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Abstract: Suburban rural landscape multifunction has received increasing attention from scholars
due to its high demand and impact on main urban areas. However, few studies have been focused on
suburban rural landscape multifunction because of data constraints. The present study quantified the
four landscape services based on ecological service system, i.e., regulating function (RF), provision
function (PF), culture function (CF), and support function (SF), determined the interaction through the
Spearman correlation coefficient, and ultimately identified the landscape multifunction hotspots and
dominant functions through overlay analysis. The result indicated that suburban rural communities
have exhibited the characteristics of regional multifunction, and the landscape multifunction hotspots
accounted for 64.2%; it should be particularly noted that, among single-function, dual-function, and
multifunction hotspots, both support function, and culture function was dominant, while only one
case was found in which the regulating function was dominant. Furthermore, all landscape functions
other than SF-CF exhibited certain correlations. The study suggests that planning and management
should be performed in future in combination with landscape multifunction to ensure the sustainable
development of suburban rural communities.

Keywords: suburban rural community; landscape multifunction; ecological service system

1. Introduction

As a basic unit component of the rural regional complex, rural landscape performs
important functions in society/culture and landscape/nature protections; it reflects the
cultural connotation and spiritual essence of different regions. However, rural landscape is
not evenly distributed because it depends on the socioeconomic and biophysical changes of
landscape, and the interaction of space and time among components of the landscape [1-3].
Considering the diversity of human needs and activities and the finiteness of natural
ecosystems, the functions and ways of utilization of rural landscape as a surface complex
become more diversified with the enhancement of human activities. With the rapid growth
of urbanization and rural tourism in China, the spread of diversity of human goals brought
about continual enhancement of landscape multifunction under the finiteness of natural
ecosystems; the rapid growth of urbanization promoted the suburbs of metropolises to face
more stringent requirements for multifunction [4]. Therefore, for the sustainability man-
agement of suburban rural landscape and the improvement in human wellbeing [5], it is
necessary to explore the correlation between ecological processes and landscape functions.

Landscape function refers to the interaction between landscape structure and ecologi-
cal process or landscape structure unit [6], and is incarnated by the structure of landscape
and the processes and functions of ecosystems embedded in landscape structure; essen-
tially, the concept of landscape function comes from the theory of ecosystem function; it is
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principally used to describe the capability of landscape to provide products and services
closely associated with human wellbeing [7]. In view of the homology of ecosystem service
and landscape function, the diversity of ecosystem services is also regarded as the material
basis of landscape multifunction [8]. Despite the similarity in definition, they do not share
the same subjects and scales of study; the landscape function attaches greater importance
to the importance of spatial pattern, spatial configuration, and spatial heterogeneity of
landscape [9,10]; landscape is a spatial composite system of interaction between humans
and the environment, while ecosystems are often regarded as natural and seminatural
systems. Hence, landscape service function can better describe the ecosystem and land-
scape spatial structure and functions under the influence of human activities. Additionally,
landscape and ecosystem are hierarchically related to each other; the latter is an essential
component of the former’s decision makers, while landscape function and ecosystem
service are homologous; therefore, the integration of both represents a new orientation
of development [11]. Multilandscape service function collaboration constitutes the land-
scape multifunction; scholars at home and abroad tried to define it, but they have not
reached a consensus. Most researchers attempt to study landscape function and tradeoffs
for large areas, but landscape function varies depending on the type of area and exhibits
obvious territoriality; internationally, there are some doubts about this. Accordingly, in
collaborative analysis-based landscape function recognition, it is essential to focus on the
background of different types of research areas, such as urban centers and fringes, and to
identify different human needs for landscape space within areas, thereby identifying the
most prominent landscape function for the main function objective of a specific area, and
achieving the overall and coordinated development of landscape function in different areas.
If rural communities are extensively dominated by natural land cover, we can naturally
regard ecosystem service as landscape function; otherwise, it is necessary to bring other
factors under landscape function. Therefore, an effective approach is presented based on
ecological service system and landscape multifunction to clarify the multifunction of rural
landscape, especially for suburban rural communities.

