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Abstract: As a result of rapid urbanization in China, urban sprawl has increased rapidly, and land-use regulation and smart urban
growth are equally important. Spatial function regionalization can provide the scientific groundwork for the regulation of land use and
protection. This paper probes the system of evaluation indices and applies the methods of spatial analysis and classification clustering to
the calculation of the ecologically significant value and economically significant value in each evaluation unit. After use of a classifica-
tion matrix integrated by the two significant values, city space can be divided into four functional types, namely, feasible development
area, moderate development area, moderate conservation area and prohibited exploiting area, and these are the basis for spatial devel-
opment and control.
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1 Introduction ing away green space and increasing disturbances to the
ecosystem, e.g., the disappearance of high-quality soil,
Urban sprawl is posing an increasingly serious threat to  the obsolescence of wetlands, the impairment of bio-

the ecological environment, particularly to agricultural logical diversity, increased vulnerability in natural dis-

soil conservation. China is now entering a new stage of
industrialization and urbanization, with the proportion
of the entire urban population rising from 19.39% in
1980 to 57.35% in 2016. The area of built district in
2016 reached 54 331.5 km® (Ministry of Housing and
Urban-Rural Development of the People’s Republic of
China, 2018). Indeed, cities are expanding at a breath-
taking pace. The expansion of urban construction, the
emergence of increasing industrial development zones
and the improvement of transportation facilities are tak-
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asters, and damage to historic monuments (Bryant et al.,
1982; Yokohari et al., 2000; Lin and Zhang, 2015;
Theurillat et al., 2016). Furthermore, damage to the
ecological environment will usually have a negative
impact on agriculture, inducing a grain supply crisis and
affecting both sustainable social and sustainable eco-
nomic development (Brown, 1995; Hanna et al., 2007;
Gaspar et al., 2017; Menegaki and Tugcu, 2017).
Developed cities or regions need to not only under-
take the function of high-degree population and indus-
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trial agglomeration, but also maintain a good ecological
environment. Besides the division of labour within pro-
duction, they also need to divide labour between devel-
opment and protection. American scholar Friedman, in
the book ‘Regional Development Policy’ published in
1966, discussed the Core and Periphery Theory and
systematically expounded the inevitable causes for the
existence of the spatial function regionalization among
regions. Geologists have always adhered to the idea of
regional development in accordance with local condi-
tions, while zoning and regionalization is just a typical
method for embodying this idea intensively, scientifi-
cally recognizing geographical environment, judging
comparative advantages, and cognizing the differences
of spatial conditions (Fan, 2007). Therefore, it is easier
for geography to give a scientific explanation by judging
the pattern of space division for development and pro-
tection of each region through spatial function region-
alization, and taking it as the regional projection and
spatial expression of the paradigm of spatial balanced
division.

In the early 19th century, geographers began to at-
tempt regionalization based on their cognition of natural
tokens. German geographer Humboldt’s Isotherm Table,
Russian geographer Dokuchaev’s Soil Belt Theory and
Hommever’s Four-grade Geographical Units Theory
initiated the research on the spatial regionalization of
land use (Wu et al., 2003). Based on natural and eco-
nomic elements, some researchers studied spatial func-
tion regionalization to guide land use and space control.
As early as the 1920s, the United States initiated started-
land-use zoning, stipulating the scope of zoning, types
of utilization and permitted maximums of exploitation
and in the 1960s, issued a series of regulations to ensure
the implementation of land-use zoning (Baics and
Meisterlin, 2016; Lin et al., 2016). Land carrying capac-
ity could be assessed with potentially restrictive ele-
ments, thereby categorizing the assessed land into four
types of environmentally sensitive zones that are ecol-
ogically critical areas in perpetuity (Knaap, 2001).
McHarg (1997) denoted the natural and economic at-
tributes of a research area on a map and divided the de-
velopment subarea using a map overlay. A Sino-German
joint project, the Jiangning Nanjing Project, proposed
the notion of a matrix classification of ecological con-
servation value versus economic and social develop-
ment, which was quite conducive to making overall

plans for land use in terms of both the environment and
the economy.

