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Abstract: Forestland dynamics can affect the ecological security of a country and even the
global environment, and therefore it is of great practical significance to understand the
characteristics of temporal and spatial variations of forestland. Taking Jiangxi Province as
the study area, this study first explored the driving mechanism of the natural environment
and social economy on deforestation and afforestation using a simultaneous equation
model. The results indicate that population size, topographic and geomorphologic factors,
climate, and location play leading roles in influencing forestland density fluctuations.
Specifically, the population size, economic development level, gross value of forestry
production, climate conditions, and government policies are key influencing factors of
afforestation. Deforestation is mainly influenced by agricultural population, non-agricultural
economy, forestry production, forestry density, location, transportation, and climate.
In addition, this study simulated the spatial distribution of land use and analyzed the spatial
characteristics and variation trends of forestland area and quality under the Representative
Concentration Pathways (RCPs) climate scenarios from 2010 to 2030 using the Conversion
of Land Use and its Effects (CLUE) model. The results indicate that forestland declines
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under the Asia-Pacific integrated model (AIM) climate scenario. The environment tends to
be heavily damaged under this kind of scenarios, and measures should be taken in order to
protect the environment. Although the model for energy supply strategy alternatives and
their general environmental impact (MESSAGE) scenario is to some extent better than the
AIM scenario, destruction of the environment will still occur, and it is necessary to restrain
deforestation and convert shrub land into forestland or garden land. These results can
provide significant information for environmental protection, forest resource exploitation,
and utilization in the areas experiencing deforestation and afforestation.

Keywords: dynamics of forestland; driving mechanism; climate scenario; simulation

1. Introduction

Humanity is facing various effects brought by climate change, which is currently a hotspot of
geographical science research, with increasing impacts on the physical environment as the progress of
human society continues [1-8]. Climate change is mainly affected by natural factors and human
activities, among which land use change plays a significant role. As a major type of land use,
forestland plays a key role in improving the environment, maintaining the global carbon balance,
conserving biodiversity, and conserving soil and water, efc. Besides, to increase carbon sinks and
alleviate climate change, it is necessary to expand forestland area and increase the forest volume
worldwide. In addition, forestland even serves as the foundation for the survival and development of
humans and other organisms, and therefore forestland dynamics is not only a major subject of global
change research but also a key indicator of global change [9—17]. It is necessary to comprehend the
causes and process of the temporal and spatial variation of forestland, and analyzing the forestland
dynamics, understanding the spatial and temporal distribution of forest changes, and rationally
protecting forestland have currently become important issues in the world.

Deforestation and afforestation have constantly occurred in China during the past decades for a
number of reasons, such as the increasing demand for the forest products, changes of national policies,
and implementation of the Grain for Green Project and other afforestation projects. There were
substantial fluctuations in the total forestland area in China during the period 1985-2005 [18-27].
Firstly, forestland area increased by 2.23 x 10° hm? due to the shrub and woodland expansion in the
1980s. Then, a large amount of woodland was destroyed in the 1990s, and later the forestland area
recovered due to the implementation of the Grain for Green Project. In addition, the gradual
improvement of people’s living standards with the continuous socioeconomic development led to the
requirement of a high-quality environment and higher requirements for forestry development [28-38].
Climate change is one of the significant factors that influence forestland dynamics other than human
activities, and it is necessary to understand the causes and processes of spatial and temporal variation
in forestland and predict their changes under different future climate scenarios, which is of significance
for the rational use of forest resources and sustainable ecological, economic, and social development.

The relationship between land use change and climate change is extremely complex, and it is now
widely recognized that there are some impacts of climate change on land use; however, the feedback of
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land use change on climate change is also of significance, which needs to be further studied. Yan ef al. [39]
analyzed the land use dynamics in the Poyang Lake area during the period 1985-2035 under four
climate change scenarios, i.e., A1B, A2, B1, and no climate change, and explored the effects of climate
change on land use change in the Poyang Lake area in the future. Zhang [40] assessed the potential
impacts of climate change on the main tree species for plantation and spatial distribution of natural
vegetation in China under the A2 climate scenario. Little research has been conducted on forestland
dynamics under the climate scenarios of the Fifth Assessment Report published by the IPCC. In the
fifth assessment report in 2014, the IPCC introduced a set of scenarios according to atmospheric
radiation intensity, known as the Representative Concentration Pathways (RCPs) [21,23-25]. The
newly assigned scenarios start from a more scientific and applicable approach, and therefore this study
will explore forestland dynamics under the RCPs climate scenario according to the newly published
criteria in the fifth assessment report. The study of the spatial and temporal dynamic processes of
deforestation and afforestation under RCPs climate scenarios can provide important scientific evidence
for sustainable forestry development and macroeconomic policy-making [41-47].

This study will reveal the temporal and spatial variation in forestland under future scenarios through
simulation and prediction of deforestation and afforestation dynamics using the Conversion of Land
Use and its Effects (CLUE) model. The case study area is introduced in Section 2, and the data
sources, methodology, and scenario design are provided in Section 3. Next, the driving mechanism
will be analyzed in Section 4, and the simulation results under the climate scenario are presented in
Section 5. The final part summarized the conclusions and policy recommendations.

2. Study Area

Jiangxi Province is a typical example of an area experiencing deforestation and afforestation in
China, and serves as the study area for this research. It is located in southeast China and at the
middle and lower reaches of the Yangtze River (Figure 1). Specifically, it is located between
24°29'14"-30°04'41" N and 113°34'36"-118°28'58" E. The climate of this area is moderate and moist,
with an annual average temperature of 18 °C and an annual average precipitation of 1637.9 mm.
Jiangxi Province is a large basin that is inclined towards Poyang Lake and open in the north, bounded
by mountains to the east, west, and south, with the north part composed of plains and the middle part
composed of hills. With relatively diverse and complete geomorphology distributed irregularly as a
cyclic structure, the major landforms are mountains and hills. Forestland and cultivated land are the
two major types of land use in this area, accounting for nearly 90% of the total land area.
The proportion of forestland area is up to 60%, and cultivated land comes second, taking up 27.02%.
The conflict between forestland and cultivated land has been a historical problem, with urbanization,
industrialization, and agricultural modernization aggravating the situation. Thus, the conflict mainly
lies in the competition between cultivated land, forestland, and built-up areas. Since 1998, forestland
area and forest inventory have increased due to the policy implementation of Grain for Green Project.
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Figure 1. Location of the typical deforestation and afforestation area.
3. Data and Methodology
3.1. Data Sources