Landscape multifunction assessment is not only considered a powerful tool for trade-
offs among landscape functions [12,13], but also regarded as an effective way to achieve
the sustainable development of landscape. Over the past few decades, researchers’ tra-
ditional attention to spatial dimensions has made the assessment and identification of
landscape multifunction based on spatial mapping a trend, scholars have carried out much
research thereon [14-16]; performing quantification in a spatially specific manner and
analyzing the tradeoffs between them could bring about more effective and reasonable
natural capitals [17]. Attempts have been made to combine information about explicit
provision of ecosystem services with the information about locations of such functions [18].
With the numerical spatial differentiation of landscape function in mind, the GIS spatial
overlay analysis-based quantitative identification of multifunctional landscape hot spots
with multiple high landscape function values has become a basic research paradigm for
multifunctional landscape space recognition. Nature-based tourism is very important
for the social-ecological sustainable development of rural suburbs, but the difficulty in
acquiring rural data causes people to study the functions of suburban rural landscape
mostly in qualitative or semiquantitative research, where expert experience and qualitative
weights play an important role; in particular, cultural services are often the most difficult
to understand and quantify [19]. Furthermore, previous common observational data were
mostly land use types and land cover based on an ecological service system, but the data
available are insufficient to quantify these landscape functions [20]. Hence, various spatial
attributes (principally biophysical and socioeconomic) are considered as indicators for
quantitation of landscape functions. Added to this, the development of big data provides
opportunities for research on rural landscape functions; researchers use Point of Interest
(POI) data to quantitatively analyze the functions of cities, thereby offering new ideas for
landscape function recognition.



Land 2021, 10, 232

30f18

The inevitable urbanization has a much greater impact on the rural communities
around the metropolis than on the remote rural communities; this results in the evolution
of landscape function [21]. Under the strong economic drive during urban expansion,
intricate special types of rural landscape came into being in suburban rural communities
of Nanjing, one of the most economically developed international metropolises in China.
Suburban rural landscape involves multifunctional land use, complex history and present
situation, and industry and planning appeals; this implies that it is necessary to change
from seeking independent sustainable rural models into focusing on thinking about the
coexistence of regional elements, and the relationships among components, from the
perspective of the “function” or “service” of the eco-to-urban system. Moreover, the
realization of individual sustainable development in suburban rural communities need to
be considered over a larger area.

Taking Jiangning District, Nanjing, as an example, the present study chose four key
landscape functions, i.e., regulating function, provision function, culture function, and
support function, to determine the landscape multifunction based on ecological service
system and multifunctional landscape. Their interactions were determined, and the land-
scape multifunction hotspots and dominant functions were analyzed. We focused on
the following issues: (i) the spatial distribution of four quantitative landscape functions;
(ii) comparing and analyzing the tradeoffs and synergy among landscape versatilities;
(iii) identifying the spatial distribution of landscape multifunction hotspots in suburban
rural communities; and (iii) analyzing the dominant functions in landscape multifunction
hotspot areas. The fundamental purpose was to explore and study the multifunction of
rural landscapes in the suburbs of cities during the rapid urbanization in China, thereby
providing guidance for landscape planning and management in synergistic development
of rural ecosystem and society.

2. Materials and Methods
2.1. Study Area

The reason why Jiangning District of Nanjing was chosen as the study area is that
the landscape functions are diverse and have consistent legislation and socioeconomic
contexts; comparison of the entire landscapes is allowed, and the system to be evaluated
is clearly defined. The terrain of study area is saddle-shaped (high at both ends, and low
in the middle). The area accommodates 400 hills, all of which are below 400 m above sea
level, where the normal landforms include low mountains, hills, downlands, plains, and
basins (known as the combination of “six hills, one river, and three plains”). Abundant
elevation differences lead to gradients in many biophysical conditions (e.g., hydrology and
soil); the diversity of biophysical conditions constitutes the basis for diversification of land
use and land cover.

Nanjing is not only the capital of Jiangsu Province, but also one of the most devel-
oped international cities in China. After a rapid urbanization process, the urbanization
rate reached 83.2 percent in 2019 and the population reached over 8 million. There are
11 districts in Nanjing. Jiangning District is located in the southeast of Nanjing, which
surrounded its main urban area from the east, west, and south. It is only 15 km away from
the city center landmark named Xin Jiekou, and the whole district consists of 10 subdistrict-
level administrative units. (Figure 1). The study area covers an area of 157,300 hectares,
of which 70.1% is agricultural land (cultivated land, garden land, forest land, and other
agricultural land), while 23.2% is for construction land. With 1.3473 million permanent
residents, the study area comprises 190 rural communities, including 1500 natural villages;
there are 73 cultural heritage protection areas at or above the municipal level within the
study area. These villages with cultural heritage have stimulated the development of
tourism in the area (33.06 million tourist-times received in 2017), and Jiangning District is
the only typical case selected for the rural revitalization strategy of Jiangsu Province.
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Figure 1. Geographic location and function zoning of the study area.

