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Abstract: With the socio-economic development associated with urbanization, the urban-rural
relationship has changed across the world. In China, due to the urban-rural dual structure,
these changes turn out to be more complicated. Spatial restructuring are suggested as the
main strategies and spatial supporting platforms for urban-rural development. However, the
theory still lacks solid methodology and support from systematic empirical studies. This study
seeks an adequate scientific methodology and discusses the difference of urban-rural trans-
formation in plains and mountainous areas. A case in Shanghang County, China, demon-
strates: 1) The compound ecological niche model can be a suitable approach in urban-rural
restructuring, especially in mountainous areas. 2) The urban-rural development area with
highly inappropriate, slightly appropriate, moderately appropriate, and highly appropriate
areas are 1273.2 km? (44.69%); 906.1 km? (31.80%); 509.4 km? (17.88%); and 160.1 km?
(5.62%), respectively. 3) The “deserting villages” in mountainous areas play positive syner-
gistic roles in urbanization, in contrast to the “hollowing villages” common in plain areas. 4)
The central town-village will become the most important settlement in mountainous areas.
Therefore, we suggest more attention should be paid to environmental capacity in the con-
struction of central town-villages. This study significantly extends the understanding of “hol-
lowing village” theory and regional planning.
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1 Introduction

The distribution and density of urban-rural settlements relative to geo-ecological, socio-
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economic, and cultural conditions are critical factors in the general urban-rural relationship.
Rural settlements will exert significant influence on regional development not only at the
macro scale role but also on growth and direction (Banski and Wesotowska, 2010; Woods,
2007; Zhu et al., 2014). With industrialization and urbanization, urban-rural settlements
have experienced significant changes across the world, especially in developing, newly in-
dustrialized countries (Woods, 2013). Rapid urbanization, urban-rural social transformation,
and declining employment opportunities in rural areas have been major driving forces be-
hind changes in rural areas (Chisholm, 1972; Peng et al., 2016; Tan and Li, 2013). Yet, eco-
logically, the land of towns and villages still remains a less familiar frontier across the world
(Forman, 2016).

Since the implementation of the reform and opening-up policy in 1978, Chinese ur-
ban-rural regions have experienced a rapid and far-reaching transition and spatial restruc-
turing process within the frames of large-scale industrialization and rapid urbanization that
have lasted nearly 40 years. These processes are ongoing (Liu et al., 2010; Long, 2014;
Long and Liu, 2015; Tan and Li, 2013). Similar to other regions in the world, this ur-
ban-rural restructuring is interlinked with rural decline, urban-rural spatial pattern restruc-
turing, socio-economic transformation, and declining rural employment opportunities (Kiss,
2000; Long et al., 2016; Long and Liu, 2015; Morrill et al., 1999; Woods, 2013). These
processes generally result in villages shrinking. However, the urban-rural settlement transi-
tion and development in China is different from Western developed countries. It is generally
more complicated due to the urban-rural dual structure (residential registration system and
land collective ownership system), as well as the deepening impact of globalization (Long
and Liu, 2015). Previous studies have demonstrated that the changes vary among regions,
e.g., the rural areas near cities and the rural areas in distant and mountainous areas have dif-
ferent development statuses (Antrop, 2004; Clark et al., 2009). In China, the latter group
suffers from resource depletion, population decrease, and infrastructure deficits, because of
the weak connections with cities and inadequate government policies (Long et al., 2011;
Peng et al., 2016; Tan and Li, 2013).

In rural settlements in the plain areas of North China, a trend of population decline and
the distinctive Chinese phenomenon of “village hollowing” result from the dual-track structure
and socio-economic development of the urban-rural systems. Hollow villages can be char-
acterized by three main phenomena: 1) a decrease in population and arable land; 2) housing
abandonment (but not demolition) in the village center; and 3) settlements sprawling around the
villages (Long, 2014; Long and Liu, 2015; Tan and Li, 2013). Contemporary legislations and
regulations also affect this process. For instance, to better protect property rights, improve
land circulation, increase farmers’ incomes, and contribute to the development of modern
agriculture, the State Council of China enacted land collective ownership reform on Oct. 30,
2016, to stabilize the Rural Land-Contract Relationship (official website of the Central Peo-
ple’s Government of China: http://www.gov.cn/xinwen/2016-10/30/content 5126200.htm).
Land ownership in rural land of China will be separate from Land-Use Rights, Contract
Rights, and Operating Rights. The so-called “Separation of Three Rights” of land ownership
means that the farmers will keep the Contract Rights of the rural land, while, in the future,
Operating Rights can be traded and leased to others to operate and manage. Furthermore,
farmers can use the lands for a mortgage from the financial institutions: all of this had been
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forbidden previously.

Currently, Chinese policies regarding rural settlements and urban-rural development pri-
marily focus on rural plains and coastal areas, and lack attention to mountainous areas (Long
et al., 2016; McGranahan et al., 2007). Studies about the so-called “three-wheel” driving
mechanism for the evolution of rural settlements have been suggested (Zhou et al., 2013).
The “increasing vs. decreasing balance” land-use policy has been adopted by the Chinese
government and studied by researchers to balance increases in urban construction land with
a reduction in rural construction land (Long et al., 2012). Land consolidation and ur-
ban-rural spatial restructuring as the main strategy to implement urban-rural coordinated
development have been studied. Urban-rural restructuring can be measured in spatial, eco-
nomic, and social dimensions, and it is usually pushed forward by rural development ele-
ments restructuring, structural optimization, and functional evolution of the rural territory
system (Long, 2014; Long et al., 2016; Woods, 2013).

