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Abstract The quantitative evaluation on land use/cover change as well as its influence on landscape pattern under the background of returning

grain plots to forestry is significant to the sustainable utilization of land resources and ecological environment reconstruction in the southern

Ningxia. Based on multi-temporal remote sensing data from four periods of Landsat TM/ETM, and combination of ecological quantity analytical

method with GIS, the change of land use/cover and landscape pattern in Pengyang County of Ningxia Province were analyzed. The conclusions

showed that the amount of each land use type was changed with different degrees, the area of forest/grass land increased, while farmland and
unused land decreased. The change of landscape pattern was characterized as that the degree of landscape fragmentation, mixed distribution of

patches, diversity index and evenness index increased gradually and then decreased, the connectivity between patches decreased gradually and

then increased, and landscape shape presented irregular.
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Land use/cover change (LUCC) is one of the most important indi-
cators to understand the relationship between human activity and
the environment'"’. Although the land use/cover change is the re-
sult of natural and man-made factors working together, the land
use/cover change caused by human factors has intensified, strong-

©J It is particularly prevalent in

ly affecting the global ecosystem
the developing countries where urban sprawl, population migra-
tion, agricultural mechanization, regional development and other
social and economic development issues have resulted in a wide
range of land use/cover change, especially the landscape pattern
change” ™. The monitoring of land use/cover change is an im-
portant tool for identifying the dynamic regional change and the re-
lationship between it and human activities, but the statistical de-
scription of landscape attributes is still not detailed, such as the
landscape composition and landscape configuration'®’. Thus, the
quantitative description of landscape characteristic index of land
use change at the level of patches, types or landscape comes into
being”’. In recent years, the domestic and foreign researches be-
gin to use the land use/cover change data based on landscape
characteristic index to assess landscape structure and pat-
tern® """ but there are few studies on the ecologically fragile lo-
ess hilly areas in the context of returning farmland to forests. The
mountainous areas of southern Ningxia are located in the hilly and
gully region of Loess Plateau with severe soil erosion and extremely
fragile ecological environment''. This paper selects Pengyang

County as the study area to explore the relationship between land
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use/cover change and landscape pattern change in the context of
returning farmland to forests, in order to provide a scientific basis
for achieving the ecological redevelopment, and sustainable devel-

opment of ecology, society and economy.

1 Overview of the study area and methods
1.1 Overview of the study area Pengyang County (106°32’
—106°58'E, 35°41" —36°17'N) is located in the southern part of
Ningxia Hui Autonomous Region, with an altitude of 1248 — 2483
m. It features a semi-arid continental monsoon climate. The annu-
al average temperature is 7.5 °C ; the annual rainfall is 442 mm;
the accumulated temperature = 10 °C is 2746 C; the average
frost-free period is 148 d; the annual evaporation is 1330 mm. The
soil is the loess soil, mainly distributed in the hilly slope, with
low fertility and low production levels. It is one of the counties
with the most serious soil erosion in Ningxia, and also the key na-
tional soil and water conservation area. Studies have shown that
the project of returning farmland to forests is an important way to
control the soil erosion and rebuild the ecological environment in
mountainous areas of southern Ningxia[m.
1.2 Basic data The land use/cover data used in this study
mainly come from the TM/ETM data (1991, 2000, 2005 and
2010) in Pengyang County. The spatial resolution is 30 X 30m,
and the image phase is August — October. In Arc Map GIS envi-
ronment, the near-infrared wavelength of remote sensing image,
near-infrared short wavelength and blue wavelength undergo false
color synthesis.

Based on the national land use classification system, the land
use/cover types in the study area are divided into arable land,

woodland and grassland, unused land, water area and construction
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land (Table 1).