2.2. Study Data

2.2.1. Basic Statistics of Jiangning District

The basic data used for the study are rural community data obtained through the
Jiangsu Provincial System (Figure 2a). Through GIS coordinate transformation, 190 entries
of distribution data of Jiangning District, Nanjing were eventually obtained.
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Figure 2. Basic data of the study area. (a) Landscape resources distribution plan. (b) Land use classification map and

Thiessen polygon buffer of rural communities.
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To explore the distribution of landscape resources in Jiangning District, the following
data were gathered. First, 604 entries of POI data of recreation and entertainment were
obtained through Baidu, and the data on distribution of bus stations and rail transit in the
District were acquired; second, the spatial distribution of preservation of cultural relics
was identified based on the data set of cultural relics protection organizations in Jiangsu
Province (2019); third, the road network vector data of Jiangning District, Nanjing was
achieved through the “Open Street Map” platform.

2.2.2. Land Use Classification Data of Jiangning District

To analyze the land use conditions in rural communities around Jiangning District,
Nanjing, the present study employed the remotely sensed image data acquired by Sentinel
2 Satellite for the District on 22 May 2019, with an accuracy of 10 m x 10 m by European
Space Agency (ESA) (https://www.esa.int/, accessed on 2 February 2021) and “image
cloudiness 0-10, product grade 1C” chosen. During the image interpretation, 140 training
samples were taken from the study area based on Google Earth for supervision classification
and visual interpretation; then, the maximum likelihood algorithm was used to assign
homogeneous pixel groups to the types of land use identified. The land use classification
and the classification system was established for remotely sensed image interpretation
based on current land use and the land use change conditions as per the Chinese standard
for classification of land use (2019); the land was classified into cultivated land (irrigable
land, dry land, and vegetable land), forest land (trees, shrubbery), grassland (natural
grassland and artificial grassland), waters (wetlands, rivers, reservoir fishery, and lakes),
building land (residential, industrial; commercial and transportation land in the study),
and unused land (bare and idle land). The vector boundary of Jiangning District, Nanjing,
was extracted from the national 1:1 million basic data, and ENVI 5.5 software (Environment
for Visualizing Images) was used as a remotely sensed image data processing platform for
the preprocessing, fusion, mosaic, trimming supervision classification, and accuracy check
of remotely sensed images. The kappa coefficient and overall accuracy were calculated
from confusion matrices to assess the classification accuracy. According to the classification
result, the kappa coefficient was 0.93, and the overall accuracy was 96.06%. In the end, the
land use classification of Jiangning District was identified through the editing operation
with ArcGIS Pro software (Figure 2b).

2.3. Analysis Method

The study was conducted in four steps. First, four key landscape functions (regulating
function, provision function, culture function, and support function) were identified from
the perspective of ecological environment and human society, and the space was explicitly
quantified through the ArcGIS Pro software. Second, the correlation among different pairs
of landscape functions was studied through overlay analysis based on Spearman rank
correlation. Third, hot spots with multiple landscape functions were analyzed. Fourth, the
dominant functions in landscape multifunction hotspots were analyzed (Figure 3).
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Figure 3. Analytical framework.

2.3.1. Landscape Multifunction Classification Criteria

There are significant differences in landscape functions, and they all have different
attributes; therefore, different methods and data sources are needed to identify landscape
functions. The classification system used in the UN Millennium Ecosystem Assessment
(MA) has been generally recognized, because it elaborates the relationship between the
natural ecosystem and wellbeing of human society. However, such a classification system
emphasizes the functions of natural systems; furthermore, the classification system [22]
established by de Groot (2006) stresses the services and functions of landscape to society. It
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comprises regulation function, habitat function, production function, information function,
and support function. The support function summarizes human activities contrary to the
original ecosystem. Therefore, based on the two categories noted above, with regional
characteristics in mind, the present study classified the landscape functions into provision
function, regulating function, culture function, and support function. The spatially quan-
tified data of the four landscape functions based on the index system established, as per
findings of previous researchers [23-25], represent the rendered landscape services; this
enabled landscape function analysis.

