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Abstract: Large-scale water and soil development in inland river basins in arid areas has made changes in landscape
composition and structure, threatening the ecological balance. In order to study the trend of land use/cover and landscape
pattern change and its relationship with water resources utilization in Manas River Basin, the land-use data of five periods in
1976, 1990, 2000, 2010 and 2015 were analyzed. The results showed that: (1) During 1976-2015, farmland and construction
land continuously increased, forest land and grassland continuously decreased, the water area initially reduced and then
increased, the area of saline-alkali land initially increased and then reduced, the overall trend of unused land and the sandy area
was decreasing and the area of different time periods is floating. The areas of land-use types either increased or decreased.
This indicates that the landscape pattern of the basin changes dramatically, and human activities are the main reasons for this
phenomenon; (2) The oasis area increased from 3480.2 km? in 1976 to 7982.0 km? in 2015, with an obvious increasing trend.
The oasis area clearly increased during 1976-1990, the growth rate was 40.6%, the growth rate of the oasis area was 129.4%.
In the last 40 years, the degree of desertification fluctuated and decreased. The increase of the oasis area directly leads to the
increase of water resources utilization and aggravates the degree of water resources shortage; (3) The pattern of land-use types
showed a non-equilibrium trend. In the region with increasing landscape heterogeneity, the overall landscape pattern was
increasingly controlled by the majority of patches. The intensive land management model and drip irrigation under mulch
have improved the utilization efficiency of water resources and saved water resources from engineering renovation and

irrigation management.
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Manas River Basin based on remote sensing.

1 Introduction

Land degradation is a severe environmental problem on a
regional and global scale and is often aggravated by intensive land
use and climate change™?.  Agricultural intensification and
subsequent land abandonment and reforestation significantly affect
the hydrological behavior and connectivity patterns of hydrological
systems. Thus, information on the spatial distribution of land
use/cover is essential for monitoring the runoff response to
interpret catchment hydrology™. The geometric characteristics of
landscape pattern are often reflected by the method of direct
analysis of landscape pattern index or model analysis™*®. Due to
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Land use/cover and landscape pattern changes in

drought and less rain in arid areas, the large-scale water and soil
development process changed the spatial and temporal distribution
pattern of water resources in Manas River Basin. In terms of the
influence process of human activity on landscape pattern change,
the direct influence is that during the process of large-scale soil and
water development, the time and space distribution of water
resources are changed, and some original vegetation degradation
occurst’®. Some original vegetation becomes artificial vegetation
and artificial settlements, and indirectly represents the decline or
rise of the groundwater level caused by overexploitation of
groundwater and heavy irrigation using surface water, which
change the characteristics of soil and the growth state of vegetation
in the region, so that the basin landscape tends to undergo
desertification and salinization®.  On the one hand, the
underlying surface condition of the northwest arid area depends on
water resources, which is relatively simple compared to the
landscape structure in the moist area, and the ecological
environment is relatively fragile. On the other hand, many areas
in Xinjiang are under local and corps division management, which
makes the change of Land Use/Cover Change (LUCC) and
landscape pattern change in the basin more complex. Because of
the high degree of human intervention, the landscape composition
and structure changes are frequent and lead to the very obvious
fragmentation of the landscape. The artificial reclamation of
oases and the overexploitation and utilization of water resources
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will affect the stability of arid areas to a certain extent, and will
also limit agricultural production and socially sustainable
development in the region.

There are many research cases on LUCC and landscape pattern
change in the basin.  Landsat Thematic Mapper (TM) data of 1990
and 2010 were acquired by the Global Land Cover Facility and
Earth Explorer sites and used to quantify the changes in the
Hawalbagh block over a period of 20 years from 1990-2010. The
results indicated that, during the last two decades, vegetation and
built-up land had increased by 3.51% (9.39 km?) and 3.55%
(9.48 km?), respectively, while agriculture, barren land and water
body decreased by 1.52% (4.06 km?), 5.46% (14.59 km?) and
0.08% (0.22 km?), respectively™. A supervised classification
was applied to four Landsat images collected over time (1984,
1999, 2005, and 2009) that provided recent and historical LULC
conditions for the western Nile delta. Approximately 28%, 14%,
and 9% of barren land was changed to agricultural land in the
periods 1984-1999, 1999-2005, and 2005-2009, respectively. In
addition to these LULC changes, evidence of land degradation
processes was observed, which were mainly due to human
activities, such as the formation of quarries, free water bodies
and Sabkhas (a specific type of land cover found on drylands and
salt-affected soils)™”.  Pixel-based supervised image classification
was used to map land-use/cover classes. People's perceptions and
ecological time-lines were used to explain the driving forces linked
to the changes. A rapid reduction in woodland cover (97%) and
grassland cover (88%) took place between 1972 and 2007,  The
opposite trend was observed between the 1980s and 2000s; forest
regeneration was greater than deforestation at the landscapes with
10% and 50% of forest cover, and as a consequence, forest cover
increased. By contrast, the percentage of forest cover in the
landscape with 30% of forest cover was drastically reduced
between the 1980s and 2000s. LULCC deviated from a random
trajectory, were not constant through time in two study landscapes
and were not constant across space in given timel*?,  The previous
land-use study data were for short periods and unevenly distributed,
and the studies were not performed regularly. There has been
little LUCC research based on comprehensive basin-scale data over
long time periods. In addition, studies on the interaction between
LUCC and landscape pattern are relatively weak.

