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Abstract. Rural planning is an important part of territorial spatial planning. The study of rural “Ecological-
production-living Space” is the key part in optimizing the land spatial development and improving the spatial
planning system, which is significant for the sustainable planning and for high efficiency utilization of rural
areas. In this study we take Shuihu village, Hengdong County, China, as a case study. (1) The paper applies
the Analytic Hierarchy Process to construct a multi-factor evaluation system of villages “Ecological-
production-living Space” for their development and construction, agricultural production conditions and
ecological function suitability. Establishing the hierarchy model of rural “Ecological-production-living Space”
and affecting weight values to each evaluation factor. (2) Using GIS multi-factor grid, we comprehensively
evaluate the village space and identify as well as its dominant function. In the plan, the agricultural production
as the leading function and as ecological and living space accounts for 36.25% of the area of the village field.
The ecological production accounted for 51.71%, the development and construction accounts for 9.67%. (3)
Apply rural complex concept to guide space usage separately from the production space (production and
living space) , ecological space (ecological living and ecological production space), living space (living
ecology and production space) ecological production and living space, to improve the ecological conservation
and energy efficiency of agricultural production, to build ecological agriculture, modern agriculture and
liveable idyllic community. Through these above parts, we hope to achieve the sustainable development model
of rural area and high efficiency utilization of land resources.

November 2018, the Strategy of Rural Rejuvenating
1 Introduction (2018-2022) clearly points out that priority development
of agriculture, rural areas, deeply implement the
"Agriculture Peasant and Countryside" work and promote
the ecological, the production and the revitalization of
peasants’  living, which are decisions and arrangements
to further optimize “Ecological-production-living Space”
planning layout of rural areas and the coordination of
production living and ecology.
Ecological-production-living Space is “Production-
Ecology-Living” space. Among them production space is
the dominant function area of providing agricultural
product, industrial product and service product, which is
the foundation of satisfying the human's material
requirements, existence and development. Ecology space
is the dominant function area of providing ecological
service and ecological safeguard, which is the key of
coordinating relationship between land and population,
protecting ecosystem and achieving the sustainable
development of the area [3-4]. Living space is the
dominant function area of providing human residence,
consumption, amusement and so on, which is the support

With the rapid process of urbanization and
industrialization and the rapid growth of urban and rural
construction land, cultivated land resources are occupied,
ecological spaces are damaged and Environmental
Bearing-Capacity resources do not fit the speed of
construction land expansion, which lead to problems of
the inharmonic development of ecology, production and
living space as well as an unreasonable structural layout
more and more serious [1-2]. In December 2010, the Main
Functional Area Planning of China points out that we
should according to the division of different functional
regions define the performance appraisal system to
optimize land area. In January 2017, National Homeland
Plan (2016-2030) requires defining a red line for
agricultural spaces and ecological spaces protection,
urban living space development construction boundary
and permanent basic farmland. The designated work of
“Ecological-production-living  Space” becomes the
primary measure of spatial optimization of land; in
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of human living. About "Ecological-production-living
Space" planning, scholars performed related researches
mainly on the basic connotation and structural system of
“Ecological-production-living Space” [5], identification
and classification of function of “Ecological-production-
living” [6-7], land wuse classification and system
construction of “Ecological-production-living” [8],
optimized layout of “Ecological-production-living Space”
[9-10] and pattern succession of “Ecological-production-
living Space” [11] etc. In aspect of research scale
dimensions, they not only research the “Ecological-
production-living” function of country, province, and city
group etc. in macroscale and land use classification by the
main functional area [12-13], but also research the
“Ecological-production-living Space” demarcation in city
territory or county area mesoscale [14-15] and spatial-
temporal feature and pattern change of “Ecological-
production-living Space” in rural micro scale [16-17]. The
research on the sustainable planning pays much attention
to Macro-Regional and medium-scale urban while pays
relatively less attention to micro scale like county area
[18-19]. However, in China the rural space accounts for
over 94% of land areas [20]. We can’t ignore the
sustainable development of rural space [21]. Taking
Shuihu village, Hengyang county in China as object in
this paper, we research the planning of “Ecological-
production-living Space”, further determine its use
patterns, refine the research scale of “Ecological-
production-living Space” and fill up the theoretical gaps
of the planning and evaluation system of “Ecological-
production-living Space”, which is significant for the
sustainable planning and high efficiency utilization of
rural space.

