinterland. 
Twenty years ago, such cities were only medium and 
large cities. Although they have a good foundation for 
development, they are mainly driven by the radiation of 
super large cities. In recent years, with the continuous 
deepening of reform and opening up, especially Ningbo 
as a port city for foreign trade The role is gradually 
significant, and its resource utilization efficiency is also 
steadily improving. Due to the limited natural capital, 
their development only appears to be stable.

Cities such as Nanjing and Shanghai are in a steady 
decline mode, and their natural resource utilization 
deficits are serious, which has threatened urban 
development to a certain extent. These are mega cities 
and central cities that have been large in scale since 
2000, and their capital utilization efficiency has always 
been relatively high. In recent years, they have gradually 
weakened with the consumption of urban resources. 
On the surface, the efficiency of their urban economic 
development has slowed down, but in fact these cities 
are seeking a structural balance within the city.

Cities such as Changzhou and Jiaxing belong to 
the rapid decline mode, which have severely ecological 
deficits during their development in the past 20 years. 
Since ancient times, these cities have abundant resource 
endowments, which may be the reason for their “higher 
starting.” Since 2000, with the development of cities, the 
advantages of these cities have weakened, and the level 
of per capita GDP has dropped significantly, leading to 

Table 7. Hierarchical Cluster Analysis of Sustainable Development Trends in Cities.

Hierarchy Cities

First Shanghai

Second Suzhou, Hangzhou, Zhoushan, Nanjing 

Third Wuxi, Changzhou, Yangzhou, Taizhou, Ningbo, Wenzhou, Lishui, Zhenjiang, Shaoxing, Jiaxing, Taizhou

Fourth Nantong, Huzhou, Huai’an, Xuzhou, Quzhou, Suqian, Lianyungang, Yancheng, Jinhua

Table 8. Types Analysis of Sustainable Development Trends in Cities.

Types Cities

Rapid growth Xuzhou, Suzhou, Nantong, Yancheng, Yangzhou, Lishui, Zhoushan

Steady growth Wuxi, Lianyungang, Huai’an, Zhenjiang, Taizhou, Suqian, Ningbo, Hangzhou, Wenzhou, Quzhou,

Steady decline Shanghai, Nanjing, Taizhou, Shaoxing

Rapid decline Changzhou, Jiaxing, Taizhou, Huzhou
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a decline in the utilization rate of natural capital year 
by year. Of course, since 2014, affected by policies  
and ideas, such cities have also begun to explore  
the path of transformation.

Analysis of Influencing Factors

To further explain its influencing factors, the present 
study used a spatial error model (SEM) for more in-
depth research [39].

We used the three-dimensional ecological footprint 
with independent variables of population, per capita 
GDP, the ratio of primary industry added value to total 
output value, the ratio of secondary industry added 
value to total output value, tertiary industry added 
value to total output value, and fixed asset investment. 
The ratio of total retail sales of social consumer goods, 
park green area, domestic sewage treatment efficiency, 
and domestic waste innocuous treatment efficiency 
were used as explanatory variables for the spatial linear 
regression of natural capital utilization. The regression 
results are presented in Table 9.

Then, we obtained the results of the spatial  
model estimation between the natural capital utilization 
and 10 major influencing factors in the Yangtze River 
Delta:

EF = 0.1884 – 0.0005 X1 – 0.0945 X2 – 9.3006 – 
X3  – 9.2353 – X4 + 9.4219 X5 – 0.0002 X6 

– 0.00002 X7 + 0.00002 X8 + 0.0009 X9 

+ 0.0122 X10                                                (7)

The above results showed that the use of natural 
capital in the Yangtze River Delta was related to the 
total population (X1), GDP per capita (X2), primary 
industry value added (X3), secondary industry value 
added (X4), fixed asset investment (X6), and social 
factors. The total retail sales of consumer goods (X7) 
were highly positively correlated, whereas they were 
negatively correlated with the added value of the tertiary 
industry (X5), park green area (X8), domestic sewage 
treatment rate (X9), and treatment rate of domestic 
garbage (X10). Therefore, the main reasons for the 
continuous increase in the use of natural capital were 
social and economic factors, whereas the development 
of the tertiary industry, increase in green area, and the 
treatment rate of domestic sewage and garbage were 
conducive to the natural capital stock.

Table 9. Spatial error model estimation results.

