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Abstract: Landscape aesthetic quality (LAQ) evaluation is vital in territorial spatial planning. It helps
to achieve the rational development and protection of territorial space and ensures the harmonious
coexistence of developments and the ecological environment. Based on mapping and quantification,
this paper took LAQ evaluation as the object, established a methodological framework for large-scale
natural LAQ evaluation, excavated and identified key areas with outstanding landscape aesthetics
service supply capabilities, and supported regional landscape planning and protection management.
This paper took the Hengduan Mountains in China as an example to evaluate and identify the spatial
distribution of the LAQ in mountainous areas. The results showed that the high-value LAQ areas
are located east and south of the Hengduan Mountains, where high-quality natural landscapes are
concentrated and have significant potential for establishing national parks. The evaluation results
of the LAQ can provide a good reference for the spatial identification of future national parks in
the Hengduan Mountains. Moreover, our research can provide a scientific basis for large-scale
landscape spatial planning and decision-making for the classified protection and rational utilization
of landscape resources and other mountain ecosystems.
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1. Introduction

Landscape aesthetic services are defined as essential ecosystem services that positively
impact human health and well-being [1]. Landscape aesthetic quality (LAQ) evaluation
can identify and define areas with important aesthetic value, providing decision support
for these areas’ protection and rational utilization [2]. Globally, LAQ evaluation, as a policy
tool, has attracted increasing attention from academia and decision-making management
departments. Hermes et al. (2018) developed a method for a spatially explicit national
assessment of the LAQ that adopted landscape diversity, naturalness, and uniqueness as
established indicators of landscape attractiveness and spatially evaluated and mapped each
of them [3]. The results demonstrated that the LAQ varies substantially across Germany.
Areas of high LAQ were located in the German mountain ranges, riverine landscapes, coast,
and islands, whereas particularly low LAQ scores were found in urban agglomerations and
intensively used open agrarian landscapes. Kalinauskas et al. (2021) adapted Geographic
Information Systems modeling and spatial statistics analysis to map and assess the LAQ in
Lithuania on the national scale [4]. The results revealed that agricultural and urban areas
had the lowest LAQ, while areas with high ruggedness, forests, protected areas, natural
monuments, and heritage sites had the highest LAQ scores. Mapping and assessing the
LAQ at the large regional level can provide valuable insights to policymakers about the
general condition of ecosystem services.

Although significant progress has been made in mapping and quantifying the LAQ,
mapping and evaluating it is still challenging because it has focused on common aesthetic
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needs; was based on key elements that are objective, operable, and targeted; and is reliably
applicable in a wider geographical area [5]. Landscape diversity was the most frequently
used item in various LAQ evaluation systems, which was recognized as one of the most
critical determinants and was widely applied in landscape aesthetics service supply eval-
uation. In the USDA Forest Management system’s earliest LAQ evaluation, the types
and diversity of landscape elements such as the vegetation, form, and color were most
relevant [6]. Several authors defined naturalness and landscape diversity as assessment
criteria and selected Shannon’s Diversity Index (SHDI), the Shape Index (SHAPE), and
Patch Density (PD) as indicators to form an objective, landscape metrics-based assessment
approach [3,7]. Landscape naturalness or authenticity was also highly selected in the LAQ
evaluation. Many studies found that naturalness was key in describing landscape aesthetic
characteristics. Seasonality was often overlooked, even though it was a typical quality
of landscapes in temperate regions, and Schiipbach et al. (2016) incorporated aesthetic
evaluation and seasonality into a diversity index as a proxy for quality [8]. In addition,
land use/land cover change was also an essential factor affecting the aesthetic value of
mountain landscapes and was very important for decision-making and landscape plan-
ning [9]. Schirpke et al. (2021) created a regression model based on GIS and found that
the areas above the tree line in the Central Alps had the highest scenic beauty [10]. Many
studies showed that species richness, functional richness, and landscape heterogeneity
significantly affected the aesthetic value [2]. People generally connected their aesthetic
perception of landscapes with their ecological quality. Since aesthetic experience induces a
social motivation for ecological protection, the results of evaluating the LAQ are significant
to the biodiversity conservation action plan.

The core purpose of LAQ evaluation and mapping is to spatially assess the supply
capacity of landscape aesthetics services and explore land space potential areas with high
supply capacity. Therefore, the question to be solved is: What factors affect the quality of
landscape aesthetics? What kind of space has high aesthetic quality? We mainly conducted
the following research: (1) establish a methodology for evaluating the aesthetic quality of
large-scale natural landscapes; (2) take the Hengduan Mountains in China as an example
to evaluate the aesthetic quality of large-scale landscapes; and (3) identify the concentrated
distribution locations of large-scale natural landscape clusters with outstanding LAQ.
This paper established the mapping relationship between the physical characteristics of
natural landscape beauty and service functions, providing a decision-making basis for
the classification, protection, and rational utilization of mountain ecosystem landscape
resources. The findings can provide valuable insights into landscape planning and decision-
making to develop management strategies that maintain landscape values.

