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In the past 50 years, the Kaidu—Kongqi River Basin (KKRB) in the arid region of northwest China (ARNC)
has experienced drastic climate variability. Meanwhile, from 2000 to 2013, the growths of population
and socioeconomic development in the area were drastic, along with much more intensive water
management activities. These factors may have caused considerable land use/cover change (LUCC) in the
area. Based on the land use/cover classification data derived from the Landsat TM imageries in 1990,
2000, and 2010, as well as the governmental socioeconomic statistics and field observation data, this
study investigated the LUCC in the KKRB during 1990—2010. The findings include: (1) The LUCC in the
Kaidu—Kongqi River Basin was considerable during the study period, and this change was largely limited
to the grassland and cultivated land. The natural grassland in the area decreased with a rate of 118.1 km?/
y, whereas the cultivated land increased with a rate of 79.2 km?/y. The rapid expansion of cultivated land
was mainly sourced from reclamations of wasteland and natural grassland. (2) The LUCC has been
resulted from the interaction of natural environmental changes and human activities. The changing
runoff affected by climate change has played a fundamental role in land use conversion. The human
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activity intensity index value rose from 0.75 for 1990—2000 to 0.88 for 2000—2010.

© 2014 Elsevier Ltd and INQUA. All rights reserved.

1. Introduction

The past century has been marked by dramatic climate changes
including a rising trend of air temperature and altered temporal
and spatial patterns of precipitation and also by increasingly
intensified human activities leading to drastic changes in Land use/
cover change (LUCC) (Fu, 2003; Brovkin et al., 2004; Lioubimtseva
et al., 2005; Sulieman and Elagib, 2012; Xu et al., 2013). LUCC and
its environmental effects have become a major topic in the global
change research since the 1990s (Liu, 1992; Luo et al., 2003;
Feddema et al., 2005; Wang et al.,, 2006; Falcucci et al., 2007;
Fang et al., 2013). The interaction between land use/cover de-
termines the regional climate, which has great impact on various
ecosystems, from regional to global scales (Briggs et al., 2005; Pyke
and Andelman, 2007). LUCC in the arid region of Northwest China
(ARNC) is mainly concentrated in the oases along rivers, driven by
unique natural and human factors (Luo et al., 2002; Hietel et al.,
2005). LUCC is building a bridge between social and natural
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sciences, and it is clearly an essential component in all consider-
ations of sustainability.

Research that is cross-cutting and regional is important because
some of the effects accompanying global change will be most sig-
nificant at the regional level (Wei, 2000; Li et al., 2012). In this
study, we gave LUCC in the Kaidu—Kongqi River Basin (KKRB)
during the past two decades, a close examination using satellite
imagery data and field investigation data. KKRB is located in the
middle part of the ARNC and has a mountain—oasis—desert system
that is typical in ARNC. It features fragile ecosystems and sensitive
responses to climate variability (Huang et al., 2009; Chen et al,,
2012; Chen, 2013). In the past two decades, it has been experi-
encing a rapid economic development and population growth,
leading to increasingly intensive water resource utilization that has
resulted in ecological deterioration and landscape fragmentation,
endangered the sustainable regional socioeconomic development.
KKRB is a typical arid inland basin and mountain—oasis—desert
pattern, and it also is a typical composite system. Therefore, land
use and land cover change resulted from the interaction of human
activity (social and economic factors) and natural climate changes
(natural factors).
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In this study, we particularly characterized the changes of
farmland and natural grassland in the KKRB as a consequence of the
ecological water conveyance project conducted by the government
during 1990—2000 that transferred water from the Konggqi River to
the neighboring Tarim River. The ultimate and broad objective of
LUCC is to improve understanding of, and gain new knowledge on
regionally based, interactive changes between land uses and covers,
and try to provide scientific basis for the development and pro-
tection of land resources in the arid region.

