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The main objectives of the study are to establish a rural-area multi-functionality
evaluation index system, reveal the characteristics and identify influencing
factors of rural-area multi-functionality differentiation in Hebei Province. A
back-propagation neural network model and a spatial econometric model were
used in the study. The results of this study as follows. The spatial differentiation
of rural-area multi-functionality shows the opposite distribution to that of the
agricultural production and economic development functions. The distribution
of the socio-cultural function was found to be opposite to that of the ecological
function, while the distribution of the socio-cultural function was found to be
similar to that of the economic development function. There was a positive
spatial correlation between rural functional patterns. The difference in rural-
area multi-functionality development conditions was found to be the main
reason for agglomeration distribution differences. The agricultural production
function is mainly affected by agricultural, ecological, and industrial conditions.
The function of economic development was found to be mainly affected by
population and traffic conditions. The socio-cultural functions were found to be
mainly affected by population and economic conditions. The ecological
function was greatly affected by agricultural, population, and ecological
conditions. This study provides further insights into the functions of rural
regions and enriches the theories used in rural regional studies by closely
analyzing the causes of the generation of and changes in rural-area multi-
functionality. In the future, the government department should strengthen the
construction of transportation, agricultural infrastructure, and industrial
infrastructure.
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1 Introduction

China has increasingly attached importance to rural areas
and has put forward the strategic goal of rural revitalization to
solve the problem of urban-rural dualism and the reality of
agriculture, rural areas, and farmers’ lives. The state has issued
relevant political documents, including the Opinions on
Implementing the Rural Revitalization Strategy and the
Strategic Plan for Rural Revitalization (2018-2022). These
policies put forward that, on the basis of achieving new
urbanization and urban-rural integration, we should fully
mobilize the initiative of rural development and enhance the
attractiveness of rural areas. Rural revitalization is the systematic
process of rural transformation and development, rural space
reconstruction, and functional rural improvements in a certain
region (Liu, 2019). Rural-area multi-functionality concerns how
a regional rural system within a certain region can have a positive
effect on human society or nature through the interaction of the
system itself or with other systems. More specifically, rural-area
multi-functionality is the key to achieving agricultural
modernization and rural value diversification, as well as the
basis for stimulating rural regional development and achieving
land multi-functionality utilization (Elahi et al., 2021a; Elahi
et al, 2022a). Therefore, the study of rural-area multi-
functionality has important guiding significance for the
implementation of rural revitalization in different areas.

The theoretical study of land multi-functionality originates
from the solution to spatial multi-functionality demands in
regional planning. With further study, this theory has been
confirmed as the theoretical basis of territorial spatial planning
and zoning. Therefore, the quantitative evaluation of regional spatial
function has become an important field of study in regional
geography (Jansen and Gregorio, 2002). In contrast to the multi-
functionality of land use, the multi-functionality of space not only
considers the nature of the land itself, but also brings other factors of
regional space into the scope of the function, such as culture and
policy. The multi-functionality of space is able to consider the
demands of multi-regional space in human production and more
comprehensive lifestyles (Yin et al., 2022). Holmes (Holmes, 2006)
proposed multiple goals of rural development and the sustainable
development of the social economy in a study concerning the
driving force of rural development for the promotion of the
functional transformation of rural regions by responding to the
diverse demands of rural areas. In the process of rural development,
the transformation of rural-area multi-functionality promotes the
formation of multiple functional patterns of rural regions. King
(Peter et al,, 2003) pointed out that the development of rural society
produces diverse social demands. Rural areas must meet different
social needs, resulting in different functions. Demarcating rural-area
multi-functionality is an important means to achieving rural
regional value.

Rural areas have irreplaceable regional functions such as
agricultural production and cultural tourism. The satisfaction of
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rural-area multi-functionality for diverse rural needs is an
important prerequisite for the comprehensive development of
rural regions in the future (Liu et al,, 2007). At present, the value
collapse of rural areas is caused by the development of urban
occupation of rural areas (Li et al, 2004). Therefore, it is
imperative to conduct in-depth studies on rural-area multi-
functionality. Rural landscape functions can be divided into
seven categories: housing, intensive livestock, cultural heritage,
tourism, plant habitats, arable land production, and leisure cycles
(Yoshida, 2001; VeraToscano et al., 2005; Willemen et al., 2010).
Jose et al. (José et al., 2012) put forward the concept of a universal
function on the basis of a literature summary and analysis, and
pointed out that a universal function includes economic
functions, environmental functions, residential functions, and
leisure and entertainment functions. Stola et al. (Baski and Stola,
2002) divided Suwalki province in Poland into six functional
types
employment structure, and other indicators, with agriculture,

based on land-use characteristics, social services,
industry, tourism, and forestry as the dominant functions. Based
on the analysis of agricultural and non-agricultural functions,
they revealed the regional differentiation characteristics of rural-
area multi-functionality. Liu (Liu and Liu, 2012) believed that
rural-area multi-functionality includes economic functions,
social functions,