Table 1 The classification system of land use/cover type in Pengyang County

Land use type Meaning

The land for planting crops, including newly reclaimed land, fallow land, and rotation land; the land mainly for planting crops, cou-

Arable land

pled with the scattered land for fruit trees, mulberry trees or other trees; the tidal flat cultivated for more than 3 years. The arable land

includes the ditch, drainage, roads and ridge with the width of less than 2 m.

Construction land .
tation, green space.

Water area The rivers, reservoirs, ditches, ponds, etc.

Woodland and grassland ers and ditches.

Unused land

The land for urban-rural residential areas, independent settlements, mining, defense, and monuments, including the internal transpor-

The land for the growth of trees, shrubs, and the land for animal husbandry, as well as the protective belt for railways, highways, riv-

The land having not been economically used, including desert, saline land, sand, wasteland, eic.

The land use dynamic degree (K) 141 is used to describe the
land use/cover change in the study area, and the expression is as
follows ;

U, -U 1

K:TX7X100% (1)

where K is the land use dynamic degree; U, and U, are the area
(hm®) of one land use type in the initial period and late period of
study, respectively; T is the study period.

When T is set as the year, K is the annual rate of change in
one land use type within the study period.
1.3 Landscape pattern analysis

index is used to quantitatively describe and monitor the change in

The landscape characteristic

landscape structure characteristic over time, and divide the com-
plex landscape into the simple and recognizable landscape pat-
tern'”’. According to the purposes of this study, during the analy-
sis of landscape pattern at the level of patch type, we only select
the following 8 indices: percentage of landscape ( PLAND) ; num-
ber of patches (NP) ; patch density (PD) ; landscape shape in-
dex (LSI); the largest paich index (LPI); mean patch size
( MPS );
(AWMPFD) ; interspersion juxtaposition index (IJI). During the

analysis of landscape pattern at the level of landscape, we only se-

area-weighted mean patch fractal dimension

lect the following 8 indices to characterize the landscape pattern
characteristics and changes in Pengyang City from number charac-
teristics, shape characteristics and structure characteristicsm;

number of patches ( NP); mean patch size (MPS) ; the largest

patch index (LPI) ; interspersion juxtaposition index (IJI) ; area-
weighted mean shape index (SHAPE - AM); contagion index
(CONT) ; Shannon’s diversity index (SHDI) ; Shannon’s evenness
index (SHEI). The above data are analyzed using ArcView 3.2,
ArcGIS 10.0, Excel 2003 and Fragstat 3. 3.

2 Results and analysis

2.1 Land use/cover change in Pengyang County Fig. 1
shows the spatial pattern of land use/cover change in the study ar-
ea in 1991, 2000, 2005 and 2010. As shown in Fig. 1, there was
little change in the land use type in Pengyang County from 1991 to
2000, and it was mainly arable land and unused land. Since the
implementation of the project of returning farmland to forests in
2000, the woodland and grassland have been substantially in-
creased, while the arable land and unused land have been signifi-
cantly reduced. The main land use type is woodland and grass-
land. Table 2 shows the change in the area of main land use types
in Pengyang County from 1991 to 2010. In 1991, the land use
types in Pengyang County were arable land (54.79% ), unused
land (29.79% ), woodland and grassland (14.87% ) , water area
(0.44% ) , and construction land (0.12% ). In 2010, the major
land use type in Pengyang County was shifted to woodland and
grassland (62.97% ), followed by arable land (30.46% ) and
unused land (5. 85% ), and the proportion of water area

(0.47% ) and construction land (0.20% ) was the lowest.