2. Data and materials
2.1. Study area

The Kaidu—Konggqi River system forms a major tributary of the
Tarim River, and the latter is the largest inland river of China. The
Kaidu—Konggi River Basin (KKRB), with an area of 7.7 x 10% km?, is
located at the north fringe of the Taklimakan Desert and the south
slope of the Tianshan Mountains. It contains the Kaidu River, Bosten
Lake, and Konggqi River. Bosten is China's largest inland freshwater
lake. The lake is where the Kaidu River ends and the Kongqi River
begins (Fig. 1). The terrain of this region features huge mountain
ranges, narrow plains where oases are located, and vast desert. The
Basin includes five counties (Heijing, Heshuo, Bohu, Yanqi, and Yu li)
and a city (Korla). The total population of the KKRB is 108.56 x 10%in
2010, accounting for about 11% of the population of the Tarim River
Basin. The GDP of the KKRB in 2010 was 4.69 x 10'° yuan (RMB),
accounting for 37.95% of the GDP of the Tarim River Basin in that year.

The region has a typical inner-continental climate, with annual
average temperatures of —4.26 °C, 7.9 °C, and 10.5 °C for the
mountain, oasis, and desert areas, respectively; and annual average
precipitation of less than 500 mm in the mountains, less than
100 mm in the plain, and less than 50 mm at the center of desert.
During the period of 1960—2009, the average annual runoff was
about 35 x 108 m3, and the runoff is replenished by snowmelt in
spring, sometimes causing floods.

2.2. Materials

We collected monthly runoff data for 1960—2010 from the
Dashankou hydrological station, which is in an area with less
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socioeconomic activities and human disturbance. We collected
temperature and precipitation data for the same period from five
meteorological stations operated by the China Meteorological
Administration, two located in the mountains, two in the oases, and
one in the desert. We derived the land use/cover data from TM
imageries, including Landsat bands 5, 4, and 3 for August 8, 1990,
August 8, 2000, and September 5, 2010. We selected these imag-
eries for their good qualities (without much cloud). Considering the
relatively simple land uses and landscapes in the study area, we
adopted a six-type classification system used by the Resources and
Environment Database of Chinese Academy of Sciences, including
water body, cultivated land, forestland, grassland, residential and
industrial land, and unused land. The classification was conducted
using ENVI and ArcGIS software, augmented by field trips with GPS.
Supported by the Landsat TM digital images, this paper established
topological relations, generating three land-use graphical data, and
analysed the spatial patterns and temporal variation of land-use
change in Kaidu—Konggi River Basin during 1990—2010, espe-
cially the expansion of cultivated land reduction of natural grass-
land. Some attribute data used in the classification came from the
“Xinjiang Statistical Yearbook” (Statistical Bureau of Xinjiang Uygur
Autonomous Region, 1991-2011).

We evaluated the classification accuracy with a confusion ma-
trix based on 300 random points selected in the study area. We
determined the benchmark values for these points using field data,
high-resolution images from Google Earth, and combined with
three fieldwork accuracy checks. The matrix shows that the clas-
sification accuracy of the major types in the area is satisfactory.
Specifically, the accuracy of cultivated lands reaches 91.26%; the
residential and industrial areas reaches 94%, as well as the water
bodies up to 94%; forestland reaches 86.09%; grassland reaches
85.21%; and unused land reaches 88.74%. The total classification
accuracy is 92%, and the Kappa coefficient is 0.8277.

2.3. Methods

2.3.1. Trend analysis with the Mann—Kendall non-parametric test
We used the Mann—Kendall test to detect trends in meteoro-

logical factors. The Mann—Kendall test is widely used to detect

whether a time series has a significant trend or not (Gan, 1998).
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Fig. 1. Kaidu—Konggqi River Basin.
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2.3.2. Comprehensive index of land use degree

Land use degree reflects not only the natural attributes of the land
use itself, but also the comprehensive effects of human factors and the
natural environment (Wang and Bao, 1999). This method divides the
land use types into four level indexes according to the different land
use patterns (Wang, 2000a) (Table 1). The equation is as follows:

n
Ld = 100* > " Ai*Ci (1)
i

where Ld is the comprehensive index of land use degree; A; is the ith
graded index of land use degree; C;is the percentage of the area of land
use degree classification; n is the graded index of land area utilization
degree.

Table 1
Land-use type and land-use grades.

