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Abstract: The most visited provincially administered park in Hanzhong City, the South Lake Scenic
Area, is degrading the Masson Pine forest communities. Determining and repairing the landscape
degradation and impacts on recreational value due to the degraded community structure is essential
for restoring the environment of the southern Qinling Mountains. By evaluating the degree, trend,
and pattern (DTP) of impacts, we identified the degradation status of the plant community in the
South Lake Scenic Area in the past 20 years. We show that the scenic area has experienced an increase
in the degradation of vegetation cover in the last 20 years. The area of degraded vegetation cover is
significantly larger than the area of improvement, and the overall area is changing, with fewer stable
areas. The area of reduced forest cover in the South Lake Scenic Area from 2000–2010 and 2010–2020
has been expanding, and the area of forest land transferred to nonforest land from 2010–2020 has been
accelerating compared with 2000–2010; the landscape pattern index has decreased year over year,
fragmentation has become serious, landscape connectivity is declining, woodland patches are subject
to human disturbance, and patch shapes are simplifying. Based on theories of natural succession and
moderate disturbance, the Miyawaki method and interlogging are used to promote plant community
renewal and biodiversity restoration. This is intended to shorten the natural succession process in the
scenic area and to rapidly restore the ecological foundation of the scenic area. Recovery will meet the
aesthetic and ecological values of the South Lake Scenic Area.

Keywords: scenic spots; forest degradation; ecological restoration; Miyawaki method

1. Introduction

Forest degradation is one of the most pressing and widespread environmental prob-
lems worldwide [1]. In recent decades, global issues related to socioeconomic development
and intense exploitation of forest resources have directly or indirectly led to their degrada-
tion [2], leading to sustained loss of forest biodiversity [3]. The global net loss of forests is
3.39 million hm2 per year, most of which is in developing countries [4].

China’s forest cover is among the top ten countries in the world but has extensive
forest ecosystem degradation, with complex and diverse consequences [5]. Anthropogenic
pressures result in forest loss, fragmentation and degradation [6] and have led to substantial
declines in biodiversity and increased landscape homogenization [7–9]. These negative
trends are expected to continue (e.g., [8]). Forest restoration is an important way to slow
(reduce) forest degradation and is relevant to human wellbeing [10]. By strengthening the
ecological restoration of degraded forests globally, it is possible to turn the “Sustainable
Development Goals by 2030” proposed by the Food and Agriculture Organization of the
United Nations (FAO) in 2020 into reality [11]. Therefore, it is crucial to construct a scientific
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degradation assessment system and develop an ecological restoration plan consistent with
forest natural succession.

Research teams and international organizations have used different indicators and
criteria to evaluate degraded forest ecosystems over the years. This is largely due to
different forest management objectives, and although there are differences in how the
concept of degradation is understood, the principle is the same among indices, to measure
the average decrease in forest productivity and ecosystem services [12].

Several studies have been carried out in China and abroad to evaluate degraded
forests. Forests are complex ecosystems, and because of the practicality and operability of
forest degradation assessment, many have used field surveys and remote sensing monitor-
ing. For example, Duarte proposed a method to monitor degradation using Landsat time
series and measure degradation emissions in pine forest areas in the Dominican Republic.
They confirmed the effectiveness of remote sensing monitoring of forest degradation [13].
Bahamonde et al. proposed a quantitative method that quantitatively assesses forest degra-
dation impacts on productivity using a production forest in Chile as an example. Their
results showed that forest productivity measured by stand growth can be used to establish
a threshold value to inform management responses [14]. Thompson assessed forest produc-
tivity by assessing biodiversity, abnormal disturbance, conservation function, and carbon
storage as criteria, obtaining indicators through remote sensing to determine the type and
extent of forest degradation [15]. Sasaki began by stopping the causes of degradation and
allowing the forest to regenerate itself. They accelerated the regeneration and growth of
trees by actively managing the natural regeneration of degraded areas, demonstrating that
alternative forest restoration is more beneficial than traditional planting [16].

Indeed, considerable work has been carried out to study degraded forest restoration.
Mariscal applied traditional ecological knowledge to provide insights into ecosystem–plant–
animal interactions. They identified native plants useful to both humans and wildlife for
forest restoration projects, reconnecting isolated forest patches [17]. Within China, Wang
assessed and analyzed forest ecosystems in the Greater Bay Area to identify landscape
patterns, ecosystem services, and pest and disease risks. They found areas of significant eco-
logical degradation and suggested ecological restoration countermeasures [18]. Throughout
the research on forest degradation assessment and restoration in China and abroad, it is
evident that the assessment and restoration of forest degradation in this special landscape
attribute of scenic areas has not received sufficient attention. How to conduct targeted
work on plant community optimization in scenic areas requires a clear understanding of
forest degradation. We suggest that restoration with native plants and application of the
Miyawaki method has important theoretical and practical significance when used with
functional zoning of scenic areas.