2. Materials and Methodology
2.1. Study Area

The Hengduan Mountains are located in southwest China (93°35'—104°59’ E,
25°32'—34°19’ N). The administrative areas are about 434,030.8 km?. The climate of the
Hengduan Mountains is affected by the high-altitude westerly circulation and the Indian
and Pacific monsoon circulations, which have dry winters and rainy summers, and the
dry and wet seasons are apparent [11]. The geological characteristics of the Hengduan
Mountains are unique, and their formation is closely related to the violent collision and
compression between the Eurasian and Indian Ocean plates [12]. Since the Hengduan
Mountains span multiple climate zones, the soil types range from tropical to cold zones
and contain red, brown, dark brown, and subalpine meadows [13].

Because of the above reasons, the densest river networks, the most complex terrains,
and the most concentrated mountain valleys here were formed in China [14]. The strong
deep-cutting of the north-south rivers and valleys shaped a series of north-south parallel
mountains. From west to east, there are the Bershulla-Gaoligong Mountains, Tenasserim
Chain-Nushan, Mount Mangkang—Yunling, Mount Shaluli, Mount Daxue, Qionglai Moun-
tains, and Minshan Mountains, between which are the Nujiang, Lancangjiang, Jinshajiang,
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Yalong River, Dadu River, Minjiang, and their tributaries (Figure 1). The mountains and
rivers from north to south form a typical “parallel ridge valley”, which gathers mountains,
valleys, snow peaks, glaciers, forests, meadows, wetlands, lakes, waterfalls, and other rich
and diverse natural landscapes [15]. Jiuzhaigou, Huanglong, Giant Panda Habitat, and
Three Parallel Rivers exist here (Figure 2). Owing to the global outstanding aesthetic value,
they align with the criteria (vii) of the World Heritage List and were included on it. In addi-
tion, Chinese National Geography rated Tiger Leaping Gorge in Jinshajiang, Nujiang Grand
Canyon, and Meili Grand Canyon in Lancangjiang as China’s most beautiful canyons.
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Figure 1. Location and mountain valleys of the Hengduan Mountains region, Southwest China. The
map is from the Chinese Standard Map (http:/ /bzdt.ch.mnr.gov.cn/GS(2020)4619), (accessed on 1
August 2022).
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Figure 2. Typical natural landscapes of the Hengduan Mountains region.

2.2. Data Sources and Preparation

This study used the land cover data from Copernicus Global Land Service, which
contains 19 land cover types (Figure 3) with a spatial resolution of 100 m (https://land.
copernicus.eu/, accessed on 01 August 2022). The digital elevation model (DEM) was
from Geospatial Data Cloud with a spatial resolution of 30 m (http:/ /www.gscloud.cn/,
accessed on 1 August 2022). Both were in a grid format, and the year was 2019. Data
processing and mapping were based on Fragstats 4.2.1 and ArcGIS 10.2 software, and the
projection adopted Asia Lambert Conformal Conic. Except for the relief degree of land
surface (RDLS), a 10 km x 10 km grid was used as the evaluation unit for calculating the
rest of the landscape indexes. The overlays of each index were uniformly resampled to
100 m x 100 m grids.


https://land.copernicus.eu/
https://land.copernicus.eu/
http://www.gscloud.cn/
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Figure 3. Land cover types in the Hengduan Mountains region.

2.3. Methodological Approach to Landscape Aesthetic Quality

This paper constructed the evaluation framework (based on the methodology pro-
posed by Hermes et al. (2018)) of the aesthetic quality of large-scale mountain natural
landscapes from natural attributes, external characteristics, and maintenance state. In
order to facilitate the overlay of various indicators, we adopted Fuzzy Membership for
normalization. To avoid the difference in results caused by the weight size, we assigned
weights in equal proportions (the weight of a single indicator is 0.5, and the weight of each
aspect is 0.33) and applied the raster calculator. Further, the results were divided into five
grades based on the natural breaks (Jenks) method. Figure 4 shows the relation and weight
of the indicators in the three aspects.
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Figure 4. Methodological framework for LAQ evaluation.

2.4. Methodology for Assessing the Main Attributes of LAQ Analysis
2.4.1. Natural Attributes of LAQ

The mountains are composed of many hills and valleys, with peaks and valleys
interspersed, and the terrain is remarkably rugged. At a mountain region scale, as a whole,
the geomorphic diversity correlates with ecological diversity [16,17], which forms a rich
landscape pattern manifested as landscape diversity. Therefore, based on the inherent
natural properties of the LAQ, this paper uses the RDLS to evaluate the diversity of the
large-scale geomorphological landscape of mountains and SHDI to evaluate the diversity
of the large-scale ecological landscapes of mountains. The higher the diversity of the
landscape, the higher is the LAQ.