The concept of urban-rural spatial restructuring includes the physical evolution of rural
space and optimization and adjustment of the present rural space (by means of planning,
generally government-oriented) by reshaping the socio-economic structure in rural areas
owing to the integrated result of endogenous development needs and exogenous driving
forces (Long and Liu, 2016; Yao and Xie, 2016). Yang et al. (2016) investigated the rural
spatial distribution pattern and characteristics of China and detected that economic devel-
opment and tradition are main influential factors on the rural spatial pattern. The study also
found that the average distance to a main roadway, agricultural machinery, per capita grain
production, per capita arable land, population density, elevation, precipitation, etc. also in-
fluenced the rural spatial development and restructuring. Based on a set of methods con-
cerning landscape security pattern construction (ant colony optimization algorithm and sce-
nario simulation), Yao and Xie (2016) studied the rural spatial restructuring in an ecologi-
cally fragile mountainous area. Accordingly, they suggested that the methodology of the
study proved to be a useful technical tool supporting rural spatial restructuring. Wang et al.
(2014) established a rural residential symbiotic restructuring system using the symbiotic
theory. Then they formulated productivity-oriented, service-oriented, and living-oriented
residential restructuring patterns at the local scale. One of the important reasons for rural
spatial restructuring is alleviating poverty and improving living standards of the rural popu-
lation. A study by Lo et al. (2016) examined poverty alleviation due to resettlement, which
is a key type of spatial restructuring in rural China. The study also describes the significant
challenges remaining to be addressed for short-distance and long-distance resettlement, in-
cluding establishing two-way communication between villagers and the government about
resettlement plans and providing better financial support for the resettlers.

Previous studies paid more attention to rural living/residential spatial restructuring in ru-
ral areas (Long and Liu, 2016; Yao and Xie, 2016). However, the rural area is not just a liv-
ing place, but also provides other functions (i.e., agricultural production, aesthetic, and eco-
logical value). Therefore, the concept of rural restructuring has gradually shifted from single
“living function” to a multifunction of “production, living and ecology,” which is the con-
ceptual model advanced by Liu and Long (Liu ef al., 2010; Long et al., 2011). The concep-
tual model describes urban-rural spatial restructuring, coupling rural production, living, and
ecological spatial restructuring with agricultural land consolidation, hollowed villages con-
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solidation, and industrial and mining land consolidation (Long, 2014; Long and Liu, 2016;
Long et al., 2016). However, this conceptual model still lacks solid methodology and sys-
tematic empirical evidence that can build favorable rural production, living, and ecological
space, and facilitate the development of urban-rural integration. Since the distribution of
urban-rural settlements resembles that caused by biological behavior in the environment, the
spatial restructuring and land consolidation may be thought of as filling the most appropriate
niche (Han et al., 2015). Therefore, compound ecological niche analysis has been used in
this study. Many publications have reported that the pattern, process, and mechanism in re-
mote mountainous areas and plain areas are significantly different (Zhao et al., 2013a). This
means the “hollowing village” phenomenon in plain areas, which has been studied and de-
scribed by many researchers, may not be the same state of affairs in mountainous areas (L1,
2012; Yu et al., 2016; Zhou et al., 2013). Therefore, this paper aims to: 1) explore and assess
the methodology of urban-rural settlement spatial restructuring based on the ecological niche
model; 2) focus on the case of mountainous areas of China, which are characterized by “de-
serting villages” in contrast to the “hollowing villages” in plain areas; and 3) propose possi-
ble policy implications and highlight the roles of the central town-village in mountainous
areas.

2 Study area and data processing
2.1 Study area

The study area is Shanghang County, located in Fujian Province (southeast China)
(24°46'02"N-25°27'47"N, 116°15'50"—116°56'47"), and covers an area of 2879 km® (Figure 1).
Shanghang County is a typical mountainous area, with vast low-altitude mountainous and
hilly lands, covering 80% of the county’s total. The topography of Shanghang is known as a
county comprising “eighty percent of mountains, ten percent of water, and ten percent of
farmland.” The study area is surrounded by the Wuyi Mountains and the Bopingling Moun-
tains and includes an important ecosystem (the core areas of the Wuyi Mountains is a
UNESCO World Natural Heritage Site). At the beginning of the 21st century, Shanghang
County experienced rapid socio-economic development, indicated by the increase in GDP
and GDP per capita between 2004 and 2014 from 3.98 billion yuan to 22.67 billion yuan and
from 8249 yuan to 61,187 yuan respectively. In the same period, the urbanization rate of
Shanghang County increased from 18.6% to 42.1%, and the growth rate reached 2.14% an-
nually. Shanghang County is still in a period of rapid urbanization: a previous study based
on location quotients and rurality index, identified that Shanghang County is the most dy-
namic area of urban-rural transformation in Fujian Province (Xiao et al., 2015).

Recently, Shanghang County’s government promoted the so-called the “New Country-
side” and the ‘“New-Type Urbanization” strategies. The consequence was that the ur-
ban-rural spatial pattern, particularly the distribution of rural settlements, has changed dra-
matically. This process has been based on the specific geographical context, including in-
dustrialization, urbanization, and political influence; these factors together are quite typical
in Fujian Province, and for the rest of China. Shanghang County therefore represents typical
development features of China and the region.
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Figure 1 The study area

2.2 Data collection and processing

To explore urban-rural spatial restructuring based on ecological niche theory in Shanghang’s
case, SPOT5 (2.5 m) and Gaofen-1 (2 m) remote sensing images from 2004 and 2014, DEM
(Digital Elevation Model, 1:50,000), soil, and geological hazard data in Shanghang County
were used. Socio-economic data were harvested from the Statistical Yearbook (2004 and
2014), the Urban Master Planning (2013-2030), the Traffic Distribution Map (2014), and
other related data in Shanghang County.