Table 2 The area of land use/cover type in Pengyang County from 1991 to 2010

1991 2000

2005 2010

Land use

Land use/cover type Area Propor- Area Propor- Area Propor- Area Propor- dynamic
10* hm’ tion // % 10* hm® tion // % 10* hm® tion // % 10* hm’ tion//%  degree K//%

Arable land 13.85 54.79 12.98 51.34 7.90 31.25 7.70 30.46 -2.34
Water area 0.11 0.44 0.11 0.44 0.12 0.47 0.12 0.47 1.43
Woodland and grassland 3.76 14.87 5.38 21.28 14.27 56.45 15.92 62.97 16.99
Unused land 7.53 29.79 6.78 26.82 2.96 11.71 1.48 5.85 -4.23
Construction land 0.03 0.12 0.03 0.12 0.04 0.16 0.05 0.20 3.51
Total 25.28 100 25.28 100 25.28 100 25.28 100 0.00

From 1991 to 2000, the area of woodland and grassland was
increased by 16 198. 78 hm’, an average annual increase of

1.799.86 hm®. From 2000 to 2010, woodland and grassland, wa-

ter area and construction land showed an increasing trend, of
which woodland and grassland experienced the highest growth rate
(66% ), with an average increase of 10 533.23 hm’, followed by
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Fig.1 The spatial distribution of land use/cover change in Pengyang County from 1991 to 2010

construction land (40% ), with an average annual increase of 27.
46 hm’; the water area first declined but then rose; the unused
land and arable land showed a decreasing trend, a decrease of
78% and 41% , with an average annual reduction of 5 295. 13 hm’
and 5 280.56 hm®. Based on Table 2, we calculate the land use
transfer matrix in Pengyang County during this period (Table 3).
From 1991 to 2000, the reduction of arable land and unused land
in Pengyang County was accompanied by the increase of woodland
and grassland. The land use transfer matrix shows that 12 261.3
hm’ of arable land and 4945.72 hm® of unused land were conver-
ted to woodland and grassland, and the water area and construc-
tion land were not changed significantly. From 2000 to 2005,

there was a great change in the land use/cover pattern in the study
area. The area of woodland and grassland was increased signifi-
cantly, reaching 142728. 31 hm® (56.45% ), occupying the ma-
jority of land use types in the study area; the area of arable land
and unused land was decreased by 50839. 11 hm’ and 38241. 98
hm®, accounting for 31.25% and 11.71% of the land area, re-
spectively; the water area was decreased by 38.97 hm’ , while the
construction land area was increased by 91.63 hm’. The change in
the pattern of land use/cover in the period 2005 —2010 is similar
to that in the period 2000 — 2005.

2.2 Landscape pattern change

2.2.1 The landscape pattern analysis based on the level of patch
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type.

(i) Number characteristics. From 1991 to 2000, the arable
land and unused land were the main land use type in the region,
and the percentage of landscape (PLAND) showed a slightly de-
creasing trend, decreased to 51.34% and 26.82% , respectively;
the woodland and grassland were slightly increased, and the water
area and construction land accounted for less than 1% ; the land-
scape types with the greatest number of patches ( NP) and patch
density (PD) were woodland and grassland, followed by unused
land and arable land, and the water area and construction land
had the smallest NP and PD; arable land had the highest largest
patch index (LPI) and mean patch size (MPS) , followed by un-

used land and woodland and grassland, and the construction land
and water area had the lowest LPI and MPS. From 2000 to 2010,
the area of woodland and grassland was rapidly increased, and the
percentage of landscape was increased from 21.28% to 62.97% ;
the proportion of arable land and unused land was decreased to
30.46% and 5. 85% , respectively; the proportion of water area
and construction land was still small; the landscape type with the
greatest number of patches and patch density was arable land;
woodland and grassland had the highest LPI and MPS, followed by
arable land and unused land, and the construction land and water

area still had the lowest LPI and MPS.