(1) Diversity of geomorphic landscape

The RDLS effectively represents the characteristics of mountain profiles and surface
relief in specific areas. We referred to the calculation of the RDLS proposed by Feng
et al. (2020) [18], building the model according to the average altitude, the relative height
difference of the optimal window (rectangular neighborhood of 41 x 41 pixels), and
the proportion of flat land. The larger the value is, the more complex and diverse the
geomorphic landscape. Formula (1) shows the calculation of the RDLS:

RDLS = ALT /2500 + {[Max(H) — Min(H)] x [1 — P(A)/A]}/200 1)
where ALT refers to the average elevation of a specific area centered on a grid cell (m); Max
(H) and Min (H) refer to the highest and lowest elevations (m); P (A) refers to the flat land
area (km?), where the relative height difference under the optimal window is less than
30 m; A refers to the total area of the study area (km?).

(2) Diversity of ecological landscape

SHDI is widely used to measure the diversity of ecological landscapes [7]. Landscape
diversity refers to the richness of landscape ecosystem types in specific spatial-temporal
ranges and the diversity and complexity of each landscape ecosystem’s different elements in
the spatial structure. When there was only one patch type in the landscape, SHDI = 0; when
the patch types increased, or their proportions tended to be similar, the value also increased
accordingly [19]. This paper merges the cultivated and managed vegetation/agriculture
(cropland), urban/build up, snow and ice, and permanent water bodies into a separate
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type (others). The SHDI values were calculated using different vegetation types to express
the diversity of ecological landscapes. Formula (2) shows the calculation of SHDI:

SHDI ==Y " (PInP) 2)

where m is the number of vegetation types, and P; is the proportion of area covered by
vegetation type i.

2.4.2. External Characteristics of LAQ

Aesthetic features refer to the external beauty of large-scale natural landscapes in
terms of color, shape, dynamic, and seasonal equality. Mountains form a rich vertical
natural landscape zone due to their elevation differences. There are abundant vegetation
landscapes, including evergreen broad-leaved forests, mixed deciduous broad-leaved and
evergreen broad-leaved forests, temperate coniferous forests, shrubland grassland, and
meadows [20]. Different vegetation landscapes showed different seasonal characteristics
with the change in season, and landscape groups showed different morphological charac-
teristics with the change in altitude. The CI and SI were used to evaluate and identify the
aesthetic characteristics of the large-scale natural landscape in the mountains.

(1) Characteristics of landscape color

Color beauty is one of the important characteristics of landscape aesthetics [21]. Land-
scapes with rich colors stand out easier from space and are more highly recognized. Thus,
we divided it into five grades from high to low, and the values were assigned as 5, 4, 3, 2,
and 1. The higher the value is, the more beautiful the landscape. The color beauty index
(CI) is quantified as in Formula (3):

CI=Y""Si/SxCB; (3)

where 7 refers to the number of landscape types in the evaluation unit, S refers to the unit’s
total area, S; refers to the area of landscape type 7 in the unit, and CB; refers to the color
beauty value corresponding to landscape type i.

The study area of this paper, the Hengduan Mountains, has diverse marine glaciers,
where glaciers blend with forests to form magnificent landscapes. In spring and summer,
the alpine flowers (such as rhododendrons, which belong to shrubs) compete in beauty;
in autumn, the primary forests are colorful, creating rich and multi-layered landscapes.
Meanwhile, forest landscape elements present different colors and diverse scenes with
seasonal changes in the year. Therefore, the color beauty value of snow mountains, glaciers,
deciduous broad-leaved mixed forests, coniferous broad-leaved mixed forests, and shrubs
was assigned the highest value. Furthermore, this paper mainly evaluated the aesthetic
quality of natural landscapes and emphasized the original, so the artificial landscape
value was assigned the lowest value. It should be noted that closed forest refers to tree
canopy > 70%, while open forest refers to top layer-trees 15-70% and second layer-mixed
shrubs and grassland; since closed forest (unknown) and open forest (unknown) refer to
forests that do not match the other definitions, their value is relatively low. We classified
landscape types into five levels based on their aesthetic and color change during one season
and multiple seasons of the year. Table 1 shows the levels.

