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Abstract: Rural residential concentration was one of the important tasks of the “Three Concentrations”
strategy implemented in the suburbs of Shanghai in the mid-1990s. The aims of this paper are
to comprehensively evaluate the process, pattern and effects of residential concentration in the
suburbs of Shanghai over the past 20 years, clarify the direction and focus of development,
and propose suggestions for existing deficiencies. Based on remote sensing images and statistical
data, the implementation and effects of the rural residential concentration strategy from 1990 to
2015 were analysed using landscape indexes and geospatial analysis. The results are as follows:
(1) according to the changes in the landscape pattern and spatial structure, the trends in population
concentration in the suburbs of Shanghai are obvious. (2) Before 1995, the trend of population diffusion
was conspicuous. After 1995, the period of population diffusion gradually shifted to a period of
population agglomeration. The rate of population concentration increased rapidly from 2000 to 2010
and then became moderate after 2010. (3) In 1990, most of the rural residential areas were distributed
within 14-52 km of the city centre, the distribution of residential area in each ring was relatively
uniform, and the overall distribution was scattered and uniform. By 2015, the rural population
gradually converged in the inner suburbs, and the centralized distribution gradually changed to
within 16-32 km of the city centre. (4) In 1990, most of the rural residential areas were located
north-northwest, southeast, and southwest of the People’s Square. By 2015, the areas southwest and
southeast of the People’s Square became the focus of rural residential distribution. These findings
provide a useful reference for future rural planning and construction.

Keywords: rural residential concentration strategy; landscape pattern change; spatial structure
change; spatial morphological evolution; the suburbs of Shanghai

1. Introduction

The concentration of populations in cities and towns is an important component of urban
development. The concentration of population inevitably leads to the agglomeration of dwellings.
Urbanization is a spatial restructuring process of urban and rural populations, employment, settlement
and landscape. With the development of urbanization, the rural population has gradually decreased,
and some houses have been left idle or abandoned due to the lack of jobs in rural China and the
need for young people to move to cities for work, income, better schools or medical care. Therefore,
the phenomenon and problem of rural migration to urban areas in China is substantial, and the rural
settlement space is faced with reconstruction and optimization.
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Related research has mainly focused on the following: (1) the characteristics and patterns of
population migration and agglomeration [1-5], (2) the employment of the population and interactive
development of industries and cities [6,7], (3) new town planning and construction [8-12], (4) changes in
the values and lifestyles of the migrant population [13-16] and (5) urbanization and its impacts [17-24].
However, relatively little research has specifically focused on the residence of farmers. By comparing
the differences between urban and rural elderly people’s daily activities, Coward & Cutler [25] proposed
the concept of a continuum of residence and discussed the feasibility and influence of this residential
pattern. Sharp et al. [26] examined the factors influencing household participation and voluntary
resettlement schemes and analysed the advantages and disadvantages of “negative resettlement”
and “positive resettlement”. Pelek [27] analysed the main reasons for the emergence of rural ghettos
in southern Turkey and argued that the coexistence of agrarian transformation and contemporary
migration flows resulted in new ethnic residential segregation in Turkey’s rural areas. Based on an
analysis of two typical cases in Wuhan city, Yang and Cai [28] found that housing redistribution
had been influenced by compensation standards, property rights and social status. Liu et al. [29]
examined the daily activity pattern of rural residents in consolidated and unconsolidated villages
through mobile phone locational data and found that housing land consolidation does not necessarily
harm the daily life of rural residents. Based on surveys conducted in Shandong Province, Yu et al. [30]
examined the interests of rural residents to move to and settle in cities and the factors that motivate or
discourage their potential settlement changes. Wang et al. [31] compared and discussed the residential
preference and attainments of rural migrants. In addition, the policies of rural residential concentration
and the reconstruction of rural settlement spacesin the suburbs of metropolitan areas have received
attention [22,32-35].

In terms of research methods, most of the previous studies on rural residence are based on
rural surveys and statistical data, with an emphasis on qualitative analysis and temporal change
analysis. In recent years, increasing research achievements have been made in spatial analyses based
on remote sensing [36-38], geographic information systems (GIS) [39,40] and even composite index
evaluations [41-43]. Based on remote sensing images and statistical data, this paper uses the landscape
pattern index and geospatial analysis method to conduct a spatiotemporal dynamic analysis of the
evolution of rural residential space in the suburbs of Shanghai.