In this study, the degradation of the Masson Pine community in the Nanhu Scenic
Area of Hanzhong City was evaluated, applying the three-dimensional DTP (degree,
trend, pattern) degradation assessment system. Nanhu Scenic Area is bounded by Qinling
Mountains to the north and Ba Mountain to the south, promoting the natural landscape
form of “two mountains and one lake” to create a meaningful ecological and humanistic
landscape. Currently, however, the vegetation in the scenic area is seriously degraded,
and the work to protect and restore the ecology of this area is facing challenges. The
objectives of this study were to: (1) confirm the degradation status of plant communities
in the Nanhu Scenic Area using three-dimensional evaluation of fly-seeding afforestation
to rapidly restore a barren mountain; (2) using the current distribution of Masson pine
forest in the Nanhu Scenic and Historic Interest Area, promote the regeneration of forest
plant communities and biodiversity to quickly restore the ecology and aesthetic character
of the Nanhu Scenic and Historic Interest Area. The study is based on “the vegetation
planning section of the South Lake Scenic Area Master Plan (2019–2035)” that we wrote
in 2021. The planning is currently in the process of implementation. We planned the
vegetation restoration in this area according to the literature data, and in 2021, we carried
out the real vegetation restoration in the Nanhu Scenic Area. The results of this study will
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have theoretical and practical significance for the identification of degradation in plant
communities and landscape restoration.

2. Materials and Methods
2.1. Study Site

The Hanzhong Nanhu Scenic Area is located northwest of Qingshu Town, Nanzheng
District, Hanzhong City, Shaanxi Province (Figure 1). It lies north of the Qinling Mountains
and south of Ba Mountain, it is part of the low hills of the Great Ba Mountain. Its altitude,
except for the main peak of the Great Han Mountain, which exceeds 1400 m, lies between
600~1000 m, with a relative height of 100~500 m. The climate of Nanzheng belongs to
the northern subtropical humid monsoon zone, with vertical differences in temperature
and precipitation significant due to the influence of topography. The northern subtropical
humid climate zone of the Pingchuan Hills includes areas below 800 m above sea level,
with an extreme minimum temperature of −10–6 ◦C and extreme maximum temperature
of 36–37 ◦C. Annual precipitation is 900–1100 mm. The mountainous warm-temperate,
normally humid climate zone, includes shallow mountain areas of 800–1400 m. The average
annual temperature is 9.7–13.3 ◦C, with extreme minimum temperatures of −15–11 ◦C and
precipitation of 1300–1500 mm. The soil of the Nanzheng District is 82.4% yellow-brown
loam and 15.7% rice soil, with brown loam, silt loam, and tidal loam accounting for 1.04%,
0.5%, and 0.3%, respectively. In the 1980s and 1990s, the city of Hanzhong conducted
afforestation by aerial seeding to rapidly restore its barren hills. At that time, a large
number of horsetail pine forests remained in the scenic area, due to the establishment of
the scenic area; only the Qingchi Mountain area is relatively intact, while nearby areas are
patchy. The South Lake Scenic Area is located in the shallow hilly area at the edge of the
northern foothills of Bashan Mountain, which has undergone a period of aerial-seeded
afforestation. The scenic area continues to protect regional ecological biodiversity [19].
A large amount of arable land and area under villages remains in the scenic area, and
it is interspersed with human footprints (fields, buildings) that are inconsistent with its
protective intent.
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2.2. Data Sources

In this study, we had to consider the influence of weather conditions such as clouds,
dust, and seasonal disparity of vegetation growth in Hanzhong City. Landsat (5/7/8)
series satellite image data (resolution: 30 m) with 0%–10% cloudiness and good impact
quality without anomalies were selected to represent three growth periods (30 July 2000,
23 May 2010, and 3 June 2020). The 30 m DEM ground cover data, the administrative
boundary map of the South Lake Scenic Area, and other remote sensing and vector data
were obtained from the Geospatial Data Cloud (www.gscloud.cn accessed on 30 September
2021) of the Network Information Center of the Chinese Academy of Sciences. The Glo-
beLand 30 dataset (which includes ten main land cover types, among which the Nanhu
scenic area occurs with cultivated, forest, grassland, and water cover) and Forest Manage-
ment Inventory data (land type area, forest area, forest phase map, forest distribution map,
and other data) were obtained from Shaanxi Forestry Survey and Planning Institute, and
the rest of the information were obtained from field survey data (in order to ensure the
accuracy of the data, we conducted a field study in the South Lake Scenic Area in order to
understand the current status of the landscape. The authors investigated the basic data of
dominant species, age group, canopy coverage, and diameter at breast height in 2020 and
2021, respectively, as well as the published literature.

2.3. Data Analyses
2.3.1. Construction of Degradation Assessment System DTP

Forest degradation is manifested by a reduction in forest area and loss of structure,
quality, and function [12]. This definition of degradation, combined with the development
needs of the South Lake scenic area and data acquisition of South Lake, guided our pursuit
of five principles of the evaluation system (wholeness, indicator generality, indicator
dynamism, combinations of qualitative and quantitative indicators, hierarchy of evaluation
indicator system) [15,20,21], and a combination of remote sensing interpretation with in
situ surveys to construct a three-dimensional DTP (degree, trend, and pattern) (Table 1).