As the fourth largest irrigated area in Xinjiang, the Manas
River Basin, due to the rapid growth of farmland, has experienced a
sharp change in ecological water use, and Manas Lake has
gradually atrophied and vanished in this process. Dozens of rare
desert species in the downstream desert have degenerated or
become extinct. Taking the Manas River Basin of the north slope
of the Tianshan Mountains in Xinjiang as an example, this paper
uses the remote-sensing image classification and comparison
method to carry out land-use spatio-temporal change monitoring
and GIS technology and the landscape ecology method, according
to the land-use data for the five periods of 1976, 1990, 2000, 2010
and 2015. The data superposition and landscape transfer matrix
reveal the spatio-temporal transformation of landscape types, allow
calculation of landscape indexes to analyze the fragmentation of
land use/cover types and explore the general rules of the impact of
land-use change on landscape pattern. This can reveal the
stability of the landscape and the degree of human interference to a
certain extent. The results are of great significance in determining
the internal mechanism of land-use change in the basin, promoting
the rational development of water and soil resources in the basin
and promoting regional sustainable development and regional

ecological security.
2 Materials and methods

2.1 Study area survey

The Manas River Basin is located at the northern foot of the
Tianshan Mountains of Xinjiang and the southern edge of the
Junggar Basin, as shown in Figure 1. It is located at the center of
the economic belt on the north slope of the Tianshan Mountains.
The administrative region includes Shihezi, Shawan and Manas
counties, and the farmland of the Eighth and Sixth Agricultural
Division of Xinjiang Production and Construction Corps in the two
counties®™, Its geographical location is 4327'-45°21'N, 85°01
-86°32'E with a total area about 3.40x10* km? from the southeast to
the northwest. The highest altitude is 5242 m and the lowest is
256 m, and the terrain slopes are 1/30-1/100. From south to north,
it can be divided into three geomorphic types: mountainous area,
piedmont plain and desert (ratio about 2.08:1:1.07)4.  The Taxi,
Manas, Ningjia, Jingou and Bayinggou Rivers in the basin
originate from the Yilian Habierga Mountains in the northern foot
of the Tianshan Mountains and flow into the Junggar Basin from
south to north™.  The Manas River has a total length of 324 km,
a catchment area of 5156 km? in the mountainous area and an
average annual runoff of 11.79x10® m®. It is the inland river with
the largest water volume and the longest flow in the Junggar Basin
and eventually enters Manas Lake in the northwest of the Junggar
Basin*®.  There is a national hydrological station, Kensiwate
Hydrological Station, in the upper reaches of the Manas River with
a controlled area of 4 637 km? ],

The Manas River Basin is an inland arid area with hot and dry
summer, cold and windy winter, with an annual average
temperature of 4.7<C-5.7<C, annual average precipitation of 100-
200 mm, annual average evaporation of 1500-2100 mm and a
typical temperate continental arid climate. The main landscape
types are grassland, unused land and farmland, accounting for
about 90% of the whole basin area. The landscape pattern is very
variable.  Over the years of development, the basin water
resources have been beneficial to the expansion of farmland and the
changes in landscape patterns. In recent years, due to changes in
the natural environment, the continuous growth of the population,
the development of the economy and inappropriate utilization of
water and soil resources in some areas, the land use/cover and
landscape patterns of the basin have changed in time and space.
A series of problems have occurred, such as lakes drying up,
grasslands degrading, land desertification, soil salinization and
biodiversity reduction.

2.2 Data processing

The time interval of the Manas River Basin Land Use Database
is 1976-2015, which is divided into five periods: 1976, 1990, 2000,
2010 and 2015. For the study and selection of data sources for
1976 Landsat MSS, and 1990, 2000, 2010 TM and 2015 ETM
remote-sensing images, the resolution is 30 mx30 m, using image
processing software ERDAS IMAGE and 1:10 million topographic
maps were used to calibrate and splice the above images,
generating the images for the above five years. On the basis of
comprehensive considerations of spectral information and texture
features of remote-sensing data, combined with characteristics of
this arid region, the land resource classification system was merged
into eight types: farmland, forest land, grassland, water,
construction land, unused land, sand land and saline-alkali land.
Using ARCGIS10.1, according to the five-phase remote-sensing
image of the study area, the remote-sensing data were translated
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and digitized according to the above classification system, and the
topological relation established to generate land-use graphic data
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Figure 1 Geographical location and river distribution of the Manas River Basin

Table1 Remote sensing satellite data and selection conditions

. Satellite  Cloudiness over  Resolution  Date of satellite
Satellite name sensor 1% /m shooting
10 60 1976-09-26
LANDSAT2 MSS
0.01 1990-06-03
7.6 30 2000-08-08
LANDSAT5 ™
6.45 2010-08-11
LANDSAT7 ETM+ 0 30 2015-08-17

The confusion matrix method is used to evaluate the accuracy
of remote sensing interpretation. According to the watershed
geographic information in 2015, 150 random points were extracted
to verify the confusion matrix. These random units include
farmland, forest land, grassland, water, construction land, unused
land, sand land, saline-alkali land; according to the field survey
results and high-resolution images of Google Earth, the land types
in the study area were verified. The results showed that the
classification accuracy of farmland, grassland, forest land, water,
construction land, unused land, sand land and saline alkali land
were 81.2%, 83.6%, 82.5%,84.7%, 80.4%, 81.7%, 83.6% and
82.1%, respectively. Kappa coefficient was 0.86, which met the
needs of macroscopic land use and watershed landscape pattern
analysis.

In the remote sensing interpretation of land use types in Manas
River Basin, based on the comprehensive consideration of spectral
information and texture characteristics of remote sensing image

data, combined with the characteristics of the arid area, the land use
classification system was combined. The secondary land types of
land use in the basin were merged into 8 types, including farmland,
forest land, grassland, water, construction land, unused land, sand
land, saline-alkali land. Some linear features, such as some roads,
rural roads, ditches and shelterbelts, cannot be classified separately
due to technical treatment, so they are classified into the above land
categories and will not be listed separately. Rules for the merging
land use classification system are shown in Table 2.

