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Abstract

Mountainous areas are characterized by relative closure and vertical differentiation, and land
use/land cover (LU/LC) are not continuous. There are few studies on the process of land use/land cover
change (LUCC) at micro-scale in mountainous areas. In this study, two typical settlements (Jiashan
and Jiuzi village) in the upper reaches of Minjiang River were selected to determine the range of
accessibility and the maximum regional boundary of settlements based on the concept of ecological
niche. Besides, through the method of remote sensing interpretation, transfer matrix, and dynamic
index, the characteristics of micro scale LUCC in Jiashan and Jiuzi village from 1999 to 2014 were
analyzed. During 1999 to 2014, the LU/LC of the two settlements changed drastically, among which
the farmland area decreased significantly, while the ecological forest and fruit forest area increased
significantly. In 2014, LU/LC types showed obvious characteristics of slope and vertical differentiation.
The difference of hydrothermal conditions caused by the disparity of slope direction between the two
settlements is the reasons for the variation in LU/LC distribution between the two settlements. From
1999 to 2014, the integrated dynamic index of LU/LC of Jiashan and Jiuzi village was 1.87% and 1.94%,
respectively, indicating that the LU/LC in alpine settlements at the upper reaches of Minjiang River
was changing rapidly. In addition, we should be aware of the potential risks of food security and high-
quality sustainable development of fruit forests, which could be caused by returning farmland to forests

in mountainous settlements.

Keywords: settlement, land use/land cover change (LUCC), dynamic index, the upper Minjiang River

*e-mail: Ifckind@163.com



4836

Yuan Z., et al.

Introduction

Land wuse/land cover change (LUCC) -contains
information about the interaction between human
activities and natural changes, which is an ideal
starting point for the study of nature-human interaction
interface [1-3]. In recent years, LUCC has become an
important area for numerous scholars to reveal the
relationship between global environmental changes and
anthropogenic activities [4-6]. Some of the approaches
involve are spatial-temporal process, driving mechanism
investigations, process simulation, and environmental
effects of LUCC [4, 7-11].

The upper reaches of the Minjiang River are the
transition zone between the Tibetan Plateau and the
Sichuan Basin, which is a concentrated distribution
area of Tibetan, Qiang and Hui settlements in Sichuan
Province. Compared with the Loess Plateau and the plain
areas, the settlements in upper reaches of the Minjiang
River are mostly concentrated on the slopes, and the
available land for residents is extremely rare. Frequent
regional geological disasters, severe soil erosion, and
other issues have led to further reduction of available
land and slow economic development [12]. Thus, the
study on LUCC in typical settlements has an important
strategic significance. Under the background of diverse
settlement culture, humans have caused frequent and
significant disturbances to the mountain ecological
environment, making it the typical ecologically fragile
area of the upper reaches of the Yangtze River [13-15].
For this special area, many researchers have carried
out extensive studies on the spatial-temporal changes,
driving forces, landscape patterns, and environmental
effects of LUCC in the upper reaches of the Minjiang
River [16-19]. Most of the studies consider the entire
upper Minjiang River as a study area, and the time scale
is mostly from 1974 to 2000. In the upper reaches of the
Minjiang River, projects of returning farmland to forest,
ecological immigrant, and hydropower exploitation
had been successfully implemented. Combined with
the impact of earthquakes, the process of LUCC is
extremely complicated. Therefore, research on LUCC in
mountain settlements after 2000 is of great significance
for revealing the spatial-temporal pattern and the reason
of LUCC and also for discovering prominent problems
in LU/LC at a certain point in time.

Niche is a term describing the role of a species or
population in its ecosystem [20]. The ecological niches
in the mountain settlement refer to the geographical
location of human settlements in the mountain
ecosystem and the space of resources that can be
used by their residents. The ecological niches in the
mountain settlement reflect the functional geographical
characteristics of settlements. The study of LUCC based
on the ecological niches in the mountain settlement in
the upper reaches of the Minjiang River can effectively
reveal dynamic change process in micro-scale LU/LC
in mountainous areas and the interaction pattern
between human activities and the external environment.