The data collection, experiment analysis, and data
processing technology applied in geography have em-
ployed various types of regionalization based on differ-
ent objectives. For example, natural regionalization,
based on elements such as climate, terrain, physiog-
nomy, soil and vegetation, is a geographical synthesis
which consists of zones of different grades (Fu and Pan,
2016; Peng et al., 2017). Agricultural regionalization is
used to compartmentalize agricultural regions into dif-
ferent types and zones according to their interior simi-
larities and exterior distinctions, in terms of agricultural
characteristics and conditions, providing a basis for ad-
justing the agricultural structure and distribution. Eco-
nomic regionalization is based on the regional division
of labour and development phases and guiding the spe-
cialized development of the economic zones, thus shap-
ing the new idea of the regional division of social labour
(Xu et al.,, 2017; Zou and Zhang, 2017). Ecological
function regionalization divides an area into different
functional regions according to the elements, sensitivity
and service functions of the ecological environment
providing a scientific basis for regional ecological secu-
rity, the exploitation of natural resources, and the distri-
bution of productive forces (Bailey et al., 1985; Fu et
al., 2001). The above-mentioned types of regionalization
are development-oriented theories, primarily from ex-
parte perspectives such as the exploitation of natural
resources, ecological conservation, and economic de-
velopment. The research on spatial function regionaliza-
tion with regard to the ecological environment and
economy, simultaneously reflecting development guid-
ance and space control, is becoming a hot topic that is
expected to provide a scientific basis for spatial regula-
tion by the government. Spatial function regionalization
is used to divide the region into several functional areas
based on the ecological environment and economic de-
velopment, which aims to simulate the spatial balance
among the economy, the population, natural resources
and the environment.

In China, the central government has brought forward
the strategy of Principal Function Area (PFA) in recent
years, which shall be divided into four principal func-
tional zones of optimal development, key development,
restricted development and prohibited development,
according to the bearing capacity, development poten-
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tial, and current development state of resource environ-
ment. Fan (2015) developed a regional function identi-
fication index system consisting of 9 quantifiable in-
dexes (water resource, land resource, ecological impor-
tance, ecological vulnerability, environmental capacity,
disaster risk, economic development level, population
concentration, and traffic dominance) and 1 qualitative
index (strategic choice), researched and discussed the
methods, and formed the first scheme for division of
PFA in China. Many scholars have attempted to research
the division of PFA at provincial level (Liu, 2007,
Zhang and Li, 2007; Zhao et al., 2009). The planning of
PFA has been formulated only at national and provincial
levels, which has caused it be such that the regional
functional areas subject to space control on national and
provincial scales include four types, namely the urban-
ized area, food safety area, ecological safety area, cul-
tural and natural heritage area, and on this basis, the
areas are converted into 4 principle function areas with
county-level administrative division as the unit. Then, it
is necessary to further explore how to implement, at the
municipal and county levels, the principle function de-
termined by the central and the provincial governments,
and especially, how to select evaluation units and in-
dexes and realize comprehensive integration of subareas.
This paper starts from the assessment of ecologically
and economically significant value. Next, it discusses
the methods and technical courses of spatial function
regionalization at municipal and county levels, includ-
ing elements selection, internal relationship, logic
analysis and application. Wuxi City has been taken as a

case study to experiment with spatial function region-
alization, with towns as the units.