Table 3 The transfer matrix of land use/cover type in Pengyang County from 1991 to 2010

1991 2000
Type
Area //hm’ 1 2 3 4 5 Area// hm® 1 2 3 4 5
1 138 494.31 126 233.00 - 12 261.30 - 0.01 129 806.79 78 813.90  143.44 50 484.98  279.49 84.98
2 1 100. 82 - 1 100. 82 - - - 1 100.82 45.28  752.32 301. 14 2.08 -
3 37671.10 1209.74 - 36461.36 - - 53 869.88 30.09 139.02  53392.38  302.36 6.02
4 75303.33 2560.52 - 4945.72 67 797.10 - 67 797.09 78.39 27.07 38719.6 28971.18 0.86
5 266.03 3.52 - 1.50 - 261.00 261.02 0.01 - 0.21 - 260.79
T 2005 2010
e Area //hm’ 1 2 3 4 5
1 78 967.68 73 972.93 - 4700. 06 111.72 182.98 77 001.18
2 1 061.85 - 1 061.85 - - - 1 080.74
3 142 728.31 383.43 18.89 142 325.99 - - 159 202.26
4 29 555.12 2644.82 - 12 252.21 14 685.08 - 14 845.80
5 352.65 - - - - 352.65 535.63
Note: 1 is arable land; 2 is water area; 3 is woodland and grassland; 4 is unused land; 5 is construction land.
Table 4 The change in the landscape characteristic index at the level of patch type in Pengyang County
The Area- .
Propor- Number of Patc.h Jargest Mean Landscape weighted I.nlerspet:s.wn
Year Land use types tion // % patches denslty2 patch ' patch . §hapc mean patch juxtaposition
100 hm . size // hm index fractal index // %
index // % di .
imension
1991 Arable land 54.79 469 0.19 42.50 294.92 53.02 1.31 56.68
Water area 0.44 39 0.02 0.08 28.12 19.68 1.22 57.38
Woodland and grassland 14.87 1161 0.46 0.67 31.49 56.72 1.18 48.52
Unused land 29.79 478 0.19 4.87 157.53 54.37 1.20 40.11
Construction land 0.12 29 0.01 0.06 9.16 4.95 1.08 56.35
2000 Arable land 51.34 554 0.22 32.41 234.29 58.31 1.29 57.70
Water area 0.44 38 0.02 0.09 28.97 19. 64 1.23 59.29
Woodland and grassland 21.28 1412 0.56 2.25 37.24 62.29 1.20 46.00
Unused land 26.82 488 0.19 2.88 138.92 53.95 1.18 44.31
Construction land 0.12 12 0.00 0.06 21.74 4.72 1.08 49.09
2005 Arable land 31.25 1326 0.53 2.21 59.55 62.41 1.19 42.14
Water area 0.47 27 0.01 0.13 39.31 15.86 1.22 52.48
Woodland and grassland 56.45 209 0.08 35.63 677.58 52.58 1.31 45.52
Unused land 11.76 792 0.31 0.44 37.30 48.06 1.15 48.61
Construction land 0.16 13 0.00 0.07 27.10 5.35 1.10 45.31
2010 Arable land 30.46 1218 0.48 2.15 63.22 59.87 1.19 30.56
Water area 0.47 29 0.01 0.13 37.15 15.79 1.22 50. 85
Woodland and grassland 62.97 120 0.05 54.41 1317.97 45.96 1.33 36.47
Unused land 5.85 439 0.17 0.22 33.64 34.74 1.14 47.66
Construction land 0.20 18 0.00 0.07 29.76 5.80 1.20 57.91

(ii) Shape characteristics. From 1991 to 2000, the land-
scape shape index (LSI) of arable land, woodland and grassland

was decreased, while the landscape shape index (LSI) of water

area, unused land and construction land was increased; the area-
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weighted mean patch fractal dimension (AWMPFD) of arable land
and unused land was decreased, while the area-weighted mean
patch fractal dimension (AWMPFD) of woodland, grassland and
water area was increased, indicating that the arable land and un-
used land were the landscape mainly based on complex patches
while the woodland, grassland and unused land were the landscape
mainly based on simple patches. From 2000 to 2010, LS/ of arable
land and construction land was first increased but then decreased;
LSI of woodland and grassland, unused land and water area
showed a decreasing trend, and the overall landscape types tended
to be simple; AWMPFD of arable land, unused land and water ar-
ea showed a decreasing trend; AWMPFD of woodland, grassland
and construction land showed an increasing trend; the arable
land , unused land and water area were the landscape mainly based
on simple patches while the woodland, grassland and construction
land were the landscape mainly based on complex patches.