In 1999, Li County launched the pilot project of
returning farmland to forests, and by 2002, a total of
225 ha area was completed (http:/www.abadaily.com).
The Jiashan and Jiuzi villages were selected as the
typical settlements to study the change characteristics
of the ecological niches, and the reasons are as follows:
(1) the study area is located in the Zagunao River in
the upper reaches of Minjiang River, with extremely
special geological, climatic, hydrological and settlement
characteristics; (ii) the main source of income for
Jiashan and Jiuzi villages comes from cultivation in
the history and in 1999, Jiashan and Jiuzi village of Li
County implemented the policy of “returning farmland
to forest” for the first time.

Thus, this study aims to investigate: (i) LUCC in
high mountain settlements under the influence of the
policy to return farmland to forests; (ii) changes in
slope and elevation of ecological forest land caused
by returning farmland to forests; and (iii) the LU/LC
transfer rate and dynamic characteristics of high
mountain settlements based on the settlement ecological
niches scale.

Material and Methods
Study Area

The study area, located in Jiashan Village (Jiashan)
and Jiuzi Village (Jiuzi), Li County, in the upper reaches
of the Minjiang River in Sichuan Province, China, is a
mountainous region in the eastern part of the Tibetan
Plateau (103.43-103.45E, 31.52-31.55N). Particularly, the
study area is located on the boundary between the first-
step and second-step in three gradient terrain of China.
The special geomorphic features and the rapid river
incision feature cause most of the settlements in this
area to be distributed on the slope in the river valley.

The ecological niche areas of Jiashan and Jiuzi were
573.90 ha and 267.21 ha, respectively. The determination
of the ecological niche boundary was mainly based on
the interpretation of the river, the foot of the slope, the
gully and the texture and color difference of the remote
sensing image. The rivers and the foot of the slope were
used as the lower boundary of the ecological niche, and
the other boundaries were determined by the difference
in texture between natural forests and artificial forests
disturbed by human activities. According to China
meteorological data service center (http:/data.cma.cn/
en), the study area has a plateau monsoon climate with
mean annual temperature of 11.4°C, average annual
rainfall of 619.2 mm, and average annual evaporation of
987 mm for the period between 1981 and 2010.

Data Source
The Advanced Spaceborne Thermal Emission and

Reflection Radiometer (ASTER) global digital elevation
model (GDEM) data was acquired from geospatial
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data cloud (http://www.gscloud.cn/). SPOT-4 image in
1999 (the resolution of panchromatic band is 10 m, the
resolution of multispectral band is 20 m) and the SPOT-
6 satellite remote sensing image in 2014 (the resolution
of panchromatic band is 1.5 m, the resolution of
multispectral band is 6 m) were acquired from Airbus
company  (https:/www.intelligence-airbusds.com/en/
4871-geostore-ordering).

Research Method

The pre-processing of remote sensing image
was conducted by using ERDAS IMAGINE v. 9.2
and ArcGIS v.10.2 software. In addition, real-time
online images from Google Earth on-site interview
and field investigation were used to distinguish the
relative position relationships between ground objects.
According to the technical specification for land use
survey in China (1984) and the actual situation in
study area, we divide the gradient range into six grades
and the altitude range into seven grades. Then obtain
the LU/LC types and areas in different periods. The
characteristics of LUCC was reflected by the transfer
matrix and dynamic index.

The LU/LC transfer matrix, called the Markov
transfer matrix, can reflect the mutual transformation
of LU/LC types in a certain area from one type to
another within a certain period of time. It is a widely
used method for studying the characteristics, direction,
and structure of LUCC and it can describe structural
characteristics of LU/LC, and the source of various
types during the study period. Furthermore, it can
generate a transition probability matrix, and then
analyze the hot spots of land use change [21].

W, W, o ...ow,
Wi Wy 0 Wy,
w=i . .
Wi W 0 Wy, (])

In the formula, w represents the LU/LC area of
different types; w, represents the area of LU/LC i
transferred to LU/LC type j before the transfer, and n
represents the number of types before and after the LU/
LC transfer; i, j (i, j = 1, 2,..., n), respectively represent
different types of LU/LC transfer process.