In the emerging global city of Shanghai, “reducing population pressure in the central urban
area and building multiple population agglomeration centres” has always been the primary plan for
development. From the 1950s to the 1980s, Shanghai planned and constructed five satellite towns
(Minhang, Wujing, Songjiang, Jiading and Anting) and ten industrial suburbs (Wusong, Wencaobang,
Pengpu, Taopu, Beixinjing, Caohejing, Changgiao, Gaogiao, Qingningshi and Zhoujiadu) to disperse
parts of the industrial enterprises and population from dense central urban areas. Due to restrictions
on land ownership and rural management systems at that time [44,45], the phenomenon of high
government investment but low rural population concentration was very common in these satellite
towns and industrial suburbs, and there was little change in the residential population concentrations.
Since the start of development in Pudong and the implementation of an opening-up policy in 1990,
especially since Shanghai officially proposed the “Three Concentrations” development strategy in
1995 (i.e., farmland is concentrated in large-scale operations associated with households and farms,
industry is concentrated in industrial parks and farmers’ residences are concentrated in cities and
towns), promoting the development of satellite cities and towns in the suburbs of Shanghai and
promoting population agglomeration and non-agricultural transfers have become the focus of urban
construction [46]. In Shanghai, the process of building a multilevel urban system (central city, new
cities, central towns, ordinary towns) has truly begun. By the end of June 2003, the construction of “One
City and Nine Towns” (i.e., Songjiang New City, Anting Town, Pujiang Town, Gaogiao Town, Zhujiajiao
Town, Fengcheng Town, Luodian Town, Fengjing Town, Baozhen Town and Zhoupu Town) had all
started. In 2006, the “1966” urban system plan, i.e., one central city, nine new cities, 60 new towns and
600 central villages, came into being [10,47]. Another major project of suburban housing construction



Land 2020, 9, 367 30f17

in Shanghai from 2003 to 2010 was the construction of 46 large-scale residential communities in nine
suburbs, with a total planned land area of 152 square kilometres, a planned population of 3.4 million
people and a planned total of 98 million square metres of new housing [48]. Since 2010, new concepts
such as “new urbanization” and “urban-rural integrated development” have gradually become the core
ideas for urbanization in the suburbs of Shanghai [49-52], which include the integration of urban-rural
planning and management, integration of urban-rural land market, integration of urban-rural spatial
distribution, integration of urban-rural industrial development, urban-rural infrastructure construction
integration, and urban-rural employment and social security integration, highlighting the interaction
and coordinated development between urban and rural areas. Population agglomeration, industrial
concentration and intensive land development in the suburbs of Shanghai have been further effectively
coordinated, and the urbanization and residential concentration in the suburbs have entered a new
stage of development (Table 1). On 5 May 2019, the Shanghai Municipal People’s Government issued a
document (“Several Opinions on Effectively Improving the Living Conditions of Farmers and Rural
Lifestyle in Shanghai and Further Promoting the Relatively Concentrated Residences of Farmers”) that
put forward clear guidelines, basic principles and supporting policies [53].

Human settlement is one of the basic needs of human social development, and its location
and quality have had an important impact on people’s happiness and security. In the past 20 years,
the Anthropocene [54], climatechange [55], sustainable development goals [56,57], population migration
and agglomeration and new emerging needs of citizens have been a large concern of government
agencies and academia. In the suburbs of Shanghai, significant progress has also been made in housing
development and construction, from the scattering of farmer residences to the consolidation of rural
residential areas. Therefore, the aims of this research are to comprehensively evaluate the process,
pattern and effects of residential concentration in the suburbs of Shanghai over the past 20 years,
clarify the direction and focus of development, and propose suggestions for existing deficiencies.
This purpose is of great significance to the improvement of the overall living conditions of farmers,
the reinforcement of rural environmental and population management, the realization of the intensive
use of land resources and the enhancement of the vitality of rural development.

Table 1. The main policy documents for promoting rural residential concentration in the suburbs of
Shanghai since 2000.

Name of Policy

Rel Ti
elease Time Document

Policy Priorities Key Policy Objectives

To accelerate the concentration
of land in large-scale operations, Improving the strength and

industries in industrial parks, level of the suburb as a
and rural residents in citiesand =~ whole, making the suburb
Outline for Action on _ town_s—v1gor0usl_y become the ;growth po}e of
. y incorporating natural villages, Shanghai’s economic
Accelerating the “Three . . . ..
2003 R relying on industrial development, realizing the
Concentrations” in the . .
. agglomeration to promote overall and coordinated
Suburbs of Shanghai . -
population concentration, and development of the central
relying on modern city and the suburb, and
transportation networks to accelerating the urban-rural
accelerate the construction of integration development.

key cities and towns.
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Release Time