Table 2 Rules for merging land use classification system
during 1976-2015 in the study area

Serial First level I
number classification Secondary classification

1 Farmland Dry land, irrigated land
Arbor garden, arbor greenbelt, shrubs,
evergreen coniferous forest, sparse shrub

2 Forest land forest, broadleaved deciduous forest,
broadleaved deciduous shrub
Grassland, marshy grassland sparse grassland,

8 Grassland herbaceous marshes, herbaceous greenland

4 Water Rlve:r, lake, canal, reservoir/pond,
glaciers/perpetual snow

5 Construction land Residential area, traffic land, industrial land

6 Unused land Bare soil, bare rock

7 Sand land Desert/sand land

8 Saline-alkali land Saline alkali land
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2.3 Representation method of land-use change
The process and trend of land-use change can be characterized
by quantitative elements or values (for example, total change, net
change, state, direction and trend). The mathematical expressions
of the indexes follow:
N.  AU;, — AU,y

P =t =
T AUp+ AU,

Sa zin:1| AUin—i - AUout—i I
p=22=
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where, N¢, T and P are net area change index, total change index
and trend and state index of A of a single land type, respectively; S,,
Ssand P, are the comprehensive net change index, comprehensive
total change index and comprehensive trend and state index of all
land types, respectively; U, and U, are the area of a land-use type
A in the early and late stages, respectively; AUqy is the sum of
other types of type A areas in the study period; AU;, is the sum of
the other types of A in the same period; U,; and Uy,; are the area of
i-th types of land types in the early and late stages of study,
respectively; AUqy.; is the sum of the areas that the i-th land types
that changed into other types during the study period; AUj,.; was the
sum of the areas that the other types changed into from the i-th type;
and n is the number of land-use types.
2.4 Representation model of landscape pattern change

Landscape pattern is not only the embodiment of landscape
heterogeneity but is also the result of different ecological processes
at different scales!®®®.  The landscape pattern index is a
quantitative index of highly concentrated landscape pattern
information, which is usually used to reflect the structural
composition and spatial allocation of the regional landscape. The
landscape pattern and dynamic trend can be described in detail by
choosing an appropriate landscape index, according to the
ecological significance expressed by the research objective,
analysis scale and index. The landscape diversity, dominance,
fragmentation, evenness and landscape separation indexes were
selected to analyze landscape structure and spatial variation, and
the spatio-temporal variation of landscape pattern is discussed.
The mathematical expressions of landscape indexes are as follows:
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where, H is the diversity index of landscape type. This index can
reflect the heterogeneity of landscape, especially sensitive to the
unbalanced distribution of patch types in the landscape. D is the
dominance index of landscape type. It is inversely proportional to
the diversity index. For different landscapes with the same
number of landscape types, the larger the diversity index, the
smaller the dominance degree. Fy is the fragmentation index of
landscape type. The fragmentation index represents the
fragmentation degree of landscape, reflects the complexity of
landscape spatial structure, and reflects the degree of human
disturbance to the landscape to a certain extent. E is the evenness
index of a landscape type, as the dominance index, describes the
extent to which the landscape is controlled by a few major

landscape types. These two indices can be verified by each other.
I; is the separation index of landscape type i, which refers to the
degree of separation of individual distribution of different patches
in a landscape type. Py is the proportion of landscape type k area
to the total area, m is the number of landscape types, N, indicates
the total number of patches in the landscape, N, is the ratio of the
total area to the smallest patch area, H,y is the largest diversity
index of the landscape type, D;is the distance index of landscape
type i, S; is the area index of landscape type i, A is the landscape
total area, A is the total area of landscape type i and n is the number
of patches for each type.

3 Results and discussion

3.1 LUCC in different periods

The LUCC is considered to be the most typical process for
displaying human activities at the landscape scale. It not only
objectively records the spatial pattern of human changes on the
surface of the earth but also reproduces the spatio-temporal
dynamic change process of the earth’s surface landscape. The
study of LUCC in the Manas River Basin can quantitatively reveal
the LUCC process, spatial and temporal distribution and the trend
and rate of LUCC in recent decades, which can help in analyzing
the response relationship of LUCC to human activities.

The spatio-temporal evolution of LUCC in the five periods
over 40 years in the study area were analyzed by remote sensing
and GIS technology, and the area transfer matrix data of various
types were obtained. Through the land-use change characterization
method, the net change index, total change index, trend and state
index of single land-use type areas, the comprehensive net change
index, the comprehensive total change index, and the
comprehensive trend and state index of all land types of land-use
type change in four different periods were calculated.

The extent of LUCC varied in different periods and types.
The mainland use/cover types were grassland, sandy land,
saline-alkali soil, unused land and farmland. According to the
classification results of 1976, the grassland area was 13 109.67 km?,
the sandy land area was 6598.16 km? and the saline-alkali land area
was 4315.71 km?, corresponding to 38.50%, 19.38% and 12.68%
of the total study area, respectively. By 1990, the land use/cover
types had changed greatly, with the increase of farmland and the
decrease of grassland most obvious. Farmland increased from
3030.86 km? in 1976 to 4394.06 km?, an increase of 1363.2 km?,
accounting for 12.91% of the study area. The proportion of
grassland decreased from 38.50% in 1976 to 35.35%. The other
land use/cover types slightly expanded with construction land and
saline-alkali land increasing by 0.14 and 0.20%, respectively. In
2000, the farmland area had further increased by 208.01 km?,
compared to 1990; however, the expansion rate had slowed, and the
area of saline-alkali, sandy, unused and construction land increased
by 1.08%, 0.38%, 0.10% and 0.02%, respectively. The grassland
area continued to decrease, from 35.35% in 1990 to 33.40% in
2000. At the same time, the forest land and water area were
reduced by 0.05% and 0.02%, compared to 1990. In 2010, the
area of cultivated land increased to 5424.53 km? from 4602.07 km?
in 2000, an increase of 2.41% annually, and the rate of expansion
was obvious. Meanwhile, the area of unused land, construction
land and water area rose from 9.16%, 0.77% and 6.07%,
respectively, to 9.45%, 0.85% and 6.09%. The proportion of
grassland areas decreased year by year, from 33.40% in 2000 to
31.73% in 2010, with an area of 567.40 km?. The area of forest
land, saline-alkali land and sandy land decreased by 39.12 km?,
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182.36 km? and 164.83 km?, respectively. In 2015, the farmland
area continued to increase compared to 2010, with an increase of
828.11 km?.  The water area and construction land area increased
by 85.92 km? and 54.94 km?, respectively. The grassland area

