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Abstract: In order to improve the study of the spatial form of villages, fractal theory is used to
analyze the plane and facade of Maling Village, Changdai Town, Mengjin County, Luoyang City,
Henan Province, China. The results show that the village facade and plane spatial shape of Maling
Village have obvious fractal characteristics and the fractal dimension can be used as an important
index to evaluate the plane and facade shape of the village. The fractal dimension of each land
use type is between 1.2415 and 1.7443. The stability index of land use types in the village follows
the order of village construction land > cultivated land > road > garden land > woodland > grassland.
The research results can provide decision-making information for the rational use and planning of
village land.

Keywords: village spatial morphology; fractal theory; plane; facade

1. Introduction

According to the data in the “world urbanization prospects in 2018” released by the United Nations,
nearly half of the world’s population lives in rural areas [1], and the village is an important place for
human to live and produce. For a long time, due to historical factors, natural conditions, living habits,
and other reasons, the spatial layout of villages has been greatly affected by the spontaneous activities
of farmers, and unreasonable use of land, loose spatial structure, and disorderly morphological
development are present in most villages [2,3]. Spatial morphological characteristics of villages
show obvious irregularity, instability, and disunity. Villages are an important part of land spatial
planning, and the optimization of village layout is the focus of village land use research [4,5]. Due to
the complexity of the spatial form of villages, the common geometric and topological analysis cannot
complete the whole complexity research of village structure and function. American mathematician
Mandelbrot put forward fractal theory in the 1960s-1970s [6,7]. Fractal theory regards dimension as
a fraction, we can see the fine structure hidden in chaotic systems with the help of self-similarity within
things. Fractal dimension can better reflect the discreteness, complexity, continuity of space subjects,
and the relationship between them and their surrounding space subjects. It has a significant effect on
explaining the irregular, unstable, and highly complex phenomena in nature [8]. With the development
and application of fractal theory in geographical space, it has gradually become a useful tool to study
the spatial characteristics and temporal evolution of surface phenomena. It also provides a new idea
for the study of village spatial form.

After a long time-space evolution, rural settlements form a unique human and ecological
environment. These environmental factors deeply affect the location, spatial form, and structure of

rural settlements. The research on rural settlements began in the 19t century. German geographer J G
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Kohlmade a comparative study of different types of settlements from metropolis to rural areas, discussed
the relationship between the distribution of settlements and land, and emphasized the impact of terrain
differences on the location of villages [9]. In 1895, A Meitzen studied the rural settlements in northern
Germany, analyzed the factors of settlement formation, settlement morphology, settlement development
conditions and process, and initially provided the theoretical basis for settlement research [10]. From
the 1920s to the 1960s, there was more and more research about rural settlements, most of them focused
on the formation, development, planning, and types of villages. In this time, the theoretical research
of rural settlements made great progress [9]. For example, A Demangeon studied the types and
forms of rural settlements in France, and divided the settlements into two forms of aggregation and
dispersion [11,12]. After the 1960s, Phillips (1998) studied the geographical reconstruction of rural
settlements from the perspective of sociology [13]. Powe (2012) explored the correlation between
the concept of central village and central town based on the complex relationship of localization
activities, which enriched the research content of rural settlement. Ikeda (2014) simulated and deduced
the economic model of two-dimensional economic space self-organization agglomeration mode from
the perspective of new economic geography, central place theory, and fractal theory [14]. There
has been a significant change in the research methods of rural settlements, which tends to combine
quantitative and qualitative research. The role of human decision-making behavior in affecting
the distribution, morphology, and structure of settlements has been emphasized [15]. So far, there
have been a large number of studies on rural settlements. The typical geomorphic types of the study
area cover mountains, hills, plains, plateaus, etc. [16-19], and the research scales include macroscopic
research and microscopic research [20,21]. The specific research contents focus on the theoretical
research of rural settlements [22-24], the spatial location selection and planning of rural settlements [25],
the study of rural settlement morphology [26,27], the research of land use of rural settlements [28-31],
the research on the influencing factors of rural settlements [5,32,33], the ecology of rural settlements [20],
and the rural landscape [30,34,35] and so on. Currently, with the development of GIS technology,
the accuracy and applicability of the research in the spatial form of rural settlements are gradually
enhanced [31,36,37].

On the research of fractal theory of rural settlements, the relevant literature focuses on the plane
or facade of village respectively, few literature relate to the combination of plane and facade.
The characteristics of rural areas are small size, wide distribution, and significant impact of topography,
which can be described by fractal dimensions [38-42]. Some related studies are shown as follows:
the fractal comparative study on the spatial structure of urban and rural settlement system in
mountainous and plain areas [43]; the fractal characteristics of the distribution of residential areas along
the river [44]; the fractal characterization of landscape elements within the county and its relationship
with topographic features [45]; the morphological characteristics and influencing factors of residential
areas within the scope of village [46].

In addition, landscape aesthetics plays an important role in the formation, evaluation, and planning
of rural settlements [47]. The research on landscape aesthetics is mainly reflected on the shape, form,
texture, and color of landscape [48], which is evaluated by people’s vision, hearing, smell, touch, and
perception. The evaluation of rural landscape aesthetics is of great significance to rural planning and
design. Relevant scholars have carried out a lot of research on rural landscape aesthetics by combining
subjective and objective methods. For example, Arriaza used public preference and regression analysis
to evaluate the visual quality of agricultural landscape [49]. Peter evaluated rural landscape quality
by combining a public preference survey and regression analysis, explained the aesthetic essence
of rural landscape. [50]. Frank used landscape metrics and a public preference survey to evaluate
the landscape of the study area [51]. Yilmaz used the landscape evaluation method based on photo
images to evaluate the park plants from the perspective of formal aesthetics. In the research of fractal
aesthetics, it is mostly used in the facade of street buildings [52]. Lorenz proposed a new fractal
method for the study of architectural aesthetics from the perspective of fractal aesthetics [53]. El
Darwish used a fractal analysis method to explain the facade composition of buildings, and conducted



Sustainability 2020, 12, 7350 3of24

a questionnaire survey on the visual beauty of the facade composition of street view buildings [54].
Cooper linked the calculation of fractal dimension with the visual perception of the streets to explore
the correlation between them [55].