Name of Policy
Document

Policy Priorities

Key Policy Objectives

Some Opinions on the
Implementation of the

Through the development and
circulation of the surplus index

Revitalizing rural collective
construction land, increasing

Policy of Linking the of construction land, the funds the effective area of
Increase and Decrease of ~ needed for the pilot project of cultivated land, controlling
2010 Urban and Rural homestead replacement are the disorderly development
Construction Land in guaranteed to carry out the of rural housing sites, and
Shanghai to Promote the work of replacing farmers’ improving farmers’ living
Pilot Work of Replacing homesteads and withdrawing conditions and
Farmer Homesteads and merging scattered villages. environmental quality.
Opinions of the People’s Encouraging and guiding
Government of Shanghai Priority will be given to farmers to live in cities and
Municipality on concentrating rural residents in towns, improving their
April 2016 Promoting the unincorporated villages with no living conditions, and
Concentration of Farmer more than 10 households in effectively raising the level
Residences in Cities purely rural areas. of urban-rural integrated
and Towns development in Shanghai.
Encouraging and guiding
To promote the implementation  farmers to live in relatively
Several Opinions on of relatively centralized living in  concentrated communities,
Effectively Improving the areas along expressways, conserving land resources,
the Living Conditions of high-speed railways, and effectively improving their
5M Farmers and Rural high-voltage lines in the areas of  living conditions and rural
Y2019 Lifestyle in Shanghai and logical sensitivit land d constantl
ifestyle in Shanghai an ecological sensitivity, andscape, and constantly
Further Promoting the comprehensive environmental enhancing their sense of
Relatively Concentrated improvement, and in the areas  gain, happiness, and security.
Residences of Farmers outside the planned rural By 2022, 50,000 farmers will
residential areas. live in relatively
concentrated communities.
Strengthening management
of housing construction for
M Specific requirements are put Vlllagers, guiding .rural
easures for the P d for the standards and housing construction to
Administration of Rural orward for the standards an make rational and
25 June 2019 construction management of

Villagers” Housing
Construction in Shanghai

centralized residential
housing construction.

economical use of land
resources, and promoting
the implementation of the
strategy for rural
revitalization.

2. Data sources and Methods

2.1. Data Sources

The spatial distribution of the residential land inhabited by Shanghai’s rural and urban residents
in 1990, 1995, 2000, 2005, 2010 and 2015 was obtained through the classification, interpretation and
analysis of Landsat TM/ETM images (Figure 1).

The social statistics data used in this study are mainly from “Shanghai Suburb Statistical Yearbooks
(1990-2016),” “Shanghai Statistical Yearbooks (1990-2016),” and “Shanghai Suburb Development
Reports (20112012, 2012-2013, 2013-2014, 2014-2015, 2015-2016).”
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Figure 1. Spatial distribution of the urban and rural residential land area in Shanghai from 1990 to
2015. Data source: The primary data sources were downloaded from the Geographical Information
Monitoring Cloud Platform (http://www.dsac.cn/).

2.2. Study Area

Shanghai is located at N30°23’-N31°27" and E120°52’-E121°45’ in the Yangtze River Delta on the
southern edge of the Yangtze River estuary on the East Chinese coast. It faces Kyushu Island, which is
across the East China Sea, and is bordered by Hangzhou Bay in the south, Jiangsu Province in the north
and Zhejiang in the west (Figure 2). The main reasons for choosing Shanghai as the representative
research area are as follows: (1) As the economic centre of China, the change in the pattern of farmers’
residential concentration, which mainly includes farmers living in cities and towns, central villages
and rural new communities, plays a crucial role in the construction of urban and rural patterns of the
metropolis. (2) The purpose of the concentrated residence of Shanghai farmers is to improve the living
conditions of farmers rather than to increase the construction land index. (3) Shanghai is one of the
earliest places in China in which farmers have lived together, and it has accumulated rich experience.
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Figure 2. Geographical location of Shanghai city.

2.3. Research Methods

Landscape pattern analysis is a major approach in landscape ecology that describes the distribution
state of different patch types within the city. Recent decades have witnessed an increasing number of
studies of landscape pattern change [38,43]. The evolution of the urban landscape reflects the changing
trend of social development, urban construction and human activities. Therefore, measuring and
analysing urban landscapes is essential for many applications of environmental planning, resource
management and human behaviour. In this paper, landscape pattern metrics are used to study the
degree of shape aggregation and spatial dispersion of rural residential patch types, reflecting the
characteristics of temporal and spatial patterns of rural residential patches.

Landscape-scale indexes and geospatial analyses were used to analyse the changes in the
morphology and patterns of the landscape and the spatial structure of the residential land [58-60].
First, the class area (CA), number of patches (NP), patch density (PD), percent of landscape (PLAND),
mean patch size (MPS), largest patch index (LPI) and landscape shape index (LSI) were selected to
analyse the landscape patterns (Table 2).

Table 2. Landscape spatial pattern index.

Index Formula Explanation
Class area n ) a;j is the area of patch i, divided
(CA) CA = ); aij X 19000 by 10,000, and that’s going to
=1 be hm?
Number of patches NP = - n; is the number of patches
(NP) o contained in type i
Mean patch size MPS — CA CA is the type of patches area, 1, is
ni

(MPS) the number of patches of type i
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Table 2. Cont.