2 Research Area, Methods and Data
Sources

2.1 Research Area

Shuihu village is located in the northwest of Wuji town,
Hengdong county, Hunan province, China (Figure 1a), 2
kilometres away from Hengdong county, with good
geographical advantages. The village has the typical rural
space characteristics in southern Hunan. The terrain is
dominated by plain and farmland, backed by mountains in
the north and rivers in the south (Figure 1b). The total land
area of the village is 285.47 hectares with a total
population of 2760 people. Shuihu village belongs to the
sub-tropical continental monsoon climate where annual
average temperature is 17.7°C. The annual average
sunshine hours is 1812h. Rainfalls are abundant, seasons
are distinctive, water is sufficient and the soil is fertile, it
is very suitable for crop growth and is given priority to
with the traditional farming. Food crops are given priority
to. Rice and economic crops are given priority to Huang
Gong pepper and medicinal herbs cultivation, among
them Huanggong pepper is the Chinese geographical
indications of agricultural products.

Satellite image
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Figure 1. Geographical location and satellite image of Shuihu
Village.

2.2 Research Methods

2.2.1 Analytic Hierarchy Process

Analytic hierarchy process (AHP) is a systematic and
hierarchical analysis method combining qualitative and
quantitative [22]. The study uses the Analytic Hierarchy
Process to construct the evaluation system of “Ecological-
production-living Space”. The basic steps of AHP are as
follows:

(1) Establish the hierarchical structure model. On the
basis of deep analysis of practical problems, the related
factors are decomposed into levels of target, criterion and
scheme according to different attributes from top to
bottom. The factors at the same level are subordinate to
the factors at the upper level or have an impact on the
factors at the upper level and at the same time dominate
the factors at the next level or are affected by the factors
at the lower level. In general when there are more than 9
criteria, we should further decompose the sub-criteria

layer.
(2) Construct pair comparison verdict matrix where A,
ui~ u; (i, j=1, 2, ..., n) represent factors, ujj represents

the numeric values of the relative importance of ui to u;,
and the judgment matrix P of A-U is constituted by u;j.
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(3) Calculate the weight vector. The proportion index
in the evaluation is determined according to its
importance relatively to the previous evaluation. Through
the judgment matrix, we obtain the characteristic vector
W corresponding to the largest relative eigenvalue Amax.
The formula is: PW=AmaxW. The characteristic vector W
is normalized, which is the order of importance of each
evaluation factor, as well, the weight distribution.

(4) Consistency check. Judge whether the weight
distribution obtained above is reasonable and use the
check formula:

Amax—n

== @
Cl

cR=2., ()

At formula: CI is the general consistency index of
verdict matrix; Rl is the mean random consistency index
of verdict matrix; CR is random coincidence coefficient
of verdict matrix.

When CR of verdict matrix P<<0.1 or Amax=n, CI=0,
we consist that P has a satisfying consistency or we have
to adjust the elements in P to make it have a satisfying
consistency.

2.2.2 GIS Comprehensive Evaluation

GIS comprehensive evaluation is using GIS software to
process and analyse the total value of multiple
geographical elements impact factors in a certain scale by
a linear weighting function and comparing the size of the
sum value to plan the dominant type of spatial function.
The calculation formula of the model is:

F= Z?:O Fin' x 100. (4)

At formula: F is contribution score of the dominant
function of space; Fi is the single contribution score of
evaluation factor i; Wi is the weight of evaluation factor;
n is the number of geographical elements impact factors.

On the basis of the single factor evaluation by GIS, the
multi-factor grid computing is carried out to
comprehensively evaluate the composite space, so as to
obtain the appropriateness of the utilization of village
spaces, identify the dominant and secondary functions of
land use [23] and plan the “Ecological-production-living
Space” of the village.