The review of relevant literature shows that research on village settlement form and planning
mainly focuses on the plane layout, and lacks objective quantitative control on the continuous
facade characteristics of linear strip-shaped village streets. This linear facade landscape is also very
important in the study of village morphology and is an important part of village planning. At present,
the evaluation of village landscape facade effect mostly focuses on some landscape aesthetic methods,
and this research method was affected by the researchers’ professional quality and personal preference,
which has certain deviation and uncertainty. Some scholars also studied the facade analysis of a large
number of buildings, but the facade form of the village street is the synthesis of multiple street facades,
including not only buildings, but also plants, the topography of villages, etc.

From the research object, this paper selects Maling Village, Luoyang City, Henan Province, China
as the research object. The topography of Maling Village is undulating, and the street facade of
the village has a certain level. With the increasing frequency of human activities in the village and
the disorderly use of land, the plane layout of the village also shows the characteristics of being small,
chaotic, numerous, and scattered, and the plants in the village are mainly planted by the villagers.
The spatial form of Maling Village reflects certain characteristics of villages in hilly areas of developing
countries, which is obviously representative and typical. In terms of the research methods and
results, this paper uses the fractal dimension and the stability index of fractal theory to analyze
the spatial morphological characteristics of the village from the facade and plane, respectively, and
defines the spatial characteristics of the village. This paper puts forward some feasible strategies for
the utilization of village land resources and the optimization of internal spatial layout, and attempts to
provide a theoretical basis and case guide for village spatial form analysis, planning, and layout from
a fractal point of view.

2. Materials and Methods

2.1. The Study Area

Maling Village is located in the western hilly area of Changdai Town, Mengjin County, Luoyang
City, Henan Province. The highway (Xiaolangdi special line) passes through the village, offering
convenient transportation (Figure 1). The village occupies a total area of 3.5 km?. The main types of
geomorphology are hills, vertical and horizontal gullies. Elevations are high in the north and low in
the south. The study area has a temperate monsoon climate, with an average temperature of 13.7 °C
and an average precipitation of 650.2 mm. The soil is fertile hilly cinnamon soil, which is suitable for
the growth of a variety of crops. Maling Village belongs to the central village, and the other three
villages are under the jurisdiction of Maling Village, including Xiamaling, Donggou, and Yangjiazui,
they are collectively known as Maling Village. The total population of the village is 2096, including 379
in Maling, 62 in Xiamaling, 60 in Donggou, and 67 in Yangjiazui. There are nine villager groups and
185 ha of cultivated land. Maling Village is dominated by an agricultural economy.

The building height of the one-story buildings in the village is mostly 3.5 m. One-story buildings
account for 80% of the houses in Maling, while houses with two or more floors are mainly concentrated
on the North-South Street of Market Road and the West—East Street of Market Road. The style of
the building facade roofs, walls, windows, etc., is not unified. Additionally, a large number of illegal
buildings (e.g., toilets, cowls, and chicken coops) and messy municipal facilities have negatively
affected the aesthetics of the street facade of the village.
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Figure 1. Geographic location of the study area.

2.2. Data Sources and Preprocessing

2.2.1. Data Sources

Taking Maling Village as the research area, the basic data used include spatial data, statistical data,
and measured data. The spatial data (e.g., village boundary, land use) from the data of the Third Land
Survey of China in 2018, the Maling Village homestead right map, and the Maling Village topographic
map 2018(1: 10,000). A digital elevation model (DEM), slope map, and slope direction map of the study
area were generated using the Spatial Analyst function in the ArcGIS 10.6 software. The statistical
data (e.g., population and labor force, rural economic data, investment in fixed assets, investment in
industrial enterprises, people’s living standards, commodity prices, and wholesale and retail trade)
were derived from the 2018 Statistical Yearbook of Luoyang, the poverty alleviation data of Maling
Village, the Urban and Rural Master Plan of Mengjin County, Luoyang (2017-2035), and the overall
planning of Changdai Town, Mengjin County (2017-2035). The measured data include on-the-spot
photos, measured data of buildings, and vegetation, etc.

2.2.2. Data Processing

Land Use Classification

Using data from the Third National Land Survey Work Classification issued by the Ministry of
Land and Resources, the land use types of Maling Village were classified with ArcGIS 10.6 (Table 1 and
Figure 2).
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Table 1. Classification of land use types in Maling Village.
First-Level
Secondary Category
Category
Cultivated land Dry land, irrigated land
Garden plot Orchards, other gardens
Woodland Arbor woodland, other woodland
Grassland Other grassland
Land for village Rural homestead, science, education, culture and health land,
construction facility agricultural land, logistics storage land, industrial land
Roads Rural roads, urban and village roads, highway land
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Figure 2. Maps showing the land use and topography of Maling Village. (a) Map of land use status.
(b) Elevation map. (c) Slope map. (d) Slope aspect map.
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The Present Situation of Village Land Use and Topographic Analysis

According to the data of the Third National Land Survey, the village land use status information
was sorted out and a village land use map was drawn with ArcGIS 10.6 (Figure 2a). Land use and
elevation analysis were proceeded by ArcGIS 10.6 software. The elevation in the DEM was reclassified
according to the elevation classification standard. Then, an elevation map was generated (Figure 2b).
Subsequently, the slope and aspect information were extracted from the DEM to generate the village
slope map (Figure 2c) and the village slope aspect map (Figure 2d).