2 Materials and Methods

2.1
Wuxi City, where plains and water bodies overlap, is
located in the humid subtropics south of the Yangtze
River and north of Taihu Lake (Fig. 1). It has an area of
4627 km’, with plains accounting for 70% and water

Study area

surface for 20%. It is described as a land flowing with
milk and honey because of its fertile soil, ample water
resources, long-term development of agriculture and
water conservancy, good cultivation condition for
paddy, and abundant fishery resources. Wuxi, a charm-
ing ancient city with a history of Wu culture that
stretches back more than 2500 years, is also a historical
centre of the Yangtze River Delta. It is well known for
its delicate gardens and its preservation of the primitive
style of regions surrounding the rivers and lakes in
South China during the Ming and Qing dynasties. It is a
delight for travellers and is called the ‘Pearl of Taihu Lake’.
Wuxi is also the city that has the highest economic
potential and is the closest to Shanghai, China’s leading
economic centre. The ancient Wuxi was set alongside
the Beijing-Hangzhou Grand Canal linking the Taihu
Lake drainage area and North China water transport,
which benefited Wuxi during its development into the
largest city in southeast China (Sun, 2013). In the 1980s,
Wuxi developed township and village enterprises as
supplementary industries for state-owned enterprises in
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Shanghai with the help of the Sunday Engineers Pro-
gram. In the 1990s, Pudong Development in Shanghai
attracted a great amount of FDI to Wuxi. Meanwhile,
vast foreign and domestic investments flocked into
Wuxi because of its geographical advantage, profound
highly cultured population,
peaceful and stable society, and convenient public ser-

cultural accumulation,
vice. Wuxi transformed itself from a region dominated
by township and village enterprises and state-owned
enterprises to one of the most globalized in China, the
focus of both foreign direct investment (FDI) and high-
tech centres (Yuan et al., 2014). FDI in Wuxi city has
risen dramatically, reaching US$4.5 billion in 2016
(Jiangsu Provincial Bureau of Statistics, 2017). It has
been consistently ranked among the top ten most com-
petitive cities in China. Investment in manufacturing
rapidly increased and attracted a labour force of more
than 2 million outside the city, which resulted in
rapid urban land expansion. According to the anno-
tations of the remote sensing photos of SPOT4 and TM,
the built-up area increased by 831.3 km” from 1985 to
2016 (Fig. 2).

The rapid urban sprawl has deteriorated the natural
and cultural environment as outlined below.

(1) Damaged agricultural resources. Urban sprawl took
away a large amount of cultivated land, which decreased
from 2764.0 km® in 1985 to 1803.8 km® in 2016.
High-quality soil was demolished and 35% of the per-
meable paddy soil was occupied by construction land.

(2) Increased disaster risk. The disasters with a sub-
stantial impact on the area are mainly flood disasters and
ground sedimentation. The region is impacted by the sub-
tropical monsoon climate and low and flat terrain, with
an average elevation of only 4 m, and it is Vulnerable to
the threat of flooding. Moreover, construction land ex-
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Fig. 2 The built-up area expansion in Wuxi from 1985 to 2016

pansion, economic and population growth, and serious
ground sedimentation caused by overusing groundwater
have increased the vulnerability of these disasters.

(3) Demolished historical and cultural relic. A picture
of ancient city and towns, rivers, lakes, and bridges dis-
play the essence of the traditional culture of Wuxi City.
However, the process of industrialization and urbaniza-
tion has a strong impact on conservation of the cultural
heritage described above, not only damaging ecological
sights but also increasing the vulnerability of flooding
for the low-lying ancient towns as a result of the change
in the river network system caused by development in
surrounding areas.

Furthermore, Wuxi recently proposed a development
strategy, which principally would prioritize an export-
oriented economy. Wuxi would also develop high- tech
and traditionally advantageous industries in the area
alongside vital communication lines, including the
Shanghai-Nanjing Express, Yangtze Riverside, and
Taihu Lakeside areas. The Yangtze Riverside area would
develop heavy and chemical industries, relying on the
shipping and water resources of the Yangtze River. The
area alongside Taihu Lake would develop tourism. It is
foreseeable that the implementation of this strategy will
increase the intensity of spatial exploitation and pressure
on the natural and ecological environment.