2.2.3 Rural Complex Planning

Rural complex planning is a comprehensive rural
development model integrating modem agriculture,
leisure tourism, and rural communities. Its purpose is to
help agricultural development by tourism and promote a
sustainable development pattern of Three Industries
Integration, which plays an important role in invigorating
“Ecological-production-living Space” [24-25].According
to the analysis of “Ecological-production-living Space”
which was recognized and delimited by the present
situation of village land resources function, we further
plan the village “Ecological-production-living Space” for
agriculture and forestry, for the processing industry and
the leisure travel service industry. We also propose

industrial development strategy and combined with
modern ecological agriculture, leisure tourism, rural
community integration concept to explore the rural
comprehensive development pattern.

2.3 Data Sources

The basic data mainly comes from the land use data
provided by the local government (image data and
statistical data). DEM data and land use visual
interpretation are from Landsat8LI data. The DEM data
are 30m resolution of GDEMDEM data, including Google
satellite map in TIF format downloaded in 2018 from
Google earth. Landsat8LI data has a total of 11 band and
we select the B3 B5 and B7 bands. The statistical data is
from Hunan province statistical yearbook and Hengyang
city statistical yearbook.

3 Construction of “Ecological-
production-living Space” Evaluation
System Based on AHP

Combined with the principle of the main functional area
classification [26], we select multiple factors from the
suitability of construction , agricultural production
function and ecology function to construct the suitability
evaluation system of village “ Ecological-production-
living Space”. In order to improve the accuracy and
reduce mistakes, the determination of evaluation factors
applies the Analytic Hierarchy Process to construct the
system layer and all the indicator layers.

3.1 The Evaluation Index of Development and
Construction Suitability

The construction of the system layer is based on the
development and the construction suitability of rural
spaces. Transportation accessibility, topography and
geomorphology, living conditions, public service and
social security indicator layers are selected and their
ratings further refined to construct the evaluation system.
The quantitative description and the evaluation of the
classification index system can synthetically judge
whether the village land is suitable for construction.

3.2 The Evaluation Index of Agricultural
Production Suitability

The development potential for agricultural production is
affected by the soil, the hydrological conditions and the
socio-economic conditions etc. Therefore, when
evaluating the suitability for agricultural production we
mainly consider the convenience of agricultural
development and the applicability for land production.

3.3 The Evaluation Index of Ecological Function
Suitability

The existing research used the ecological sensitivity
analysis, ecological security pattern and ecological
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service value to balance the land ecological functions.
Since the research area is at the village level, considering
the environmental characteristics of the village and the
availability of basic data, we used ecological security
pattern and ecological sensitivity to interpret the
ecological functions of the land.

3.4 The Construction and Weight Determination
of the Multi-factor Evaluation System of
Composite Space

The software yaahp was used to construct the hierarchical
analysis model of “Ecological-production-living Space”
planning, to establish the verdict matrix, to calculate the
factor weights of the middle layer and the alternative plan,
to verify whether their consistency is 0, and finally to
obtain the weight value of each evaluation factor.

4 Sustainable Planning of “Ecological-
production-living Space” Based on GIS

According to the degree of suitability, each evaluation
index is described quantitatively, the three kinds of
evaluation indexes are unified to 5, 4, 3, 2, 1 score to
determine five grades: the most suitable, highly suitable,
moderately suitable, lowly suitable and unsuitable. Then
a single factor analysis is done for each evaluation index
using GIS. According to the index weights for multi-
factor grid computing, we get the suitability of the village
space, identifythe dominant and secondary functions for
the planning of the village.

4.1 Suitability Evaluation of Development and
Construction

(1) The evaluation of transportation accessibility
The transportation accessibility and the current roads
of the village (village road and county road) are combined

on the base map and the road distance is divided according
to the per capita walking speed of 50-100m/min. Using
GIS multi-buffer analysis and re-classification, we
determine, weigh and divide grades to get the distance
from the village road (Figure 2a), the distance from
county roads (Figure 2b), and the road network density
(Figure 2c¢).