(iii) Structural characteristics. From 1991 to 2000, the in-
terspersion juxtaposition index (IJI) of arable land, water area
and unused land showed an increasing trend, while the intersper-
sion juxtaposition index (IJI) of woodland, grassland and con-
struction land showed a decreasing trend. In terms of IJI, the land
use types were sequenced in descending order as follows; water ar-
ea > arable land > construction land > woodland and grassland >
unused land. It indicates that the water area and arable land were
highly concentrated, while the unused land was relatively dispers-
ed. From 2000 to 2010, IJI of arable land, water area, woodland
and grassland showed a decreasing trend, while IJI of unused land
and construction land was first increased but then decreased. In
terms of [JI, the land use types are sequenced in descending order

as follows: construction land > water area > unused land > wood-

3000 . o 160 —
£ 2500 Z 14
8 g 120 \//
B 200 100
5 1500 5 80
8 1000 El 28
E) g

=

0 0
1991 2000 2005 2010 1991 2000 2005 2010
Year Year
30 SHAPE-AM 68 CONT
38 = 6
55 2 \/ g o
DR =
25 15 - &
=g 10 s
H 5 E s
0 4
1991 2000 2005 2010 1991 2000 2005 2010
Year Year

land and grassland > arable land. It indicates that the arable land
was vulnerable to human activities, with dispersed distribution
while the construction land and water area were highly concentrat-
ed.
2.2.2 Analysis of pattern based on the level of landscape. In or-
der to learn more about the landscape pattern at the level of land-
scape, we select 8 landscape indices ( NP, MPS, LPI, IJI,
SHAPE — AM, CONT, SHDI and SHEI) for description, and the
results are shown in Fig. 2. From 1991 to 2010, landscape number
of patches (NP), interspersion juxtaposition index (IJI), land-
scape diversity index ( SHDI) and landscape evenness index
(SHEI) in Pengyang County showed a decreasing trend after the
initial increase; mean patch size (MPS), the largest patch index
(LPI), area-weighted mean shape index ( SHAPE — AM) and
contagion index (CONT) showed an increasing trend after the de-
cline, indicating that from 1991 to 2000, the degree of landscape
fragmentation and mixed distribution of patches in Pengyang Coun-
ty was enhanced, the patch shape tended to be simple, and the
distribution of landscape area among various types tended to be e-
ven. From 2000 to 2010, the degree of landscape fragmentation
was weakened in this region, the degree of mixed distribution of
patches was decreased, and the patch connectivity was enhanced;
only one or a few patch types dominated the landscape, and the
distribution of landscape area among various types tended to be
uneven.

These results confirm that with increasing human activities,
there are significant changes in the natural landscape and the di-
versity index shows a downward trend, while the dominance index

shows an increasing trend.
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Fig.2 The changes in the landscape characteristic index at the level of landscape in Pengyang County

2.3 Analysis of the driving forces for land use/cover and
(i) From 1991 to 2000, the state

and autonomous local government introduced a series of preferen-

landscape pattern change

tial policies, not only allowing but encouraging individual and col-

lective to open up wasteland'®'. The irrational cultivation and

overgrazing caused soil erosion'” ™ | and directly increased the
area of arable land and unused land, but decreased the area of

woodland and grassland.
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Since the implementation of the project of returning farmland
to forests, the area of arable land and unused land has shown a
slight decreasing trend, while the area of woodland and grassland
has been increased. The area of water body remained stable during
this period, mainly because Honghe River, Ruhe River and Anjia-
chuan River flowing through Pengyang County was in a relatively
stable period during this period.