(2) Characteristics of landscape shape

Shape beauty is another essential feature of landscape aesthetics. Different vegetation
landscapes are interlaced. The stronger the sense of hierarchy and the richer the combi-
nation, the higher is the aesthetic value [22]. For this reason, this paper selected spatial
patterns of the combination of vegetation-interlaced zones to reflect the beauty of the
landscape shape. The non-vegetation landscapes (such as cropland, urban/built up, snow
and ice, and permanent water bodies) were merged into one type, while the vegetation
landscapes (such as forests, shrubs, herbaceous vegetation, herbaceous wetland, moss and
lichen, and bare/sparse vegetation) were separated. The shape beauty index (SI) assesses
the number of landscape types in each evaluation unit.
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Table 1. Color beauty value of landscape types.
Landscape Type CB;
Snow and ice; Permanent water bodies; Closed forest, deciduous broad leaf; Closed 5

forest, mixed; Open forest, deciduous broad leaf; Open forest, mixed
Shrubs 4
Closed forest, evergreen needle leaf; Closed forest, evergreen broad leaf; Open forest,

evergreen needle leaf; Open forest, evergreen broad leaf 3
Herbaceous vegetation; Herbaceous wetland; Moss and lichen; Closed forest, unknown; 5
Open forest, unknown

Cultivated and managed vegetation/agriculture (cropland); Urban/built up; 1

Bare/ sparse vegetation

2.4.3. Maintenance State of LAQ

The components of the natural landscapes embody the aesthetic value to varying
degrees. The higher the value of landscape aesthetics, the higher is the protection value of
the natural landscapes. The LAQ can be fully displayed only when the essence of natural
beauty is preserved completely, and the interference of human activities is slight. This
paper characterized the degree of “maintenance state” of natural landscape aesthetics by
quantifying the authenticity and integrity.

(1) Authenticity of landscape elements

For natural landscapes, authenticity represented that the degree of human interference
was strictly controlled, and the natural scenery was close to its original state [23]. In the
Hengduan Mountains, Closed forests are denser and older than Open forests, with fewer
traces of human interference. Shrubs (such as rhododendrons) show the purity of nature.
Herbaceous vegetation forms a wild and lush landscape. Snow and ice show the purity
and magnificence of nature. Herbaceous wetland maintains the structure and function of
natural wetland ecosystems. Moss and lichens show the tranquility and beauty of nature.
Permanent water bodies maintain the cleanliness of nature. Bare/sparse vegetation presents
the wilderness landscape of nature. Cultivated and managed vegetation/agriculture
(cropland) and Urban /built up are the areas with the highest degree of human development
and the lowest authenticity. The landscape types were divided into seven grades according
to the degree of interference by human activities, which were assigned as 7, 6, 5, 4, 3, 2, and
1, respectively. The higher the values are, the less the landscapes were disturbed and the
closer to the original state. Landscape classification and the authenticity value (referred to
by Kerebel et al. (2019), Walz et al. (2014), Sowifska-fwierkosz (2016), and Chang Chien
et al. (2020)) [9,24-26] are shown in Table 2. The authenticity index (Al) is quantified as
Formula (4):

AT =Y""S;/S x AV, ()

where 7 refers to the number of landscape types in the evaluation unit, S refers to the
unit’s total area, S; refers to the area of landscape type i in the unit, and AV; refers to the
authenticity value corresponding to landscape type i.

Table 2. Authenticity value of landscape types.

Landscape Type AV,

Closed forest, evergreen needle leaf; Closed forest, evergreen broad leaf; Closed forest,
deciduous broad leaf; Closed forest, mixed; Closed forest, unknown

Open forest, evergreen needle leaf; Open forest, evergreen broad leaf; Open forest,
deciduous broad leaf; Open forest, mixed; Open forest, unknown

Shrubs; Herbaceous vegetation; Snow and ice; Herbaceous wetland; Moss and lichen
Permanent water bodies

Bare/sparse vegetation

Cultivated and managed vegetation/agriculture (cropland)

Urban/built up

N

=N Wk o1
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(2) Integrity of landscape pattern

The aggregate distributions of large-area natural landscape patches are an important
characteristic of the integrity of landscape patterns [27]. This paper focused on considering
the spatial coherence and continuity of natural landscapes. For this reason, this paper
selected CONT to evaluate the integrity of landscape patterns in the Hengduan Mountains,
which reflected the aggregation degree of the same patch types. Since the aim was to
evaluate the aesthetic quality of the natural landscapes, we merged two artificial landscapes,
cultivated and managed vegetation/agriculture (cropland) and urban/build up, into a
separate type (others). The rest were single natural landscape types. The patch cohesion
index (CONT) is quantified as Formula (5):

m n Piyln(P;
CONT = |1+ Y1 Y| 2]1:11((711;) (100) (5)

where m refers to the total number of patch types in the evaluation unit, and P;; refers to
the probability that two adjacent grid cells randomly selected belong to types i and j.