Suburban rural landscape provides humans with food, timber, water source, and other
products, which is referred to as provision function; it reflects the resources produced by
the natural ecosystem. The ecological greenery of suburban rural communities plays its
role in regulating climate and improving the environment of urban and rural communities;
it corresponds to the regulating function. It results from the capacity of ecosystems and
landscape to influence a variety of biological processes [26]; regulation functions maintain
a “healthy” ecosystem at different scale levels [22]. Since landscape serves as “natural
resource provider” in the provision and regulating functions, the land use classification is
adopted as the index basis. The study determined the percentages of various ecosystem
service values generated by different types of land use based on the ecosystem-service
value-equivalent table for different types of land use in China, corrected by Xie Gaodi (2008).
Based on expertise, the results were taken as the basis for classifying landscape resources
in rural communities in Jiangning District, Nanjing (Table 1). The tourism resources
and geographical advantages of suburban rural communities meet human mental needs,
such as leisure and recreation, which is classified as culture function. Culture function
assessment was subjective before, because they were affected by behavioral habits of
individuals [23]; this caused cultural function assessment to be more challenging than
assessment of the other functions. Every effort was made to eliminate subjective factors
in function assessment with the culture function proposed by deGroot. Besides, only a
few of the culture functions studied considered the connection with health; natural and
designed green spaces not only help reduce stress [27], but may also enhance walking and
physical activity patterns; therefore, the functions of grassland, cultivated land, forest land,
wetland, and water were taken into consideration. Support functions mainly supply the
other three types of functions, so as to maintain the stable and healthy development of
the ecosystem, and thus support functions can be ignored in the ecosystem service value
of land use type [28]. In addition to meeting our basic needs, landscape function needs
to address other requirements that are associated with internal resources (land use) and
other uses (residence, construction activities, etc.). Most human activities (e.g., farming,
housing, transportation) require space and suitable substrate (land) or medium (water,
air) to support related infrastructure; the use of support function normally involves the
permanent transformation of the original ecosystem [22]. Therefore, the support function
addresses the artificial environments such as transport function and construction function.
The transport function determines the accessibility of space, which measures the extent to
which the land use transport system employs (one or more) specific means of transport
(combination) to enable individuals to reach their destinations [29]. Entertainment and
tourism in culture function largely depend on the accessibility of space, but this concept
is rarely used in ecological service systems [30]. To evaluate the landscape function
of suburban rural communities, the quantifiability and availability of data should be
considered; on that basis, we selected 10 indicators for the four landscape functions; see
Table 2 for the quantification of the specific indicators.
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Table 1. Percentages of ecosystem service functions generated by different land use types.
Level-II Cultivated Construction Unused
Level-I Type Type Forest Land Grassland Land Wetland Waters Land Land
Provision Food 2.13% 0.00% 32.84% 0.00% 1.34% 0 0
function productlop
Raw material 19.20% 0.00% 12.64% 0.68% 0.89% 0 0
production
, Gas 27.83% 18.23% 23.65% 6.85% 1.29% 0 0
Regulating regulanqn
function  Hydrological 26.35% 18.47% 25.29% 38.20% 47.58% 0 0
regulation
dWaSte 11.08% 16.04% 0.00% 40.93% 37.64% 0 0
isposal
Culture  Provision of 13.40% 47.26% 5.58% 13.33% 11.25% 100% 0
function aesthetics
Table 2. Landscape function and its computing method.
Level-I Type Level-II Type Description Key Data Unit Computing Method
eiz?velig?ogesdoiilre Area x Percentage of
Provision function Food production 8y . Remotely sensed Yuan/hm? value (forest + cultivated
plant and animal :
(PF) duct image data by land + water)
c prot.uc $ ) satellite
Raw material eneronviilrt(irll)%sl(:) airc:al (https: Area x Percentage of
roduction ene%y for buil dg'm //www.esa.int/, Yuan/hm? value (forest + cultivated
P gti & accessed on 2 land + wetland + water)
OF Other purposes February 2021)
The ecosystem
maintains the balance
of atmospheric Area x Percentage of
. chemical 2 value (forest + grassland
Regulating function Gas regulation components, Yuan/hm + cultivated land +
(RF) absorbing SO, wetland + water)
fluorides, and
nitrogen oxides
The freshwater
filtration, retention, Area x Percentage of
Hydrological and storage by the 2 value (forest + grassland
¢ Yuan/hm .
regulation ecosystem, as well as + cultivated land +
the supply of wetland + water)
freshwater
The role of vegetation
and organisms in the
removal and Area x Percentage of
Waste disposal decomposition of Yuan/hm? value (forest + grassland
excess nutrients and + wetland + water)
compounds; dust
trapped
Landscapes Area x Percentage of
. (potentially) available Remotely sensed &
Provision of . . 2 value (forest + wetland +
. . for entertainment, image data by Yuan/hm .
Culture function aesthetics . . grassland + cultivated
and valuable in terms satellite
(CF) land + water)
of culture and arts
Immovable cultural Data set of cultural
. heritage protection Making statistics of the
. relics of great NP .
Cultural heritage - o organizations in Each number in each rural
historical, artistic, . . . X
L Jiangsu Province in community
and scientific value.
2019
Baidu POI data (art
. Tourist spots offering  galleries, attractions, Making statistics of the
Leisure and . .
leisure and amusement parks, Each number in each rural

entertainment

entertainment

parks, attractions,
etc.)

community
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Table 2. Cont.