Firstly, ERDAS9.2 software was used to conduct image registration, geometric correction
(WGS 1984), and image mosaic. Secondly, artificial visual interpretation was used to assess
the distribution of urban-rural settlements. We extracted 1249 and 812 urban-rural settle-
ments in 2004 and 2014, respectively. To ensure the accuracy of interpretation, we used
Google Earth images (0.6 m resolution) to verify the completed data. The similarity in 2014
was 96%. (Due to the lack of high-resolution historical imagery of Shanghang County in
Google Earth in 2004, we did not check for that year.) Further, we randomly selected 25
patches for field validation. Twenty-three of these rural settlements were identified (92%).
Subsequently, we plotted a vector map of the urban-rural settlement spatial distribution of
Shanghang County. Geographic data and socio-economic data were uploaded to ArcGIS
10.3 to create a vectorization of the initial database with natural socio-economic attributes.

3 Methodology
3.1 Compound ecological niche model

Johnson proposed the concept of the ecological niche in 1910, arguing that the different spe-
cies in the same area occupy different niches in the environment (Liu and Ma, 1990). Hut-
chinson (1958) argued that the environmental factors affecting a species could be conceived
of as a set of n coordinates. For each of these coordinates, a limiting value exists, within
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which the species can survive and reproduce. The ranges of the coordinates within the lim-
iting values define an n-dimensional hypervolumes, at any point within which resources and
environmental conditions would permit the species to exist indefinitely. Johnson proposed
the concepts of the “foundational niche” and the “realized niche” (Cao, 1995; Hairston et al.,
1960; Whittaker et al., 1973). Odum (1983) proposed the general concept of the “ecological
niche,” which refers to the location and condition of a species’ shape adaptation, physio-
logical responses, and peculiar behavior (Zhang and Xie, 1997). In this context, it is as-
sumed that the distribution of urban-rural settlements resembles that of natural ecological
behavior in the environment. Hence, an urban-rural settlement could be viewed as a na-
ture-economy-society, occupying a specific complex ecosystem niche, as suggested by Zhao
et al. (2013b) from the perspective of the household registration system, land ownership,
and land-use regime.

The process of the urban-rural settlement spatial restructuring should focus on identifying
the most appropriate distribution pattern of settlements. Urban-rural spatial restructuring
demands a combination of various factors, which constitute the #-dimensional space of the
region. However, each factor has a threshold value, which implies that the ecological niche
fitness will change if the threshold value is exceeded, i.e., a slope of agriculture land greater
than 15 degrees is not suitable for cultivation. When the regional resources and environment
can fully satisfy the demands of urban-rural settlement distribution, then the ecological niche
fitness is equal to 1. If the converse is true, the ecological niche fitness is equal to 0 (Han et
al., 2015; Nie et al., 2012; Qu et al., 2010; Li and Lin, 1997).

In this study, the compound ecological niche fitness is an expression that comprises eco-
logical factors, production factors, and living factors, which are related to the theory of how
to restructure rural production, living, and ecological spaces as described above (Long, 2014;
Long, 2012; Yang et al., 2016). For this purpose, we established an evaluation index system
(Qin et al., 2012; Zhao et al., 2013a). The procedure is as follows: 1) A principal component
analysis (PCA) method is used to determine the evaluation factors. Subsequently, the index
system is constructed, achieving the index value, forming the “realized niche” structure (Ta-
ble 1). The weight of indices is based on a previous study and the Delphi method (Qin et a/.,

Table 1 Suitability evaluation indicators and “realized” value in Shanghang County

Evaluation indicators Index properties Realized index value Weight To.tal
Range Mean value weight
X Continuity, has boundary conditions 0-2.96 1.37 0.153
Ecological X5 Conceptual, no boundary conditions — — 0.088 0.441
factors X; Conceptual, no boundary conditions — — 0.107
Xy Conceptual, has boundary conditions — — 0.093
o X; Continuity, no boundary conditions 0-0.026 0.0013 0.115
]f;l:tlonrgs X;  Continuity, no boundary conditions 0.48-8.55 3.71 0.123 0354
X7 Continuity, no boundary conditions 0-9.90 0.99 0.116
Production Xs’km  Continuity, has boundary conditions 0-14.46 2.83 0.099
factors X Continuity, no boundary conditions 0-202.81 185.16 0.106 0-203

Annotation: X;: terrain niche; X;: aspect of slope; X;: soil erosion and geological disasters; X,: ecological function
zone; Xs: scale of town-village; Xs: accessibility of central town-village; X7: road accessibility; Xg: impact of watershed;
Xo: per capita arable land area and quality.
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2012). 2) Quantitative analysis of the land demand of the urban-rural settlement niche with
restrictive conditions is performed. 3) Using the integrated ecological niche fitness model,
the n-dimensional space assembly of urban-rural settlement is calculated. 4) By establishing
the compound ecological model, the urban-rural settlement spatial restructuring is analyzed.
In addition, for a spatial continuity indicator, the standard deviation and exponential model
is used to estimate suitability, such as the terrain niche and the accessibility of the central
town-village. For a conceptual variable, we use an assignment expression, aspect of slope,
for example.

3.1.1 Terrain niche

The terrain is the most crucial factor in urban-rural settlement spatial distribution and con-
struction in mountainous areas (Chisholm, 1972; Mubareka et al., 2008). The terrain niche
synthesizes the elevation and slope, and it reflects the terrain factor comprehensively (Qu et
al., 2010; Wang et al., 2013). By extracting the relevant DEM data, equation (1) was used to
establish the terrain niche distribution map.

oG5

where T is the terrain niche index; E is the raster elevation value; £ is the average elevation

value; S and S represent raster slope value and the average slope value, respectively. In
Shanghang County, the elevation range is 110-1807 m, the slope value range is 0-64.55°.
The calculated terrain niche index range is 0-2.96. Generally, the urban-rural construction
suitability is negatively related to the altitude and terrain steepness. As in the National Stan-
dards of Constructing Land and our previous study (Yu et al., 2016), we set 1000 m and 10°
as the restrictive conditions in urban-rural construction and employed the piecewise function
(2) to quantify the terrain niche fitness value (Figure 2a).

