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Abstract: Since the goals of carbon peaking and carbon neutrality have been established, forest
carbon sinks have garnered significant attention. As a fundamental component of forest carbon
sinks, the quality of forest land significantly influences the carbon sink capacity of forests. This
study utilized Kaizhou District, Chongqing City, a typical forest area as a case study, and used the
correction method, factor method, CASA model, landscape ecology indexes, and canonical correlation
analysis to evaluate the level of forest land quality and reveal the spatial distribution pattern and
influencing mechanisms of forest land quality. The results showed that: (i) The quality index of public
welfare forest land was distributed in [37.89, 148.15], and each quality level was diversified in space.
The quality index of commodity forest land was distributed in [40.00, 92.67], and some high-quality
forest land appeared in the transition zone of each region; (ii) The forest land quality index and
the amount of net primary productivity passed the correlation test. Primary net productivity was
higher on forest land with a high-quality index and lower on forest area with a low-quality index;
(iii) public welfare forest land was mainly positively affected by community structure, average
annual precipitation, average annual temperature, and soil moisture. Commodity forest land was
mainly positively affected by average annual temperature, soil moisture, and slope aspect. However,
landform had a significant negative impact on the two types of forest land. Given these findings, we
also proposed a series of measures aimed at promoting the sustainable development of research on
regional forest land.

Keywords: forest land quality; spatial pattern; influence mechanisms; canonical correlation analysis;
Kaizhou District

1. Introduction

To address the global climate crisis, the government of China officially pledged at
the 75th session of the United Nations General Assembly that it would achieve carbon
peaking by 2030 and carbon neutrality by 2060. As the largest carbon reservoir within
terrestrial ecosystems, forests not only have high carbon stocks in trees, but also their soils
have significantly higher carbon reserves than other soils [1,2]. Additionally, forests also
have economic, social, and ecological benefits, which are an important strategic choice for
countries to deal with climate change [3,4].

Forests achieve carbon sequestration in three ways: forest land, forest trees, and the
understory plants, and their carbon sink capacity is closely related to the quality level of
forest land. High-quality forest land is conducive to the healthy growth of trees, increasing
the carbon sink of trees, and also boosting the carbon stock of understory plants and forest
land [5,6]. Therefore, in order to give full play to the “carbon pools” function of the forest
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and enhance the capacity of forest carbon sinks, attention must be paid to the level of
forest land quality. However, the long-standing development approach that emphasizes
quantity over quality has resulted in generally poor forest land quality, further triggering
problems such as weakened forest carbon sink capacity and increased carbon release [7,8].
In this context, this paper constructed scientific evaluation systems of forest land quality,
clarified the spatial pattern of forest land quality, and explored the key factors and internal
mechanisms affecting forest land quality. These have important theoretical and practical
significance for accurately grasping the forest land quality and promoting the realization of
carbon peaking and carbon neutrality goals.

Research on forest land quality evaluation typically focuses on the connotation of
forest land quality [9], the construction of indicator systems [10], the delineation of evalu-
ation units [11], and the methods of evaluation [12]. Furthermore, a relatively complete
conceptual framework and operational methods have been established. Regarding the
analysis of the influencing mechanism, as early as the late 18th century, some scholars had
already pointed out that there was a close relationship between forest land quality and
environmental factors such as topography and soil [13] and subsequently examined the
effects of management methods [14], human capital [15], and natural conditions [16] on
forest land quality. It was generally believed that forest land quality was the result of a
combination of natural and human factors, with natural factors playing a fundamental role
and human factors exerting a decisive influence [17]. In the 1950s, researchers usually eval-
uated the quality of forest land by status level, soil fertility, and forest type [18]. In addition,
the quality of non-forest land was evaluated by soil fertility [19]. Nowadays, the research
content has expanded from the simple forest land quality evaluation [20] to forest land
classification and grading [21,22], suitability zoning, and protection [23].

From the perspective of research scale, existing studies are mainly carried out on
national [24–26], river basin [27–29], and provincial [12,30] scales. At the national scale,
Zhang et al. [26] assessed the ecological quality of forest land in 31 Chinese provinces from
1999 to 2014, employing system dynamics models to simulate and predict the ecological
quality of forest land from 2015 to 2050. At the river basin scale, Lu et al. [28] performed a
scientific assessment of the ecological quality of forest land in the Yangtze River Basin in
China from 2010 to 2015 based on the forest ecological security index and examined the
key factors determining its quality level. At the provincial scale, Cui et al. [30] indicated
that carbon storage was not only related to forest area but also associated with forest
land quality.

From the perspective of research methods, common methods for evaluating include the
factor method [12,21], the correction method [31], and the sample plot method [32,33]. For
example, Wu et al. [21] took Southeastern China as a case study and used the factor method
to categorize forest land into five grades. In addition, the PSR (pressure–state–response)
model [34], the DPSEA (driving force–pressure–state–exploration–answer) model [35], and
the BP-ANN (back propagation artificial neural network) [36] model are also widely used
in the study of land quality evaluation. For instance, Liu et al. [34] assessed the quality of
cultivated land in Guangzhou, Guangdong Province, based on the PSR model framework.
Shao et al. [36] proposed a comprehensive evaluation model for soil quality based on
BP-ANN. When investigating the spatial pattern and impact mechanism of land quality,
the landscape ecology indexes, and canonical correlation analysis are commonly employed.
Among them, the canonical correlation analysis is a multivariate statistical method to study
the correlation between the two sets of multiple variables. This method is appropriate for
analyzing the correlation between various influencing factors of land quality and multiple
landscape ecological indexes [37].

In forest land quality research, significant advancements have been made, but certain
constraints persist. Firstly, the current studies frequently overlook the distinct character-
istics of public welfare forests and commodity forestry land when assessing forest land
quality. Many of these studies depend on a standardized evaluation index system, which
complicates distinguishing the primary functions of these two types of forest land. Secondly,
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existing research primarily emphasizes analyzing and evaluating the temporal and spatial
patterns of forest land quality at a national, river basin, or provincial scale, while neglecting
the spatial distribution and mechanisms of forest land quality impacts at the county level.
At the mesoscale level, the county holds significance in regional scientific research as it
facilitates the extraction of targeted policy implications more effectively. Thirdly, regarding
the investigation of impact mechanisms, the majority of existing studies have focused on
analyzing the impact mechanisms of forest soil quality or forest ecological quality from a
singular perspective. However, there has been a scarcity of studies exploring the internal
mechanisms that influence the comprehensive quality of forest land from the perspective
of “dual carbon”.

Based on the above background, this paper took Kaizhou District as an exploratory
example, a pilot region for the classification and grading of forest land in China, and under
the direction of the Technical Specification for Gradation and Classification on Forest Land
(T/CREVA 3101-2021) (the Specification), conducted the following research: (i) The study
constructed the index systems for evaluating public welfare forest land and commodity
forest land and evaluated the comprehensive quality of the two types of forest land using the
correction method and the factor method, respectively. Then the article divided the forest
land quality index interval using the Jenks method based on the ArcGIS classification tool;
(ii) Multiple landscape ecological indexes were used to analyze the spatial differences of the
two types of forest land quality from different angles and clarified the diversity, uniformity,
and concentration level of forest land quality distribution; (iii) Using canonical correlation
analysis, the study identified the key factors and internal mechanisms determining the
quality of forest land and grasped the main path of carbon reduction and sink reduction in
forest land. In all, the research aimed to advance the scientific understanding of the current
level and influence mechanisms of forest land quality and finally put forward a series of
strategies to promote the realization of carbon peaking and carbon neutrality goals.