SLM SEM

VARIABLE COEFFICIENT P COEFFICIENT P

W_EF 0.1484 0.0055 0.2690 0.0071

CONSTANT 0.2174 0.0397 0.1884 0.0101

X1 -0.0049 0.0048 -0.0005 0.0093

X2 -0.1384 0.0040 -0.0945 0.0056

X3 -10.2928 0.0117 -9.3006 0.0114

X4 -10.2441 0.0119 -9.2353 0.0118

X5 10.4258 0.0114 9.4219 0.0111

X6 -0.0001 0.0054 -0.0002 0.0034

X7 -0.000005 0.0095 -0.000020 0.0082

X8 0.000004 0.0080 0.000020 0.0092

X9 0.0051 0.0061 0.0009 0.0027

X10 0.0115 0.0027 0.0122 0.0074

λ -0.4603 0.0038

ρ 0.0572 0.0032

LogLIK 35.4631 38.3468

R2 0.4352 0.5747

AIC -46.9262 -54.6935

SC -32.2997 -41.2859
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Results

Natural capital originates from research on 
sustainable development, and is the core issue of the 
theory of sustainable development. The present study 
used a three-dimensional ecological footprint model 
to calculate the flow and stock capital of 25 cities 
in the Yangtze River Delta from 2000 to 2019, and 
calculated the utilization efficiency of natural resources  
in the Yangtze River Delta. The sustainable development 
of natural capital in the Yangtze River Delta region was 
discussed over the past 20 years. The main conclusions 
found were as follows:

(1)	 According to the evaluation of the use of 
natural capital in the Yangtze River Delta, with 2014 
as the boundary, the development of the Yangtze River 
Delta from 2000 to 2019 is divided into two stages. 
In the early stage, the rationality of the use of natural 
capital was poor, especially the excessive use of natural 
capital flows and the excessive use of stocks, causing 
serious ecological deficits and stock losses. During this 
period, economic and social development came at the 
expense of ecology. In the later period, the utilization 
of natural capital stocks decreased, the utilization of 
natural capital flows stabilized, the overall utilization of 
natural capital stabilized, and society began to enter the 
stage of sustainable development. Therefore, in the 20 
years of rapid social development, the economic growth 
of the Yangtze River Delta has begun to move towards 
a recyclable, sustainable and efficient development path, 
and it currently plays an active role in carbon neutrality.

(2)	 The natural capital utilization efficiency mode 
in the Yangtze River Delta include "rapid growth," 
"steady growth," "steady decline," and "rapid decline." 
reflected the regional economic development. From 
the analysis of influencing factors, the city’s natural 
capital utilization efficiency and its changes in the past 
20 years are mainly affected by four factors: resource 
conditions, industrial structure, regional location, and 
policy factors. 
–– Resource conditions: Resources are the prerequisite 

for urban development. Cities with better innate 
resources are basically cities above the third type 
(Table 7). Of course, excessive natural capital also 
leads to overly conservative development in their 
development and is easy to degenerate. There is a 
trap that the natural capital utilization efficiency 
mode will be “rapidly reduced”. For cities with poor 
natural resources, the natural capital utilization 
efficiency may be low in the early stage, such as 
Wenzhou, but with the change of development 
thinking, it will reduce dependence on natural 
capital, and instead participate in low-investment 
and high-yield industries such as finance and the 
Internet. The natural capital utilization efficiency 
will increase.

–– Industrial structure: The efficiency of natural capital 
utilization were mainly affected by the industrial 
structure; i.e., the more developed the tertiary 

industry, the higher the utilization efficiency, and 
vice versa. The lower the utilization efficiency, the 
higher the strength. This is because the primary 
and secondary industries require a lot of capital 
during the production process, and circular economy 
and clean energy technologies have not yet been 
truly popularized, resulting in a low input-output 
ratio during economic development. The tertiary 
industry uses capital and human resources as  
its main elements, and have advantages of low 
resource consumption and environmental pollution, 
and huge potential economic benefits. In summary, 
the development of the tertiary industry is an 
effective way to improve the efficiency of natural 
capital utilization, and promote regional sustainable 
development.

–– Regional location: From 2001 to 2011, the unfairness 
of natural capital flows increased and the distribution 
was unbalanced; from 2012 to 2015, the distribution 
of natural capital flows was highly unbalanced and 
the unfairness further intensified over time. During 
this period, the powerful groups (like province or 
Integrated city) in the region used existing economic 
resources to obtain excess profits, resulting in the 
unfair allocation of natural capital, which led to the 
spatial flow of natural capital to the advantageous 
groups. Therefore, the utilization of capital in central 
cities (such as capital cities or transportation hub) is 
high and efficient. Cities adjacent to the central city 
have good development of natural capital utilization 
due to the trickle-down effect, whereas, in areas far 
from the central city and connected to economic 
regions, the utilization rate of natural capital is low 
and most have high strength and low efficiency.
However, inter-regional economic, technological, and 
talent flows might contribute to regional sustainable 
development. With the development of the social 
economy, the degree of agglomeration of cities with 
high utilization of natural capital in the Yangtze 
River Delta has weakened. This conclusion is similar 
to the existing conclusion "East is better and North is 
bad", and it has strong reference value [40].
(3) The change in the use of natural capital in the 

Yangtze River Delta mainly benefits from the regulatory 
role of the government.In the past 20 years, the 
government has launched a number of urban integration 
strategies, promoted the opening of coastal cities along 
the Belt and Road, and built high-speed railways in 
cities in the Yangtze River Delta. At the same time, it 
also proposed strategies such as supply-side reform, 
green water and green mountains, and so on to aim at 
adjusting the economic structure, realizing the optimal 
allocation of factors, and improving the quality and 
quantity of economic growth. Recently, discussions on 
carbon peaking and neutrality have also been placed on 
the agenda, and the country’s requirements for regional 
sustainable development have been increasing. As the 
development pole of China, the Yangtze River Delta 
region has taken the lead in responding to policies and 
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appropriately slowing down the development speed. 
Also, its own development efficiency and natural capital 
flow to advantageous groups have improved. Therefore, 
during economic development, it is necessary to 
strengthen policy supervision and rationally guide  
the healthy development of the region.