0,x,, =1.49
Y, ={ 1.49—x,, 2
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where Y, is the value of terrain niche fitness; x,; is the terrain niche, x;m;, is the minimum
value of the realistic terrain niche; and 1.49 is the threshold value of the terrain niche.

3.1.2 Aspect of slope niche

The aspect of slope reflects the impact of sunlight on the distribution of the settlements. In
the Northern Hemisphere, facing south is common due to better access to sunshine. Particu-
larly, in China, “Facing South” architectural thinking has an enormous impact on urban-rural
construction and layout. The fitness value of layout construction decreases from south facing
slopes to north facing slopes, i.e., from sunny to shady. We extracted the aspect of slope pro-
files from the DEM data, and then used the assignment expression to calculate the fitness
value (Figure 2b).

3.1.3 Soil erosion and geological disaster niche

Soil erosion and geological disaster are supposed to be one of the most important niches in



138 Journal of Geographical Sciences

urban-rural distribution in mountainous areas (Hewitt, 2014; Molden et al., 2015; Zhao et al.,
2013a). The types of geographical hazard in Shanghang County include debris flows, col-
lapses, and landslides. The Geographical Hazards Detailed Profile in Shanghang County
2011, the Grade Distribution of Geological Disasters in Shanghang County, and the Soil
Erosion Map in Shanghang County were all consulted. Finally, we calculated the soil and
geographical disaster fitness value (Tables 3—4 and Figure 2c¢).

3.1.4 Ecological function zone niche

The key ecological function zone (such as national nature reserve) has important ecological
value. Mountains are one of the richest regions of biological diversity, which means the ur-
ban-rural settlement optimal adjustment must consider important ecological functions
(Sevenant and Antrop, 2007; Zhao et al., 2013a). Based on the National Nature Reserve
Planning, the Nature Reserve Planning of Shanghang County, and the Ecological County
Planning, the ecological function level distribution map of Shanghang County was calcu-
lated (Figure 2d).

3.1.5 Scale of urban-rural niche

The size of a settlement is an important niche of urban-rural development. The population
density and land-use allocation affect the potential and the direction of urban-rural settle-
ment (Chisholm, 1972; Morrill et al., 1999; Wu, 2002). According to the land use pattern of
each administrative village in Shanghang County and China’s Sixth Nationwide Population
Census. We extracted the land-use and population data, using function (3) to analyze the
fitness value.
Fy = 3)
X3max ~ X3min
where Y3 is the value of the scale of urban-rural niche fitness; x3; is realized ecological
niches of the scale of the urban-rural settlement, x3max and X3min i1s the maximum and mini-
mum value of the realized ecological niches. Finally, we obtain the results shown in Figure

3a.
3.1.6 Accessibility of central town-village niche

Central town-villages experienced the most dramatic change in the process of rapid moun-
tainous urbanization, and the population and public infrastructure gradually moving to this
area (Zhang et al., 2015). Therefore, the accessibility of the central town-villages is very
important to niche appropriateness. The so-called Two-step Floating Catchment Area Me-
thod (2SFCA) is a special version of the gravitation model. One of its assumptions is that the
accessibility in a certain search radius is equal, yet it does not match with the law of di-
minishing with distance (Luo and Whippo, 2012). Hence, Dai (2011) proposed the Gaus-
sian-based 2SFCA, which is what we used.

The stepwise procedure for this calculation is as follows:

Step 1: for each central town-village location j, all town-village locations £ that are within
a threshold distance from j are searched. The ratio (R;) of the central town-village to the
town-villages is written as:
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where dj; is the distance between j and k; Dy is the number at location k£ whose centroid falls
into the catchment from central town-village location j; S; is the capacity of central
town-village at j; and G is the friction of distance listed below:

67(1/2)x(dk/d0)2 _61(1/2)
G(d,;.d,) = -0
0, dy; >d,

, dy <d, 5)

Step 2: for each town-village location i, all central town-villages j within the threshold dj
from i, were searched, thus summing up the supply and demand ratio (R)) of the town-village

to obtain the town-village’s location i and spatial accessibility 4, as follows:
S.

AiF =2 d.<d, R, =% d.<d ! (6)
Jet i Sdo} T Jeid;<dy} Zke{dAjédo}G(dlg‘ﬂdO)Dk

where dj; is the distance between i and j; R; is the supply and demand ratio within the

town-village centroid i. The value of A4 is positively related to accessibility (Figure 3b).

3.1.7 Road accessibility niche

Road conditions had a significant impact on the spatial evolution and restructuring of rural
settlements experiencing rapid urbanization. Settlements increasingly gathered near transit
lines and central town-village along with the improving of road accessibility condition (Liu
et al., 2009; Ren et al., 2014). We used a traffic distribution map to conduct a buffer analysis,
and the equation created by Qin e al. (2012) was used to calculate the road accessibility
niche fitness, as Figure 3¢ shows.