The dynamic LUCC index quantitatively describes
the rate of LUCC and can objectively reflect dynamic
change in LU/LC types and the intensity of land use
changes [22]. The land use dynamic index includes
a single dynamic index of LU/LC and an integrative
dynamic index of LU/LC [23, 24]. A single dynamic
index of land use describes the magnitude and speed
of a specific land use change (Eq. (2)), and integrated
dynamics index of land use describes the speed of the
land use system in the study area (Eq. (3)) is [20, 22]:
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In the equation (2), K represents the dynamic index
of land use during the period of time. U, and U, are the
area of a land use type at the beginning and end of the
study; 7 is the period of time; where, the unit of 7T is
year, K is the annual rate of one land use change in the
study area.
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In the above equation, Lu, is the area of LU/LC type
i at the beginning of the study period; ALu,, is absolute
value of the area that LU/LC type i converted to other
land; T is the period of monitoring time; where, the unit
of T is year, Lc is the annual rate of LUCC in the study
area.

Results
Land Use/Land Cover Change

The ecological niche areas of Jiashan and Jiuzi were
573.90 ha and 267.21 ha, respectively (Fig. 1). The type
of LU/LC of the two settlements changed drastically
from 1999 to 2014, in which the area of farmland
decreased significantly, while the area of ecological
forest land and fruit forest land increased significantly
(Table 1). The decline in farmland areas of Jiashan and
Jiuzi accounted for 32.15% and 36.26% of the total
ecological niche area, respectively, while the forest arca
increased 22.87% and 5.23% of the two total ecological
niche area, respectively. The main varieties of fruit
forest are plum, apple, cherries, and the area of fruit
forest land accounted for 16.56% and 24.48% of the two
ecological niche total area, respectively. The returning
farmland to forest area of in Jiashan, which is located
on a shady slope, was significantly larger than that of
Jiuzi on sunny slope, especially the increased in the
area of ecological forest land of Jiashan was 9.4 times
than that of Jiuzi.

Slope Gradient and Vertical Differentiation
of Forest Land Changes

From 1999 to 2014, ecological forest land and
fruit forest land area of two settlements had changed
significantly in terms of slope gradient (Table 2). In
1999, the ecological forest land of two settlements
was distributed on each gradient section, and the areca
showed a dominant distribution among the slope of
25°-35°, while the distribution was the least among
the gradient of 0°-6°. In 2014, ecological forest land
showed an increasing trend in almost all gradient.
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Fig. 1. The land use/land cover maps of Jiashan and Jiuzi Village in 1999 and 2014. a) LU/LC map of Jiashan, 1999. b) LU/LC map of
Jiashan, 2014. ¢) LU/LC map of Jiuzi, 1999. d) LU/LC map of Jiuzi, 2014.

Table 1. Land use/land cover (LU/LC) patterns and change characteristics in 1999 and 2014.

1999 2014 1999-2014 (ha) 1999-2014 (%)
LU/LC type Area (ha) Change of area Change of proportion
JS 1Z JS 1z JS 1z JS 1z
Grassland 205.83 125.62 163.97 146.26 -41.86 20.64 20.64 7.72
Farmland 189.83 102.72 5.33 5.83 -184.50 -96.89 -96.89 -36.26
Ecological forest land 169.05 24.68 300.32 38.65 131.27 13.97 13.97 5.23
Construction land 9.19 14.19 9.22 11.06 0.03 -3.13 -3.13 -1.17
Plum land - - 41.45 43.43 41.45 43.43 43.43 16.25
Apple land - - 27.28 8.10 27.28 8.10 8.10 3.03
Cherry land - - 25.46 10.90 25.46 10.90 10.90 4.08
Pepper land - - 0.87 0.87 0.87 0.87 - 0.33
Walnut land - - - 2.11 - 2.11 - 0.79

Notes: JS is Jiashan village and JZ is Jiuzi village.
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The ecological forest land increased more in the
slope of 25-65°, and most of the fruit forest land was
distributed in the gentle gradient section which was
consistent with the policy of returning farmland to
forests requiring high-slope lands to forest. Plum trees
were planted on slope gradient of 0°-35°, in which most
of plum trees were planted on slopes of 6°-15° and a
small number were also planted on slope gradient of
25°-35°. The planting gradients of apple trees, cherry
trees and pepper trees were all lower than 25°, especially
concentrated in the range of 0°-6°.