2. Study Area

Kaizhou District is situated at the intersection of the northern part of the Yangtze River,
the Three Gorges Reservoir Region in northeast Chongqing, and the Qinba Mountains. The
terrain gradually declines from northeast to southwest; it has the general characteristics
of a subtropical monsoon climate. Kaizhou District currently compresises eight streets,
27 towns, and five townships under its jurisdiction. The results of the Ninth Forest Man-
agement Inventory show that Kaizhou District’s existing forest land area is 26.6 × 104 hm2,
accounting for 66.96% of the district’s total land area. The forest area is approximately
19.6 × 104 hm2, and the forest coverage rate is 55%. In recent years, based on the endow-
ment of green resources and focusing on the construction of the “Ecological Kaizhou” goal,
Kaizhou District has made a concerted effort to promote afforestation and greening actions.
These effectively promote the development of local specialty forestry and enhance the
protection of wetlands and forest resources. The analysis of the spatial pattern of forest
land quality and impact mechanism is aimed at figuring out the forest land resources of
Kaizhou District and promoting Kaizhou to take a good “Green Rise” road.

According to the criteria for regionalization of the Urban-rural Master Planning of
Kaizhou District, Chongqing (2015–2035), the district is divided into the Dongli Ecological
Protection Zone (Zone 1), the Round-the-Hanfeng Lake Urban Functional Zone (Zone 2),
the Jiangli Agricultural Development Zone (Zone 3), and the Puli Characteristic Industrial
Zone (Zone 4), as shown in Figure 1. The Dongli Ecological Reserve functions as the
primary zone for ecological protection, resource conservation, and water preservation.
Its focus lies in developing the Kaizhou ecological exhibition area and serving as a key
production hub for ecological products. The Round-the-Hanfeng Lake Urban Functional
Zone consolidates district-level roles in politics, economy, science, education, culture,
tourism, and modern services, forming the core of urban functions. The Jiangli Agricultural
Development Zone highlights Kaizhou’s status as a major national agricultural production
center, with efforts directed at building a modern national agricultural demonstration
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zone. Meanwhile, the Puli Characteristic Industrial Zone spearheads new industrialization
and urbanization, concentrating on attracting industries and populations and promoting
coordinated development and industrial integration.
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3. Materials and Methods
3.1. Data Sources and Processing

The basic data sources covered in this article are as follows: (i) The basic information
on forest land, such as naturalness, canopy density, and accessibility, was obtained from
the results of the Ninth Forest Management Inventory; (ii) the data on soil texture, soil
thickness, and humus thickness were obtained from the database of the 2020 Land Change
Survey; (iii) the altitude data were merged into a single digital elevation model (DEM)
using the mosaic raster function of ArcGIS. Based on the Kaizhou District administrative
division map, the Kaizhou District DEM was extracted to obtain the altitude value of
the entire district; (iv) The forest land quality classification information for the quality of
public welfare forest land was derived from the database of the 2019 Forest Land Quality
Classification in Kaizhou District; (v) Meteorological data came from the Meteorological
Data Center of China Meteorological Administration (http://data.cma.cn/site/index.html,
accessed on 26 September 2024). In addition, the additional information on evaluation
indicators was supplemented by the reference table for corresponding soil types and
effective soil thickness, bulk density, plough layer texture, and texture configuration.
The study used the data of the 2020 Land Change Survey as the working base map,
superimposed with the data of the Ninth Forest Management Inventory, and finally formed
a forest land quality evaluation database with the forest land sub-compartment as the unit.

http://data.cma.cn/site/index.html
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3.2. Methods
3.2.1. Study Framework

According to the theory of management of forest classification, forests can be divided
into public welfare forests and commodity forests [38]. Among them, the public welfare
forests have many forest ecological service functions such as water conservation, carbon
sequestration and oxygen release, biodiversity, and soil conservation [39], with the goal of
maximizing ecological benefits. While the commodity forests should pursue the maximum
economic benefits, providing timber and forest products to society [38]. It can be seen that
there is an essential difference between the two types of forest land management. Therefore,
this article evaluated the quality of public welfare forest land and commodity forest land,
respectively. On the one hand, this article focused on the ecological quality evaluation of
public welfare forest land in order to enhance carbon sequestration in forest land. On the
other hand, it also evaluates the economic benefits of commodity forest land to promote
the high-quality development of forestry. This could effectively improve the substitution
capacity of forest products, indirectly reducing carbon dioxide emissions in the atmosphere.
Accordingly, the framework of this study is shown in Figure 2.
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3.2.2. Forest Land Quality Evaluation

(1) Division of forest land quality evaluation units.
The division of the forest land quality evaluation unit referred to the division of

forest land into several units according to the difference in its natural characteristics,
the characteristics of land use, and the ownership of plots. The same unit had similar
attributes, while different units had significant differences. The existing land evaluation
units mostly used the patches that were formed by the three-map superposition method,
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the grid element method, the vector superposition method, or the currently closed plot
method as the evaluation units. The China Forest Resources Planning and Design Survey
Technical Regulations (GB/T 26424-2010) established a survey unit based on forest sub-
compartments to facilitate the investigation, operation, and management of forest resources.
Therefore, the study used the sub-compartment as the forest land quality evaluation unit.
The database formed by combining the data of the 2020 Land Change Survey with the
data of the Ninth Forest Management Inventor contained a total of 227,023 forest sub-
compartments with an area of 237,000 hm2. Among them, there were 126,769 public
welfare forest land sub-compartments with an area of 161,000 hm2 and 100,254 commodity
forest land sub-compartments with an area of 75,500 hm2.

(2) Determination of forest land quality evaluation indicators.
The Specification defines the land where trees, bamboo, shrubs, and other forest trees

grow as forest land. The forest land studied in this paper specifically referred to public
welfare forest land and commodity forest land with a canopy density greater than 30%.
There were many factors affecting the quality of forest land, and the intensity of the impact
was also different. Therefore, the scientific selection of the indicators utilized was crucial for
evaluating the quality of forest land. The quality evaluation of public welfare forest land
should highlight its ecological benefit level. In line with the Specification and considering
data availability, the article selected two key indicators: canopy density and public welfare
forest protection grade. Additionally, to provide a more comprehensive and objective
reflection of the ecological functions and growth conditions of public welfare forests,
this study introduced two supplementary indicators: naturalness and mean tree height
coefficient. Among these indicators, naturalness, canopy density, and mean tree height
coefficient all represented the state of the forest division in the forest land unit. Naturalness
referred to the extent to which the current growth state of the forest approximated its peak
condition, providing an accurate reflection of the forest’s quality and ecological status. This
indicator is closely related to the forest’s carbon sequestration capacity [40]. Canopy density
indicated the ratio of the total projected area of the tree crowns on the ground under direct
sunlight to the total area of this forest land, reflecting the overall lushness of the forest.
Previous studies have shown that denser forests possess a stronger carbon-sequestering
capacity. The mean tree height coefficient referred to the ratio of the mean tree height of a
certain forest land unit to the mean tree height of the whole area, reflecting the development
degree of the forest trees. The degree of forest development was directly proportional to the
carbon sequestration capacity [41]. The protection grade of public welfare forests was the
classification of public welfare forests based on their major natural functions and locations,
which reflected the strength of human protection of public welfare forests. Generally
speaking, the closer the forest was to its peak state, the higher its ecological benefits and
the stronger the carbon sequestration capacity. At the same time, the ecological benefits of
high and lush forests were high, and the ecological benefits of low and sparse forests were
low [42]. In addition, the higher the human maintenance of the forest, the less likely the
forest is to be damaged, and the more likely it is to exert ecological benefits and improve
the carbon sink capacity of forest land [43].