3.1.8 Impact of watershed niche

The watershed provides the basic conditions for human survival: the distribution and loca-
tion of human settlements begins with the accessibility to fresh water. Generally, closer to
the watershed, the residents would have better production and living conditions, so more
residents would live near the watershed. We use equation (7) to quantify this as follows
(Figure 4a):
Xg o — Xg;
YS — 8max 8i (7)
Xgmax ~ X8min

where Y; is the value of effect of watershed niche fitness; xg; is the realized ecological niche
of the watershed buffer zone, xgm.x and xgmin are the maximum and minimum values of real-

ized ecological niches of the watershed buffer zone.
3.1.9 Per capita arable land area and quality niche

A certain amount of the lands suitable for farming is a prerequisite for the location of ur-
ban-rural settlements, particularly in mountainous areas. Per capita arable land area and
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quality has a significant influence on agricultural production and quality of living, and af-
fects urban-rural development (Chisholm, 1972; Unwin and Nash, 1992).

Arable land quality includes soil organic matter (SOM), the effective thickness of the soil
layer, and the probability of irrigation, soil texture, soil structure, and terrain slope. Soil
quality grading standards were based on the fitness of staple crop growth, then using the
Delphi method to determine the weights, and quantifying the land quality by the standard
deviation (Qu et al., 2010):

|xi_xai|
Yg:QS—g (8)
oi

1

R e C ©)
mi=l
where Yy is the value of arable land quality niche fitness, xo; is realized ecological niche of
arable land quality, xo,; is the mean value of realized ecological niche of arable land quality,
So; 1s the standard deviation of realized ecological niche of arable land quality, and m is the
number of raster (Figure 4b).

3.2 The urban-rural settlement compound ecological niche fitness

Shelford’s law of tolerance suggests that the success of the organisms is based on a complex
set of conditions (Shelford, 1931; Webber et al., 2012). When the current regional conditions
in the quantity or quality of urban-rural settlements are close to the threshold, this is the lim-
iting factor. This could be, e.g., a core area of a national nature reserve. The data are nor-
malized and weighted, then we calculate the compound ecological niche fitness value (10)
(Quetal., 2010):

x =0 x. =0

n (10)
X :le.jxwi x; #0

where X, is the urban-rural settlement compound ecological niche fitness, i is the index eco-
logical niche fitness in each grid cell, w; is the weights of i index, and » is the number of the
evaluation index.

4 Results
4.1 Evaluating results of the ecological niches of the urban-rural settlements

4.1.1 Ecological factors

The highest values of terrain niche fitness were identified in the west of the county, and
characterize a distribution pattern along the Tingjiang River from north to south (Figure 2a).
However, the results indicate that Shanghang County has low terrain niche fitness. Highly
inappropriate areas accounted for 49.11% of the county’s area and highly appropriate areas
for just 9.53%.

Based on the DEM data, we extracted aspect of slope information (Figure 2b and Table 2).
The high fitness value (fitness value = 0.75) and low fitness value (fitness value < 0.25) of
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the aspect of slope were 64.05% and 12.02%, respectively.

The results show that highly sensitive areas in terms of the soil erosion and high risk of
geological disasters (fitness value < 0.5) are 68.30% and 67.89% of the area, respectively
(Tables 3 and 4). Overlay analysis revealed that the combination of low soil erosion and low
geological disaster only account for 10.27% of the area (Figure 2c). This means that the
suitable areas for development of urban-rural settlements in Shanghang County are limited. It also
indicates that in the urban-rural settlement development and urbanization process, more attention
should be paid to soil and water conservation, as well as the impacts of geological disasters.

, Aspect of slope niche

‘Soil erosion and
=, geological disaster niche
~ Value

=' 1

=0

0 20 km
L

Figure 2 The fitness value results of the ecological factors

Table 2 The quantitative results of the aspect of slope

Aspect Area proportion (%) Fitness value Aspect Area proportion (%) Fitness value
Horizontal 0.19 1.00 South 12.76 1.00
North 5.97 0.25 Southwest 12.57 1.00
Northeast 11.80 0.50 West 13.37 0.75
East 12.76 0.75 Northwest 12.11 0.50

Southeast 12.40 1.00 North 6.05 0.00
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Table 3  Soil erosion level quantitative indicator

Soil erosion sensitive level Area (km?) Area proportion (%) Fitness value
Highly sensitive 41.81 1.46 0.00
Moderately sensitive 1907.93 66.84 0.25
Slightly sensitive 718.03 25.15 0.50
General sensitive 187.02 6.55 0.75

Table 4 Geological disasters level quantitative indicator

Geological disasters level Area (km?) Area proportion (%) Fitness value
Low risk area 924.33 32.11 0.75
Moderate risk area 1600.81 55.60 0.50
High risk area 353.86 12.29 0.25

We divided Shanghang County into three kinds of areas: key ecological functional pro-
tected areas (including the core area of the national nature reserve and key water resources),
general ecological functional protected areas (including agro-ecology, watershed landscapes,
and eco-tourism areas), and towns and mining areas (including urban areas, town and min-
ing areas) (Figure 2d).

4.1.2 Living factors

The size of the urban-rural settlement results shows that the most suitable area for living was
the county town (county seat) and its surrounding suburban areas, followed by the areas
where the township government is located. Other regions’ fitness values were significant
lower (Figure 3a). Therefore, from the size of the urban-rural settlements, the urban-rural
spatial restructuring and optimal control should emphasize on the central town-villages,
where is the location of township government, as a support point.

Based on the 2SFCA model, high-accessibility central town-villages were primarily in the
center and northeast of Shanghang County, whereas low accessibility was in the south and
northwest (Figure 3b). Specifically, the high fitness value of accessibility, moderate fitness
value of accessibility, low fitness value of accessibility, and extreme unfitness value of ac-
cessibility were 17.53%, 20.39%, 21.37%, and 40.71% of the area, respectively.

Road accessibility niche fitness indicates that the moderately appropriate, the highly ap-
propriate, and highly inappropriate areas for road accessibility were 65.96%, 14.65%, and
19.39%, respectively (Figure 3c), which means that Shanghang County already has a rela-
tively good transportation network.