(2) The evaluation of topography and geomorphology

The elevation directly reflects the local temperature,
the oxygen content, and the slopes affect the village
construction projects making them difficult. Therefore,
the grading evaluation of the land topographic and the
geomorphic conditions (elevation in Figure 2d) and slope
in Figure 2e) can effectively show the suitable plots for
village construction.

(3) The evaluation of living conditions

In terms of the radius of influence, the distance from
forest areas and industrial areas, and the dispersion degree
of residential areas, the living conditions of land is
evaluated. Many villages are developed along the
waters.The radius of influence refers to the distance to the
pits or canals or rivers (Figure 2f), which is the key factor
affecting the construction of the village. Comparing the
distance of the land to the industrial area (Figure 2g) and
the forest area (Figure 2h), the merits of the village
development environmental quality can be concluded.
The dispersion degree of residential areas largely
determines the atmosphere of village construction (Figure
2i). Using the grid units one can generate statistics on the
dispersion degree of rural residential areas.

(4) The evaluation of public service and social security

We select the service radius of educational basic
facilities, commercial financial facilities and medical and
health institution to illustrate the importance of public
service and social security to the development of villages.
As to the current facilities of the village, the suitability for
development and construction is classified by GIS
elements turning point and multi buffer zone
analysis(Figure 2j,k,1).
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Figure 2. Suitability evaluation of village development and construction.

4.2 Suitability Evaluation of Agricultural
Production

(1) The evaluation of agricultural development
convenience

The distance from agricultural lands to village
settlements and main roads reflects the aggregation
degree of labor resources and the convenience of
transportation, which directly affects the agricultural
production and development. The closer the agricultural
land is to the village settlements and the main roads, the
more abundant and convenient the manpower and
transportation are, which can effectively reduce the
production cost and improve its efficiency (Figure 3a, 3b).

(2) The evaluation of utilization suitability for
production

Agricultural crops are more easily affected by
topographic conditions, and contour ploughing greatly
affects the suitability of agricultural production. In other
words, the steeper the slope, the more difficult the
agricultural tillage; the smaller the slope, the more
convenient the agricultural tillage (Figure 3c). The slope
direction, to a certain extent, determines whether the
tillage is on the sunny side and affects the growth and the
tillage output quality. The south oriented slopes and the
flat slopes are considered as the most suitable, the
southwest and southeast slope are classified as highly
suitable, the east and west slope as moderately suitable,
the northeast and northwest slope as lowly suitable, and
the north slope as not suitable (Figure 3d).
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Figure 3. Suitability evaluation of village agricultural production.

4.3 Suitability Evaluation of Ecological Function

(1) The evaluation of ecological security pattern

Since the village is close to the river, the river has
potential flood threat. Considering rainwater safety is an
evaluation element of ecological security pattern, the
suitability is divided by the distance of the village from
the river. Closer to the river, greater the threat to the
rainwater safety and lower the ecological suitability
(Figure 4a). The reservoir ponds are of great significance
to the security pattern of the water sources of the village.
The distance from the water source is an important
indicator affecting the water source security of the village,
and it is selected as the evaluation factor. The closer the
distance to the water source, the higher the ecological
suitability (Figure 4b).

(2) The analysis of ecological sensitivity

The analysis of the ecological sensitivity selected two
factors, the typical district of the current land use and
vegetation of comprehensive evaluation. According to the
typical district of current land use of village, we judge
whether the block has ecological suitability. The
ecological suitability is water area, forest land, grassland,
cultivated land and residential area from high to low
(Figure 4c). The ecological suitability of vegetation was
determined according to its ecological sensitivity and
ecological service value. Highly-sensitive vegetation such
as jungle land and beach wetland is the area with high
ecological function suitability, while relatively low-
sensitive vegetation such as garden land and savanna is
the area with low ecological function suitability (Figure
4d).
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Figure 4. Suitability evaluation of village ecological function.