agricultural ~product

ecological functions, and tourism and leisure functions. Hong

supply functions,

etal. (Hong et al., 2017) divided the functions of rural space into

five  sub-functions: agricultural  production, economic
development, ecological conservation, ecological stability, and
social security. Tan et al. (Tan et al., 2017) studied and analyzed
rural areas based on the functions of economic development,
food production, social security, and eco-tourism. Based on the
general characteristics of the rural-area multi-functionality
classification and the actual situation of Hebei Province, this
study divides rural-area multi-functionality into agricultural
production functions, economic development functions, socio-
cultural functions, and ecological functions. Based on the
evaluation index system, different types of rural areas were
evaluated for versatility. This has become an important
method for most scholars when conducting studies on
regional multi-functionality. In the process of land multi-
functionality evaluation, the evaluation methods of land
multi-functionality are different due to the differences in the
scale and index systems. Mathematical models with a high
frequency of use include the weighted summation method
(Qiao, 2019) and the entropy weight TOPSIS model (Tu et al,
2020), focusing on mathematical logic reasoning methods. In
contrast, the BP neural network and other models based on
intelligence principles have more advantages of self-organization,
self-learning, and robustness (Cousins et al., 2002).

In terms of the formation and influencing factors of rural-area
multi-functionality, Milestone (Martin and Josef, 2016) believed
that the factors affecting the generation and development of
different rural-area multi-functionalities were the differences in
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development level and infrastructure caused by different
combinations of rural elements. Holmes (Holmes and Argent,
2016) believed that the reason for functional transformation is the
change in rural residents’ concept of production and life. Simon
(Dedieu and Zasser-Bed oya, 2008), by studying the path taken by
Czech rural development, pointed out that population growth,
changes in the rural labor force level, and changes in rural
governance modes are important factors that affect rural-area
multi-functionality. Some scholars analyze the spatial layout of
rural-area multi-functionality through an evaluation index system.
Some scholars have conducted zoning studies based on the
functional characteristics of rural regions. There are very few
studies on the influencing factors of rural-area multi-
functionality. In studies on the influencing factors of land-use
multi-functionality, prominent scholars have given qualitative
explanations to the influencing factors of land-use multi-
functionality according to the spatial distribution characteristics
of the functions. Moreover, these scholars have focused on the
analysis of the influencing factors of longitudinal change. The
spatial difference within the study area has very little influence on
the rural-area multi-functionality.

To summarize, there are many achievements made by
scholars in related research on rural areas, which provide the
theoretical basis and technical reference for this paper. However,
research based on the combination of the entropy weight method
and BP neuron network model is relatively rare. The introduction
of the BP neural network model and the spatial measurement
model can enrich the research methods used for studies on rural
regional functions and can further enrich the theory of rural
geography. According to the existing studies, the driving
mechanism of provincial rural regional spatial evolution is not
clear, and there is a lack of analysis of rural regional spatial
evolution and the influencing factors of development using the
spatial measurement model. Therefore, we used the BP neuron
model to evaluate rural-area multi-functionality under different
terrain conditions in Hebei Province. Furthermore, the spatial
econometric model was used to analyze the influencing factors of
spatial differentiation. The introduction of the BP neural network
model and the spatial econometric model can enrich the study
methods used for rural geographical functions and can further
enrich rural geographical theory. The analysis of functional
spatial layout and its influence in Hebei Province can provide
a theoretical basis for the improvement of land use efficiency and
the promotion of regional sustainability in Hebei Province in the
future.

2 Regional overview and data sources
2.1 Regional overview

Hebei Province, located in North China, is the only province
in China with a complete range of plateaus, mountains, hills,
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basins, and plains. Hebei Province has Bashang Plateau, Yanshan
Mountain and Taihang Mountain, and Hebei Plain’s three
geomorphological units. Bashang Plateau is part of the
Mongolian Plateau, including Fengning Manchu Autonomous
County, Weichang Manchu and Mongolian Autonomous
County of Chengde City, Chongli District, Zhangbei County,
Guyuan County, Kangbao County, and other areas of
Zhangjiakou City. Hebei Plain belongs to the north part of
the Yellow River in the North China Plain, accounting for
43.4% of the province’s area, and is an important grain and
cotton production area in China. Hebei Province is rich in
animal, plant, and mineral resources. The spatial distribution
of the study area in this study is shown in Figure 1.