For these reasons, ecological-economic oriented spa-
tial function regionalization, targeting a land area of
4627 km” and 64 units of towns in Wuxi City, is pre-
ferred to create the intended spatial regulation scenario
and policy guarantee. Natural and human ecosystems
could largely be protected while the economy maintains
rapid growth.

2.2 Methods of spatial function regionalization
According to theories of regionalization, this paper
proposes technical routes of spatial function regionali-
zation that primarily follow four levels: elements selec-
tion, internal relationship, logic, and application.

(1) Elements level refers to the selection of basic spa-
tial units and assessing elements. The elements are di-
vided into two categories: natural ecological and social
economic. The principle underlining the selection of the
elements is to first reflect the distinctions and character-
istics of the spatial units, and second to reflect that
the elements have a certain particularity and can not
replace one another (Sun, 2013). The elements are also
restricted by data accessibility.
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Ecological elements are mainly used to assess the
relative ecologically significant value, which represent
the need to protect the ecological system and maintain
the original condition of the natural environment, in-
cluding climate modulation, water regulation, soil ero-
sion prevention, material recycling, decontamination,
biological diversity, recreational value, efc. They are
essentially composed of the indices of ecosystem ser-
vices and ecological vulnerability. Ecosystem services
indicates the benefits obtained directly or indirectly
from an ecosystem and primarily refer to the benefits of
the conservation of water sources, biological diversity
and special ecological environments, such as mountain,
forest, wetland and a special agriculture region, along
with natural and cultural heritage. Ecological vulner-
ability, also referred to as the environmental sensitivity
index, includes disaster risk, environment carrying
capacity, ecological costs, etc.

Economic elements primarily assess the demand of
economic development. They focus the selection on eco-
nomic resources supply capacity, land exploitation benefit
and development potential. The selected elements should
reflect the intensity of economic development demand,
such as the quality and quantity of water and soil resources,
per capita revenue, output of conruction land and fixed
assets, and transport accessibility (Table 1).

Table 1 Elements of spatial function regionalization

In terms of surface-state elements such as ecological
vulnerability, spatial analysis technology can be applied
over each element in the definite units to calculate eco-
logical vulnerability. In terms of linear elements, such as
the distance from the assessed units to the regional cen-
tres, a network analysis can be applied to determine the
value. Statistical elements are determined through statis-
tical annual data. Elements such as historical relic, tail
water discharge condition, etc., are determined by the
method of Delphi from expertise information. On this
basis, through synthesizing and standardized extreme
processing of the data as in Equation (1), a synthesized
database for spatial function regionalization may be es-
tablished in which the formula for the indices is ex-
plained as follows:

-
x=—min_ (1)

Xmax ~ Xmin

where x indicates the normalized value, x' indicates the
value of the element, x 'y, indicates the maximum value
of the element, while x';, indicates the minimum value
of the element.

(2) Internal relationship level is used to analyse the
relative weights of the elements. These weights gener-
ally depend on regional natural, social and economic
distinctions and are obtained through subjective and
objective assessments. The subjective assessment methods

Elements selection Classification

Index

Natural ecological Ecosystem services

elements

Ecological vulnerability

Social economic Water and land resource supply

elements

Development benefit

Development potential

Drinking water sources
River and lake

Wet land

Mountain and forest
Historical relic

Disaster risk
(Flood; Earthquake)

Environmental carrying capacity
(Atmosphere and water; Tail water discharge condition)

Ecological cost
(Water density; Soil quality)

Water quantity and quality
Land quantity and quality
Per capita revenue

Output of construction land
Human capital

Transport accessibility
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usually include Delphi, AHP, and a comparison

of the elements in pairs based on previous experience.
Although these methods are relatively mature and easy
to operate, they are not very objective. The objective
assessment method is based on a mathematical rule,
such as the entropy method, OLS, maximum variance
method, etc., to calculate weight (Sun et al., 2018). Be-
cause many of the selected elements cannot be ex-
pressed quantitatively, their weights have been identi-
fied based on the characteristics of the natural environ-
ment and economic distinctions of the regions.