4.4 Sustainable Planning of "Ecological-
production-living Space” in Villages

As the functions of "Ecological-production-living
Spaces" are nested with each other, the composite space
in "Ecological-production-living Spaces" is subdivided
into 7 categories: production ecology, production living,
ecological production, ecological living, living
production, living ecology and ecological-production-
living space.When the suitability level is most suitable,
high suitable and medium suitable, the most suitable level
is considered as the main function, followed by the
secondary function of the village. If all three index grades
are the most suitable possible, then the space is defined as
the production-living-ecology space. When the three
grade indexes are identical, the space is divided according
to the principle that ecological function takes precedence
over agricultural production function and agricultural
production function takes precedence over village
development and construction functions. If the suitability

level of the three types of functions is low suitability or
unsuitability, the ecological function will be selected as
one of the functions, and the surplus according to the
principle that agricultural production function takes
precedence over the development and construction
function.

Comprehensive evaluation of space utilization
suitability (Figure 5a, b, ¢), the results of spatial overlay
analysis based on GIS are as follows: the production
ecology and production living space of agricultural
production as the leading function accounted for 36.25%
of the area of the village, the ecological production and
ecological living of ecological function as the leading
function accounted for 51.71% of the area of the village,
the living production and living ecology space of
development and construction as the leading function
accounted for 9.67%  of the area of the village,
“Ecological-production-living ~ Space”  which is
appropriated to all the three kinds of functional suitability
accounted for 2.37% of the area of the village (Figure 5d).
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Figure 5.

5 Efficient Use of "Ecological-
production-living Space" Based on
Rural Complex

5.1 Thinking of Planning and Utilization

Focusing on agriculture, improving the energy efficiency
of agricultural production, building ecological agriculture,
modern agriculture and liveable idyllic community, and
improving tourism necessary services are the core goals
of meeting the requirements in rural areas for " industrial
prosperity, ecological livability, and life prosperity ".
According to the planning of village composite space
"Ecological-production-living Space", the research
regionalizes the leading function, and uses the rural
complex concept and guides the space usage respectively
from the production space (production living and
production ecological space), ecological space (ecological
living, ecological production space), living space (living
ecological and living production space), so as to achieve
the efficient use of land resources.

5.2 Production Space

From the distribution pattern of "Ecological-production-
living Space" in the village area, the production space is
mainly concentrated in the western part of the village and
the Hexin island area, including the most part of farmland
and a few village residential areas. According to the
distribution of local crop resources, the ecological
production space has been transformed from traditional
agriculture to large-scale agriculture, and "two parks and
two zones" have been set. Through the introduction of
modern production cooperation model, the "two parks"

Legend
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1 ,000 1,500m I cological-production-living space

Sustainable planning of village "Ecological-production-living Space" based on GIS suitability evaluation.

are planned for the Huanggong pepper demonstration
park and for Chinese medicine planting demonstration.
The "two zones", namely modern ecological farmland
area, agricultural product processing area, which promote
the concentration of cultivated land resources and is
conducive to the protection of cultivated lands. The
production living space is located around the residential
land of the village, which is dominated by recreational
activities, providing sightseeing services of agriculture
and experience of pastoral life, and extending the
agricultural industry chain.

5.3 Ecological Space

The ecological space includes most of the forest land in
the north of the village and the waters in the village area.
The ecological elements are concentrated into a block,
which plays an important role in supporting the functional
structure of the village space. The purpose of its planning
and utilization is to protect the integrity and the ecology
of the pastoral scenery under for a sustainable
development. Planning the northern ecological woodland
reserve area is the foundation of the ecological protection.
It is determined that the riverside in the southwest of the
village is an ecological breeding garden and an ecological
picking garden. Taking rural tourism as the guide to
ensure the benefits of ecological resources landscape,
meanwhile give play to the better economies of scale,
ensure the income of villagers and meet the needs of rural
residents for rich life.

5.4 Living Space

The Living space is mainly the current villagers’
residential area. Three types of original residential areas
for local villagers, country house experience areas and
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tourist villa areas are planned to build a comprehensive
rural community with landscape appreciation, recreation
and liveability value. We will integrate and adjust rural
residential areas, make reasonable planning and site
selection for new, relocated and repaired residential areas,
and determine the size of rural residential areas in each
district, so as to promote "effective governance" and
"ecological liveability" of living space.