&Y 0 2040 km
—

continued to decrease, from 10803.83 km?in 2010 to 10064.16 km?
in 2015, a reduction of 739.67 km2  The forest land, unused land,
sandy land and saline-alkali land were reduced by 65.43 km?, 82.91
km?, 43.27 km? and 37.68 km? compared to 2010 (Figure 3).
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Figure 2 Land-use cover changes for 1976-2015 in the study area
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Figure 3 Changes in land use/cover types in different periods of
the study area

The land use/cover type area fluctuated more obviously in the
whole research area, and the area floating in different time periods
is different, and the land use/cover type areas increased and
decreased. The farmland and construction land increased during
1976-2015: farmland increasing by 3221.78 km?, with an annual
dynamic degree of 2.66; and construction land increased by
135.11 km? with an annual dynamic degree of 1.61. The
woodland and grassland continuously reduced from 1976-2015:
forest land reduced by 128.31 km?, with an annual dynamic degree
of —0.30; and grassland reduced by 3045.51 km? with an annual

dynamic degree of —0.58. The water area initially declined and
then increased: during 1976-2000, the area was reduced by
146.76 km?, with an annual dynamic degree of —0.27; and during
2000-2015, it increased by 91.8 km? with an annual dynamic
degree of 0.3. The area of saline-alkali land initially increased
and then reduced; during 1976-2000 it increased by 381.23 km?,
with an annual dynamic degree of 0.35; and during 2000-2015 the
area declined by 220.04 km? with an annual dynamic degree of
—0.31. During 1976-2015, unused land and sandy land areas
increased and decreased, with the overall trend being a decrease: in
1976, the areas were 3312.90 km? and 6598.16 km?, respectively;
and, in 2015, the corresponding areas were 3133.65 km? and
6488.12 km? representing reductions of 179.25 km? and
110.04 km?, respectively.

The transfer matrix of land use/cover change comes from the
quantitative description of system state and state transfer in system
analysis. The row represents the land use type at T1 time point
and the list represents the land use type at T2 time point. It can
quantitatively show the transformation between different land-use
types, and also reveal the transfer rate between different land-use
types.

In 1976-1990, the land-use changes in the Manas River Basin
were in an unbalanced state, with two-way conversions frequent —
the comprehensive net change index was 4.3%, the total change
index was 10.73% and the trend index was 0.4, indicating that
conversion of land-use types was mainly transferred in. The
representation index of land-use type change showed that the net
change index of farmland, construction land and saline-alkali land
was 44.98%, 21.82% and 1.62%, respectively, with trend index of
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0.62, 0.23 and 0.18, mainly in the way of transfer in. The LUCC
transfer matrix of the Manas River Basin for 1976-1990 showed
that the transfer-in areas of farmland and construction land were
1773.82 km? 122.52 km? and 229.54 km? respectively, with
transfer rates of 58.53%, 58.52% and 5.32%. The net change
indexes of forestland, grassland, water, unused land and sandy land
were —0.55, —8.19, —6.35, —6.85 and —0.45, respectively, with trend

indexes of —0.03, —0.41, —0.21, —0.33 and —0.10, showing that
these land-use types were mainly transferred out, and the
corresponding transferred areas were 129.4 km?, 1837.14 km?,
408.92 km? ~ 457.58 km? and 171.8 km?. From 1976-1990, the
farmland area was greatly affected by the policy, and the farmland
area expanded rapidly mainly from changes in grassland and
unused land (Table 3).

Table 3 Transfer matrix of land use/cover changes in the Manas River Basin during 1976-1990 (km?)

Forestland  Grassland ~ Waterarea ~ Farmland

Construction

Unused land ~ Sandy land Saline-alkali ~ Area transferred in,

land land 1990
Forest land 1092.48 60.8 23.09 19.25 1.94 11.58 4.25 1.58 122.49
Grassland 96.02 9828.3 302.13 291.82 28.2 42.83 0.38 1.43 762.81
Water area 4.08 143.71 1663.2 3.96 0.19 33.08 75.57 7.71 268.3
Farmland 12.31 1573.09 2.58 4041.2 459 139.6 0 0.3 1773.82
Construction land 1.36 20.85 0.14 94.17 104.96 5.07 0.9 0.03 122.52
Unused land 7.93 36.82 80.95 0.95 0.56 2947.14 90.66 12.88 230.75
Sandy land 4.95 0.25 0 0 0 0.8 6562.04 135.86 141.86
Saline-alkali land 2.75 1.62 0.03 0.47 0.05 224.58 0.04 4156.11 229.54
Area transferred out, 1976 129.4 1837.14 408.92 410.62 76.84 457.58 171.8 159.79

During 1990-2000, the land-use changes in the Manas River
Basin were slower than for 1976-1990, with a comprehensive net
change index of 2.02%, a total change index of 17.89% and a trend
index of 0.11, indicating that land-use types were mainly
transferred in.  The representation index of land-use type change
showed that the net change index of farmland, construction land,
unused land, sandy land and saline-alkali land was 4.73%, 2.92%,
1.04%, 1.95% and 7.1%, respectively, with trend indexes of 0.08,
0.02, 0.02, 0.17 and 0.31. The LUCC transfer matrix for
1990-2000 showed that the transfer areas of farmland, construction
land, unused land, sandy land and saline-alkali land were
1373.05 km?, 183.66 km?, 704.72 km?, 449.88 km? and 655.86 km?,
respectively. The transfer of farmland was mainly from forestland

and grassland. The net change index of forestland, grassland
and water were —1.35, —5.52 and —0.30, respectively, with trend
index of —0.02, —0.17 and —0.01. This shows that the land-use
type was mainly transferred out, and these areas were 558.72 km?,
2310.26 km? and 543.62 km? respectively, with the rate of
transfer out of 44.70%, 19.20% and 26.22%. During 1990-2000,
the reclamation increase rate was slow, limited by traditional
irrigation methods, irrigation and drainage systems were poor,
secondary soil salinization of farmland was common and
farmland development was blocked (Table 4). Land-use change
areas continued to expand along with Manas, Shihezi and Shawan
and extended to the northern desert, forming an oasis belt in the
middle of the basin.