(3) Logic level is used to evaluate and mark the rela-
tive ecologically and economically significant value of
each unit based on the weight of each element. The as-
sessed units will be merged according to such homo-
logical analysis methods as expert integration, matrix
clustering, and stepwise merger to form a ranking of the
ecologically and economically significant values. The
total ecologically and economically significant value of
each unit will be determined according to the given
weights.

where C; refers to the total value of the assessed unit i,
Xj; refers to the value of element j in unit i, and P;refers
to the weight of the element ;.

(4) Application level is used to determine the types of
each assessed unit by using a final classification matrix,
which is composed of ecologically and economically
significant values. For instance, feasible development
area, moderate development area, moderate conserva-
tion area, prohibited exploiting area and elasticity grey
area. On those ground, the different land use directions
and regulation are to be raised (Table 2).

3 Results

3.1 Regionalization of ecologically significant
value
(1) Ecosystem services

Based on both natural and human characteristics, the
ecosystem services function in the area focuses on
drinking water sources, wetlands, mountainous regions,
lakes, the core area of famous historical towns and cit-
ies, and neighbouring areas. Biological diversity is not
obvious in this area, which is filled with intense, fre-
quent human activities; however, biologically diversi-
fied areas are the same as mountainous regions and
wetlands. The special agricultural area mainly in the rice
production area, the aquaculture base alongside Taihu
Lake, and the Gehu Lake aquaculture base, are all lo-
cated in wetlands and the areas nearby. Forests are
mainly distributed in the mountainous area. These ele-
ments may be stated through other indices and are not
listed here.

Drinking water sources. It is extremely essential to
guarantee the water supply for urban production and
livelihood. Nine drinking water sources in Wuxi City,
along with the areas within a radius of 1 km from the
upper and lower reaches, serve an ecosystem services
function fairly well and should be strictly protected.

Wetlands. Wetlands function to purify water, store
floodwater to defend against drought, modulate water
and air, and maintain biological diversity. Wuxi is
abundant in rivers and lakes, where numerous wetlands
are mainly located in riverine areas along the Yangtze
River, Taihu and Gehu Lakes, and in the cluster of lakes
in South Jiangyin. The wetlands in the protected Yang-
tze riverine sections and other reserved wetlands along-
side Taihu Lake, Gehu Lake, and Dongjiu Lake are a
super ecological service function area that should be

Table 2 Matrix classification of ecological-economic value and development regulation

Ecologically significant value

High

Medium Low

Conditioned protection,

. High
Economically g moderate development area
significant value

Preferential protection Idem

Medium .
Moderate conservation

Preferential protection

Low .
Moderate conservation

Conditioned medium-intensity exploitation,
moderate development

Moderate development

Conditioned protection, moderate conservation

Less restricted development

feasible development

1d., to be reserved according to concrete
situations, feasible development

Elasticity grey area, determined by de-
mand
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strictly protected. According to the Regulations of Taihu
Lake Water Pollution Prevention enacted by the Jiangsu
Provincial People’s Congress in 1996, the areas within a
range of 1 km off the Taihu lakesides and 0.5 km off the
Gehu lakesides are prohibited from exploitation, and the
area within a range of 5 km off the Taihu lakesides is
protected as a buffer zone.

Mountainous regions and water surfaces. These areas
are helpful for maintaining landscape diversity and
modulating water and air and will be strictly protected
in the development process to guarantee that the total
area of mountainous region and water surface remains
unchanged.

Historical and cultural cities and towns. The historical
relic can not be reproduced and should be strictly pro-
tected. Attention should be devoted to keeping the look
of the development area and the ancient cities and towns
harmonious, and it would be inappropriate to carry out
large-scale industrial development around historical rel-
ics. Therefore, the protected ancient cities and towns
and their peripheries should reflect different ecosystem
services functions.