Index Formula Explanation
. n; is the number of patches of type
Pat}zlf];;‘“ty PD = %(10000)(100) i, A is the total area of all

landscapes

Percent of landscape T, ay a;j is the area of patch ij, A is the
(PLAND) PLAND = P; = =7—(100) total area of all landscapes

Largest path index LPI = ™% (100) a;j is the area of patch ij, A is the
(LPI) A total area of all landscapes

Landscape shape index

(LSI)

e; is the total edge length or
perimeter of type patch, and

— _&
LSt = (10000)(100) mine; is the possible minimum

mine;

value of ¢;

Class area (CA) and percent of landscape (PLAND), which represent the area and proportion of
land cover types in the region, respectively, are the basis of the landscape calculation. The number of
patches (NP) is the total number of plots of a given land cover type, reflecting the degree of concentration
or fragmentation of that land cover type. Generally, the greater the NP value is, the higher the degree of
fragmentation is; alternatively, the lower the NP is, the higher the degree of concentration is. The mean
patch size (MPS) is the ratio between the area and the number of patches, indirectly reflecting the
expansion or contraction of the landscape. An increase in the MPS value generally indicates expansion,
while a decrease in this value generally indicates contraction. The information reflected by PD is similar
to that reflected by the NP, which is suitable for conveying macroscopic details of the degree of land
cover concentration or fragmentation; however, PD is also a negative indicator of the degree of spatial
concentration of a land cover type. The LPI provides information on the largest patch area of a given
land cover type; this is a simple index for measuring landscape dominance. The LSI reflects the degree
of agglomeration or dispersion of land cover types. The larger the LSI is, the more discrete, irregular
and disorderly the land cover type. In contrast, as land cover becomes increasingly concentrated,
the LSI, which is an important metric in landscape ecology statistics becomes negative [61].

Second, to further analyse the spatial structure of the landscape, Al (Aggregation index), CLUMPY
(Clumpiness), MNN (Mean nearest distance), CONNECT (Connectance index) and COHESION
(Path cohesion index) were selected to quantify the spatial structure of the land use characteristics in
Shanghai [58,60] (Table 3).

Table 3. Landscape spatial structure index.

Index Formula Explanation
L m, gii is the number of similar adjacent patches
Aggregation index Al =Y, ( dii )pi(100) of the corresponding landscape type; p; is

maxgii
(AD) i=1 the area ratio of type patches

gii is the number of nodes between patch
types based on the double method; ¢; is the
] perimeter of patches
djj is the distance between patches i and

_ Gi=P;
Clumpiness CLUMPY = 3t
(CLUMPY) G — [ .

(XX gix)—mine;

Mean nearest distance Yy min(dij)
(MNN) MNN = =——
Landscape division index DIVISION — 1 — f (l% )2
(DIVISION) j=1

Z;’:k Cik

Connectance index CONNECT = [ ) }(100)
iyt

(CONNECT)

Path cohesion index COHESION = [1 B

(COHESION)

Y1 Pij i
-1

_ L

[1 ﬂ] x (100)

Yiapi
j=1Pij ]X

j; m; is the number of type patches with the
closet distance
a;j is the area of patch ij; A is the total
number of landscape grids
Cjk is the number of connections between
patch j and patch k related to patch type i;
n; is the number of patches i
pij is the perimeter of patch ij; a;; is the
area of patch ij; A is the total number of
landscape grids
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The aggregation index (AI), which mainly reflects the degree of spatial concentration of a land
cover type, is calculated based on the length of the common boundary between pixels of the same
land cover type. The higher the Al value is, the higher the degree of spatial agglomeration of the land
cover type is. Clumpiness (CLUMPY) represents the probability of a land cover type being clumped
from one patch to another on a landscape. The higher the CLUMPY value is, the higher the degree of
aggregation is. The mean nearest distance (MNN) refers to the average distance to the nearest adjacent
patches of the same type. Larger values of MNN indicate that patches of the same land cover type are
more scattered. The connectance index (CONNECT) measures the degree of spatial connectivity and
concentration of a land cover type. Its value can also reflect the spatial concentration potential of land
cover types. The higher the value of CONNECT is, the higher the spatial concentration potential is.
Conversely, lower CONNECT values indicate that the potential for spatial concentration is reduced.
The path cohesion index (COHESION) mainly measures the degree of natural connectivity within a
given land cover type, and its value is highly related to the degree of land cover aggregation [45].

3. Dynamic Analysis and Evaluation of Residential Concentration in the Suburbs of Shanghai

3.1. Changes in the Spatial Patterns of Residential Concentration in the Suburbs of Shanghai

In 1990, the area of urban residential land in Shanghai was 56114.31 hm?2, and that of rural
residential land was 42587.67 hm?. By 2015, the area of urban residential land had increased to
104906.69 hm?, and the proportion of Shanghai’s total land area covered by urban residential land
had increased from 9.05% to 16.90%. Additionally, by 2015, rural residential land had increased to
105584.52 hm?, and the proportion of Shanghai’s total land area covered by rural residential land had
increased from 6.87% to 17.01%. Both the increase and growth rates of rural residential land are higher
than those of urban residential land.