Hebei Province surrounds the capital, Beijing, and borders
Tianjin city to the east, abutting the Bohai Sea. In 2017, the CPC
Central Committee and the State Council decided to establish the
Xiongan New Area in Hebei Province. In 2019, the State Council
set up a new pilot free-trade zone in Hebei, covering Xiongan,
Zhengding, Caofeidian, and Daxing International Airport. The
pilot free-trade zone is an important region for the future
of China and has
significance for the study of rural areas.

development important  practical

2.2 Data sources

The land use data required by the study were mainly
extracted from LandSAT-8 remote sensing data with a spatial
resolution of 30m. The spatial data of county, city and
administrative boundaries were collected from the National
which
1,000,000 basic geographic information data. The data of rural

Geographic  Information  Center, contains  1:
social and economic development were mainly collected from the
2016 Hebei Rural Statistical Yearbook and the statistical
yearbook of various cities and counties in 2016. The
calculation method for the ecological service value was based
on that described by Xie et al. (Xie et al., 2015). Additionally, the
calculated results were modified according to the factors of
farmland ecosystem biomass in different provinces. The
missing data were from 2016 data or municipal economic

almanacs.

3 Regional overview and data sources
3.1 Determination of index system

Agricultural production is an important part of the economy
in rural areas, differing from that in urban areas. Cultivated land
is the basis of agricultural production, and three indicators,
including per capita cultivated land area, cultivated land
quality, and land reclamation rate, were selected to evaluate
the utilization of cultivated land (Xu and Fang, 2019). Grain
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Spatial distribution map of the study area.

yield per unit area refers to the grain yield per unit area of
cultivated land, which can reflect the productive capacity of
cultivated land (Liu et al, 2013). The output value of
agricultural products obtained from agricultural production is
also an important index by which to measure the productivity of
agricultural land. Per capita grain output; per capita output value
of farming, forestry, animal husbandry, and fishery; per capita
ownership of meat; and per capita ownership of non-food crops
are indicators reflecting agricultural production functions (Tang
et al,, 2016; An et al, 2018; Ma et al,, 2019; Yang et al,, 2019).

The key to the development of rural areas lies in the
of the
of non-agricultural
economic development, and financial capacity. The average

improvement economic  capacity, including

measurement economic strength,
land GDP can better measure economic development strength
(Tang et al, 2016). The development of a non-agricultural
economy can be measured by three indicators: total output
value of large-scale industry, industrial structure, and land area
of industrial and mining production (Liu et al., 2013; Tan et al,

2017; An et al., 2018; Yang et al., 2019). The gross industrial
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output reflects the scale of industrial activity in rural areas.
Industrial structure reflects the vitality of non-agricultural
economic activities. Financial capacity is an important aspect
by which to measure the economic development of a region. In
this study, the local average financial contribution and local
average fixed asset investment were selected to evaluate these
(Liu et al., 2013; Tan et al,, 2017; Ma et al,, 2019; Yang et al.,
2019).

Socio-cultural development in rural areas is closely related to
the living conditions of villagers. The regional population density
reflects the regional rural population distribution (Hong et al.,
2017; Tan et al.,, 2017; An et al,, 2018; Qiao et al., 2019). The
residential area reflects the size of the villagers’ living space in
different areas. The social consumption level represents the
villagers’ consumption levels (VeraToscano et al, 2005). In
addition, medical and health conditions, farmers’ medical
insurance coverage rates, the degree of educational resource
support, electric power facilities, and road mileage reflect the
infrastructure and social security situation in rural areas (Tang
et al., 2016; Tan et al., 2017; An et al., 2018; Qiao et al., 2019).
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TABLE 1 Index system and weight of rural regional multi-functionality evaluation.

Target layer

Rural regional
multi-
functionality

Rule layer

Agricultural production

function

Economic development
function

Socio-cultural function

Supply-Online
Sales-Shipping-Offline

Frontiers in Environmental Science

Index layer

Land reclamation rate
(0.0549)

Grain supply/demand ratio
(0.0920)

Per capita cultivated area
(0.1657)

Per capita output value of
agriculture, forestry, animal
husbandry, and fishery
(0.0939)

Per unit area yield of grain
(0.0966)

Quality of cultivated land
(0.0669)

Meat production per capita
(0.1237)

Per capita ownership of non-
food crops (0.3062)

Per capita GDP/economic
density (0.1877)

Total industrial output value
(0.1134)

Industrial structure (0.0154)

Industrial and mining
production land area
(0.1492)

Investment in fixed assets
(0.2124)

Local average financial
contribution (0.3217)

Regional population density
(0.1029)

Medical and health
conditions (0.1482)

Farmers’ participation rate in
medical insurance (0.1178)

Social consumption level
(0.1312)

Degree of educational
resources (0.0243)

Area of rural settlements
(0.0878)

Power facilities (0.2843)

Highway mileage (0.0929)
Forest coverage (0.2382)

Fertilizer input intensity
(0.0086)

Pesticide input intensity
(0.0110)

Calculation method

Cultivated area/total land area

Total grain output/(total
population of the region *0.4t)

Cultivated area/total population of
the region

Output value of agriculture,
forestry, animal husbandry, and
fishery/total population of the
region