The land use data are interpreted from the remote sensing images of Landsat by the Resource and
Environmental Science Data Center of the Chinese Academy of Science at a scale of 1:100,000, and its
interpretation accuracy is as high as 92.7% according to the field investigation. Five types of land use
are included, i.e., cultivated land, forestland, water area, built-up area, and unused land. Forestland is
further divided into closed forest, open forest, shrub land, and garden areas. The 1-km area percentage
data for forestland in 1988, 1995, 2000, and 2005 are produced using a 1-km area percentage data
model. On this basis, this study calculates the converted area of all types during these three periods
(1988-1995, 1995-2000, and 2000—-2005) and lists the converted area from forestland to other land uses
and from other land uses to forestland.

The natural environment is significant for forestland dynamics in Jiangxi Province, and the natural
environmental data can be categorized into topography, soil properties, and meteorological data.
Topography includes elevation, topographic slope, and plain area proportion. Elevation is obtained
based on a Digital Elevation Model, whereas topographic slope and plain area proportion are derived
from 1:250,000 DEM data in Jiangxi Province. For the soil properties, the data are derived from the
second soil survey for the whole country. With respect to the meteorological data, the average annual
temperature and average annual precipitation during the period 1988-2005, which are related to
regional ecological processes, are derived from the data center of the national Meteorological
Administration, and they are interpolated at a 1 km x 1 km grid scale using the gradient plus inverse
distance squares method.

Location and transportation conditions can represent the effects of human activity on forestland
dynamics. The location data refer to the distance between each grid and the provincial capital, port,
or the nearest road. Thus, the location data are estimated based on the spatial distribution map of the
provincial capital, port and road networks. The road density is calculated on the basis of a 1:250,000
topographic map of Jiangxi Province, with the length of traffic line dividing the land area of each county.
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Socioeconomic data are also essential for forestland dynamics and land use conversion, which
includes population density, agricultural population, GDP, GDP in non-agricultural industries, whether
the county is a major grain-producing area, whether the county is poor, forestry production, and
forestry output value. The original data are from the investigation and statistical yearbook of each
county. The policy variables involved in this study also have effects on the forestland dynamics,
such as the Grain for Green Project, which has been implemented at the national level and protects the
environment from deforestation and afforestation to a certain extent.

Different types of forestland dynamics have various drivers, and this study selects different
variables for three equations according to the local situation in Jiangxi Province to explore the
driving mechanism of the forestland dynamics, and then chooses significant factors for the CLUE
model (Table 1).

Table 1. Variables in the driving mechanism analysis in a typical deforestation and
afforestation area.

Equation Meaning Variables Unit
(1) and (2) Population density Popden person/km?
3) Population Pop Person
(2) and (3) Agricultural population, one-period lag term Agrpop Person
(1) and (2) . GPP | In(gdp) M%ll?on yuan
GDP in non-agricultural industry In(nagr_gdp) Million yuan
(1) and (3) elevation In(dem) m
(1) Quadratic term of elevation (In(dem))? m
3) Slope In(slope) Degree
3) Quadratic term of slope (In(slope))? Degree
(1) and (3) Soil organic matter In(organic) -
-3 Precipitation In(pa) mm
(1) and (2) Quadratic term of precipitation (In(pa))? mm
(H)-(3) Air temperature In(ta) Degree
(1) and (2) Quadratic term of air temperature (In(ta))? Degree
(1) and (3) Distance to provincial capital In(d2pvep) km
(1) Distance to port In(d2port) km
(1H)-(3) Distance to the nearest road In(d2road) km
Road density In(road_den) km/km?
(1) and (3)
Forestland In(Y) km?
(H-3) Forestry production In(fe_prod) Million Yuan
(1H)-(3) Forestry output value In(fe_gdp) Million Yuan
3) Whether the county is poor Poverty -
(1) and (3) Whether the county is the major grain producing area Grain -
Whether the county is involved in the Stated-owned Forest
(M Mng -
Farms and Nursery System
2) Area of other land converted to forest land In(wother20) km?
3) Area of forest land converted to other land In(/w200other) km?
2) Whether the county has implemented Grain for Green Tghl -
(H)-(3) Forestry coverage rate Y %
(2) and (3) Quadratic term of forestry coverage rate (Y)?




Energies 2015, 8 10563

3.2. Methodology
3.2.1. Driving Mechanism Method

This study analyzed the driving mechanisms for change in forestland areas via deforestation and
afforestation using a model that simultaneously uses multiple equations, and Ordinary Least Squares
was adopted in the model with no instrument variables. Through econometric analysis, this study
explored the effects of the natural environment and social economy on forestland dynamics in
deforestation and afforestation areas. This model included three equations: (1) forestland density;
(2) conversion from forestland to other land use types; and (3) conversion from other types to
forestland. The first equation is used to indicate the growth state of forestland in deforestation and
afforestation areas, the second reflects the process of deforestation, and the third suggests a process for
the protection and recovery of forestland:

Yie =xXo+o¢; In(popden;,_) +; In(gdp;e—1)
+o¢; In(fe_prod;_,) +, In(fe_gdp;;_1) +x4 In(dem;)
+x (In(dem,;))? +4 In(organic;,) +<, In(ta;) +g (In(ta;.))?