Discussion

Strategies and Suggestions

From the analysis of the natural capital utilization 
efficiency of cities in the Yangtze River Delta region 
from 2000 to 2019, large differences were found among 
cities in terms of efficiency, and there was polarization 
in spatial distribution, indicating that the development 
of the ecological environment of the region was 
unsustainable, and the extensive utilization of resources, 
unbalanced social and economic development, and rapid 
industrialization and urbanization had significant effects 
on the efficiency of natural capital utilization. As Hu 
said, the use of natural capital affects urban ecological 
welfare [41], to improve the sustainability of regional 
development and relieve ecological stress, the following 
strategies are proposed:

(1) Promoting equitable development
Everyone has an equal right to consume resources. 

Therefore, resources must be used to improve people’s 
living standards, create employment opportunities, 
and protect the environment instead of being used 
in industries that cause high pollution for economic 
purposes [42]. For example, as high-energy-consuming 
industries are in the interests of the minority, unequal 
energy consumption will ultimately make economic 
growth unsustainable. Therefore, in the process of 
development, it is necessary to strengthen policy 
supervision, reduce the polarization of the use of 
natural capital in the Yangtze River Delta, promote 
the transformation of urban industries from single to 
multiple, and guide the sustainable development of the 
region.

(2) Constructing a resource-saving production 
system.
–– Adjust and improve the agricultural structure and 

construct distinctive and ecological agriculture 
in agricultural zones. Improve agricultural labor 
productivity using agricultural technologies. 
Minimize the chemical fertilizers applied during 
agricultural production and reduce the dependence 
of rural fuels on coal, thus creating energy saving 
and environmentally friendly countries [43].

–– Appropriately reduce the proportion of secondary 
industries and promote the construction of eco-
industrial parks in the cities of northern Jiangsu and 
Zhejiang. Focus on the promotion of clean production 
and the development of a circular economy. Increase 
technological investment, and develop new resource-
saving processes and technologies; driving the 

implementation of water-saving, energy saving, 
and resource recycling projects; and promoting 
the application of new materials to speed up the 
realization of low input, low energy-consuming, and 
low-emission economic growth of core regions in the 
Yangtze River Delta [44].

–– Step up efforts to develop a tertiary industry. With 
the main element of human capital, the tertiary 
industry has the advantages of low resource 
consumption and environmental pollution, and 
huge potential economic benefits. Natural capital 
utilization efficiency can be improved by developing 
service industries, such as tourism, business, and 
education [45].
(3) Increasing investment in natural capital
In addition to regular environmental governance, 

forest cultivation, natural protection, farmland 
protection, and landscape improvement must be 
strengthened to contribute to the development of 
natural productivity. For example, improving the 
ability of the ecosystem to bear environmental stress 
via the maintenance and improvement of the wetland 
ecosystem and enhancement of its self-cleaning 
capacity. Also, the high-dimensional development 
of rural agriculture should be boosted basing on 
comprehensive and extensive investment in rural 
agriculture, the productivity of natural landscapes 
and rural scenery should be improved rapidly, and 
the service consumption-focused high value added 
industries should be developed , such as leisure, 
educational, and experiential agriculture.

Deficiencies and Prospects 

To fill the gap in the quantitative measure of natural 
capital utilization efficiency in domestic and overseas 
research on natural capital, the present study conducted 
research using an index system. We have innovatively 
studied the utilization efficiency of natural capital 
from the perspectives of flow and stock, and discover 
the changing law of urban natural capital utilization 
efficiency from the time series. This method also 
has certain applications in the efficiency of tourism 
development [46, 47]. Although the result demonstrates 
many opinions, due to time limitations and the author’s 
academic level, there are many deficiencies, and further 
research and discussion are required.

Due to the limited data availability and quality in the 
natural capital evaluation analysis, the index of energy 
land was removed from the study; however, it is very 
important in the analysis, making the comprehensive 
evaluation of regional sustainable development 
imperfect.

Natural capital utilization efficiency is a variable 
that involves various factors, and there are many 
deficiencies due to index simplification. Therefore, 
future multi-perspective and comprehensive research 
is required to promote the theory of natural capital and 
sustainable development. It is difficult to find a suitable 
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way to expand the analysis throughout the entire 
region for some ecological service indexes. Therefore, 
continuous attention should be applied.
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