3. Results and Analysis
3.1. Attributes of LAQ

Figure 5a reveals the spatial pattern of geomorphic diversity characteristics in the
Hengduan Mountains by evaluating the RDLS. The values of the RDLS range between
0.24 and 24.22, divided into five grades by the Jenks, and the break values are 2.97,
4.0, 4.95, and 5.98, respectively. Firstly, the study area’s RDLS (values) range between
5.98 and 24.22 (Very high) for about 9493.27 km? (2.16%) and range between 4.95 and
5.98 (High) for about 36,495.33 km? (8.31%). The areas (RDLS > 4.95) distributed along the
Bershulla—Gaoligong Mountains, Nujiang Valley, Lancangjiang Valley, Jinshajiang Gorge,
Yalong River Valley, Mount Daxue, the Dadu River Valley, the Qionglai Mountains, and
Minjiang Valley in a north-south direction, where there are highly undulating alpine-valley
landforms, world-rare deep valley landscapes, and alpine snow peak landscapes. The rich
and varied landscape types are the reason for its relatively high LAQ. Secondly, the areas
that range between 4.0 and 4.95 (Average, about 20.39%) are where plateau valleys are
developing, cut shallowly, and multistage terraces are forming. Finally, low-value areas
(RDLS < 4.0, about 69.13%) have high and medium mountain landforms with forming
planation surfaces at the mountains’ top or have hilly plateau surfaces, broad valleys, and
basins. The relatively gentle terrains are the reason why the RDLS is relatively low.
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Figure 5. Evaluation results of landscape natural attributes, (a) diversity of geomorphic landscape,
(b) diversity of ecological landscape, (c) natural attributes of LAQ.

Figure 5b reveals the diverse characteristics of the ecological landscape patterns
and landscape types of the Hengduan Mountains by evaluating SHDI. The values range
between 0.0026 and 1.76. Overall, showing a high trend in the southeast and a low trend
in the northwest, we divided them into five grades by the Jenks, with the break values of
0.37,0.75, 1.08, and 1.33, respectively. Firstly, the study area’s SHDI (values) range between
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1.33 and 1.76 (Very high) for about 115,957.61 km? (26.74%) and range between 1.08 and
1.33 (High) for about 122,583.64 km? (28.26%). The high-value areas (SHDI > 1.08) are
distributed in the southern part of Bershulla, the Gaoligong Mountains, the southern part
of Nujiang Valley, the southern part of Tenasserim Chain, Nushan, the southern part of
Lancangjiang Valley, Yunling, the southern part of Jinshajiang Gorge, the middle-south part
of Yalong River Valley, the Dadu River Valley, the Qionglai Mountains, Minjiang Valley,
and the Minshan Mountains. There are concentrated distribution areas of forest landscapes
such as evergreen needle leaf, evergreen broad leaf, deciduous broad leaf, mixed forest,
or the transition zones between forest and meadow landscapes. The altitudinal belts of
the natural landscapes are significant, with rich vegetation types and diverse landscape
combinations, where the aesthetic value of the ecological landscapes is relatively high.
While the low-value areas (SHDI < 0.75, about 27.87%) are consistent with the locations of
herbaceous vegetation, where alpine meadows are spreading connectedly, the ecological
landscape type is relatively singular.

Evaluating the attributes of the LAQ is based on the spatial overlay of the geomorphic
and ecological landscape diversity (Figure 5c). After normalization, adopting the Jenks
divided them into five grades, with break values of 0.15, 0.30, 0.42, and 0.51, respectively.
The study area’s natural attributes (values) range between 0.51 and 1 (Very high) for about
114,411.22 km? (26.45%). They are mainly distributed in the Gaoligong Mountains, the
southern part of Nujiang Valley, Nushan, the middle-south part of Lancangjiang Valley, the
middle part of Jinshajiang Gorge, the southern part of Yalong River Valley, the Dadu River
Valley, the Qionglai Mountains, and Minjiang Valley, which have interlaced mountains and
rivers, towering snow peaks, deep valleys, rich forest hierarchies, and diverse vegetation
types. In general, the LAQ is relatively high.

3.2. Characteristics of LAQ

The CI (values) range between 1.53 and 4.22, divided into five grades by the Jenks,
with the break values being 2.12, 2.37, 2.61, and 3.12, respectively. Firstly, Figure 6a displays
that only about 1206.57 km? (0.28%) of the study area has CI (values) that range between
3.12 and 4.22 (Very high), distributed in the mountain ice/snow regions in the west Heng-
duan Mountains. Secondly, the study area’s CI (values) range between 2.61 and 3.12 (High)
in about 92,111.53 km? (21.24%). These areas are distributed in the Gaoligong Mountains,
the southern part of Nujiang Valley, Nushan, the southern part of Lancangjiang Valley,
Yunling, the middle-south part of Jinshajiang Gorge, the southern part of Yalong River
Valley, the Dadu River Valley, Minjiang Valley, and the Minshan Mountains. There are
towering snow peaks and glaciers, deciduous broad-leaved mixed forests, and conifer-
ous broad-leaved mixed forests, which produce red maple forests, golden birch forests,
verdurous spruce forests, and abundant alpine wildflowers. With seasonal changes, the
diverse mixed forests form different color patterns. The higher the richness is of colored
leaf species, the more fragmented and evenly distributed the color patches, and the higher
the LAQ.