During 1999-2014, the changes of ecological forest
land and fruit forest land in the two settlement areas
showed obvious vertical differentiation characteristic
(Table 2). In 1999, the ecological forest land of Jiashan
was distributed from 1400 m to 2800 m above sca
level, most of which distributed in the altitude of
2200-2600 m, and it was accounted for 77% of the
total ecological forest land area. Meanwhile, the forest
land of Jiuzi was distributed from 1800-2600 m above
sea level, most of which distributed in the altitude of
2400-2600 m, and it was accounted for 84% of the
total forest area. In 2014, the ecological forest land
arca distribution range of the Jiashan and Jiuzi was
1600-2800 m and 1600-2600 m, respectively. Most of
the ecological forest land of the Jiashan was distributed
in the altitude of 1800-2600 m, while the Jiuzi was
distributed in the altitude of 2200-2600 m. The vertical
distribution of cherry trees, apple trees and plum
trees in Jiashan was more concentrated than that in
Jiuzi. In Jiashan, the fruit forests were located at an

altitude range of 1400-2200 m, while in Jiuzi they were
distributed within the altitude range of 1400-2600 m.

Land Use/Land Cover Type Change
Characteristics

The land use/land cover (LU/LC) transition matrix
and LU/LC transfer rate matrix of Jiashan are shown
in Table 3. During the study period, the overall
characteristics of the LU/LC in the Jiashan were:
52.93% of the original grassland was converted to
other types of land, of which 32.65% of grassland was
converted to forestland; 9.59% of the original ecological
forest land was converted to other types of land, of
which 4.17% ecological forest land was converted to
grassland, the original farmland was mainly converted
to ecological forest land, and the conversion rate was
high (40.82%). Therefore, from 1999 to 2014, the area of
grassland and farmland had decreased by 109.13 ha and
188.17 ha, respectively, and the area of ecological forest
land increased by 147.50 ha. The area of construction
land has changed a little, and the area of fruit forest
land was increased significantly. The transfer rate of the
original ecological farmland was the largest (99.1 %),
while the transfer rate of the original ecological forest
land was the smallest (9.59%).

The LU/LC transition matrix and LU/LC transfer
rate matrix of Jiuzi from 1999 to 2014 are shown in
Table 3. It was observed that, 22.69% of the original
grassland of Jiuzi was converted to other types of
land, of which 12.34% of grassland was converted to

Table 2. Differentiation of forest land types on different gradient and Elevation (ha).

Year 1999 2014
EFL EFL PL AL ChL PeL

1S iz 1S 1z 1S 1z 1S iz 1S Z 1S 1z
0-6 | 320 | 0.10 | 270 | 3.10 | 17.70 | 13.80 | 17.20 | 6.40 | 1630 | 7.30 | 0.90 | 0.60
6-15 | 1520 | 2.90 | 20.80 | 6.10 | 19.40 | 19.80 | 9.40 | 2.00 | 8.80 | 3.70 - 0.10

Gradient | 15-25 | 3820 | 7.70 | 73.40 | 10.00 | 480 | 9.90 | 0.70 | 030 | 0.70 | 0.10 - -

©) 25-35 | 55.10 | 830 |106.50| 11.50 | 030 | 0.80 - - - - - -

35-45 | 33.50 | 320 | 6220 | 4.50 - - - ; ] ] ] ]

45-65 | 2330 | 2.30 | 3420 | 4.20 - - - - - - - -

14-16 | 0.42 - - - 270 | 042 | 0.84 - 0.76 | 059 | 0.17 -

16-18 | 3.45 - 884 | 051 | 1011 | 1.77 | 286 | 152 | 413 | 615 | 0.17 -

1820 | 8.51 | 0.08 | 39.84 | 1.94 | 615 | 227 | 1095 | 1.60 | 11.12 | 9.26 | 0.34 -