5.5 Ecological-production-living Space

The composite space of ecological production and life is
mainly distributed in the vicinity of reservoirs and ponds

//"
N
‘tourjist villa are.
4

a'f*’ﬁ?

in the village area, which has high land use value and
landscape ecological benefits. It is the convergence and
integration area of primary, secondary and tertiary
industries. Aiming at the development of rural industry
combination in this kind of space, a tourism complex area
with recreation as the activity theme is built. According to
the cluster distribution, the tourism complex can plan
three core areas, namely, rural living community, outdoor
picking experience area, parent-child leisure and
entertainment area, supporting tourism service facilities
and living infrastructure, to create a beautiful countryside
that is liveable and suitable for travel (Figure 6).

Figure 6. Planning and utilization of village "Ecological-production-living Space" based on rural complex.

6 Conclusions and Discussion

This study based on the sustainable development of rural
areas, from the perspective of "Ecological-production-
living space", by using GIS multi-factor comprehensive
evaluation of the rural spaces suitability, reasonable
agricultural production planning (as the leading function
of ecological production and living space production), to
the ecological as the leading function of ecological
production and ecological living space, to the
development as the leading function of living production
and living ecological space and ecological production
space, which is of important guiding significance to
improve the optimization for the national spatial planning
system in rural areas. Planning the use of rural space based
on the concept of rural complex has a strong practical

significance to promote the efficient use of rural space,
improve the efficiency of land resources and increase
farmers' income. Research conclusions include:

(1) Based on the principle of the main functional area
regionalization, from three aspects of construction and

development  suitability,  agricultural  production
suitability and ecological suitability, we select
transportation accessibility, topography and

geomorphology, living conditions, public service and
social security, agricultural development convenience, the
applicability of land production, ecological security
pattern, ecological sensitivity, etc. as indicators. The
multi-factor evaluation system for the suitability of
"Ecological-production-living Space" in rural areas was
established by the Analytic Hierarchy Process (AHP), and
factor weights were determined. Spatial overlay analysis
based on GIS was carried on the comprehensive
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evaluation of rural space. The research method has a
certain innovation, a strong operability, and can be
popularized.

(2) By using GIS multi-factor grid computing, we get
the suitability of village space utilization and identify the
dominant and secondary functions of the rural space. The
results show the agriculture production as the leading
function of ecological production and living spaces
account for 36.25% of the total area of the village fields.
The ecological production as the leading function of
ecological production and living space accounted for
51.71%. The development and construction as the leading
function of living production and ecological space
accounted for 9.67%. The suitability of the three functions
belongs to the more suitable ecological production and
living space which accounts for 2.37% of the area of the
village fields.

(3) Applying rural complex concept, the land use is
composed by the production space (production living and
ecological space), the ecological space (ecological living
and production space), living space (living ecology and
production space) ecological production and living space,
so as to achieve the Sustainable development model of
rural area.

7 The following aspects should be paid
attention to in the in-depth study of
"Ecological-production-living Space"

(1) Rural spaces due to the regional differences and
differences in land use, and to the difference of the
"Ecological-production-living Space" planning from the
current land use, cannot be treated as the same, its
planning should adjust measures to local conditions,
selecting reasonable evaluation factors, considering the
coupling between each factor and space of land carrying
capacity, soil conditions, resources and environment
carrying capacity, landscape fragmentation and other
factors to conduct further analysis and form the integrated
system framework.

(2) On the micro scale, remote sensing information
should be properly combined to carry out data analysis for
"Ecological-production-living Space" planning. By
summarizing the evolution of the scale and type of
"Ecological-production-living Space" over the years, its
key influencing factors should be inferred, and the weight
of analysis should be summarized to ensure that the
evaluation system is scientifically sound.

(3) As the planning system of rural space is not mature
yet, it needs to be explored in depth. Theoretical
researches are need to build a systematic framework and
an "analysis -- planning -- utilization -- control" process,
starting from the harmony perspective of "human-earth-
resource” and making empirical analysis. Other
dimensions could also be comprehensively considered.
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