Level-I Type Level-II Type Description Key Data Unit Computing Method
Road network density
= The ratio of total
Openstreet road length of all roads
Support function  Transport function Accessﬂ?lhty da.ta set; Qata set of Km/km?, each within the area to the
(SF) mapping rail transit and bus total area
stations in Nanjing Spatialization statistics
of rail transit and bus
stations
The ability to Statistics of the
. . Remotely sensed .
Construction provide humans . 2 construction area
. e image data by km -
function with living and satellite within each rural
working spaces community

2.3.2. Landscape Function Assessment

Prior to landscape function assessment, it is necessary to construct a Thiessen polygon
buffer centered on rural communities to identify the space radiation area of each rural com-
munity (Figure 2b). Thiessen polygon (also known as Voronoi) is a result of spatial plane
division. According to the characteristics of Thiessen polygon construction, the resource
points that fall within the radiation zone are closest to rural community; it can better reflect
the actual conditions attributed to its ability to estimate the level of unmeasured points
based on point source data; it can also form a nonpoint source distribution to achieve
the point-to-surface transition, thereby incarnating the features of spatial distribution
continuity [30].

The landscape functional index system of rural communities in Jiangning District,
Nanjing, was established in four dimensions (culture function, regulating function, pro-
vision function, and support function of landscape) to determine the landscape function
status in the four dimensions, respectively, and ultimately reach the integrated landscape
multifunction evaluation result.

The technical process follows:

First, seven impact factors (cultivated land, forest land, grassland, wetland, water,
construction land, and unused land) were chosen based on the land use classification map;
then, the value percentages of various landscape functions of different land use types were
worked out based on the function ratio of each factor; the levels of provision function
and regulating function were determined through overlay after normalization. Second,
the culture function-to-aesthetics ratio, leisure and entertainment POI data, and cultural
heritage protection data specific to the land types in Jiangning District, Nanjing, were
chosen as quantitative indicators. These results were normalized and superimposed to
achieve the classification of culture functions available for each buffer. Finally, two support
function factors (the area of construction land and the traffic accessibility) were selected to
analyze and assess support function through integrated overlay.

To eliminate the difference between landscape function units, we standardized the
value of the landscape function within the range 0-1; this effectively averts the inconsisten-
cies in comparative analysis resulting from different function units. In consideration of the
inconsistent dimensions and units of various indicators, each evaluation indicator was nor-
malized by the extreme processing method, and the extreme values were identified based
on the maximum and minimum values of each indicator. The computing formula follows:

X.. (Xz] - Xmin)

] = 1
g (Xmax - Xmin) ( )



Land 2021, 10, 232

10 of 18

where X;; represents the jth indicator value of the ith rural community; X;; denotes the
standard value of the jth indicator of the ith rural community; Xin and X4y are minimum
and maximum values of the jth indicator, respectively.

2.3.3. Interactions among Landscape Functions

It is impossible to quantitatively describe the complex interactions among landscape
functions, but space overlay analysis is an effective way to identify hot spots, among
which the values of a series of landscape functions are at a higher level. More in-depth
understanding of tradeoff and synergy among landscape functions offers a scientific basis
for integrated management of multifunctional landscapes so as to better promote human
and ecosystem wellbeing. The interaction among different landscape functions is classified
into three categories [7]:

Synergy category—when the improvement of one function leads to the increase of
another, there is a synergy between both; if the coefficient is positive, potential synergy
may occur.

Tradeoff—where one function is improved at the expense of another, there is a tradeoff
between both [31,32]. If the Spearman rank correlation coefficient is negative, there may
be conflicts between landscape function pairs, which imply the tradeoff between two
landscape functions.

Neutral effect—where the increase in one function does not cause the increase or
decrease in another, the interaction between both is interpreted as neutral. When the
coefficient is zero or the correlation between landscape functions is insignificant, landscape
functions may be compatible with each other.

To test and quantify the relationship between each pair of landscape indicators, Spear-
man rank correlation was performed with SPSS25.0.