Table 2

Total change area of LUCC for different periods (km?).
Periods 1990—-2000 2000-2010 1990-2010
Water body 117.18 —54.45 62.73
Forestland -980.43 —43.75 —1023.18
Grassland —932.96 —1283.88 —2216.84
Cultivated land 631.92 904.64 1536.56
Residential and industrial area 45.82 53.27 98.09
Unused land 1119.29 425.01 1543.28

The matrices in Table 3 show the land use/cover changes
during the two 10-year periods. The figures on the diagonal of a
matrix (bold values) are the amounts of those land use/cover
types that did not change (persistence) during that period,

Level of unused land

Level of forest, grass, water

Level of agricultural land Level of urban land settlements

Land-use type Unused land; difficult to use land

Index 1 2

Forest; grass and water

Arable land; garden; artificial turf Urban; residential and industrial;
transportation land

3 4

2.3.3. Human activity intensity index

We used the human activity intensity index (Shi and Ehlers,
1996) to evaluate the impact of human activities on the LUCC in
the KKRB. The index is calculated as follows:

M = U x 100/(R x At) 2)

where U is the total number of pixels of a natural cover type that
have been converted to another land use/cover type; R is the total
number of pixels of that natural cover type; and At is the time in-
terval between two stages. In this study, we used year as the unit for
the time interval.

3. Results
3.1. Land-use conversion

The land use/cover classification maps shows that the land use
in the KKRB has experienced considerable change during the past
20 years (Fig. 2). Most notably, the grasslands in the mountain areas
have been dramatically reduced since 1990. A great deal of grass-
lands have converted to either barren lands or cultivated lands. In
the middle part of the Basin where the oases are located, the
cultivated land has greatly expanded around Bosten Lake since
1990.

Fig. 3 shows the dynamics of all six land use/cover types in
terms of percentage. Except for the water body;, all the other natural
land covers, including the forest, grassland, and unused land, have
been decreasing, and both land uses, including the cultivated land
and residential and industrial area, have been increasing. However,
the rank of total areas of different land use/cover types since 1990
has remained the same: unused land > grassland > cultivated
land > water body > forestland > residential area and industrial
area. In terms of area, the changes of grassland, unused land, and
cultivated land during the 20 years were most dramatic
(Table 2).

whereas the off-diagonals indicate the gains, losses, and trajec-
tories of the conversions. For example, Table 3 reveals that out of
the 2900 km? of the cultivated land in year 2000, 1877 km? were
unchanged, while 933 km?, 42 km?, 25 km?, 1 km?, and 23 km?
were lost to grassland, forestland, residential and industrial area,
water bodies, and unused land, respectively. The total cultivated
land losses were 1023 km?2. Out of the 3804 km? of cultivated
land in year 2010, 1927 km? were gained from other types,
including the grassland (1204 km?), forestland (340 km?), resi-
dential and industrial area (42 km?), water body (18 km?) and
unused land (324 km?). Similarly, out of the 28,230 km? of
grassland in year 2000, 23,861 km? remained unchanged, while
1204 km?, 240 km?,18 km? 41 km?, and 23 km? changed to the
cultivated land, forestland, residential and industrial area, water
body, and unused land, respectively. Some of the 26,946 km? of
grassland in year 2010 were gained from the cultivated land
(933 km?), forestland (277 km?), residential and industrial area
(29 km?), water body (30 km?), and unused land (1816 km?).

Table 3a
Nature of the land cover changes from 1990 to 2000 (km?).

(a) 1990—2000

1990
C G F R W U Total  Gain
2000 Cultivated 803 1465 240 33 11 348 2900 2097

land (C)
Grassland (G) 1151 23,784 1104 14 23 2154 28,230 4446
Forestland (F) 230 258 314 5 2 197 1007 693
Residential and 21 25 2 144 253 109
industrial
area (R)
Water body (W) 2 46 37 0 941 83 1109 169
Unused land (U) 61 3583 290 12 16 40,243 44,205 3962
Total 2269 29,162 1987 208 993 43,087 77,704
Loss 1466 5378 1673 64 52 2844

o
[}
—

International (2014), http://dx.doi.org/10.1016/j.quaint.2014.10.010

Please cite this article in press as: Wang, Y., et al., Land-use conversion and its attribution in the Kaidu—Konggqi River Basin, China, Quaternary




4

Table 3b
Nature of the land cover changes from 2000 to 2010 (km?).
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(b) 2000-2010