Table 1. List of research methods for DTP degradation assessment system.

Research
Dimension Concept Definition Research

Methodology Meaning

Degradation
degree

Stand- or landscape-level
degradation degree in the

distribution of number,
density, or size classes in the

forest over time.

FVC
calculation.

The range of FVC assignment is [0, 1], and the larger
the assignment, the higher the FVC class.

Image map difference
comparison.

The amount of vegetation cover change (∆FVCg),
with the difference range at [−1, 1], was divided into
improvement zone (+), degradation zone (−), and

no change (0).

Degradation
trend

Changes in the trend of forest
degradation due to the

influence of human activities
that cause significant forest

disturbance.

Land cover change

From the values of forest land remote sensing
images’ digital number (DN) change in three time
periods, we can determine the increase, decrease,

and change in forest area, and thus infer the trend of
forest land change.

Land cover transfer
matrix

Land use intertransfer on a continuous period scale
as an indication of degradation trends in the

conversion of forest to nonforest land.

www.gscloud.cn
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Table 1. Cont.

Research
Dimension Concept Definition Research

Methodology Meaning

Degradation
Pattern

A specified amount of
information expressing

landscape patterns, reflecting
landscape structural

characteristics and spatial
distribution.

Landscape
Index

The patch density (PD) and contagion index
(CONTAG) indicate landscape connectivity.
Interspersion and juxtaposition index (IJI),

landscape division index (DIVISION), and splitting
index (SPLIT) indicate the degree of fragmentation.

Shannon evenness index (SHEI) and Shannon
diversity index (SHDI) indicates diversity.

Effective mesh size (MESH) and landscape shape
index (LSI) indicate the degree of disturbance.

Patch cohesion index (COHESION) and aggregation
index (AI) indicate landscape dominance.

The degree of productivity in degraded forests is difficult to assess in the context of
ecological management. However, increasing human-caused degradation can be identified
at the stand or landscape level by the sequential decrease in the distribution of number,
density, or size classes in the forest over time or departure from a defined point [22].
Fraction of vegetation coverage (FVC) refers to the percentage of the vertical projection area
of vegetation (stems, branches, and leaves) on the ground to the total area of the statistical
area, which can directly reflect the vegetation coverage in a certain area [23]. Spatial and
temporal differences of FVC can reflect the degree of restoration or degradation of regional
ecosystems [24]. FVC inversion using a pixel dichotomy model based on NDVI data is a
common inversion method [25].

Trends in degraded forests are caused by both natural and human factors, but are
dominated by anthropogenic pressure [12]. The study of land cover change under intense
human disturbance in the South Lake Scenic Area landscape is useful to identify changes
in forest degradation trends. Spatial and temporal trends can be assessed visually using
land cover change maps.

The study of forest landscape patterns is useful to identify the function and struc-
ture of regional forest ecosystems and their interactions. This is significant to guide the
conservation of forest resources and ecosystem services [26].

2.3.2. Degradation Degree

1. FVC (Fraction of vegetation coverage) calculation

The NDVI (normalized difference vegetation index) was calculated after preprocessing
the Landsat remote sensing data with ENVI5.3 for radiometric calibration and atmospheric
correction. The calculation formula is:

NDVI =
NIR − R
NIR + R

where NIR is the NIR band value of Landsat 5, 7, and 8 remote sensing images (Band 4
for Landsat 5/7 and Band 5 for Landsat 8); R is the IR band value of Landsat 5, 7, and 8
remote sensing images (Band 3 for Landsat 5/7 and Band 4 for Landsat 8) [27]. The NDVI
algorithm takes advantage of the fact that green vegetation reflects less visible light and
more NIR, while sparse or less green vegetation reflects a greater portion of the visible and
less near-IR [28].

The pixel with FVC contains the fraction of spectral data of vegetation. The linear
relationship between NDVI and FVC was used to model the extraction of regional FVC
by creating a transformation relationship. The expression of the pixel dichotomy model
(PDM) is:

FVC =
(NDVI − NDVISoil)(
NDVIVeg − NDVISoil

)
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where NDVIVeg demonstrates the NDVI of the vegetation and NDVISoil demonstrates soil.
The analysis of theoretical methods of vegetation cover estimation suggests that

NDVISoil and NDVIVeg should be given values of 0 and 1. However, in reality, due to the
interference factors, their values will have small but unknown fluctuations. Based on this,
a cumulative 2% was selected as NDVISoil and 98% as NDVIVeg. To date, there has been no
unified grading threshold standard found for vegetation cover, so we adopted the threshold
value of FVC according to the national Technical Regulations of Land Use Status Survey,
Technical Regulations of Grassland Resources Survey, and the Classification and Grading
Standard of Soil Erosion promulgated by the Ministry of Water Resources combined with
the unique ecological characteristics of vegetation growth in the study area. The threshold
segmentation of the FVC was carried out using FVC threshold partitioning, divided into
four classes from a traditional classification method (Class I [0, 20%], Class II [20%, 30%],
Class III [30%, 60%], and Class IV [60%, 100%]), divided into very low, low, medium, and
high class, respectively [29].