1
+o¢g In(pay) +<19 (In(pay))* +o¢;4 In(road_den;,_4) o
+;, In(d2pvep;) +5 In(d2road;;) +o¢14 Grain; +x5 Mng;;_,
+ Eit
0Y;; = By + B1 In(popden;,_,) + B, In(agrpop;;) + B3 In(gdp;;—1)
+ B4 In(fe_prod;—1) + Bs In(fe_gdpie—1) + B In(Yi—1) @)

+ B7(In(Y;e—1))? + Bg In(tay,) + Bo(In(ta))? + Bio In(pay,)
+ B11(In(pa;))? + Biotghl + ey

SYie = po + p1In(popit—1) + p2 In(agrpop;—1) + p3 In(fe_prod;;_,)
+psIn(fe_gdpic—1) + ps In(Yie—1) + ps(In(Yie—1))? + p; In(dem;)
+ pg In(slope;) + pg In(organic;) + pyo In(ta;) + p11 In(pay,) 3)
+ py2 In(road_den;;_,) + p13 In(d2pvcep;) + p14 In(d2road;;)
+ pisGraing_, + pigPoverty;_1 + 6i;

In the equation, i stands for the basic unit of analysis; ¢ stands for year (1988-2005); # — 1 means
one lagging unit of ¢ (this is replaced by the average value of this variable for the last three years);
Yir stands for forestland density; OYir is converted area from other types to forestland; SYi is the
converted area from forestland to other types; and &, eir, and 0ir are random errors.

3.2.2. Conversion of Land Use and its Effects (CLUE) Model

The CLUE model is suitable for land use dynamics simulation in large-scale areas and has been
demonstrated to be very robust [30,31]. The CLUE model mainly consists of two modules, i.e., spatial
allocation and non-spatial prediction [1,2,18-20]. Specifically, the non-spatial module mainly contains
the land use demand, which can be estimated using gray system prediction, system dynamics models,
and socioeconomic methods, or even by directly referring to the results of land use planning and social
and economic planning in the study area. The spatial module allocates the demand value to each grid
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year by year to spatially and temporally simulate the dynamics of land use based on the driving
mechanisms and spatial allocation rules for land use. Therefore, driving mechanism analysis and
spatial allocation rules should be made before the spatial simulation (Figure 2). The driving
mechanism analysis presents the spatial relationship between the land use distribution and driving
factors, and explores the effects of key driving factors on land use distribution. This spatial allocation
is achieved on the basis of the empirical analysis of land use, spatial variation analysis, and dynamic
simulation, and the allocation rules have been fixed in the model. Moreover, this model has been
widely used in land use simulation; for more details, please refer to Verburg [30].

Driving factors and Land use demands
spatial distribution of Regression analysis under the different Land use in history
each kind of land use scenarios
Y

Dynamics of driving Spatial distribution .

. o . . Land use planning

factors with time probability of each Land use simulation « L
i : decision
going kind of land use

Figure 2. Flow chart of the conversion of Land Use and its Effects (CLUE) model.
3.2.3. Scenario Design

The RCPs scenarios are four greenhouse gas concentration trajectories adopted by the IPCC for its
Fifth Assessment Report (ARS) in 2014, which describes four possible climate futures, including the
model for energy supply strategy alternatives and their general environmental impact (MESSAGE),
AIM, GCM, and IMAGE models. This study only takes into account the MESSAGE and AIM models,
which represent the possible status of the study area and China [25,26]. The 0.5° % 0.5° land use data
under two climate scenarios were downloaded from the IPCC official website, which lists the
percentage of each type of land use type in the 0.5° x 0.5° grid. Then, the boundary of the study area
was overlaid with the land use data, and the total area of each type of land use was calculated
according to the land demand under the two climate scenarios. Finally, the land use demand data were
put in the CLUE model to allocate the land use demand in a 1 km grid.

3.2.4. Model for Energy Supply Strategy Alternatives and their General Environmental Impact
(MESSAGE) Climate Scenario

The MESSAGE model, also called model for energy supply strategy alternatives and their general
environmental impact, is a high RCP scenario (RCP8.5). The atmospheric radiation intensity under the
MESSAGE scenario will increase to more than 8.5 W-m™2, which suggests that there is no net
reduction in the global scale. This climate model can provide the latest scenario, which is similar to the
revised A2 scenario. Therefore, it is possible to compare with early climate assessments, which can
help maintain the continuity of climate assessment from the perspective of climate simulation. This
scenario takes population, expected future GDP, efficiency improvement, and energy consumption into
account, and the emissions in developed and developing countries will increase to various degrees,
with increases of 84% and 3.8 times by 2100, respectively.
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Under the MESSAGE climate scenario, cultivated land increases rapidly. However, the speed of
growth slows down after 2020, and in 2030, the cultivated land will have increased by 3.3% compared
with 2005 (Figure 3). In contrast, the areas of forestland and grassland drop dramatically during the
period 2005-2030. Among them, the forestland area drops 0.1% annually, which is higher than the
reduction rate under the AIM climate scenario. Although fluctuations in the reduction rate between
years still exist, its range remains relatively stable. The changing rate of grassland between 2005 and
2010 is relatively small, but in the following period, between 2010 and 2020, the reduction rate
increases substantially. After 2020, the rate of change decreases again. The grassland will have
decreased by 15.5% in 2030 compared with 2005. The built-up area, on the other hand, increases
rapidly and stably during the study period. The annual growth rate is two or three times that of the rate
under the AIM climate scenario.
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Figure 3. Land use structure under the climate scenario. AIM: Asia-Pacific integrated
model;, MESSAGE: model for energy supply strategy alternatives and their general
environmental impact.
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3.2.5. Asia-Pacific Integrated Model (AIM) Climate Scenario

The AIM model, also known as the Asia-Pacific integrated model, is a medium-high RCP scenario
(RCP6) that is similar to the GCM model (RCP4.5). However, the atmospheric radiation intensity
under the AIM climate scenario is 6 W-m 2, which means that the world will not make all efforts to
achieve a positive greenhouse gas reduction target. Under the AIM climate scenario, the range of the
four land use types is smaller than those under the MESSAGE climate scenario, which suggests that
the development rate is relatively slow and that land use change is not as significant as under the
MESSAGE climate scenario (Figure 3).

Specifically, cultivated land decreases gradually, with an annual rate of reduction decreasing from
0.13% to 0.09%. Forestland also has a decreasing trend, but according to the annual sequence analysis,
the reduction rate is relatively small and close to zero. In contrast to forestland, grassland increases
with a very slow rate. Compared with 2005, the grassland increases by only 3.3% by 2030. The built-up
areas also grow slowly, with the growth rate being 28.2% from 2005 to 2030, which is far less than
that of the MESSAGE climate scenario. The results are different from other regions under the same
scenario, and the probable reason is that the research assumes that deforestation and afforestation areas,
which act as the main regions for restoring the environment, slow down the development rate [25-29].