The quality evaluation of commodity forest land should highlight its economic ben-
efits. Based on the Specification and drawing on the research of other scholars [21], the
article selected seven key indicators: slope, slope position, soil thickness, humus thickness,
accessibility, skidding distance, and transportation distance. Given the significant terrain
gradient and diverse soil types in Kaizhou District, the paper added two alternative indi-
cators: elevation and soil texture. Furthermore, to better capture the timber production
potential and economic value of commercial forests in Kaizhou District, two supplementary
indicators, dominant tree species and business level, were also added. Among them, ele-
vation, slope, and slope position represented the topographic condition of the forest land,
which largely determined the direction of forest land utilization, the technical facilities, and
the development and utilization of forest land transformation [44]. And the direction and
extent of forest land use also affected the carbon sequestration capacity of forest land [45].
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I Soil texture, soil thickness, and humus thickness were comprehensive indicators reflecting
the physical characteristics of soil, affecting the absorption and storage of water and nutri-
ents by trees. These factors were also key determinants of the carbon sequestration rate of
forest land. [46,47]. In addition, accessibility, skidding distance, and transportation distance
reflected the location conditions of the forest land. Accessibility referred to the degree to
which the forest had the conditions for management, logging, skidding, and transportation.
The skidding distance and transportation distance represented the shortest distance from
the forest land unit to the rural road or trunk road, respectively. The shorter the distance, the
less carbon emissions were generated in the production of forest products [48]. Last but not
least, the business level and dominant tree reflected the economic value and productivity
level of the forest land to a certain extent and also determined the carbon sequestration
capacity of forest products [49]. Among them, the business level was based on management
measures, management intensity, and forest productivity as important evaluation factors.
The dominant tree in this paper referred to the dominant forest layer in the forest land unit,
which was divided into three categories: arbor/bamboo, shrub, and herb [50].

In order to eliminate the influence of dimensional inconsistencies across evaluation
indices, the study was graded according to the influence of indicators on forest land quality.
The more valuable it was in strengthening the quality of the forest land, the higher the
index level and the higher the score. And the spatial distribution of each index value was
shown in Figures A1 and A2.

(3) Evaluation indicators weight calculation.
The entropy method was based on the principle of information entropy. As an objective

weighting method, it was widely used in the study of multi-index weight determination.
The greater the weight, the more important the indicators were in the evaluation system.
Compared with other methods, the analysis was more objective, making the evaluation
results more scientific. The specific steps are as follows:

(1) Raw data normalization

x′ij =

(
xij − min

(
xij
))(

max
(
xij
)
− min

(
xij
)) (1)

In the formula, x′ij is the standardized data value of the jth indicator of the ith forest
land unit; and xij is the original value. The normalized values were translated to the right
by 0.001 units to obtain Xij.

(2) Normalized matrix P construction (m represents the number of forest land units):

pij =
Xij(

∑m
i=1 Xij

) (2)

(3) The jth indicator’s entropy value calculation:

ej = −
∑m

i=1 pij ln
(

pij
)

ln(m)
(3)

(4) The jth indicator’s discrimination coefficient calculation:

dj = 1 − ej (4)

(5) The weight of the jth indicator calculation (n represents the number of evaluation
indicators):

wj =
dj

∑n
j=1 dj

(5)

Following the above steps, the evaluation indicator system of forest land quality is
shown in Table A1.

After the determination of the forest land quality evaluation indicator systems, the
quality index of public welfare forests and commodity forests were, respectively, calculated
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by the correction method and the factor method, according to the Specification. The higher
the calculated index, the better the quality of the forest land. The calculation formulas are
as follows:

(1) The correction method:

Hi = Gi × ∑ wjkij; kij =
Kij

Kj
(6)

(2) The factor method:

Hi = ∑ wj ∗ Kij (7)

In the above formulas, Hi is the quality index of the ith unit; Gi is the classification
index of the ith unit; wj is the weight of the jth indicator; kij isthe correction coefficient of
the jth indicator of the ith unit; Kij is the score of the jth indicator of the ith unit; Kj is the
average score of the jth indicator in the area.

3.2.3. Carnegie-Ames-Stanford Approach Model (CASA Model)

The CASA model calculated the amount of vegetation net primary productivity (NPP) by
utilizing vegetation to capture solar radiation and to make use of the vegetation itself [51,52].
The formula is as follows:

NPP(x, t) = APAR(x, t)× ε(x, t)

In the formula, x represents a single pixel; t represents the month; APAR represents
photosynthetically active radiation (gc/m2); ε represents the actual light energy utilization
efficiency (gc/MJ).

3.2.4. Landscape Ecology Indexes

Landscape structure was often regarded as an important factor that governs the
distribution and abundance of species [53]. The research on the spatial heterogeneity
of forest land quality was mainly measured by the diversity index, centralization index,
dominance index, and homogeneity index in landscape ecology. Among them, the diversity
index indicated the diversity of each quality level of forest land in the zone, with larger
values indicating a higher degree of forest land diversity [54]. In metrological geography,
the centralization index and the Lorenz curve were all common indicators for determining
the equilibrium of point features [55]. The centralization index described the degree of
forest land concentration in the study area, with a larger index indicating a higher degree
of forest land concentration [56]. The Lorenz curve graphically described the degree of
concentration of point features [57]. Combining the two approaches could effectively reveal
the degree of concentration of forest land quality in the region. The dominance index
indicated the degree of dominance of a particular level of forest land, with the larger the
index, the greater the degree of dominance [58]. Additionally, the homogeneity index
represents the uniformity of quality level distribution; the larger the index, the more evenly
the quality levels are distributed [59].