Table 4 Transfer matrix of land use/cover changes in the Manas River Basin during 1990-2000 (km?)

Forestland ~ Grass land ~ Water area 'I::r::; Conf;;udctlon Unused land  Sandy land allsgllinIZn d Area trz;rz)sggrred n,

Forest land 674.61 381.36 11.88 93.43 2 24 16.46 12.74 541.87
Grassland 365.81 9060.98 202.44 627.46 28.91 306.5 85.21 29.82 1646.15
Water area 18.47 198.28 1523.32 2441 1.09 295.23 0 0 537.48
Farmland 103.4 9325 23.72 3422.63 138.43 17.51 62.32 95.17 1373.05
Construction land 4.86 29.86 1.45 143.92 96.77 0.6 1.36 1.61 183.66
Unused land 26.61 316.4 302.89 6.57 0.65 2452.33 14.7 36.9 704.72
Sandy land 20.08 182.07 0.65 7177 0.5 6.67 6369.38 168.14 449.88
Saline-alkali land 19.49 269.79 0.59 197.48 4.63 22.05 141.83 4354.78 655.86
Area transferred out, 1990  558.72 2310.26 543.62 1165.04 176.21 672.56 321.88 344.38

During 2000-2010, the change of land use in the Manas River
Basin was extremely unbalanced, with frequent one-way transfers —
the comprehensive net change index was 2.8%, the total change
index was 3.36% and the trend index was 0.83, indicating that the
land-use type was mainly transferred in. The net change indexes
of water, farmland, construction land and unused land were 0.28%,
17.87%, 10.30% and 3.15%, respectively; with corresponding trend
indexes of 0.20, 0.90, 0.85 and 0.69; transfers in area of 17.54 km?,
869.10 km?, 29.35 km? and 120.20 km?; and transfer rates of 0.85%,
16.02%, 10.14% and 3.74%. During this period, the scope of
land-use change continued to extend, mainly to the Gurbantungut
Desert in the northern part of the basin, and the oasis of the flood
plain area in the middle of the basin gradually became one piece,
forming an oasis group. The forestland, grassland, sandy land and
saline-alkali land were reduced and transferred into farmland.
The Xinjiang Production and Construction Corps reclaimed a large

amount of shrubland, sparse grassland and unused land near roads
and arable land, leading to a continuous increase in farmland area.
Analysis of land-use data for 2000-2010 showed that the net
change index of woodland, grassland, sandy land and saline-alkali
land was —3.17%, —4.99%, —2.46% and —3.88%, respectively,
and a trend index of —0.64, —0.85, —0.72 and —0.88 which
indicated that the land-use type was mainly transferred out. The
areas of transfer out were 50.09 km?, 617.93 km?, 196.91 km? and
195.20 km?, respectively (Table 5). The reasons for the change
of land use were large-scale soil and water development in the
Manas River Basin, especially in the alluvial-proluvial plain area
with shallow groundwater, convenient traffic and denser
population — a large amount of unused land was reclaimed as
farmland so that farmland and construction land increased rapidly.
At the same time, the area of unused land and woodland
decreased greatly. Compared with 1990-2000, unused land
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during 2000-2010 increased, mainly due to the abandonment of
salinized farmland and degradation of forest land and grassland,

and the decrease in surface water bodies accelerated the
vegetation degradation.

Table5 Transfer matrix of land use/cover changes in the Manas River Basin during 2000-2010 (km?)

Forestland  Grassland  Waterarea  Farmland

Construction

Saline-alkali  Area transferred in,

Unused land  Sandy land

land land 2010
Forest land 114413 7.31 0 1.69 0 0.01 0.86 1.10 10.97
Grassland 4.35 10185.9 10.40 15.42 0.03 8.10 11.34 0.89 50.53
Water area 1.67 9.68 2061.15 1.56 0 3.63 1.00 0 17.54
Farmland 39.21 467.29 0.41 5377.89 2.28 10.13 174.772 175.01 869.10
Construction land 1.72 3.61 0 16.48 287.36 0 0 7.54 29.35
Unused land 0.48 113.61 0.85 1.97 0 3194.50 3.22 0.07 120.20
Sandy land 1.93 15.79 0 3.77 0 0 6334.48 10.59 32.08
Saline-alkali land 0.73 0.64 0 5.75 0 0 5.72 4319.45 12.84
Area transferred out, 2000 50.09 617.93 11.66 46.64 2.31 21.87 196.91 195.20

During 2010-2015, the change of land use in the Manas River
Basin was in an unbalanced state — the comprehensive net change
index was 2.85%, the total change index was 7.54% and the trend
index was 0.38, indicating that the type of land use in this stage
was mainly transferred in. The net change indexes of water,
farmland and construction land were 4.15%, 15.27% and 18.97%,
respectively; with trend indexes of 0.59, 0.5 and 0.12; transfer in
areas of 116.12 km?, 1243.62 km? and 255.24 km?; and transfer
rates of 5.38%, 19.89% and 74.09%. The reduced areas of forest
land, grassland and unused land were mainly changed into
farmland, and the area of farmland continued to increase. The
main land-use types that transferred out were forestland, grassland,
unused land, sandy land and saline-alkali land, with transfer-out
areas of 397.34 km? 865.27 km? 254.13 km? 230.35 km? and

172.9 km?, respectively, and the rate of transfer out was 35.20%,
13.84%, 8.11%, 3.55% and 2.66%, respectively. The
representation index of land-use type change showed that the net
change indexes of forestland, grassland, unused land, sandy land
and saline-alkali land were —5.48%, —6.85%, —2.58%, —0.66% and
—0.84%, respectively, and the main transfer-out types were
forestland and grassland. The corresponding trend indexes were
—0.09, —0.75, —0.19, —0.1 and —0.12, indicating that the transferred
out proportions of grassland and unused land were greater (Table 6).
In the Manas River Basin, the drip irrigation technique was
introduced in 1996 and, after 20 years of development and
popularization, the oasis reclamation rate had greatly increased.
The growth of farmland was closely related to the water-saving
irrigation technology in the basin.