2. Image map difference comparison method

To reveal the spatial variation of vegetation cover in the South Lake Scenic Area over
time, the difference comparison method of image maps was used to calculate the amount
of vegetation cover change (ZFVCg) with the different range in [−1, 1]. The calculation
equation is:

∆FVCg = ∆FVCg−t2 − ∆FVCg−t1

where ∆FVCg_t2 and ∆FVCg_t1 are the raster data of vegetation cover classes corresponding
to two different periods in the study area, and the amount of change is divided into vegeta-
tion cover increase (+), decrease (−), and no change (0), where the increase zone is divided
into the extreme improvement zone (+3), with a threshold range of (0.66 > ∆FVCg > 1); the
moderate improvement zone (+2); and the decrease zone (+1), with a threshold range of
(0 > ∆FVCg > 0.33). With a threshold range of (0.33 > ∆FVCg > 0.66), the mild improvement
zone (+1) has a threshold range of (0 > ∆FVCg > 0.33). The decreasing zone is divided
into the mild degradation zone (−1), with a threshold range of (0 > ∆FVCg > −0.33), the
moderate degradation zone (−2), with a threshold range of (−0.33 > ∆FVCg > −0.66), the
extreme degradation region (−3) with a threshold range of (−0.66 > ∆FVCg > −1).

2.3.3. Degradation Trend

1. Land cover change

The 30 m global land cover data GlobeLand30 dataset contains ten major land cover
types, four of which fall in the South Lake Scenic Area: arable, forest, grass, and water.
Based on the land cover map in 2020, the land cover change map of the South Lake Scenic
Area was obtained by combining Sky Map, BIGEMAP, and field surveys for comparison.

2. Land cover transfer matrix

The land cover transfer matrix can characterize the spatial and temporal change among
cover types in the study area over different periods of time and is a common method for
analyzing landscape change [30].

2.3.4. Degradation Pattern

Landscape pattern analysis refers to analysis of the structural composition charac-
teristics and spatial configuration relationships of the landscape [31–33]. In this study,
based on the ArcGis-processed surface cover of the South Lake Scenic Area, 11 landscape
evaluation indices (Table 1) such as patch density, dispersion, and disaggregation indices
of the overall landscape and each type among periods were analyzed using Fragstats 4.2
landscape pattern analysis software.
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3. Results
3.1. Status of Vegetation Communities in South Lake Scenic Area

All analyses are of data of the Forest Management Inventory in the study area, a
forest dominated by Masson Pine, fir, oak, and other hardwood tree species plus eight
sub-dominant categories (Figure 2, Table 2). The Masson Pine species accounted for 89.41%
of the study area, with an age near or at mature, average diameter at breast height (DBH)
of 14.8 cm, and canopy coverage between 0.55–0.8. Other hardwood species and oak
accounted for 5.88% and 2.9%, being mid-aged, with average DBH of 16cm and 10.9cm,
and canopy coverage of 0.4–0.6, 0.3–0.6, respectively. The remaining four types of dominant
species accounted for only 1.81% of all forests in the study area.
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Total forest species richness decreases significantly with increasing successional age.
Masson Pine in the region was as high as 89.41%, which was related to the species selection
of aerial-seeded afforestation in Hanzhong City. Masson Pine is highly adaptable, endures
drought, tolerates barrenness, and is the main species for aerial-seeded afforestation in
southern China, an effective means of rapid revegetation [34–36]. The whole area is sparsely
forested, and the phenomenon of “It is green from a distance, but it is found to be soil
erosion from a closer look” is remarkable [37]. The community structure is simple—only
Masson’s pine population is distributed in the upper layer, with almost no clear sublayer.
Soil erosion through rainfall runoff increases year over year, which inhibits microbial
activity that can destabilize the already damaged soil ecosystem, increasing the rate of
soil degradation [38]. The horsetail pine forest canopy line phase (single, seasonal) is not
species-rich. Thus, the impact of human activities reduces the natural landscape protection
function. This suggests that it is difficult to form a stable and diverse plant community in
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the short term. New species gradually appear, and at South Lake, “for 4A scenic area, strong
cultural and tourism industry” development goals are inconsistent with restoration goals.
(4A scenic area refers to one of the scenic spot levels according to the quality standards of
tourist attractions of the People’s Republic of China).

Table 2. List of dominant species in South Lake Scenic Area.