(1) Diversity index:

GMi = 1 −
∑5

i=1 x2
ij(

∑5
i=1 xij

)2 (8)

(2) Centralization index:

Ii =
Ai − R
M − R

(9)

(3) Dominance index:

Di = Hmax +
5

∑
i=1

PijlnPij, Hmax = ln(m) (10)
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(4) Homogeneity index:

Ei =
Hi

Hmax
× 100%, Hi = −ln

(
5

∑
j=1

P2
ij

)
(11)

In the formula, GMi(0 ≤ GMi ≤ 1), Ii, Di, Ei(0 ≤ Ei ≤ 1), the diversity index, cen-
tralization index, dominance index, and homogeneity index of the ith zone’s forest land
quality are included, respectively; xij is the area of forest land of the jth grade in the ith
zone; Ai is the sum of cumulative percentages of forest land of each quality grade in the ith
zone; M is the sum of cumulative percentages when concentrated in one quality grade; R is
the sum of cumulative percentages of each quality level; Hmax is the diversity index when
the proportion of each quality level was equal; m is the number of quality levels of forest
land (here it is 5); Pij is the proportion of the area of the jth quality level of forest land in the
ith zone; and Hi is the modified diversity index.

3.2.5. Canonical Correlation Analysis

Canonical correlation analysis was a multivariate statistical method used to study the
correlation between two groups of variables. It could transform the original more variables
into a few typical variables and comprehensively describe the relationship between the
dependent and independent variables through the correlation coefficients between a few
typical variables [37]. It was assumed that there are variable groups X : X1, X2, · · · , Xp and
variable groups Y : Y1, Y2, · · · , Yq, and their linear combinations are as follows:

U = α1X1 + α2X2 + · · ·+ αpXp; V = β1Y1 + β2Y2 + · · ·+ βqYq (12)

ρ(U, V) =
Cov(U, V)√

Var(U)
√

Var(V)
(13)

In the formula, α =
(
α1, α2, · · · , αp

)′ and β =
(

β1, β2, · · · , βq
)′ are non-zero vectors;

U and V are the canonical functions of X and Y, respectively; and ρ(U, V) represent the
canonical correlation coefficient between U and V.

The study used the forest land quality index and landscape ecology indexes as target
variables, selecting seven driving factors: average annual precipitation, average annual
temperature, soil moisture, land type, landform, slope aspect, and community structure.
Soil moisture was categorized into saturated, moist, slightly moist, and dry. Land types
included arbor forest land, bamboo forest land, shrub forest land, and other forestlands.
Most of the forest landforms in Kaizhou District consisted of mountains and hills. Slope
aspects were classified as either sunny or shady slopes. Community structure was divided
into three categories: complete, relatively complete, and simple.

4. Results Analysis
4.1. Spatial Pattern of Forest Land Quality
4.1.1. Spatial Pattern of Forest Land Quality Indexes

The range of the public welfare forest land quality index (PFLQI) was [37.89, 148.15],
and the county average index was 68.92 (Table 1). The spatial distribution of the PFLQI
showed that it was higher in the northeastern parts of the county and lower in the south-
western parts (Figure 3a). Based on the statistical characteristics of the PFLQI across towns,
there was noticeable variability in the mean PFLQI values among different towns. Ac-
cording to the analysis of variance, the variability of PFLQI between different regions was
generally significant (p < 0.05). Among the zones, the mean PFLQI values in Zone 1, Zone 2,
and Zone 4 were relatively high, while the mean PFLQI value in Zone 3 was comparatively
low. In terms of the coefficient of variation, the PFLQI fluctuated the most in Zone 2, while
Zone 4 had the least fluctuation.
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Table 1. Statistical characteristics of forest land quality index.

Location
Public Welfare Forest Land Commodity Forest Land

Mean SD CV Min Max Mean SD CV Min Max

Zone 1 70.70 14.72 4.80 37.89 132.20 67.55 7.31 9.24 40.00 90.69
Zone 2 69.84 14.23 4.91 45.92 116.50 69.34 8.07 8.59 50.07 92.26
Zone 3 65.49 16.21 4.04 37.89 130.17 69.28 7.87 8.80 49.80 91.22
Zone 4 69.27 17.59 3.94 37.89 148.15 68.04 7.78 8.74 47.65 92.67

Kaizhou District 68.92 15.92 4.33 37.89 148.15 68.33 7.71 8.87 40.00 92.67

Notes: SD is standard deviation; CV is coefficient of variation.
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The range of the commodity forest land quality index (CFLQI) was [40.00, 92.67], and
the county average index was 68.33 (Table 1). The spatial distribution of the CFLQI showed
that the CFLQI was higher in the central and eastern parts of the county and lower in the
northeastern parts (Figure 3b). Based on the statistical characteristics of the CFLQI in each
zone, similar to the PFLQI, there were notable differences in the mean CFLQI values across
the various zones. According to the analysis of variance, the variability of CFLQI between
different zones was generally significant (p < 0.05). Among the zones, Zone 2 and Zone 3
had higher mean CFLQI values, while Zone 1 and Zone 4 had comparatively lower mean
values of the CFLQI. Based on the coefficient of variation of the CFLQI, Zone 1 experienced
the most fluctuation, while Zone 2 had the least fluctuation.

Using the classification tool in ArcGIS 10.8.2, the Jenks natural breaks method was
selected to divide the quality index into five levels, ranging from 1 to 5, to further explore the
spatial distribution differences in forest land quality. The grading criteria for PFLQI/CFLQI
were as follows: when PFLQI/CFLQI ≥ 85.72, it was classified as first grade. When
71.43 ≤ PFLQI/CFLQI < 85.72, it was second grade. When 57.14 ≤ PFLQI/CFLQI < 71.43,
it was third grade. When 42.86 ≤ PFLQI/CFLQI < 57.14, it was fourth grade. When
PFLQI/CFLQI < 42.86, it was fifth grade.

In terms of public welfare forest land quality grade (PFLQG), the area of first-grade,
second-grade, third-grade, fourth-grade and fifth-grade forest land was 29,609 hm2, 56,571 hm2,
46,661 hm2, 28,788 hm2, and 237 hm2, respectively (Figure 4a). The second-grade forest
land had the largest area, accounting for 34.95%, while the fifth-grade forest land had
the smallest area, accounting for only 0.15%. Specifically, first-grade, second-grade, and
third-grade forest land were mainly distributed in Baiquan Township, Guanmian Township,
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Dajin Township, and Heyan Township of Zone 1. The fourth-grade forest land was mainly
distributed in Mangyue Township of Zone 1, Dade Township of Zone 3, and Zhaojia Street
of Zone 4. The fifth-grade forest land was mainly distributed in Zhenan Township of
Zone 2 and Yuexi Township of Zone 4.
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In terms of commodity forest land quality grade (CFLQG), the areas of first-grade,
second-grade, third-grade, fourth-grade, and fifth-grade forest land were 510 hm2, 10,221 hm2,
61,107 hm2, 3614 hm2, and 2.07 hm2, respectively (Figure 4b). Among them, the area of
third-grade forest land was the largest, accounting for 80.99%, mainly in Yuexi Township of
Zone 4. The second-grade forest land was the second largest, accounting for 13.55%, mainly
in Linjiang Township of Zone 2 and in Tieqiao Township of Zone 3. The fourth-grade forest
land was the third largest but only accounted for 4.79%, mainly in Guanmian Township
and Dunhao Township of Zone 1. The first-grade forest land was the fourth largest and
scattered in all townships in Kaizhou District. The fifth-grade forest land area was the
smallest, with only a very tiny amount in Baiquan Township, Guanmian Township, and
Mangyue Township of Zone 1.