Elevaﬁn‘l’)“ 001 2020 [ 1979 | 118 | 66.88 | 345 | 682 | 3.12 | 1263 | 1.77 | 26.11 | 1508 | 0.25 -
2224 | 6199 | 2.78 |110.42| 10.87 | - 2.19 - 236 - | 1sa | - 0.67

24-26 | 67.13 | 20.55 | 66.62 | 22.57 | - 1.35 - 1.43 - 1.60 - -

26-28 | 7.16 - 7.33 - - - - - - -

Notes: JS is Jiashan village and JZ is Jiuzi village. EFL is ecological forest land, PL is plum land, AL is apple land, ChL is cherry land
and PeL is pepper land
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Table 3. The transition matrix and the transfer rate (TR) matrix of LU/LC typed in Jiashan and Jiuzi.

1999
GL CL EFL FL Increased

JS AV JS JZ JS IZ IS AV JS Iz
GL 97.05 84.60 3.83 7.57 7.05 0.50 56.47 53.68 67.34 61.75
ChL 9.86 4.59 0.78 1.10 1.04 0.04 13.79 5.16 25.46 10.90
PeL 0.26 0.41 0.03 0.14 - - 0.57 0.32 0.86 0.87
CL 425 5.17 0.19 1.26 0.35 0.02 4.43 4.61 9.03 9.81
PL 16.25 15.51 0.81 2.18 4.04 0.28 20.34 25.46 41.43 43.43
201 EFL 67.33 8.77 2.66 0.43 152.81 23.70 77.51 5.75 147.49 14.95
AL 9.32 3.28 0.67 0.88 222 0.11 15.07 3.83 27.28 8.10
FL 1.87 2.80 0.23 0.57 1.52 - 1.72 2.46 3.61 3.36
WL 0.44 0.56 0.03 1.42 2.11

Reduced | 109.13 41.10 9.00 12.93 16.21 0.96 188.17 | 100.27 - -

Notes: GL is grassland, ChL is cherry land, PeL is pepper land, CL is construction land, PL is plum land, EFL is ecological forest

land, AL is apple land, FL is farmland and WL is walnut land.

plum—tree land; only 3.89% of the original ecological
forest land was converted to other types of land, of
which 2.01% ecological forest land was converted to
grassland. The original farmland was mainly converted
to grassland and the conversion rate was high (52.25%).
From 1999 to 2014, the area of farmland in the Jiuzi
was greatly reduced, and the area of fruit forest land
was increased significantly. The transfer rate of the
original farmland and ecological forest land of the Jiuzi
was similar to that of the Jiashan, and the transfer rate
of the original farmland and ecological forest land was
97.6% and 3.9%, respectively.

Land Use/Land Cover Dynamics

The area of farmland in the Jiashan and the Jiuzi
decreased the fastest with the values of -6.48% and
-6.29%, respectively (Table 4). The area of ecological
forest land increased fastest with the values of 5.18%
and 3.78%, respectively. The integrated dynamic index
of LU/LC for Jiashan and Jiuzi was 1.87% and 1.94%,
respectively, indicating that the LUCC in this area was
in a stage of rapid development.

Discussion

The ecological niches in the settlements of Jiashan
and Jiuzi were selected as the cases in this study,
which provides a new perspective for analyzing
the characteristics of LUCC in mountainous areas.
Generally, previous studies focused on two types of
research objects for the research of LUCC, which
includes the administrative districts and the hydrological
catchment [25, 26]. Firstly, the studies based on

administrative districts was beneficial for analyzing
the socio-economic driving force of LUCC and it is
more suitable for plain or hilly areas [27]. Secondly,
the studies based on the hydrological catchment was
convenient to the analysis of LU/LC ecosystem services
and management [8, 28]. However, in this study, the
ecological niches in settlement were selected as the
third type of research objects in the research of LUCC.
Ecological niche in the settlement means a place or
situation that is especially well suited to an individual
or inanimate object, and it is an important theory of
ecology, which can measure the frames of continuous
change process in ecological relations and clearly reflect
the succession and development of land ecosystem
[29]. The ecological niches in settlement were most
strongly and frequently affected by human activities
and the influences of LUCC outside the settlements
can be effectively revealed. Studies based on this new
perspective can effectively reveal the micro-scale LUCC
process and the coupling mechanism between human
and LU/LC in mountainous areas. Consequently, the
LUCC in Jiashan and Jiuzi settlements were affected by
human activities, while the land changes of woodland
and grassland, which were the main types of LU/LC
outside the settlement, were controlled by the natural
conditions.