4. Driving Mechanisms of the Deforestation and Afforestation Processes
4.1. Driving Mechanism for Density Variation of Forestland

By setting up a model for the driving mechanisms of the variations in forestland density, this research
estimated the influence coefficients of the factors that influence deforestation and afforestation (Table 2).

Table 2. Driving mechanism analysis of the density variation of forestland.

Y: Density Variation of Forestland

X Equation (1) Equation (2) Equation (3) Equation(4) Equation(5) Equation (6) Equation (7)
—0.427 —0.335 -0.132 -0.131 -0.113 —0.165 —-0.151
In(popden)
(8.53) *** (6.72) *** (3.84) *** (3.81) *** (3.35) *** (4.65) *** (4.16) ***
0.069 0.039 —0.032 —0.032 —0.039 —-0.031 —0.041
In(gdp_t1)
(1.70) * (0.98) (1.31) (1.34) (1.64) (1.25) (1.51)
. 0.172 0.033 0.034 0.026 0.009 0.019
In(fe_prod t1)
(4.59) *** (1.40) (1.44) (1.08) (0.41) (0.68)
—0.026 0.002 0.001 0.002 0.002 —-0.026
In(fe_gdp t1)
(0.65) (0.09) (0.05) (0.06) (0.08) (0.67)
3.325 3.237 2.620 2.008 2.073
In(dem) - -
(9.65) *** (9.11) *** (6.51) *** (4.69) *** (4.83) ***
Quadratic term —0.298 —-0.292 —0.244 —-0.201 —-0.206
of In(dem) (9.74) *** (9.33) *** (6.99) *** (5.32) *** (5.45) ***
0.169 0.185 0.376 0.485 0.488
In(slope) - -
(2.25) ** (2.41) ** (3.806) *** (5.07) *** (5.08) ***
0.158 0.013 —0.064 —0.052
In(organic) - - -
(1.00) (0.08) (0.42) (0.34)
61.772 107.324 98.469
In(pa) - - - -

(1.14) (1.95) * (1.79) *
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Table 2. Cont.

Y: Density Variation of Forestland

X Equation (1) Equation (2) Equation (3) Equation(4) Equation(5) Equation (6) Equation (7)
Quadratic term —4.083 —7.164 —6.578
of In(pa) (1.12) (1.92) * (1.76) *
646.107 634.687 697.959
In(ta) - - - -
(2.29) ** (2.20) ** (2.41) **
Quadratic term —6.393 —6.433 =7.097
of In(ta) (2.23) ** (2.19) ** (2.40) **
—0.009 —0.009
In(road_den) - - - - -
- 0.71) (0.65)
In(d2 ) 0.132 0.140
n - - - - -
pvep (2.40) ** (2.52) **
0.196 0.192
In(d2road) - - - - -
(3.75) **x* (3.66) ***
. 0.072
Grain - - - - - -
(1.74) *
Mng - - - - - - 0.062 (0.87)
Constant 10.171 9.803 —1.058 —1.006 —3,844.751 —3,946.200 —4,265.844
onstan
(17.59) ***  (15.38) *** (1.10) (1.04) (2.39) ** (2.39) ** (2.56) **
R? 0.24 0.32 0.75 0.76 0.77 0.80 0.80

Absolute value of ¢ statistics in parentheses * significant at 10%; ** significant at 5%; *** significant at 1%.
4.1.1. Influence of Human Activities

Human activities are the controlling factors for the density of forestland. This research analyzes the
influencing degree of human activities by using the population density. In the regions where there is a
higher population density, the damage to forest ecological systems will increase; therefore, forest
density will decrease. Those negative effects slow down when other factors are involved, and the elastic
coefficients also correspondingly change from —0.427 to —0.151, and their significance are at the 1% level.
It indicates that the density of forestland would decrease by 1.51% when annual population density
decreases by 10%; therefore, human activity must be taken into account when protecting forestland.

4.1.2. Influence of Forestry Economy

In theory, the development of forestry economy is closely related to the forest density, whereas it is
different in this region. No matter what, the economic development or forestry production has no
apparent influence on forest density. The timber output lags by two years and the gross value of forest
lags are not in direct proportion to forest density, indicating that reservation of forestland is not a
priority, whereas variables such as transportation and population, play more significant roles. Those
results also cause the centralization of cutting and the slow restoration of primary forest, and the
forestry ecological system is therefore damaged gradually.
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4.1.3. Influence of the Natural Environment

The natural environment is a governing factor in forestry protection and forestland area changes.
The estimation illustrates that elevation and gradient prominently restrict the forest growth and
forestland density. Forests are widely distributed in the regions with higher elevations and steeper
slope, which means that forest density is also higher in those areas. The elastic coefficients for
elevation and gradient are 2.073 and 0.488, respectively, signifying that forestland density will
increase by 20.73% and 4.88%, respectively, with every 10% increase in elevation and gradient.
However, when the altitude surpasses a certain height, the further development of forestry growth
would be held back and the density of forestland would be somewhat decreased. Weather conditions
also exert an appreciable influence on forestry growth, and linear and nonlinear relationships exist
between temperature, precipitation, and forestland density. Forestland density increases with increasing
annual temperature and precipitation, but it will decline when these two factors reach a certain level.

4.1.4. Influence of Location and Transportation

Location and transportation are also the major factors that affect forestry density. The distance to
the provincial capital and to the main roads reflects the distance to human activities. The results
illustrate that the nearer the forestland is to the provincial capital, the lower the density will be.
The elastic coefficient is 0.140, and its significance is at the 5% level. The elastic coefficient for the
distance to main roads is 0.192 with a significance level of 1%. A negative influence between
forestland density and transportation density exists but is not obvious. This may be ascribed to most of
the deforestation and afforestation areas located in mountainous regions, and a lagged economy with a
transportation density smaller than other areas. Under such a situation, the influence of the location and
transportation may not be so prominent.