2000
C G F R W U Total Gain
2010 Cultivated land (C) 1877 1204 340 42 18 324 3804 1927
Grassland (G) 933 23,861 277 29 30 1816 26,946 3085
Forestland (F) 42 240 263 7 23 388 964 701
Residential and industrial area (R) 25 18 4 160 0 99 306 146
Water body (W) 1 41 20 0 876 117 1055 179
Unused land (U) 23 2865 103 15 162 41,461 44,630 3169
Total 2900 28,230 1007 253 1109 44,206 77,704
Loss 1023 4369 743 93 233 2744

The areas of unused land, grassland, and cultivated land are
44,205.1 km?, 28,230.1 km?, and 2900 km? in year 2000, respec-
tively, accounting for 56.89%, 36.33%, and 3.75% of the total area,
respectively. In 2010, these proportions changed to 57.43%, 34.67%,
and 4.91%, respectively. On average, the area of grassland decreased
with a rate of 110.8 km? per year. In other words, 0.15% of the total
region area was transferred from grassland into other types per
year. Meanwhile, the area of cultivated land increased with a rate of
76.8 km? per year. These numbers reveal the general trend in the
regional LUCC. During 1990—2010, the dominant land use/cover
types, including the cultivated land, grassland, and unused land,
had been experiencing dramatic change, whereas the changes of
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the forestland, water area, and residential and industrial land are
relatively small.

3.2. Driving forces for the LUCC

It appears that both natural factors and human activities, and
most likely, their interactions, have been the driving forces for the
LUCC in this area. Climatic conditions have a restraining effect on
utilization of land, which mainly shown in the distribution and
composition of crops, grassland and forest, and farming system and
yield.
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Fig. 2. Land uses in the Kaidu—Konggi River Basin in 1990, 2000, and 2010.
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Fig. 3. Percentage of land-cover in the Kaidu—Konggi River Basin.

3.2.1. Natural driving factors

In an arid area such As the KKRB, the land use/cover is largely
controlled by the amount and spatial distribution of water. Besides
climate factors including temperature and precipitation, topog-
raphy is another natural factor that has a considerable effect on the
land use/cover. The towering mountains stop wet air masses,
resulting in relatively abundant precipitation in the mountain
areas. The mountain areas are the formation zone of runoff, and the
plains are the dissipative zone. Under global climate change, the
runoff in the KKRB has been experiencing drastic dynamics, a major
factor for the LUCC.

3.2.1.1. Climate change. Fig. 4 shows the temporal variation of
climate in the KKRB during 1960—2010. The temperature of the
area had an increasing trend, especially in recent two decades
(1990—2010). The average annual temperatures during 2000—2010
are higher than those during 1990—1999 by 1.07 C°, 0.56 C°, and
0.41 C° for the mountains, oases, and desert, respectively. During
the two decades, the precipitation had a slightly increasing trend

4r Mountains 12¢

during 1960—2010, with an average rate of about 0.5 mmy/year for
the whole basin. However, the precipitation had decreasing trends
in the oases and desert, with rates of —1.2 and —0.5 mm/year,
respectively. The average annual precipitation for 2000—2010 is
lower than that for 1990—1999 by 19.6 mm, 13.5 mm, and 5.4 mm
for the mountains, oases, and desert, respectively. On the one hand,
the decreases of precipitation in the oases and desert areas were
certainly harmful to both the human system and natural vegetation
in those areas, exacerbating the competition between the two
systems for water. On the other hand, the increased precipitation
and the warming trend in the mountains that had accelerated the
melting of snow and glaciers had resulted in increased runoff,
which would to an extent balance the decreased precipitation in
the downstream areas. However, the extra water from the up-
stream areas in the form of runoff has given humans more control
in the use and allocation of the water. The past 20 years witnessed
water management engineering, including dams, gates, canals, and
reservoirs, blooming in this area.

In the mountain area, the increasing of precipitation not only
supplements the vegetation growth in the mountains, but also
produces more runoff, thus providing more water to the irrigation
in the oasis region and desert vegetation in the downstream. There
is less precipitation and higher evaporation in the plains and desert,
with limited surface runoff or infiltration, so that precipitation has
less impact on the LUCC in the plains and desert area.

The influence of temperature on LUCC is mainly in the change of
meltwater runoff in the mountains. The runoff of the northwest
arid area strongly depends on glaciers. Glacier change has a sig-
nificant impact on water resources in the northwest arid area.