Figure 6b shows the spatial patterns of the vegetation interlaced zone’s combination
to reflect the beauty of the landscape shape. The SI (values) range between 1.49 and
12.47, divided into five grades by the Jenks, with break values of 4.63, 6.61, 8.33, and
9.71, respectively. The study area’s SI (values) range between 9.71 and 12.47 (Very high)
for about 104,310.64 km? (24.05%) and range between 8.33 and 9.71 (High) for about
110,138.28 km? (25.40%). These high-value areas account for approximately 50% of the
study area. They are mainly distributed in the Gaoligong Mountains, the southern part
of Nujiang Valley, Nushan, the southern part of Lancangjiang Valley, Yunling, the middle-
south part of Jinshajiang Gorge, middle-south part of Yalong River Valley, the southern
part of Mount Daxue, the Dadu River Valley, the Qionglai Mountains, Minjiang Valley,
and the Minshan Mountains, where evergreen needle leaves, evergreen broad leaves,
deciduous broad leaves, and mixed forests exist [28]. The interlaced distributions of rich
forest landscapes, or forests and meadows, form different patch shape combinations in



Land 2024, 13, 1278

vertical and horizontal compositions. Here, the more complex the landscape interlaced
zones and patch shapes are, the higher the spatial heterogeneities and the higher the LAQ.
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Figure 6.

Evaluation results of landscape external characteristics, (a) beauty of landscape color,

(b) beauty of landscape shape, (c) external characteristics of LAQ.




Land 2024, 13,1278

13 of 20

Evaluating the value characteristics is performed in the light of the spatial overlay
of the color and shape beauty (Figure 6¢). After normalization, adopting the Jenks di-
vided them into five grades, with the break values of 0.25, 0.43, 0.60, and 0.76, respectively.
Here, the external characteristics (values) range between 0.76 and 1 (Very high) for about
117,366.49 km? (27.06%). These high-value areas are distributed in the Gaoligong Moun-
tains, the southern part of Nujiang Valley, Nushan, the southern part of Lancangjiang Valley,
Yunling, the southern part of Jinshajiang Gorge, the southern part of Mount Shaluli, the
southern part of Yalong River Valley, the Dadu River Valley, the southern part of Minjiang
Valley, and the Minshan Mountains. The rich forests cause the value to be relatively high,
regardless of whether there are seasonal color variations or vegetation interlaced zones
with visual hierarchies. However, in the high-altitude areas in the central-northern and
west Hengduan Mountains, the landscape is relatively singular in terms of shapes, colors,
dynamics, and seasonal aspects.

3.3. Maintenance of LAQ

The Al (values) range between 3.29 and 6.85. The paper divided them into five
grades by the Jenks, with break values of 4.71, 5.23, 5.69, and 6.18, respectively (Figure 7a).
There, the study area’s Al (values) range between 6.18 and 6.85 (Very high) for about
87,545.96 km? (20.19%) and range between 5.69 and 6.18 (High) for about 87,283.58 km?
(20.13%). These high-value areas (Al > 5.69) are distributed in the southern and eastern
Hengduan Mountains, including the Gaoligong Mountains, the southern part of Nujiang
Valley, Nushan, the southern part of Lancangjiang Valley, Yunling, the middle-south part
of Jinshajiang Gorge, the southern part of Yalong River Valley, the Dadu River Valley,
Minjiang Valley, and Minshan Mountains. The north-south valleys of the Hengduan
Mountains are important water vapor channels. The warm moist airflows of the Indian
Ocean provide abundant rainwater, which breeds dense primary forests in the eastern and
southern Hengduan Mountains, and the authenticity of the nature-ecology landscapes is
maintained well.

The CONT (values) range between 84.92 and 99.98, divided into five grades by the
Jenks, and the break values are 91.47, 94.48, 96.08, and 97.85, respectively (Figure 7b).
There, the study area’s CONT (values) range between 97.85 and 99.98 (Very high) for
about 117,790.23 km? (27.16%) and range between 96.08 and 97.85 (High) for about
100,335.90 km? (23.13%). The high-value areas are distributed in the northwest Heng-
duan Mountains, including Bershulla, Tenasserim Chain, Mount Mangkang, the hilly
plateau in northwest Sichuan, the middle-north part of Mount Shaluli, the northern part of
Mount Daxue, and the Songpan plateau. The hills and mountain plains are rolling, and the
landscape patches of herbaceous vegetation show a continuous distribution, presenting the
vast beauty of the QTP.