From the perspective of changes in spatial patterns, the urban residential land in Shanghai is
mainly distributed in the central urban area within the middle ring and inner ring and new cities, such
as Songjiang New City, Jiading New City, Lingang New City, Jinshan New City, Qingpu New City,
Nangiao New City, and Chengqgiao New City, and key towns, such as Anting Town, Pujiang Town,
Gaogiao Town, Zhujiajiao Town, Fengcheng Town, Luodian Town, Fengjing Town, Baozhen Town
and Zhoupu Town, in the suburbs. Among these areas, the residential land in the central urban area
shows a clear trend of expansion from the inner ring to the outer ring. The outward expansion of
the new cities and key towns in the suburbs is also remarkable, with the residential areas gradually
connecting with the central urban area. Overall, the pattern of spatial concentration is clear. However,
the overall expansion of rural residential areas in the suburbs of Shanghai presents characteristics
of linear agglomeration expansion (i.e., a development mode of expanding along the main highway
trunk line and subway line and gathering at the main traffic nodes), which is closely related to the
distribution of road and traffic networks, and planar agglomeration expansion (i.e., a construction
mode of large-scale residential communities), which is closely related to the distribution of large-scale
living facilities.

3.2. Landscape-Scale Changes in the Patterns of Residential Concentration in the Suburbs of Shanghai

To quantitatively measure the changes in the scale, form and agglomeration or dispersion
degree of rural residential space, the following indexes were selected and calculated: class area (CA),
number of patches (NP), mean patch size (MPS), percent of landscape (PLAND), patch density (PD),
largest patch index (LPI) and landscape shape index (LSI) of the Shanghai rural residential land
cover. The results show that the CA and PLAND of the rural residential land in the suburbs of
Shanghai increased significantly, while the NP decreased, which reflects the obvious consolidation and
concentration of rural residential areas. By 2015, the MPS increased to 44.63 hm?, the PD decreased to
0.38 (number of patches/100 hm?), and the LPI increased slightly, which reflected the expansion of large
villages and towns in the suburbs of Shanghai. The LSI decreased from 86.06 in 1990 to 72.08 in 2015
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(Table 4), indicating that the shape and distribution of rural residential areas changed from scattered to
concentrated, and the degree of concentration increased steadily over time. Briefly, the rural residential
areas in Shanghai have shown a significant dual change characterized by concentration and expansion.

Table 4. Landscape pattern indexes and their changes in rural residential areas in Shanghai.

Year CA(hm2 NP (No. (rnlif) PL(‘?/:D No. /11:)]0) hm2y PO LSLCW)
1990  42,587.67 3248 13.11 6.87 0.52 0.09 86.06
1995  53,394.69 2633 20.28 8.61 0.42 0.20 82.42
2000 5531113 2840 19.48 8.92 0.46 0.20 82.94
2005  71,980.38 2758 1161 26.10 0.4 031 77.60
2010 9526556 2460 38.73 15.35 0.40 158 75.03
2015 10558452 2366 44.63 17.01 0.38 176 72.08

3.3. Changes in the Spatial Structure of Residential Concentration in the Suburbs of Shanghai

In landscape ecology, spatial agglomeration degree, separation degree and connection degree are
three important indexes to reflect changes in landscape structure. The annual variation in separation
degree was abandoned in this study because it is very small. A total of 5 indicators, including the
aggregation index (AI), clumpiness (CLUMPY), path cohesion index (COHESION), mean nearest
distance (MNN) and connectance index (CONNECT), were selected to measure the change in the
structure of rural residential land in Shanghai. Table 5 shows that the Al and CLUMPY of rural
residential land in Shanghai have increased significantly. The Al increased annually from 87.62% in
1990 to 93.43% in 2015, and the CLUMPY increased from 0.87 in 1990 to 0.9208 in 2015, indicating a
clear concentration of rural settlements. The COHESION and CONNECT values also show increasing
trends for rural residential land, while the MNN tended to decrease overall, indicating that the natural
spatial connectivity and agglomeration index of rural residential areas in Shanghai tended to improve.

Table 5. Landscape structure indexes and their changes in rural residential areas in Shanghai.

Year Al CLUMPY COHESION MNN (m) CONNECT

1990 87.62 0.87 94.63 298.62 0.1542
1995  89.4147 0.8842 96.0482 324.33 0.1739
2000  89.529 0.885 96.0514 314.57 0.1655
2005 91.4249 0.903 96.9385 304.73 0.1684
2010 92.7979 0.9149 98.2729 296.86 0.1886
2015 93.4305 0.9208 98.5225 290.10 0.1942

In summary, from 1990 to 2015, whether from the perspective of the spatial patterns of residential
areas or the landscape-scale patterns and spatial structure, the trend of residential concentration in the
suburbs of Shanghai is obvious. Policy guidance, the withdrawal and merging of towns and villages,
the consciousness of land saving and the consolidation of rural land are the main factors promoting
the agglomeration of rural residential areas in the suburbs of Shanghai.

3.4. Time Series Change in the Residential Concentration in the Suburbs of Shanghai

According to our statistical analysis, in the suburbs of Shanghai, the average village population
and number of village committee members (Table 6) have increased, which also indicates that the
degree of population concentration has increased.
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Table 6. Changes in the average village population and number of village committee members in the
suburbs of Shanghai.