4.1.5. Influence of National Policies

In this section, mainly the Financial Regulations for State-owned Forest Farms and Nursery
Systems are considered, but the results show that the relationships between the implementations of
these regulations and the forestland density are not close. Whether it is a major grain-producing area is
also taken into account. The results indicate that this has a positive effect on forestland density.
Those areas provide advantageous conditions with excellent soil and climate quality, which spurs the
development of not only agriculture but also the forestland expansion.

4.2. Driving Mechanisms of the Afforestation Process
4.2.1. Influence of Population Size

Population size is one prominent factor that influences the conversion from other land use types to
forestland. It is mainly cultivated land, grassland, and some unused land that are converted into
forestland in the typical deforestation and afforestation area. In areas with higher population densities,
such as urban areas, the cultivated land around them is usually converted into built-up areas, and the
remaining land is utilized to grow vegetables, meeting the needs of city dwellers. In this situation,
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comparatively less land can be converted into forestland. The elastic coefficient of population density
is —0.877, indicating that converted forestland area decreases 8.77% for every 10% increase in
population density (Table 3). In the regions with large agricultural populations, it promotes the
conversion from other land use types to forestland to some extent, which means that some of the
agricultural population separates itself from agriculture and turns to other fields, such as forestry, stock
raising, and fishing, becoming less heavily dependent on agriculture and increasing income at the

same time.
Table 3. Driving mechanism analysis of the afforestation process.
Y: Area of other land converted to forestland
X Equation (1) Equation (2) Equation (3) Equation (4) Equation (5)
—0.876 —0.841 —0.828 —0.817 —0.786
In(popden)
(17.84) *** (17.25) *** (16.81) *** (16.49) *** (16.63) ***
0.686 0.692 0.670 0.664 0.694
In(agrpop)
(13.16) *** (15.92) *** (15.03) *** (14.87) *** (16.26) ***
—0.138 —0.185 —-0.191 —0.185 -0.117
In(gdp)
(2.77) *** (4.41) *** (4.67) *** (4.54) *** (2.89) ***
0.023 0.051 0.046 0.072
In(fe_prod tI) -
(0.73) (1.59) (1.39) (0.28)
n(fe_gdp 1) 0.088 0.094 0.091 0.154
n(fe t -
8P (2.77) *** (3.07) *** (2.96) *** (4.89) ***
2.565 2.390 2319 2.277
In(Y) -
(8.40) *** (8.04) *** (7.67) *** (7.94) ***
) —0.151 —-0.139 —0.133 —0.130
Quadratic term of In(Y) -
(7.10) *** (6.75) *** (6.29) *** (6.47) ***
—1,640.635 -1,669.297 -1,577.328
In(ta) - -
(4.57) *** (4.40) *** (4.38) ***
) 16.660 16.953 16.019
Quadratic term of In(fa) - -
(4.56) *** (4.39) *** (4.37) ***
130.855 140.178
In(pa) - - -
(1.81) * (2.04) **
Quadrai Fin(pa) —8.854 —9.478
uadratic term of In(pa - - -
(1.81) * (2.04) **
0.285
Tghl - - - -
(5.43) ***
—4.032 —14.473 9,154.924 8,831.888 8,283.760
Constant
(7.27) *** (11.90) *** (4.56) *** (4.12) *** (4.07) ***
R? 0.69 0.78 0.79 0.80 0.82

Absolute value of t statistics in parentheses. * significant at 10%; ** significant at 5%; *** significant at 1%.
4.2.2. Influence of Social Economy

The development of economy also restricts conversion from other types of land use to forestland to
a certain degree. The coefficient is —0.117, and the significance is at the 1% level, manifesting in the
conversion being held back in areas with higher total output values. In contrast, the forestry output
value has a positive influence on the conversion, and the elastic coefficient ranges from 0.088 to 0.154,
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with significance at the 1% level (Table 3). This result is explained by the transfer of the labor force to
this area, and it promotes the development of forestry. Timber output exerts little influence on
conversion, revealing a problem: attention is not paid to ensuring the sustainable development of
forests at the time of exploitation. The linear and nonlinear relationships between forest density and
conversion illustrate that the conversion area also increases with increasing forestry density, but once a
certain level is surpassed, further development will be hindered.

4.2.3. Influence of Climate

Climate is also an influencing factor. The research results state that in areas with higher
temperature, the conversion from other types to forestland is relatively low. However, in areas with
higher rainfall, the conversion area is larger. The nonlinear elastic coefficients for temperature and average
annual precipitation are 16.019 and —9.478, respectively, which are opposite in sign to the linear elastic
coefficients (Table 3). This result also suggests that the relationship between climate and conversion
is not merely linear.

4.2.4. Influence of National Policy

The Grain for Green Project is beneficial to conversion. The elastic coefficient is 0.285, and
the significance is at the 1% level, which demonstrates the validity of this policy. The allowance for
the farmers continues to reinforce the efforts to convert cultivated land to ecological forests,
ensuring the safety of forestry ecosystems.

4.3. Driving Mechanism of the Deforestation Process
4.3.1. Influence of Population Size

Population size plays a decisive role in forest degradation. In densely populated areas, forest
degradation is not severe, whereas in areas with large agricultural population, forest degradation
intensifies. The results illustrate that the forest degradation in this area, rather than being influenced by
urbanization and expansion of construction needs, is actually aggravated by the expansion of the
agricultural population. Furthermore, in places where there is a large population size, the forestry area
is small, and in areas with large agricultural population, it is a densely forested area in most cases.
With the involvement of other factors, the population size coefficient for forest degradation changes
from —1.731 to —1.004 (significance at the 1% level), whereas the influence coefficient of the agricultural
population for forest degradation decreases from 2.039 to 1.318 (significance at the 1% level) (Table 4).