4.1.3 Production factors

The grid computing results indicated that the high value of the impact of watershed niche
fitness accounts for 69.63% of the area (Figure 4a). This means that Shanghang County is a
good location for human settlements development from the water supply perspective. The
high/low value of per capita arable land quality niche fitness is 9.91% and 90.09%, which
means that Shanghang County has not enough high-quality land space for agricultural pro-
duction (Figure 4b).
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Figure 4 The fitness value results of the production factors

4.2 General evaluation of urban-rural settlements fitness value and spatial restruc-
turing

The results revealed that the areas with a high value of fitness in Shanghang County are lo-
cated in the central and northeastern parts, as well as in the river valleys (Figure 5). Specifi-
cally, the highly inappropriate, the slightly appropriate, the moderately appropriate, and the
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highly appropriate areas for urban-rural settlement construction in Shanghang County were
1273.2 km?® (44.69%), 906.1 km® (31.80%), 509.4 km® (17.88%), and 160.1 km? (5.62%),
respectively. 76.5% of Shanghang County was not suitable for urban-rural settlements,
making only 23.5% suitable.

According to the results of the suitability evaluation, we identified four types of spatial
restructuring mode with the identity tool in ArcGIS 10.3 and cluster analysis, as well as
landscape analysis. We divided the spatial restructuring and land consolidation into four
types, which were the priority development, moderate development, limited development,
and migrate-regulate areas. The area percentages of the four types of urban-rural settlements
were 15.52%, 23.15%, 44.70%, and 16.63%, respectively. 61.33% of the settlements and
20.58% of the area of settlements still need to be regulated (Table 5).

Compound ecological
niche fitness
Classification

I Highly inappropriate
[ Slightly appropriate
0 20km  [7] Moderately appropriate
— I Highly appropriate

Figure 5 Classification of the urban-rural settlement lands suitability evaluation

Table 5 The statistics of four type’s spatial restructuring area in Shanghang County

Number Percentage  Area of Mean area of

Types of set- of number settlement Percentage settlement shape AWMPFD
tlement %) (hm?) of area (%) (hm?) index
Priority development area 126 15.52 1290.07 14.04 10.24 1.06 1.04
Moderate development area 188 23.15 6008.39 65.38 31.96 1.03 1.05
Limited development area 363 44.70 1309.46 14.25 3.61 1.31 1.12
Migrate-regulate area 135 16.63 518.60 6.33 4.31 1.57 1.22

For the urban-rural spatial restructuring of Shanghang County on a strategic level, based
on our previous analysis, we proposed the “Arrow-type” spatial restructuring and develop-
ment strategy (Appendix 1). On a tactical level, advanced four types of spatial restructuring
according to evaluation result, and other related studies about this county (Yu et al., 2016).
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We estimate that the rural areas in Shanghang County will turn into deserting villages, cen-
tral town-villages (where the township government is located), and city-oriented villages.
Over a long period of time, the urban-rural spatial restructuring in Shanghang County should
follow these trends and patterns.

5 Discussion
5.1 Ecological niche theory has significance for urban-rural spatial restructuring

The concept of the ecological niche describes how an organism or population responds to
the distribution of resources and competitors, and how this pattern, in turn, alters those same
factors. A species' niche includes all of its interactions with the biotic and abiotic factors of
its environment (Odum, 1983; Whittaker et al., 1973). Normally, ecological niche theory is
employed in ecology and is rarely used for urban-rural spatial restructuring and land con-
solidation. The human settlement also has a niche, which is affected by natural and socio-
economic conditions, hence we can regard the urban-rural settlement as occupying a natu-
ral-socio-economic complex ecosystem niche (Zhao et al., 2013a). Currently, with the con-
tinuing development of industrialization and urbanization in China, Long and Liu are de-
veloping the concept of land consolidation and urban-rural spatial restructuring from the
perspectives of production, living, and ecological space, which are a new platform and major
tool to implement “new-type urbanization” strategies and the agricultural modernization
(Liu et al., 2013; Long, 2014; Long et al., 2016). However, a solid methodology has not yet
been developed to conduct empirical case studies to verify the conceptualization of the
model. Many publications focus on one or two aspects of the natural, economic, or social
conditions of urban-rural reconstruction, and it is challenging to reveal the holistic reality in
a comprehensive manner (Tan and Li, 2013; Zhang et al., 2015). Zhao et al. (2013a) used
the Maximum Entropy Method, which integrates climate, remote sensing, and geographical
data to model the distributions of human settlements and assess the land suitability for tran-
sition areas. Yao and Xie. (2016) suggested that ant colony optimization algorithms and
scenario simulations could be a good way to support rural spatial restructuring. Therefore, in
our study, we extracted the n-dimensional hypervolumes after principal component analysis,
including the ecological, living, and production factors, covering the natural frame condi-
tions and socio-economic development conditions. Then the compound ecological model
was built to analyze the potential areas of urban-rural spatial restructuring, and the results
showed that ecological niche theory could be used as a valuable methodology for ur-
ban-rural spatial restructuring and land consolidation from production, living, and ecological
data, particularly in mountainous areas with important ecological value.