Overall, the PFLQG gradually decreased along Zone 1 toward Zone 3, and then had a
tendency to increase from Zone 2 toward Zone 4 in the Three Gorges Reservoir Area. The
CFLQG of Zone 1 was the highest, and the CFLQG of Zone 2 was the lowest. Additionally,
the CFLQG was mostly third-grade, but under the edge effect, the transition zones of
Zone 1, Zone 2, and Zone 3 also had some high-quality forest land.

4.1.2. NPP Results and Results Consistency Test

Due to the limited size of forest sub-compartments, it was not feasible to measure
the NPP of all forest sub-compartments. Therefore, the study measured the NPP of
666 sub-compartments of public welfare forest land and 1606 sub-compartments of com-
modity forest land. As shown in Figure 5a, the net primary productivity for public welfare
forest land (PFLNPP) ranged from 0.00 to a maximum of 1011.30. Similarly, as illustrated
in Figure 5b, the net primary productivity for commodity forest land (CFLNPP) ranged
from 0.00 to a maximum of 1015.60.

The paper performed a correlation analysis between the NPP values and forest land
quality indexes for both public welfare forests and commodity forests. As shown in
Figure 6a,b, there was a positive correlation between the forest land quality indexes and veg-
etation NPP ( rPFL = 0.884, pPFL < 0.001; rCFL = 0.790, pCFL < 0.001). NPP was higher in
forest sub-compartments with a high-quality index and lower in those with a low-quality in-
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dex. The reasonableness of the forest land quality evaluation results was further supported
by this outcome, which was in line with reality.
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Figure 6. Scatter plot and best-fit line of correlation between net primary productivity and forest land
quality index. (a) shows the scatter plot and best-fit line of the public welfare forest land. (b) shows
the scatter plot and best-fit line of the commodity forest land.

4.1.3. Spatial Pattern of Landscape Ecology Indexes

As shown in Figure 7a, the diversity index of PFLQG in each zone of the Kaizhou
District was generally high, with the lowest in Zone 4, though it still reached 0.707, in-
dicating that the PFLQG was diversified. The highest dominance index was in Zone 3,
and the lowest was in Zone 1, which was consistent with the centralization index. The
homogeneity index of public welfare forest land quality grade in all four zones was less
than 0.2, indicating that the spatial distribution of PFLQG in various regions of Kaizhou
District was relatively uneven.
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Figure 7. Landscape ecology index calculation results of forest land quality grade in Kaizhou District.
(a) shows the landscape ecology index calculation results of the public welfare forest land quality
grade. (b) shows the landscape ecology index calculation results of the commodity forest land
quality grade.

As shown in Figure 7b, the diversity index of CFLQG in each zone of Kaizhou District
was generally low, with the highest in Zone 2, but it was only 0.4. This indicated that
the CFLQG in each zone of Kaizhou District had a relatively uniform, single distribution.
In addition, the results of the centralization index showed that the CFLQG in each zone
was highly concentrated, which was consistent with the dominance index calculations.
The homogeneity index of CFLQG in all four zones was between 0.35 and 0.5, indicating
that the spatial distribution of CFLQG in each zone of the Kaizhou District was uneven.
The closer the Lorenz curve was to the uniform distribution line, the more evenly distributed
the forest land area was across each quality grade.

According to Figure 8a, the PFLQG Lorenz curve of Zone 1 was closest to the uni-
form distribution line, indicating that its PFLQG distribution concentration was the least
concentrated. This result is consistent with the findings from the centralization index and
dominance index analyses. According to Figure 8b, the CFLQG Lorenz curves for the
four zones deviated significantly from the uniform distribution line, suggesting a high
concentration of CFLQG distribution within each zone of the Kaizhou District. In summary,
there were notable differences in the quality and structure of forest land across various
regions of Kaizhou District, highlighting the objective existence of spatial heterogeneity.
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Figure 8. Lorenz curves of forest land quality grade in Kaizhou District. (a) shows the Lorenz curves
of the public welfare forest land quality grade. (b) shows the Lorenz curves of the commodity forest
land quality grade.

4.2. Influence Mechanisms of Forest Land Quality
4.2.1. Model Test

The relationship between forest land quality indexes and driving force indicators was
analyzed using a canonical correlation model. The results revealed five pairs of canonical
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functions for both public welfare and commodity forestlands, with the first three pairs
being statistically significant (Table 2). The highest canonical correlation coefficients were
0.862 and 0.988, respectively, indicating that the independent variables could effectively
explain the corresponding dependent variables.

Table 2. Test results of canonical correlation analysis of forest land.

Canonical Functions Canonical Correlation
Coefficient

Group X
Overlap Index

Group Y
Overlap Index p-Value

Public welfare forest land

1 0.862 0.262 0.129 0.000
2 0.481 0.159 0.246 0.000
3 0.231 0.013 0.036 0.002
4 0.007 0.032 0.007 0.470
5 0.000 0.043 0.182 0.519

Commodity forest land

1 0.988 0.350 0.101 0.000
2 0.385 0.116 0.164 0.000
3 0.093 0.016 0.047 0.001
4 0.037 0.021 0.006 0.849
5 0.000 0.052 0.040 0.926

Generally speaking, if the overlap index was less than 6%, the explanatory power of
the corresponding linear combination was weak [60]. As shown in Table 2, the overlap
index for the first two pairs of canonical variables for both public welfare forest land and
commercial forest land exceeded 6%. This indicated that the quality of these forestlands
was primarily influenced by the first two pairs of canonical variables.

4.2.2. Influence Mechanisms Analysis

(1) Influence mechanisms of public welfare forest land quality
As can be seen in Table 3, the seven factors in the group of the independent variable

affected the PFLQI through the previous two pairs of canonical functions. The V11 distin-
guished the PFLQI from all dependent variables with a corresponding canonical loading
of 1.000. The U11 distinguished average annual precipitation, average annual temperature,
soil moisture, landform, and community structure from all independent variables with
corresponding canonical loadings of 0.413, 0.365, 0.541, −0.415, and 0.762, respectively.
It was evident that average annual precipitation, average annual temperature, soil moisture,
and community structure had a strong positive impact on the ecological benefits of public
welfare forest land. Notably, optimizing community structure can enhance species diversity,
promote niche differentiation, increase biomass accumulation, and continuously improve
the ecological service functions of public welfare forest land.

Table 3. Canonical correlation analysis of public welfare forest land.

Independent Variables
Canonical Loading

Dependent Variables
Canonical Loading

U11 V12 U12 V12

Average annual precipitation 0.413 0.134 Public welfare forest land quality index 1.000 0.032
Average annual temperature 0.365 −0.437 Diversity index −0.197 −0.951

Soil moisture 0.541 0.352 Centralization index 0.118 0.933
Land type 0.132 −0.019 Dominance index 0.163 0.975
Landform −0.415 −0.724 Homogeneity index 0.197 0.951

Slope aspect 0.117 0.155
Community structure 0.762 0.595

Overlap Index 0.262 0.159 0.129 0.246
ρ2 0.743 0.231
ρ 0.862 *** 0.481 ***

Notes: *** p < 0.01.