Total grain output/area sown to
grain crops

Effective irrigated area/cultivated

area

Pork, beef, and mutton quantity/
total population of the region
(Oil + cotton) quantity/total
population of the region

Gross regional product/total land
area

Gross regional industrial
production

Industrial output value/GROSS
regional product

Area of industrial and mining
production land

Investment in fixed assets/total
land area

Regional fiscal revenue/total land
area

Permanent population/total land
area in rural areas

Number of beds in hospitals and
health hospitals/total population
of the region

Number of participants in the new
rural cooperative medical care
system/total population of the
region

Retail sales of consumer goods/
total population of the region

Number of students/full-time
teachers in primary and secondary
schools

Area of regional settlements

Regional electricity consumption/
total population of the region

Regional road mileage
Forest area/total land area

Fertilizer application amount of
cultivated land/cultivated land
area

Pesticide application amount of
cultivated land/cultivated area

05

Index
attribute
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TABLE 1 (Continued) Index system and weight of rural regional multi-functionality evaluation.

Target layer Rule layer Index layer Calculation method Index References
attribute
Water area ratio (0.1450) Water area/total land area +
Land ecological service value  Total ecological service value/total ~ +
(0.0253) area of the region
Ecological space area Forest area + grassland area + +
(0.2866) water area + unused land area
Ecological space area per Regional ecological space area/ +
capita (0.2854) total land area
Ecological function in rural areas refers to the relative <
. . .. . W;=H; /Y H; (5)
t d self-regulat bilit f 1 1 ) ! /
importance an seli-regulation abiity o rural regiona =)

ecological environment (Xu and Fang, 2019). The ecological
function should include the forest coverage rate, the ecological
space area, per capita ecological space area, and the water area
ratio. Additionally, the damage to agricultural activities caused by
fertilizer and pesticide use rates should also be measured. Finally,
we used the study methods of Xie (Xie et al., 2015) and others to
calculate the regional ecological service value to obtain the
average geographical ecological service value (Table 1).

3.2 Entropy weight method

Because multiple indexes are involved and since the data
units cannot be unified, the range method was used to normalize
the data to eliminate the dimensional influence. After the
standardized data were obtained, the entropy method was
used to calculate the index weight and the evaluation value of
each function. This operation was performed to provide standard
values for the BP neuron model, which can eliminate subjective
bias to a certain extent (Xia et al., 2020). The calculation process
was as follows:

(1) Data normalization:

Xij — Xmin
Positive indicators : y;; = ———— 6]
Xmax ~ Xmin
Xmax — Xij
Negative indicators : y;; = ———— (2)
‘max ~ Xmin
(2) Entropy weight:
E = —ka,»j In y;j,k = 1/logm 3)
i-1
(4) Index differentiation coefficient:
H, ji= 1-E j (4)

(5) The index difference coefficient H; is normalized, and the
weight is obtained as follows:

Frontiers in Environmental Science

(6) The score Z; for each sub-function is calculated as follows:

1
Zis = ijyij (6)
i=p

3.3 BP neuron model

The BP network model is a supervisory network type based
on error back propagation. This model can modify the weights of
neurons in each layer of a BP neural network through the
calculation and feedback of input information, output
information, and error. Minimum error signals can be
obtained to form the final network model (Li et al., 2012).
This network model can not only enhance the comparability
of the evaluation results, but can also further optimize the
evaluation results obtained by the entropy weight method
(Elahi et al, 2020; Elahi et al, 2022b). In this study, the
standardized data of the agricultural production, economic
development, socio-cultural, and ecological functions were
used as the input layer of the model. The evaluation values of
the agricultural production, economic development, socio-
cultural, and ecological functions were taken as the output
layer. A BP neural evaluation with four hidden layers was
constructed to measure the functions of rural areas.

In the process, the linear interpolation method was used to
determine the learning sample. The MATLAB neural network
toolbox was used to construct and train the BP neural networks.
The grid structure of the agricultural production function was
8-10-1, and that of the economic development function was 6-8-
1. It was 8-15-1 for the socio-cultural functions and 7-10-1 for
ecological services. The Newff function and the trial-and-error
method were used to determine the optimal network structure of
the production function, and the formula was as follows:

net =newff (minmax (p), [5, 1],

{’tansig’, 'purelin'}, 'trainlm’, 'leamgdm’) (7)
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3.4 Spatial autocorrelation test

Global Moran’s I Index and Local Moran’s I Index were used
to confirm whether there was a correlation between the spatial
differentiation of each function value (Getis, 1992; Yu and
Chang, 2021). In this study, 167 spatial units of counties and
urban areas were taken as samples and analyzed with the help of
the spatial analysis function of Geoda095i software. A binary
neighborhood spatial weight matrix was established; Moran’s I
Index and a LISA diagram were used to represent spatial
differentiation. The calculation formula of Moran’s I Index
was as follows:

iiwij (i - J_’)(J’j - 5’)