Street Facade Selection and Data Processing

First, to study the Village streets facades space, six sample streets that reflect the overall features
of the village were selected as the research object to extract the features of the elevation profile. The six
sample streets are: East-West Street of Market Road, North-South Street of Market Road, the north
side of Maling 5th group Road, the north side of Photovoltaic Road, the east side of North-South Street
of School Road, and the north side of West Street of Primary School. The specific locations of the streets
are shown in Figure 3 and the specific information of streets in Table 2.

1 North-South Stree{ of Market Road %
2 East-West Street of Market Road
3 Maling 5th Group Road

4 Photovoltaic Road

5 West Street of Primary School

6 North-South Street of the School Road

Figure 3. Location of sample streets.

Secondly, in order to facilitate the statistics of the fractal dimension, the facade of the sample street
was photographed on a sunny day in order to obtain an image of the complete facade of the village
street. Combined with the principle of landscape continuity [56,57], continuous facade photos were
taken with a camera (East-West Street was shot from east to west, North-South Street of Market
Road was shot from south to north, North-South Street of the school road was shot from north to
south). Image collage technology was used to realize the seamless stitching of the facade images of
the selected sample street section, and then the stitched facade image was imported into the AutoCAD
2016 software for vectorization processing. After many transformations, the contour line of the facade
was extracted, and finally a black-and-white monochromatic TIFF format picture was exported.

Finally, all the sample streets were pieced and numbered and were divided into 20 segments in
100 m units, which were labeled as A1-A20. The extracted segments are shown in Figure 4 below.
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Table 2. Information about the selected sample streets.

Street Name

Sample Street
Subdivision

Characteristics of
the Building at
the Starting Point of
the Street

Segment
Number

North-South Street
of Market Road

The street on the west
side of North-South
Street of Market Road

The street on the east
side of North-South
Street of Market Road

Al, A2

A3, A4

West-East Street of
Market Road

The street on the north
side of East—-West Street
of Market Road

The street on the south
side of East—-West Street
of Market Road

A5, A6, A7

A8, A9, A10

Maling 5th Group
Road

The north side of Maling

5th group Road

All, A12

Photovoltaic Road

The north side of
the Photovoltaic Road

Al3, A14

North-South Street
of School Road

The street on the east
side of North-South
Street of School Road

The street on the west
side of North-South
Street of School Road

Al5, Al6

Al7, A18

West Street of
Primary School

The north side of West

Street of Primary School

A19, A20

7 of 24
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Figure 4. Segmentation of the sample streets in units of 100 m. (a) Segments A1-A5; (b) segments
A6-A10; (c) segments A11-A15; (d) segments A16—-A20.

2.3. Methods

Using fractal theory, the plane and elevation space of Maling Village were studied, respectively.
The specific methods are as follows:

2.3.1. Calculation of Fractal Dimension of Facade Space Form

The outer outline of the facade of the village is a linear structure; there is self-similarity between
the whole and the part. The study of the facade of the village is mainly divided into two parts, namely,
the study of the segmented facade and the study of the whole facade. The segmented facade is studied
from the micro-scale of the street, and the whole is studied from the macro-scale of the street facade. In
this paper, the study of the spatial form of the village facade uses the box-counting dimension method
to quantify its self-similarity and complexity and to evaluate the spatial form of the village facade.

The box-counting dimension method in fractal theory is used to describe the complexity and
space occupied state of the street facade [58-61]. The basic idea is to use square grids with different side
lengths to cover the measured object. When the side length r of the square changes, the grid number
N(r), covering the measured object, will also change accordingly. High values of fractal dimension
represent a complex shape, and vice versa. According to fractal theory [62,63], the box-counting
dimension is expressed as follows:

InN(r)

Dl = —lim
Inr

(1)

where Dj is the fractal dimension of the facade of the village building, the higher the value is, the more
complex the measurement object is and the stronger the ability to occupy space. r is the side length of
the square grid, and N(r) is the number of nonempty grids covering the measured object.



Sustainability 2020, 12, 7350 9 of 24

2.3.2. Calculation of Plane Shape Dimension

The plane spatial form of the village is mainly reflected in the complexity and stability of the spatial
form, in which the complexity of the spatial form of the village patch is the basis of the evolution
of the village and the stability represents the future development trend of the village. In this study,
the morphological dimension was used to quantify the complexity of the village with the village
boundary as the fractal line, and the stability index (SI) was used to evaluate stability of the village
land use.

Spatial Morphological Dimension

In this study, the perimeter-area method of fractal dimension was used to analyze the plane shape
of village space; the larger the morphological dimension is, the stronger the boundary nonlinearity
of the village is and the more complex the shape of the village is [64]. Fractal dimension is one of
the quantitative indexes to characterize self-similar systems or structures. The purpose of this paper is
to study the fractal characteristics of village plane landscape space, mainly to quantitatively describe
the size of its core area and the tortuosity of its boundary line. The specific formula is as follows:

InA(r)= (2/D;)InP(r) + C )

where A(r) represents the area of the patch measured by r, P(r) is the perimeter of the patch, C is
the intercept, and P(r) represents the complexity of the spatial form of the village, that is, the fractal
dimension. The results of this study [64] show that the size of D, represents the complexity and
stability of the village form. The theoretical range of D, is between 1.0 and 2.0, and the larger this value
is, the more complex the village shape is. D, = 1.0 means that the village patch is square. D, = 2.0
means that the shape of the village is the most complex. D, = 1.5, which means that the residential
patch is in a random state, that is, the most unstable state. The closer the value of D; is to 1.5, the more
unstable the shape of the village is.