The area of farmland in Jiashan and Jiuzi
settlements decreased significantly from 1999 to 2014,
while the area of ecological forest land and fruit forest
land were increased significantly. The decreased area of
farmland in Jiashan and Jiuzi settlements accounted for
32.15% and 36.26%, respectively of the total area of the
ecological niches in the settlements, while the increased
area accounted for 39.43% and 29.71%, respectively.
The main driving force of this change was the project
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Table 4. Dynamic degree index in study area.

Jiashan Village | Jiuzi Village
(%) (*%0)
Grassland -1.35 1.10
Construction land 0.02 -1.47
Ecological forest land 5.18 3.78
Farmland -6.48 -6.29

of transferring farmland to forests implemented in
1999 to improve the ecological environment. The
policy requires farmers to convert farmland with a
gradient greater than 25° into ecological forests land
or fruit forest land and the institutional subsidies
directly increased the income of farmers [30]. The
slope distribution characteristics of ecological forest
land and fruit forest land in 2014 showed that almost
all farmland with a gradient greater than 25° in Jiashan
and Jiuzi was converted to ecological forest land, which
indicates the policy was well implemented in the study
arca. Besides, the local government strongly encourages
the farmers to develop the fruit industry in order to
accelerate the process of poverty alleviation. Due to
the long sunlight, high altitude, and large temperature
difference between day and night, the study area is very
suitable for planting fruit forest. The cherries, apples
and plums produced in the study area have become
well-known fruits. In addition, the prices of these fruits
are considerably higher than other areas, which further
increases the family income of farmers and contributes
to the poverty alleviation in mountainous settlements.
The policy of transferring farmland to forests has
resulted in obvious vertical differentiation of ecological
forest land and fruit forest land. The increased ecological
forest land was mainly concentrated in the high-altitude
area of 2200-2600 m, and the fruit forest land was
most concentrated in 1800-2200 m. The main reasons
for the differentiation phenomenon because of poor
traffic conditions, relatively insufficient infrastructure,
and high living costs in high-altitude areas, making
the high-altitude areas the first choice for converting
farmland to ecological forest land. With the progress
of converting farmland to forests, the disturbance of
human activities in high-altitude areas will gradually
decrease, and the density of forests will gradually
increase, which will cause the upper boundary of the
ecological niches in the settlement to move downward.
The fruit forest is distributed in the middle region of
the mountains, mainly because the study area is located
in the semi-arid area with gentle slope gradient, and
the hydrothermal conditions are very suitable for fruit
forest growth. Besides, the results also showed that the
fruit trees in Jiashan was distributed with an altitude
of 1400-2200 m, while the fruit forest in Jiuzi was
distributed in a wider altitude range of 140-2600 m. The
difference in elevation of fruit forest between Jiashan
and Jiuzi was mainly due to the different hydrothermal

conditions caused by the slope orientation of the two
settlements. The Jiashan is located on a shaded slope
and Jiuzi is located on a sunny slope. The sunny slope
has sufficient sunlight, which promotes growth of fruit
forest and offsets part of the inhibition effect caused by
the decreasing in temperature as the altitude increased.
Moreover, the water conditions in the high altitude
area were relatively better [31]. Water conditions are an
important factor for the development of the ecological
fruit industry in this area. Field surveys show that
the Jiashan in shady slope has better water conditions
than Jiuzi in sunny slope, which provides a favorable
condition in Jiashan in the low-altitude area.