Table 6 Transfer matrix of land use/cover changes in the Manas River Basin during 2010-2015 (km?)

Construction

Saline-alkali ~ Area transferred in,

Forestland  Grassland  Waterarea  Farmland land Unused land  Sandy land land 2015

Forest land 731.40 2.67 0.22 5.93 0.04 100.35 222.40 0.30 331.91
Grassland 0.36 9036.94 21.86 70.09 0.55 30.39 1.80 0.55 125.60
Water area 4.32 24.67 2028.53 3.27 0.13 18.04 0.66 65.03 116.12
Farmland 380.41 821.59 5.08 5536.65 2243 9.25 3.14 1.72 1243.62
Construction land 0.64 12.49 0.52 236.43 321.33 4.33 0.56 0.27 255.24
Unused land 1.35 1.77 0.08 90.14 76.11 2999.22 1.76 0.01 171.22
Sandy land 0.01 0.02 0 9.38 1.03 71.62 6378.09 105.02 187.08
Saline-alkali land 10.25 2.06 2.44 0.27 100.01 20.15 0.03 4449.31 135.21
Area transferred out, 2010 ~ 397.34 865.27 30.2 415.51 200.30 254.13 230.35 172.90

In recent years, human activities in the Manas River Basin
have intensified. With the development of society and the
economy and the increasing population, a large amount of farmland
has been cultivated and the area of construction land has expanded.
In the five study periods during 1976-2015, the oasis area was
3480.2, 4894.9 km? 5817.2 km? 6704.7 km? and 7982 km?
respectively, showing an obvious increase. The increase rate
during 1976-1990 was the most obvious, with a growth rate of
40.6%, the growth rate for 1990-2000 was 18.8%, for 2000-2010
was 15.3% and for 2010-2015 was 19.1% — the growth rate of oasis
area in the last 40 years was 129.4%. With the disturbance of
human activities and the change in natural factors, land degradation
has occurred to differing degrees in the Manas River Basin. The
land-use type transfer matrix analysis showed that the
desertification degree in the study area had decreased progressively
in recent years. During 1976-1990, the desertification area was
448.5 km?, and the area of human desertification was 318.8 km?;
the corresponding values were 260.44 km? and 102.10 km? in
1990-2000; 408.34 km? and 149.10 km? in 2000-2010; and
217.92 km? and 106.60 km?in 2010-2015.

The change of land use in the Manas River Basin was very
significant, especially for Manas Lake with its water area shrinking
year by year, and finally drying up and becoming saline-alkali land.
Spatially, the area of land-use change continued to expand along
with Manas, Shihezi and Shawan and extending to the northern
desert. The water demand in the region is increasing, which has
led to a large amount of atrophy of wetland and water, and the
agricultural water use in the basin is greater than that of ecological
water. Thus, the transformation type has gradually changed from
two-way to one-way transformation. The change of landscape
pattern in the first 10 years was greater than in the last 10 years.
The main reason is that the Xinjiang Construction Corps used a
large amount of grassland and unused land in the 1990s to carry out
large-scale land development and building construction.

3.2 Analysis of landscape pattern changes in the Manas River
Basin

As the intensity of human activities increases, land use/cover
types change frequently™™. The directional selection of human
beings results in the degradation or disappearance of some types of
landscape (e.g., forest land and grassland). Some landscape types
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expand, and the distribution tends to be connected (e.g., farmland).
The natural landscape is divided into different types of landscape
patches, with mosaic distribution and fragmentation degrees
increasing®®!.  The land-use data of the Manas River Basin in the
five periods of 1976-2015 were analyzed. The change in the
number of patches of different land-use types could reflect the
increasing trend of fragmentation of landscape types.

The patch area of forestland decreased during 1976-2015, and
the number of patches generally increased. The increasing trend
of the number of patches from 1976-1990 was significant, from
167 to 364. It can be seen that the forest land was occupied more
seriously during this period. On the one hand, the increase in the
number of patches indicates that some sparse and small forest land
deforestation disappeared; on the other hand, the large area of
forest land was divided and encroached, and the maximum patch
area of the forest land can be more intuitively explained. From
1976-2015, the largest patch area of forest land was 151.68 km?,
140.72 km?, 103.08 km?, 77.18 km? and 71.29 km?, respectively.
Large areas of forest land were deforested during 1990-2010, and
the maximum patch area decreased significantly.

The changing trend of grassland landscape type was more
complex, with the number of patches increasing, decreasing and
increasing during 1976-1990, 1990-2000 and 2000-2015,
respectively. The overall reduction in grassland area was not
significant, mainly because the grassland area was mainly
concentrated in middle and high mountain areas, which
experienced a low degree of human activity.

Human activities resulted in the increasing number of patches
of water area, with obvious decreases in the area of patches during
1976-2000 and increases during 2000-2015. The main reason is
the permanent snow and glacier ablation, and the most obvious
snow and glacier ablation is the decrease of the depth of snow, not
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the change of area, at a certain time. The decreasing trend of
water area in the period was not large, but the water area of the
basin is needed to build the reservoir for flood control and flood
control, which caused the measured water area to increase annually
after 2000. However, the maximum patch area did not change
after 2000, indirectly showing that artificial water storage had a
great impact on the composition of the water area.

As the most intuitive embodiment of human activities, the
farmland area increased year by year from 1976-2015. The patch
area continued to expand, and the average patch area had a trend of
“increase—decrease—increase”, indicating that the increase of
farmland area was mainly based on small area land reclamation at
different spatial scales. From 1976-1990, the number of farmland
patches increased most obviously, with the largest patch area
during 2010-2015, indicating that farmland was developing in a
centralized and integrated development, with the land reclamation
mode strongly influenced by the Xinjiang Production and
Construction Corps.

The number of construction land patches increased year by
year after 1976, with the fastest growth rate from 1990-2000. The
patch area increased obviously by 45.68 km? during 1976-1990, by
54,94 km? during 2010-2015, and the maximum patch area was
45.13 km? in 2015, indicating that construction land expanded
rapidly and the combination of urban and rural areas was more
complete.