3.2.1.2. Hydrological change. Fig. 5a shows that the runoff of the
Kaidu—Konggqi River had an increasing trend during the past five
decades. In the most recent two decades, the average annual runoff
of the KKRB in 1990, 2000, and 2010 are 29.87 x 108 m?
49.68 x 108 m?, and 42.25 x 10% m3, respectively, with the amount
of the second 10 years is greatly larger than that of the first 10 years.
The average annual runoff of 2000—2010 is 40.47 x 108 m?, a 4.5%
increase compared with that of 1990—2000.

Oasis 12l Desert
) 1}
o2 1}
5
[u]
. 10+
£
) 10
~ Ot ol
1965 1980 1995 2010 1965 1980 1995 2010 1965 1980 1995 2010
400 Mountains Oasis Desert
80|
_ 120
£
£300 60;
5 80 40}
I
‘ao00! 20¢
o 40
(0]
a 0r
100 9 20
1965 1980 1995 2010 1965 1980 1995 2010 1965 1980 1995 2010

Fig. 4. Trends of temperature and precipitation in the mountains, oases, and desert in the Kaidu—Kongqi River.
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Fig. 5b shows a comparison of monthly runoff of 1990, 2000, and
2010. It reveals that the summer runoffs in the second 10 years
greatly increased, whereas the runoffs in other seasons largely
remained the same or only increased by a small magnitude.

The influences of runoff on LUCC are the following two impor-
tant aspects: one directly influences the agricultural irrigation
water demand, the other directly influences the replenishment of
groundwater. Moreover, the years with more runoff replenishment
have a relatively high groundwater level compared to years with
less runoff replenishment, which is harmful to the desert vegeta-
tion downstream.

3.2.2. Anthropogenic driving factors

Compared with the natural driving forces, whose effects usually
take relatively long times to become noticeable, human activities
may have concentrated and immediate impacts on LUCC (Chuluun
and Ojima, 2002), particularly the effects and consequences of
certain socioeconomic activities and policies (Wang, 2000b). In
order to supply the irrigation water of the new reclamation, many
new wells were built. There are 3441 wells along the Kaidu and
Kongqi River. Plenty of river water was intercepted and the lower
reaches of river dried. Salinity was concentrated in the middle
reaches of the river region, which led to the deterioration of the
secondary salinization, and many farmlands were abandoned.

3.2.2.1. Impact of population growth on LUCC. Population growth
can be an essential driving force for LUCC, and meanwhile, the
dynamics of population can be a response to the change of envi-
ronment (Hao et al.,, 2007, Estes et al., 2012). The population of the
KKRB was 121,700 in 1949, 694,400 in 1990, and 1,112,700 in 2010
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Fig. 6. Changes of population and arable land in the Kaidu—Kongqi River Basin during
1990-2010.

1991-2011). The population growth directly led to expansion of
socioeconomic-related land uses. First, the growing population
required more land to meet basic needs of living, including food
and place of residence; and second, the population's desire for
economic development demanded more land for producing com-
modities. Particularly in this area, a great proportion of cultivated
land has been devoted to the profitable cotton production.

Fig. 6 shows the correspondence between the growths of pop-
ulation and arable land in the KKRB during 1990—2010. The cor-
relation coefficient between the two is 0.81. The cultivated land had
a slow growth in early 1990s, and then had a jump during
2000—2008. With the continuous growth of population, large areas
of wasteland and natural grassland had been reclaimed for culti-
vation. The area of arable land decreased during 2008—2010, while
the population maintained a rising trend. This is the peak period of
economic development in Xinjiang, featured by rapid urban sprawl.

The land use degree of the counties and cities in the study area is
shown in Table 4, which shows that the land use degree in KKRB
belonging to the medium to low level. By calculating the correlation
coefficient of land use degree and the population parameters (total
population, the total population density, urban population density,
rural population density, etc.) in 1990 and 2010, we found that the
total population density has the most closely relationship with the
land use degree. Therefore, we choose the total population density
as the parameters to establish the population differentiation
model.