Evaluating the maintenance state is performed in light of the spatial overlay of the
authenticity and integrity (Figure 7c). After normalization, adopting the Jenks divided
them into five grades, with break values of 0.44, 0.59, 0.67, and 0.76, respectively. Firstly,
the study area’s maintenance state (values) range between 0.76 and 1 (Very high) for about
71,962.58 km? (16.59%). They are distributed in the east and south Hengduan Mountains,
including the Gaoligong Mountains, the southern part of Nujiang Valley, Nushan, the
southern part of Lancangjiang Valley, Yunling, the southern part of Yalong River Valley,
the Dadu River Valley, the southern part of the Qionglai Mountains, and the Minshan
Mountains. There are thick primary forests, where alpine ecosystems and ecological
landscapes are well preserved. Secondly, the study area’s maintenance state (values) ranges
between 0.67 and 0.76 (High) for about 165,005.61 km? (38.05%). These areas are distributed
in the plateau in northwest Sichuan, where the alpine meadow ecosystems and ecological
landscapes are relatively well preserved. It should be noted that the authenticity and
integrity of the natural landscapes are opposite in the landscape aspects, and the Hengduan
Mountains retained relatively integral and original natural ecosystems in general.
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Figure 7. Evaluation results of landscape maintenance state, (a) authenticity of landscape elements,
(b) integrity of landscape pattern, (c) maintenance state of LAQ.



Land 2024, 13, 1278 15 of 20

3.4. Comprehensive Evaluation of LAQ

The LAQ of the Hengduan Mountains is the comprehensive spatial overlays from
the attributes, characteristics, and maintenance of landscape aesthetics (Figure 8). After
normalization, adopting the Jenks divided them into five grades, with break values of
0.29, 0.44, 0.58, and 0.71, respectively. Here, the study area’s LAQ (values) range between
0.71 and 1 (Very high) for about 114,543.80 km? (26.48%) and range between 0.58 and
0.71 (High) for about 82,904.73 km? (19.16%). The high-value areas are distributed in
the east and south Hengduan Mountains, including the southern part of Nujiang Valley,
the southern part of Lancangjiang Valley, the middle-south part of Jinshajiang Gorge,
the Gaoligong Mountains, Nushan, Yunling, the southern part of Yalong River Valley,
the Dadu River Valley, the Qionglai Mountains, the southern part of Minjiang Valley,
and the Minshan Mountains. Firstly, highly undulating mountain-valley landforms and
complex vertical natural landscape zones exist here. The diversity indexes of geomorphic
and ecological landscapes are relatively high, so the value attributes index is relatively
high. Secondly, since there are rich vegetation types, the landscapes have relatively more
seasonal color variations and apparent interlaced distributions, and the value characteristics
index is relatively high. Thirdly, the thick primary forests remain, so the Al is relatively
high. However, the integrity index is relatively low, with diverse landscape types and
relatively small aggregation. Despite all of that, the comprehensive value maintenance
index overlayed by the two is generally high.

Average
20.61%

B very low (0-0.29)
[ Low (0.29-0.44)
[ | Average (0.44-0.58)
[ High 0.58-0.71)
B Very high (0.71-1)

O  Km

Figure 8. Spatial distribution of LAQ.
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In contrast, the study area’s LAQ (values) are lower than 0.58 for about 89,184.49 km?
(Average, 20.61%), 77,841.53 km? (Low, 17.99%), and 68,145.05 km? (Very low, 15.75%).
These low-value areas are distributed in the middle-north and western Hengduan Moun-
tains, including Bershulla, the Tenasserim Chain, Mount Mangkang, the plateau in north-
west Sichuan, the northern part of Mount Shaluli, the northern part of Mount Daxue,
and the Songpan plateau. The landscape types here are relatively singular, so the LAQ is
relatively low.

4. Discussion
4.1. An Evaluation Framework of LAQ

This study attempted to establish an evaluation framework for the aesthetic quality of
mountain natural landscapes by comprehensively evaluating the natural attributes, exter-
nal characteristics, and maintenance state on a large scale. The LAQ was closely related to
typical geomorphological features and rich ecosystem types. In this paper, evaluating the
aesthetic quality of natural landscapes focused on the aesthetic object’s essential character-
istics and natural attributes. Moreover, we considered the colors, shapes, seasonal aspects,
dynamics, and other aesthetic characteristics of geomorphic and ecological elements and
the landscape structure’s richness, combinations, and differences. The conclusion is that
the high-value areas of landscape aesthetics are mainly distributed in the east and south
Hengduan Mountains. These areas have towering snow peaks, magnificent glaciers, in-
terlaced mountains and rivers, deep valleys, and complex and diverse landforms, which
provide rich and colorful vegetation landscapes [29].