I i=1j=1 _
__Zl(}’f—f’)

®)

where y; and y; are the regional function indexes of county i and
j, respectively. y is the average value of the regional function
index of the study area. w;; is the spatial weight matrix between
spatial elements i and j. The value of Moran’s I is between —1 and
1, greater than 0 and closer to 1. These values indicate a positive
and negative spatial correlation between the study objects,
A LISA diagram was show the
aggregation of high values and low values of each function.

respectively. used to
3.5 Spatial econometric model

The
dependence, which may lead to the deviation of the model

traditional least square model ignores spatial
estimation. The spatial econometric model can reflect spatial
dependence very well (Anselin, 1995; Li et al., 2019). The fitting
degrees of the spatial autoregressive model (SAR), the spatial lag
model (SLM), and the spatial error model (SEM) were compared
to select the optimal model in this study. Stata software was used
to analyze the influence of error terms of the surrounding
districts and counties for target counties, and the model was

set as follows:

y=XB+u ©)

The production process of disturbance term u was as follows:

u=AWu+ee~N(0,01,) (10)

where X is the explained variable, and B is the matrix of the
explained variable. A is the parameter vector, and W is the spatial
weight matrix. e is its error term. The given error term is assumed
to be normality distributed with zero mean value and constant
variance (Elahi et al., 2021Db).

We selected the factors that influence the development of
rural-area multi-functionality from the two aspects of internal
driving force and external driving force. The internal driving
force was divided into four aspects: agricultural conditions,
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population conditions, traffic conditions, and ecological
conditions. The index system of the influencing factors of

rural-area multi-functionality evolution is shown in Table 2.

4 Results and discussion

4.1 Spatial differentiation of rural-area
multi-functionality

As can be seen in Figure 2, the high values of the
agricultural production function are concentrated in the
northwest, east, and southeast of Hebei Province. Kangbao
county and Zhangbei County of Zhangjiakou city in the
northwest have a good production capacity for the animal
the
agricultural products-processing industry. The high-value

husbandry-processing industry and characteristic
areas in the southeast include Zhengding County, Xinle
City, and Xinji City of Shijiazhuang City. Zhengding
County is a wheat planting base, while Xinle city has
formed an agricultural economic pattern of “three kinds
and two crops” with five characteristics. Xinji is an
important area in Hebei Province that produces high-
quality cotton and pears. Guantao County has a high
output of eggs, black wheat, and cucumbers, which have
become its main agricultural products. Changli County in
the eastern city of Qinhuangdao has a history of fruit growing
and fishing ports. Luannan County and Luanzhou City of
Tangshan City have a large area of cultivated land. The high-
value areas are generally traditional agricultural counties with
large cultivated areas. Moreover, these regions have their own
characteristic agricultural products, and the government
departments actively promote the industrialization of
agriculture in this region. The middle and low values are
mainly concentrated in the area around Beijing and Tianjin,
and in the southwest and northeast. These districts and
counties are located in mountainous areas with complex
terrain, and agricultural development is limited.

The high-value economic development function areas are
Yuhua District, Qiaoxi District, and Chang ’an District. These
districts and counties are located in the center of the provincial
capital city with frequent economic activities. The high values are
mainly in the central urban areas of each city. ITangshan City,
Lunan District, Lubei District, Caofeidian District, Kaiping
District, Fengnan District, and Fengrun District show a high
concentration distribution. The main reason is that Tangshan
has

transportation in these areas. Medium and low values are

developed industrial industries and convenient
widely distributed in counties far away from the central urban
area. The economic development center of Hebei Province is
mainly concentrated in the surrounding areas of Beijing, Tianjin,
and the coastal areas, while the economic development of other

regions lags behind these.
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TABLE 2 Index system of influencing factors of rural-area multi-functionality evolution.

Main indicators Secondary indicators

Per capita cultivated land area (m?/person)
Grain yield per unit area (kg/km?)
Regional population density (person/km?)
Road mileage (km)

Ecological space area (km?)

Internal driving force

Calculation method

Cultivated area/total population of the region

Total grain output/area sown to grain crops

Permanent population/total land area in rural areas

Regional road mileage

Forest area + grassland area + water area + unused land area

Industrial structure (%)
Investment in fixed assets (CNY 10,000/km?)

External driving force

Average financial contribution of region (CNY 10,000/km?)

Social consumption level (CNY/person)

Industrial output value/GROSS regional product

Investment in fixed assets/total land area

Regional fiscal revenue/total land area

Retail sales of consumer goods/total population of the region

A Agricultural production function
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FIGURE 2

Spatial differentiation of rural-area multi-functionality in Hebei Province.
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The socio-cultural functions are distributed among low and
medium-high values, and the area is characterized by the division
between Pingshan County and Chengde County. The high values
are scattered in the southern half. North of the Pingshan

Frontiers in Environmental Science

County-Chengde County line is mainly mountainous terrain,
and the economic development function is weak. As a result, the
population distribution is low and the level of socio-cultural
development is low. In the Pingshan County-Chengde County
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line south of the area, there has been frequent human activity
with a profound historical culture since ancient times.