2.3.4. Landscape Multifunction Identification

Landscape functions can be overlapped together on the space. That is, the pixels in
space may illustrate various landscape functions. Such areas can be defined as supply
areas of multifunctional landscape. The space overlay method is used to identify the
multifunctional landscape supply areas; for each landscape function, the mean value is
taken as the criterion; if the value of the area is higher than the average, the area is defined
as 1. This shows that the area can offer powerful landscape functions. If the value of
the area is below average, it is defined as 0, which indicates that the area cannot provide
powerful landscape functions. With criteria in mind, if the coverage value of an area is 0, it
will be defined as a nonfunctional landscape. If its overlay value is 1, it is a single-function
landscape; if its overlay value is greater than 1, it is a multifunctional landscape.

2.3.5. Identification of Dominant Function of the Landscape Multifunction

The specific combination of landscape functions and dominant functions are a critical
feature of area landscape; it determines the different types of development. For instance,
overall analysis is performed by combining multifunctional landscape management and
local development plans to avoid independent and unrelated entities [33,34]. ArcGIS
Pro was used for statistics of the four functional indicators (normalized values) within
the Thiessen polygon of each rural community; based on the landscape multifunction
hotspots 0—4, the landscape function with the largest value was chosen as the dominant
function, and this classified the landscape functions, naming them by the combination of
landscape functions.

3. Analytical Result
3.1. Landscape Function Identification in Suburban Rural Communities

According to the results of the four landscape functions (Figure 4), the function of the
study area varies greatly; its spatial heterogeneity is very obvious, and every landscape
function has remarkable spatial clustering. Furthermore, there are some areas that maintain



Land 2021, 10, 232

110f18

Haw material produciion

Provision function

high levels of all three landscape functions. Specifically, high-value areas of provision
function and regulating function are concentrated around the Changliu Basin, in Qinglong
Mountain, and in Fangshan Mountain. High-value areas are normally rich in water
resources and lush vegetation. High-value areas of the culture function radiate to the
surroundings with Fangshan Mountain and Qinglong Mountain as the center, while the
high-value areas of support function are concentrated between two mountains; beyond all
question, this is due to their proximity to the main urban area of Nanjing (Qinghuai District,
Yu Huatai District, and Xuanwu District). The rapid expansion of urbanization results in
improvements in transportation and building infrastructure. In addition, the development
of the central area of Jiangning District is restricted by two mountains, which are mainly
the mountainous terrain in the northeast and southwest; thus, it is a high concentration
area of support function.

Waste dispesal Provision of acstbetics

Hydratogieal regulation Leisure and entertainment

s station

o

Gas regulativn

Rgulatingting function Culture function Support function

Figure 4. Spatial distribution characteristics of landscape functions in Jiangning District, Nanjing.
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3.2. Relationships among Landscape Functions

Spearman correlation rank test was performed on the four landscape functions in
Jiangning District using the SPSS525.0 software. As illustrated in the table (Table 3), two
of the six pairs of landscape values (i.e., SF-RF and PF-PF) exhibit negative correlation;
the other three pairs of landscape values (i.e., PF-RF, CF-PF, and CF-RF) exhibit obvious
positive correlation. There is only one pair of values (i.e., SF-CF) exhibiting no correlation.

PF and RF have the highest correlation among all landscape indicators. A positive
coefficient implies that provision and regulating functions in landscape are synergistic,
because forests and waters play a leading role in these two functions; hence, both may
share the same tendency in space.

SF is negatively correlated with RF and CF, which indicates that PF conflicts with
these two landscape functions to some extent. It is caused by disturbances in artificially
constructed areas that can significantly change land cover types; for instance, destruction
of soil structure may affect soil nutrients, thereby accelerating the reduction of cultivated
land, grassland, etc.

The correlation between SF and CF is not significant, which indicate that they are
compatible with each other in the study area. In densely populated areas with well-
developed transportation, the vegetation coverage is normally low and the cultural heritage
attractions are generally not too dense; therefore, it is impossible for SF and CF to remain
at a high level simultaneously.

Table 3. Spearman rank correlation coefficient of landscape function.