The second pair of canonical functions was V12 and U12, in which the V12 distinguished
the diversity index, centralization index, dominance index, and homogeneity index from
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all dependent variables with canonical loadings of −0.197, 0.118, 0.163, and 0.197, respec-
tively. The U12 distinguished average annual temperature, soil moisture, landform, and
community structure from all independent variables, and the canonical loadings were 0.437,
0.352, −0.724, and 0.595, respectively. It could be seen that average annual temperature,
soil moisture, landform, and community structure were all negatively correlated with the
ecological benefit level of public welfare forest land, while there was a positive correlation
with centrality, dominance, and homogeneity. The main reason was that forest land units
located in high terrain had severe climatic conditions, poor soil conditions, and insufficient
ecological differentiation among species. This would eventually lead to a decline in the
functions and service levels of the public forest ecosystem.

(2) Influence mechanisms of commodity forest land quality
As can be seen in Table 4, the seven factors in the independent variable group affected

the commodity forest land quality and its spatial pattern through the previous two pairs
of canonical functions. The first pair of canonical functions was V21 and U21, in which
the V21 distinguished the commodity forest land quality from all dependent variables
with a canonical loading of 0.999. The U21 distinguished average annual temperature,
soil moisture, landform, and slope aspect from all independent variables, with canonical
loadings of 0.581, 0.732, −0.347, and 0.309, respectively. It can be seen that the average
annual temperature, soil moisture, and slope aspect all had a strong positive impact on
the economic benefits of commodity forest land. Among them, soil moisture determined
the water supply status of forest trees and was a key factor affecting commercial forest
land. Forest trees absorbed water from the soil through their roots to maintain their normal
life activities. When the soil moisture was appropriate, water absorption by the roots and
transpiration from the leaves could reach a balanced state, which was conducive to the
growth of forest trees. On the contrary, high landform limited the improvement of the
commodity forest land economic benefits.

Table 4. Canonical correlation analysis between indicators and evaluation indicators of commodity
forest land.

Independent Variables
Canonical Loading

Dependent Variables
Canonical Loading

U21 V21 U22 V22

Average annual precipitation 0.113 0.191 Commodity forest land quality index 0.999 0.030
Average annual temperature 0.581 0.145 Diversity index −0.185 −0.924

Soil moisture 0.732 −0.134 Centralization index 0.196 0.913
Land type 0.032 0.403 Dominance index 0.173 0.980
Landform −0.347 −0.821 Homogeneity index 0.185 0.924

Slope aspect 0.309 0.513
Community structure 0.105 0.318

Overlap Index 0.350 0.116 0.101 0.164
ρ2 0.918 0.127
ρ 0.958 *** 0.357 ***

Notes: *** p < 0.01.

The second pair of canonical functions was V22 and U22, in which the V22 distinguished
the diversity index, centralization index, dominance index, and homogeneity index from all
dependent variables with canonical loadings of −0.185, 0.196, 0.173, and 0.185, respectively.
The U22 distinguished land type, landform, slope aspect, and community structure from
all independent variables, and the canonical loadings were 0.403, −0.821, 0.513, and 0.318,
respectively. It could be seen that land type, landform, slope aspect, and community
structure were all negatively correlated with the diversity of the economic benefit level of
commodity forest land, while there was a positive correlation with centrality, dominance,
and homogeneity. The primary reason was that forest land units located at higher elevations
often had fragile geographical environments, limited tree species, and faced challenges in
development and utilization. These factors ultimately resulted in a lower overall economic
benefit level for commodity forest land.
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5. Discussion
5.1. Classified and Graded Management of Forest Land Resources

As mentioned above, the majority of earlier research evaluating the quality of forest
land did not distinguish between public welfare forests and commodity forests [21,23].
However, this study emphasized that to achieve the classification and grade management of
forest land, it was essential to highlight the leading functions of both public welfare forests
and commodity forests during the quality evaluation. Therefore, the assessment of forest
land quality should focus on the following aspects: (1) Public welfare forests that prioritize
ecological protection function should concentrate on the ecological benefits. Therefore, the
construction of quality evaluation indicators for public welfare forest land should take
into account its forest quality and ecological status [61]. The 2019 Forest Land Quality
Classification in Kaizhou District selected natural factors, such as climate, topography,
landform, soil and biodiversity, that affect the quality of forest land. This paper, building
on the classification, extracted grade indices and identified factors affecting the ecological
benefits of forest land for correction. The revised evaluation index could highlight the
natural attributes and ecological value of public welfare forest land, which was conducive
to the implementation of fine management of public welfare forest land after quality
grading [62]. Specifically, Kaizhou District’s first-grade public welfare forest land needs to
be protected by a fence and barred from being used for productive activities to maximize
the carbon sink capacity of forest land. Second-grade and third-grade welfare forest land
could be appropriately developed for the forest economy and forest tourism and give full
play to the material production function and social public welfare function of forest land.
Measures such as forest stand renovation and forest nurturing should be implemented for
fourth-grade and fifth-grade public welfare forest land. This would improve the quality
and ecological protection function of public welfare forest land and reduce the increase in
carbon emissions due to poor management and administration [63–65].

(2) Commodity forests with development and utilization as the leading function
should not only focus on their economic benefits but also take into account their ecological
benefits. Therefore, the evaluation of the quality of commodity forest land should be closely
related to the factors of soil, terrain, location, and economic value [21]. The existing land
quality evaluation studies only considered natural factors such as terrain, climate, and
soil fertility [66], ignoring socio-economic and location factors, which could not better
reflect the comprehensive condition of commodity forest land. In view of this, this paper
combined the characteristics of the study area and selected natural factors such as slope,
slope position, soil texture, soil thickness, and humus thickness. Meanwhile, location
factors such as accessibility, skidding distance, and transportation distance, and economic
factors such as dominant tree and business level were selected in this paper. Then, the factor
method was used to comprehensively evaluate the economic benefits and productivity
differences of commodity forest land, aiming to facilitate its graded management. For
first-grade commodity forest land in Kaizhou District, commodity logging and forest land
use altering shall be prohibited, and the carbon sink function of forest land should be
emphasized. Second-grade and third-grade commodity forest land shall be intensively
operated and cultivated, and the updated afforestation shall be completed in accordance
with the regulations. For fourth-grade and fifth-grade commodity forest land, forest land
managers should promote agroforestry complex operations, reasonably arrange various
production activities, and excavate forest land productivity.

To sum up, the correction method usually adjusts or corrects certain important indi-
cators based on the existing classification results and in response to changes in specific
factors or conditions. This method is highly targeted and places significant demands on
the accuracy of forest land classification results. The factor method requires identifying
all critical factors influencing forest land quality and developing a comprehensive index
system to evaluate forest land quality [67], enabling a more accurate reflection of its overall
quality or value. However, in practical application, the correction method relies on forest
land classification results, which are significantly influenced by the grade index [21]. Addi-
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tionally, the annual updates for forest land classification often lag, resulting in relatively
poor timeliness for implementing revised legal grades. Using the factor method to classify
forest land quality levels requires a unified weighted summation of all evaluation indicators.
This method requires high professionalism from the experts involved in scoring and is
prone to subjective judgment, weakening the impact of each sub-indicator on the quality
level of forest land.