(ii) The period 2000 — 2005 is a crucial period for the
change in land use/cover and landscape pattern. The implementa-
tion of returning farmland to forests, controlled grazing and affor-
estation projects made the area of sloping land and unused land
significantly decline, and the area of woodland and grassland
surge. After years of practice and exploration, Pengyang County
has fully used the "88542" soil preparation technique and some

. . 17
other soil and water conservation measures’'”’

to rationally use the
only natural precipitation, making the water area increase during
this period. In addition, the comprehensive control of Nanshan
basin and Caomiao basin in Pengyang County is also another factor

for the land use/cover change.

3 Conclusions and discussions
(1) From 1991 to 2010, the overall trend of

land use/cover change in Pengyang County was that the area of

3.1 Conclusions

woodland and grassland was constantly increased while the area of
arable land and unused land plummeted. Water conservation
measures, small watershed control and dam construction were the
main reason for the increase in water area; the increase in the area
of construction land was mainly caused by the county development
and rural industrial development. From the point of view of the
study period, the period 2000 — 2005 is the dominant period for
the land use/cover change in Pengyang County.

(ii) The landscape pattern also underwent dramatic changes
in various study periods. The change in number characteristics
shows that the degree of landscape fragmentation in this region was
increased from 1991 to 2000, but it was decreased from 2000 to
2010. The change in shape characteristics shows that the land-
scape shape experienced irregular to regular changes. The change
in structure characteristics shows that from 1991 to 2000, the de-
gree of mixed distribution of various patches in the landscape was
increased, the patch connectivity was weakened; there were many
patch types dominating the landscape, and the distribution of
landscape area among various types tended to be even. From 2000
to 2010, the degree of mixed distribution of various patches was
weakened, and the patches connectivity was enhanced; only one
or a few patch types dominated the landscape, and the distribution
of landscape area among various types tended to be uneven.

(iii) The driving force analysis shows that from 1991 to
2000, the soil erosion caused by irrational human exploitation and
excessive reclamation was the main reason for land use/cover
change within this period. After 2000, the regional development
planning (returning farmland to forests, controlled grazing and af-

forestation projects) was the main reason for land use and land-

scape pattern change in the study area. Based on the basic farm-
land construction, rural energy construction, ecological migration,
follow-up industry development and other measures, Pengyang
County has made the land use/cover and landscape pattern main-
tain the positive trends.

3.2 Discussions The hilly and gully region of Loess Plateau is
one of the regions with the most serious soil erosion in China. The
biggest obstacle to the sustainable development of the region is the
problem of soil erosion, so effectively controlling the soil erosion
and restoring the basin ecological environment has always been an
important issue concerning the sustainable development of land re-
sources in the hilly and gully region of Loess Plateau. When con-
ducting the studies on traditional land use and landscape pattern
change, most scholars emphasize the land use pattern change at
the overall landscape level, but ignore the impact of individual
land use type or certain pattern characteristics under this type on
the ecological process. Therefore, when researching the regional
land use change and landscape pattern change, it is necessary to
focus on considering the impact of individual land use type on the
land use pattern optimization and the entire regional ecological
process. The change in land use/cover type is closely related to
the change in landscape pattern. The project of returning farmland
to forests is a policy-driven factor for land use/cover change.
Strengthening the study of the impact of land use change arising
from the project of returning farmland to forests on landscape pat-
tern, is of important guiding significance to sustainable use of land
resources and ecological environment reconstruction in the study
area. Based on the GIS and landscape ecology methods, this paper
makes a preliminary analysis of 20 years of landscape pattern char-
acteristics and driving forces in Pengyang County as an ecological-
ly fragile hilly and gully region of Loess Plateau, and in the fu-
ture, this paper will continue to carry out the study of the impact
of land use/cover and landscape pattern change on the ecosystem
services, biodiversity conservation, small watershed management,

soil conservation and soil erosion in Pengyang County.
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Continued Table 4