Year 1990 1995 2000 2005 2010 2015

The average village

. 26,803 31,961 45,320 72,251 71,456 76,531
population (person)

The average number
of village committee 1867 2218 2491 3969 4561 5237
members (person)

Notes: Due to a lack of data, the value for 2015 was calculated by a curve fitting method with data from 1995 to 2012.
Data source: Shanghai Suburb Statistical Yearbook.

4. Analysis of the Spatial Distance and Orientation of the Residential Concentration in the
Suburbs of Shanghai

4.1. Spatial Distance Distribution Characteristics of the Rural Residential Areas in the Suburbs of Shanghai

A distance analysis was applied to construct a buffer zone consisting of concentric circles, each with

a radius of 2 km, which is enough to cover the whole area of Shanghai. The coordinates of the People’s
Square, the centre of the Shanghai region, were used as the centre of the buffer zone. The minimum
radius of the multi-ring buffer zone is 2 km, and the maximum radius is 70 km; the buffer includes
a central ring and 34 concentric rings. Overlay analyses and spatial joins were performed using the

multi-ring buffers on map layers formed by raster data of the rural residential areas in 1990, 1995,
2000, 2005, 2010 and 2015. The total land area of rural settlements within each buffer was calculated,
and the distribution of rural residential areas within each buffer was determined (Figure 3). The main
characteristics of the spatial distributions of rural residential areas in Shanghai are as follows.

)

@)

®)

The rural residential areas in the suburbs of Shanghai begin to appear 8 km away from the city
centre (the People’s Square), and the rural residential land in the innermost bulffer is located in a
rapidly urbanizing area. Within the 8-12 km buffer, the area of rural residential land is rapidly
shrinking and being transformed into oddly shaped central cities and towns. From a large-scale
perspective, the area of Shanghai’s central towns within the 12 km buffer has expanded rapidly.
In 1990, most of the rural residential areas in the suburbs of Shanghai were distributed within
14-52 km of the city centre, the distribution of rural residential areas in each ring was relatively
uniform, and the land cover of the whole region was characterized by a scattered and uniform
spatial distribution. As the population continues to concentrate in and converge on large-scale
villages and towns, two major changes in the spatial distribution and distance of rural settlements
in the suburbs of Shanghai have emerged. First, the rural population gradually converged on
the suburbs, and the area with a concentrated population gradually shifted to an area 14-40 km
from the city centre, showing an obvious inward concentration. Second, at a distance of 16-32 km
from the city centre, the rural residential area increased rapidly and formed an expansion peak
between 2000 and 2015. This finding reflects that the urbanization of Shanghai reached its peak at
this point, driven by internal and external populations, and the planning and construction of
many new suburban villages and towns began.

At 58 km away from the city centre, there is little change in the area of rural residential land,
indicating that the population size in the outer suburbs at this distance is very small. Furthermore,
there is no significant expansion of rural residential land at this distance. In fact, the change in
rural residential area was significantly reduced beyond 38 km from the city centre.
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Figure 3. Statistical chart of the spatial variation in the distances between rural residential areas in the
suburbs of Shanghai.

4.2. Characteristics of the Spatial Orientation of Rural Residential Areas in the Suburbs of Shanghai

Using an equal sector method and taking the coordinates of the centre of the Shanghai region (the

People’s Square) as the centre point, 16 equal sectors that had an interval angle of 22.5 degrees and
covered the whole city of Shanghai were constructed. The sectors have a radius of 75 km, covering
16 azimuth areas, such as N, NNE, NE, NEE and E. Then, overlay analyses and spatial joins were
performed on map layers and azimuth sectors formed by gridded data of the rural residential areas
in 1990, 1995, 2000, 2005, 2010 and 2015. The total rural residential land area in each azimuth sector
was counted, and the distribution of rural residential areas in each azimuth interval was determined
(Figure 4). The main characteristics of the spatial distribution of the rural residential areas in Shanghai
are as follows.

@

@)

)

In 1990, most of the rural residential areas in the suburbs of Shanghai were distributed north,
northwest, southeast and southwest of the People’s Square. The corresponding administrative
areas were the Jiading and Baoshan districts, Pudong and Minhang districts and Songjiang district.
From 1990 to 2015, there was no significant change in the overall trend of the distribution of rural
settlements in Shanghai. The spatial characteristics of the rural settlements in the suburbs of
Shanghai in 2015 were similar to those in 1990, and they were still concentrated in the Pudong
New Area and Minhang and Songjiang districts. This also means that, as the Pudong New Area
is restricted by the sea, the Songjiang district and the Minhang district are the centres of current
and future rural residential concentration in Shanghai.

From 1990 to 2015, the spatial expansion of rural residential land in the suburbs of Shanghai
was mainly characterized by parallel paths from the southwest to the southeast, indicating that
the populations in villages and towns were concentrated in the direction of Songjiang-Minhang
and Pudong.