From 1999 to 2014, the LU/LC dynamic index
of farmland in Jiashan and Jiuzi were -6.48% and
-6.29%, respectively, and the LU/LC dynamic index
of ecological forest land was 5.18% and 3.78%,
respectively. There is obvious difference of the
dynamics index in different geomorphic areas in China
(Fig. 2). The area of farmland decreased in the four
regions, but the average level of farmland dynamic
index in study area (-6.385) is much higher than that
of the Loess Plateau area (-0.34) [32-35], the hilly
area (-1.03) [36-40] and the plain area (-1.84) [41-45].
Additionally, the area of ecological forest land increased
in the four regions, but average level of forest land
dynamic index in study area (4.48) is much higher than
that of the Loess Plateau area (0.03), the hilly area (0.8)
and the plain area (0.65). These results indicate that the
LU/LC in alpine settlements in the upper reaches of the
Minjiang River is rapidly transforming from farmland
to ecological forest land and fruit forest land. At the
same time, it also shows that using the research scale of
ecological niches to analyze the LUCC in mountainous
areas can make the results more sensitive to reflect the
dynamic process of LUCC at the micro-scale and the
interaction between human activities and the external
ecological environment from the micro scale.

The study areca belongs to an arid area in terms of
climate and a mountain area in terms of geomorphology.
The massive reduction of farmland will restrict the
continuous growth of economic benefits of transferring
farmland to forests, which will lead to increase risks.
This risk comes from two aspects, mainly includes the
food security risk [46] and high-quality sustainable
development risk of fruit forest. Firstly, the reduction of
farmland was mainly caused by policy-based conversion
of farmland to forests and grasslands and farmers’
abandonment of farmland. The policy-based conversion
is the main factor, and the farmers’ abandonment of
farmland has gradually occurred in recent years. The
livelihoods of farmers in the study area are mainly
derived from non-agricultural industries such as fruit
forest planting, livestock breeding, migrant working,
cordyceps digging, and rural tourism. And the grain in
study area has changed from self-sufficient model to a
model that mainly relies on external input. In addition,
the study area has the characteristics of high mountains
and steep slopes, frequent geological disasters, and
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Fig. 2. Dynamic index of farmland and ecological forest land in different geomorphic areas.

heavy snow closures in winter, which lead to difficult
transportation and high food crises. Secondly, due to
the large amount of evaporation in the arid valley, the
shortage of soil moisture seriously restricts the harvest
of the fruit forest. The area of fruit forest has continued
to expand, but the development of agricultural irrigation
facilities has been lagging behind, which will bring
serious economic losses to farmers in years of extreme
drought. In addition, the management of fruit forest
puts forward higher requirements on farmers, such as
pest control and variety upgrade.

Taking Jiashan and Jiuzi, the typical settlements on
the eastern edge of the Tibet Plateau, as the research
objects, we analyzed the characteristics of LUCC from
1999 to 2014 and discussed their influencing factors.
However, land use changes not only directly affect the
changes in land cover and ecological evolution, but also
affect global climate change by affecting soil organic
carbon [5, 47, 48]. Therefore, it is still necessary to
study the universality of our findings in other countries
and the impact of economic fruit forest types on the
cumulative effect of soil organic carbon and total
nitrogen in the future.

Conclusions

From 1999 to 2014, forestland changes showed
obvious characteristics of slope and vertical direction
in typical settlements in the upper reaches of Minjiang
River. After 1999, the area of forestland and economic
fruit forest land was increased significantly, farmland
area was decreased greatly. The growth of the economic

demand resulted in conversion of farmland in the
study area to economic fruit forest in the process of
transition of farmland to forest. Most of the economic
fruit forest land area was distributed in the gentle
slope and low altitude areas, where, the ecological
forest land was distributed dominantly in the slope
area ranges from 25-35° and the high-altitude area.
However, due to the difference of the topographical
and hydrothermal conditions in the two settlements,
the distributing characteristics of fruit forest land
has significant difference along altitude. The higher
dynamic land use index of alpine settlements in the
upper reaches of Minjiang River sensitively reflects the
process of dynamic LUCC and the interaction effect
between human activities and external environment at
the micro-scale perspective of ecological niches in the
settlements of mountainous areas. Besides, the risk of
food security and high-quality sustainable development
of fruit forest in the arid valley of the upper Minjiang
River are worthy of consideration.
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