Table 4

Land-use degree of Kaidu—Kongqi River Basin.
Counties and cities 1990 2000 2010
Bohu 159 161.7 163.4
Hejing 179.2 179 180.2
Heshuo 142 1353 131.1
Yangi 216.1 2154 215.7
Yuli 125.4 1231 124.6
Korla 170.7 170.2 169.8

The relationship between the degree of land use utilization (Ld)
and the total population density (dp) are shown in Fig. 7. The
quadratic curve fitting formulation is:

Ld = 146.28 + 0.4032dp + 0.0229dp> Lde [100, 400} R
=0.78

Ld = 150.55 + 0.8250dp + 0.0036dp> Lde [100,400} R
—0.86

Fig. 7(a) and 7(b) shows the scatter plot and regression curves,
which represent the correlation between the land use degree and
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Fig. 7. Relation between land-use degree and population density of Kaidu—Kongi River Basin in 1990 and 2010.

population density. The coefficients R = 0.78 in 1990, and R = 0.86
in 2010 which passed the 0.01 significant test. The total population
density has the closest relationship with the land use degree. Since
the land use patterns in the study area is mainly based on agri-
culture, forestry, animal husbandry, the land use change mainly
reflects their mutual changes. Therefore, the population has a very
important impact.

To quantitatively characterize the impact of human activities on
the LUCC, we calculated the human activity intensity index (Eq. (2))
for the periods of 1990—2000 and 2000—2010, based on the land
use/cover classifications of 1990, 2000, and 2010. The index values
for the two periods are 0.75 and 0.88, respectively, indicating that
the degree of human activities in this area had been increasing
during the two decades.

3.2.2.2. Effect of the ecological water conveyance project on land
cover change. The influence of human activities on LUCC is the
development of former wasteland. Oases mainly support the agri-
cultural economy. Because of the limitation of the condition and the
law, the distribution of the vegetation/crops shows significant
variation. So, the LUCC changes with human activities, particularly
in the oasis region.

In groundwater-dependent ecosystems, the dynamics of soil
moisture, relative to the water table fluctuations, control the overall
ecosystem dynamics. The ecological water transfer and rehabilita-
tion project in the arid inland area of northwest China is an
important measure in restoring a deteriorated ecosystem. For
example, water conveyances of the lower reaches of Tarim River
have a positive effect on the water level raise. The natural vegeta-
tion's form, distribution and growth trend have the close rela-
tionship with underground moisture. In the transversal direction,
the ecological water conveyance effect to the vegetation is
decreasing, the groundwater level is decreasing with the distance
to the canal increasing, and the vegetation response is always linear
along the canal. However, people living in and adjacent to ecolog-
ical restoration areas are highly dependent on the water resources
for food, grassland for livestock, and other products. Despite its
potential for improving the regional and local ecological environ-
ments, the sustainability of the project is affected by several socio-
economic factors, including the readjustment of economic
restructure and the economic compensation and employment of
local farmers and herdsmen.

4. Discussion and conclusion

Based on the land use/cover classification data derived from the
Landsat TM imageries in 1990, 2000, and 2010, along with the
governmental socioeconomic statistics and field observation data, we
investigated the land use/cover change (LUCC) in the Kaidu—Kongqi
River Basin (KKRB) in the arid region of northwest China (ARNC)
during the two decades from 1990 to 2010. Our findings include: (1)
The LUCC in the KKRB during the two decades was considerable,
especially on the grassland and cultivated land. The natural grassland
in the area had been decreasing by a rate of 118.1 km? per year, whereas
the cultivated land had been increasing by a rate of 79.2 km? per year.
The rapid expansion of cultivated land was mainly due to reclamations
of unused land and natural grassland. (2) The LUCC has been a result of
both natural environmental changes and increasing human activities.
The changing runoff due to climate change has played a fundamental
role in the LUCC. The human activity intensity index value rose from
0.75 for 1990—2000 to 0.88 for 2000—2010. (3) Based on the rela-
tionship between the population and land use change, this paper
established the population differentiation model, and found that
population directly affect the land use change. The land use degree is
increasing as the population density increases, which illustrates that
the population directly affects the land use/cover change.

Alimitation of this study is that our land use/cover data have a 10-
year interval, which may not fully reflect the spatial and temporal
patterns of LUCC in the area. Increasing the temporal resolution of
the study is an important item on the agenda of future research.
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