Stability Index

The stability index is an index to test the stability of land use and reflects the stability of land
use; combined with the introduction of relevant literature [8], the higher the stability index value is,
the more stable a certain type of land use type is; the lower the value, the worse the stability of the land
use type is [64,65]. The theoretical value of the Sl is between 0 and 0.5. It is an important index to test
the stability of village spatial form and indicates the future development trend of village form. The SI
is expressed as follows:

SI=/Dy-15/ 3

where Sl is the stability index, D, represents the complexity and stability of the village form. D is
the perimeter-area fractal dimension.

Factors Affecting the Spatial Distribution of Residential Areas

Combined with the obtained village spatial data, using the ArcGIS 10.6 software, the information
of village residential land was extracted and the elevation map, slope map, and slope aspect map
of the village were generated by using the Spatial Analyst function of ArcGIS 10.6. The data
were reclassified, and then the extracted village settlement distribution map was superimposed on
the elevation map, slope map, and slope aspect map to extract the village settlement information
at different levels. Additionally, using Equations (2) and (3), spatial analysis and fractal dimension
calculation were carried out.
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3. Results
3.1. Facade Study

3.1.1. Facade Segmentation

In order to ensure the accuracy of the data, streets samples were taken and the fractal dimension
was calculated using the Fractalyse 2.4 software. The results show that the double logarithmic
coordinates show a good scale-free interval, the fitting correlation coefficient is more than 93%, and
the accuracy meets the research needs. The calculation results of the specific piecewise fractal dimension
are shown in Table 3.

Table 3. Calculation of the fractal dimension of each section of the sample street.

Segment Number Al A2 A3 A4 A5

Fractal dimension 1.107 1.125 1.278 1.233 1.163
Segment number A6 A7 A8 A9 A10
Fractal dimension 1.147 1.117 1.241 1.127 1.104
Segment number All Al2 Al3 Al4 Al15
Fractal dimension 1.112 1.198 1.166 1.242 1.184
Segment number Alé A17 A18 A19 A20
Fractal dimension 1.231 1.187 1.128 1.136 1.109

As shown in previous studies [66—68], the larger the value of the morphological dimension
is, the more complex the spatial shape of the object is, and vice versa. Combined with Table 3,
the calculation results of the fractal dimension of the street building landscape elevation profile of each
segment were calculated, and the fractal dimension intervals of three different cases were obtained.
The number of segments in each interval is shown in Table 4.

Table 4. Interval statistics of fractal dimension.

Fractal Dimension Interval (1) Quantity Elevation Complexity
1.10<n<1.16 10 Low
116 <n <122 5 Moderate
1.22<n<1.28 5 High

From Table 4, it can be seen that the fractal dimensions of the segments are mainly in the interval
of 1.10 to 1.16, and there are 10 segments with low facade complexity. The elevation complexity
of low and high of quantity is the same, and the facade style of 1.16 < n < 1.22 is not obvious.
This paper selects the lower-value segments and higher-value segments to analyze, and focuses on
the lower-value segments.

Segments with Lower Fractal Dimension

The construction of a better building facade has a higher fractal dimension. On the contrary,
the lower fractal dimension shows that the overall construction effect of the facade is not good, and
the space shape of the facade is simple and of low complexity [67,69]. Seven representative segments
with fractal dimensions from 1.10 to 1.16 were selected for analysis, namely A1, A2, A7, A10, All,
A18, and A20, respectively. According to the results of the site investigation performed in the present
study, the sectional elevation outline was drawn (Table 5). The corresponding streets are Street of
Market Road, Maling 5th Group Road, and the west side of North-South Street of School Road.
Through the analysis and study of the segments with lower fractal dimension, the landscape pattern of
the segment was obtained in order to determine the main factors that affect the landscape elevation
profile of street buildings. Combined with the actual situation of the village, the streets of A1l and A2



Sustainability 2020, 12, 7350 11 of 24

sections have some two-story and three-story buildings. A11, A18, and A20 street buildings are mostly
single-story buildings with flat roofs.

Segments with Higher Fractal Dimension

Five segments in 1.22 < n < 1.28 are selected to study. The main corresponding streets are the street
of Market Road, Photovoltaic Road, and the east side of North—South Street of School Road (Table 6).
The fractal dimension of these streets is the highest in Maling Village, and the fractal dimension of these
streets is more than 1.20, with the value of A3 street being the highest, which is 1.278. The architectural
facade background of streets A14 and A16 is based on green plants, the front plants and background
plants are scattered obviously, and the architectural forms are rich (roof buildings); Section A3, A4, and
A8 of buildings are staggered in height, there are few illegal buildings, and accessorial buildings are
embellished at the architectural junction, however, the plants are mainly planted with low shrubs.

3.1.2. Integral Facade

In accordance with the calculation results of each segment’s fractal dimension, in order to perform
a clearer macroscopic and overall analysis of the street, the data in Table 2 were statistically analyzed
using the Origin 2018 software, and the point-line diagram of the change of the fractal dimension of
the facade of the studied sample street was drawn (Figure 5). The change of the elevation outline was
obtained, and the overall analysis of sample street is as follows:

1.30 , .
—m— Fractal dimension
1.28 [ ]

1.26
1.24 | n n
1.22

1.20 [ ]

| ]
1.18 | \ "

1.16 | '\
1.14 \ m
112 b /' Y .\ J - \

A2 A4 A6 A8 AI0 Al2 Al4 Al6 Al18 A20

Fractal dimension

1.10 [

Segment

Figure 5. Fractal dimensions of different street segments.