Provision Function (PF) Culture Function (CF) Support Function (SF)

Regulating function (RF) 0.858 0.662 —0.281
Provision function (PF) - 0.589 —0.35
Culture function (CF) - - —0.031

3.3. Landscape Multifunction Evaluation

The spatial distribution map of landscape multifunction can be attained by overlaying
various landscape functions. The results are shown in Figure 5. Approximately 64.2% of the
rural communities in the study area could provide at least one landscape function. Further-
more, 37.9% could offer only one kind of landscape function hotspot. Approximately 37.9%
of the residence communities in the study area offered two functions. The areas defined as
multifunctional landscape hotspots that can keep three or four landscape functions at a
high level accounted only for 9.9% of the total number of rural communities. This shows
that most of the area can provide landscape services for humans, while rural communities
offering high-quality multiple landscape service functions were only concentrated in a
few areas. Landscape multifunction hotspots are principally located in the Tangshan and
Fangshan Subdistricts in Jiangning District, especially the rural communities near Qinglong
Mountain and Fang Mountain; there were also some landscape multifunction hotspots
around the Yangtze River.

3.4. Classification of Landscape Multifunction

According to statistics, rural communities could be classified into 10 categories ac-
cording to the mix of their landscape functions (Figure 6). In the event of individual
dominant functions, the support function accounts for 83.3% (60), the dominant provision
function accounting for 9.7% (7), and the dominant culture function accounting for 6.9% (5).
Single-support dominant functions were principally distributed in the middle of the study
area, and the remaining single-dominant functions were scattered; dual functions fall into
three categories (dual-provision dominant function, dual-culture dominant function, and
dual-support dominant function). Dual-culture and dual-support dominant functions ac-
counted for similar proportions, i.e., 32.3% (10) and 41.9% (13), respectively; dual-provision
function accounted only for 2.6% (8). The 20 multifunctional rural communities could
be classified into four categories, i.e., multi-provision dominant function, multi-culture
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dominant function, multi-regulating dominant function, and multi-support dominant
function. Dominant culture function was in a great measure, accounting for 60% (12), while
the regulating-dominant function accounted only for 5% (1). Areas with multi-landscape
function were principally concentrated around the Yangtze River Basin and in Qinglong
Mountain and Fangshan Mountain.
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Figure 5. Spatial distribution of landscape multifunction hotspots in Jiangning District, Nanjing.
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Figure 6. Identification and classification of dominant functions in rural communities. (a) Spatial distribution of dominant

functions of each landscape multifunction type; (b) the proportion of each function in different landscape multifunc-

tional type.

4. Discussion
4.1. Superiorities of Multifunction Identification of Suburban Rural Landscape Based on
Multi-indicator Areas and Buffers

Evaluating the suburban rural landscape multifunction to quantify the importance of
landscape configuration to human wellbeing and identify the key driving functions may be
a reasonable and feasible approach to the paradigm of rural landscape sustainability [35].
This study proposed a comprehensive landscape service function framework for studying
the suburban rural landscape multifunction; special emphasis is placed on quantifying
and mapping multiple landscape functions, evaluating the interaction relationship, and
classifying suburban rural communities. This analytical framework was established from
the perspective of natural ecology (vegetation, water, etc.) and society (culture, trans-
portation, etc.). The methods for estimating overall quantitative landscape function are
widely accepted models and methods that can explicitly draw spatial functions [36]. Few
studies have been focused on landscape multifunction mapping due to the confinement
by spatial data availability and spatial-temporal scale. The development of spatial data
in recent years stimulated researchers to identify and evaluate landscape functions based
on land utilization/cover data on a global scale. On the regional scale, however, the land
utilization/cover data failed to fully reflect the distribution of landscape service functions,
so it is essential to comprehensively consider social, cultural, and other factors as quantita-
tive indicators; this supports decision making on utilization and management of regional
landscape services. The data used in this study are readily available, including remote
sensing data, POI data, and social statistics.

For the study, the rural Thiessen polygon buffer was taken as the spatial unit of
overlay analysis, in contrast to quantitative evaluation and hotspot recognition (i.e., grid);
its purpose is to effectively integrate landscape functions with community administrative
units for overall planning of socioeconomic development and environmental protection.
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For suburban rural communities, it is important to develop specific function plans based
on geographical locations and spatial adjacency of multiple landscape functions so as to
improve landscape multifunction [37]. Accordingly, the method based on rural community
unit buffer is the key to understanding how the multifunctional landscapes interact with
the land in social processes.

4.2. Discussion on Landscape Multifunction Hotspots and Dominant Landscape Function Areas in
Suburban Rural Communities

The result of our quantitative study on the 190 rural communities clearly shows that
spatial difference of landscape multifunction came into being in suburban rural communi-
ties; for example, apparent formation of regional multifunction characteristics was observed
in areas of Qinglong Mountain and Fangshan Mountain. In detail, the two areas have rich
cultural heritage and natural resources, and also contained numerous rural communities
with large populations and complete support facilities. A number of studies have shown
that urbanization and industrialization are dominant factors affecting the multifunction
development of suburban areas; what are the functions that the current suburban rural
communities can provide for humans? This is a question that needs to be discussed. Nan-
jing’s Opinions on Promoting the Implementation of the Rural Revitalization Strategy for
year 2020 mentioned “industrially thriving and ecologically livable”; for suburban rural
communities, it is essential to take into comprehensive consideration the urbanization
and the characteristics of rural communities, so as to highlight the dominant function of
developing different rural communities.