5.2. Forest Land Zoning Management and Regional Cooperation

The quality evaluation results of public welfare forest land and commodity forest land
in Kaizhou District revealed diverse quality levels, significant structural differences, and
objective spatial heterogeneity. Therefore, forest land operators should manage forest land
on a sub-regional basis, depending on the direction of its utilization and the level of quality.
The regional management measures of public welfare forest land and commodity forest
land are as follows:

(1) In terms of public welfare forest land, the quality of forest land steadily declined
from Zone 1 to Zone 3. A In Zone 1, where the quality of forest land is generally high,
it is essential to maintain the existing natural state and prohibit business activities. This
approach will effectively preserve regional biodiversity and ecological security while
maximizing the “spillover effect” of its carbon sink function [68]. For the Zone 3 area where
the quality of forest land was generally low, excessive protection would lead to a decline
in the overall ecological benefits of public welfare forests. Therefore, the “constructive”
protection of forest land should be strengthened. That is, the government should allow
moderate operation and renewal logging to ensure that the health and vitality of the
ecosystem are not threatened or damaged [69]. Simultaneously, the government should
support the development of carbon sinks and other ecological products to enhance income
from forest management, thereby motivating greater enthusiasm for managing public
welfare forests.

(2) In terms of commodity forest land, under the influence of edge effects, some high-
quality forest land appeared in the transition zones of Zone 1, Zone 2, and Zone 3. Therefore,
communication and cooperation in the protection and development of forest land across
the three regions should be strengthened to extend the edge effect of the transition zone
throughout the entire area, thereby enhancing the overall quality of forest land [70]. Zone 4
was distributed with most of the third-grade forest land, which was a potential high-quality
forest area. Therefore, the forest land in Zone 4 should be utilized scientifically to increase
productivity. On the one hand, the protection and restoration of forest land in the zone
should be strengthened to reduce forest degradation and destruction. On the other hand,
the sustainable recycling of forest biomass products should be strengthened to reduce
carbon emissions from forests to the atmosphere [71].

5.3. Community Structure Optimization and Soil Quality Improvement

It could be seen from the results of the canonical correlation model that public welfare
forest land was mainly positively affected by community structure, average annual precipi-
tation, average annual temperature, and soil moisture. Commodity forest land was mainly
positively affected by average annual temperature, soil moisture, and slope aspect. Based
on the main factors affecting forest land quality, the following suggestions are put forward:

(1) For public welfare forest land: first, a multi-layer forest structure of different
ages should be constructed to achieve a three-dimensional spatial combination of trees,
shrubs, and herbs [72]. This approach enhances biodiversity and ecological stability while
improving the carbon absorption and storage capacity of the forest. Second, implementing
artificial intervention measures alongside natural succession can enhance positive ecological
succession and restoration of the forest land while also increasing the biomass and carbon
storage capacity of the area [73]. Third, for public welfare forest land impacted by climate
change, it is essential to implement ecological restoration projects, such as replanting and
tending, to restore the carbon sink function and enhance the stability of the woodlands.
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Fourth, water and soil conservation measures, such as constructing drainage ditches and
reservoirs, should be implemented to ensure an adequate water supply for the growth of
forest trees. This will promote healthy tree growth and enhance carbon reserves.

(2) For commodity forest land: First, forest land operators can enhance the forests’
adaptability to climate change by introducing high-quality tree species that exhibit fast
growth rates, strong stress resistance, and excellent wood quality. Second, precise fertiliza-
tion and irrigation should be carried out according to soil moisture conditions to improve
fertilizer utilization and enhance the growth rate of forest trees, thereby increasing the
biomass and carbon storage of the forest land [74]. Third, the land use structure should
be optimized based on land type, landform, and slope characteristics, with reasonable
arrangements for planting density and thinning times. This approach helps establish an
efficient forest ecosystem network and enhances the carbon absorption and storage capacity
of the forest land [75]. The fourth step is to create a composite management model that
includes forest farmers, forest fruits, and forest medicines. This approach will increase the
productivity and financial gains of commercial forest land while maintaining sustainable
development of the forest and enhancing its capacity to sequester carbon.

Due to the small research unit and study area, this study examined the influencing
mechanisms of forest land quality as a whole without conducting a regional heterogeneity
analysis. However, as the study area expands to municipal, provincial, or even regional
levels, understanding the regional differences in the impact mechanisms of forest land
quality becomes particularly important. Exploring the influencing mechanisms of forest
land quality in different regions can help formulate targeted management strategies and
measures according to local conditions and promote the sustainable utilization and devel-
opment of forest resources. Additionally, future zoning studies should integrate forest land
quality assessments with the analysis of carbon emissions and reduction efforts in each
region. This approach will help strengthen the link between forest land quality and the
broader context of carbon peaking and carbon neutrality.

5.4. Promotion and Application of Forest Land Quality Evaluation Results

In the context of carbon peaking and carbon neutrality, conducting a quality evaluation
of forest land and exploring its spatial patterns and influence mechanisms will aid in
comprehensively assessing the distribution of forest land quality in Kaizhou District.
Additionally, expanding the applications of forest land quality evaluation results will
provide a scientific reference for the sustainable development of forest land resources as
part of the rural revitalization strategy in Kaizhou District. The applications are as follows:

(1) In terms of public welfare forest land, it was necessary to promote the application
of forest land quality evaluation results in the balance of occupation and ecological com-
pensation. When requisitioning and occupying public welfare forest land, supervision is
continuously strengthened to prevent the practice of taking good land and returning poor
land. The same number of public welfare forest land with the same ecological function
should be restored off-site in advance to avoid the reduction of carbon sinks due to land
use change [45,76,77]. In addition, differentiated forest land ecological compensation poli-
cies, such as the carbon compensation policies, should be implemented. Specifically, the
ecological compensation standards for public welfare forest land should be formulated
scientifically based on the quality and ecological location of forest land, emphasizing the
ecological service value it provides [78,79].

(2) In terms of commodity forest land, the focus should be on strengthening the appli-
cation of forest land quality evaluation results in forest land circulation and land acquisition
compensation. In order to promote the orderly circulation of forest land, a model of the rela-
tionship between commodity forest land quality index and land price should be constructed
to calculate the benchmark land price. In this way, it can promote the connection between
the “grade and price” of forest land and manifest the relationship between the quality and
value of forest land resource assets [21]. In addition, the application of forest land quality
evaluation results in land acquisition compensation should be expanded. The Implemen-
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tation Measures for Compensation and Resettlement for Collective Land Expropriation
in Kaizhou District, Chongqing City stipulated that comprehensive fixed compensation
for the expropriation of forest land was 13.50 RMB per square meter. This failed to reflect
the potential ecological benefits and utilization value of forest land. Therefore, govern-
ment departments should implement a differentiated compensation mechanism for the
expropriated forest land according to the forest land quality and utilization directions [80].