Dominant
Species

Latin Scientific
Name Age Group Average DBH

(CM)
Canopy

Coverage Area (ha) Area Ratio (%)

Masson pine Pinus massoniana Near-mature forest,
mature forest 14.8 0.55–0.8 439.87 89.41

Fir Cunninghamia
lanceolata Young forest 6 0.3–0.4 3.56 0.72

Metasequoia Metasequoia
glyptostroboides Middle-aged forest 12.6 0.5 0.13 0.01

Oak —— Middle-aged forest 16 0.4–0.6 14.21 2.90
Other

hardwood tree
species

—— Middle-aged forest 10.9 0.3–0.6 28.92 5.88

Walnuts Carya cathayensis —— —— —— 1.85 0.38
Chestnuts Castaneamollissima Young forest 6 0.2 0.63 0.13

Tea Sageretiacamellifolia —— —— —— 2.8 0.57

3.2. Degradation Degree of Plant Communities in South Lake

The FVC of the South Lake Scenic Area was calculated using ENVI5.3 and Arcgis10.4
for three different periods with the NDVI-based dimidiate pixel model. Combined with its
unique growth characteristics, an image threshold segmentation was carried out to obtain
the spatial pattern distribution of vegetation cover in in three different periods in 2000, 2010,
and 2020 (Figure 3). The overall vegetation in the South Lake Scenic Area in 2000–2020
was dominated by high classes; the medium and low classes were centered on the scenic
tour area and scenic restoration area, with a small scattered distribution, and spread to the
surrounding area over time (Figure 3).
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In order to further reveal the dynamic change degree of FVC in the South Lake Scenic
Area from 2000 to 2020, the DN (digital number) difference value of image elements was
calculated using remote sensing image differencing. A positive DN difference value of
image elements indicated an increase in the FVC area (+), a negative value indicated a
decrease in the FVC area (−), and a zero value indicated a constant FVC area (0).

The area of degraded vegetation cover in the South Lake Scenic Area in the three
periods was significantly larger than in the improved area. The overall area was dynamic,
with little stability. Improved areas were concentrated in the scenic tour area extended in
all directions, while some were found in other functional areas. The degraded areas are
dominated by high vegetation cover, while the improved areas are dominated by medium
and low vegetation cover. The area of reduced vegetation cover is larger than the area of
increased vegetation cover during 2000–2020, among which the area of lightly degraded
area is largest and much larger than that of the lightly improved area (Figure 4). The area of
increased vegetation cover increased during 2010–2020, among which the lightly improved
area is mainly a scenic tour area and scenic restoration area in a large area. The area of
vegetation cover from 2000 to 2020 did not differ from that in 2000 to 2010. The area of
extremely degraded areas and moderately degraded areas in each functional area clearly
increased from 2000 to 2020. Overall, the degradation of vegetation cover in the South Lake
Scenic Area intensified.
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3.3. Degradation Trend of Plant Communities in South Lake

Tracking the land cover over three periods (Figure 5), ArcGIS was used to calculate
changes in cultivated land, forest, grassland, and water bodies in the South Lake Scenic
Area by reclassification and raster calculation (Figure 6). The amount of change among
time periods varied; the area of land cover types is generally unchanged, the scenic tour
area changes the most with the most significant changes the increase in the water reservoir
area in forest area. During two time periods, the decrease is greater than the increase
and the magnitude of the decrease is expanding, which appears to be related to aerial
afforestation methods and subsequent construction. There was a very small increase in
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the special protection area, and each of the remaining functional areas either increased or
decreased; none remained unchanged.
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Figure 6. Map of forest land change from 2000 to 2020. Note: I is a special protection zone, II is a
scenic tour area, III is a scenic restoration area, IV is a scenic coordination area, V is a tourism service
area, and VI is a development control area.

We calculated the area and proportion of various landscape type transformation
among periods based on South Lake land cover data (Tables 3 and 4). Transformation of
forest land to cropland was nearly 1.6% more in 2010 compared to 2000 than from cropland
to forest land. The transformation of forest to water was nearly 6.9% less than the transfer
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of water to forest, but the overall area of forest land was still reduced. The area of cropland
increased and the area of water declined, which is largely related to the anthropogenic
interference in the South Lake Scenic Area. During 2010–2020, the change of forest to
cropland was nearly 0.6% more than the transfer of forest to crop. The change in area
of forest to grassland was 34.1% less than the transformation of grassland to forest. The
transformation of forest to water was 4.9% more than the transfer area of water to forest,
which was highest proportion of all changes. From 2010 to 2020, the change was higher
than the changed area of forest to nonforest from 2000 to 2010 year over year, and the forest
land area was significantly reduced during 2010–2020.

Table 3. Land cover transfer matrix from 2000 to 2010.

2000

2010 Crop Forest Grass Water Total
(ha)Area (ha) Ratio (%) Area (ha) Ratio (%) Area (ha) Ratio (%) Area (ha) Ratio (%)

Crop 565.18 - 23.94 4.0 15.93 2.6 0.81 0.1 605.86
Forest 28.26 5.6 477.84 - - - 1.44 0.3 507.54
Grass 7.47 11 - - 60.48 - 0.09 0.1 68.04
Water 7.83 10.1 5.58 7.2 0.36 0.5 63.99 - 77.76
Total 608.74 507.36 76.77 66.33 1259.2

Table 4. Land cover transfer matrix from 2010 to 2020.