The total patch area of unused land, sandy land and
saline-alkali land accounted for 41.79% of the total basin area, and
patch number increased year by year, which was significantly
affected by human activities. Over the past 40 years, the area of
unused land, sandy land and saline-alkali land did not change much,
showing a general trend of reduction, and the largest patch area
increased year by year (Figure 4).
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Figure 4 General characteristics of landscape in the Manas River Basin during 1976-2015
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The diversity index measures the diversity and complexity of
land-use types. The diversity index directly reflects the change of
type of land use and the proportion of various types (Figure 5).
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Figure 5 Diversity index analysis of the Manas River Basin
during 1976-2015

From 1976-2015, the diversity of the Manas River Basin
increased gradually and the dominance index decreased gradually.
The folding line was close to symmetry (Figure 6). The variation
trends of the diversity and the dominance indexes showed that the
landscape heterogeneity of the whole basin gradually increased,
and the different types of land were in disequilibrium in the
landscape. In the area of increasing landscape heterogeneity, the
overall landscape pattern is increasingly controlled by the majority
of the patches. The number of land-use types in the five stages of
the basin did not change, indicating that the proportion of the total
area of each type was gradually reduced. The landscape diversity
index of the basin rose from 1.7190 in 1976 to 1.8080 in 2015.
Under the given richness, the maximum possible diversity index of
the landscape was 2.0794, indicating that under the established
classification system of land use, the diversity was high, and the
proportion of landscape types decreased year by year, and the
landscape changed. The degree and complexity of landscape
heterogeneity increased. The landscape dominance index of the

Manas River Basin declined from 0.3596 in 1976 to 0.2714 in 2015.

This shows that the proportion of differences between the dominant
landscape types and other landscape types was narrowing, and the
landscape structure tended to be uniform. The dominant degree of
grassland and sandy land in the Manas River Basin decreased year
by year, consistent with the conclusion that the area of grassland
and sandy land decreased at the same level.
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Figure 6 Analysis of fragmentation index and evenness index of
the Manas River Basin during 1976-2015

The initial fragmentation index was small, indicating a low

degree of landscape fragmentation, and that the watershed

landscape as a whole was relatively complete. During 1990-2000,
the landscape fragmentation index showed an obvious increasing
trend, indicating that with the increase of social and economic
development and population, the land-use types with larger patches
were divided into many smaller patches. Especially in the
southern margin of the Gurbantungut Desert near the oasis, a large
amount of cultivated land was reclaimed, resulting in increased
landscape fragmentation.  The evenness index reflects the
evenness of the distribution of patch types in the landscape and was
0.8271 in 1976, 0.8460 in 1990, 0.8544 in 2000, 0.8622 in 2010
and 0.8695 in 2015. Generally speaking, the area of each patch
type in the basin landscape tended to gradually homogenize, and
the fragmentation index increased year by year.
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Figure 7 Analysis of fragmentation index and evenness index of
the Manas River Basin during 1976-2015

The landscape separation index refers to the degree of
dispersion of the distribution of the same landscape type. The
landscape segregation index can show the influence of patch
density and area ratio on the degree of landscape segregation. It is
very important to analyze the formation mechanism of landscape
pattern and to understand the distribution characteristics of
landscape pattern’??.  The landscape-type separation index
calculation in the Manas River Basin showed that the degree of
separation of construction land was the largest, followed by
forestland, water area, unused land, farmland, saline-alkali land,
grassland and finally by sandy land. The landscape-type
separation index calculation accords with the actual situation. For
many Yyears, reclaimed basin and implementing of high-efficiency
water-saving irrigation in the basin have formed a good layout of
people entering and retreating sand. The high connectivity and
low degree of separation of sandy land in the basin were the key
limiting factors for oasis development. The calculation of patch
number and patch area of landscape type showed that the average
patch area of construction land was the lowest among landscape
types, and construction land was distributed in the plain area of the
middle of the basin, with a small area index and a large number of
patches.

The time-scale analysis of landscape-type separation trend
showed that in the five land-use types during 1976-2015, only the
landscape separation of saline-alkali land and grassland continued
to increase. The grassland landscape separation rose from 0.2083
in 1976 to 0.2857 in 2015, with a growth rate of 37.16%. The
landscape separation degree of saline-alkali land increased from
0.2242 in 1976 to 0.3284 in 2015, with a growth rate of 46.78%.
During 1989-2000, the separation degree of saline-alkali land
increased significantly, and the separation degree of farmland
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decreased. This is because, after 1998, drip irrigation under
mulch was popularized in the basin, and drip irrigation pipes and
drip-pipe belts replaced flood and ditch irrigation and agricultural
trunk and branch channels were excavated. Drip irrigation under
mulch allowed some of the secondarily-saline abandoned farmland
caused by traditional flooding and furrow irrigation to be restored
to cultivation, and part of the agricultural canals and drainage
canals were reorganized into arable land, which improved the
utilization rate of agricultural land and changed the pattern of
arable land. During 1976-2015, the degree of separation of
farmland landscape types decreased from 0.4861 to 0.3185, with a
growth rate of —=52.62%. The farmland was distributed along with
the river and canal system in 1976, with multiple distribution
centers and a high degree of separation (Figure 2). There was a
good linear relationship between canal system length and farmland
area during the period of flooding and furrow irrigation, and this
internal relationship was the factor directly driving the change in
farmland pattern®!.  With the expansion of farmland and the
popularization of water-saving measures in the basin, the farmland
area gradually increased and became more intensive, and the
former scattered farmland gradually became one piece, with a
lower degree of separation; the other landscape types, including
construction land, forest land, water area, unused land and sandy
land, changed more smoothly.  The separation degree of
construction land was the largest, with a decreasing trend in general
from 5.8953 in 1976 to 4.0616 in 2015, and a growth rate of
—45.15%. The decrease of the separation degree between
construction land and farmland landscape type indicates that the
urbanization level of the basin increased, and human activities
gradually dominated the changing trend of land-use types.
Similar to the previous land-use types, the landscape types of forest
land, water area, unused land and sandy land had a higher degree of
separation, and the landscape types had a smaller area and were
seriously affected by human activities.