6. Conclusions

The spatial pattern and influencing mechanisms of forest land quality were the focus
topics in the field of forest land use. This research developed quality evaluation index
systems for public welfare forest land and commodity forest land, respectively, and used
the correction method and the factor method to evaluate the overall quality of two different
types of forest land. The CASA model was then employed to measure vegetation NPP,
followed by a correlation analysis between the NPP and the forest land quality index to
validate the accuracy and reliability of the forest land quality assessment results. On this
basis, the landscape ecology indexes were used to explore the spatial pattern characteristics
of the forest land quality, and the canonical correlation analysis method was used to
reveal the dominant factors affecting the quality of forest land. The following conclusions
were drawn:

(1) The public welfare forest land quality index ranged from 37.89 to 148.15 in Kaizhou
District, while the commodity forest land quality index ranged from 40.00 to 92.67. Based
on the evaluation results, the two types of forest land quality were divided into five grades.
The high-quality forest land in the district was mainly distributed in Zone 1. The natural
environment of Zone 1 should continue to be protected, maintaining its suitable climatic
conditions, fertile soil, and sufficient water sources. This would promote the healthy growth
of forests and continue to play their carbon sink function. The low-quality forest land was
mainly distributed in Zone 2. On the one hand, construction activities within the forest
land in the zone should be strictly controlled to avoid overexploitation and abuse of land.
On the other hand, planting tree species suitable for the local climate and soil conditions in
the zone can increase vegetation coverage, improve soil stability, and enhance the carbon
sequestration capacity of forest land.

Among public welfare forest land quality grades, the area of second-grade forest land
was the largest, followed by first-grade, while fifth-grade had the least area. The quality
grade of public welfare forest land was also geographically diversified. Therefore, forest
management measures should be adopted for public welfare forest land in accordance with
local conditions and categorized policies. Commodity forest land quality was characterized
by a concentrated distribution of third-grade forest land, whose area accounted for 80.99%.
However, under the influence of the edge effect, some high-quality forest land also appeared
in the transition zones of Zone 1, Zone 2, and Zone 3. Therefore, the cooperation among
the three regions should be strengthened to extend the edge effect of the transition zone to
the whole region so as to improve the quality of forest land in the whole Kaizhou District.

(2) There was a positive correlation between vegetation NPP and the forest land quality
index, indicating that NPP was higher in areas with a high-quality index and lower in areas
with a low-quality index. The results from the canonical correlation model showed that
public welfare forest land was primarily positively influenced by factors such as community
structure, average annual precipitation, average annual temperature, and soil moisture.
For commodity forest land, the main positive influences were average annual temperature,
soil moisture, and slope aspect. However, landform had a significant negative impact on
both types of forest land.

In order to improve the quality of forest land and the level of NPP, on the one hand,
appropriate tree species and afforestation methods should be selected based on natural
conditions such as average annual precipitation, average annual temperature, and soil
moisture. At the same time, measures such as thinning adjustment and forest stand density
and spacing are adopted to optimize the forest stand community structure and ensure
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the sustainable development of forest land and the improvement of carbon sink capacity.
On the other hand, based on different land type, landform, and slope aspects, forest land
management, development, and utilization measures should be formulated according to
local conditions. This approach will further improve the productivity level of commercial
forest land and achieve the coordination and unity of economic, ecological, and social
benefits of commercial forest land.

(3) In summary, this article provides a foundation for forest land quality evaluations
in other regions and for future assessments of the ecological value of forest land. On one
hand, it objectively reflects the current status of forest resources in Kaizhou District and
provides a valuable reference for shifting forest land management towards a balanced
focus on quantity, quality, and ecological protection. In promoting national forest land
quality assessments, it is essential to adhere to the principles of zoning, classification,
and grading while conducting comprehensive evaluations of both public welfare and
commercial forestlands and identifying the key factors that determine forest land quality.

On the other hand, this study is also a new practice for the integration of forest and
grass resources and land resource management, providing a powerful starting point for
establishing an ecological product value evaluation mechanism in the future. In the future,
with the establishment of the “sky-ground-air” three-dimensional monitoring framework
and the improvement of forest land big data and information technology, a comprehensive
information platform for forest land quality evaluation and classification, carbon sink, and
carbon emission data can be constructed. The establishment of a multi-source database
can realize real-time updating and dynamic monitoring of data, providing a more solid
foundation for the sustainable utilization of forest land resources.
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Figure A2. Spatial pattern of commodity forest land quality evaluation indicators in Kaizhou District.
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(j) shows the spatial distribution of transportation distance score, (k) shows the spatial distribution of
business level score.

Table A1. Comprehensive evaluation index system and index weight of the forest land quality.

Type Index Weight
The Grading and Scoring Standard of the Indicators

100 80 60 40 20

Public
welfare

forest land

Naturalness 0.300 I II III IV V
Canopy density 0.300 ≥0.7 0.4~0.7 <0.4

Mean tree
height coefficient 0.250 ≥1 0.5~1 <0.5

Public welfare forest
Protection Level 0.150

National
first-class

public welfare
forest land

National
secondary

public welfare
forest land

General public
welfare

forest land
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Table A1. Cont.

Type Index Weight
The Grading and Scoring Standard of the Indicators

100 80 60 40 20

Commodity
forest land

Accessibility 0.122

Available for
management,

logging,
skidding, and
transportation

Can available
for management,
logging, skidding,
and transportation

in the
near future

Not available
for management,
logging, skidding,
and transportation

Skidding distance (m) 0.116
Transportation

distance (m) 0.116

Elevation (m) 0.072 <300 m 300–500 500–1000 1000–1500 ≥1500
Slope (◦) 0.088 <5 ≥3515 15~25 25~35 ≥35

Slope Position 0.060 Flat slope Valley slope Downhill slope Middle slope Uphill and
Reverse slope

Soil Texture 0.074 loam clay sand
Soil Thickness (cm) 0.087 ≥80 60~80 40~60 20~40 <20

Humus Thickness (cm) 0.102 ≥10 5~10 <5
Dominant Tree Species 0.092 Arbor/Bamboo Shrub Herb

Business Level 0.071 High level Middle level Low level

Notes: (1) Mean tree height coefficient: Hi = hi/h, h = (∑ wi × hi)/w. Hi was the mean tree height coefficient
of the ith unit; hi was the mean tree height of the ith unit; h was the mean tree height of the whole district; wi
was the forest stock volume of the ith unit; w was the total forest stock volume of the whole district. (2) Skidding
distance: Fi = mi(1 − ri), ri = di/d, Mi = (1/r)× 100. Fi was the effective value of the skidding distance of the
ith unit; mi was the effective value of skidding distance of i unit; ri was the relative skidding distance of the ith
unit; di was the actual skidding distance of the ith unit; d was the radius of the influencing factor, d = 2431.04.
(3) Transportation distance: Fi = mi(1 − ri), ri = di/d, Mi = (1/r)× 100

√
a2 + b2, Fi was the effective value of

the transportation distance of the ith unit; mi was the effective value of transportation distance of ith unit; ri was
the relative transportation distance of the ith unit; di was the actual transportation distance of the ith unit; d was
the radius of the influencing factor, d = 8959.68.
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