The ecological services with high values were mainly
distributed in the north and northeast of Hebei Province.
Most of the northern high-value counties are located in the
Dama Mountains region and Taihang Mountains region, with a
large forest area. The high-value area in the northeast is located in
the Luanhe River Basin, and there are two large reservoirs,
Panjiakou Reservoir and Daheiting Reservoir. The low-value
area is mainly located in the southeastern plain area, which is
the main cultivated land distribution area in Hebei Province.
Human social and economic activities are very frequent, and the
ecological environment is greatly affected.

A comparative analysis of the spatial differentiation feature
maps of the four functions showed the following results. The
distribution of the high and low values of agricultural production
function is roughly opposite to that of the economic development
function. This shows that the economic development capacity of
regions with a high agricultural production capacity is very weak.
The regions with high economic development capacity have few
agricultural production activities. Similarly, the distribution of
the high and low values of socio-cultural function is roughly
opposite to that of the ecological function. This indicates that the
ecological function is weak in areas with high socio-cultural
functions. This is related to the distribution of the population and
the frequency of socio-cultural activities. Densely populated areas
are generally ecologically weak. The high-value economic
development function regions are similar to the high-value
socio-cultural function regions. In economically developed
areas, socio-cultural activities are also very frequent, and the
functional value is also high.

4.2 Spatial agglomeration characteristics
of rural-area multi-functionality

4.2.1 Global correlation

The rural functional values of Hebei Province were used to
calculate the Moran’s I value and to analyze the spatial
correlation of the rural functional values. According to the
3) and the
distribution of functional Moran scatter points (Figure 3), the

Moran’s I values of each function (Table

spatial distribution of each rural-area multi-functionality in
Hebei Province was found to be positively correlated. This
shows that the spatial econometric model can be used to
analyze the factors influencing the formation of the rural-area
of each

multi-functionality  differentiation characteristics

rural area.

4.2.2 Local correlations

As can be seen from the LISA diagram of each function
(Figure 4), the spatial aggregation of the high and low values of
the four functions is different. The “high-high”-type agricultural

Frontiers in Environmental Science

09

10.3389/fenvs.2022.773259

production function includes Kangbao County, Changli County,
Caofeidian District, Leting County, Luannan County, and most
counties in the southeast. This shows that in the plain area of
Hebei Province, agricultural regions interact with each other and
cooperate to a significant extent. The “high-high”-type economic
development function includes Fengnan County, Lunan District,
Lubei District of Tangshan City and Yuhua District, Chang ‘an
District, Qiaoxi District, Xinhua district, Luquan District, and
Gaocheng District of Shijiazhuang City. This shows that the
cooperation between counties with high economic capacity and
surrounding counties can produce a radiating and driving effect
on them. The “low-low” type is mainly distributed in the north,
parts of the central region, and the southeast. These areas are
affected by regional conditions and their own economic
conditions, forming slow-economic-development area. The
“high-high”-type distribution of socio-cultural functions is
roughly the same as that of the economic development
functions. This shows that, compared with areas with a low
level of economic development, socio-cultural activities are more
abundant in areas with high level of economic development.
Additionally, socio-cultural exchanges with the surrounding
regions are more frequent. The “low-low” type is mostly
distributed in the northwestern half of Hebei Province. These
areas have slow economic development and are located in
mountainous terrain. Moreover, transportation conditions are
relatively poor and population density is low. The “high-high”-
type ecological function covers a large area and is distributed in
the northern part of Hebei Province. This shows that there is a
positive mutual ecological impact in areas with a good ecological
environment. The distribution of the “low-low” types is also
large and concentrated in areas of high agricultural production.
This shows that agricultural production activities have damaged
the ecological environment. For example, the use of chemical
fertilizers and pesticides has a negative impact on the ecological
environment of surrounding counties.

4.3 Influence mechanism of the
distribution of rural-area multi-
functionality

The R? and log likelihood values of the SAR, SLM, and SEM
models (Table 4) were compared and analyzed. According to the
comparative analysis results, the spatial error model (SEM) had
the best fitting effect. Therefore, the results of the spatial error
model were used as the result values to evaluate the influencing
factors.

From the results of the spatial lag model (Table 5), it can be
seen that the per capita cultivated land area, the grain yield per
unit area, the road mileage, and the per capita fixed asset
investment have had a positive impact on the agricultural
production function. The ecological space area, industrial
structure, and average fiscal contribution have had negative
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TABLE 3 Moran's | value of rural -area multi-functionality in Hebei Province.