The expansion of rural settlements in the suburbs of Shanghai, such as the Baoshan and Chongming
districts and other north-western and coastal areas, increased rapidly from 1990 to 2005. However,
after 2005, restricted by factors such as the sea, the growth of rural residential land in this area
stagnated, and the overall change was not significant. In the direction of the Jiading and Qingpu
districts, the populations of villages and towns did not undergo much expansion.
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Figure 4. Statistical chart of the spatial changes in the rural residential distribution by azimuth in the
suburbs of Shanghai.

5. Discussion

Rural residential areas are relatively concentrated, and villages can be merged. As a result, several
neighbouring farming villages can be demolished, and farmers can live in new communities or towns
in combination with farmers from other villages or towns. This is an adjustment to the spatial layout
of rural housing and a manifestation of the restructuring of urban and rural spaces. In the long run,
demolishing the scattered and small-scale farming villages and guiding them to move to new or
larger gathering places is undoubtedly moving the region in the right direction. In fact, urban and
rural economic development is unbalanced, urban economic development needs a large amount of
labour-force input, rural employment opportunities are relatively few and a large amount of labour
needs to be exported. The urban infrastructure is perfect, and the education, living and medical
conditions are relatively superior. The rural individual business scale is small and scattered, and
farmers receive lower returns from agricultural production. It is fewer rural jobs, lower incomes and
poorer infrastructure and public services that have accelerated the migration of farmers to towns and
cities. The goals of farmers moving to cities and towns are to obtain more employment opportunities
and income and to have access to better educational facilities and medical services. Moreover, these
changes help to improve the rural environment and the quality of life for farmers and are conducive to
conserving homesteading land and alleviating land-use conflicts.

However, in the process of implementing policies that aim to concentrate rural residences, there are
various practical difficulties. In summary, there are two main reasons for these difficulties.

On the one hand, there are the following theoretical deficiencies: (1) New urbanization is
“people-oriented” urbanization, public opinions and people’s needs are the starting point for urban
development, and a high quality of life is the core goal of urban development. In some places, before
the implementation of this policy, sufficient research on public opinions and on people’s needs was
not conducted, and the democratic mechanism of public participation was ignored. Therefore, the
implementation of this policy was not fully supported by the majority of farmers. (2) The historical
and humanistic values of rural homesteads are ignored. Homesteads consist not only of material
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property but also of the spiritual support provided by rural “acquaintance societies.” The longer people
live in a place, the more attachment they have to it. Thus, farmers generally will not easily give up
ancestral homesteads unless they can be provided with better accommodations. Moreover, farmers
value practical results. Rather than relying on propaganda, they prefer to see the real and convincing
effects of policies. (3) Not enough attention is given to the uniqueness of farmers” homesteads. First,
there are significant differences in property nature and inheritance mode between farmers” homesteads,
rural collective lands and public facility lands, which are types of rural development land. Second,
the protection of the villagers’ right to their residences has the attribute of social equity, but the principle
of “one household, one house” ignores the inheritance of homesteads and the dynamic characteristics
of the population. Third, the fundamental reason for the dispersion of farmers’ residences lies in the
dispersion of rural means of production. Rationally, farmers shorten the distance between farming
operations and reduce their operating costs.

On the other hand, in operational practice, the main shortcomings are as follows. (1) There is a
mentality of eagerness for success. The scale and scope of the demolished villages are large, which leads
to high demolition and resettlement costs and a large funding gap. (2) There is no coordination between
the short-term interests and long-term interests of farmers. Doing demolition before construction
not only increases farmers’ transition costs but also reduces their satisfaction because of the low
compensation standard. (3) Some resettlement areas are not properly located or are far away from
the central villages and towns, or the level of infrastructure and public services in the resettlement
areas is low. (4) The resettlement policy is “one size fits all” and ignores regional differences. It is
not enough to pay attention to the diversity of the operating modes of the relatively concentrated
residences. Farmers have different wishes and choices, whether they are settled in towns, merged and
consolidated in villages, or live in their original places of residence.

Suburban residents are living in areas more concentrated and closer to Shanghai’s downtown area,
helping to share more high-quality public services. Shanghai’s high-quality public service resources
(employment, education and medical care) show a rapidly decreasing trend from the central urban
area to the inner suburbs and outer suburbs. The construction of more concentrated rural settlements
near the central area of Shanghai will not only make it more convenient for local farmers to obtain
high-quality social public resources but will also help attract immigrant talent to gather in the suburbs.

6. Conclusions and Suggestions

Since the 1990s, the rural residential areas in the suburbs of Shanghai have shown an obvious
dual change characterized by concentration and diffusion; this change is manifested in a combination
of linear agglomeration expansion and planar agglomeration expansion. Whether from the changes in
the landscape pattern or the spatial structure, the trend of residential concentration in the suburbs
of Shanghai is very clear, indicating that the strategy of rural residential concentration has achieved
certain results.