Moreover, since spatial conditions of land use in suburban rural communities are ex-
tremely different from those in other rural communities, the functions and values provided
to the urban public (such as landscape features) need more social recognition [38]. As
shown in Figure 6, suburban rural communities are principally dominated by support and
culture landscape functions, where the role of the regulating function is next to nothing. Itis
worth noting in the present study that, first, areas with high value of support function have
fewer landscape multifunction hotspots. Multiple functions provided by suburban rural
communities often conflict with each other; to make it more concrete, the forests, wetlands,
waters, etc. that dominate regulating function and provision function are greatly affected
by human activities, and the support function often plays a negative role in both functions;
additionally, the culture function relies on forest land, wetland, etc., which leads to the loss
of related functions. Added to this, a trend such as this has been observed in many parts of
the world [39]. Second, there was only one rural community dominated by the regulating
function. Ecological regulation function is not only the foundation of rural development
around cities, but is also a barrier of regional ecological security [40,41]. Finding a balance
between ecology and development has been a huge challenge; inefficient industrial land
should be reduced in future planning to reduce pollution sources. In addition, the effective
green space of villages is expanded through the rational expansion of field infrastructures
and the enhancement of forest land and native plant communities. Third, suburban rural
communities are endowed with high-value culture function; cultural landscapes with
location advantages have always been valuable to people. Regional cultural environment is
a principal driving factor affecting the subject value, behavior habits, and social relations of
rural communities; it is also a profound factor affecting the difference between traditional
and modern rural attributes and the rural semistability; effective protection of regional
culture has promoted various functions of rural development foundation and absorption
of external capitals [42].

4.3. Limitations

This study has some drawbacks. First, suburban rural communities are a dynamic
ongoing process, and the impact of urbanization on rural communities continues. The
data studied in this paper are static, especially the data of land use cover. Long-sequence
data should be further adopted to improve the extraction accuracy of remote sensing
data. Studies have reported that the accuracy of the time variable is 8% higher (from
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~85% to ~93%) than that of the traditional method (spectrum + Normalized Difference
Vegetation Index (NDVI)), and a longer time series is helpful to discover the overall law and
direction [43]. Second, the tradeoff relationship among landscape functions is complex and
variable [44]; existing studies have shown that the tradeoff relationship among landscape
versatilities varies with spatial-temporal scale [45]. The relationships among landscape
functions of suburban rural communities (district, subdistrict, and village) on different
spatial scales, and the method for regional balancing of planning and management have
to be explored by us in the future. Comparative analysis could be performed on several
spatial scales in future studies, thereby assisting in optimizing the spatial layout planning of
suburban rural communities. Finally, the identification of dominant functions in landscape
multifunctional areas helps determine the development direction of rural communities;
however, the clarification of barrier function affecting the rural communities of this area
could facilitate the adjustment of rural landscape utilization behaviors and policies in a
more targeted manner [46]. Therefore, it will be necessary to further analyze the barrier
function for suburban rural communities in the future.

5. Conclusions

Suburban rural communities are significantly different from other rural communities
in terms of spatial conditions. Accordingly, the landscape multifunction of suburban rural
communities needs to be studied emphatically. In the present study, attempts were made to
choose four landscape functions (regulating function, provision function, culture function,
and support function) based on the ecological service system and landscape function,
and to identify the spatial distribution of landscape multifunction and the dominant
functions of various rural communities through space overlay. The landscape multifunction
analysis of 190 rural communities in Jiangning District, Nanjing, clearly demonstrated
that Jiangning District has developed its regional landscape multifunction characteristics;
the result indicated that each landscape service has spatial heterogeneity and unique
distribution. Landscape multifunction hotspots account for 64.2% of the study area; it is
worth noting that both support function and culture function is dominant in single-function,
dual-function, and multifunction hotspots. Furthermore, all landscape functions other
than SF-CF exhibited certain correlations. Hence, it is essential to stress the importance
of the tradeoff between landscape functions of suburban rural communities in future
planning, and to carry out planning management based on the diversity of landscape
functions of rural communities, so as to ensure the sustainable development of suburban
rural communities.
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