(1) Based on the analysis of the street from sections A1-A20, the rhythm of the street facade
changes greatly, showing the trend of “low-high-low-high-low”. Sections A3-A7 and A8-A10 have
a significant downward trend, among which the maximum value of fractal dimension is 1.278, which
appears in section A3 of the east side of North-South Street of Market Road; the minimum value is
1.104, which appears in section A10 (south side of West-East Street of Market Road).
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Table 5. Analysis of street segments with lower fractal dimension.

Section Segmented Elevation Outline ‘Fracta.l Description of Current Status
Dimension
Al 1107 This section is on the west side of North-South Street of
Market Road and there is a two-story building, which is
relatively isolated. The vegetation in front of the building is
low, and the outline of the building facade is simple.
A2 L 1.125
Located in the street on the south side of West—East Street of
A7 1.117 Market Road; these two sections belong to the transition
area between buildings; the gap between buildings is filled
with sundries, the transition of street facade is smooth.
A10 N_“—HSJZ“J*"I_:—\— 1.104 The vegetation planting is messy, and trees and shrubs are
not planted in front of the building.
This section is located in Maling 5th Group Road, with
All 4,—)Lr—L_u_)°’Pan»—"jé—L 1.112 uneven architectural style, single form of architectural
facade, and lack of layers of vegetation planting.
Located in the street on the west side of North-South Street
A18 1.128 of School Road, the plant arrangement is relatively sparse,
but lack reasonable combination.
This section is the entrance landscape of the north side of
A20 "_‘JW’.\'_\—F_‘—HJ 1.109 West Street of Primary School, with plants in front of

the door and a building shelter behind it, and the overall
building is smooth.

12 of 24
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Table 6. Street segments with higher fractal dimensions.

Section Fractal Dimension Street Name
A3 1.278 The street on the east side of North-South
A4 1.233 Street of Market Road
The street on the south side of West-East
A8 1.241 Street of Market Road
Al4 1.242 Photovoltaic Road

The street on the east side of North-South

Al6 1.231 Street of School Road

(2) Additionally, from the overall change trend, the change range of the fractal dimension
of segments A11-A20 is relatively low compared with that of segments A1-A10. Furthermore,
the representative segments of streets in sections A1-A10 and A11-A20 were analyzed to determine
the characteristics of street style changes hidden by the change of the fractal dimension of each street.
Since the West—East Street was photographed from east to west, and the North-South Street was
photographed from south to north, combined with Table 2 and Figure 5, the analysis of section A3-A10
shows that the fractal dimensions of segments A3 and A4 decrease gradually from south to north, and
the fractal dimensions of segments A5-A7 and A8-A10 change from high to low from east to west
(Table 7).

Table 7. Analysis of street sections A3-A10.

Section Street Name Direction Fractal Dimension

The street on the east
A3, A4 side of North-South South to north
Street of Market Road
The street on the north
A5-A7 side of East-West Street East to west Large to small
of Market Road
The street on the south
A8-A10 side of East—West Street East to west
of Market Road

For the analysis of sections A11-A16, the representative street segments were selected: A1l and
A12, A13, and Al14, and A15 and A16, in which the fractal dimensions of streets A11 and A12, and A13
and A14 change from low to high from east to west, and the fractal dimensions of streets A15 and A16
change from low to high from east to west, as shown in Table 8.

Table 8. Analysis of street sections A11-A16.

Section Street Name Direction Fractal Dimension
All, A12 Maling 5th Group Road East to west
Al3, Al4 Photovoltaic Road East to west
The street on the east Small to large
A15, Aleé side of North-South North to south
Street of School Road

(3) In the analysis of A3—A10 section, the fractal dimension values of A3-A4, A5-A7, and A8-A10
all change from high to low. This is mainly due to the gradual decrease of building height from south
to north and the simplification of building facade in the A3—-A4 section. The building height of each
section of A5-A7 and A8-A10 decreases gradually from east to west, and the building height changes
obviously in each section. The outline of the building facade from east to west tends to be simple, but
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the overall vegetation is less and lack layers. Therefore, the landscape profile richness of the East-West
Street of Market Road and the street on the east side of North-South Street of Market Road gradually
decreases with the shooting direction.

Refer to the A11-A16 section, the fractal dimensions of A11-A12, A13-A14, and A15-A16 change
from low to high. Corresponding to the present situation, the building facade height decreases
gradually from east to west and from north to south, the overall building height is relatively consistent,
and there are more illegal buildings, but the vegetation richness in the west is much higher than that in
the east, and the vegetation richness in the south is much higher than that in the north. Therefore,
the richness of landscape outline of Maling 5th Group Road, Photovoltaic Road, and the street on
the east side of North-South Street of School Road gradually increases with the shooting direction.

3.2. Study on the Plane Shape of Villages

According to the statistical data of the perimeter and area of landscape elements of different land
use types in the study area, the number, area, and perimeter of patches of each land use type were
calculated using the ArcGIS 10.6 software. The results are shown in Table 9. Based on these results,
linear regression analysis was carried out. Based on Equations (2) and (3), the fractal dimensions and
stability indexes of each land use type were calculated, as shown in Table 10.

Table 9. Relationship between patch perimeter and area of land types.

T Number of Total Total Area
ypes Patches/ind Area/hm? Perimeter/m Percentage/%

Cultivated land 89 589.23 290,542.9 21.84%
Garden land 59 574.02 283,305.3 21.28%
Forestland 34 645.85 328,958.6 23.94%
Grassland 7 244.24 149,861.9 9.05%
Village construction land 63 327.58 166,676.8 12.14%
Road 35 316.83 162,850.5 11.74%

Table 10. Fractal dimension and stability index of different land types in Maling Village.