In summary, the water sources, mountainous regions,
wetlands, water surface, and core protection area of his-
torical and cultural cities and towns are to be designated
a super ecosystem services function area. Green belts
around lakes, the periphery of the protected area of an-
cient cities and towns, and the protected areas within a
range of 100—500 m off the riversides are medium eco-
system service function areas.

(2) Ecological vulnerability

The selected indices regarding ecological vulnerabil-
ity include ground sedimentation, the risks of floods and
earthquakes, tail water discharge condition, bottomland
(terrain elevation), density of water network and soil
quality of cultivable land, which represent disaster risk,
environmental carrying capacity and ecological cost.

Disaster risk. The average level of ground sedimenta-
tion is approximately 450 mm and is mainly distributed
in the north-western and south-eastern parts of Wuxi
city. Flooding may threaten the centre part of the area,
which is primarily bottomland. Earthquake impacts on
Wuxi are minor, and the earthquake-affected area is
primarily distributed in Western Yixing.

Environmental carrying capacity. In small regions,
the flow of atmosphere does not cause a clear difference
in the air quality between regions, which will not be

considered here. However, the tail water discharge con-
dition may reflect the issue of restriction on the water
environment’s carrying capacity. In general, the Yangtze
riverine area has the largest water environment carrying
capacity, whereas the area around Taihu Lake has the
smallest.

Ecological cost. Bottomland, with terrain elevation
less than 2 m above sea level, is prone to waterlogging,
and the construction cost is high in such areas. The den-
sity of rivers and lakes represents water ecological sen-
sitivity and reflects land-use integrality. In addition, the
denser the water network, the more fragmentized the
land use and the more sensitive the ecosystem. Soil
quality of cultivable land refers to the appropriate extent
for agricultural development. The higher the soil quality,
the better the water permeability function to replenish
ground water. In this area, paddy soil has the highest
proportion. According to the soil classification table,
permeable paddy soils are of the highest quality, fol-
lowed by percolating paddy soils, stagnating paddy
soils, water-logged paddy soils, and side-bleaching
paddy soils.

According to experts, the importance ranks of ele-
ments of ecological vulnerability are as follows: tail
water discharge condition>water network density>soil
quality of cultivable land>bottomland (terrain eleva-
tion)>flood risk>ground sedimentation>earthquake risk.
By overlaying the spatial classification of each element,
186 subsections for ecological vulnerability assessment
are formed and then merged and zoned in four types.
The most ecologically vulnerable zone is mainly dis-
tributed in the southwest areas vulnerable to flooding
and ground sedimentation, with a small environment
carrying capacity. In the Yangtze riverine areas, the en-
vironment carrying capacity is large and the ecosystem
is less vulnerable.

(3) Comprehensive assessment of ecologically sig-
nificant value

Considering the above stated ecosystem services and
ecological vulnerability, Wuxi city has been divided into
four zones in light of its ecologically significant value.
The first-level ecological zone consists of drinking wa-
ter sources, wetlands, mountainous regions, water sur-
faces, and the core protection zone of historical and
cultural cities and towns. The second-level ecological
zone, which consists of medium ecosystem services and
a sensitive ecological zone, is mainly distributed in the
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periphery of Taihu Lake, Gehu Lake, and the cluster of
lakes in southwest part. The third-level ecological zone
is mainly distributed in south-eastern hi-technology in-
dustrial zones, Southern Jiangyin and some towns in the
north-west. The fourth-level ecological zone is mainly
distributed in the Yangtze riverine areas (Fig. 3). Based
on the area proportion of the ecological zones in the
assessed town units, it is proposed that the ecological
zones be partitioned and distributed to the basic assessed
spatial units, assessing the ecologically significant value
of the towns and urban areas of the counties. The 64
towns and urban districts are divided into four ecologi-
cal significance types: super, high, medium and ordinary
(Fig. 4).
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Fig. 4 Ecologically significant value in each assessed unit

3.2 Regionalization of economically significant
value

The regionalization of economically significant value is
based on the synthesized assessment of water and land
resource supply and development benefit and the

development potential of each assessed unit.