4.3.2. Influence of Social Economy

The development of non-agricultural economy drives forest degradation and promotes the
conversion from forestland to other types of land use. The elastic coefficient is 0.161, implying that
forestland will degenerate by 1.61% with every 10% increase in the non-agricultural economy.
Forestry production is another factor promoting forest degradation. With every 10% increase in forest
production, the conversion from forestland to other types will increase by 1.04%. On this basis,
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attention must be paid to the cultivation of seeding to ensure the sustainable development of forestland

in the process of lumbering. In areas where the economy relies not on timber production but on other

forestry production, the increase in the total forestry output value imposes restrictions on the

conversion, with an influence coefficient of —0.136 (Table 4). Linear relationships between forest

density and forest degradation indicate that in areas with higher forest densities, the degradation

area is smaller, which is a noteworthy phenomenon. After environmental problems become

exacerbated, the restorability and sustainability of an ecosystem can never be realized.

Table 4. Driving mechanism analysis of the deforestation process.

Y: Area of Forestland Converted to Other Land

X Equation (1) Equation (2) Equation (3) Equation (4) Equation (5) Equation (6) Equation (7)
In(pop) -1.731 —-1.673 —1.544 —1.542 —1.470 —-1.147 —1.004
n
K (6.24) *** (6.83) *** (6.24) *** (6.22) *** (5.93) *** (4.88) *** (4.19) ***
2.039 2.045 1.972 1.966 1.937 1.445 1.318
In(agrpop)
(9.64) *** (10.94) *** (10.48) *** (10.43) *** (10.32) *** (7.59) *** (6.75) ***
0.112 0.212 0.173 0.174 0.168 0.193 0.161
In(nagr_gdp)
(1.47) (3.16) *** (2.55) ** (2.56) ** (2.49) ** (3.15) *** (2.58) **
0.068 0.081 0.081 0.116 0.125 0.104
In(fe_prod t1) -
(1.60) (1.89) * (1.87) * (2.58) ** (2.92) *** (2.40) **
—0.146 —0.133 —0.132 —0.144 —0.150 —0.136
In(fe_gdp t1) -
(3.30) *** (3.03) *** (2.99) **x* (3.26) *** (3.75) *** (3.39) ***
() —1.253 —0.535 —-0.520 —0.745 —1.285 -1.261
n -
(3.28) *** (1.08) (1.05) (1.48) (2.78) *** (2.75) ***
Quadratic term —0.042 0.004 0.005 —-0.007 —0.031 —0.031
of In(y) (1.61) (0.11) (0.15) (0.20) (0.94) (0.97)
—0.334 -0.317 —0.242 —0.095 —0.098
In(dem) - -
(2.42)** (2.26)** (1.70)* (0.67) (0.69)
0.361 0.349 0.178 —0.044 —0.005
In(slope) - -
(2.70) *** (2.59) ** (1.18) (0.31) (0.03)
. -0.197 —-0.129 0.293 0.361
In(organic) - - -
(0.69) (0.44) (1.08) (1.33)
0.139 —0.791 —-1.156
In(pa) - - - -
0.27) (1.65) (2.33) **
—34.518 —8.509 —10.391
In(ta) - - - -
(2.44)** (0.56) (0.68)
0.081 0.080
In(road_den) - - - - -
(3.49) *** (3.50) ***
In(d2pvep) - - - - - —0.115(1.21) —0.038 (0.38)
-0.519 —0.546
In(d2road) - - - - -
(5.82) *** (6.14) ***
Grain - - - - - - 0.137 (1.95) *
P —0.105
over - - - - - -
4 (1.46)
0.660 —=7.123 —3.553 —3.363 189.461 45.800 58.774
Constant
(0.68) (4.51) *** (1.63) (1.53) (2.36) ** (0.53) (0.68)
R? 0.42 0.61 0.63 0.63 0.64 0.71 0.72

Absolute value of t statistics in parentheses. * significant at 10%; ** significant at 5%; *** significant at 1%.
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4.3.3. Influence of Topographic Conditions

The natural environment, especially topography, usually exerts certain influences on the formation
of forestland. However, the results of this research suggest that elevation, gradient, and soil organic
matter are not closely related to forest degradation. Although certain influences of elevation and
gradient are correlated with forest degradation when only the population, economy, and natural
elements are involved in the equation, these relationships are no longer clear due to the involvement of
local conditions and policies.

4.3.4. Influence of Location and Transportation

Location and transportation have vital roles in forest degradation. The distance to the provincial
capital and the main roads, and the density of transportation, are the deciding variables. The results
show that the distance to the provincial capital is of little importance, but the distance to the main roads
has a substantial effect. The nearer the forestland is to the main roads, the more severe the forest
degradation will be, and the elastic coefficient is —0.546 (Table 4). The main contributions to this
phenomenon are human influence and the convenience of transportation, which are conducive to
transporting forestry products. The density of transportation and the conversion are also tightly interrelated.
In areas with larger transportation densities, the conversion area is also larger. The conversion area will
increase 0.8% with every 10% increase in transportation density.

4.3.5. Influence of National Policy

The influences of major grain-producing areas and impoverished counties are also taken into account.
The results indicate that major grain-producing areas have a certain influence on forest degradation,
but there are no connections between impoverished counties and degradation. The influence coefficient
of major grain producing areas on forest degradation is 0.137 (significance at 10% level).

5. Simulation of the Deforestation and Afforestation Processes

After the mechanism analysis, the significant variables are identified, and its regression coefficients
are applied in the CLUE model to simulate the process of deforestation and afforestation.

5.1. Validation of Simulation Results

The simulation accuracy of single land types and the overall simulation accuracy are estimated
using a confusion matrix by comparing the simulation results and land use data derived from remote
sensing images in 2005, and the results show that the overall simulation accuracy of the CLUE model
s 75.9% (Figure 4a). Analyses of single types of land use indicate that the forestland simulation
has the highest accuracy of 89.0%. This is mainly because the CLUE model takes the tree age issue
into account; the conversion from other land or other wooded land to closed forest is difficult to
achieve in 1-2 years. Statistical simulation accuracy on the county level shows that the linear
coefficient between the correct simulated grid number and the total grid number of each county is
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0.7878 (R* = 0.9824), which means that there are no significant regional differences in the regions of
deforestation and reforestation, as there are no appreciable deviations from the trend line (Figure 4b).
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Figure 4. Accuracy verification of land use simulation: (a) Accuracy verification for each
land use type; (b) accuracy verification in county level.