5.2 Deserting villages in mountainous areas are different from hollowing villages in
plain areas

The “hollowing village” is a distinctly Chinese urbanization phenomenon, associated with
the general evolution process of rural settlements subject to urban-rural transformation. It
refers to China’s residential registration system (hukou) and the collective land ownership
system. It strongly affects the urban-rural landscape and rural residential land use, and it is
more widespread in plain areas (Liu et al., 2010; Long and Liu, 2015). In the plain areas of
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North China, hollowing villages normally imply the disordered sprawling around a village,
the abandonment—but not demolishment—of the center of the village, and the occupation of
the fertile land, implying a food production crisis. The process of hollowing is disadvanta-
geous for the coordination of rural-urban development, e.g., from the perspective of farm-
land change. About 60% of the residential land in rural areas was converted from former
farmland in China, and more than 92% of the increased rural residential land was from
farmland in the economically developed regions of coastal China (Deng et al., 2015; Liu et
al.,2013; Long and Liu, 2015). However, in mountainous areas, as in our study, the situation
is not the same. The situation happens in mountainous areas could be characterized as the
“deserting village.” Both hollowing villages and deserting villages have the same driving
forces and mechanisms, which includes cultural-socio-economic, institutional, managerial,
and environmental factors (Long et al., 2012). However, these driving forces resulting in
different characteristics and outcomes, and present positive synergies in mountainous areas.
From the perspective of geography and spatial structure, in contrast to hollowing villages in
plain areas, deserting villages are normally characterized by: 1) being located in a remote
mountainous region; 2) housing abandonment and demolishment in the village (housing in
the center of a deserting village is not just abandoned, but also demolished); 3) many small
size settlements with scattered pattern (the spatial pattern of the deserting village is not like
the hollowing village, which is urban sprawling around the hollowing village). In addition,
the deserting villages are often characterized by the high biological values and hence often
ecological sensitive areas. From the perspective of socio-economic features, the deserting
village comprises demographic decline and demise, arable land and housing deserted, pub-
lic-investment drop and lower income compare to the central town-village and cities. This
trend is harder to reverse compare to the hollowing village, which is a significant difference
between the spatial restructuring of the hollowing village and the deserting village, as well
as the big challenge for the deserting village.

Specifically, the deserting village in mountainous areas means the residents always
choose to move to the central town-villages (cities) to seek a better living condition based on
interview and questionnaire surveys with the residents and the local authorities. The results
showed that, in the remote and deserting village, because of the poor traffic conditions, low
job and income levels, most of the young people perennially work and live in the central
town-villages and cities. This results in the depopulation and demise of the villages and re-
duction of the will for public infrastructure investment. Besides, different from living in the
big cities, the village residents live in the central town-village can reach equilibrium be-
tween being engaged in agricultural and forestry production and convenient access to the
public services. One pilot study informed that more than 90% of the local authorities argue
that the public investment could be reduced in the future to balance the trade-off and eco-
logical conservation policy (Yu et al., 2016), e.g., to achieve the target of the National Spa-
tial Development Pattern of China. In Fujian Province, 34 counties (including Shanghang
County) account for 40.5% of the province’s total, carried out the performance evaluation of
ecological conservation priority mode rather the GDP development and assess oriented.

Additionally, differs from the hollowing village, as the rural depopulation continues, more
and more disused housing lands appears in rural communities and left unchecked villages
can fall into ‘vanishing degeneration’. But the deserting village in mountainous areas could
be a positive trend not just for the ecological conservation but also for the improvement of
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living conditions for the local residents because of this natural socio-economic process that
the residents who live in remote village moving to the central town-village or small city
could improve the living standard and more access to the public services. Thus, this process
is positive synergies in mountainous urbanization, or it can be called ‘vanishing evolution’.
Hence, when we describe village shrinking, the critical aspect of understanding of ‘hollow-
ing village’ and ‘deserting village’ is that two of this have a different meaning in the urbani-
zation process of China. Furthermore, the deserting village could represent the ecological
and social benefits, and more attention should be paid to evaluate the effectiveness of future
studies and practices if the hollowing village indicates the socio-economic deficiency.

5.3 The central town-village in mountainous areas proved to be the optimized mode

It is still a big controversy which size of cities is best for human settlements from the eco-
nomic and ecological perspectives. Some studies argued that small towns (cities) play a
positive role in rural transformation development, and regard their roles as the “urban func-
tions in rural development” (Belsky and Karaska, 1990; Li, 2012). Economists offered the
criticism that small towns and cities do not comply with the law of economics and usually
represent the inefficient use of resources, e.g., land use per person and energy consumption
per capita. Some ecologists believe that small towns can achieve both environmental protec-
tion and meet human needs. Meanwhile, planners like Le Corbusier disagree and argue that
urban dispersion and small town construction will be a disaster for ecological conservation.
For instance, in China, due to the collective land ownership system and the pressures of
economic growth, the local authorities change the agricultural land to urban land use in
small towns, resulting in large cultivated area being occupied, thereby causing the
out-of-balance social-ecological system (Corbusier, 1987; Deng et al., 2015).

In Shanghang County, 76.50% of the area is not suitable for the urban-rural settlements
construction, whereas only 23.50% is. The suitable areas are distributed in the central and
northeastern parts, as well as in the central town-villages and river valleys. Therefore, we
suggested that urban-rural spatial restructuring should be based on this pattern. Meanwhile,
we summarized the changing mode of rural settlements in Shanghang County, including the
deserting village, central town-village, and city-oriented village (Figure 6). Additionally,
using remote sensing images and spatial analysis of Shanghang County during 2004—2014, it
was found that central town-villages’ (where the township government is located) land-
scapes change more significantly than general settlements. Table 6 shows that the mean area
of general settlements increased by 2.3 times, yet the mean area of the central town-villages
increased by 4.59 times, and the mean value of perimeters of central town-village increased
250 times. All of these results support the hypothesis that central town-villages in moun-
tainous area are key disturbance areas and it is also in line with the general law of develop-
ment of mountainous urbanization (Zhang and Zhai, 2013). Meanwhile, through interviews
and surveys with local authorities and residents, we concluded that the central town-village
would play a positive role in urban-rural transformation and ecological conservation, as well
as improve production and living conditions, and coordinate urban-rural development. In
mountainous areas, the central town-villages and small cities would be the best means to
unify human and nature as opposed to the situation characterized by sprawling cities (Fan et
al., 2013). However, due to mountainous areas often being characterized by high biodiver-
sity, rich cultural value, and ecological sensitivity, and as such being much harder to recover
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than other regions (Pogas et al., 2011), scientists and policymakers should pay more atten-
tion to evaluating environmental capacity and ecological thresholds in the process of ur-
ban-rural spatial restructuring and the central town-village construction.