2020

2010 Crop Forest Grass Water Total
(ha)Area (ha) Ratio (%) Area (ha) Ratio (%) Area (ha) Ratio (%) Area (ha) Ratio (%)

Crop 540.34 - 24.21 3.9 15.3 2.4 28.89 4.6 608.74
Forest 20.52 4.5 434.64 - 22.59 4.9 29.61 6.5 507.36
Grass 7.38 9.6 29.97 39 37.26 - 2.16 2.8 76.77
Water 5.76 8.7 1.08 1.6 0.63 0.9 58.86 - 66.33
Total 574 489.9 75.78 119.52 1259.2

3.4. Change in Landscape Pattern Index

The landscape pattern index of the forest was calculated at two scales: class (each
particular patch type) and landscape (mosaic of patches as a complete unit) level (Fragstats
4.2 landscape pattern analysis software), using the landscape type raster of South Lake
Scenic Area for eleven periods (2000–2020) as the base data.

The landscape level of the South Lake Scenic Area demonstrates (Table 5) that it can
be seen that the patch density (PD) in the study area tends to decrease, and the overall
heterogeneity of the landscape is low; the contagion index (CONTAG) tends to increase,
then decrease and then continue to increase, and the patch connectivity of the various land-
scape types in the study area is in a state of flux; the interspersion and juxtaposition index
(IJI) is low and connected to only a few other landscape types; the landscape DIVISION
index as a whole is on the medium-high level and increases year by year, and the degree
of segmentation and fragmentation in patches in scenic spots increases year by year; the
SPLIT index is a trend of first decrease, then increase, and then decrease. During the period
from 2010 to 2014, the separation degree between patches increased and the landscape was
broken into smaller patches; the Shannon diversity index (SHDI) indicates that the land
use is abundant, and the fragmentation degree is at a medium-high level. The Shannon
evenness index (SHEI) is low and the landscape pattern is even.
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Table 5. Landscape-level index.

Year PD
(pcs·hm−2)

CONTAG
(%) IJI (%) DIVISION SPLIT SHDI SHEI

2000 10.45 74.15 34.12 0.79 4.87 0.71 0.36
2002 9.86 74.22 33.01 0.80 4.88 0.71 0.36
2004 9.13 74.91 31.55 0.79 4.82 0.69 0.35
2006 8.80 75.77 30.90 0.79 4.66 0.67 0.34
2008 8.24 76.46 30.39 0.78 4.51 0.65 0.34
2010 7.42 77.01 29.50 0.77 4.40 0.65 0.33
2012 7.30 76.87 29.92 0.77 4.42 0.65 0.33
2014 7.03 76.95 28.44 0.78 4.47 0.65 0.33
2016 6.55 77.57 26.39 0.77 4.42 0.63 0.32
2018 6.14 77.97 25.09 0.77 4.35 0.62 0.32
2020 5.44 78.60 23.45 0.77 4.35 0.61 0.31

At the class level (Figure 7). In the last 20 years, the forest patch density (PD)
monotonously decreased and the effective mesh size (MESH) monotonously increased in
the Nanhu Scenic Area. During the period of 2010–2020, the forest patch was subjected
to human intervention, which made the shape tend to be simple, and the ecological vul-
nerability increased. The overall landscape shape index (LSI) showed a decreasing trend;
the SPLIT index of forest land was at a low level; the aggregation index (AI) and patch
cohesion index (COHESION) did not change much, but remained at a high level. The
results showed that the forest land showed a clustered distribution, and the landscape
division index (DIVISION) of the forest land monotonously decreased. Although it was
lower than the other three categories, it was still at a higher level, indicating that the whole
forest land was scattered and the ecological vulnerability was greater. The interspersion
and juxtaposition index (IJI) decreased year after year, which indicated that forest land
formed the dominant landscape.
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4. Discussion

Through the assessment of forest degradation in the South Lake Scenic Area using
DTP, the degradation of FVC has intensified, with high-class FVC declining over time and
extremely degraded areas increasing. The total woodland area has decreased significantly,
and the degradation trend is clear. The degree of landscape fragmentation is high, and thus
connectivity has declined. The forest degradation degree, trend, and pattern is significant
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in the South Lake Scenic Area. The Masson pine natural succession process is slow, making
it difficult to “fix water and protect the source”.