3.3 Discussion

From the upper reaches of the valley to the desert area, the
reduction rate of the number and density of patches in the mountain
area was 2.2%, and the increase rate of the evenness and diversity
index was about 0.6%, indicating that the landscape type of the
mountain area was more diverse. The interference of humans in
the mountain area was relatively small, and the main force causing
changes in landscape pattern was that the grassland and some
unused land in the front of the mountain transition zone were
developed into farmland and construction land, and the artificially
gradually transferred to the alluvial fan.

In the oasis plain area, the number, density and separation
degree of the farmland have been reduced, the intensification
degree of farmland increased and this, combined with the scale of
production, greatly influenced the landscape pattern changes in the
oasis area and the whole basin. As the core of the whole river
basin, the land-use mode of the oasis area is based on the economic
benefit, and the forest land and grassland have been occupied to a
large scale by other land uses, especially farmland and construction
land. Thus, the forest land and grassland have been divided into
smaller patches, with their distribution becoming increasingly
scattered.  Construction land showed a continuous trend of
agglomeration and expansion, with its dominance constantly
increasing, and it has become an important type of landscape
pattern in the oasis region. The pattern of unused land changed
greatly, and its dominance declined as it was occupied and divided

by other land uses, and the patches became more fragmented with
connectivity significantly reduced. During 1976-2015, farmland
increased in the Manas River Basin and its connectivity and
cohesion increased. The increase in the irrigation area aggravated
the consumption of water resources, and the artificial reservoir
canal replaced the natural river so that the river was blocked and its
spatial connectivity reduced. Within the oasis, the complexity of
patch shape decreased with the increase in agricultural and
urbanization levels and tended to simplify and become stable. In
general, the oasis area is the ecological benefit area in the basin,
and it is also the most frequent area of human activity and has the
greatest degree of the artificial landscape. The landscape pattern
was influenced by various land-use methods, thus achieving a
restrictive balance. From the view of the landscape, the shape of
the desert landscape was increasingly complex, the irregularity and
fragmentation increased, and the distribution of patches was more
even due to human activities and the development of high-intensity
land use. To meet the needs of life and production, human beings
began to seek land in the oasis desert transitional zone, especially
on the edge of the desert, which is increasingly affected by human
activities, and combined with the shortage of water resources has
made the ecology more fragile.

Overall, in the past 40 years, the landscape pattern of the
Manas River Basin showed the characteristics of diversification,
complexity and fragmentation. The change of landscape pattern
and its ecological effects indicate that the effects of land use and
development activities should be evaluated, regional ecological
construction and ecological security control should be strengthened,
and the impact of human activities on landscape evolution should
be directed in a more positive fashion to realize the sustainability
and stability of watershed development.

Human activities not only caused changes in the landscape
pattern in the basin but also affected ecological processes, with
different ecological effects!. In the northwest arid area, in order
to make full use of limited water resources, artificial channels are
usually used instead of natural rivers and reservoirs to actively
regulate water resources. This improves the efficiency of water
resource utilization, influences the role of water ecological factors
in the development of the regional ecological environment and
influences the change of landscape pattern in the region. Through
the development of water resources, the spatial and temporal
distribution of water resources was changed, which had an
important impact on the change of landscape pattern in this arid
watershed. The land use and landscape patterns of the Manas
River Basin had different characteristics in the mountain, oasis and
desert areas, and the hydrology ecological effect was remarkable,
with the hydrological cycle and the allocation of water resources
obviously changed. The spatial distribution and change of water
resources played leading roles in the distribution of various
landscapes in the basin. Landscape response to drivers of change
is more visible and noticeable in deltas and floodplains than
upstream®®),  The river corridor not only has the function of
transmitting energy and nutrients but is also the carrier and source
of oasis biological flow. The change in desert oasis landscapes in
arid areas is more reflected by the change of biological flow caused
by changes in the river corridorl,

The development of artificial oases in the basin has changed
the composition of natural ecosystems?”.  There are two closely
linked landscape patterns in the region: one is near the water source
and the upper reaches of the river basin, and is a farmland
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landscape with advanced farming, intensive and irrigation systems;
the other is far from the water source and in the middle and lower
reaches of the river basin, with the continuous improvement of the
water resources being attacked and the natural ecosystem. The
system is constantly destroyed, and the landscape develops from
highly fragmented natural vegetation to the highly dominant desert
landscape. With the interference of strong human activities in
reclaiming oases and increasing the farmland area, the change in
landscape pattern is mainly characterized by unstable fluctuations
that exceed the ecological safety threshold, and result in a series of
environmental degradations.

4 Conclusions

(1) Analysis of the change process of land use in the Manas
River Basin during the period 1976-2015 showed a significant
land-use change, with dynamic changes in land use, the
transformation type gradually proceeding from two-way to
one-way transformation and transformation occurring frequently.
The main feature was that unused land reduced greatly and the
farmland significantly increased.

(2) The diversity of landscape patterns in the basin generally
increased, but the dominance index decreased. The landscape
structure tended to be uniform through the increase of the evenness
index year by vyear, indicating that differences between the
dominant landscape types and other landscape types were
decreasing, and the degree of landscape fragmentation was
enhanced. At the same time, the number of patches increased and
the average area of patches decreased, indicating that the degree of
landscape fragmentation increased.

(3) In the past 40 years, the landscape pattern of the Manas
River Basin showed characteristics of diversification, complexity
and fragmentation. The changes in landscape pattern and its
ecological effects indicated that human activities strongly affected
the landscape pattern. The rapid developments of the social
economy and the increasing degree of human land use have led to
enhanced fragmentation of the landscape. The landscape pattern
of the basin depends on the coordinated development of the
sustainable utilization of the land and water resources and orderly
human activities. Therefore, the rational use of water resources
and optimization of the exploitation and utilization of land
resources are Kkey elements to maintain the stability of the
landscape structure and function of this basin.
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