The results of the changes over time show that before 1995, the trend of population diffusion in the
suburbs of Shanghai was conspicuous. After 1995, there was a gradual shift into an adjustment period,
during which the population agglomerated. The degree of population concentration increased rapidly
from 2000 to 2010, after which it slowed again. This process of change coincides with the process of
urbanization in Shanghai.

The results of the spatial distance analyses show that in 1990, the rural residential areas in the
suburbs of Shanghai were mostly distributed within 14-52 km from the city centre, the distribution of
residential areas in each ring was relatively uniform and the whole was characterized by a scattered
and uniform spatial distribution. By 2015, the rural population gradually converged on the inner
suburbs, and the centralized range gradually changed to between 16 and 32 km. In terms of spatial
orientation, the rural settlements in the suburbs of Shanghai were mostly distributed north-northwest,
southeast and southwest of the People’s Square in 1990; however, by 2015, the southwest and southeast
directions had become the focus of the expansion of the rural settlements. The results clearly showed
that the concentration of rural residents is currently in the Songjiang and Minhang districts. This region
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will become the new core of Shanghai’s population settlement in the future, and the growth potential
of emerging cities and towns will become very large.

From the perspective of landscape pattern change combined with actual population migration and
aggregation, this paper analyses the evolution process, spatial and temporal distribution characteristics
and expansion direction of rural residential space in Shanghai, providing data support and technical
support for clarifying the spatial form and development law of Shanghai suburbs and formulating the
overall rural revitalization strategic plan and the layout of villages and towns. For example, with the
redevelopment of Lingang New City, this area is becoming more attractive to population and industry
and will become a new growth pole for Shanghai. Baoshan District, north of Shanghai, is also facing
new development opportunities with the relocation of Baosteel’s production base. However, Jiading
district in northwest Shanghai still needs to find new growth points to attract population and industry.

The layout of villages in the suburbs of Shanghai should be classified and optimized. Based on
the premise of insisting on relatively concentrated residences for farmers, the scope of retaining (i.e.,
protecting), withdrawing and merging villages outside the development boundary in all towns and
townships throughout the city should be clarified. Preferably, farming villages in ecologically and
environmentally sensitive areas would be dismantled, and comprehensive environmental control areas
would be established in the 2035 Urban Master Plan for Shanghai. Three types of residential areas
are planned for and constructed; namely, urban centralized settlement areas (within the development
boundary), rural centralized merging points (outside the development boundary) and populated rural
reservations (outside the development boundary), to guarantee living space for farmers and optimize
the overall spatial layout of rural areas in the city.

It is necessary to focus on building new planned towns in suburban areas in south-western and
south-eastern Shanghai. First, considering the positive effect of the urban traffic network on the
construction of new suburban towns, the connection of the traffic network between the central city and
key new and planned towns in these regions should be strengthened. Second, the development zones
in the region should be managed, the industrial area should be optimized, policy incentives should be
used to promote the entry of target enterprises and the scope of characteristic regional urban industries
should be expanded. Third, there should be a focus on the construction of universities and scientific
research institutes in the region to actively attract exceptional professionals. Fourth, the new suburban
cities should be given management authority. In particular, the people who come to Shanghai to study
and start businesses should effectively manage their companies and actively provide policy support in
terms of residences [62].

The key to solving various challenges and problems arising from the centralized relocation and
resettlement of rural residents is continuous innovation and strict implementation of various systems
and measures of homestead replacement. Rural homestead replacement must effectively establish
farmers’ communication systems, institutional linkage systems, residents’” meeting systems, public
opinion support systems, property rights distribution systems and social security systems. However,
it is also necessary to clarify the relationship between property rights, ownership and land income
distribution after land replacement [63]. Only when a plan for publicity is in place, the connection
is orderly, a thorough discussion has occurred, the property rights are clear and the welfare of the
people is stable can the movement of village dwellers into towns be promoted. In particular, the
current homestead replacement practice is based on the independent choices of people living in
villages, and the government must strictly abide by institutional measures and innovate working
methods according to local conditions. For example, there should be a 100% contract rate for collective
linkage bonuses; special resettlement subsidies should be granted for the families of people who are
elderly, weak or disabled; and people moving from their villages should be allowed to personalize
the design of their new house. These innovative methods will promote the overall relocation and
resettlement of rural households in the region and contribute to the concentration of rural residential
areas. In addition, subsequent social security for relocated rural households needs to be optimized in
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the current homestead replacement plant for the suburbs of Shanghai, and the employment and social
welfare of the relocated farmers should be strictly guaranteed.

In this paper, the suburbs of Shanghai as a whole space are analysed. In future studies, we will
classify suburban spaces, such as interlocking regions with clear cores, interlocking regions without
clear cores, peripheries with clear cores and peripheries without clear cores, to propose more specific
planning and policy guidance for different types of rural spaces. In addition, it is necessary to integrate
population and residential concentration with industrial agglomeration, land use intensification
and traffic network expansion and systematically study the coupling and coordinated development
relationship among them.
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