(1) Water and land resource supply

Water supply capacity for large-scale industry. Wuxi
is abundant in water resources and may guarantee water
supply for livelihood. However, there is a regional un-
balance in the spatial distribution of the water resource.
According to an expert survey, the large-scale industrial
water supply descends from north to south.

Land supply situation. Although land-use efficiency
is considerably high, the land available for construction
is quite limited. With regard to the geological condition
of the construction, the land is mainly composed of hard
earth and sanded land, but in a few areas, the land is
composed of soft and distensible earth, for which the
exploitation cost is relatively high.

Water and land supply costs. The water and land sup-
ply costs are higher from north to south. The costs in the
Yangtze riverine area are the smallest, whereas the costs
in the Taihu Lake area are some of the largest.

(2) Development benefit

The assessment of the development benefit of each
unit is based on elements such as per capita revenue,
output of land and fixed assets. Non-agricultural land
use efficiency is the highest in the Wuxi New District
and other urban built-up areas.

(3) Development potential

Demographic shift minimizes the influence of differ-
ence in educational attachment in areas such as Wuxi.
The development potential is conducted by reference to
transport accessibility in the future. Considering Shang-
hai’s fierce impact on Wuxi, the transport accessibility
assessment is based on the distance from assessed units
to the Wuxi Centre and Shanghai and is also based on
the transport facilities.

According to the above elements, the economically
significant value of each unit is estimated, and then the
whole area was divided into four categories: super, high,
medium and ordinary. The super level refers to the
Yangtze riverine area, Wuxi New District, the urban
areas of Jiangyin and Yixing, and the area alongside the
Shanghai-Nanjing Express. The high level refers to the
districts of Chongan, Nanchang, Beitang, and most of
the towns in Xishan and Huishan. The mid-level refers
to the Binhu area and the riverine area of Taihu Lake.
The ordinary level mostly refers to those areas with the
highest ecological values and the historical and cultural
towns (Fig. 5).
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Fig. 5 Economically significant value in each assessed unit

3.3 Spatial function regionalization in Wuxi
Based on the ecologically and economically significant
value of each assessed unit, the grades of the ecologi-
cally and economically significant value are to be clas-
sified in a matrix (Table 3), the result of which will
guide the spatial function regionalization and classify
the area into three types: feasible development area,
moderate development area, and moderate conservation
area. Furthermore, the high-level ecosystem services
area is taken as the prohibited exploiting area (Fig. 6).
Feasible development area. This refers to the areas
with medium or ordinary ecologically significant value,
but high economically significant value, where there is
huge industrial development demand, large environment
carrying capacity, high economic development benefit
and less restriction from the ecological environment,
which contributes to making the area perfectly fit for
large-scale industrial development. The areas near the
Yangtze River and Yangtze riverine speedways and the
Wuxi New District.

Moderate development area. This refers to the areas
with high ecologically-significant value and super eco-
nomically-significant value, with ordinary ecologically
significant value and medium economically-significant
value, or with high or medium ecological and economi-
cally-significant value. Economic activities are dense
and there are high industrial development demand and
exploitation benefit. During the process of development,
attention should be given to improve land use efficiency
and prohibit practices such as disorderly expansion,
possession without building, leaving land unused,
strictly restricting exploitation intensity, the time se-
quence of development, and avoiding over-exploitation.
It primarily refers to the urban areas of Yixing and
Binhu, areas alongside the Shanghai-Nanjing Express
and the Wuxi-Jiangyin Express, and some towns in
Xishan and Huishan.