The essence of landscape conservation is to protect the integrity of the natural envi-
ronment [39], based on the conservation of ecological value as a landscape resource and
the identification and valuation of their landscape components. Restoration ecology is
dedicated to improving and reconstructing degraded natural ecosystems, reusing them
for their functional role, and restoring their biological potential [40]. Currently, most forest
restoration methods are based on the principle of natural succession from pioneer plants
gradually changing late successional communities, a process that usually takes a long time
(Figure 8a). Using a traditional reforestation method, the natural succession process is
accelerated by introducing intermediate species [10] (Figure 8b). The silvicultural method,
created and named after Professor Akira Miyawaki of Yokohama National University in
Japan, is based on the theoretical basis of potential vegetation and succession theory [41]. It
reduces the succession time for covering the bare ground and forming plant communities
in silvicultural spaces to 3/5–4/5 of that of natural communities. The results obtained
by applying the Miyawaki method at about 550 sites in Japan, as well as in Malaysia,
Southeast Asia, Brazil, Chile, and some areas of China, have been promising in severely
degraded areas [42] (Figure 8c). In this study, by combining the Miyawaki silvicultural
method and intermediate cuttings (Figure 9), monitored through a vegetation survey of
the Nanhu Scenic Area and Micang Mountain Nature Reserve, we selected the dominant
tree species, collected seeds and seedlings, and conducted interlogging, land preparation,
and tree planting. The saplings are then left to compete naturally, and through elimination,
eventually form a stable community.

The theory of vegetation ecology suggests that the forest vegetation in an area is the
result of the action of integrated ecological factors such as climate, geomorphology, and
soil. Using the Miyawaki afforestation method, the Micang Mountain Nature Reserve (site
B), selected as our target community, and which is in the same area as South Lake (site A),
has 14 tree species in the Masson pine community, with an importance value of 65.38% for
Masson pine and a more stable stand structure (Table 6). Thirty-two species in the shrub
layer, rich in species, were found to have a tendency to evolve to mixed coniferous and
broad-leaved forests and some self-renewal capacity. The herbaceous layer has 16 species,
a high degree of canopy coverage, a warm and humid climate, and shady understory
species [43,44].
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Table 6. Table of the main characteristics and the target communities of the site survey.

Site A Site B

Locality Nanzheng District, Hanzhong City,
Shaanxi Province

Xixiang County, Hanzhong City, Shaanxi
Province

Coordinates N 32◦97′51′′–32◦94′11′′,
E 106◦89′32′′–107◦91′89′′

N 32◦33′33′′–32◦46′31′′,
E 107◦15′24′′–107◦33′06′′

Altitude 600–1400 1688–1721

Climate Northern subtropical humid climate Northern subtropical semihumid
monsoon climate

Rocks - Carbonate area

Targeting
Community

Herbaceous layer Reed, water artemisia, needlegrass, palm,
fern, konjac, wild eggplant

Phyllanthus, long-stalked mountain locust,
stinkweed, broad-leaved carex, etc.

Shrub layer Shrub willow, Camellia sinensis, Carthamus
tinctorius, Firethorn, Mucuna pruriens

Gooseberry, three-branched aconite, six-way
wood, double shield wood, wood ginger, etc.

Arboreal layer Masson pine, oak, etc. Masson pine, big-leaf beech, Huashan pine, etc.

Note: A indicates the main features of the South Lake Scenic Area; B indicates the main features of the area where
the potential vegetation is located.

Restoration of ecological functions of landscapes in the landscape is urgent, deter-
mined by the degree of degradation, biodiversity loss, and ecosystem services [45]. Com-
bining the current situation and the urgency of ecological restoration in the scenic area, an
expedient starting point is to protect a large area of the current horsetail pine community
and its ecological service functions. This should be followed by a systematic restoration of
the woodland cover, scale, species, pattern, and other ecological processes to improve the
stability, self-healing ability, and ecological diversity of the ecosystem. This will serve to
improve the support and service functions of the ecosystem—the “one center, two belts”
forest phase renewal strategy (Figure 10). “One center” refers to maintaining the top of the
mountain in its original state—ecological forestland protection. The “two belts” are restora-
tion and transformation in “two zones” (restoration and transformation), which comprise
ecological forestland restoration and forest landscape creation. The process includes “one
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heart”, based on the theories of natural succession and moderate disturbance to transplant
areas of Sargassum pine in the forestland to form a forest window, relying on natural
forces to achieve positive community succession and form the ecological background of
the landscape.
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Applying the principle of minimal intervention, the trees are only transplanted in
phases to form the forest windows without any other treatment, and community renewal
is achieved by natural forces. Transplanting trees accelerates endogenous succession and
changes in light, temperature, humidity, and soil physical and chemical properties, as well
as promotes the natural renewal of the community. Alternatively, because ecologically
protected forestlands and ecologically restored forestlands are a mosaic of connected and
proximate patches, the continuous restoration of recovering forestlands will accelerate
species dispersal with wind, insects, decomposers, and consumers. This will provide new
impetus for the succession of ecologically protected forestlands.