4.2. A Contribution to the Identification of National Parks

National parks are part of the most representative natural ecosystems, unique natural
landscapes, essential natural heritages, and the wealthiest biodiversities in China [30].
China’s Natural Protected Areas System emphasizes the inclusion of “the most beautiful
land” into national parks, where natural essence landscapes should exist with national
and even global significance [31]. In this paper, the evaluated methodology of the aes-
thetic quality of natural landscapes can provide a meaningful reference for identifying
national parks. From 2020 to 2023, we used unmanned aerial vehicles and cameras to
take pictures and record the longitude and latitude from June to November for four con-
secutive years and validated them with the results of this study. Moreover, we found
that the high-value areas correspond to China’s Giant Panda National Park spatially [32],
confirming the methodology’s validity. In addition, we suggest that other protected ar-
eas of Jiuzhaigou [33], Huanglong [32], Gongga Mountain [34], Daocheng Yading [35],
Pudatsuo in Shangri-La [36], Baima Snow Mountain [37], Yulong Snow Mountain, and
the Gaoligong Mountains [38] should be considered as potential areas for National Parks
(Figure 9). National Parks are excellent places to develop natural education, widespread
science propaganda, and ecological experience. Interpreting and disseminating the scien-
tific connotation of the aesthetic quality of natural landscapes in the Hengduan Mountains
will strengthen the public’s awareness of ecological conservation and effectively promote
the harmonious coexistence of humans and nature.
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Figure 9. Construction of potential areas of national parks.

4.3. Limitations and Future Research

We want to explain that this paper evaluated and identified the aesthetic quality
of natural landscapes in large-scale spaces. On the one hand, the input layers only con-
tained land cover and DEM maps; the ranking of landscape types was based on expert
evaluation and scientific visits, considering the audience’s perception and conducting
questionnaires in later research; the fewer input layers led to the spatial correlation between
indicators (both positive and negative). On the other hand, the grid of cropped images was
10 km x 10 km; the interpolation method of landscape indexes was Kriging; the overlayed
results used the equal weight method.

However, the evaluated methodology of the LAQ can serve as a comprehensive refer-
ence for identifying spaces for future national parks’ essence landscapes in the Hengduan
Mountains. Moreover, on this basis, we will carry out a more high-accuracy identification
of LAQ spaces for an individual national park at medium-small scales in the next step (the
gridis 1 km x 1 km).

The second explanation is that this paper mainly evaluated the aesthetic quality of
natural landscapes, emphasizing originality and naturalness. Next, we can conduct evalua-
tion research on the aesthetic quality of ecological villages and rural scenery. Meanwhile,
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the evaluation was concerned with the landscape pattern for the year 2019. In the future,
we will explore the dynamic development and causal mechanism of landscape aesthetics
in a long-term time series.

5. Conclusions

This paper mapped the relationship between natural landscape beauty’s physical
characteristics and service functions. Considering the LAQ’s natural attributes, external
characteristics, and maintenance state, a methodology for evaluating the aesthetic quality
of large-scale natural landscapes was built. Firstly, landscape diversity formed by geo-
morphic diversity and ecological diversity is a natural property of the large-scale LAQ.
The high LAQ area of the Hengduan Mountains is characterized by highly undulating
alpine canyon landforms, prominent vertical bands of natural landscapes, rich vegetation
types, and diverse landscape combinations. The rich and diverse landscape types are the
reason for its high LAQ. Secondly, color and shape are the external aesthetic characteris-
tics of large-scale natural landscapes. The high LAQ area of the Hengduan Mountains is
rich in colorful leaf species, and the forest and meadow are staggered, forming different
patch-like combinations. Different vegetation landscapes showed different seasonal charac-
teristics with the change in season, and landscape groups showed different morphological
characteristics with the change in altitude. Thirdly, the authenticity of natural elements
and the integrity of landscape patterns reflected the maintenance state of the aesthetic
quality of natural landscapes. Finally, the key areas of the natural essence landscapes of
the Hengduan Mountains were identified by spatially overlaying the above three aspects.
They are mainly distributed in the east and south Hengduan Mountains, including the
southern part of Nujiang Valley, the southern part of Lancangjiang Valley, the middle-south
part of Jinshajiang Gorge, Gaoligong Mountains, Nushan, Yunling, the southern part of
Yalong River Valley, Dadu River Valley, Qionglai Mountains, the southern part of Minjiang
Valley, and Minshan Mountains. Here, the vegetation landscapes are diverse, and the
forest landscape hierarchies are rich, forming vertical differentiation, horizontal change,
and colorful natural ecological landscapes, which are highly ornamental. The grading
evaluation of the LAQ can provide decision support for classified protection and rational
utilization of landscape resources. This paper proposed that the scientific connotation of the
aesthetic quality of mountain natural landscapes should be interpreted and spread through
nature education and the popularization of science and ecological experience to establish
the public’s awareness of ecological protection and promote the harmonious coexistence of
man and nature.
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