Moderate conservation area. This refers to the areas
with super ecologically-significant value and high or
medium economically significant value, high ecologi-
cally-significant value and high or medium economi-
cally-significant value, or super ecologically-significant
value, but ordinary economically-significant value. The
area mainly focuses on the city centres in Chongan,
Nanchang and Beitang, South Jiangyin and South Yix-
ing. This area has very limited land available for con-
struction and ordinary industrial development demand,
but high ecological sensitivity. Therefore, it is not fit for
large-scale development, except for temperate develop-
ment of the green industry with ecological conservation
significance and economic development benefits, such
as tourism, the holiday economy and the recreation
economy.

Prohibited exploiting area. This refers to the areas that
have high-level ecosystem services functions such as

Table 3 Matrix classification of ecologically-economically significant value of assessed units in Wuxi

Ecologically significant value

Super High

Medium Ordinary

Super Suofang, Yuqi

Core area of Binhu, Taihu,
Huazhuang

Qianzhou, Qiangyang,

Economically High Nanzha

Core area of Yixing, Qiting, Qianqiao,

Beitang, Nanchang, Chongan, Core area Dongbeitang, Xingiao, Core area of

of Huishan, Core area of Xishan,
Huashi, Anzhen, Wuxi New District

Jiangyin, Xiagang, Shengang, Ligang,
Huangtu

F i Zhouzh
Luoshe, Hongshan, Xiake angquang, Zhiouziuang

significant

Value Xinjie, Dingshu, Mashan,

Medium Hudai, Binhu, Yangshan

Yangjian, Yuecheng, Yunting

Wanshi, Donggang, Guanlin, Heqiao Meicun, Xibei, Gushan

Zhangzhu, Hufu, Taipu,
Xinzhuang, Zhoutie,
Taihua

Jiangtang, Fanggiao,
Ordinary
Xizhu

Gaocheng, Ehu, Changjing,

Xushe, Fangzhuang, Yangxiang,
Xinjian, Zhutang
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Fig. 6 Spatial Function Regionalization

drinking water sources, wetlands, mountainous regions,
lakes, and core areas of famous historical towns and
cities. It would be inappropriate to conduct any con-
struction activities that could injure the ecosystem. They
should be strictly protected and prohibit any land-use
mode. Efforts can be made to boost biological diversity
and channel and communicate the green spaces.

4 Conclusions

Wuxi City is facing fierce competition caused by eco-
nomic globalization and regional integration, with in-
creasing risks and fluctuations in its development. It has
become critical to maintain Wuxi’s rapid and sustainable
economic development, to set as many economic activi-
ties as possible in economically low-cost and high- de-
mand areas, to take full advantage of land space and
maximize the benefit of putting the slim economic re-
sources into a certain space, to encourage the economic
potential and advantages of the areas, and to sharpen
competitiveness with spatial advantage. Thus, based on
the consideration of both ecosystem and economy, it is
proposed that Wuxi city be classified through spatial
function regionalization into four areas as follows: fea-
sible development area, moderate development area,
moderate conservation area, and prohibited exploiting
area. The above regionalization reflects the axes of loca-
tion and transportation guidance. It combines well with
the development demand and the support condition of
regional resources and environment, and it helps guide
and regulate spatial exploitation.

With regard to the contrast between the proposed re-
gionalization idea and the factual development, these

two aspects are generally in conformity with each other.
Nevertheless, based on feasibility-oriented spatial func-
tion regionalization, some areas still need to adjust their
development intensity and density. For instance, in the
feasible development area, land output is relatively high,
whereas the proportion of land for construction is small;
hence, there remains great potential in development. In
contrast, the area with the highest development intensity
is the moderate conservation area, where population
density has exceeded the average level of the city, and
both land exploitation intensity and population density
are high. Therefore, it is necessary to disperse the popu-
lation in the future.

With respect to the regionalization method, the key
factor influencing scientificity and the reliability of the
regionalization result lies in the selection and weight of
the elements, which vary with different spatial measures
and in different assessed areas. Therefore, in the study
of spatial function regionalization, a scientific impact
evaluation of the elements in the regional ecosystem and
economic development is based on detailed and authen-
tic knowledge of all the elements. This matter deserves
further study.
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