5.2. Analysis of the Simulation Results under the Asia-Pacific Integrated Model (AIM)
Climate Scenario

The dynamics of nine types of land use are simulated using the CLUE model. The results indicate
that forestland area is in decline under the AIM climate scenario. During the period 2010-2020,
the areas of conversion into and from forestland are 1566 km? and 1728 km?, respectively (Figure 5).
It is mainly cultivated land and grassland that are converted into forestland, and cultivated land,
grassland, and portions of built-up areas are converted from forestland. Moreover, internal conversions
between forest cover types also exist. The area of conversion from closed forest into shrub land and
garden area is 971 km?. The regional distribution of converting out mainly resembles the provincial
capital core and the area with rapid economic development. The region where the closed forest
increases is mainly situated in the original forest in the south central parts. Compared with the period
2010-2020, the circumstances during the period 2020-2030 will deteriorate, with the areas of
conversion into and from forestland being 1645 km? and 1844 km?, respectively. The spatial
distribution is similar to that during the period 2010-2020. Although the range during this period is
not as remarkable as that under the MESSAGE climate scenario, the growth rate demands our
attention. If the situation remains, catastrophe will occur in the environment.
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Figure 5. Spatial distribution of land use under the AIM climate scenario: (1) cultivated land;
(2) grassland; (3) water area; (4) built-up area; (5) unused land; (6) closed forest; (7) open
forest; (8) shrub land; and (9) garden area.

Under the AIM climate scenario, the area of decreasing closed forest reaches its maximum during
the period 2020-2030 (Figure 6). The open forest area declines, but the total amount manages to
remain the same. From 2020 to 2030, the area of declining open forest reaches its maximum of
467 km?. During the period 2010-2020, the area of shrub land increases to a few times that during the
period 2000-2010, reaching 1492 km?, but is still inferior to the number under the AIM climate
scenario during the same period. However, during the period 2020-2030, the shrub land increases to
1569 km?, outnumbering that under the MESSAGE climate scenario during the same period. Under the
AIM climate scenario, the changing area of garden area remains inconspicuous, being only 74 km?
(Figure 6). Although the situation outbalances that under the MESSAGE climate scenario, certain
damage remains inescapable. Approaches need to be taken to prevent closed forest from decreasing and
to convert shrub land into closed forest or garden area.
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Figure 6. Forestland change under AIM climate scenario.
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Under the AIM climate scenario, the range of conversion holds steady in 2010-2020 but increases
during the period 2020-2030 (Figure 7).
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Figure 7. Conversion of forestland under the AIM climate scenario: (1) closed forest

converted to non-forestland; (2) closed forest converted to other forest; (3) other forest

converted to non-forestland; (4) shrub land converted to garden area; (5) non-forestland

converted to forestland.

The dominating conversion type is between closed forest and non-forestland and between closed

forest and other types of forest. Many types of conversion between different forestland exist but in

small amounts. During the period 2010-2020, the conversion from closed forest to non-forestland will

mainly be found in Jiujiang City, Nanchang City, and their surroundings. The conversion area of

closed forest to other types of forest increases, involving most of the counties and cities, with northeast,
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southwest, and central areas being more centralized. In the south central parts of the deforestation and
afforestation areas, the conversion from shrub land into garden area emerges as a common phenomenon.
The conversion area from other types of forest to closed forest remains insignificant and is located at
the border between Suichuan County and Nankang City. The conversion from non-forestland to
closed forest is also found in the south central areas. During the period 2020-2030, the distribution
of conversion from closed forest to non-forestland remains unaltered, with the area exceeding that
during the period 2010-2020. The conversion from closed forest to other types of forest manages to
continue, and in the west central and northern parts, the conversion from closed forest to other types of
forest stands out. The conversion from shrub land to garden area is similar to that in 2010-2020 and
centralized in the south central areas. In some counties and cities of the southwest region, non-forestland
is converted into forestland but indistinctively.

5.3. Analysis of Simulation Results under the Model for Energy Supply Strategy Alternatives and
Their General Environmental Impact (MESSAGE) Climate Scenario

The changes in the forest area under the MESSAGE climate scenario parallel the situation under the
AIM climate scenario, but the type varies slightly. During the period from 2010 to 2020, the area of
open forest and shrub land decreases, converted to closed forests in the southern part of the
deforestation and afforestation area. In the north part, however, the forest area is lost to some extent
because, as a main economic development area, conversion of land types is inevitable. However, the
south part, as the main area of the original forestland, develops its economy slowly and maintains an
undamaged environment, leading to an increase in forest area. In the period 2020-2030, the growth of
closed forest slows down, and one of the main changes in spatial distribution is the growth of open
forest, emerging mainly in the original open forest areas and developed areas of cities (Figure 8).

According to the conversion between forestland and other types of land use, a conclusion is drawn:
it is mainly grassland and some parts of cultivated land that are converted to forestland, and it is mainly
cultivated land and a small amount of grassland and built-up areas that are converted from forestland.
During the period 20102020, the areas of conversion into and from forestland are 2202 km? and
3203 km?, respectively, occupying 3.1% and 2.1% of the total forestland area. The internal
conversions between forest cover types also emerge, with conversion from closed forest to other types
of forest dominating, especially the conversion from closed forest and open forest to garden areas.
The locations with increasing area are mainly found in the south central, northeastern, and
northwestern parts of the deforestation and afforestation area, whereas the decreasing areas mainly
consists of the areas with rapid economic development and areas encompassing Poyang Lake,
eventually taking the shape of a triangle. During the period 2020-2030, the area of conversion into and
from forestland is 1448 km? and 2670 km?, respectively, with the variation trend slowing down.

The simulation results of different types of forest at various times demonstrate that closed forest and
open forest are losing territory, and shrub land and garden area are gaining territory. The range of
increase varies with time (Figure 9). In the period 2010-2020, the reduction in closed forest area
reaches its maximum of 2658 km?. The reduction range decreases in the following years but is still
larger than that in the period 2000-2010. Open forest is also declining, and the reduction area reaches
its maximum during the period 2020 to 2030 (715 km?). The increase in shrub land reaches a
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maximum in the period 20102020, reaching 2036 km?, but the growth rate slows down during the
next ten-year period. Garden area is increasing, but with a slow rate, with barely 102 km? in the period
2020-2030. Those results suggest that, with decreasing forest area, closed forest being converted into
shrub land, and deteriorating forest quality, the environment is in imminent danger under such a
climate scenario. It is well known that forests, as the main carbon sink, play an irreplaceable role in
maintaining a favorable environment. When global warming is on the rise, such a climate will definitely
aggravate the situation, and the consequences will be beyond measure. Thus, efforts must be undertaken
to avert this from happening and to protect the sustainable development of the environment.