The repair zone is based on the theory of forest vegetation restoration and the
Miyawaki method. The core of the restoration of native forest vegetation is based on
native tree species. In this study, we adopted the “interlogging–transplanting–nurture–
reproduction–establishment” scheme for the degraded Sargassum pine forest. Fertilization
is an important tool for forest management because it can regulate stand density, reduce
canopy closure, and optimize light, water, and heat conditions in the forest [46], as well
as promote the regeneration of species and understory vegetation [47]. In the study of
Si-Ze Liu, 20%, 30%, 40%, and 50% intercutting intensities were positively correlated with
community characteristics and soil water content, while 50% intercutting intensity was
negatively correlated. Since this study is in a scenic area and needs to maintain an aes-
thetic, the 40% intensity transplanting was selected to form a forest window in two phases
(Figure 11). In the immature community, transplanting creates good environmental con-
ditions for the remaining stand, improves the community ecosystem and stand structure,
accelerates stand growth, improves stand quality, accelerates the regeneration of understory
vegetation, and obtains higher ecological and environmental benefits (Figure 10). After
40% felling during the subdivision period, seedlings of the Mikuran plant community were
artificially introduced. After 3 years, the natural succession process was established, and
the community grew naturally without artificial intervention. Ten years later, fast-growing
species entered the canopy, and the forest landscape was founded. Twenty years later, slow-
growing species entered the canopy, and the community became stable and could achieve
self-renewal. The reconstruction zone is near the water, which meets the requirements
of river and bay characteristics. Natural succession theory suggests that with the aid of
moderate human intervention, the area can gradually resume the natural succession of the
current horsetail pine community to the natural community of horsetail pine in the Micang
Mountains of Hanzhong. Fast-growing species are combined with slow-growing species,
negative species are combined with neutral species, and upper-layer species are combined
with lower-layer species so that the forest has a clear hierarchical structure. The restoration
and growth of the understory vegetation can maintain the process of soil building; good
soil structure serves as a medium for plant growth and preventing successional reversal,
and promotes the gradual improvement of biodiversity (Figure 11).
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Forest degradation is a global environmental issue that needs to be urgently addressed.
Enhanced global restoration of degraded forests is necessary to achieve sustainable devel-
opment goals. However, there have been multiple definitions of forest degradation with
different interpretations, reflecting not only the differences among forest structures but
also different perceptions, goals, and values [48]. How to assess degradation will be the
direction for future development. At the same time, scenic and multiuse areas (protection,
use) should be given full play while emphasizing resource protection. We combine the
needs of scenic areas and select well-established indicators of spatial attributes to reflect the
degradation status of scenic communities in three dimensions: degree, trend, and pattern.
We used palm coercion with significant restoration and short ecological restoration in the
South Lake Scenic Area.

However, we could not study all outstanding factors. For the current situation at the
South Lake Scenic Area, an in-depth research and exploration of two elements is needed.
First, succession takes time, and our study may not have been long enough. The data in
this study were selected from the spatial remote sensing images for the past 20 years, so
may reflect temporary, not permanent, degradation. Long-term continuous observation
of the degraded forest assessment system in the scenic area to monitor and compare the
degradation process in different stages would be needed. Second, we have only planned
ecological restoration based on the existing plant communities in the scenic area. Further
validation, combining remote sensing analysis with field investigation to fundamentally
target different functional zones of the Masson Pine forest, is needed. A degraded landscape
restoration project and the use of predictive models, such as the spatially intuitive landscape
model LANDIS PRO, for further prediction of scenic vegetation resilience, would extend
our study [49,50].

5. Conclusions

We constructed a DTP degradation assessment system to study the degradation status
of plant communities in the South Lake Scenic Area. We propose countermeasures for plant
degradation and landscape restoration, with theoretical and practical significance for the
identification of plant community degradation and landscape restoration. We evaluated
the Masson pine community in South Lake by assessing the degradation degree, trend,
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and pattern, demonstrating the following: (1) The FVC of the Nanhu Scenic Area degrades
to low vegetation coverage over a large area. The area of fraction vegetation coverage
degradation was significantly larger than that of fraction vegetation coverage improvement
in the three periods examined. (2) The degradation trend of forest in the Nanhu Scenic Area
was decreasing. Over time, the decrease in forest in the Nanhu Scenic Area expanded from
2000 to 2010 and from 2010 to 2020. It is also apparent that the transfer area of forestland
to nonforestland increased year over year from 2010 to 2020 compared with 2000 to 2010.
(3) At the landscape level, the forest patch was subjected to human intervention, which
made the shape tend to be simple and the ecological vulnerability increase, and rich land
use, high fragmentation, and patch types became evenly distributed. There is no clear
dominant type—the shape of forest patches in the Nanhu Scenic Area is being simplified
due to human intervention.

Through a more in-depth analysis of the degradation assessment system, based on
the spatial distribution of the current Masson pine forest in the South Lake Scenic Area,
and the theories of natural succession and moderate disturbance, the Miyawaki method
and interlogging are used to promote the renewal of plant communities and the restoration
of plant community biodiversity. Another objective was to shorten the natural succes-
sion of the forest in the scenic area in time and space dimensions, to quickly form the
ecological foundation of the scenic area, and to meet the scenic needs and ecological re-
quirements of the South Lake Scenic Area. This study adopts the Miyawaki method within
the landscape with practical significance for the restoration and conservation of this type of
plant community.
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