Rural-area multi- Agricultural Economic development
functionality production function

function
Moran’s 0.4821%* 0.4806***

10.3389/fenvs.2022.773259

Socio-cultural Ecological
function function
0.3696*** 0.7220%+

Note: ***, **, and * represent p < 0.01, p < 0.05, and p < 0.1, respectively. The same below.
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Moran’s | scatter diagram of rural-area multi-functionality in Hebei Province.
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FIGURE 4
LISA map of rural-area multi-functionality of Hebei Province.
effects. The results show that agricultural conditions, traffic production function can increase by 6.14 and 2.65%, respectively.
conditions, and policy conditions are positively correlated Improving the quantity and quality of the cultivated land is the
with the agricultural production function. The better the key to enhancing the agricultural production function. Ecological
agricultural conditions, transportation, and policy conditions, conditions, industrial conditions, economic conditions, and the
the higher the agricultural productivity. A particularly important agricultural production function are negatively correlated. In a
factor is agricultural conditions. If the per capita cultivated land certain region, there is a direct contradiction between economic
area and grain yield per unit area increase by 1%, the agricultural development, ecological protection, and agricultural production.
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TABLE 4 Results of spatial econometric model fitting.

Model Rural-area multi-functionality

SAR model Agricultural production function
Economic development function
Socio-cultural function

Ecological function

SLM model Agricultural production function
Economic development function
Socio-cultural function

Ecological function

SEM model Agricultural production function
Economic development function
Socio-cultural function

Ecological function

TABLE 5 Results of spatial error model.

10.3389/fenvs.2022.773259

R? Log likelihood
0.59 227.71
0.87 380.39
0.66 316.58
0.91 300.57
0.70 248.64
0.88 386.28
0.67 317.80
0.92 31048
0.72 249.47
0.88 383.62
0.67 317.89
0.93 309.10

Variable Agricultural Economic development Socio-cultural Ecological
production function function function
function

Per capita cultivated area 0.0614**%(5.25) 0.0329%(-2.15) 0.0103 (1.01) ~0.0344***(~3.72)

Per unit area yield of grain 0.0265**%(3.40) —0.00349 (-0.38) 0.00303 (0.48) 0.0325%%%(3.39)

Regional population density 0.00909 (1.03) —0.0444*%%(-4.18) 0.0565*%%(6.83) —0.119%*(-7.17)

Highway mileage 0.0190**(2.93) 0.0247**(2.64) ~0.0251#(~3.35) 0.0170 (1.91)

Ecological space area
Industrial structure
Investment in fixed assets

Local average financial
contribution

Social consumption level

~0.0106*+*(~3.44)
~0.188*+%(=3.79)
0.0286*(2.56)
~0.0194*(~2.06)

0.0232 (1.59)

-0.00241 (~1.12)
~0.0565 (~1.69)
0.0192%(2.16)
0.0135 (1.92)

0.00382 (0.45)

0.00471 (1.87)
~0.00839 (~0.28)
0.00599 (0.66)
~0.0100 (~1.47)

0.0530*+*(4.84)

0.00908**(2.95)
0.0478 (0.83)

-0.0238 (-1.75)
-0.0111 (-1.62)

0.00112 (0.10)

Note: The t-statistics of the corresponding estimators are in parentheses.

Agricultural production is affected by increases in cultivated land
occupying ecological areas. In the most developed regions,
agriculture has been replaced by industry and services. Labor
and resources flow to the secondary and tertiary industries with
high economic efficiency.

In terms of the economic development function, highway
mileage and fixed asset investment per land have a positive
impact on it. The better the transportation and policy
conditions, the better the economic development. Traffic
conditions are a key location condition and the foundation of
economic development. A 5% increase in the number of traffic
miles can increase the economic development function by 2.47%.
In addition, fixed asset investment is a significant part of regional
economic development. A 10% increase in investment will
increase the economic development function by 1.92%.
Demographic conditions have a negative impact on economic
development. This shows that in most areas of Hebei Province,
increases in population are an economic burden and put pressure
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on the resources of districts and counties. Increases in the per
capita cultivated land area can also lead to decreases in the
economic production function value. Increases in cultivated land
mean that the area of land used for construction is reduced
accordingly.

Population conditions and social consumption levels have a
positive influence on the improvement of socio-cultural
functions. Each 1% increase in population density and social
consumption levels will increase the value of the socio-cultural
function by 5.65 and 5.30%, respectively. The higher the
population density and the more consumption it produces,
the more socio-cultural activities it produces. Therefore, the
function value is higher under these conditions. On the
contrary, road mileage has a negative influence on socio-
cultural level.

In terms of the ecological function, the grain unit yield
function increased by 3.25% when it increased by 1%. The
higher the quality of the cultivated land, the higher its
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utilization efficiency. In this case, the less arable land needed to
meet food demand, the smaller the ecological impact. Each 5%
increase in the ecological space area will increase the ecological
function by 0.908%. The larger the ecological space area, the
greater the ecological benefit and the higher the function value.
The area of cultivated land per capita and population density
have negative effects on the ecological function. To a large extent,
increases in arable land and population mean reductions in the
ecological area, which generates more pollution.