L 2 Sample .Fracta! 'Fracta! Stability Stability
and Use Type R Number Dimension DlmerTsmn Index (SI) Inde'x

(D) Ranking Ranking
Cultivated land 0.9476 89 1.2523 5 0.2477 2
Garden land 0.9391 59 1.2614 4 0.2386 4
Forestland 0.9452 34 1.3958 3 0.1042 5
Grassland 0.9686 7 1.5445 2 0.0445 6
Village construction land 0.9706 63 1.2415 6 0.2585 1
Road 0.8781 35 1.7443 1 0.2445 3

Note: R? is the determination coefficient; A is the plaque area; P is the patch perimeter.

3.2.1. Analysis of Land Use Status

With the rapid urbanization in recent years, the spatial layout of Maling Village has changed
significantly, the characteristics of the village style and features have been gradually lost, and a large
number of old houses have become idle and dilapidated. This has greatly wasted land resources,
including large amounts of rural land, and has also led to the fragmentation and decentralization of
residential areas, which has increased the cost of rural infrastructure construction and environmental
governance and improvement. Additionally, this has caused a lot of rural land resources to be idle
and wasted. As can be seen from Figure 2 and Table 9, the main land use types in the study area are
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cultivated land and woodland; the patch area of cultivated land and woodland is the largest, the area of
garden land is the second-largest, and the number of grassland patches is the smallest in the staggered
distribution of woodland and cultivated land. Grassland patches of the area only account for 9.05%
of the total area, and is mainly distributed in the middle and southeast of the village. In terms of
landscape style, the land use type in Maling Village is a landscape structure model with woodland
and cultivated land as matrix, garden land, grassland, and village construction land as patch mosaic
structure, and roads as linear corridors.

3.2.2. Fractal Dimension and Stability Analysis of Land Use Types

The fractal dimension was used to determine the complexity of patch morphology. The larger
the fractal dimension is, the more complex the patch is, and vice versa. Based on Equation (2) and
Table 10, the order of fractal dimension is as follows: road > grassland > forestland > garden land
> cultivated land > village construction land. As shown in Table 10, the fractal dimension of roads
and grasslands is the highest, while that of village construction land is the lowest. There is a high
correlation between the patch area and perimeter of different land use types, and the fitting effect of
each land type is very good; the R? is more than 0.85, indicating that Maling Village land type have
statistical autocorrelation and are a kind of random fractal state. According to the area and perimeter
data of each patch of different land use types, a double logarithmic scatter plot was drawn (Figure 6).
All the fitting curves show that the land use types that gradually formed under the influence of human
activities based on natural conditions have a fractal structure, that is, the spatial fractal structure of
land in Maling Village exists objectively. Therefore, it is reasonable to apply fractal theory to study
the land use structure in the study area.

The stability index is used to test the stability of land use. The higher the value is, the more stable
the land use type is, and vice versa. From Equation (3), the stability indexes of cultivated land, garden
land, woodland, grassland, village construction land, and roads in Maling Village were calculated to
be 0.2477, 0.2386, 0.1042, 0.0445, 0.2585, and 0.2445, respectively (Table 10). The order of stability index
is village construction land > cultivated land > road > garden land > woodland > grassland.

3.2.3. Topographic Factors Affecting the Plane Shape of the Residential Area in Villages

The village is a complex outdoor open system. The spatial distribution of village settlements is
affected not only by social and economic factors but also by natural factors [70,71]. Slope and elevation
changes in natural factors may affect the distribution of rural settlements and affect the location and
construction of village settlements. In order to better study the fractal characteristics of Maling Village,
the geomorphological factors affecting the village settlements were selected and analyzed.

The Influence of Elevation on the Fractal Dimension of the Residential Area of Maling Village

The village elevation map is shown in Figure 2b. Using Equation (2) calculation, and the fractal
dimensions of different elevation sections were obtained. Within the village area, under the influence
of elevation, the fractal dimension of village settlements was found to be between 1.126 and 1.402, and
the area with the lowest fractal dimension of village settlements corresponds to the area below 355.51 m
a.s.l. (Table 11), but the stability of plaque in this area is better, and the spatial distribution of residential
areas is more balanced and concentrated. As the fractal dimension increases, it means that the shape of
landscape element patches is more complex, and vice versa. As a whole, with increasing elevation,
the fractal dimension of village settlements increases, the size of residential areas also increases, and
the spatial distribution of residential areas is more dispersed, and the fractal dimension has significant
differences in the range of change. This shows that the layout and location of village settlements
in a hilly area is obviously affected by elevation. Among four villages, the corresponding fractal
dimension of the residential area of Maling Village is the lowest, while those of Donggou, Xiamaling,
and Yangjiazui villages are the highest.
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Figure 6. Logarithmic scatter plots of the area perimeter around Maling Village. (a) Cultivated land;
(b) Garden land; (c) Forestland; (d) Grassland; (e) Village construction land; (f) Road.

Table 11. Fractal dimensions at different elevations.

Category Range Fractal Dimension
Below 355.51 m a.s.l. 1.126
Elevation 355.51-379.89 m a.s.l. 1.252

More than 379.89 m a.s.l.

1.402
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The Influence of Slope on the Fractal Dimension of Village Residential Area

The slope map is shown in Figure 2c. According to a fractal dimension analysis of different
slopes, fractal dimension of the village residential area was found to be between 1.026 and 1.346, and
the fractal dimension of the village residential area was found to be the lowest in the range of <2°.
The fractal dimension of this area is 1.026. This slope range of the residential patch range is more stable,
which means the large distribution of the residential area. The corresponding fractal dimensions of
different slopes are shown in Table 12. Maling Village is located in a hilly area, the topography is more
complex, the flat areas with low and gentle terrain are geologically stable, construction is easy, travel is
convenient, and it is suitable for building houses, so the distribution of village settlements on areas with
slopes of <2°is relatively dense. The terrain with slopes of 2-7° is relatively flat, which is convenient
for agricultural activities. The main types of land use on such slopes is cultivated land and garden
land. Meanwhile, on slopes above 12°, the village residential area is not suitable for construction due to
prohibitively high costs; therefore, the number of residential areas is small, and the main type of land
use in this area is forestland. Therefore, with the increasing slope, the village residential area decreases,
while the areas of forestland, cultivated land, and garden land tend to increase. Based on the fractal
dimension corresponding to different slopes, there were significant differences in the degree of change,
indicating that the slope has a great influence on the fractal dimension of the village residential area.