District or County Cultivated land Forest land Grass land Waters Construction land Unused land
Badong 0.7958 1.2852 0.0106 0.7303 0. 8005 4.2799
Zigui 0.8944 1. 1506 0.0117 1.8035 1. 0662 2.3497
Xingshan 0.3283 1.6150 0.2607 0.7482 0.8917 5.9616
Yiling 0.4621 1.4884 0. 4600 0.7727 0.9072 4.7204

Table 5 Composite index of land use degree of the Three-gorges Reser-
voir Region and districts or counties

Area Composite index Area Composite index
of land use of land use

Reservoir Region 163.01 Fengdu 154.26
Jiangjin 151.84 Shizhu 171.75
Jiulongpo 166.72 Zhongxian 145.45
Yuzhong 274.95 Wanzhou 151.74
Dadukou 193. 86 Kaixian 149.02
Ba'man 146.07 Yunyang 161.44
Nan’an 179.08 Fengjie 167.91
Shapingba 182.18 Wuxi 180. 11
Jiangbei 180. 89 Wushan 167. 80
Yubei 150.73 Badong 170.92
Beibei 155.75 Zigui 167.44
Changshou 138.45 Xingshan 189.68
Fuling 153.96 Yiling 184.33
Wulong 159.49

Table 5 indicates that Yuzhong District has the highest land
use degree, and Changshou District is lowest in land use degree;
the land use degree of Dadukou, Xingshan, Yiling, Shapingba,
Jiangbei, and Wuxi is about equal and relatively high; the land
use degree of Yunyang, Wuling, Beibei, Fengdu, Fuling,
Jiangjin, Wanzhou, Yubei, Kaixian, Ba’nan, Zhongxian and
Changshou is lower than the average level of entire reservoir re-

gion.
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[7] McGarigal K, Cushman SA, Neel MC, et al. FRAGSTATS; Spatial pattern
analysis program for categorical maps, 2002, URL: www. umass. edu/lande-
co/research/ fragstats/ fragstats. html.

[8] Kamusoko C, Aniya M. Land use/cover change and landscape fragmenta-
tion analysis in the Bindura District, Zimbabwe[ J]. Land Degradation and
Development, 2007, 18(2) : 221 -233.

[9] Tzanopoulos J, Vogiatzakis I N. Processes and patterns of landscape change
on a small Aegean Island: The case of Sifnos, Grecce[J]. Landscape &
Urban Planning, 2010, 99(1); 58 —64.

[10] WU X, SHEN ZY. Analysis of the changes of land use/cover and land-

scape pattern in the upper reaches of the Yangtze River[ J]. Transactions of
the Chinese Society of Agricultural Engineering, 2007, 23(10): 86 —93.
(in Chinese).

[11] A RH, YANG C. Dynamic changes of landscape pattern during desertifica-
tion in Duolun County of Inner Mongolia[ J]. Chinese Journal of Applied
Ecology, 2007, 18(11) : 2520 —2525. (in Chinese).

[12] SHI'Y, MI WB. Design and implementation of returning grain plots to for-
estry (grass) in the southern region of Ningxia information system[J]. Re-
search of Soil and Water Conservation, 2007, 14(2): 155 -=157. (in Chi-
nese).

sc0e

5 Conclusions

In the entire Three-gorges Reservoir Region, forest land takes up a
half, in some districts and counties, forest land covers more than
80% , indicating that the Reservoir Region has much mountain ar-
ea and the forest resource is rich. There are significant differences
in land use in districts and counties of the Three-gorges Reservoir
Region. Land types diversity, combination types and location in-
dex are also varied. In Yuzhong District, except waters, other
land use types are mainly construction land and the land use type
is single; as to the diversity index, Xingshan County has the lar-
gest single land use type, mainly forest land. As to land use de-
gree, Yuzhong District has the highest degree of land use, while

Changshou District has the lowest composite index of land use.
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