To sum up, central town-villages experienced the most significant change in urban-rural
settlement, and attract more and more people from “deserting villages.” Therefore, some
preferential policies and measures should be implemented in the future.

[ Center town-villag; B
[ Deserting village
[ City-oriented village
0 20 km
1

>

Figure 6 The images of three modes of change in rural settlements from the Google Earth

Table 6 Landscape metrics analysis of urban-rural settlements in 2004 and 2014

Mean area of Mean area of Mean value of Mean value of pe- Shape index

Year general set- center town- ?:523?-3{1;:12 rimeter-area ratio of of central AWMPFD
tlement (hm?) village (hm?) g central town-village  town-village

(m)
2004 4.88 60.15 2576.12 122.71 1.21 1.06
2014 11.32 276.25 645080.18 74.01 1.54 1.07

6 Conclusions and suggestions

So far, the process of industrialization and urbanization in China associated with greater
globalization is continuing, accompanied by China’s economy entering a new stage of de-
velopment (so-called New Normal), as well as the “New Countryside” and “New-type Ur-
banization” strategies. In this context, urban-rural spatial restructuring and land consolida-
tion have been embraced as the main strategy. Spatial problem-solving land management
tools to alleviate the tension between urban-rural development and the needs of residents are
needed to improve rural production and living conditions, and to coordinate urban-rural de-
velopment. However, rural development and urbanization vary under different so-
cio-geographic conditions, e.g., plain areas, coastal areas, and mountainous areas; or rural
areas near the city compared to remote areas. Additionally, new legislation and regulations
would also affect this process. For instance, total ownership of the rural land in China will
be separated into land-use rights, contract rights, and operating rights. The consequences of
these changes demand further investigation.

In this study, we mainly focused on mountainous areas, where rapid urbanization and
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dramatic changes in socio-economic conditions were experienced. To strengthen the scien-
tific approach, we use the ecological niche model to quantify the urban-rural spatial restruc-
turing in mountainous areas. We argue that this approach could be a valuable methodology
in the conceptual model of rural spatial restructuring, as proposed by Long and Liu in 2016.
In this case, the compound ecological niche model demonstrated that the most areas of
Shanghang County are not suitable for urban-rural settlement construction. The areas that
were highly inappropriate, slightly appropriate, moderately appropriate, and highly appro-
priate for urban-rural settlement construction were 1273.2 km® (44.69%), 906.1 km®
(31.80%), 509.4 km® (17.88%), and 160.1 km* (5.62%), respectively. Based on ecological
niche analysis, we divided spatial restructuring and land consolidation into four types, which
are the priority development, moderate development, limited development, and mi-
grate-regulate areas. The percentages of the area for the four types of urban-rural settlements
are 15.52%, 23.15%, 44.70%, and 16.63%, respectively. Some 61.33% of the settlements
and 20.58% of the areas of settlements still need to be regulated. We also propose that, in
contrast to the hollowing village in plain areas, the deserting village (vanishing evolutionary)
in mountainous areas plays positive synergistic roles in urban-rural integrative development
and urbanization, though both have the same driving forces and mechanisms. We also sug-
gest that, if the hollowing village in the plain areas represents socio-economic deficiency,
then the deserting village could be characterized by having ecological and social benefits. To
balance ecological conservation, the improvement of production and living conditions, the
cost of infrastructure investments, and coordination of the urban-rural development strategy,
we argue that central town-villages will be the main settlements and more and more local
residents who lived in deserting villages will move to them. Because mountainous areas
normally have high ecological value and are ecologically sensitive, environmental capacity
and ecological thresholds need to be taken into consideration in the central town-village
construction process.

Urban-rural spatial restructuring and land consolidation, as well as the ‘increasing vs. de-
creasing balance’ land-use policy in mountainous areas, are indispensable ways to optimize
the production, living, and ecological space on agriculture land and combat the deserting
village effect and industrial and mining land consolidation. We hope that this study can add
to regional geography and urbanization theory, as well as the hollowing village theory pro-
posed by Liu and Long in 2015. We also hope this methodology and empirical study can
apply to regional planning and land-use management.

Additional information

Supplementary information accompanies this paper online.
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Appendix 1

For urban-rural spatial restructuring of Shanghang County on a strategic level, based on our
previous analysis, we proposed the “Arrow-type” spatial restructuring strategy.

To more clearly explain the reason why we proposed the “Arrow-type” urban-rural spatial
restructuring strategy in Shanghang County (Figure 1). I would like to introduce the more
specific background of Shanghang County.

e This strategy in line with the topographic condition. The south-north direction along
the Tingjiang River, which is the valley area. For the northeast direction, the areas
are also rather flat than other areas in Shanghang County.

e This strategy in line with the development planning of Shanghang County. In the
northeast of Shanghang County, we plan to build a new development area.

e This strategy in line with the high-speed railway planning. A high-speed railway will
go through Shanghang County; one railway station (Gutian station) is in the north-
east of Shanghang.

We interviewed local authorities, urban planners, interest groups and local residents, as
well as read many (planning and development) materials related to Shanghang County,
Longyan City, and Fujian Province. Finally, on a strategy level, we proposed this “Ar-
row-type” spatial restructuring and development strategy.

% County seat

—» Development direction

0 10 km
[

Figure 1 Urban-rural spatial restructuring and development direction in Shanghang County