Table 12. Fractal dimensions for different slopes.

Category Range Fractal Dimension
<2° 1.026
Slope 2-7° 1.153
P 7-9° 1202
>12° 1.346

The Influence of Slope Direction on the Fractal Dimension of Village Residential Area

In the Northern Hemisphere, south-facing slopes are generally sunny and north-facing slopes
are generally shady. First, the directions of slopes in Maling Village were analyzed. As shown in
Figure 2d, the slope directions of the study area were divided into sunny slopes, semi-sunny slopes,
semi-shady slopes, and shady slopes based on the slope directions. The corresponding residential
fractal dimensions values are detailed in Table 13. Under the influence of slope direction, it was
found that the fractal dimension of residential areas in Maling Village is between 1.190 and 1.278,
and the fractal dimension of settlements is the largest in semi-sunny slopes; however, there is no
significant difference in fractal dimension between slopes with different directions, and a large number
of settlements are distributed on shady slopes. There are more residents on sunny slopes than shady
slopes, and the influence of slope direction on the fractal dimension of village residential area is
relatively limited.

Table 13. Fractal dimensions for different slope directions.

Category Slope Direction Fractal Dimension
Sunny slope South and southwest 1.206
Semi-sunny slope West and southeast 1.278
Shady slope North and northeast 1.257
Semi-shady slope East and northwest 1.190

4. Discussion

(1) At present, most of the current research on village settlement form and planning pay more
attention to the plane layout. There is a lack of objective and quantitative theoretical guidance to
control the stripped village street facade characteristics, and the whole facade design is often lacking in
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the village planning, whereas the evaluation of landscape facade is based primarily on a subjective
evaluation method [48-52]. These research methods are often affected by the professional quality and
personal preference of researchers, which have certain deviation and uncertainty. Most of the research
on fractal aesthetics focuses on the buildings’ facade [53-55], however, the fractal dimension of
villages is not only the architecture, but also the plants, the topography of the village, and the spatial
combination of multiple street facades. Through the analysis of the land use structure of Maling
Village, the fractal theory can be used to predict the future change trend of various land use types.
That is to say, the fractal model can play an auxiliary and reference role in the decision-making of
the construction of the village plane and facade space. The consolidation of rural residential areas in
Maling Village should optimize the layout of residential areas, improve the spatial stability, and reduce
the arbitrariness of development.

(2) The characteristics of village patches are mainly reflected by the complexity and stability of
spatial morphology. The complexity of village patches is the foundation of village evolution, and
the stability of village patches represents the future development trend of villages. The combination of
the two can predict the evolution direction of village residential land, which is a positive and beneficial
exploration in this study.

In the study of land use types of village plane space, the inherent laws were found as follows:

(i) The fractal dimension of construction land is the lowest, which is 1.2415, which indicates
that the land use type has a simple structure, strong self-similarity, and is greatly affected by human
activities. (ii) The stability index of village construction land is high, and the land morphological
structure is simple. Restricted by regional policy, the village settlements will not be demolished or
rebuilt in a short time. Therefore, the stability index is at a relatively high level. (iii) There is little
difference in the stability index of cultivated land, roads, and garden land. These land types are mainly
disturbed by human activities, and their shape is relatively regular and stable. (iv) The spatial stability
of forest land is relatively poor, mainly due to the invasion of construction land and unreasonable
man-made felling. (v) Stability of grassland is lowest. The grassland is mainly distributed in the gully
slope in the middle and southeast of the village. The boundary of the grassland is irregular. Its
fractal dimension is high, and its morphological structure is complex. Its stability index is only 0.0445,
which is due to the overgrazing and occupation by cultivated land in recent years. This result shows
that human factors are the main driving force of grassland type and area change. (vi) According to
the calculation of fractal dimension of different land types, the average fractal dimension of all land
use types was found to be 1.407, which is close to the critical value of 1.50. It reflects that the overall
land use types are not stable enough.

A comprehensive comparison of the stability index of these six land use types shows that
the stability of grassland and woodland are the lowest, which is consistent with the research results of
Tang, 2017 [45], which indicates that these two land use types have been insufficiently protected in
recent years. Therefore, when carrying out village planning in the future, attention should be paid to
the coordinated distribution and sustainable development of land resources, especially grasslands and
woodlands in villages. We should take reasonable measures; attach importance to the role of each
patch in maintaining land stability, carry out practical protection and planning of patches with poor
stability. Additionally, we should strengthen the protection and ecological planning of the less stable
plots so that the land use tends to be scientific.

(3) Combined with the analysis results, this paper puts forward the following suggestions for
the future development plan of Maling Village:

1.  The village settlement should be re-planned to realize centralized management. Maling Village
has better location conditions, traffic conditions, infrastructure and public facilities, relatively flat
terrain, and concentrated population, while the scattered distribution of small-scale settlements
such as Donggou, Xiamaling, and Yangjiazui limits the overall village construction. For such
marginal villages, it should be encouraged to be demolished and constructed in the central area.
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On the one hand, it is conducive to intensive management. On the other hand, it can protect
the ecological environment in the south of the village by reducing man-made damage.

2. In the reconstruction of village facade, it should be designed according to the appropriate fractal
control dimension, and coordinate the relationship among plants, buildings, terrain, and other
street facade.