5 Conclusion and future study
directions

Rural-area multi-functionality is a hot topic in regional and
rural geography studies in the context of “rural revitalization”. It
also concerns studies on the role of rural regional space. Its spatial
heterogeneity provides rural areas in each region with unique
functions that do not exist elsewhere. In this study, the BP neural
network model and the spatial econometric model were used to
analyze the spatial differentiation and influencing factors of
rural-area multi-functionality in Hebei Province.

This study draws the following results. 1) The distributions of
the
functions are opposite in Hebei Province. The distributions of

agricultural production and economic development
the socio-cultural function and the ecological function are
opposite. The high-value distribution area of the socio-cultural
functions is similar to that of economic development. 2) From an
overall point of view, the four rural-area multi-functionalities of
Hebei Province have a positive spatial correlation. The
distribution of “high-high” and “low-low” clusters of various
functions is closely related to the development conditions of the
regional functions. 3) The agricultural production function is
greatly affected by the agricultural, ecological, and industrial
conditions. The function of economic development is mainly
affected by population and traffic conditions. The influencing
factors of the socio-cultural function are population and
economic conditions. The ecological function is greatly
affected by agricultural, population, and ecological conditions.
The theoretical implications of this study are as follows. In
general, the functional distribution of the rural areas in Hebei
Province is disorderly, which indicates that most rural areas have
not made the corresponding functional planning and zoning
according to their own regional conditions. In the analysis of the
influencing factors, it was found that the lack of infrastructure is
still hindering the development of some regions. Compared with
the current literature, the main advantages and defects of rural
areas in this study, were further understood by analyzing the
multi-functionality distribution characteristics of rural areas in
Hebei Province. Compared with the study results of Liu (2019)
and Qiao et al. (2019), this study provides a theoretical basis for
adjusting inappropriate rural and

development paths

formulating reasonable functional zoning to guide rural
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regional development. In addition, the study not only
constructed and improved the theoretical framework of multi-
functionality evaluation in rural areas, but also studied in depth
the influence mechanism affecting the multi-functionality spatial
distribution patterns in rural areas. Compared with the study
results of Hong et al. (2017) and Tu et al. (2020), this study
provides further insights into the functions of rural regions and
enriches the theories used in rural regional studies by closely
analyzing the causes of the generation of and changes in rural-
area multi-functionality. This study provides a theoretical basis
for Hebei Province to adjust inappropriate rural development
paths and formulate reasonable rural function zoning and
planning. Compared with the study results of Tan et al
(2017) and Xia et al. (2020), this study on the influencing
factors of rural-area multi-functionality in Hebei Province in
its current condition can help the further exploration of the main
reasons for the changes in rural-area multi-functionality. This
will provide a timely basis for development measures of rural
areas in Hebei Province in the future.

The policy implications of this study are as follows. First,
the ecological environment protection mechanism should be
strengthened. On the one hand, the establishment and
improvement of ecological environment mechanism should
be further strengthened to deal with the practical problems of
various ecological systems. This provides basis and guarantee
for various departments to implement ecological and
environmental protection policies, such as research on
grassland ecological compensation mechanism. On the
other hand, laws and policies related to the ecological
environment protection mechanism should be improved to
improve the ability of the ecological environment mechanism
to prevent and control risks. Second, arable land resources and
forest and grass resources should be rationally used according
to the ecological environment. This should not only
reasonably delimit ecological protection areas and farmland
protection red lines, but also meet the needs of agricultural
production for land resources. The red line for arable land
should be guarded, and the problem of unauthorized use of
arable land in rural areas should be remedied. We will stabilize
the area sown to grain. Third, the development of social
security is an important and key issue of social and
economic benefits, people’s living standards and even
national development. Governments at all levels must
attach great importance to it, which is also an important
guarantee for regional functions. The construction of an
urban housing security system should be promoted to
ensure that rural residents who have settled in cities enjoy
the same right to basic housing provided by the government as
local urban residents. Relevant rules and regulations should be
improved to effectively safeguard everyone’s social security
interests and promote the development of social security
functions in Hebei Province. Fourth, in terms of road
planning, rural roads should be upgraded. In particular, the
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areas with better industrial and commercial development
potential should achieve full coverage of county roads.
Agricultural infrastructure needs to be sorted out.
Irrigation and water conservancy facilities and surrounding
road construction should pay attention to promote the use of
large agricultural machinery barrier-free. Industrial
infrastructure requires upgrading of roads and sewerage
facilities.

Due to the constraints of the data, the study of rural areas in
Hebei Province was limited to the county scale in this study. In
addition, policy factors related to rural regional planning, which
are important to the development of rural areas, were not fully
considered. Therefore, an important direction of future studies is
to study the regional functions on a small scale based on

multivariate data.
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