Figure 8. Spatial distribution of land use under the MESSAGE climate scenario:
(1) cultivated land; (2) grassland; (3) water area; (4) built-up area; (5) unused land;
(6) closed forest; (7) open forest; (8) shrub land; and (9) garden area.
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Figure 9. Forestland change under the MESSAGE climate scenario.

Under the MESSAGE climate scenario, the forestland area decreases with time going. The major
conversion types are from closed forest to non-forestland, from closed forest to other types of forest,
from non-forestland to closed forest, and from other types of forest to non-forestland (Figure 10).
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Figure 10. Conversion of forestland under the MESSAGE climate scenario: (1) closed forest
converted to non-forestland; (2) closed forest converted to other forest; (3) other forest
converted to closed forest; (4) other forest converted to non-forestland; (5) shrub land
converted to garden area; and (6) non-forestland converted to forest.
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Conversion processes have a regional characteristic, which probably results from certain policies or
an identical driving element. In the period 2010-2020, the conversion from closed forest to
non-forestland mainly occurs in Jiyjiang City and Nanchang City, which are in the northern part.
As a border zone between forestland and cultivated land, this region is vulnerable to human activities
and ecologically sensitive. The conversion from closed forest to other types of forest mainly lies in the
northeast and south central parts of the deforestation and afforestation area. The conversion from other
types of forest to non-forestland clusters in the regions where closed forest is converted to
non-forestland. The distribution indicates that, in addition to closed forest, other forest types are also
exploited in these regions. The conversion from shrub land to garden area is mainly located in the
south central part, including Ganzhou City and some counties around it, and the south central part also
comprises the main afforestation area, most likely because the increase in orchards converts the shrub
land, grassland, and some unused land into orchards and economic forest, realizing diversified
development of agriculture and transferring some of the agricultural labor force to non-agricultural
roles. In the period 2020-2030, the situation remains basically the same as that in the period 2010-2020,
with only slight differences. The region with the conversion from shrub land to garden area moves
eastward and southward, most likely due to regional extension. The conversion from closed forest to
other types of forest is sparsely distributed, but the number declines dramatically, and the situation of
large area conversion remains unusual.

6. Conclusions and Discussion

There are three types of forestland change in the study area, i.e., forestry density fluctuation,
conversion from other land use types to forestland, and conversion from forestland to other land use
types, and coefficients of influencing factors on forestland change were estimated with a model of the
driving mechanisms for change in forestland area. The results show that natural conditions, such as
elevation and gradient, are remarkably restrictive to the forestry density. Moreover, human activities,
acting as the decisive influencing factor of forestry density, have an overall negative effect on the
forest density in the study area. In addition, the results reveal that forest degradation area decreases in
densely populated areas and increases in areas with large agricultural population. A substantial
agricultural population in the study area promotes the conversion from other land use types to
forestland, while the economic development exerts a negative effect on the conversion from other
types to forestland. The development of a non-agricultural economy exacerbates forest degradation,
promoting the conversion from forestland to other types. Forest production development also passively
aggravates forest degradation. What is more, the Grain for Green Project exerted notable positive
effects on the conversion from other types to forestland.

The forestland dynamics in the study area was simulated using the CLUE model under the AIM and
MESSAGE climate scenarios. The forestland area will decrease under the AIM climate scenario,
which will mainly occur in economically developed areas, i.e., the regions around Poyang Lake. The lost
forestland is mainly converted into grassland and cultivated land, which is found in the south central,
northeastern, and northwestern parts of the study area. There will be also internal conversion of
forestland, e.g., conversion from the closed forest and open forest to garden areas. Under the
MESSAGE climate scenario, the forestland area also shows an overall declining trend, but in a
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moderate way. The lost forestland is mainly converted into cultivated land, grassland, and built-up
areas, which mainly occurs in the regions around the provincial capital and economically developed
area. However, the area of shrub land and garden land will increase, while the area of closed forest
and open forest declines. There will be more cultivated land and grassland converted into forestland,
which mainly occurs in the south central parts.

The simulation results of forestland dynamics are similar under the AIM and MESSAGE climate
scenarios, showing similar changing trends and spatial patterns, but still with considerable differences.
The MESSAGE model is a high RCP scenario with rapid economic development and more emissions,
under which urban land expansion occupies a lot of cultivated land and consequently leads to more
conversion of forestland to cultivated land. The deforestation will be more severe under the
MESSAGE climate scenario, under which the grassland area also decreases, subsequently leading to
more serious soil erosion and gradual environmental deterioration. The forestland dynamics will lead
to greater pressure on local environments under the MESSAGE scenario, and therefore more efforts
should be made to conserve forestland, protect the environment, and guarantee the sustainable
development of social economy. By comparison, forestland also exhibits a decreasing trend under the
AIM climate scenario, but the decrease of forestland is much lower than it is under the MESSAGE
climate scenario, and grassland area will increase slightly. However, there is still some risk, and
environmental catastrophe may occur if the situation remains unchanged.

In general, deforestation and afforestation will continue under the climate scenarios during the
period 2010-2020 in the deforestation and afforestation areas due to the fact that there is still great
demand for wood and other forestry products. Forestland is a material resource vital to human survival,
and more measures should be carried out to protect the forestland. People’s environmental awareness
increases and the probability of deforestation decreases as time goes on, but to assure harmonious
development between forestry production and the environmental protection, it is still of great
importance to take deforestation and afforestation into account in management. Jiangxi Province is one
of the few remaining forest production bases with a relatively low economic development level, which
will inevitably experience rapid economic development; thus it is of great importance to protect the
local forestland to ensure the sustainable development of both the forestland and economy.
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