(i) Plant configuration is an important part of the street facade landscape and has a great influence
on the street image. The canopy line of the plant community has the characteristics of continuity and
diversity, which can enhance the aesthetics of the street facade. Type selection of street trees should be
according to the street building image, and the collocation and hierarchical changes of trees and shrubs.
(ii) In terms of building height and outline, designers should give attention to the connection between
buildings and street architectural style. The sudden emergence of a single highly isolated building in
the street should be avoided, and the transitional zones between buildings in the street should be taken
seriously. The narrow areas that cannot be designed should be sorted out, the original sundries should
be removed, and spacious architectural connecting areas should be constructed to enrich the facade
landscape. (iii) Paying attention to the combination of plants and architecture. The street facade image
affects people’s psychological and physical feelings [48]. The construction of the street facade should
have a unified and changing rhythm, a controlled height of street buildings in order to make a spatial
rhythm change within a reasonable range. That is to say, the fractal dimension value of street facade
fluctuates in a certain range and is relatively stable.

(4) This paper discusses the fractal characteristics of the spatial form of Maling Village from
the perspective of facade and plane. In addition, this paper discusses the correlation between the terrain
factors and the fractal characteristics of villages, and deduces that there is also a relationship between
fractal characteristics and human activities. However, it is not sure that the fractal characteristics of
villages are determined only by these two factors. Although the village studied in this paper has
certain representativeness, it is relatively lacking in data of different periods. Therefore, we hope that
in the future research we can obtain more data and undertake multidimensional research.

5. Conclusions

The results show that the plane and elevation form of villages have obvious fractal characteristics
and that fractal dimension can effectively characterize its complexity. The application of fractal theory
in the spatial form of the village provide quantitative information for land resource utilization and
rural planning. The conclusions are as follow.

5.1. The Form of Facade Space

(1) The piecewise fractal dimension can reflect the coordination degree in the different street facade
of the village. A large difference of fractal dimension means that the street facade is uncoordinated.
A small difference of fractal dimension means that the overall hierarchical sense of the street facade
is relatively weak. The maximum and minimum values of fractal dimension appear in the Market
Road. It proved that while the Market Road has the highest landscape richness, the rhythm of
the facade landscape changes rapidly, and there are great differences in the facade style of each section
of the street, and the difference of the street facade style of Market Road is greater than that of other
streets. The rapid rhythmic change of street facade landscape will reduce people’s visual experience
and reduce the coordination degree of the street landscape. Market Road is the main street of Maling
Village, which plays a key role in the village image display.

(2) The changes of the fractal dimensions of the streets in different sections can represent
the landscape characteristics of streets in different directions and overall environment of the street. In
general, the landscape richness of the street facade of the Market Road in Maling Village decreased
gradually from east to west, while the landscape richness of other streets gradually increased with
the shooting direction. The large outline of the village street facade mainly reflects the difference
of plant and building characteristics in different directions of the street. Combined with the actual
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situation, the relationship between the fractal dimension value and the street facade composition can
be gotten.

(3) Plant configuration, building height, and building outline are the major factors that affect
the fractal dimension of village architecture. As a banded space, village street is an important sight
line in the village. On the one hand, the plant landscape of the village is rich and changeable in
plant composition and provides rich ecological functions. On the other hand, the plant landscape of
the village provides a lingering landscape effect in landscape aesthetics. Variety of plants provide
diverse viewing angles in landscape aesthetics. The composition of plants, and the relationship
between plants and architecture are important factors affecting the landscape quality of the village.
The higher segment of the fractal dimension value of the village facade occupies three in the market
road, and the maximum value appears in the market road. According to the actual situation of
the street, the building height and contour have a major influence on the fractal dimension value.

(4) Fractal dimension is a more accurate and objective tool for quantifying elevation space. Under
certain premises, applying fractal theory to the analysis of village facade space will help to enrich
the facade space evaluation system and guide the design of village facade space transformation.

Through the analysis of the fractal characteristics of the facade of Maling Village, we showed
that when the overall height of the village buildings is reasonable, if the plant configuration is not
reasonable, the fractal dimension of the village street facade will be low. When the plant configuration
is reasonable, a single form of building facade will lead to the fractal dimensions of the facade be
lower. When the plant configuration of the street facade and the height of other buildings are fixed,
buildings with large volume and simple shape often interrupt the outline of the street landscape
facade, which leads to improper connection between buildings and low fractal dimensions (e.g., see
Sections Al and A2 in Table 5).

5.2. Plane Space Shape

(1) The analysis of fractal dimension in different land use types shows that each land use type
has significant fractal characteristics. The fractal dimension calculation of different land use patch
can reveal the morphological complexity and the stability. The simple forms of land use types are
generally greatly affected by human activities, and the complexity is reduced, however, the stability of
land use types is high. In addition, all land use types of the village is not stable enough, and human
factors have an important impact on the change of each land use type. That is, this method can provide
a quantitative reference for land use planning.

(2) This study shows that the form of land use in Maling Village is reasonable, garden land and
cultivated land have been developed and utilized, and their distribution is concentrated, which is
conducive to the formation of regional advantages. However, grassland and woodland have not been
fully utilized.

(3) Elevation and slope are important factors affecting the fractal dimension of villages settlements,
and the influence of slope direction is not obvious. Under the influence of slope and elevation,
the spatial complexity of Maling Village settlement is low, but the stability is high and the population
is concentrated. Donggou, Xiamaling, and Yangjiazui settlements are complex with small populations
and scattered layout. Therefore, in addition to the influence of human factors on the village land use
structure mentioned, geomorphological factors also have an important impact on the spatial form of
the village. The future planning of Maling Village should guide the village settlements with small-scale
and scattered layout to the large-scale settlements with high-quality infrastructure.
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